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ACRONYMS
ABAG

Association of Bay Area Governments

ARCCA

Alliance of Regional Collaboratives for Climate Adaptation

ART

Adapting to Rising Tides

ASCE

American Society of Civil Engineers

BAAQMD

Bay Area Air Quality Management District

BACERP

Bay Area Climate and Energy Resilience Project

BART

Bay Area Rapid Transit

BCDC

Bay Conservation and Development Commission

CAISO

California Independent System Operator

CAL Fire

California Department of Forestry and Fire Protection

Caltrans

California Department of Transportation

CAP

Climate Action Plan

CASI

Climate Adaptation Science Investigators

CSCC

California State Coastal Conservancy

CEC

California Energy Commission

CHP

Combined Heat and Power

CPAU

City of Palo Alto Utilities

CPUC

California Public Utilities Commission

CRO

Chief Resilience Officer

CRS

Community Rating System

CWD

Climate Water Deficit

DEFRA

Department for Environment, Food, and Rural Affairs (UK)

DEM

Digital Elevation Model

DER

Distributed Energy Resources

DOE

Department of Energy

DOITT

Department of Information Technology & Telecommunications

DTSC

CA Department of Toxic Substances Control

EIR

Environmental Impact Report

EPA

United States Environmental Protection Agency

ESCO

Energy Service Company

FEMA

Federal Emergency Management Agency

FIRMS

Flood Insurance Rate Maps

FPL

Federal Poverty Level
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FWHA

Federal Highway Administration

FWS

United States Fish and Wildlife Service

GHG

Greenhouse Gas Emissions

GIS

Geographic Information System

ISO

International Organization for Standardization

JPC

Bay Area Joint Policy Committee

JVSV

Joint Venture Silicon Valley

LiDAR

Light Detection and Ranging

MHHW

Mean High Higher Water

MTC

Metropolitan Transportation Commission

NASA

National Aeronautics and Space Administration

NCBC

Naval Construction Battalion Center

NEC

Northeast Corridor

NFIP

National Flood Insurance Program

NOAA

National Oceanic and Atmospheric Administration

NRCS

Natural Resources Conservation Service

NWS

National Weather Service

NYC

New York City

OSA

Santa Clara Open Space Authority

PG&E

Pacific Gas and Electric Company

PRO

(New York) Planning and Resiliency Office

RCRA

Resource Conservation and Recovery Act

RTEMP

Regional Transportation Emergency Management Plan

SBSP

South Bay Salt Pond

SCC

Santa Clara County

SCCPHD

Santa Clara County Public Health Department

SCVWD

Santa Clara Valley Water District

SDG&E

San Diego Gas & Electric

SFCJPA

San Francisquito Creek Joint Powers Authority

SFPUC

San Francisco Public Utilities Commission

SLR

Sea Level Rise

SMP

Shoreline Master Program

SSIP

Sewer System Improvement Program (program of SFPUC)

STRAW

Students and Teachers Restoring a Watershed

SV

Silicon Valley
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SVLG

Silicon Valley Leadership Group

SVP

Silicon Valley Power

TAC

Technical Advisory Committee

TDR

Transfer‐of‐development‐rights

UP

Union Pacific (Railway)

USACE

U.S. Army Corps of Engineers

VHFHSZ

Very High Fire Hazard Severity Zones

VHP

(Santa Clara) Valley Habitat Plan

VTA

(Santa Clara) Valley Transportation Authority
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GUIDEBOOK GLOSSARY OF TERMS
The following climate change and climate adaptation terminology is used throughout the Silicon
Valley 2.0 Climate Adaptation Guidebook.1
Adaptability: The ability, competency, or capacity of a system to adjust to climatic variable (see
adaptive capacity).
Adaptation: Adjustment in natural or human systems in response to actual or expected climatic
variable or their effects, which moderates harm or exploits beneficial opportunities.
Adaptive Capacity: The ability of a system to adjust to climatic variables or their effects in order
to moderate potential damages, take advantage of opportunities, or cope with the
consequences.
Baseline/Reference: The baseline (or reference) is the state against which change is measured.
It might be ‘current baseline,’ in which case it represents observable, present‐day conditions. It
might also be a ‘future baseline,’ which is a projected future set of conditions excluding the
driving factor of interest. Alternative interpretations of the reference conditions can give rise to
multiple baselines.
Climate projections: A climate projection is the modelled change in climate variables.
Climate variability: Climate variability refers to variations in the mean state and other statistics
(such as standard deviations, statistics of extremes, etc.) of the climate on all temporal and
spatial scales beyond that of individual weather events. Variability may be due to natural
internal processes within the climate system (internal variability), or to variations in natural or
anthropogenic external forcing (external variability).
Co‐Benefits: Co‐benefits refer to environmental, social, or economic benefits that may be
achieved as a result of initiating and implementing an adaptation strategy. Co‐benefits are
above and beyond the direct intention of the proposed strategy to address vulnerability.
Consequence: Effects on natural and human systems (e.g. environment, physical assets,
economy). In this Guidebook, the term is used primarily to refer to the effects on natural and
human systems of extreme weather and climate events, and of climate change.
Emissions scenario: A plausible representation of future greenhouse gas (GHG) emissions, based
on a coherent and internally consistent set of assumptions about driving forces (demographic
and socio‐economic development, technological change, et al) and their key relationships.
Exposure: The presence of assets in places and settings that could be adversely affected by
changes in climate variables.
Extreme Heat: Extreme heat events can have various durations. Cal Adapt defines an extreme
heat day as a day in April through October where the maximum temperature exceeds the 98th
1

Intergovernmental Panel on Climate Change (IPCC), 2014, Climate Change 2014: Impacts, Adaptation, and
Vulnerability, available online: http://www.ipcc.ch/report/ar5/wg2/
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historical percentile of maximum temperatures based on daily temperature data from 1961 to
1990.2 The 98th percentile varies by locality. CalAdapt defines an extreme heat event as a period
of 5 or more consecutive extreme heat days.
Likelihood: The chance of a specific outcome occurring, as used in the risk assessment
methodology.
Mitigation: The lessening of the potential adverse impacts of physical hazards (including those
that are human‐induced) through actions that reduce hazard, exposure, and vulnerability.
Resilience: The ability of a system to absorb disturbances while retaining the same basic
structure and ways of functioning, the capacity for self‐organization, and the capacity to adapt
to stress and change (from IPCC).
Risk: The consequence a of climate change impact multiplied by the likelihood (probability) of its
occurrence.
Sensitivity: The degree to which a system is affected by, or responsive to, a climate variable.
(NOTE: sensitivity includes responsiveness to both problematic variable and beneficial variable.)
Urban Heat Island: Built‐up areas are generally hotter than nearby rural areas; i.e., the annual
mean air temperature of a large city can be 1.8–5.4°F warmer than its surroundings. In the
evening, the difference can be as high as 22°F. Heat islands can affect communities by increasing
summertime peak energy demand, air conditioning costs, air pollution and greenhouse gas
emissions, heat‐related illness and mortality, and water quality.
Variable: Climate variables are elements of the region’s physical environment that are projected
to change as a result of the increase in global atmospheric concentrations of greenhouse gases
and the resulting change to climatic conditions. In this report, climate variables include sea level
rise, riverine flooding, wildfire, and extreme heat.
Vulnerability: The degree to which a system is susceptible to, and unable to cope with, adverse
effects of climate change, including climate variability and extremes. Vulnerability is a function
of the character, magnitude, and rate of climate change and variation to which a system is
exposed, its sensitivity, and its adaptive capacity.

2

http://cal‐adapt.org/temperature/heat/
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SILICON VALLEY 2.0
Climate Adaptation Guidebook
EXECUTIVE SUMMARY
County of Santa Clara Office of Sustainability and Climate Action
AUGUST 2015

What?
The Silicon Valley 2.0 Project (SV 2.0 Project) is an extensive regional effort, designed and managed by
the Santa Clara County Office of Sustainability, and funded by the State of California’s Strategic Growth
Council, to minimize the anticipated impacts of climate change within the boundary of Santa Clara
County (15 cities: Campbell, Cupertino, Gilroy, Los Altos, Los Altos Hills, Los Gatos, Milpitas, Monte
Sereno, Morgan Hill, Mountain View, Palo Alto, San Jose, Santa Clara, Saratoga, and Sunnyvale; and the
unincorporated portions of the County). Building on a multi‐year, multi‐stakeholder process, the SV 2.0
Climate Adaptation Guidebook (Guidebook) captures the key inputs and outputs of the SV 2.0 Project
and helps establish a proactive framework for Santa Clara County and its member cities, agencies, and
other stakeholders, such as State and federal authorities, to work together to help prepare the region
for the anticipated impacts of climate change in the short, mid, and long term.

Who Should Use the Guidebook?
Santa Clara County aspires for the Guidebook to be a living, go‐to sourcebook of climate adaptation
solutions and opportunities to be pursued not only by individual cities, but more importantly cities in
partnership with each other, the County, and key agencies and stakeholders. Together, new and
innovative collaborations could realize greater benefits for the region’s climate preparedness and
general quality of life than might otherwise be achieved by separate actors.
The Guidebook is not designed as a “plan” to be adopted by one or many jurisdictions, but rather
intends to provide a recommended set of strategies that can be taken on by individual agencies, groups
of cities, and/or regional partnerships. A coordinated response to climate change is needed now, in
order to ensure that the region continues to thrive in the future.

PROJECT GOALS
The following five goals were established at the outset of the SV 2.0 Project to guide the process:
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Engage a robust vulnerability and risk assessment framework to identify relevant climate
stressors, map and measure regional assets threatened by climate change and volatility, and
understand the magnitude of potential impacts.



Develop the geo‐economic SV 2.0 Climate Change Preparedness Decision Support Tool (Tool) to
evaluate the vulnerability and consequence of potential climate change scenarios on key assets
(see page 10).



Identify the area’s top priorities and develop a comprehensive set of adaptation strategies to
implement an effective regional‐scale response to minimize climate impacts.



Facilitate and coordinate regional, near‐term climate adaptation action, planning, and
implementation efforts for Silicon Valley.



Create a set of resources capable of being used and replicated in other regions and statewide.
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Why?
The SV 2.0 Project focuses on Santa Clara County (1.9 million residents as of 20131), but its success is
critical to the larger Silicon Valley (3 million people and 1.4 million jobs).2 The area is consistently ranked
amongst the top regions for growth in employment, personal income, and real taxable sales. Santa
Clara County has the highest average salary and median family income in California, and is one of the
most ethnically diverse metro areas in the U.S.3 The county is a highly desirable place to live and conduct
business, but climate change presents a complex and uncertain challenge that requires the dedication
and action of multiple agencies and actors at all levels. While mitigation efforts are underway by cities in
the County (and globally), some effects of climate change are unavoidable4 and underpin the critical
need for adaptation planning.

CLIMATE CHANGE AND SILICON VALLEY
Over the next century, increasing atmospheric greenhouse gas concentrations are expected to cause a
variety of changes to local climate conditions, including sea level rise (SLR) and storm surge by the San
Francisco Bay (the Bay), increased riverine flooding throughout the county, and higher temperatures
more frequently (leading to extreme heat events and wildfires), particularly inland. These climate
variables (and associated threats) are projected to impact critical assets throughout the county,
including regionally significant highways, water and wastewater treatment plants, electricity
substations, technology campuses and other employment centers, agriculture, homes, vulnerable
populations, and ecosystems.
For example, climate change could cause the Bay to rise 12 to 24 inches by mid‐century and by 36 to 66
inches by end‐of‐century.5 This means that today’s floods will likely be the future’s high tides and areas
that currently flood every 10 to 20 years could be inundated more frequently. The occurrence of
extreme heat days6 in Santa Clara County is also predicted to increase dramatically by mid‐ and end‐of‐
century from the historical frequency of four days per year on average, which could have significant
impacts on vulnerable populations, such as the very young, old, and infirm. Although the county and the
state are experiencing one of the most severe drought periods of record, drought was not included as a
climate variable in the SV 2.0 Project because it does not directly impact physical infrastructure assets.
Additional details on historic weather events and projected climatic changes are described in Chapter 2
of the Guidebook and the Appendix.

1
2
3

4

http://quickfacts.census.gov/qfd/states/06/06085.html
http://www.siliconvalleycf.org/sites/default/files/publications/2014‐silicon‐valley‐index.pdf
http://www.forbes.com/sites/trulia/2012/11/13/finding‐diversity‐in‐america/
http://climate.nasa.gov/faq/

5

Sea‐Level Rise for the Coasts of California, Oregon, and Washington: Past, Present, and Future, National Research Council
2012 http://www.nap.edu/catalog/13389/sealevel‐rise‐for‐the‐coasts‐of‐california‐oregon‐and‐washington

6

CalAdapt defines an extreme heat day in a given region is defined as a day in April through October where the maximum
temperature exceeds the 98th historical percentile of maximum temperatures for that region based on daily temperature data
from 1961 to 1990.

Executive Summary

i‐3

GUIDEBOOK CONTEXT—RELATIONSHIP TO EXISTING PLANNING EFFORTS
The SV 2.0 Project is unique in its county‐level, pan‐asset sector approach to climate change adaptation
and collaboration with cities, agencies, and key stakeholders. It is one of several important climate
change adaptation efforts occurring at the State and Bay Area levels. Of these, the summary list below
highlights the adaptation planning efforts most closely related to the SV 2.0 Project (as of January 2015)
that could yield useful partnerships. These existing efforts also helped inform the project methodology
and gap analyses conducted for each asset sector (see Appendix). The County will continue to engage
with these entities to stay up‐to‐date on pertinent adaptation and resilience efforts.
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Safeguarding California [California Natural Resources Agency]: 2013 update to the State’s 2009
Climate Adaptation Strategy, providing policy guidance for State decision makers in their efforts
to reduce impacts and prepare for climate change risks.



State Hazard Mitigation Plan [Federal Emergency Management Agency (FEMA)]: Establishes
long‐term policies and actions to reduce risk and future losses from a wide range of hazards, and
secures FEMA funding. The State of California’s Enhanced State Hazard Mitigation Plan also
incorporates climate change considerations.



Regional Multi‐Jurisdictional Local Hazard Mitigation Plan [Association of Bay Area
Governments (ABAG)]: 2010 Update of the Multi‐Jurisdictional Hazard Mitigation Plan for the
San Francisco Bay Area includes climate change impacts, with an opportunity for Santa Clara
County to participate in the 2016 update.



Adapting to Rising Tides [San Francisco Bay Conservation and Development Commission
(BCDC) and National Oceanic and Atmospheric Administration (NOAA)]: Collaborative planning
effort to help Bay Area communities adapt to SLR and storm surge flooding, starting with
Alameda County.



Bay Area Climate + Energy Resilience Project [Joint Policy Committee (JPC)]: Collaborative of
100+ public, private, and non‐profit stakeholders in the Bay Area focused on specific actions that
will help stakeholders move forward with climate adaptation planning and implementation.



Bay Area Housing and Community Risk Assessment Project [ABAG, BCDC + US Environmental
Protection Agency (EPA)]: Helping the Bay Area meet smart growth, resilience, sustainability,
prosperity, and equity goals by developing strategies to plan smartly for future housing
development, and strengthen existing housing and communities that may be vulnerable to SLR
and earthquakes.



Climate Readiness Institute [University of California (UC) Berkeley]: Developing cutting edge
climate science, adaptation strategies, and mitigation tools needed to ensure a resilient, low‐
carbon Bay Area.



100 Resilient Cities San Francisco, Oakland, Berkeley [Pioneered by the Rockefeller
Foundation]: Funded program to establish resilience strategies and resilience as a citywide
priority. Led by an appointed Chief Resilience Officer and supported by 100 Resilient Cities and
its consultant partners.



Santa Clara County Multiple Jurisdiction Climate Action Planning Project: Developing plans for
several cities in the county to reduce community and municipal greenhouse gas emissions in the
transportation, building energy, water/wastewater, waste/recycling, and agriculture (rural and
urban) sectors by 2050.
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How?
STAKEHOLDER ENGAGEMENT
Technical Advisory Committee
An essential component of the SV 2.0 Project was regular engagement with a group of key local
stakeholders and technical experts. The Technical Advisory Committee (TAC) was convened and led by
the County’s Office of Sustainability, and included representatives from local cities, utility providers,
public service providers, federal agencies, non‐profits, and other pertinent organizations. Over an
18‐month period, the TAC convened six meetings and provided critical review of the asset sector
gap analysis, adaptation strategies, the Draft Guidebook, and the beta version of the Tool.

Project Partners
A larger group of approximately 60 local stakeholders was convened at the outset of the project to
review the proposed vulnerability assessment methodology and preliminary exposure maps, and to
provide input on the impact of historic extreme weather events on the SV 2.0 Project asset sectors. They
also provided their input on the biggest climate threats, barriers, and needs relating to regional
collaboration and the appropriate time horizon for climate adaptation planning in the county. Select
Project Partners also assisted with the Draft Guidebook review.

Working Groups
Ecosystems and Public Health working groups were convened as part of the vulnerability assessment
and adaptation strategy development. Ecosystems included recognized local professionals (biology,
habitat conservation, landscapes, and resource management) and Public Health leveraged the County’s
existing Public Health Department’s General Plan Amendment Working Group. These two groups
provided insight and review on the gap analysis, vulnerability assessment, and the adaptation strategies.
The Solid Waste Working Group reviewed and provided comment on asset sector‐specific strategies in
the draft Guidebook and an Economic Resiliency group was also convened.

SV 2.0 CLIMATE CHANGE PREPAREDNESS DECISION SUPPORT TOOL
The Tool <www.siliconvalleytwopointzero.org> automates vulnerability assessment and economic
consequence analysis7 for infrastructure and property‐related assets, allowing jurisdictions and users to:


Select different climate variables, time‐horizons, geographies, assumptions, and assets to study



Understand how the region’s climate conditions will change over the next century



See which assets will be exposed to each climate change variables and the associated
vulnerability



Calculate estimated levels of economic consequence resulting from asset vulnerability



Generate vulnerability and risk reports, maps, tables, and charts

7

The Tool does not contain an adaptive capacity analysis (i.e., an assessment of an asset’s or system’s ability to adapt to a
changing environment) because of the difficulties associated with automating a regional‐scale evaluation of site level conditions
and the constantly changing policy environment.
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In order to facilitate real‐time climate vulnerability and economic consequence assessments, the Tool
contains up‐to‐date geospatial data on SLR, storm surge, riverine flooding, wildfire, and extreme heat
climate variables at both mid‐century and end‐of‐century horizons. It also includes data on seven
physical asset sectors (types of infrastructure, property, and buildings) and 25 sub‐assets (see Table 2).
The Tool does not include air quality deterioration as a climate variable due to the current lack of
geospatial data, nor the SV 2.0 Project’s Public Health or Ecosystem asset sectors.
Figure 1: SV 2.0 Tool Screenshot Example, Vulnerability Assessment Summary

PROJECT METHODOLOGY
The project methodology was designed to inform a robust assessment process and includes a
combination of technical approaches within three distinct phases:


Data Collection: local climate variables and community assets to be assessed



Vulnerability Assessment: analysis of the exposure, sensitivity, and adaptive capacity of the
selected assets to each climate variable



Risk Assessment: analysis of the likelihood and economic consequence of climate variables on
vulnerable assets

Figure 2 outlines the SV 2.0 Project methodology and how the assessment and rating processes
informed adaptation strategy development and other subsequent approaches of the project.
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Figure 2: Project Methodology Flow Chart

Climate Variable Data
The term “climate variable” is used to describe basic physical, chemical, or biological variables that
contribute to the characterization of the earth’s climate. For the SV 2.0 Project, sea level, precipitation,
and temperature are referred to as “primary climate variables”. These primary climate variables interact
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with local factors, such as land use, vegetation, and soil conditions to produce second‐order impacts
such as riverine flooding, wildfire, drought, and air quality deterioration (“secondary climate variables”).
Increasing atmospheric greenhouse gas concentrations are expected to cause a variety of changes to
local climate conditions throughout Santa Clara County, including SLR, increased riverine flooding, and
more sustained / higher temperatures (leading to extreme heat events and wildfires). Table 1
summarizes the County’s relevant historic and projected climate variable trends. See Chapter 2 for
additional detail on these variables, as well as information on drought and air quality deterioration.
Table 1: Summary of Santa Clara County’s Historic and Projected Trends in Climate Variables
HISTORICAL ANALYSIS
CLIMATE VARIABLE

Sea Level Rise

FREQUENCY OF
OCCURRENCE

LEVEL OF
IMPACT

HISTORICAL
TREND

High (0.8
inches/decade)

No data found

Increasing

FUTURE CLIMATE CHANGE
PROJECTIONS
Increasing 11–19 inches by
mid‐century and 30–55 inches
by end‐of‐century.
Annual: No change in annual
average precipitation.

Riverine Flooding

High
(almost annual)

High
(property, cost)

Uncertain

Seasonal: Less spring and
autumn precipitation. Generally
wetter, but more variable, winter
precipitation year to year.
Intensity: 3‐day maximum
precipitation peak values
increasing.
Increase in riverine flooding due
to increased frequency of strong
storms.

Wildfire

High
(annual)

High
(injury,
property, cost)

Increasing

Increasing in frequency and
duration. Change in severity
unknown due to dependence on
local conditions.

Extreme Heat

Medium
(multiple per
decade)

High
(life, injury,
cost)

Increasing

Increase in severity, frequency,
duration.

Drought

Medium
(multiple per
decade)

High (cost)

Stable

Increasing

Air Quality
Deterioration

No data found

No data found

No data found

Increasing
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Community Asset Data—Asset Sectors
As mentioned, climate change vulnerabilities were assessed for nine asset sectors comprised of physical
assets (buildings properties, and infrastructure), public health assets (populations), and ecosystems
(natural landscapes). Table 2Table 2 summarizes the asset sectors and associated sub‐assets (types). As
the shoreline protection strategies presented could help protect multiple assets, they are also
referenced as addressing ‘All’ assets. NOTE: Agriculture was not included as an asset sector in the
current SV 2.0 Project since it does not comprise a major part of the Santa Clara County’s economy or
jobs, but it is earmarked as a priority for the next iteration of the SV 2.0 tools and resources.
Table 2: Asset Sectors and Sub‐Sectors (Types) Considered
ASSET SECTOR

SUB‐ASSET SECTORS (TYPES)

Shoreline Flood
Protection (All)

Engineered flood protection (dikes + levees), non‐engineered berms, wetlands
(serving other assets regionally)

Buildings + Properties

Buildings (per parcel)
Property (vacant urbanized land, not large‐scale open space or agricultural land)

Communications

Fiber optics lines
Data centers
Communication towers

Ecosystems

Natural
landscapes
(includes
large
regional
open spaces
and parks)

Coastal wetland (coastal salt marsh marsh)
Coastal scrub
Riparian and riverine
Grassland
Freshwater wetland
Chaparral and scrubland
Oak woodland
Coniferous forest
Redwood forest
Hardwood forest
Lakes and ponds

Energy

Energy generation facilities
Substations
Transmission infrastructure (electrical)

Public Health

General populations
Vulnerable populations (seniors >65, children <5, disadvantaged, those with health
conditions)
Healthcare facilities and workers

Solid + Hazardous Waste

Solid waste facilities (landfills, recycling facilities, transfer stations, composting)
Contaminated land sites (Superfund, State Response, surface and ground toxicity)
Hazardous waste sites (household and industrial waste storage)

Executive Summary
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ASSET SECTOR

SUB‐ASSET SECTORS (TYPES)

Transportation

Roads (highways and local)
Bridges
Pedestrian ways and bikeways
Airports
Rail (heavy and light)

Water + Wastewater

Water treatment plants (potable water)
Wastewater treatment plants
Reservoirs

Vulnerability Assessment
The SV 2.0 Project vulnerability assessment evaluates the degree to which an asset is susceptible to and
unable to cope with the projected changes in SLR, storm surge, riverine flooding, extreme heat, and
wildfire. It includes exposure analysis, sensitivity analysis, and adaptive capacity analysis. The Tool
automates exposure and sensitivity, with adaptive capacity considered independently (see Figure 2). As
shown in Figure 3 below, the Tool produces detailed maps indicating whether or not a selected asset is
vulnerable to each climate variable and to what extent.
Figure 3: SV 2.0 Tool Screenshot Example, Vulnerability Assessment Map for Solid Waste Facilities
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Economic Consequences Analysis
The consequence analysis in the SV 2.0 Project focuses on the economic consequences associated with
the temporary or permanent loss or impairment of assets due to climate change in Santa Clara County.
A primary driver for understanding climate vulnerability, and developing and implementing adaptation
strategies, is to help ensure that businesses continue to locate and invest in Santa Clara County, thus
providing access to high‐quality jobs and services. Estimating the potential economic consequences of
climate change impacts to the region helps support the implementation of the recommended
adaptation strategies, which may seem expensive in the near‐term, but are relatively low when
compared to the significantly higher future costs of inaction.
Framework
The SV 2.0 Decision Support Tool provides the potential economic consequences for each asset under a
mid‐century climate change scenario in which no adaptive measures have been taken. These order of
magnitude estimates outline the baseline costs of inaction under current (2014) economic conditions,
allowing decision‐makers to better consider adaptation measures that could help avoid these costs.
While the Tool also allows users to view economic consequences at end‐of‐century, these results were
not included in the Guidebook, because a scenario in which no adaptive measures have been taken is
less probable for this timeframe.
The economic consequences of climate change come in many forms, but the SV 2.0 analysis is focused
on quantifiable impacts to the asset sectors included. It is in part limited by the data availability from
which order of magnitude costs associated with climate‐related natural hazard events could be
estimated. The economic consequences criteria and ratings are summarized below and further
explained in Chapter 2. See the Appendix for a detailed description of data sources and calculations.


Replacement Cost: cost to replace a damaged asset or parts of a damaged asset



Loss of Fiscal Revenue: loss of property tax and sales tax revenue due to an impaired asset



Change in Operational Cost: cost of changes in the operation of an asset in order to retain its
functionality or reduce damage



Interruption of Economic Activity: cost of lost or delayed economic activity, such as labor or
goods movement, resulting from an asset’s impairment

Limitations of the Analysis
Beyond the criteria included in this analysis, other important economic consequences of climate change
have not been possible to quantify due to lack of available information, such as the economics impacts
of decreased health, loss of ecosystem services, increasing utility rates, and the social impacts of
increased crime or population displacement. As such, the economic consequences described here are
considered low estimates, with real impacts likely to be significantly higher when considering the
broader environmental and social costs associated with climate change. Furthermore, the analysis
largely considers the economic impact of individual climate variables on specific assets, which does not
fully capture the potential for cascading and cumulative economic consequences. Multiple climate‐
related disasters within a short timeframe, or the simultaneous loss of multiple assets, could impact the
economy to a greater extent than captured in this analysis.
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Results
Table 3 estimates the potential aggregate economic consequences of climate change impacts on all
assets included in the economic consequences analysis.8 The overall economic consequences of SLR and
SLR + storm surge on the assets analyzed are considered Very High at $3–$13 billion. The overall
economic consequences of riverine flooding and wildfire on the assets analyzed are rated Extreme (in
excess of $13 billion). The economic consequences of extreme heat on the assets analyzed are
estimated to be Low (less than $100 million), based on impacts only to the buildings and properties
sector. Due to lack of available data, the total societal economic consequences of extreme heat were
not estimated (e.g., the public health sector), which could be significant considering the additional strain
placed on the County’s infrastructure and services. As these estimates only address direct operation
costs, they are considered to be conservative.
Table 3: Aggregate Economic Consequences for All Assets (Mid‐Century)
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Very High

Very High

Extreme

Extreme

N/A

Loss of Fiscal
Revenue

High

High

Very High

Very High

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

Low

Interruption of
Economic Activity

High

Very High

Extreme

High

N/A

Overall Economic
Consequences

Very High

Very High

Extreme

Extreme

Low

Replacement Cost

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

8

The analysis does not include data centers, fiber optic lines, bridges, and solid waste facilities due to insufficient
cost data.
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Strategy Development
Based on the vulnerability assessment, targeted climate adaptation strategies were developed to help
mitigate potential climate change impacts to specific assets throughout the county. A long list of
strategies was developed, vetted by the TAC and others, and prioritized using the following criteria:


Addresses critical facilities or infrastructure; i.e. hospitals, water treatment?



Addresses multiple asset sectors and/or sub‐sectors? New or existing assets?



Regional impacts and benefits? Anticipated jurisdictional actor(s)?



Anticipated initiation timing; i.e., short term vs long term?



Potential environmental, economic, and social benefits?



Significant high‐level capital and/or financing requirements?

A final recommended list of strategies is included in the Guidebook, along with the following supportive
information:


Table summary of key information
o
o
o
o
o
o
o
o
o

Asset
Climate variable
Strategy summary
Scale
Class
Timing
Lead
Cross asset sector applicability
Potential co‐benefit(s)



Strategy description and background



Implementation considerations, as applicable
o Timing
o Challenges and solutions
o Additional benefits



Relevant precedents



Resources and references

Table 4 outlines the complete current set of SV 2.0 climate adaptation strategies, organized by asset
sector and indicating the climate variable(s) to be addressed by each. The recommended strategies
(shown in blue) generally focus on short term priorities and actions, but most asset sectors also include
‘other strategies for consideration’.
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Table 4: Comprehensive Set of Climate Adaptation Strategies by Asset Sector

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

SHORELINE FLOOD PROTECTION (ALL ASSETS)
Engineered Flood Protection Structures, Non‐Engineered Berms, Wetlands
S‐1. CONTINUE COORDINATION WITH SOUTH BAY SALT POND
RESTORATION PROJECT.
S‐2. CONTINUE COORDINATION WITH THE SOUTH SAN FRANCISCO
BAY SHORELINE STUDY.
S‐3. CONDUCT AN OVERTOPPING ANALYSIS OF EXISTING SHORELINE
FLOOD PROTECTION ASSETS.
S‐4. USE THE UPDATED FEMA FIRMS TO IDENTIFY THE SOURCE OF
FLOODING (E.G., RIVERINE VERSUS COASTAL) ASSOCIATED WITH 100‐
YEAR FLOOD EVENTS.
S‐5. INCREASE PUMP STATION CAPACITY AND PROVIDE PROTECTION
FOR PUMP STATIONS.
S‐6. ENHANCE MONITORING AND/OR MAINTENANCE PROGRAMS FOR
LEVEES AND FLOOD WALLS.
S‐7. INCREASE THE DESIGN CRITERIA FOR CURRENT AND FUTURE
FLOOD PROTECTION PROJECTS FROM 100‐YEAR FLOOD EVENTS TO
HIGHER‐IMPACT FLOOD EVENTS.
S‐8. MODEL PROJECTED CHANGE IN THE FREQUENCY AND
MAGNITUDE OF RIVERINE FLOODING CAUSED BY PRECIPITATION IN
THE COUNTY.

BUILDINGS + PROPERTIES
Buildings and Properties
BP‐1. IDENTIFY A CORE STAKEHOLDER GROUP TO FACILITATE LAND
USE PLANNING STRATEGY IMPLEMENTATION.
BP‐2. IDENTIFY AND CONSIDER RELOCATION OPPORTUNITIES FOR
CRITICAL FACILITIES.
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BP‐3. PROVIDE INCENTIVES TO DIVERT FUTURE DEVELOPMENT AWAY
FROM HIGH‐HAZARD AREAS.
BP‐4. PARTNER WITH CORPORATE CAMPUSES TO CREATE A REGIONAL
ADAPTATION STRATEGY FOR SILICON VALLEY TECH COMPANIES.
BP‐5. REVISE APPLICABLE BUILDING CODES TO REQUIRE FLOOD‐
RESISTANT DESIGN.
BP‐6. REVISE MINIMUM BUILDING ELEVATION STANDARDS AND
MAXIMUM BUILDING HEIGHT LIMITS FOR NEW DEVELOPMENT.
OTHER STRATEGIES FOR CONSIDERATION
BP‐7. Integrate natural stormwater systems within site and building
design to expand on‐site stormwater management capacity.

COMMUNICATIONS
Fiber Optic Lines, Data Centers, Communication Towers
C‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS FOR
COMMUNICATION INFRASTRUCTURE ASSETS.
C‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION
OPTIONS BY WEIGHING THEIR RELATIVE COSTS AND BENEFITS.
C‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM RIVERINE FLOODING AND WILDFIRE.
OTHER STRATEGIES FOR CONSIDERATION
C‐4. Prepare ahead of forecasted extreme events to minimize
inundation impacts.
C‐5. Secure locations of assets in non‐flood prone areas.

ECOSYSTEMS
Freshwater Wetlands, Riparian and Riverine, Grassland, Hardwood Forest, Oak Woodland, Urban
ES‐1. CLIMATE SMART PLANTING PALETTES DEVELOPMENT AND
EDUCATION CAMPAIGN.
ES‐2. MAXIMIZE RETENTION OF LOCAL WATER SUPPLY AND QUALITY
THROUGH CLIMATE‐SMART LAND CONSERVATION AND
STEWARDSHIP.
ES‐3. PROTECT BIODIVERSITY THROUGH MULTI‐AGENCY AND MULTI‐
COUNTY CONSERVATION OF CLIMATE SMART WILDLIFE CORRIDORS.
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OTHER STRATEGIES FOR CONSIDERATION
Grassland, Hardwood Forest, Oak Woodland, Conifer Forest, Redwood Forest
ES‐4. Reduce Wildfire risk reduction in natural landscapes by
investigating opportunities within zoning, home construction, and fire
safe building and landscape codes for the urban‐wildland interface.
Grassland, Hardwood Forest, Oak Woodland, Conifer Forest, Redwood Forest, Chaparral and Scrubland,
Riparian and Riverine, Coastal Wetland, Freshwater Wetland
ES‐5. Implement a fine scale ecosystem assessment utilizing climate
water deficit data.
Aquatic and Riparian Habitat
ES‐6. Prioritize coldwater habitat conservation and restoration through
amendments to habitat conservation plans and in‐creek projects.
All Upland and Freshwater Natural Habitats
ES‐7. Develop best practice standards for water retention design for
habitat restoration and creation projects on natural lands.
All Upland and Freshwater Natural Habitats, Water Supply
ES‐8. Increase climate messages in ongoing water conservation public
awareness campaign.
All Upland and Aquatic Natural Habitats, Sensitive Species, Water infrastructure, Agriculture
ES‐9. Understand vector‐based impacts of climate and address invasive
species through pursuit of stronger state laws and programs.

ENERGY
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS OF ENERGY
INFRASTRUCTURE ASSETS.
Power Generation Facilities and Substations
E‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION
OPTIONS BY WEIGHING THEIR RELATIVE COSTS AND BENEFITS.
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM RIVERINE FLOODING, SEA LEVEL RISE, AND
STORM SURGE.
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Substations and Transmission Infrastructure
E‐4. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM WILDFIRES.
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐5. SUPPORT THE STUDY AND DEVELOPMENT OF MICROGRID
INFRASTRUCTURE SYSTEMS.
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐6. IMPROVE ACCESS TO ENERGY USAGE AND ASSET DATA
OTHER STRATEGIES FOR CONSIDERATION
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐7. Prepare ahead of forecasted extreme events to minimize impacts.
E‐8. Secure locations of assets in non‐hazard prone areas.
Power Generation Facilities and Substations
E‐9. Review existing backup power supply plans and processes to ensure
availability of backup supplies during flooding related disruptions.
Substations and Transmission Infrastructure
E‐10. Plan for additional long‐run transmission capacity to offset some
of the risks posed by fires to infrastructure.

PUBLIC HEALTH
General and Vulnerable Populations
PH‐1. CONTINUE TO IDENTIFY POPULATIONS VULNERABLE TO
CLIMATE CHANGE AND DEVELOP ADAPTATION STRATEGIES AND
PRIORITIZE RESOURCES IN THE MOST HIGHLY‐IMPACTED AREAS.
PH‐2. COMPILE, MONITOR, AND COMMUNICATE SPECIFIC HEALTH
IMPACTS FROM CLIMATE CHANGE.
PH‐3. INCREASE PUBLIC AWARENESS AND UNDERSTANDING OF
CLIMATE CHANGE IMPACTS ON HEALTH AND THE NEED TO PREPARE
FOR THESE CHANGES.
Health Care System and Professionals
PH‐4. PREPARE HEALTH CARE FACILITIES AND PROFESSIONALS FOR
CLIMATE CHANGE.
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General and Vulnerable Populations
PH‐5. IMPROVE ACCESS TO COOLING LOCATIONS DURING EXTREME
HEAT EVENTS.
General and Vulnerable Populations, Workers
PH‐6. COMMUNICATE THE NECESSARY MEASURES TO PROTECT
RESIDENTS AND WORKERS AT RISK TO EXTREME HEAT.
General and Vulnerable Populations
PH‐7. DEVELOP A HEAT ISLAND EVALUATION PROGRAM.
Homeless Residents
PH‐8. EXPAND HOMELESS SUPPORT SERVICES DURING ALL EXTREME
WEATHER EVENTS.
General and Vulnerable Populations
PH‐9. COORDINATE WITH PARTNER ORGANIZATIONS TO
COMMUNICATE MEASURES TO PROTECT RESIDENTS AND WORKERS
DURING HIGH OZONE AND HIGH PARTICULATE MATTER DAYS.
PH‐10. COORDINATE WITH THE BAY AREA AIR QUALITY
MANAGEMENT DISTRICT IN REDUCING EMISSIONS IN COMMUNITY
AIR RISK EVALUATION COMMUNITIES.
PH‐11. IDENTIFY LOCATIONS IN THE COUNTY WHERE OZONE
CONCENTRATIONS EXCEED ALLOWABLE STANDARDS.
PH‐12. CONTINUE COORDINATION TO MANAGE VECTOR
POPULATIONS DURING CLIMATE CHANGE.
PH‐13. MONITOR DISEASES TO BETTER UNDERSTAND EMERGING
PUBLIC HEALTH THREATS AND USE THE INFORMATION TO PLAN AND
RESPOND TO DISEASE OUTBREAKS.

SOLID + HAZARDOUS WASTE
Solid Waste Facilities and Hazardous Waste Sites
SW‐1. REVISE CURRENT PERMITTING AND MONITORING STANDARDS
FOR ALL SOLID WASTE FACILITIES AND HAZARDOUS WASTE SITES TO
INCLUDE ASSESSMENTS FOR CLIMATE CHANGE VARIABLES.
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Solid Waste Facilities
SW‐2. WORK WITH OPERATORS TO CONDUCT DETAILED SITE
ASSESSMENTS AT ACTIVE, VULNERABLE SITES AND IDENTIFY
ALTERNATIVE LOCATIONS IN THE COUNTY ZONED TO HOST NEEDED
FUNCTIONS AND CAPACITIES.
Contaminated Land
SW‐3. ASSESS AND PRIORITIZE THE ~130 CONTAMINATED SITES MOST
VULNERABLE TO FLOODING AND WORK WITH PROPERTY OWNERS TO
DEVELOP AND IMPLEMENT ADAPTATION PLANS.
Hazardous Waste Sites
SW‐4. ASSESS AND PRIORITIZE THE ~16 HAZARDOUS WASTE SITES
MOST VULNERABLE TO CLIMATE CHANGE AND WORK WITH PROPERTY
OWNERS TO DEVELOP AND IMPLEMENT ADAPTATION PLANS OR
RELOCATE HAZARDOUS WASTE TO LESS VULNERABLE AREAS
(IDENTIFIED IN CONCERT WITH LOCAL MUNICIPALITIES).
OTHER STRATEGIES FOR CONSIDERATION
Landfills
SW‐5. Increase solid waste diversion rates throughout the county to
reduce demand and need for landfills.

TRANSPORTATION
Roads (Highways and Local), Bridges, Pedestrian Ways, Bikeways, Rail Tracks (Heavy and Light), Airports.
T‐1. MAINSTREAM CLIMATE CHANGE CONSIDERATIONS IN ALL
TRANSPORTATION AGENCY PLANNING AND DECISION‐MAKING
PROCESSES.
T‐2. COLLABORATE WITH RELEVANT TRANSPORTATION AGENCIES TO
CONDUCT A DETAILED VULNERABILITY ASSESSMENT OF
TRANSPORTATION ASSETS AND SERVICES.
Airports
T‐3. REVIEW MASTER PLANNING PROCESSES TO UNDERSTAND THE
OPPORTUNITIES AND RISKS CLIMATE CHANGE MAY PRESENT TO THE
PALO ALTO AIRPORT.
Rail Tracks (Heavy)
T‐4. INCORPORATE HEAT‐RELATED IMPACTS ON RAIL TRACKS INTO
EXISTING OPERATIONS AND COMMUNICATION PROCEDURES.
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OTHER STRATEGIES FOR CONSIDERATION
Roads (Highways and Local)
T‐5. Review materials specifications for road materials.
T‐6. Protect electrical components from temporary inundation.
Rail Tracks (Heavy and Light)
T‐7. Incorporate heat‐resistant or heat‐reflective materials in the
construction of new rail tracks.
Airports
T‐8. Update preparedness and contingency planning to address more
frequent temporary inundation of airport runways.
T‐9. Incorporate future climate change impacts into master planning
processes.

WATER + WASTEWATER
Wastewater Treatment Plants, Drinking Water Treatment Plants, Stormwater Management Systems
W‐1. SHARE GEOSPATIAL DATA FROM THE SV 2.0 TOOL WITH WATER
AND WASTEWATER ASSET OWNERS.
Water and Wastewater Treatment Plants
W‐2. DEVELOP A DETAILED VULNERABILITY ASSESSMENT OF WATER
AND WASTEWATER ASSETS TO INFORM SITE‐SPECIFIC ADAPTATION
OPTIONS.
Reservoirs
W‐3. INTEGRATE PROJECTED INCREASES IN WILDFIRE FREQUENCY AND
INTENSITY INTO STATE, COUNTY, AND CITY PLANS AND PRACTICES.
OTHER STRATEGIES FOR CONSIDERATION
Wastewater Treatment Plants
W‐4. Prepare ahead of forecasted flooding events to minimize impacts.
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What to Do Now?
GUIDEBOOK INTENT + NEXT STEPS
Santa Clara County anticipates playing an important coordination and convening role in this effort, as
well as spearheading a number of adaptation strategies that require multi‐actor collaboration. It is
hoped that municipalities and agencies will use the Guidebook and accompanying online Tool to inform
climate adaptation planning and initiation phases across jurisdictions. The Guidebook and Tool can help
prioritize vulnerable assets and identify the most appropriate strategies to help protect them.
Understanding these needs early on in the County can help ensure they are planned for through existing
processes, such as general plan updates, capital plans, budgets, etc. Jurisdictions and agencies are
encouraged to:


Review the SV 2.0 Guidebook and use the Climate Preparedness Decision Support Tool (User
Guide available on the County’s website)



Understand the exposure and sensitivity of assets to different climate variables



Identify the biggest economic impacts to each asset sector



Review the gap analysis for existing asset‐specific initiatives and identify opportunities for
building on current successes



Target the most applicable strategies for a specific city or combination of cities and develop
plans and programs for implementation with key partners

For the next phase of the SV 2.0 Project, the County will collaborate with key stakeholders and
coordinate resources and efforts to support the Guidebook’s implementation. The County will also seek
to resource the Tool internally via funding and staffing to keep it current.

GUIDEBOOK STRUCTURE
The Guidebook has been organized for ease of use, providing information on climate change science,
the unique situation for Silicon Valley, findings from a robust research and analysis effort, and key
climate adaptation strategies organized across nine asset sectors.


Chapter 1: SV 2.0 Project genesis and goals, existing planning and policy context, project process
(stakeholder engagement, etc.), and instructions on how to use the Guidebook.



Chapter 2: Project methodology, including expected climate changes and historic weather event
impacts, definitions for asset sectors [shoreline protection, buildings + properties,
communications, ecosystems, energy, public health, solid + hazardous waste, transportation,
and water + wastewater] and primary and secondary climate variables [sea level rise, storm
surge, riverine flooding, wildfire, extreme heat], economic consequence analysis, and details on
the SV 2.0 Decision Support Tool.



Chapter 3: Set of instructions on how to best navigate and use the recommended adaptation
strategies followed by nine sections. Organized by asset sector and ordered by climate variable,
the sections outline: results of climate change vulnerability and economic consequence analysis,
regional adaptation strategies and initiatives, implementation and coordination
recommendations, precedents, and resources.

Executive Summary
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Appendix: Additional information about current climate science, sensitivity analysis findings
summary, gap analysis memos (by asset sector), detailed economic consequences analysis
methodology, resource and data source list, and other relevant studies that support the findings
and recommendations presented in the body of the Guidebook.
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1 GUIDEBOOK INTRODUCTION
County of Santa Clara Office of Sustainability and Climate Action

1.1 Project Rationale + Goals
The Silicon Valley 2.0 Project (SV 2.0 Project) is an extensive regional effort, managed by the Santa Clara
County (County) Office of Sustainability and Climate Action, and funded by the California Strategic
Growth Council, to minimize the anticipated impacts of climate change within the county boundary (15
cities: Campbell, Cupertino, Gilroy, Los Altos, Los Altos Hills, Los Gatos, Milpitas, Monte Sereno, Morgan
Hill, Mountain View, Palo Alto, San Jose, Santa Clara, Saratoga, and Sunnyvale; and the unincorporated
portions of the county). Building on a multi‐year, multi‐stakeholder process, the SV 2.0 Climate
Adaptation Guidebook (Guidebook) captures the key inputs and outputs of the SV 2.0 Project and helps
establish a proactive framework for Santa Clara County (County) and its member cities, agencies, and
other stakeholders to work together to help prepare the region for the anticipated impacts of climate
change in the short, mid, and long term.
Today, while Santa Clara County remains at its center, the term Silicon Valley has evolved to include San
Mateo County and other tech hubs such as San Francisco and portions of Alameda County—totaling
almost 2,000 square miles, 3 million people, and 1.4 million jobs.1 Although the SV 2.0 Project focuses
on Santa Clara County, its success is critical to the entire region. The county contains a multitude of
working and natural landscapes, and is consistently ranked amongst the top growth regions for
employment, personal income, and real taxable sales. As of 2013, it is home to roughly 1.9 million
residents, has the highest average salary and median family income in California,2 is a global model for
innovation and technology, the world’s leading center for venture capital, and one of the most ethnically
diverse and culturally rich metro areas in the United States.3 While these and other conditions make the
region a highly desirable place to live and conduct business, climate change presents a threat to the
essential elements of human, natural, and financial capital that comprise its unique fabric and could
threaten its safety and prosperity. In fact, Santa Clara County is one of the Bay Area’s lowest lying and
most densely populated regions.
A coordinated response to climate change is needed now, in order to ensure that the region continues
to thrive in the future.

CLIMATE CHANGE AND SILICON VALLEY
Over the next century, increasing atmospheric greenhouse gas concentrations are expected to cause a
variety of changes to local climate conditions, including sea level rise (SLR) and storm surge by the San
Francisco Bay (the Bay), increased riverine flooding throughout the county, and more frequent and
higher temperatures (leading to extreme heat events and wildfires), particularly inland. These climate
variables (and associated threats) are projected to impact critical assets throughout the county,
including regionally significant highways, water and wastewater treatment plants, electricity
substations, technology campuses and other employment centers, agriculture, homes, vulnerable
populations, and ecosystems.

1

http://www.siliconvalleycf.org/sites/default/files/publications/2014‐silicon‐valley‐index.pdf

2

http://quickfacts.census.gov/qfd/states/06/06085.html

3

http://www.forbes.com/sites/trulia/2012/11/13/finding‐diversity‐in‐america/
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For example, climate change could cause the Bay to rise 12 to 24 inches by mid‐century and by 36 to 66
inches by end‐of‐century.4 This means that today’s floods will likely be the future’s high tides and areas
that currently flood every 10 to 20 years could flood much more frequently. Neighborhoods, businesses,
and major industries that are currently located on the Bay shoreline may be subject to this flooding and
many associated cascading impacts of climate change. A sea level rise analysis, carried out as part of the
Environmental Impact Report (EIR)5 for Plan Bay Area, the Bay Area’s Sustainable Communities Strategy
that identifies where future growth should take place over the next 25 years, found that Santa Clara
County is projected to host the most significant increases in number of future residents living within the
inundation zone mapped by the analysis.
The frequency of extreme heat days6 is projected to increase dramatically by mid‐ and end‐of‐century in
Santa Clara County from the historical frequency of four days per year on average. For example, it is
projected that Mountain View will experience 15–19 additional extreme heat days per year on average
by mid‐century. This change could significantly impact vulnerable populations, such as the very young,
old, or infirm. Although the County and the State are experiencing one of the most severe drought
periods of record, the impacts of drought on physical infrastructure assets were not included in the
vulnerability assessment and/or adaptation strategy portion of the SV 2.0 Project due to the difficulty of
geospatially representing the extent of drought and the potential impacts on assets7. Details on historic
weather events and projected climatic changes are described in Chapter 2 and the Appendix.
Further development and implementation of climate adaptation strategies that address each of these
changes will be essential to protect the region’s people, infrastructure, ecosystems, and vibrant
economy.

WHY SILICON VALLEY 2.0?
In 2011, Santa Clara County developed priorities connected to the region’s near‐, mid‐, and long‐term
sustainability, competitiveness, desirability, and successful deployment of both climate mitigation and
adaptation strategies. The County noted a disproportionate focus on mitigation and, concerning
adaptation, a primary focus on sea level rise and storm surge. Further, the County recognized general
knowledge of the cost of certain strategies, but a pervasive lack of data on the cost of inaction. Thus, the
County designed the SV 2.0 Project to address informational gaps and organizational barriers, and create
a robust, comprehensive roadmap for climate resiliency.
As defined more specifically later in the Guidebook, the SV 2.0 Project’s Climate Change Preparedness
Decision Support Tool (Tool) allows decision‐makers and end‐users the ability to factor certain fiscal
consequences from climate variable impacts on seven physical asset sectors under mid‐ and end‐of‐

4 Sea‐Level Rise for the Coasts of California, Oregon, and Washington: Past, Present, and Future, National Research Council
2012 http://www.nap.edu/catalog/13389/sealevel‐rise‐for‐the‐coasts‐of‐california‐oregon‐and‐washington
5

Plan Bay Area Environmental Impact Report, July 2013,
http://planbayarea.org/pdf/Draft_EIR_Chapters/2.5_Climate_Change.pdf

6

CalAdapt defines an extreme heat day as a day in April through October where the maximum temperature exceeds the 98th
historical percentile of maximum temperatures for that region based on daily temperature data from 1961 to 1990.

7

Drought impacts on physical infrastructure may include impacts to structural foundations of above and below ground assets
(e.g., transmission lines and roads), and degradation of materials due to changes in soil moisture and ground water.
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century climate horizons. Importantly, the Tool was designed for maximum flexibility, data updates, and
user customization. As explained in Chapter 2, the Tool does not include the Ecosystem and Public
Health asset sectors.
Santa Clara County launched the SV 2.0 Project in recognition of the complexity and enormity of the
climate change challenge not only because of the uncertainty of the onset of projected climate change
impacts, but also due to the multiple actors and agencies that need to be involved in adaptation. Whose
responsibility is it to do what and by when? For example, a single stretch of Bay shoreline contains
assets under the jurisdiction of federal, State, and regional agencies, such as the U.S. Army Corp of
Engineers (USACE), Bay Conservation and Development Commission (BCDC), the California Department
of Transportation (Caltrans), et al, as well as critical infrastructure owned and operated by utilities (e.g.,
PG&E and the Santa Clara Valley Water District (SCVWD)), and public and private building assets. The SV
2.0 Project sought to bring these actors together from the outset to execute a multi‐year effort that
aspires to provide a best‐practice exemplar of the type of regional leadership that is essential in
achieving critical climate resiliency objectives at the regional level. In this regard, the County’s objectives
included an implementation framework and support tool whose use could be replicated on a much
broader geographic basis, and drive progress toward timely and effective climate preparedness and
resiliency at the local, regional, and State level.

SUMMARY OF PROJECT GOALS
Five goals were developed at the outset of the SV 2.0 Project to guide the project methodology:


Engage a robust vulnerability and risk assessment framework to identify relevant climate
stressors, map and measure regional assets threatened by climate change and volatility, and
understand the magnitude of potential impacts.



Develop the geo‐economic SV 2.0 Climate Change Preparedness Decision Support Tool (Tool) to
evaluate the vulnerability and consequence of potential climate change scenarios on key assets
(see page 10).



Identify the area’s top priorities and develop a comprehensive set of adaptation strategies to
implement an effective regional‐scale response to minimize climate impacts.



Facilitate and coordinate regional, near‐term climate adaptation action, planning, and
implementation efforts for Silicon Valley.



Create a set of resources capable of being used and replicated in other regions and statewide.

1.2 Guidebook Context—Relationship to Existing Planning Efforts
The SV 2.0 Project is a county‐level, pan‐sector approach to climate change adaptation and collaboration
with cities, major agencies, and other stakeholders. It is one of several important climate change
adaptation efforts occurring at the State and regional levels, as highlighted below. This is not an
exhaustive list of adaptation planning in California or the Bay Area, but rather summarizes those most
closely related to the SV 2.0 Project that might also yield useful partnerships (as of January 2015).
Additional projects and initiatives relating to specific asset sectors are described in the gap analysis (see
Appendix) that was conducted for each asset sector during the SV 2.0 Project. For example, some cities
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within Santa Clara County, such as the City of Mountain View and the City of San Jose, have conducted
separate SLR studies and/or have specific General Plan policies relating to climate adaptation.

Safeguarding California
Safeguarding California is the 2013 update to the State of California’s 2009 Climate Adaptation Strategy,
led by the California Natural Resources Agency in coordination with other State agencies. Safeguarding
California provides policy guidance for State decision makers in their efforts to reduce climate change
impacts and prepare for associated risks. The plan is organized around nine sectors and highlights
climate risks, discusses progress to date, and makes sector‐specific recommendations. Many of the
sector‐specific recommendations are in line with SV 2.0 Project strategies, making State agencies
potential implementation partners.8

State Hazard Mitigation Plan
Hazard mitigation plans identify policies and actions that can be implemented over the long term to
reduce risk and future losses from a wide range of hazards. Guidance for hazard mitigation planning is
provided by the Federal Emergency Management Agency (FEMA) and the Federal Disaster Mitigation
Act of 2000. State and local governments are required to develop hazard mitigation plans as a condition
for receiving certain types of funding from FEMA. Hazard mitigation plans have tended to rely on
historical hazard events to understand risk, rather than climate change projections. However, this is
changing as more state and local jurisdictions consider how climate change influences the severity and
frequency of hazards. In 2014, FEMA announced that it will release new guidance for State Hazard
Mitigation Plans that calls upon states to consider climate variability. Thus, Silicon Valley 2.0 will allow
the County, its municipalities, agencies and districts, and other stakeholders a comprehensive and ready
apparatus for integration of this emerging FEMA directive.
The State of California has developed an Enhanced State Hazard Mitigation Plan, a designation that
provides additional post‐disaster funding to the State. The Plan includes a discussion of climate change
adaptation and includes climate‐change related risks.9

Regional Multi‐Jurisdictional Local Hazard Mitigation Plan
The Association of Bay Area Governments (ABAG) led the development of the 2010 Update of the Multi‐
Jurisdictional Hazard Mitigation Plan for the San Francisco Bay Area, which consists of nine counties and
101 cities. The Plan is due to be updated again in 2016.10 The impacts of climate change on wildfire,
flooding, drought, and levee failure hazards are discussed in the risk assessment portion of the Plan.
Participating local governments, including those in Santa Clara County, prepared annexes to the Hazard
Mitigation Plan to explain how the Plan specifically applies to their jurisdiction.11 Some strategies from
the SV 2.0 Project could be included as hazard mitigation strategies in future updates to local hazard
mitigation plans, thus potentially increasing the likelihood of receiving funding from FEMA grants for
strategy implementation.
8

http://resources.ca.gov/docs/climate/Final_Safeguarding_CA_Plan_July_31_2014.pdf

9

http://hazardmitigation.calema.ca.gov/plan/state_multi‐hazard_mitigation_plan_shmp

10

http://resilience.abag.ca.gov/mitigation/

11

http://www.sccgov.org/sites/oes/PlansPublications/Pages/LHMP.aspx
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Adapting to Rising Tides
Adapting to Rising Tides (ART), led by BCDC and the National Oceanic and Atmospheric Administration
(NOAA), is a collaborative planning effort to help San Francisco Bay Area communities adapt to SLR and
storm surge flooding. The project area is focused on a portion of the Alameda County shoreline. Using a
vulnerability and risk assessment framework as a foundation, the project developed a portfolio of
possible adaptation responses for this area. The next steps of ART involve working with partners
throughout the Bay Area to utilize the tools, resources, and lessons learned from the ART pilot project.12
Resources from ART could be useful for the implementation, monitoring, and evaluation of strategies in
the SV 2.0 Climate Adaptation Guidebook and vice versa.

Bay Area Climate & Energy Resilience Project
Housed at the Joint Policy Committee (JPC), the Bay Area Climate and Energy Resilience Project
(BACERP) is a collaborative of over 100 public, private, and non‐profit stakeholders in the Bay Area
(including the County).13 The group is focused on specific actions that will help stakeholders move
forward with climate adaptation planning and implementation. BACERP is part of the Alliance of
Regional Collaboratives for Climate Adaptation (ARCCA), a network comprised of existing regional
collaboratives from across California. In addition to hosting workshops and webinars, BACERP has
produced county‐level snapshots of climate adaptation and resilience projects, plans, and needs in each
of the Bay Area counties.14 This collaborative could be a useful venue to share lessons learned from the
SV 2.0 Project and potentially a source for resources and partners needed for strategy implementation.

Bay Area Housing and Community Risk Assessment Project
The goal of the Bay Area Housing and Community Risk Assessment Project is to help the Bay Area meet
smart growth, resilience, sustainability, prosperity, and equity goals by developing strategies to
strengthen existing housing and communities, and plan smartly for future housing development. This
project is a joint effort between the ART project and ABAG’s Earthquake and Hazard Program, which is
funded by the U.S. Environmental Protection Agency (EPA), FEMA, and the California Strategic Growth
Council. The Project is specifically focused on housing and communities that may be vulnerable to SLR
and earthquakes, and will inform the new iteration of Plan Bay Area and the 2016 update to the Multi‐
Jurisdictional Hazard Mitigation Plan for the San Francisco Bay Area.15 The SV 2.0 Project strategies for
SLR impacts on the Buildings + Properties sector are in line with strategies from this project (published in
Spring 2015), which could enable the development of useful partnerships for implementation.

Climate Readiness Institute
The mission of the Climate Readiness Institute is to develop cutting edge climate science, adaptation
strategies, and mitigation tools needed to ensure a resilient, low‐carbon Bay Area. The Institute,
founded in early 2014 at University of California (UC) Berkeley, consists of a team of experts from varied

12

http://www.adaptingtorisingtides.org/

13

http://www.abag.ca.gov/jointpolicy/projects.html#climate

14

http://www.arccacalifornia.org/

15

http://resilience.abag.ca.gov/projects/housing‐and‐community‐risk/
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academic disciplines at Berkeley, UC Davis, and Stanford.16 It could be a resource for the
implementation, monitoring, and evaluation of SV 2.0 strategies.

100 Resilient Cities
In 2014, three Bay Area cities (San Francisco, Oakland, and Berkeley) were selected to participate in the
first round of the 100 Resilient Cities Program, pioneered by the Rockefeller Foundation. As part of this
program, each city receives grant funding to hire a Chief Resilience Officer (CRO) and the support of a
local consultant partner to develop resilience strategies. The CRO serves as the central point of contact,
coordinates and oversees resilience activities conducted by the working team (city staff and consultant
partner), facilitates key stakeholders and leadership, and helps establish resilience as a citywide
priority.17 As this is still a nascent effort, SV 2.0 could provide valuable lessons for the CROs as they
consider a regional approach to resiliency.

1.3 Project Process
STAKEHOLDER ENGAGEMENT
The SV 2.0 Project engaged multiple actors and integrated thoughtful decision‐making processes to
create effective regional resilience, including a Technical Advisory Committee (TAC), key project
partners, and working groups. Moving forward, new advisory groups and partnerships are likely to be
convened to develop and progress specific strategies, or related sets of strategies, depending on the
asset sector.

Technical Advisory Committee
An essential component of the SV 2.0 Project was regular engagement with a group of key local
stakeholders and technical experts. The TAC was convened and led by the County’s Office of
Sustainability and Climate Action, and included representatives from local cities, utility providers, public
service providers, and other pertinent organizations, including:


Bay Area Joint Policy Committee (JPC)



Bay Conservation and Development Commission (BCDC)



City of Cupertino



City of Mountain View



City of San Jose



Joint Venture Silicon Valley (JVSV)



Our Coast Our Future



Pacific Gas & Electric (PG&E)



Santa Clara County Public Health Department (SCCPHD)



Santa Clara Valley Transportation Authority (VTA)

16

http://climatereadinessinstitute.org/

17

http://www.100resilientcities.org/
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Santa Clara Valley Water District (SCVWD)



Sustainable Silicon Valley



U.S. Army Corp of Engineers (USACE)



U.S. Geological Survey (USGS)

The TAC provided critical review of several key SV 2.0 Project efforts, including the gap analysis
conducted for each asset sector, adaptation strategies, the Draft Guidebook, and the beta version of the
Tool. The group convened six times over an 18‐month period, covering the following topics:


July 2013 – Project Kickoff, Exposure Analysis, and Sensitivity Analysis Review



September 2013 – Tool Discussion and Guidebook Outline



December 2013 –Gap Analysis Review



May 2014 – Tool Update / Risk Assessment Review



August 2014 – Tool Review / Adaptation Strategy Review



December 2014 – Tool Conclusions and Administrative Draft Guidebook Review

Project Partners
In May 2013, a Project Partners meeting was held in Santa Clara County to introduce approximately
60 local stakeholders to the SV 2.0 Project, get feedback on the proposed vulnerability assessment
methodology and preliminary exposure maps, and to provide input on the impact of historic extreme
weather events on the SV 2.0 Project asset sectors. In addition, the Project Team deployed live‐audience
polling (multiple choice and narrative responses) to address a number of foundational questions relating
to what the stakeholders saw as the biggest climate threats, barriers, and needs relating to regional
collaborations, and the appropriate time horizon for climate adaptation planning in the county. Figure
1.1 provides an example question and the full results may be found in the Appendix.
Figure 1.1: Results from Poll Question 1, “What is needed to facilitate regional resiliency planning?”
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Cascading Impacts Exercise
The stakeholders were organized into asset sector tables for the ‘cascading impacts’ breakout session,
covering public health, transportation, ecosystems, landscape and agriculture, building energy, water,
and economic resilience. The aims of the exercise were to:
1. Identify the potential impacts (both direct and indirect) from key primary and secondary climate
variables for the specific asset sector (extreme heat, sea level rise, temporary flooding, et al);
2. Identify which were the most important impacts for the region to deal with; and
3. Identify locations, assets, or populations already at risk from these impacts (e.g., coastline areas
already flooded during an extreme high‐tide event).
Each asset sector group was provided with a template to populate per climate variable, see Figure 1.2
for an example. The results were documented (see Error! Reference source not found. example) and
shared after the meeting with the stakeholders via the project website, and these outputs provided
valuable inputs to the vulnerability assessment part of the SV 2.0 process (see Appendix).
Figure 1.2: Cascading Impacts Worksheet (extreme heat and transportation assets)
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Figure 1.3: Cascading Impacts Exercise (temporary flooding and transportation assets)

Working Groups
As part of the vulnerability assessment and adaptation strategy development, the Project Team and its
leadership collaborated with four working groups: ecosystems, solid waste, economics, and public
health. Each group brought together top regional expertise in the associated technical and social issues.
For public health, the Santa Clara County Department of Public Health had already established a working
group during its recent General Plan Amendment, which proved a great benefit for the SV 2.0 Project.
The Ecosystems Working Group convened recognized professionals in the fields of biology, habitat
conservation, landscapes, and resource management to provide insight and review on both the gap
analysis effort (seeking to understand the current state of the numerous ecological assets), vulnerability
assessment of the most prevalent asset categories, and the adaptation strategies. All working groups
were invaluable to the SV 2.0 Project and will be incorporated into the larger effort moving forward.

SV 2.0 CLIMATE CHANGE PREPAREDNESS DECISION SUPPORT TOOL
In order to automate the vulnerability assessment and economic consequence analysis portions of the
SV 2.0 Project, and to allow the multiple jurisdictions within the county to carry out further and more
detailed vulnerability assessments in the future, the SV 2.0 Tool was developed. As explained in more
detail in Chapter 2 and in the separate Tool User Guide, this unique online platform allows users to:


Select different climate variables, assumptions, and physical assets to study.



Understand how the region's climate conditions will change over the next century.



See which assets will be exposed to climate change variables and associated vulnerability.
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Calculate estimated levels of economic consequence resulting from asset vulnerability.



Generate vulnerability and risk reports, maps, tables, and charts.

Figure 1.4: SV 2.0 Tool Screenshot

STRATEGY DEVELOPMENT SUMMARY
Based on the vulnerability assessments carried out using the Tool, a comprehensive set of climate
change adaptation strategies was developed to address the exposure, sensitivity, and adaptive capacity
issues identified for key assets in the county. As further described in Chapter 2, the draft strategies were
vetted and selected for inclusion in the Guidebook based on specific criteria. The economic
consequences analysis conducted for each physical asset sector (using the Tool) provides jurisdictions
with an additional lens by which to further prioritize next steps and implementation efforts. Both the
vulnerability assessment and the economic consequences analyses can be updated over time using the
Tool, as new data is made available. Chapter 3 presents the recommended climate adaptation strategies
by asset sector, so that readers can readily find their area of interest.
Progressively, throughout its 28‐month schedule, the SV 2.0 Project validated certain key assumptions of
the Project Team, including 1) climate adaptation is not a far‐future challenge, but a current one; 2)
numerous strategies provide near‐term benefits as well as long‐term resiliency; 3) strategies exist that
benefit multiple sectors and/or address multiple climate variables; and 4) the cost of implementation is
not disproportionate to the unattended consequences. These elements will also inform the process and
efficacy of implementation.
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1.4 How to Use This Guidebook
GUIDEBOOK INTENT
The Guidebook seeks to facilitate and coordinate regional planning and implementation efforts in the
county, identifying near‐term actions; opportunities for regional collaboration and leadership; and areas
where State, federal, and/or utility‐led initiatives will be needed. The Guidebook is not designed as a
“plan” to be adopted by one or many jurisdictions, but rather provides a recommended set of strategies
that can be taken on by individual agencies, groups of cities, and/or regional partnerships. These
strategies were curated from a larger comprehensive list, prioritized based on set criteria and mostly
focused on implementation opportunities in the short term.
A key goal of the Guidebook is to support an iterative effort between political leaders, government staff,
and related agencies that improves over time as additional research and analysis is conducted, and the
field of climate adaptation evolves. The County aspires for the Guidebook to be a go‐to sourcebook of
ideas and opportunities that could be pursued not only by the individual cities of Santa Clara County, but
more importantly in partnership with each other. Together, new and innovative collaborations between
cities (and with the County) could realize greater benefits for the region’s climate preparedness and
quality of life than might otherwise be achieved by separate municipalities.
It is hoped that jurisdictions and agencies will use the material provided in the Guidebook and the Tool
to help further prioritize vulnerable assets and identify the most appropriate strategies to help protect
them. Key highlights and opportunities include, but are not limited to the following:


The Tool can be used to help understand the exposure and sensitivity of assets to different
climate variables and associated impacts.



The economic consequences analysis can help identify the potential economic impacts of
particular assets or asset sectors being impacted by certain climate variables, and therefore help
prioritize which assets to address.



The gap analyses in Appendix D can be used to identify opportunities for building on existing
initiatives and/or developing new ones where none currently exist.



The strategies provided in Chapter 3 are not exhaustive, but provide a solid framework of
potential adaptation actions that could help improve the resiliency of Santa Clara County to
climate change.



The Guidebook and Tool are valuable resources for improving public and private sector outreach
in the area of climate adaptation

It is anticipated that Santa Clara County will play an important coordination and convening role in this
effort over time. For example, the County may poll and/or assemble key stakeholders (strategy leads
and partners) on a semi‐annual basis to record activities and progress. In addition, there are a number of
strategies identified in Chapter 3 that the County could spearhead, given they will require multi‐
jurisdiction collaboration in order to be effective and funded. It should be noted that the initiation
timelines and schedules of actual projects would also rely on funding and coordination realities.
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GUIDEBOOK STRUCTURE
The Guidebook has been organized for ease of use, providing information on climate change science,
the unique situation for Silicon Valley, findings from a robust research and analysis effort, and key
climate adaptation strategies organized across nine asset sectors.


Executive Summary



Chapter 1: Project genesis and goals, existing planning and policy context, project process
(stakeholder engagement, etc.), and how to use this Guidebook.



Chapter 2: Project methodology, including expected climate changes and historic weather event
impacts, definitions for asset sectors [shoreline protection, buildings and properties,
communications, ecosystems, energy, public health, solid and hazardous waste, transportation,
and water and wastewater] and primary and secondary climate variables [sea level rise, storm
surge, riverine flooding, wildfire, extreme heat], economic analysis, and details on the SV 2.0
Decision Support Tool.



Chapter 3: Set of instructions on how to best navigate and use the recommended adaptation
strategies followed by nine sub‐sections organized by asset sector (ordered by climate variable):
results of climate change vulnerability and economic consequence analysis, regional adaptation
strategies and initiatives, implementation and coordination recommendations, and precedents.



Appendix: Additional information about current climate science, sensitivity analysis findings
summary, gap analysis memos (by asset sector), detailed economic consequences analysis
methodology, resource and data source list, and other relevant studies that support the findings
and recommendations presented in the body of the Guidebook.
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2 PROJECT METHODOLOGY
County of Santa Clara Office of Sustainability and Climate Action

2.1 Project Methodology Introduction
The SV 2.0 Project used a robust vulnerability and risk assessment process to identify community assets
that are threatened by anticipated changes to local climate conditions and to prioritize future
adaptation responses. The following section outlines the project methodology, including the relevant
climate science as it applies to the county, how the assets were evaluated in order to determine
vulnerability, and how the adaptation strategies were developed and prioritized. This chapter also
introduces the SV 2.0 Climate Preparedness Decision Support Tool and explains the special
considerations and methodologies used to evaluate the vulnerability of public health and ecosystem
assets.
The flow diagram in Figure 2.1 outlines the key project methodology elements, including:


Climate Variable Data (review and analysis)



Community Asset Data (identification and information gathering)



Vulnerability Assessment
o Exposure Analysis
o Sensitivity Analysis
o Adaptive Capacity Analysis



Risk Assessment
o Likelihood Analysis
o Consequence Analysis

The vulnerability and risk assessments informed the development of adaptation strategies to help
reduce the vulnerability of the most‐at‐risk assets. The results of these assessments and the associated
recommended adaptation strategies are presented in Chapter 3.
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Figure 2.1: Project Methodology Flow Chart
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2.2 Climate Variable Data
Understanding the anticipated changes to climate variables was an essential first step in conducting the
vulnerability and risk assessments, and developing adaptation strategies for the SV 2.0 Project. In
climate research, the term “climate variables” is specifically used to describe basic physical, chemical, or
biological variables that contribute to the characterization of the earth’s climate. Climate research
categorizes climate variables into three types: atmospheric, oceanic, and terrestrial. Examples of
atmospheric climate variables include temperature and precipitation. Examples of oceanic and
terrestrial climate variables include sea level and river discharge, respectively.
For the SV 2.0 Project, sea level, precipitation, and temperature are referred to as “primary climate
variables”. These three primary climate variables interact in complex ways with local factors such as land
use and land cover, vegetation, and soil conditions to produce second‐order impacts such as riverine
flooding, wildfire, drought, and air quality deterioration. In the SV 2.0 Project, these second order
impacts are referred to as “secondary climate variables.” For example, wildfire is described as a
secondary climate variable because changes to its frequency and severity depend on a combination of
increased temperature, decreased precipitation, and vegetation changes.
Subsequent sections in this chapter provide an overview of historical and projected trends for sea level,
storm surge, riverine flooding, wildfire, and extreme heat, as well as drought and air quality
deterioration. (It should be noted that while primary and second climate variables have been assessed in
Chapter 3 and in the Tool, they are not referred to as primary or secondary, rather they are referred to
as variables.)

HISTORICAL AND PROJECTED TRENDS IN CLIMATE VARIABLES IN SANTA CLARA COUNTY
For each climate variable listed above, this chapter includes an overview of historical trends in Santa
Clara County, with a focus on extreme events. The historical analysis describes the nature, frequency,
magnitude, and impacts of the events based on changes to the above variables. Establishing an
understanding of historical exposure based on a review of observed records is helpful for understanding
existing vulnerabilities of assets and prioritizing adaptation strategies and investments.
Following a review of historical events and trends, this chapter includes an overview of projected trends
in climate variables based on climate models. Projected changes in climate variables have been modeled
extensively at the national and regional scales, and climate models provide long‐term projections in
terms of average changes to climate variables such as precipitation, temperature, and sea level for mid‐
century or end‐of‐century time horizons. Climate models also conclude with varying degrees of
confidence, how the frequency, intensity, and duration of climate‐related extreme events might be
impacted as a result of climate change. Despite the challenges associated with reconciling the timescales
and uncertainties of climate model projections with the short‐ to medium‐term planning horizons within
which local governments operate, information on projected trends in climate variables is critical as it
sheds light on future potential vulnerabilities of regional assets to climate‐related extreme events, as
well as slow‐moving events such as sea level rise, and directly informs long‐term planning efforts to
make Santa Clara County more resilient to impacts of climate change. Findings of this analysis were
integrated into the climate vulnerability assessment and contributed to the development of adaptation
strategies.
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Limitations of Historical Trends Analysis
The availability of long‐term and granular historical data on extreme events is crucial to the compilation
of a comprehensive historical analysis. The following challenges and limitations were identified during
the research phase for this analysis:


Partial lack of consistent and standardized data on the magnitude and frequency of individual
weather‐related events at the Santa Clara County scale



Partial lack of consistent and standardized data on the impacts of individual weather‐related
events (e.g., damage to property, injuries, fatalities, economic costs) at the county scale



Partial lack of data on the magnitude and frequency of weather‐related events over a
statistically significant time period in order to infer historical trends at the county scale



Partial lack of details about the location and area of impact of specific weather‐related events

Given these challenges and limitations, the historical trends analysis should be used with a degree of
caution. The primary benefit of the analysis is to demonstrate the seriousness of existing weather‐
related events and provide a platform for understanding the implications of anticipated changes
(e.g., through climate modeling) to the local climate over the next century.
Improvements in the above areas would enable a much more robust historical trends analysis. It is
recommended that these locally occurring weather‐related events be monitored closely in the future to
track trends and assess impacts in order to better determine vulnerability and refine appropriate
adaptation responses.

Limitations of Projected Trends Analysis
While projected changes to some climate variables, such as temperature, have been made with a high
degree of certainty until mid‐century, considerable uncertainty surrounds other climate variables, such
as future precipitation patterns and complex secondary effects, especially for more distant timeframes.
The projections for climate variables described in this chapter draw from the SV 2.0 Climate Science
Review Memorandum (see Appendix A), which was developed in July 2013. The California Energy
Commission’s Third Assessment on Climate Change and the CalAdapt Tool represent the best applied
use of climate models for Santa Clara County at the time of writing. Climate modeling is rapidly evolving
and more up‐to‐date projections may be available, but the general trends discussed in this section still
hold true. While this analysis can only rely on current science, the SV 2.0 Tool and Guidebook are
envisioned to evolve with science to maintain their flexibility and utility as changes to climate variables
are better understood in the future.
When possible, the projected trends analysis discusses anticipated changes to climate variables for
Santa Clara County or the San Francisco Bay Area. Where local and regional‐specific information was not
available, State‐level projections are referenced.
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SEA LEVEL (RISE)
Sea level is a primary climate variable and sea level rise (SLR) is directly associated with changes in global
atmospheric and oceanic temperatures. Local impacts of SLR include temporary flooding (especially in
combination with storm surge) and permanent inundation. Given that episodic storm surge has greater
short‐term implications for coastal assets as compared to static SLR, the vulnerability assessment
examines both static SLR, as well as a combination of SLR and storm surge.

Historical Trends in SLR in Santa Clara County
The 2007 Intergovernmental Panel on Climate Change (IPCC) estimated a global average SLR rate of
+0.07 (+/‐ 0.02) inches per year over the 20th century. More recent satellite altimetry data has indicated
an increased rate of +0.12 (+/‐ 0.03) inches per year for the period of 1993–2001. The data indicates that
global mean sea level is rising at an increasing rate and SLR is already affecting much of California’s
coastal regions. Factors that control global SLR include thermal expansion of the ocean, melting land ice,
water withdrawal from aquifers, and water storage in reservoirs. Regional variation in SLR depends on
complex factors such as ocean circulation, short‐term climate patterns and storms, modern land‐ice
melting, and vertical land motion.

Projected Trends in SLR in Santa Clara County
Rising sea levels will directly impact coastal development, infrastructure, and habitats. Increasingly
strong coastal storms (due to wind strength and barometric pressure changes1) that are projected to
accompany climate change, may result in greater storm surge magnitudes, further exacerbating impacts
to coastal resources.2 Land subsidence, saltwater intrusion, and changes to regional sea‐wind patterns
and upwelling3 may also create additional local impacts.
Table 2.1 presents global and regional SLR projections. There is considerable regional variability in rates
of SLR, with the Bay Area projected to see SLR magnitudes at the mid‐ to high‐end of the range of global
projections.
Table 2.1: Global and Regional SLR Projections (inches)
GLOBAL SLR
(NRC 2012)

CALIFORNIA COAST SLR
(NRC 2012)

Year

BAY AREA SLR
(CAYAN ET AL. 2012)

Range

2050

6.9–19.0

4.7–24.0

11–19.0

2100

19.8–55.2

16.5–65.7

30–55.0

NOTE: Projections provided relative to a 2000 year baseline. National Research Council California Coast estimate
applies to areas South of Cape Mendocino.

1

Note: storm surge does not include wave action.
National Research Council (NRC), 2012, http://www.nap.edu/openbook.php?record_id=13389&page=R1
3
A process in which deep, cold water rises toward the surface.
2
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RIVERINE FLOODING (PRECIPITATION)
Precipitation change is a primary climate variable and is thus a first‐order local condition that is directly
affected by changes in global atmospheric and oceanic temperatures. Projected changes in precipitation
include annual trend changes as well as extreme precipitation events.
Riverine flooding is a secondary climate variable that is influenced by precipitation and local conditions,
such as ground cover and soil conditions. Riverine flooding occurs when heavy rainfall causes rivers or
creeks to overtop their banks and inundate surrounding areas. This analysis specifically focuses on
riverine flooding caused by extreme precipitation events and not on average precipitation trends, as
riverine flooding affects various asset sectors in the county more directly.

History of Extreme Precipitation Events and Riverine Flooding in Santa Clara County
Based on records obtained from National Climate Data Center (NCDC), Spatial Hazard Events and Losses
Database for the United States (SHELDUS), and newspaper archives, approximately 40 instances of
riverine/inland flooding have occurred in the Santa Clara County region between 1832 and 2012. Of
these, three flooding events (winter storms in 1963, 1997, and 1998) were declared as disasters by
FEMA.
The impacts from these flooding events have included, but are not limited to, dam/levee failures,
inundation of roads and highways, power outages, physical damage to property and roads, evacuations,
injuries, and deaths.
Among the various rivers and creeks that flow through Santa Clara County, the ones that have
experienced frequent flooding include the Guadalupe River, Coyote Creek, Matadero Creek, San
Francisquito Creek, Calabazas Creek, and Llagas Creek.4
Detailed reports of severe flooding events have been documented by the Santa Clara Valley Water
District (SCVWD) since 1967.5 For example, Santa Clara County experienced a severe flooding event in
1998 as a result of heavy rainfall over the period of a week. The county received up to 8–9 inches of
rainfall over a 24‐hour period. By the third day of this storm, several creeks overtopped their banks,
including:


Coyote Creek: Local drainage inadequacies and the overbanking of Coyote Creek caused the
flooding and evacuation of residents at the Golden Wheel Mobile Home Park in San Jose.



Adobe Creek: Overbanking of Adobe Creek caused flooding of properties in Los Altos and Los
Altos Hills. A wooden vehicle bridge at the Los Altos Redwood Grove Nature Preserve dislodged
and floated downstream. Additionally, 50 feet of a wooden wall that forms one bank of the
Adobe Creek failed and lodged downstream.



San Francisquito Creek: Overbanking of this creek caused record flooding throughout a large
portion of Palo Alto, including several underpasses and more than 400 homes. In East Palo Alto,
325 people were evacuated and the Palo Alto Unified School District closed all schools for a day.
Classes at Stanford University were cancelled. Major highways such as U.S. Route 101 and other

4

More information about these rivers and creeks: http://www.valleywater.org/Services/WatershedInformation.aspx

5

http://www.scvwd.dst.ca.us/Services/FloodReports.aspx
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arterials were closed. Figure 2.2 shows the extent of flooding from San Francisquito Creek near
Embarcadero Road in Palo Alto.6
Figure 2.2: Flooding from San Francisquito Creek in Palo Alto

Source: “Report on Flooding and Flood Related Damages in Santa Clara County, February 2–9, 1998”:
http://www.scvwd.dst.ca.us/Services/Flood_Protection/Flood_Reports/1998_Flood_Report.aspx



Calabazas Creek: This creek received up to seven inches of rain by the fifth day of the rain
storm. Overbanking led to the flooding of homes and businesses in Cupertino, San Jose, and
Santa Clara, and the closure of major roads such as U.S. Route 101 and Highway 87. Other
streams, such as the Guadalupe River and Ross Creek, also experienced swelling and caused
flooding at Blossom Hill Road and Cherry Street in San Jose.



Hale Creek and Permanente Creek: Overbanking of these creeks led to minor flooding in
Mountain View.

The combined costs of the 1998 flooding event were estimated at over $20 million, including nearly $11
million in individual assistance damages and nearly $10 million in public assistance damages. The costs
are categorized as individual assistance damages and public assistance damages in Tables 2.2 and 2.3.7

6

http://www.scvwd.dst.ca.us/Services/Flood_Protection/Flood_Reports/1998_Flood_Report.aspx

7

Ibid.
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Table 2.2: Individual Assistance Damages
DESTROYED

MAJOR
DAMAGE

MINOR
DAMAGE

Primary Residence

1

836

356

$9,942,000

Business

0

4

0

$1,050,000

Other

0

0

0

$0

Total

1

840

356

PROPERTY TYPE

ESTIMATED
LOSS

$10,992,000

Table 2.3: Public Assistance Damages
FACILITY TYPE

NUMBER OF
SITES

ESTIMATED LOSS

Debris Removal and Disposal

169

$581,000

Emergency Protective Measures

30

$2,570,000

Road and Bridge Systems

7

$750,000

Water Control Facilities

2

$50,000

Public Buildings and Equipment

55

$5,700,000

Public Utilities

1

$100,000

Park/Recreation/Other

7

$95,000

Total

271

$9,846,000

Historical Trends in Extreme Precipitation Events and Riverine Flooding in Santa Clara County
Riverine flooding is influenced by many factors such as the amount, the duration, and spatial
distribution of rainfall, land use characteristics, and existing mechanisms in place to mitigate flooding.
While research did not indicate a clear historical trend in the frequency and intensity of riverine flooding
in the Santa Clara County region, literature does indicate that rain storm recurrence intervals for larger
10‐year, 25‐year, and 50‐year events have declined between 1890 and 2010 in the San Jose area.8 It
should be noted that other parts of the Bay Area (e.g., Sonoma County) have seen marked increases in
larger storms. While the frequency of flooding may have declined in areas of Santa Clara County, the
severity of individual extreme precipitation events has been high, such as in the flooding event of 1998.

Projected Trends in Precipitation and Riverine Flooding in Santa Clara County
Future riverine flooding trends in Santa Clara County will be influenced by changes in the frequency and
magnitude of precipitation in the county. While overall annual precipitation is not projected to change
by mid‐century, increased precipitation is projected to occur in winter in the form of more frequent and
stronger storms. Specific quantitative information on projected changes in precipitation intensity for the
Bay Area are is readily available, but overall, California is predicted to see an increase in 3‐day maximum
precipitation peak values by 10–50% by mid‐century (Pierce et al. in press). The frequency of extreme
8

Russo, T, et al, Regional and local increases in storm intensity in the San Francisco Bay Area, USA, between 1890 and 2010,
Journal of Geophysical Research: Atmospheres, Vol. 118, 1–10, 2013
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precipitation events is also projected to increase. Storm events with 1% probability of occurrence in the
historical record are projected to become 10 times more likely by the 2060s. Additionally, in low‐lying
areas near the Bay, the backwater effect from increasing sea levels and coastal storm surges could also
increase localized riverine flooding. For more information on projected flooding trends in Santa Clara
County, refer to the SV 2.0 Climate Science Review Memorandum in Appendix A.

WILDFIRE
Wildfire is a secondary climate variable occurring as a result of conditions affected by complex
interactions between primary variables and other factors. Wildfires are unplanned, natural occurring
fires and may be caused by lightning, accidental human ignitions, arson, or escaped prescribed fires.9
Weather is one of the most significant factors in determining the severity of wildfires; natural fire
patterns are driven by conditions such as drought, temperature, precipitation, and wind, and also by
changes to vegetation structure and fuel (i.e., biomass) availability.10 Wildfires pose a great threat to life
and property, particularly when they move from forest or rangeland into developed areas.11

History of Wildfires in Santa Clara County
According to the Fire Perimeter Database maintained by the California Department of Forestry and Fire
Protection (CAL FIRE), there were 64 recorded instances of “major” wildfires within Santa Clara County
between 1878 and 2012. For the purpose of this Guidebook, and to ensure consistency with the Fire
Perimeter Database, “major” fires are defined as timber fires greater than 10 acres, brush fires greater
than 50 acres, grass fires greater than 300 acres, and fires that destroy three or more
residential/commercial structures.12 A more comprehensive database of wildfires of all magnitudes can
be found in CAL FIRE’s Historical Wildfire Activity Statistics.13
Of the 64 recorded major wildfires that have impacted Santa Clara County since 1878, the largest
wildfire (in terms of acreage) occurred on September 3, 2007 in Henry Coe State Park, east of the City of
Gilroy. As shown in Figure 2.3 and 2.4, this wildfire (named “Lick”) was triggered as a result of debris
burning and burned 47,760 acres. It caused 9 injuries, and destroyed 4 residences and 20 outbuildings.
Since the wildfire was primarily contained within the State Park, its impacts on urban areas were
relatively limited. The cost associated with this wildfire was estimated at $10.2 million.14
The second largest wildfire in Santa Clara County, called the “Santa Clara Complex,” was triggered as a
result of lightning and burned 30,170 acres. It caused four injuries and destroyed one outbuilding. The
cost associated with this wildfire was estimated at $10.5 million.15 Santa Clara County has also
experienced wildfires that have spread to urban areas. One example is the Lexington Fire, which
9

http://www.nps.gov/fire/wildland‐fire/what‐we‐do/wildfires‐prescribed‐fires‐and‐fuels.cfm

10

Krawchuk, M. A., and M. A. Moritz (Simon Fraser University; University of California, Berkeley). 2012. Fire and Climate Change
in California. California Energy Commission. Publication number: CEC‐500‐2012‐026.

11

http://www.sccgov.org/sites/oes/PlansPublications/Documents/Section4.pdf

12

Ibid

13

http://www.fire.ca.gov/fire_protection/fire_protection_fire_info_redbooks.php

14

http://cdfdata.fire.ca.gov/incidents/incidents_details_info?incident_id=215

15

http://cdfdata.fire.ca.gov/incidents/incidents_details_info?incident_id=83
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occurred on July 7, 1985. This was a brush fire that originated in the Sierra Azul Open Space Preserve
(at the intersection of Alma Bridge Road and Soda Springs Road). The fire spread quickly as a result of
the local terrain, wind, and high temperatures, and over the period of a week, burned 13,728 acres and
42 homes, causing the evacuation of 4,500 people. The total cost of the Lexington Fire was estimated at
approximately $7 million.16
Figure 2.3: Lick Wildfire in Santa Clara County from a Distance

Source: CAL FIRE Communications Photographer Wes Schultz,
http://cdfdata.fire.ca.gov/pub/cdf/images/incidentfile215_443.pdf

Figure 2.4: Air Tanker Dropping Fire Retardant on Lick Fire in Santa Clara County

Source: CAL FIRE Communications Photographer Wes Schultz,
http://cdfdata.fire.ca.gov/pub/cdf/images/incidentfile215_443.pdf

16

http://www.sccfd.org/history_department.html
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Historical Trends in Wildfires in Santa Clara County
CAL FIRE’s Historical Wildfire Activity Statistics Database contains detailed records of all wildfires that
have occurred in Santa Clara County from 1943 to 2012.17 Figure 2.5 shows the total acreage of these
wildfires for each year. The two largest fires in Santa Clara County’s history occurred in 2003 and 2007.
Figure 2.5: Total Acres Burned from All Fires in Santa Clara County
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Source: CAL FIRE Historical Wildfire Activity Statistics,
http://www.fire.ca.gov/fire_protection/fire_protection_fire_info_redbooks.php

Projected Trends in Wildfire in Santa Clara County
Climate change is projected to increase the frequency of wildfire events, the extent of burned areas
across California, and the duration of wildfire seasons. Wildfire seasons are projected to begin earlier in
the spring due to drier and warmer spring conditions on average, potentially requiring longer periods for
firefighting services. Greater inter‐annual variability in temperature and precipitation may also affect
wildfire intensity. For example, multiple wet years can result in larger fuel buildup in landscapes. This
may result in increasingly intense and frequent wildfires, if followed by drought years. Wildfire risk will

17

Data for more recent years was not available.
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also vary depending on population growth and land use characteristics, including rates of residential
expansion and infrastructure into fire prone areas over the next century.18
A 2012 study by Bryant et al, suggested that an increase in wildfire risk to residential property will
accompany climate change due to exurban growth and increased susceptibility of landscapes and
vegetation to wildfire due to climate change.19 The Bay Area was identified in the study as one of the
more risk‐prone areas in California. Generally, a 1‐ to 7‐fold increase in wildfire risk to residential
properties across Santa Clara County was shown for the low and high population growth scenarios (risk
increase rates are highly localized). For more information on projected wildfires trends in Santa Clara
County, refer to the SV 2.0 Climate Science Review Memorandum in Appendix A.

EXTREME HEAT (TEMPERATURE)
Temperature is a primary climate variable, and is thus a first‐order local condition that is directly
affected by changes in global atmospheric and oceanic temperatures. While trends in average annual
temperature are an important indicator of climate change, extreme temperature events have greater
impacts on society due to their episodic nature. Therefore, the vulnerability and risk assessment phase
in this analysis specifically focuses on extreme heat events and not on average temperature changes.
Extreme cold events are not examined as they are not of concern in the County. The IPCC defines
extreme heat events as a period of abnormally hot weather.20 While extreme heat events can have
various durations, CalAdapt defines an extreme heat event as a period of five or more consecutive
extreme heat days. CalAdapt defines an extreme heat day in a given region as a day in April through
October where the maximum temperature exceeds the 98th historical percentile of maximum
temperatures for that region based on daily temperature data from 1961 to 1990.21 The 98th historical
percentile of maximum temperatures varies by locality. For example, in Gilroy the 98th percentile of
maximum temperatures is 91°F, and 87°F for Mountain View.

History of Extreme Heat Events in Santa Clara County
According to data sources such as NCDC and SHELDUS, a total of six extreme heat events have been
recorded in Santa Clara County. These extreme heat events occurred in the summers of 1961, 1973,
1992, 2000, 2006, and 2009. Of these, the impacts of the 2000 and 2006 extreme heat events were most
notable.


2000: The extreme heat event in 2000 resulted in one death and 11 heat‐related illnesses in
Santa Clara County.22 Temperatures in cities like San Jose reached record‐breaking highs

18

Bryant, B. P., and A. L. Westerling. 2012. Scenarios to Evaluate Long‐Term Wildfire Risk in California: New Methods for
Considering Links Between Changing Demography, Land Use, and Climate. California Energy Commission. CEC‐500‐2012‐030.

19

Ibid.

20

IPCC, 2012: Glossary of terms. In: Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation, https://www.ipcc.ch/pdf/special‐reports/srex/SREX‐Annex_Glossary.pdf

21

http://cal‐adapt.org/temperature/heat/

22

http://www.sccgov.org/sites/oes/PlansPublications/Documents/Section4.pdf
It should be noted that hospitals and emergency clinics often use conventional medical terms rather than the cause to report
heat‐related illnesses. As such, statistically, heat‐related illnesses may be under‐reported.
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(maximum temperature was recorded at 109°F), which resulted in power outages, as well as
prolonged wildfires.23


2006: The extreme heat event in 2006 spanned 14 days from late July to early August. This event
caused extensive damage to the agriculture sector. It resulted in the deaths of thousands of
dairy cattle and other livestock, as well as poultry. Milk and egg production was significantly
reduced, and crops in affected counties were damaged.24 The U.S. Department of Agriculture
issued a Secretarial Disaster Designation for Santa Clara County due to losses suffered by the
agriculture sector, which allowed eligible producers to obtain assistance in the form of
emergency farm loans for actual losses resulting from the disaster.25
This event also had significant impacts on public health. According to the Santa Clara County of
Public Health, the Emergency Medical System Agency (EMS Agency) of Santa Clara County saw a
50% increase in volume of calls in the last week of July as a result of the heat wave.26
Lastly, the 2006 extreme heat event resulted in power outages across the county. In the City of
San Jose alone, there were 1,300 power outages affecting 300,000 customers. The City’s costs
related to the heat event were estimated at $50,000, mostly attributed to HVAC system repairs
and overtime pay for City employees responding to the heat event.27

Historical Trends in Extreme Heat Events in Santa Clara County
While observed trends in extreme heat events specific to Santa Clara County are not readily available,
statewide historical trends for California indicate an increase in humid night‐time heat waves. Observed
records of summer‐time temperatures from the past six decades show an increasing trend in night‐time
heat waves of various durations (1‐night heat waves, 2‐night heat waves, and 3‐night heat waves) across
the state, as shown in Figure 2.6.28
Moreover, relative to baseline local warming, summer‐time heat waves have become stronger in
generally cooler coastal areas. In the Coastal North (including the Bay Area), mid‐summer night‐time
heat waves have shown a marked increase beginning in the 1980s. In addition, relative to all other
regions in California, the Coastal North shows a significant upward trend in day‐time heat waves as
well.29

23

Woolfolk, John and Connie Skipitares. "A Day of Extremes: Heat Causes Fires, Power Outages, Health Problems." San Jose
Mercury News, 15 June 2000.

24

http://www.sccgov.org/sites/ag/Newsletters%20‐%20Monthly%20Agricultural%20Updates/Documents/FarmBureauReport‐
March07.pdf
25

Ibid.

26

http://www.sccgov.org/sites/opa/nr/Documents/Heat_Wave_web_site.pdf

27

http://www3.sanjoseca.gov/clerk/Agenda/101006/101006e_1.pdf

28

http://www.ucop.edu/sciencetoday/article/21859

29

http://www.agu.org/pubs/crossref/pip/2012GL052979.shtml
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Degree‐night index

Figure 2.6: Trends in Night‐Time Heat Wave Activity in California (June–August)

Source: Scripps Institution of Oceanography, UC San Diego

Projected Trends in Extreme Heat in Santa Clara County
The Bay Area is expected to experience longer, more frequent, and more severe heat waves in the
future, but like annual changes, these changes are somewhat variable across the region. Day‐time and
night‐time temperature is projected to increase during extreme heat events in both summer and winter.
The frequency of extreme heat days is predicted to increase dramatically by mid‐ and end‐of‐century as
compared to the historical frequency of 4 days per year on average. For example, by mid‐century,
Mountain View is projected to experience 15–19 additional extreme heat days on average annually and
Gilroy is projected to experience 11–15 additional days. By end‐of‐century, Mountain View could
experience an additional 23–60 extreme heat days on average per year and Gilroy could experience
18–46 additional extreme heat days. 30 These projections are based on the number of days during which
the temperature exceeds the defined maximum temperature threshold for that area (the maximum
temperature threshold for Gilroy is higher than in Mountain View).
For more information on projected trends in extreme heat events in Santa Clara County and the global
climate models that the figures relate to, refer to the SV 2.0 Climate Science Review Memorandum in
Appendix A.

30

AECOM, CalAdapt 2013. CalAdapt projections for extreme heat days are derived from NOAA’s Geophysical Fluid Dynamics
Laboratory (GFDL) General Circulation Model (GCM).
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DROUGHT
Drought is a secondary climate variable occurring as a result of conditions created by complex
interactions between primary climate variables such as temperature and precipitation, as well as other
factors. A drought is a period of abnormally dry weather which persists long enough to produce a
serious hydrologic imbalance (e.g., crop damage, water supply shortage, etc.). The severity of the
drought depends on the degree of moisture deficiency, the duration of the dry spell, and the size of the
affected area.31 Periods of drought are projected to increase with climate change and may increase
subsidence risk due to groundwater depletion. It should be noted that while historical occurrences and
projected trends in drought are discussed in this section, the vulnerability and risk assessment phase
does not analyze drought in depth. Drought does not directly impact physical urban infrastructure assets
in the county. While drought can potentially have significant impacts on water supply services, these
services are within the domain of the SCVWD, who is engaged in numerous collaborative water
conservation efforts with communities in Santa Clara County. Therefore, impacts of drought on urban
asset sectors are not analyzed in the SV 2.0 Project. However, in recognition of the strong nexus
between ecosystems and water availability (water is crucial to the normal functioning of ecosystems,
and in turn, ecosystems play a role in maintaining water quality and enabling storage in water
reservoirs), impacts of drought are examined in the vulnerability assessment of the Ecosystems sector
and adaptation strategies are proposed to help ecosystems adapt to drought and promote urban water
conservation efforts.

History of Drought in Santa Clara County
Based on sources such as NCDC, SHELDUS, SCVWD, and the National Oceanic and Atmospheric
Administration (NOAA), there are seven recorded instances of drought within Santa Clara County
between 1927 and 2015.

31



1927–1934: This drought led to increased storage and transfer capacity of all major water
projects in the Santa Clara Valley.32



1940–1946: During this period, average rainfall dropped to 13.6 inches per year and water levels
fell in all of Santa Clara County’s reservoirs and waterways.33



1973: Santa Clara County was among 3 counties in California impacted by a drought during this
period, in which total statewide agricultural losses were estimated at $8 million.34



1976–1977: This period was designated as a period of historic drought, as it is the driest drought
in the State of California’s recorded history of over a hundred years.35 Its impacts were the most
severe in the northern two‐thirds of the state, including Santa Clara County. The total statewide

http://www.sccgov.org/sites/oes/BeforeDisaster/Pages/Extreme‐Heat‐or‐Drought.aspx

32

http://www.valleywater.org/Programs/TeachersStudents/TeacherMaterials/WaterHistoryTeachersGuide/SantaClaraCounty
WaterHistory.aspx

33

http://www.valleywater.org/Programs/TeachersStudents/TeacherMaterials/WaterHistoryTeachersGuide/SantaClaraCounty
WaterHistory.aspx

34

http://quake.abag.ca.gov/wp‐content/documents/ThePlan‐D‐2011.pdf

35

http://www.gao.gov/assets/130/120157.pdf
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economic damage from this drought in the agriculture sector alone was estimated at over $2.4
billion.36


1987–1992: This six‐year drought affected most of California, and is said to have resulted in lost
agricultural revenues, fishery and timber losses, disruption to the landscaping and gardening
industries, and energy price increases. The economic impacts of this drought are estimated at
approximately $4.5 billion statewide.37



2007–2009: Santa Clara County was designated as a primary natural disaster area during this
drought period.38 The statewide economic impacts of this drought on the energy sector and
fisheries sector alone were approximately $1.8 billion.39



2012–2014: This three‐year drought is the most recent to have affected the entire state,
including Santa Clara County. Statewide precipitation during this three‐year period ranked the
second lowest since official measurements began in 1895. Only the consecutive three‐year
period of 1974/75 through 1976/77 was drier. As one indication of the cumulative and growing
impact of this drought, the September 2014 assessment of statewide water storage revealed
that water levels were at 50% of average for that time of year, according to the California
Department of Water Resources. Water supply depletion has not resulted from the lack of
precipitation alone, but also from very high temperatures, with the 2013/14 winter being the
state’s warmest on record. The state of drought in the 2014/15 wet season, as assessed by the
U.S. Drought Monitor, indicates almost all of California to be experiencing extreme to
exceptional drought severity.40 The situation deteriorated greatly during 2014—the third
consecutive year of low precipitation and the driest of the three years. Exceptional drought
conditions covered over half of the state as of April 2015, whereas one year earlier, no regions
in the state were considered to be under exceptional drought conditions.41 Santa Clara County is
currently experiencing extreme drought conditions.42 While comprehensive estimates of the
cumulative statewide economic costs of this drought were not available at the time of
developing this Guidebook, preliminary research has been conducted on estimating losses to
the agriculture sector. This research, funded by UC Davis, the California Department of Food and
Agriculture, and the California Department of Water Resources, estimates that the drought will
result in losses of approximately $810 million in crop revenue and $203 million in dairy and
other livestock value statewide. An additional cost of approximately $454 million will likely be

36

http://www.gao.gov/assets/130/120157.pdf

37

http://planning.usace.army.mil/toolbox/library/IWRServer/94‐NDS‐6.pdf

38

http://www.fsa.usda.gov/FSA/stateoffapp?mystate=ca&area=home&subject=stev&topic=landing

39

http://www.pacinst.org/wp‐content/uploads/2013/02/ca_drought_impacts_full_report3.pdf

40

The U.S. Drought Monitor categorizes drought into five types based on increasing severity: abnormally dry, moderate
drought, severe drought, extreme drought, and exceptional drought. Exceptional drought is characterized by widespread
crop/pasture losses, and shortages of water in reservoirs, streams, and wells creating water emergencies.

41

http://droughtmonitor.unl.edu/data/jpg/20150120/20150120_CA_trd.jpg

42

Extreme drought is characterized by major crop/pasture losses and widespread water shortages or restrictions
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incurred due to groundwater pumping. Thus, statewide direct costs to the agriculture sector are
estimated at $1.5 billion.43

Historical Trends in Drought in Santa Clara County
Actual summertime measurements of drought conditions in the Santa Clara County region (37° N, 122.5°
W) have been recorded since the early 1900s and are shown in Figure 2.7 in the form of the Palmer
Drought Severity Index (PDSI).44 The PDSI is an effective measure of drought intensity.
According to the PDSI, a value of ‘0’ is defined as normal; drought intensity is shown in terms of negative
numbers, and moisture intensity is shown in terms of positive numbers. A value of ‐2 indicates
moderate drought, ‐3 indicates severe drought, and ‐4 indicates extreme drought. Figure 2.7 displays
the above‐mentioned accounts of individual droughts45 that impacted the Santa Clara County region.
These records do not indicate an increasing or decreasing trend in the frequency and/or intensity of
drought since the turn of the twentieth century.

43

Howitt, R.E., Medellin‐Azuara, J., MacEwan, D., Lund, J.R. and Sumner, D.A. (2014). Economic Analysis of the 2014 Drought for
California Agriculture. Center for Watershed Sciences, University of California, Davis, California. 20p. Available at
http://watershed.ucdavis.edu

44

http://www.ncdc.noaa.gov/paleo/pdsidata.html

45

The PDSI dataset extends to the year 2012 and therefore does not include the latest drought (2012–2014) that has affected
the Santa Clara County region.
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Figure 2.7: PDSI for the Santa Clara County Region Based on Observed Data
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Source: National Climatic Data Center, http://www.ncdc.noaa.gov/paleo/pdsidata.html

In addition to actual measurements, a “tree‐ring analysis” can provide indirect estimates of drought
intensity for time periods long before the human measurement measurements started. Indirect
estimates of drought intensity based on tree‐ring analyses indicate that Santa Clara County experienced
much more intense and longer lasting droughts prior to the 1900s, as compared to the last century.
Figure 2.8 shows PDSI values indirectly estimated from the examination of tree‐rings during summer
months from the year 0 AD to 2000 for the Santa Clara County region.46 It is evident that the index
surpasses a value of ‐4.0 (indicating extreme drought) much more frequently in the period prior to the
1900s, which indicates the occurrence of more frequent and intense droughts prior to the 1900s. It
should be noted that the reconstructed PDSI values in Figure 2.8 do not exceed ‐4.0 in more recent
history.47

46

http://nomads.ncdc.noaa.gov/las/getUI.do

47

Data for more recent years was not available.
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Figure 2.8: Reconstructed PDSI for Santa Clara County Based on Tree‐Ring Analysis

Source: National Climatic Data Center, http://www.ncdc.noaa.gov/paleo/pdsidata.html

Projected Trends in Drought in Santa Clara County
Drought conditions from increased temperatures and periodic decreases in precipitation will likely
increase in frequency and severity in the future, according to state‐level projections. The driest drought
in the State of California’s recorded history of over a hundred years occurred in 1976–1977.48 Droughts
of that level of severity are expected to occur every six‐to‐eight years by mid‐century, increasing to
every three‐to‐four years by end‐of‐century, according to the State’s Second Assessment on climate
change.49 For more information on projected drought trends in Santa Clara County, refer to the SV 2.0
Climate Science Review Memorandum in Appendix A.

48

It should be noted that in Santa Clara County, the 1976/77 was not as severe as other years, as evidenced by Figure 2.7.

49

Franco et al., 2011, “Second California Assessment: integrated climate change impacts assessment of natural and managed
systems.”
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AIR QUALITY DETERIORATION
Air quality deterioration is a secondary climate variable occurring as a result of conditions created by
complex interactions between primary variables and other factors.

Historical Trends in Air Quality in Santa Clara County and the Bay Area
The air pollution potential of the Santa Clara Valley is high.50 The valley has a large population and the
largest complex of mobile sources in the Bay Area making it a major source of carbon monoxide,
particulate matter, and photochemical air pollution (ground‐level ozone). In addition, ozone precursors
from San Francisco, San Mateo, and Alameda counties can be carried along by the prevailing winds to
the Santa Clara Valley, making it also a major ozone receptor.
Using ozone concentrations as an indicator of air quality, historical trends show that ozone levels in the
Bay Area have declined significantly since the late 1960s, as a result of improvements in technology and
regulations.51 However, according to the Bay Area Air Quality Management District (BAAQMD), ozone
measurements show that ozone concentrations violated federal standards on five days in 2014. This is
the highest number of violations in the past four years (see Figure 2.9). BAAQMD attributed the smog
uptick in 2014 to an abundance of hot, stagnant weather. This indicates that although air quality has
been improving in the Bay Area overall, increases in temperature can potentially offset the
improvements made in air quality.
Figure 2.9: Trends in Smog Alerts in the Bay Area

50

http://www.baaqmd.gov/Divisions/Communications‐and‐Outreach/Air‐Quality‐in‐the‐Bay‐Area/Bay‐Area‐
Climatology/Subregions/Santa‐Clara‐Valley.aspx

51

http://www.contracostatimes.com/contra‐costa‐times/ci_27010481/bay‐area‐air‐little‐smoggier‐2014‐heat‐blamed
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Projected Trends in Air Quality in Santa Clara County
Climate change is projected to result in increased air pollution, although pollutant levels may decrease
to some extent with advances in technology in the energy, transportation, and industrial sectors, and/or
effective policies and regulations.52 For example, Santa Clara County has received a grant from the
California Strategic Growth Council to pursue opportunities in decarbonizing transportation in Silicon
Valley.
While air quality effects associated with climate change are only just beginning to receive detailed
attention for the Bay Area, preliminary research indicates a strong correlation between climate change
and air quality.53 Increased temperatures, increased humidity, decreased airflow, and other weather
conditions could reduce air quality on an annual, seasonal, and individual air quality event‐basis in the
future. According to a 2005 report produced for the BAAQMD, increased temperatures can worsen air
quality in several ways.54 Ozone formation tends to increase with higher temperatures, strong sunlight,
and a stable air mass. Higher temperatures also increase air pollution by causing vegetation to emit
more natural hydrocarbon, engines such as air conditioners to work harder, fuel evaporation to
increase, and demands on power plants to increase as well. Research indicates that global climate
change will likely trigger increases in smog and health problems and projects that by 2050, the number
of smog‐alert days in selected U.S. cities will increase by about 60%, accompanied by more lung diseases
including asthma, more hospital admissions, and more premature deaths.55
BAAQMD has developed some preliminary projections for ozone levels based on expected increases in
temperature in the Bay Area.56 This effort indicates that the maximum increase in 8‐hour average ozone
will be approximately 0.009 parts per million, which is significant since the Bay Area is currently
marginally in nonattainment of the 8‐hour ozone standard of 0.070 ppm. At the current rate of
emissions control, the projected increase in ozone due to climate change from 2000 to 2050 would
offset about 15 years of progress in reducing ambient ozone levels.
Additionally, climate change‐induced air quality impacts may also result from increases in smoke from
wildfires, aeroallergens, and heat stress exacerbated by the urban heat island effect.

CONCLUSIONS
As summarized in Table 2.4, the historical trends analysis identified a relatively frequent occurrence of
wildfire, extreme heat events, drought, and riverine flooding within Santa Clara County. Additionally, the
analysis found that these events result in considerable impacts to communities, including loss of human
life, injury, loss of and damage to property, and major economic costs. The historical record indicates
52

IPCC, 2007. http://www.ipcc.ch/publications_and_data/ar4/syr/en/spms3.html

53

Jerrett, M., J. G. Su, C. E. Reid, B. Jesdale, A. M. Ortega Hinojosa, S. B. Shonkoff, E. Seto, and R. Morello‐Frosch. 2012.
Mapping Climate Change Exposures, Vulnerabilities, and Adaptation to Public Health Risks in the San Francisco Bay and Fresno
Regions. California Energy Commission. Publication number: CEC‐500‐2012‐041.

54

Report on the Integration of Air Quality management and Climate Protection, 2005, Prepared for the Bay Area Air Quality
Management District and the Sonoma County Waste Management Agency by the Climate Protection Campaign and the
Community Clean Water Institute < http://climateprotection.org/pdf/AirDistrict‐PhaseTwo.pdf>

55

Ibid.

56

http://www.baaqmd.gov/Divisions/Planning‐and‐Research/Research‐and‐Modeling/Ozone‐Modeling.aspx
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increasing frequencies of occurrence in wildfire and extreme heat. No increasing historical trend was
identified for drought and riverine flooding. Air quality was found to have improved in the last four
decades, but recent records for individual years show a correlation between hotter years and
deteriorated air quality.
The analysis of future climate change projections found that Santa Clara County could see an increase in
extreme heat events and sea levels. With regard to precipitation, average precipitation is not projected
to change, but winters could become wetter with more intense precipitation events (which will directly
drive riverine flooding) and summers drier. Santa Clara County is also projected to see increasing
wildfire and drought, as these are both related to temperature and precipitation trends. Air quality is
projected to deteriorate due to higher temperatures.
Table 2.4: Summary of Historic and Project Trends in Climate Variables in Santa Clara County
HISTORICAL ANALYSIS
CLIMATE VARIABLE

Sea Level Rise

FREQUENCY OF
OCCURRENCE

LEVEL OF
IMPACT

HISTORICAL
TREND

High (0.8
inches/decade)

No data found

Increasing

FUTURE CLIMATE CHANGE
PROJECTIONS
Increasing 11–19 inches by
mid‐century and 30–55 inches
by end‐of‐century.
Annual: No change in annual
average precipitation.

Riverine Flooding

High
(almost annual)

High
(property, cost)

Uncertain

Seasonal: Less spring and
autumn precipitation. Generally
wetter, but more variable, winter
precipitation year to year.
Intensity: 3‐day maximum
precipitation peak values
increasing.
Increase in riverine flooding due
to increased frequency of strong
storms.

Wildfire

High
(annual)

High
(injury,
property, cost)

Increasing

Increasing in frequency and
duration. Change in severity
unknown due to dependence on
local conditions.

Extreme Heat

Medium
(multiple per
decade)

High
(life, injury,
cost)

Increasing

Increase in severity, frequency,
duration.

Drought

Medium
(multiple per
decade)

High (cost)

Stable

Increasing

Air Quality
Deterioration

No data found

No data found

No data found

Increasing
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2.3 Community Asset Data—Asset Sectors
Climate change vulnerabilities were assessed for nine total asset sectors comprised of physical assets
(buildings properties, and infrastructure), public health assets (populations), and natural assets
(ecosystems). These sectors were presented to and approved by the Technical Advisory Committee as
representing the full set of assets that the SV 2.0 Project should consider. Table 2.5 summarizes each of
the asset sectors and associated sub‐asset sectors (types), followed by additional narrative detail per
asset, not in rank order. It should be noted that agriculture was not included as an asset sector in this
analysis.
Agriculture does not comprise a major part of the Santa Clara County economy. Agricultural jobs
represent a very small share of total jobs in the county, at less than 1%. Furthermore, at present,
impacts to agriculture from climate change are difficult to project in California, because crops
production is dynamic and changes in response to market and climate conditions. For example,
agriculture in California is already adapting with higher value commodity crops that use less water in
times of drought. Total agricultural water use peaked around 1980 and the real value of agricultural
output has continued to grow as farmers have improved irrigation efficiency and shifted towards crops
that generate more value per volume of water used.57 This trend is expected to continue.58 This adaptive
capacity and rapidly‐evolving nature of the agriculture sector makes it difficult to model, and therefore,
agriculture was not included as an asset‐sector in this analysis. However, the agricultural sector is both
iconic in the historic development of the region; and, notwithstanding its limited economic footprint on
a countywide basis, it still represents a crucial economic driver in certain communities within the
county. Also, agriculture can figure in adapting local populations for enhanced health and greater
resiliency. For these and other factors, this sector will be considered for inclusion in near‐future updates
to the Tool and the Guidebook.

57

http://www.ppic.org/content/pubs/report/R_512EHR.pdf

58

Ibid.

2‐24

County of Santa Clara: Silicon Valley 2.0 Climate Adaptation Guidebook

Table 2.5: Asset Sectors and Sub‐Sectors (Types) Considered
ASSET SECTOR

SUB‐ASSET SECTORS (TYPES)

Shoreline Flood Protection
(All)*

Engineered flood protection (dikes + levees), non‐engineered berms, wetlands, serving other
assets regionally

Buildings + Properties

Buildings (per parcel)
Property (vacant urbanized land, not large‐scale open space or agricultural land)

Communications

Fiber optics lines
Data centers
Communication towers

Ecosystems

Natural
landscapes
(includes large
regional open
spaces and
parks)

Coastal wetland (coastal salt marsh marsh)
Coastal scrub
Riparian and riverine
Grassland
Freshwater wetland
Chaparral and scrubland
Oak woodland
Coniferous forest
Redwood forest
Hardwood forest
Lakes and ponds

Energy

Energy generation facilities
Substations
Transmission infrastructure (electrical)

Public Health

General populations
Vulnerable populations (seniors >65, children <5, disadvantaged, those with health conditions)
Healthcare facilities and workers

Solid + Hazardous Waste

Solid waste facilities (landfills, recycling facilities, transfer stations, composting)
Contaminated land sites (Superfund, State Response, surface and ground toxicity)
Hazardous waste sites (household and industrial waste storage)

Transportation

Roads (highways and local)
Bridges
Pedestrian ways and bikeways
Airports
Rail (heavy and light)

Water + Wastewater

Water treatment plants (potable water)
Wastewater treatment plants

Reservoirs
*NOTE: As the shoreline protection strategies presented could help protect multiple assets, they are also referenced
as addressing ‘All’ assets.
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The following text provides greater detail on each of the nine asset sector categories and associated
sub asset categories.

SHORELINE FLOOD PROTECTION (ALL ASSETS)
Shoreline assets addressed in in the SV 2.0 Project include engineered flood protection structures
(levees and floodwalls), non‐engineered berms, and wetlands (natural, managed, and tidal wetlands).
These asset categories attempt to collapse a highly varied and diverse shoreline into distinct classes that
support the vulnerability assessment. The categories are defined based on their primary function and
are described in decreasing order of ability to protect inland areas from flooding and inundation.
Engineered flood protection structures protect inland areas from temporary flooding and permanent
inundation. They also harden the shoreline to reduce erosion and prevent land loss. Examples of
common forms of engineered structures include levees (engineered and maintained embankments) and
flood walls (vertical barriers). In Santa Clara County, engineered flood protection structures have
primarily been constructed in the urban areas along creeks that flow north into the San Francisco Bay.
Non‐engineered berms protect marshes and ponds from wave erosion, provide flood protection to
inland development, and in some cases, serve to maintain hydraulic separation between the Bay and the
protected/managed areas. The most common non‐engineered berms in Santa Clara County are the
berms surrounding the former salt ponds in the Alviso Pond Complex. These berms are composed of
mounds of bay mud that have been excavated from the bay floor. While berms are typically not
designed to provide flood prevention for inland areas, in Santa Clara County, the berms and ponds do
provide ad hoc protection. The artificially raised banks act as a substantial buffer between bay water
levels and inland developed areas.
Wetlands dissipate wave energy and provide ecological habitat value. There are several different types
of wetlands in Santa Clara County, with the majority located in the northern portion of the county where
the shoreline is less urbanized. Based on the research conducted under the South Bay Salt Pond
Restoration Project, wetlands in Santa Clara County can be classified into various categories, such as
tidal flats, tidal marshes, diked marshes, managed ponds, and treatment basins.

BUILDINGS + PROPERTIES
Buildings and property assets include the built environment (i.e., residential, commercial, industrial, and
governmental development and structures), as well as vacant and other less‐developed properties (e.g.,
parking lots and other high‐use urban landscapes). Santa Clara County has a total land area of 1,315
square miles. The North Valley is extensively urbanized, with 13 of the county's 15 cities, a majority of
built assets, and approximately 88% of the population. The cities of Gilroy and Morgan Hill are located in
the South Valley and represent approximately 5% of the county’s population. The South Valley differs in
that it remains predominantly rural, with the exception of Gilroy, Morgan Hill, and the small
unincorporated community of San Martin. Low‐density residential developments are also scattered
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though the valley and foothill areas. Unincorporated areas contain almost 7% of the county’s
residents.59

COMMUNICATIONS
Communications assets include communication towers, data centers, and fiber‐optics networks. The
communications sector in Santa Clara County is comprised of various service providers and regulatory
bodies, including close to 50 residential communications service providers operating local residential
voice services, DSL broadband connection services, cable broadband connection services, and non‐
DSL/Cable Broadband connection services.60 Service providers own and operate various assets in Santa
Clara County, such as office space, data centers, fiber‐optics networks, hybrid fiber coaxial (HFC) plants,
and cellular communication towers. Based on data availability, 27 data centers, 111 communication
towers, and over 45,500 feet of fiber‐optic lines were included in the SV 2.0 Project analysis.

ECOSYSTEMS
Ecosystem assets include public and private natural landscapes. Dominant vegetation types were used
to identify habitats and divide the ecosystems sector into 11 sub‐asset sectors: coastal wetland (coastal
salt marsh marsh), coastal scrub, freshwater wetland, riparian and riverine, grassland, chaparral and
scrubland, oak woodland, coniferous forest, redwood forest, hardwood forest, and lakes and ponds,
totaling over 568,700 acres. A habitat is a natural environment made of physical factors such as soil
type, temperature, and moisture, which is inhabited by a suite of species of plants, animals, and other
organisms having similar living condition or natural history requirements. Redwood forest is called out
separately from the broader classification “conifer forest” due to the uniqueness and rarity of this
habitat and its prevalence along the western boundary of Santa Clara County. This asset sector also
includes large‐scale regional and State parks and open spaces. Developed landscapes and agricultural
lands are not considered.

ENERGY
Energy assets include power generation facilities, electrical substations, and electrical transmission lines,
but excludes electrical and natural gas distribution lines. The energy sector in the county involves
various utilities and regulatory bodies, Pacific Gas and Electric Company (PG&E), City of Palo Alto
Utilities (CPAU), and Silicon Valley Power (SVP) constitute the three major energy providers in the Santa
Clara County region. PG&E, based in San Francisco, is one of the largest investor‐owned utilities in the
United States, supplying natural gas and electricity services to approximately 15 million people
throughout northern and central California.61 PG&E is regulated by the California Public Utilities
Commission (CPUC).

59

Santa Clara County Profile (2014) available online:
http://www.sccgov.org/sites/planning/FactsFigures/CountyProfile/Pages/County‐Profile.aspx

60

A complete list of telecommunications service providers in Santa Clara County can be found in CPUC’s Telco Carrier Services
Database. < http://www.cpuc.ca.gov/PUC/Telco/Consumer+Information/carrierlists.htm>

61

PG&E, PG&E Company Profile (2013) Retrieved from http://www.pge.com/en/about/company/profile/index.page?
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The City of Palo Alto is the only municipality in California that offers a full suite of City‐owned utility
services, which includes electricity and natural gas supply. CPAU supplies electricity and natural gas via
PG&E‐owned transmission and distribution infrastructure. Unlike PG&E, since CPAU is a municipal
owned utility, it is regulated by various bodies including the Palo Alto City Council, a Utilities Advisory
Commission appointed by the City Council, and a cross city‐departmental Utilities Risk Oversight
Committee. SVP is a municipal electric utility that provides electricity services to the City of Santa Clara,
also via PG&E‐owned transmission and distribution infrastructure. Similar in structure to CPAU, SVP
operates in accordance with rules and regulations approved by the Santa Clara City Council, and
enforced by various city departments, including the Department of Finance.

PUBLIC HEALTH
This asset sector refers to general and vulnerable populations, and health care facilities and
professionals. Most of the county’s 1.8M residents (53%) lives in San Jose, the third largest city in the
state and the tenth largest city in the U.S. The cities with the next largest share of the county's
population are Sunnyvale (8%), Santa Clara (7%), and Mountain View (4%).62
While all people are vulnerable to the impacts of climate change, the degree of vulnerability is a
function of demographic, socio‐economic, biological, health‐based, and place‐based conditions that
influence an individual or community’s sensitivity to change. Factors such as age, race, income, and
existing health conditions affect the ability of an individual to prepare for, respond to, and recover from
a climate‐related extreme event. Low‐income communities and communities of color are particularly
susceptible to natural disasters. Some key factors include the following:

3



As of the 2010 Census, Santa Clara County had 196,944 residents (11%) over the age of 65.



Between the years 2010 and 2060, the number of residents age 85 and older will increase by
395%.63 This age group is the most intensive user of health care system resources.



Almost two‐thirds of county residents identify themselves as Non‐White or Hispanic/Latino.



Approximately one in five county residents (21.3%) is living at or below 200% of the Federal
Poverty Level (FPL).64



12% of county households were linguistically isolated.



660,142 (37%) of county residents are foreign born.



As a whole, Santa Clara County residents are very healthy compared to the rest of the State and
country. However, health disparities do exist among income, racial/ethnic, and age groups.

U.S. Census Bureau. Census SF1 data [Data file]. (2010). Retrieved from http://factfinder2.census.gov/

63

California Department of Finance. Demographic Research Unit. State and County Population Projections by Major Age Groups
2010 through 2060. (January 31, 2013). Retrieved from: http://www.dof.ca.gov/research/demographic/reports/projections/P‐
1/
64

Department of Health and Human Services. 2009/2010 HHS Poverty Guidelines. (2012, November). Retrieved from
http://liheap.ncat.org/profiles/povertytables/FY2010/popstate.htm.
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SOLID + HAZARDOUS WASTE
This asset sector includes three sub‐asset categories: municipal solid waste facilities (landfills, recycling
facilities, transfer stations, composting, etc.), contaminated land sites, and hazardous waste facilities.
Santa Clara County has a total of 69 municipal solid waste facilities, approximately 721 contaminated
land sites, and 72 facilities for storage of hazardous waste. Notably, 23 contaminated land sites are
designated as Superfund sites and 56 as State Response sites. In each category, large proportions of
each asset category are inactive, closed, or closing, which factored into the vulnerability assessment.
The majority of these facilities and sites are privately owned and operated, even those that provide
public services; i.e., solid waste landfills and recycling centers.

TRANSPORTATION
This asset sector includes the following transportation sub‐asset categories:


Roads (highways and local), comprise of a mix of major local streets, State or county highways,
and access ramps. Major highways located in the county include: Interstate 280, 680, and 880;
U.S. Route 101; and County routes such as G2 (Lawrence Expressway), G3 (Page Mill
Road/Oregon Expressway), and G6 (Central Expressway).



Bridges, which are elevated roadway and waterway crossings.



Pedestrian pathways, which include paved and unpaved trails and paths.



Bikeways including classes I, II, and III bike lanes in urban environments.



Airports include Moffett Federal Airfield, Palo Alto Airport, Reid‐Hillview, Norman Y. Mineta San
Jose International Airport, and South County Airport, totaling 55,666 miles of runway.



Rail (heavy and light) includes Union Pacific‐owned heavy rail tracks and Caltrain‐provided
commuter rail service between San Jose and San Francisco. Caltrain also serves the southern
part of the county, including Gilroy, San Martin, and Morgan Hill. The Altamont Corridor Express
(ACE) provides commuter rail service between the Central Valley and Santa Clara County. Capitol
Corridor provides intercity rail service between Sacramento and San Jose. Santa Clara Valley
Transportation Authority (VTA) operates a light rail system, which consists of three lines over 42
miles of network in the county.

Supportive transportation infrastructure, such as fuelling stations for vehicles (e.g., gas or electric
charging stations), were beyond the scope of the analysis and were not included in the assessment.

WATER + WASTEWATER
Water and wastewater assets include drinking water treatment plants, wastewater treatment plants,
and reservoirs. The SCVWD manages two groundwater sub‐basins, ten dams and surface water
reservoirs, 400 acres of recharge ponds, 275 miles of streams and waterways, three drinking water
treatment plants, and an advanced recycled water purification facility. City‐owned utilities, such as
CPAU and the Santa Clara Water and Sewer Utilities, provide water and sewer services, as well as
investor‐owned public utilities, such as the San Jose Water Company. The San Jose‐Santa Clara Regional
Wastewater Facility provides the majority of wastewater treatment, serving 1.4 million residents of
eight cities in Santa Clara County: San Jose, Santa Clara, Milpitas, Campbell, Cupertino, Los Gatos, Monte
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Sereno, and Saratoga. Smaller wastewater treatment plants in Gilroy, Palo Alto, and Sunnyvale service
the remainder of the county. All of the wastewater treatment plants also produce recycled water.
Note that not all water and wastewater assets in the county could be assessed in this analysis.
Groundwater sub‐basins and storm water drainage infrastructure were not included in this analysis due
to difficulties in retrieving geospatial data on their locations and characteristics within the timeframe of
the study. However, it is recognized that groundwater sub‐basins are the foundation of the county’s
water supply system and critical to the ability to manage droughts now and in the future. Groundwater
storage capacity in the county is more than twice the capacity of all the reservoirs combined. In light of
these considerations, it is recommended that groundwater sub‐basins and storm water drainage
infrastructure be included in future updates to the SV 2.0 Tool and Guidebook.

2.4 Vulnerability Assessment
The vulnerability assessment evaluates the degree to which an asset is susceptible to and unable to cope
with the projected changes in sea level rise, storm surge, riverine flooding, extreme heat, and wildfire. It
includes exposure analysis, sensitivity analysis, and adaptive capacity analysis (see Figure 2.1 at the
beginning of this chapter). The Tool, described in a following section, was used to automate the
Exposure and Sensitivity analyses.

EXPOSURE ANALYSIS
The purpose of the exposure analysis is to determine if an asset is projected to be exposed to a given
climate variable. The SV 2.0 Project reviewed the exposure of community assets to climate change‐
induced SLR, storm surge, riverine flooding, wildfire, extreme heat, and air quality deterioration. Except
for air quality deterioration,65 the exposure to the above climate variables was determined via the Tool
using a GIS overlay analysis. Using geospatial data on both climate variables and community assets, it
was identified whether or not an asset is located in an area projected to be impacted by a climate
variable.
Exposure analyses were conducted for two time horizons: mid‐century and end‐of‐century, and two
emission scenarios described by the Intergovernmental Panel on Climate Change: B1 assumes low
carbon emissions in the future and A2 assumes high carbon emissions in the future. The projections for
climate variables used in the Tool are consistent with the projected changes to climate variables
described in previous sections of this chapter, and an in‐depth analysis of the scientific background of
these projections can be found in the SV 2.0 Climate Science Memorandum in Appendix A.
However, given that the projections for climate variables in the Bay Area are expressed as ranges,
assumptions about singular values for projections were made for the purpose of conducting a geospatial
analysis in the Tool. For example, SLR projections for the Bay Area state that the Bay is likely to rise by
11.0–19.0 inches by mid‐century. Statewide mid‐century projections for the California coast are
4.7–24.0 inches. For the purpose of the Tool, it was assumed that climate change would cause mid‐
65

Exposure of community assets to air quality deterioration was examined qualitatively outside of the Tool, and the
methodology is discussed in more detail in a subsequent section of this chapter.
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century SLR of 50 centimeters (equivalent to 1.64 feet, or 19.69 inches, which is at the high end of the
range for Bay Area projections, and within the range for statewide projections).
In the case of climate variables for which projections were not easily available, assumptions for future
projections were made based on the current behavior of those climate variables. For example, in the
case of riverine flooding, reliable data does not currently exist on how riverine flooding will be impacted
by changes in extreme precipitation patterns. Therefore, current riverine flooding trends as depicted by
FEMA’s 100‐year Flood Insurance Rate Maps (FIRMs) were used as proxies for future trends. The
scenario options for all climate variables are summarized below in Table 2. 6. These assumptions are
informed not only by the projections for climate variables described in the SV 2.0 Climate
Memorandum, but also by research organizations such as Point Blue and State agencies such as the
California Energy Commission, which have developed similar geospatial tools (Our Coast Our Future
Flood Map tool and Cal‐Adapt tool, respectively) to analyze impacts of climate change. Assets that are
found to be exposed to a climate variable are moved forward to the sensitivity analysis. Assets that are
not exposed are excluded from the rest of the vulnerability assessment process.
Table 2.6: Scenario Assumptions for Climate Variable Projections in the SV 2.0 Tool
CLIMATE
VARIABLE
Sea Level Rise
(permanent
inundation)

Storm Surge
(temporary
flooding)

SCENARIO OPTIONS FOR FUTURE PROJECTIONS IN SV 2.0 TOOL
MID‐CENTURY TIME HORIZON

END‐OF‐CENTURY TIME HORIZON

50 cm

100 cm

 Present‐day Annual Average storm
surge
 Present‐day storm surge caused by
20‐year storms
 Present‐day storm surge caused by
100‐year storms

 Present‐day Annual Average storm surge
 Present‐day storm surge caused by
20‐year storms
 Present‐day storm surge caused by
100‐year storms

Riverine
Flooding

Present‐day riverine flooding caused by 100‐
year storms.

Present‐day riverine flooding caused by
100‐year storms.

Wildfire

The wildfire risk magnitude varies by sub‐
regions within the county, and is based on a
combination of data on current wildfire risk
identified by CAL FIRE, future risk projected
by the California Energy Commission, and
Cal‐Adapt.

The wildfire risk magnitude varies by sub‐
regions within the county, and is based on a
combination of data on current wildfire risk
identified by CAL FIRE, future risk projected
by the California Energy Commission, and Cal‐
Adapt.

Extreme Heat

The extreme heat magnitude varies by sub‐
regions within the county, and is based on
the same projections as Cal‐Adapt (separate
projections for B1 and A2 emissions
scenarios).

The extreme heat magnitude varies by sub‐
regions within the county and is based on the
same projections as Cal‐Adapt (separate
projections for B1 and A2 emissions
scenarios).
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SENSITIVITY ANALYSIS
The purpose of the sensitivity analysis is to identify the degree to which an asset is affected by its
exposure to a given climate variable. For each asset, a sensitivity rating is established that characterizes
the impact which the climate variable will likely have on the asset’s level of function. Rating categories
include not sensitive, low, moderate, and high, and are defined in Table 2.7.
Table 2.7: Sensitivity Rating Definitions
RATING

NOT SENSITIVE

LOW

MODERATE

HIGH

Definition

No impact to asset
function

Short term, minor,
reversible impact to
asset or function

Significant, but not
irreversible damage
to asset function

Asset is irreversibly
damaged causing
loss of function

Sensitivity ratings were developed based on literature review and interviews with technical specialists,
and were approved upon review by the Technical Advisory Committee (TAC). The ratings and rationale
for each asset’s sensitivity are provided in Appendix C and were used in the Tool. Figure 2.10 shows an
example output for the transportation sector.
Figure 2.10: Sensitivity Matrix Extract Showing Transportation Asset Sensitivity to Flooding

For the extreme heat climate variable, two sensitivity ratings are provided for assets that are impacted
to a greater degree above a specific temperature threshold. The rationale behind this dual rating is that
once the temperature threshold is exceeded, the assets may begin to deteriorate (e.g., asphalt roads) or
be damaged beyond repair (e.g., train rails). Assets that are found to be moderately or highly sensitive
to a climate variable are moved forward to the vulnerability analysis. Assets that are not sensitive or are
sensitive to a low level are excluded from the vulnerability analysis.
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ADAPTIVE CAPACITY ANALYSIS
The purpose of the adaptive capacity analysis is to determine if strategies or conditions already exist to
mitigate potential damages to an asset, or allow an asset to cope with anticipated change climate.
Adaptive capacity for each asset was evaluated using the ratings in Table 2.8. Note that this was only a
qualitative assessment and was used primarily to inform potential strategy development to mitigate
vulnerability. It was not used to exclude assets from the vulnerability assessment.
Table 2.8: Adaptive Capacity Rating Definitions
NONE

LOW

HIGH

Existing strategies in place
to help asset adjust to
climate variable

No current strategies
exist to mitigate the
impact

Strategies in place, but
little implemented to
mitigate the impact

Actions implemented that will
help to mitigate the impact,
could inform future
development of adaptation
strategies

Existing conditions that
provide ability for asset to
adjust to climate variable

Conditions do not
mitigate impact

Conditions partially
mitigate impact

Conditions will help to mitigate
impact

While adaptive capacity analyses were not compatible with the automated logic of the Tool, the SV 2.0
Project conducted an extensive review and gap analysis of existing strategies and programs that could
provide adaptive capacity to all nine asset sectors. Furthermore, the adaptation strategies proposed for
the various asset sectors build on these existing strategies and programs, as feasible.
For each asset where adaptive capacity was limited or lacking, new relevant strategies are included
within the Guidebook. In some cases, existing adaptive capacity eliminates the need for new strategies,
which is also noted.
The complete Gap Analysis reports may be found in Appendix D, organized by asset sector. Each was
compiled during the early phase of the SV 2.0 Project using thorough local research and was peer
reviewed by members of the SV 2.0 TAC, asset‐specific working groups, and others. In some cases, the
Gap Analyses clarified which sub‐asset sectors required certain types of adaptation strategies. In other
cases, as mentioned above, some sub‐asset sectors were found to already have policies and programs in
place to help mitigate climate change impacts, so were not carried forward into the strategy
development effort. Thus, not all sub‐asset sectors reviewed in the Gap Analyses are discussed in
Chapter 3.

VULNERABILITY RATING
At the conclusion of the vulnerability assessment, a vulnerability rating of none, low, moderate, or high
is provided for the assets. Assets that are not exposed or not sensitive with respect to a given climate
variable are described as not vulnerable. Assets that are exposed, sensitive to a climate variable, and
have no, or limited, adaptive capacity are ranked accordingly. For assets sensitive to extreme heat, two
vulnerability ratings may be provided if a portion of the asset is exposed to temperatures above and
below a defined temperature threshold. Assets with vulnerability ratings of moderate or high are moved
forward into the consequence and risk analysis phases.
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2.5 Risk Assessment
The risk assessment evaluates the combined likelihood and consequence of the climate variable’s
impact on a vulnerable asset. The purpose of the risk assessment is to prioritize the climate
vulnerabilities determined in the previous step. Vulnerabilities with high likelihood and high
consequence should be prioritized over less likely and lower‐consequence vulnerabilities. The risk
assessment includes a likelihood analysis and an economic consequence analysis as described below.

LIKELIHOOD ANALYSIS
The purpose of the likelihood analysis is to identify the probability of occurrence of future changes to
climate variables, and therefore the anticipated asset vulnerability. Likelihood ratings were established
by determining the level of certainty in the global climate model estimates, the downscaling of the
global climate model outputs to the regional level, and the process modeling to scale at the local level.
The certainty levels were ranked using the following scale and rules:


0 = not performed or limited confidence in direction of change



1 = modeling at early stage of refinement, many factors still unaccounted for and/or results
provided at a coarse level of detail



2 = models well developed but still some uncertainty caused by non‐modeled factors,
uncertainty in closely related climate variables and/or results provided at a relatively coarse
level of detail



3 = models well developed, complete, and relatively precise

The certainty in the global model was weighted double the value of the regional downscaling and local
process models due to its greater importance in projecting climate change. AECOM climate scientists
used the method and rules described above to calculate a total likelihood score for the following five
climate variables: sea level rise, storm surge, riverine flooding, wildfire, and extreme heat.66 These
scores were converted into ratings using the following thresholds.

Likelihood Rating Thresholds


Remote:

<33%



Unlikely:

33% to <50%



Moderately Likely:

50% to <60%



Highly Likely:

60% to <75%



Near Certainty:

≥75%

66

It should be noted that while air quality deterioration was included in the vulnerability assessment, a likelihood or
consequence analysis could not be performed on air quality for reasons detailed in subsequent sections.
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SLR

2

2

3

SLR + Storm
Surge

2

2

Riverine
Flooding

2

Wildfire
Extreme
Heat

CLIMATE
VARIABLE*

LOCAL
PROCESS
MODELING
CERTAINTY

LOCAL MODEL
WEIGHT

REGIONAL
DOWN‐
SCALING
MODEL
CERTAINTY

DOWNSCALE
WEIGHT

GCM
MODEL
CERTAINTY

GCM WEIGHT

Table 2.9: Likelihood Ratings and Development Logic

TOTAL
LIKELIHOOD
SCORE

1

2

1

75%

Near
Certainty

3

1

2

1

75%

Near
Certainty

2

2

1

2

1

67%

Highly Likely

3

2

3

1

2

1

92%

Near
Certainty

3

2

2

1

2

1

83%

Near
Certainty

LIKELIHOOD
RATING

ECONOMIC CONSEQUENCES ANALYSIS
The consequence analysis in the SV 2.0 Project focuses on the economic consequences associated with
the temporary or permanent loss or impairment of assets due to climate change in Santa Clara County.
A primary driver for understanding climate vulnerability and developing and implementing adaptation
strategies is to help ensure that businesses continue to locate and invest in Santa Clara County, thus
providing access to high‐quality jobs and services. Estimating the potential economic consequences of
climate change impacts helps to demonstrate that while implementing adaptation strategies may seem
costly in the near‐term, they could potentially avoid significantly higher economic consequences from
inaction in the future.

Framework
This analysis estimates the economic consequences in order of magnitude under a mid‐century (2050)
climate change scenario in which no adaptive measures have been taken. This methodology estimates
order of magnitude baseline costs under current (2014) economic conditions, which allows decision‐
makers to understand the baseline costs of no action, and to consider adaptation measures that could
help avoid these costs. While the SV 2.0 Decision Support Tool allows users to view economic
consequences at mid‐century (2050) and end‐of‐century (2100) time horizons, this Guidebook focuses
on mid‐century economic consequences, because a scenario in which no adaptive measures have been
taken is less probable for the end‐of‐century timeframe.
Economic consequences from climate change come in many forms, but this analysis is limited to
quantifiable impacts on the asset sectors included. It is also limited by the data availability from which
order of magnitude costs associated with climate‐related natural hazard events could be estimated. The
economic consequences criteria for this analysis include replacement cost, loss of fiscal revenue, change
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in operational cost, and interruption of economic activity for select assets. These criteria are further
described below. For detailed information on data sources and calculations, see Appendix E.
Replacement Cost
Replacement cost is the economic loss of the asset itself, represented by the cost to replace the asset or
parts of an asset. Where a portion of an asset has been damaged, replacement costs are based on the
portion that requires repair. For example, a low‐velocity storm surge on a highway may require repair to
some segments or appurtenances, but would not likely require full reconstruction of the highway.
Where an entire asset might be fully compromised, such as a house destroyed in a wildfire, replacement
costs represent the cost to rebuild the entire house. For a permanently compromised asset, the loss is
estimated as the total structural value of the asset, but does not account for land costs in those cases
where the asset may need to be relocated (e.g., a highway section is permanently compromised due to
sea level rise [SLR] and requires relocation).67 Replacement costs can inform the extent to which an
asset should be protected as there are cases where the asset value (e.g., a single house) may be worth
significantly less than the mitigation measure required to maintain the asset. FEMA uses replacement
costs in its calculation to determine whether to provide grants to areas identified at risk to particular
hazards.
Loss of Fiscal Revenue
This criterion is the loss of tax revenue due to impairment of an asset as a result of a climate change
impacts. Properties and buildings that have reductions in their assessed values result in lower property
tax collection. For example, property tax revenue could decline due to lower assessed property values in
a neighborhood that is experiencing repetitive flooding.68 Climate impacts could also result in reductions
to sales tax revenue. For example, if a flood damages businesses in a retail district, some sales tax
revenue would be lost. This analysis only estimates the loss of local and County property and sales tax
revenue due to physical damages to building and property assets and does not include other revenues
that could also be lost through climate change, such as transient occupancy tax (hotel tax), franchise fee
revenue, property transfer tax, and other fees and services that are driven by a local service population.
Since extreme heat may cause minimal physical damage to structures, its impact to property tax
revenue and sales tax revenue was not estimated in this analysis. Nevertheless, extreme heat could
have fiscal impacts due to increased provision of services, increased costs of building operations due to
cooling needs, and decreased business activity. As such, this analysis estimates only a portion of
potential fiscal revenue loss to Santa Clara County and its incorporated cities.
Change in Operational Cost
This criterion is the cost of changes in the operation of an asset in order to retain its functionality or
reduce damages as a result of climate change impacts. In this case, the asset is not completely damaged
or destroyed. However, assets are often designed to function within a certain range of climatic
conditions and climate change may exceed those design conditions. As a result, the asset does not
67

It would be too speculative to estimate the land acquisition costs due to the wide variety of potential acquisition and
additional relocation costs of the business and residents within the new highway corridor. As such, the replacement costs are
low replacement cost estimates.
68
This is especially the case where a property is no longer able to obtain sufficient insurance, thereby making it difficult to
obtain financing. The result is a reduction in property value as buyers are required to acquire the property with 100% equity.
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function as well as designed, requiring more maintenance, more repairs, or a less efficient operating
method. For example, building owners may face higher energy and water bills due to more severe heat
and drought events that place higher demands—and associated costs—on our infrastructure network.69
Operational costs for SLR, SLR + Storm Surge, Riverine Flooding, and Wildfire were not estimated as it
was assumed that these climate variables would result in damages and replacement costs rather than
changes in asset operation.
Interruption of Economic Activity
This criterion is the cost of lost or delayed economic activity (e.g., labor or goods movement) resulting
from an asset’s impairment from a climate impact. In some cases, the interruption is only temporary and
the asset can be reused once repair occurs (or a flood subsides). In other cases, the utility of the asset,
such as a road, is no longer available resulting in longer routes to work or—in certain cases—complete
loss of access to a given employment area, thereby reducing the productivity of those isolated
businesses. This analysis includes interruption of economic activity for highways, heavy passenger rail,
airports, wastewater treatment plants, and commercial properties. It employed a number of
assumptions regarding asset repair time and delay times (for transportation), and the results are order
of magnitude representations of the interruption to economic activity.
Damage to critical energy and communications assets could result in severe interruptions to economic
activity, but due to lack of data regarding asset criticality and service areas, this analysis does not include
interruption of economic activity for those sectors. Nevertheless, there are clear examples where the
loss of a critical service can result in significant interruptions to economic activity. For example, electric
brown outs in California in 2000 led to $42 billion in additional direct costs, not including the
productivity losses for businesses that were shut down during the rolling blackouts.70

Ratings of Economic Consequences
While the economic consequences analysis deployed is based on quantitative cost data, it is difficult to
precisely enumerate economic impacts to Santa Clara County. Ultimately, there are a number of
underlying assumptions required to provide estimates and therefore this analysis expresses economic
consequences in order of magnitude ratings that correspond with the ranges of percent loss found in
Table 2.10. This analysis uses the economic loss experienced in Santa Clara County during the 2008–
2009 recession as the threshold for an “extreme” economic impact. From 2008 to 2009, Santa Clara
County lost approximately 8% of total jobs. While this analysis is not focused on jobs, this study uses
that figure as a proxy for an extreme economic impact as it reflects a major economic shock that would
have countywide consequences. The thresholds for very high, high, moderate, and low consequences
were developed by reducing 8% by a factor of 5 for each threshold. They range from 0 to 0.1% for low to
8% or greater for extreme.

69

Some of the increased costs are already anticipated with a number of water utilities building new water recycling facilities to
accommodate lower flows from traditional water resources.

70

Weare, C., The California Energy Crisis: Causes and Policy Options, Public Policy Institute of California (2003).
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Table 2.10: Ranges of Percent Economic Loss for Ratings
Low
Moderate
High
Very High
Extreme

0.0%
0.1%
0.3%
1.6%
8.0%

to less than
to less than
to less than
to less than
or greater

0.1%
0.3%
1.6%
8.0%

To develop dollar‐based ranges for the criteria of replacement costs, interruption of economic activity,
and operational costs, these percentages of economic loss were applied to an estimate of the County’s
GDP of $160 billion.71 By applying the percentages of economic loss from Table 2.10 to the County’s
estimated GDP, the following rating scale was developed. Note that in the Tool, the rating scale
dynamically adjusts to the estimated GDP of the jurisdiction selected for analysis.
Table 2.11: Rating Scale for Replacement Costs, Interruption of Economic Activity, and
Operational Costs
Low
Moderate
High
Very High
Extreme

$1
$100 million
$500 million
$3 billion
$13 billion

to less than
to less than
to less than
to less than
or greater

$100 million
$500 million
$3 billion
$13 billion

As a reference point, during the Loma Prieta earthquake, 0.96% of housing units were damaged and
.024% was destroyed in Santa Clara County. With regards to commercial property, 0.96% of businesses
were damaged and 0.016% was destroyed. In 1989 dollars, the county experienced $728 million in
damages to structures (excludes transportation infrastructure damages).72 In 2014 dollars, this figure
equates to $1.4 billion in damages to structures. This loss would rate as a high impact on the
replacement cost scale for this analysis. The damages to structures experienced in Alameda County
($2.8 billion in 2014$) and San Francisco County ($5.3 billion in 2014$) would rate as very high
consequence on this scale (excludes transportation infrastructure damages).
As a second reference point, the losses experienced in New Orleans from Hurricane Katrina would be
rated extreme according to this scale. As a result of Hurricane Katrina, 80% of the City was flooded and
70% of occupied housing units were damaged.73 In the 10 months after the hurricane, the City of New

71

GDP is calculated by the Bureau of Economic Analysis at the Metropolitan Statistical Area (MSA) level for the San Jose‐Sunny
Vale‐Santa Clara County MSA. This MSA is larger than Santa Clara County alone. Thus, in order to scale estimated GDP to the
County and the cities included in the Decision Support Tool, an estimate of per employee annual contribution to GDP was
calculated by dividing the GDP for the MSA by the total number of jobs in the MSA. Per employee annual contribution to GDP
equals approximately $200,000. Then, the per employee contribution to GDP was multiplied by the total number of jobs in the
County to estimate GDP for that jurisdiction. For the county, the total number of jobs is approximately 800,000,71 so a derived
estimate of County GDP is $160 billion.

72

Kroll, Cynthia et al. (1991). “Economic Impacts of the Loma Prieta Earthquake: A Focus on Small Business.” Retrieved from:
http://staff.haas.berkeley.edu/kroll/pubs/Impacts%20of%20the%20Loma%20Prieta%20Earthquake_FCREUE_wp91‐187.pdf

73

Greater New Orleans Community Data Center, http://www.datacenterresearch.org/data‐resources/katrina/facts‐for‐impact/
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Orleans economy lost 95,000 jobs (35% of total jobs).74 Total damages from Hurricane Katrina are
estimated at $135 billion.75
Note that even for a climate variable rated as having moderate economic consequences, the county
would experience $100 to $500 million in losses.
Fiscal revenue loss could not be rated on the same scale as other criteria, as a comparatively small loss
to a local government budget could have significant implications for government operation and service
provision. For example, while a $100 million loss across the economy would likely have moderate
consequences, a $100 million loss to a county budget, would be very serious. To develop dollar based
ranges for fiscal revenue loss ratings, the percent ranges (found in Table 2.10) were applied to modeled
local sources of County revenue, including County property tax revenue and sales tax revenue.76 Table
2.12 provides rating scale ranges for fiscal revenue loss for Santa Clara County. Note that in the Tool, the
rating scale dynamically adjusts to the modeled local sources of revenue for the jurisdiction selected for
analysis.
Table 2.12: Rating Scale for Fiscal Revenue Loss
Low
Moderate
High
Very High
Extreme

$1
$1,000,000
$4,000,000
$18,000,000
$90,000,000

to less than
to less than
to less than
to less than
or more

$1,000,000
$4,000,000
$18,000,000
$90,000,000

Limitations of the Analysis
Limited Number of Criteria
In addition to the criteria included in this analysis, there are other important economic consequences of
climate change that have not been possible to quantify due to lack of available information, such as
those economics impacts from decreased health, loss of ecosystem services, increasing utility rates, and
social impacts, such as increased crime or population displacement. These are just a few of the other
economic consequences that are not quantified in this analysis. As such, the economic consequences
described here are low estimates, with impacts likely to be significantly higher if the broader
environmental and social consequences associated with climate change are considered. Further study is
required to arrive at more comprehensive estimates of how climate change may disrupt the local and
regional economies.
Cumulative Impacts
This analysis considers the economic impact of climate variables independently of each other and largely
considers assets independently of each other. Therefore, it does not fully capture the potential for
cascading and cumulative economic impacts. Multiple climate‐related disasters in a short timeframe or
74

http://www.bls.gov/opub/mlr/2007/06/art1full.pdf

75

Greater New Orleans Community Data Center, http://www.datacenterresearch.org/data‐resources/katrina/facts‐for‐impact/

76

For more detail on how property tax and sales tax were estimated, see Appendix E.
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the loss of multiple assets simultaneously, could put more strain on the economy than this analysis
captures. Local governments or other agencies interested in a deeper level of analysis may consider
commissioning more fine grained economic assessments at a smaller geography or with fewer asset
sectors that allow for greater detail.
Drought and Water Supply
Drought can result in economic consequences, as water supply fundamentally supports activity in the
rest of the economy. However, drought was not one of the climate variables included in the analysis. As
such, this section provides a general description of the economic consequences of drought and water
supply issues in Santa Clara County.
During drought periods, the agricultural sector is often the first sector to experience supply cutbacks, so
economic losses can be significant.77 Statewide, the 2014 drought resulted in $810 million in crop
revenue loss, $454 million in additional pumping costs, and $203 million in livestock and dairy revenue
loss, for a total of $1.5 billion in total direct losses.78
Nevertheless, agriculture does not comprise a major part of the Santa Clara County economy.
Agricultural jobs represent a very small share of total jobs in the county, at less than 1%.79 As a result,
drought losses in the agricultural sector are unlikely to have profound consequences on the County’s
overall economy.
In addition to agriculture, other sectors affected by drought include ecosystems, energy, forestry,
recreation and tourism, landscaping, and municipal/industrial users with limited reservoir storage. The
economic impacts of the 1987 to 1992 drought are estimated at approximately $4.5 billion statewide.80
The economic impacts of the 2007 to 2009 drought on the energy and fisheries sector alone are
estimated at approximately $1.8 billion.81
In contrast to agriculture, there is limited information about the economic costs of reducing supply to
industrial and commercial water users, although it is generally assumed that the costs would be much
higher. One reason such information is lacking is that these sectors tend not to be shorted during
droughts, so as to protect the economy from job losses.82
In general, California’s economy has been evolving in ways that have increased the economic
productivity of water. Agriculture in California is adapting with higher value commodity crops that use
less water. Total agricultural water use peaked around 1980 and the real value of agricultural output has
continued to grow as farmers have improved irrigation efficiency and shifted towards crops that
generate more value per volume of water used.83 This trend is expected to continue.84

77

https://watershed.ucdavis.edu/files/biblio/DroughtReport_23July2014_0.pdf

78

Ibid.

79

LEHD On the Map

80

http://planning.usace.army.mil/toolbox/library/IWRServer/94‐NDS‐6.pdf

81

http://www.pacinst.org/wp‐content/uploads/2013/02/ca_drought_impacts_full_report3.pdf

82

http://www.ppic.org/content/pubs/report/R_512EHR.pdf

83

Ibid.
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Residential water use has also been getting more efficient. Over the past four decades, per capita water
use has been halved, while real per capita GDP has doubled. Therefore, each unit of water now
generates four times more economic value than it did in 1967.85
Some argue that California should be able to withstand (albeit at some cost) the anticipated reduction in
water caused by climate change. However, that could greatly depend on the continued adoption of tools
that improve the economic efficiency of water use.86
In addition to drought, Santa Clara County’s water supply faces an added threat in that 40% of supply is
imported through the Sacramento‐San Joaquin Delta.87 The Delta is vulnerable to earthquakes and sea
level rise,88 which impacts could cause levee failure that would taint drinking water supplies with salt
water, as much of the Delta actually sits below sea level.89 Impairment of that water delivery system
could have severe economic consequences in Santa Clara County.
Public Health
Public health is another sector for which economic consequences were not quantified, but for which
climate change will likely have economic impacts. Climate change is expected to impact many facets of
human health in Santa Clara County as a result of more extreme weather, worsened air quality,
increased transmission of infectious disease, and exposure to increased levels of allergens. These
impacts will affect human health, health behaviors, and the socio‐economic factors that influence health
outcomes. Adverse health impacts in turn, have economic consequences. For example, extreme heat
events can result in additional economic strain on our public health system due to peak demand for
health services. During a severe heat wave in 2006 in California, more than 16,000 additional emergency
department visits and nearly 1,200 additional hospitalizations occurred statewide.90 These impacts were
estimated to have cost California $133 million in health‐related costs.91 Rising pollen levels and longer
pollen seasons also increase allergic sensitivity and asthma episodes,92, 93 decreasing economic
productivity and increasing the number of school days missed each year.94 For more detail on the public
health impacts of climate change, see Appendix D (Gap Analysis) and Chapter 3 (Public Health section).

84

http://www.ppic.org/content/pubs/report/R_512EHR.pdf

85

Ibid.

86

Ibid.

87

http://www.valleywater.org/services/wheredoesyourwatercomefrom.aspx

88

http://www.water.ca.gov/floodsafe/fessro/levees/drms/phase1_information.cfm

89

Ibid.

90

Knowlton, K., et. al. (2009). The 2006 California Heat Wave: Impacts on Hospitalizations and Emergency Department Visits.
Environmental Health Perspectives, 117(1): pp. 61‐67.

91

http://www.nrdc.org/media/2008/080826.asp

92

EPA. (2008). A Review of the Impact of Climate Variability and Change on Aeroallergens and Their Associated Effects.

93

Schmier, J., and Ebi, K. (2009). The Impact of Climate Change and Aeroallergens on Children’s Health. Allergy Asthma
Proceedings, 30(3): pp. 229–237.

94

Staudt, A., et. al. (2010). Extreme Allergies and Global Warming. National Wildlife Federation and Asthma and Allergy
Foundation of America.
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Extreme Heat
In the Tool, the economic consequences of extreme heat were included in the change in operational
costs for the building sector, due to increased cooling needs. However, extreme heat results in other
economic consequences were not possible to estimate using the Tool due to the focus on physical asset
sectors and lack of available data. As such, the economic consequences of extreme heat are likely to be
significantly higher than the estimates provided in this Guidebook. As discussed, extreme heat could
have fiscal revenue consequences through both loss of revenue and increased operating costs. For
example, it was estimated that during a four day heatwave in Melbourne, Australia in 2014, businesses
across the city experienced a $37 million decline in revenue, with retail and food and beverage sectors
being the hardest hit.95 A loss in business activity due to extreme heat would also result in a loss of sales
tax revenue. Also, as discussed, extreme heat can result in additional public health‐related costs. Other
economic consequences that could not be estimated include transportation delays, electricity outages,
increased water demand, increased crime, decreased labor productivity, and decreased ecosystem
health.96 For links to case studies on these issues, please see Appendix E.
Results
Table 2.13 estimates the potential aggregate economic consequences of climate change impacts on all
assets included in the SV 2.0 economic consequences analysis.97 The overall economic consequences of
SLR and SLR + storm surge on the assets analyzed are very high ($3–$13 billion). The overall economic
consequences of riverine flooding and wildfire on the assets analyzed are extreme (in excess of $13
billion). The economic consequences of extreme heat on the assets analyzed are estimated to be low
(less than $100 million), based on impacts only to the buildings and properties sector. Due to lack of
available data, the total societal economic consequences of extreme heat (such as within the health
sector or public sector service provision) was not estimated, but can be significant considering the
additional strain placed on Santa Clara County’s infrastructure and services. Thus, these estimates are
conservative and only address the direct operation costs.

95

City of Melbourne,(2014). A Quantitative Research Report on: 2014 Heatwave Business Impacts – Social Research.
http://www.melbourne.vic.gov.au/Sustainability/AdaptingClimateChange/Documents/Economic_Impacts_Heat_Wave_Busines
ses_2014.PDF
96

AECOM, (2012). Economic Assessment of the Urban Heat Island Affect. Prepared for City of Melbourne.
https://www.melbourne.vic.gov.au/Sustainability/AdaptingClimateChange/Documents/UHI_Report_AECOM.pdf; Rhodium
Group, 2014. “American Climate Prospectus. Economic Risks in the United States.” http://rhg.com/wp‐
content/uploads/2014/10/AmericanClimateProspectus_v1.2.pdf
97

Does not include data centers, fiber optic lines, bridges, and waste facilities, due to insufficient cost data.
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Table 2.13: Aggregate Economic Consequences for All Assets (Mid‐Century)
SEA LEVEL
RISE

Replacement Cost

SEA LEVEL
RISE +
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Very High

Very High

Extreme

Extreme

N/A

Loss of Fiscal
Revenue

High

High

Very High

Very High

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

Low

Interruption of
Economic Activity

High

Very High

Extreme

High

N/A

Overall Economic
Consequences

Very High

Very High

Extreme

Extreme

Low

Note: N/A: not applicable or data not available.

RISK ANALYSIS
A feature of the SV 2.0 Decision Support Tool is a risk rating, which was assigned using the climate
variable’s likelihood rating and the asset’s consequence rating. As shown in Table 2.14, risk ratings
include the following categories: low, moderate, high, very high, and extreme. The risk rating for an
asset/climate variable combination is determined according to the logic described in the following
matrix. Risk ratings were not included in the Guidebook because they are largely a reflection of
economic consequences and some sectors lacked sufficient data to determine economic consequences,
leading to underrated risks. In addition, social and environmental consequences would normally also
inform a risk rating, but they were excluded from this analysis due to insufficient data to quantify those
consequences and express them through the Tool.
Table 2.14: Risk Analysis Rating

LIKELIHOOD RATINGS

CONSEQUENCE RATINGS

LOW

MODERATE

HIGH

VERY HIGH

EXTREME

Remote

Low

Low

Low

Moderate

High

Unlikely

Low

Low

Moderate

High

Very High

Moderately Likely

Low

Moderate

Moderate

High

Very High

Highly Likely

Low

Moderate

High

Very High

Extreme

Near Certainty

Low

Moderate

High

Very High

Extreme
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2.6 SV 2.0 Climate Change Preparedness Decision Support Tool
During the development of the SV 2.0 Guidebook, the project team used the SV 2.0 Climate
Preparedness Decision Support Tool (Tool) to conduct the vulnerability and risk assessments for
infrastructure and property‐related assets. The Tool was developed to help local governments evaluate
climate change vulnerability and risks within their communities. The Tool automates the vulnerability
and risk assessment process described above98 and provides the results in a user‐friendly format with
maps, tables, and charts. The website address of the Tool is: www.siliconvalleytwopointzero.org.
The Tool contains geospatial data on the following climate variables for both mid‐century and end‐of‐
century horizons: SLR and storm surge, riverine flooding, wildfire, and extreme heat. Air quality
deterioration was not included in the Tool due to the lack of geospatial data on air quality.
The Tool also contains data on 20 types of infrastructure (transportation, energy, water + wastewater,
and waste sectors), property, and building assets. Users select the climate variable, time‐horizon,
geography, and asset that they would like to examine and the Tool performs exposure and sensitivity
analyses to determine asset vulnerability. Tabular outputs in the Tool show the extent of asset exposure
(miles of roadways, acres of parcels, number of substations, etc.) and where feasible, the name/owner
of the vulnerable asset. Maps produced by the Tool show the location of the geography selected, the
vulnerable assets, and the geospatial extent of the exposure. For each asset identified as vulnerable, the
Tool calculates the potential economic consequence of the impact to the asset and then combines the
economic consequence and likelihood rankings to provide a risk rating. Both the vulnerability
information and risk ratings are provided to facilitate climate preparedness decisions at the local
government level.
The project team used the Tool to conduct vulnerability and risk assessments (including economic
consequence) at the countywide level. Assessments were run for each asset and climate variable at both
the mid‐century and end‐of‐century horizons. The Tool provided an efficient platform to automatically
perform a large number of assessments. Tool maps and tabular data were used directly within the
Guidebook. Screenshots from the Tool are provided to show the general layout of the online platform
and demonstrate the types of assessment outputs it provides. Figure 2.11 shows a screenshot of the
Home page and Figure 2.12 shows a sample output from the Solid + Hazardous Waste sector: the
number of contaminated land sites that are anticipated to be vulnerable to end‐of‐century SLR (100 cm)
and a 100‐year storm surge. Figure 2.13 demonstrates a map output of the same vulnerability analysis.

98

It should be noted that the Tool does not contain an adaptive capacity analysis. Automating an adaptive capacity analysis in a
regional level tool would be difficult as it needs to accommodate for the evaluation of site level conditions and a constantly
changing policy environment. The adaptive capacity analysis was conducted independently from the Tool for this Guidebook.
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Figure 2.11: SV 2.0 Tool Screenshot (home page)

Figure 2.12: SV 2.0 Tool Screenshot: Vulnerability Assessment Overview
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Figure 2.13: SV 2.0 Tool Screenshot: Vulnerability Assessment Map for Contaminated Land Sites

2.7 Specialized Methodology: Vulnerability Assessment for Ecosystems
The Ecosystems vulnerability assessment was conducted outside of the SV 2.0 Tool. The Tool is designed
for the fixed and finite quantifiable components of infrastructure, and at present, has limited
functionality to analyze ecosystems, which respond to change in fluid and complicated patterns.
Therefore, a customized, ecosystem‐specific process was developed for the Ecosystems vulnerability
assessment, which replicates the Tool inputs, integrating the same climate variables, same climate
variables and projections, and the same time horizons. While using similar inputs, the Ecosystems
vulnerability assessment outputs required manual analysis and scientific interpretation due to the
complexity of natural ecosystem responses.
The Ecosystems sector vulnerability assessment approach provided a broad snapshot of impacts,
included a gap analysis to understand the adaptive capacity of ecosystems, informed prioritization of
next steps, and helped identify potential adaptation strategies. It should be noted that no risk
assessment was conducted for ecosystem assets. The vulnerability assessment and preliminary
adaptation strategies were reviewed by the SV 2.0 Project’s Ecosystems Working Group, which provided
valuable feedback on both components. After the incorporation of feedback from the working group
into the vulnerability assessment and strategies, the results were reviewed by the TAC. While the
Ecosystems sector approach is robust, it has specific limitations and requires specific assumptions. In
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particular, it is broad in scale and designed to identify landscape‐level impacts; it does not address
impacts at a species‐specific or detailed micro‐habitat level.

EXPOSURE ANALYSIS [ECOSYSTEMS]
The Exposure Analysis identified the ecosystem assets (e.g., habitats) that are exposed to projected
changes in climate variables. A GIS‐based analysis was conducted using ESRI ArcMap to determine
exposure. An existing conditions habitat map was prepared using the Conservation Lands Network (CLN)
and the National Wetlands Inventory (NWI) wetland data. GIS‐based data for each climate variable was
then overlaid onto the habitat map in order to determine areas of overlap between each habitat type
and those variables to which each is sensitive.
The percentage of impacted habitat area was calculated. These percentages were then compared to the
baseline conditions to determine the proportion of the asset within the county projected to be impacted
by each climate variable. This assessment resulted in quantification of those habitat assets which will
likely be exposed to specific climate variables.

SENSITIVITY ANALYSIS [ECOSYSTEMS]
The sensitivity of each habitat to each climate variable was assessed via a qualitative methodology, in
order to identify the complex responses of multiple habitat components to climate change. Each habitat
was subdivided into three components:


Landscape and Vegetative Community: the dominant plant species and vegetative assemblages
across the landscape and the physical factors that make up the environment.



Wildlife and Special‐Status Species: the dominant wildlife species that occupy the landscape
along with the rare, protected, and endangered species that occupy the landscape. Life history
traits and species’ survival needs were also considered.



Ecosystem Function and Services: the functions and services that the habitat provides to all
species, human and non‐human, including functions such as fresh drinking water and water
storage, food, nutrient cycling, etc.

Each habitat component was assessed and scored individually. The scoring metric includes: no impact
(0), low impact (1), moderate impact (2), and high impact (3). The scores were summed to derive a total
habitat sensitivity score ranging from 0 to 9. The habitat scoring system is:


No Impact (0)



Low Impact (1–3)



Moderate Impact (4–6)



High Impact (7–9)

Figure 2.14 displays an extract from the Sensitivity Analysis scoring matrix. Habitats which scored a
sensitivity of moderate impact (4–6) and greater were further assessed for their exposure and adaptive
capacity.
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Figure 2.14: Ecosystem Sensitivity Analysis Matrix Extract
ECOSYSTEM SENSITIVITY ANALYSIS – SENSITIVITY RANKINGS
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Landscape and Vegetative
Community

0

habitat not
located in SLR
area

0

Wildlife and Special‐Status Species

0

habitat not
located in SLR
area

0

Ecosystem Function and Services

0

habitat not
located in SLR
area

0

Landscape and Vegetative
Community

3

habitat would be
inundated

2

Wildlife and Special‐Status Species

3

habitat gone

3

Ecosystem Function and Services

3

habitat gone

2

Landscape and Vegetative
Community

0

Wildlife and Special‐Status Species

0

Ecosystem Function and Services

None

None

High

Low

None

High

Source: AECOM, 2014.

ADAPTIVE CAPACITY ANALYSIS [ECOSYSTEMS]
Habitat assets with high sensitivity, and medium or higher exposure were evaluated for adaptive
capacity. This was assessed in two steps: natural adaptive capacity and imposed adaptive capacity
(through human/policy interventions).
Natural or Innate Adaptive Capacity was addressed in the sensitivity analysis. Natural adaptive capacity
is the innate or naturally‐evolved ability for a habitat to respond to the impacts of a climate variable.
Examples of this include a chaparral or scrubland environment’s natural resiliency to wildfire, and a
riparian or riverine environment’s natural resiliency to flooding.
Imposed Adaptive Capacity was addressed in the gap analysis (see Appendix). Imposed adaptive
capacity is the ability of the asset to be made more resilient through human intervention. Examples of
this include wetland and riparian restoration projects throughout the county and the Santa Clara Valley
Habitat Plan.
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Assets with high exposure, medium or higher sensitivity, and low to medium adaptive capacity were
identified as highly vulnerable to climate variables in Santa Clara County. Results of this assessment are
provided in Chapter 3.

2.8 Specialized Methodology: Vulnerability Assessment for Public Health
The public health sector vulnerability assessment was developed in conjunction with the SV 2.0 Project’s
Public Health Working Group,99 using peer‐reviewed literature on the potential impacts from climate
change to human health, and on the populations most vulnerable to those impacts. This assessment
includes understanding the level of confidence that a range of health effects may be exacerbated by
each climate variable, based on peer‐reviewed literature. This information was used to help identify
initial priorities for the Santa Clara County Public Health Department (SCCPHD). The assessment also
includes the evaluation of the sensitivity of county residents to each climate variable via a qualitative
methodology to understand the impacts of climate change on the general population and key vulnerable
populations. Vulnerable populations include the elderly, children, disadvantaged populations (socio‐
economic and race/ethnicity), and individuals with health conditions. This assessment was used to help
inform the development of climate change vulnerability assessments. It should be noted that no risk
assessment was conducted for public health sector assets.

2.9 Climate Adaptation Strategy Development
The vulnerability and risk assessments that were conducted for each of the nine asset sectors helped
identify which sub‐assets are impacted by which climate variables, and to what degree. Leveraging this
information, targeted climate adaptation strategies were developed to help mitigate the potential
impacts of climate change to specific assets throughout Santa Clara County.
As a first step, a set of strategies and accompanying short descriptions were drafted and reviewed with
the TAC, and with project working groups for Public Health, Economic Resiliency, Solid + Hazardous
Waste, and Ecosystem Services. Feedback from these groups helped to identify which strategies should
be prioritized for inclusion in the Guidebook, and also provided new strategy ideas for consideration.
Following these inputs, the final set of strategies was selected using a set of prioritization criteria
developed for the SV 2.0 Project, including the following:


Does the strategy address critical facilities or infrastructure; i.e., hospitals, water treatment
plants, et al?



Does the strategy address multiple asset sectors and/or sub‐sectors?



Is the strategy targeting new or existing assets?



Who are the anticipated jurisdictional actor(s)?



What is the anticipated initiation timing; i.e., short term vs. long term?



What are the potential environmental, economic, and social benefits?

99

Development of the Public Health Sector content and analysis was also aligned with development of the County’s Public
Health Element to the General Plan. Raimi & Associates served as sub‐consultant to AECOM on Silicon Valley 2.0, and as
consultant to the County’s General Plan Public Health Element.
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From a high‐level perspective, how significant are the capital and/or financing requirements?

These criteria helped to identify strategies that were considered most appropriate for inclusion in the
Guidebook, as it is intended to have regional impact. For each strategy included in the Guidebook, the
following information was developed:


Table summary of key information



o Asset
o Climate variable
o Strategy summary
o Scale
o Class
o Timing
o Lead
o Cross asset sector applicability
o Potential co‐benefit(s)
Strategy description and background



Implementation considerations, as applicable



o Timing
o Challenges and solutions
o Additional benefits
Relevant precedents



Resources and references

More detailed information about the strategy contents and format, and an explanation of how to use
the climate adaptation strategy section of this Guidebook, is provided in the introductory section of
Chapter 3. The strategies are organized by the nine asset sectors, which are presented alphabetically.
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3

VULNERABILITY / RISK ASSESSMENT
+ ADAPTATION STRATEGIES
County of Santa Clara Office of Sustainability and Climate Action

3.1 Introduction
This chapter includes separate sections for each of the nine asset sectors included in the SV 2.0 Project,
as introduced in Chapter 2:


Shoreline Flood Protection (All Assets)



Buildings + Properties



Communications



Ecosystems



Energy



Public Health



Solid + Hazardous Waste



Transportation



Water + Wastewater

CHAPTER ORGANIZATION
Each asset section (and sub‐asset section) begins with a vulnerability assessment summary, in order to
understand its projected vulnerability to climate change. This analysis takes into consideration the
exposure and sensitivity of the asset in regards to the following climate change variables (both primary
and secondary) for Santa Clara County:


Sea Level Rise



Storm Surge



Riverine Flooding



Wildfire



Extreme Heat

Economic consequence summary tables follow, which outline ranges of percent loss (value), loss from
replacement cost, and loss of fiscal revenue, as estimated at the time of the Guidebook publication. The
economic consequence analysis is based on available data and careful assumptions (as of 2014). The
Tool may be updated with new data and adjusted assumptions, as available over time, so that
municipalities and/or other actors may continue to understand the potential economic consequences
for loss and percent loss per asset sector. See Chapter 2 for a detailed description of the economic
consequence methodology.
Each asset section concludes with a set of suggested adaptation strategies organized by sub‐asset and
climate variable(s) for ease of navigation. Curated from a longer list of potential strategies, the
Guidebook presents priority strategies with a focus on short‐term opportunities. Although each strategy
provides a recommended lead actor(s), various collaborations are possible and encouraged. “Other
Strategies for Consideration” are summarized at the end of most asset sections, providing additional
ideas to be expanded overtime, as appropriate. Section 3.2 explains the format and nomenclature used
for each strategy, and is followed by a complete summary list of the SV 2.0 climate adaptation strategies
(see Table 3.1).

3‐2

County of Santa Clara: Silicon Valley 2.0 Climate Adaptation Guidebook

3.2 Strategy Structure
Each adaptation strategy includes a consistent set of information, as outlined in the example table
below and explained in the narrative to follow.

SUMMARY TABLE
ASSET

Name(s) of the individual asset(s) within the sector to which the
proposed strategy is applicable

CLIMATE VARIABLE

Name(s) of the individual climate variable(s) to which the proposed
strategy is applicable

STRATEGY TITLE

Short strategy description (snapshot)

SCALE

CLASS

INITIATION TIMING

LEAD

Geographic scale
at which the
proposed strategy
would be most
effective:

Mechanism through
which the strategy
proposes to address a
given vulnerability:

Indication of when the
strategy would ideally be
initiated:

Proposed lead entity, with the
expectation that most strategies
will likely require and/or be most
effective through a collaborative
approach between entities, as
possible, including:

 Asset

 Code, regulation,
ordinance, standard

 Neighborhood

 Plan, policy

 City

 Program

 County
 Region

Plus, an understanding if
it is an update, revision,
or new.

 Short term (0–3 years)
 Medium term (3–10 years)
 Long term (10+ years)

 City government(s)
 County government
 Regional, State, or
Federal agency
 Private or non‐profit entity
 Utility

CROSS ASSET SECTOR APPLICABILITY

Strategy may apply and/or impact one or more of the other asset
sectors or sub‐sectors.

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Strategy may offer co‐benefits to other asset sectors, especially in
the short (near) term.
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FURTHER SUMMARY TABLE EXPLANATIONS
Initiation Timing Note
Potential initiation timeframes are defined as Short term (0–3 years), Medium term (3–10 years), and
Long term (10 years +). To determine the appropriate timing, each strategy considered: (1) is the
strategy intended to address short term, medium term, or long term vulnerabilities? (2) How long is it
going to take for the strategy to go into effect? For example, if the strategy is intended to address long
term impacts (e.g., end‐of‐century sea level rise) and does not have a long lead time, it probably does
not need to be initiated immediately. On the other hand, if a strategy does not need to be in effect in
the short term, but requires a longer period to go into effect from the time of initiation to the time of
adoption (e.g., building a levee), then initiation should happen sooner. A further description of a
strategy’s timing is also included under “Implementation” as needed to explain additional nuances.

Strategy Lead Note
An appropriate entity or set of entities is identified to lead the initiation and implementation of the
proposed strategy. The lead entity could be a local, regional, State, or federal government agency, or a
private or non‐profit entity. While most strategies proposed as part of the SV 2.0 Project are best
initiated and/or implemented at the local (County or city) level in cooperation with neighboring
jurisdictions (collaborative), there are some initiatives that require systemic change at State and federal
levels. The County has also identified certain strategies where it may take the lead, in addition to its
general role of coordinator and convener. Certain strategies may benefit from organization under a
sector‐specific agency or established regional non‐profit organization; for example, one entity might
develop model language for an ordinance that could then be adopted by others. Some strategies may
require legislation or actions housed within a federal agency, or require coordinated effort between
regions. In the cases where federal agencies are the most logical lead, regional and local governments
may provide support; i.e., federal‐level work may be needed to help develop regional or local strategies,
such as USACE’s work related to the South Bay Salt Pond Restoration Project.

Cross Asset Sector Applicability Note
This section identifies other asset sectors for which the strategy may be relevant, as appropriate.

STRATEGY DESCRIPTION / BACKGROUND
Each strategy includes a more detailed explanation of its intent and background to help provide the
rationale for its importance to climate preparedness in Santa Clara County. The narrative combines
pertinent information from multiple sources, including but not limited to, the gap analyses and
vulnerability assessments conducted for each asset sector, input from key technical advisors, and
additional research. Typically, this section includes:
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A brief description of the problem or vulnerability that needs addressing (following the detailed
description of the asset’s vulnerability provided at the beginning of each asset sector section)



The action proposed by the strategy and how the action responds to the problem



As necessary, background information or context, definitions of key terms, explanations of
referenced standards, and alternatives for implementation
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Relevant information from the asset sector’s gap analysis, particularly if the strategy is building
on existing efforts, policies, etc.

IMPLEMENTATION
Timing
This section expands on the initiation timing from the strategy summary table, if needed, and/or
provides information on the estimated implementation timeframe. Often the effectiveness and cost
implications of a strategy may be optimized the sooner it is implemented. Timing information is helpful
when evaluating city and/or County priorities and if seeking to align strategies with existing processes,
plans, and other cycles.

Potential Challenges and Solutions
This section identifies specific considerations and existing challenges for the implementation of the
strategy, as known at the time of publication. It also suggests potential solutions for each challenge, in
order to support its success. Challenges are important considerations for lead agencies and may also
inspire collaboration between multiple entities. For example, strategies proposing to pass new
ordinances, alter language in building codes, or engage at the State level would each benefit from
regional cooperation. This section is also intended to assist jurisdictions in understanding the complexity
of implementing an action from a political perspective, in order to help them decide which strategies are
most appropriate for their jurisdiction. Considerations may include:


Governance actions that have to take place at the State or regional level



Unintended consequences to other areas of government from implementing a strategy



Political synergies with other existing goals, policies, or programs (if applicable), which could
make a stronger case for initiating/implementing a strategy



Order of magnitude costs of a strategy’s initiation/implementation, as available

Additional Benefits
As lead entities evaluate strategies and look to engage interest and support from communities,
neighboring municipalities, and/or funding sources, it is helpful to have an understanding of the
additional roll‐out benefits that may occur for little or no additional effort or expense.

PRECEDENTS
Case Study / Precedent Name
As available, existing case studies and precedents are provided to help illustrate how other entities have
approached and implemented a recommended strategy and experienced a successful outcome. In some
cases, precedents also serve to provide lessons learned and other important considerations.

REFERENCES + RESOURCES
Each recommended strategy concludes with a list of relevant references and source links.

CH 3: Introduction
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3.3 Silicon Valley 2.0 Climate Adaptation Strategies
Table 3.1 outlines the complete current set of SV 2.0 climate adaptation strategies, organized by asset
sector and indicating the climate variable(s) to be addressed by each. The recommended strategies
(shown in blue) generally focus on short term priorities and actions, but most asset sectors also include
‘other strategies for consideration’.
Table 3.1: Comprehensive Set of Climate Adaptation Strategies by Asset Sector

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

SHORELINE FLOOD PROTECTION (ALL ASSETS)
Engineered Flood Protection Structures, Non‐Engineered Berms, Wetlands
S‐1. CONTINUE COORDINATION WITH SOUTH BAY SALT POND
RESTORATION PROJECT.
S‐2. CONTINUE COORDINATION WITH THE SOUTH SAN FRANCISCO
BAY SHORELINE STUDY.
S‐3. CONDUCT AN OVERTOPPING ANALYSIS OF EXISTING SHORELINE
FLOOD PROTECTION ASSETS.
S‐4. USE THE UPDATED FEMA FIRMS TO IDENTIFY THE SOURCE OF
FLOODING (E.G., RIVERINE VERSUS COASTAL) ASSOCIATED WITH 100‐
YEAR FLOOD EVENTS.
S‐5. INCREASE PUMP STATION CAPACITY AND PROVIDE PROTECTION
FOR PUMP STATIONS.
S‐6. ENHANCE MONITORING AND/OR MAINTENANCE PROGRAMS FOR
LEVEES AND FLOOD WALLS.
S‐7. INCREASE THE DESIGN CRITERIA FOR CURRENT AND FUTURE
FLOOD PROTECTION PROJECTS FROM 100‐YEAR FLOOD EVENTS TO
HIGHER‐IMPACT FLOOD EVENTS.
S‐8. MODEL PROJECTED CHANGE IN THE FREQUENCY AND
MAGNITUDE OF RIVERINE FLOODING CAUSED BY PRECIPITATION IN
THE COUNTY.
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BUILDINGS + PROPERTIES
Buildings and Properties
BP‐1. IDENTIFY A CORE STAKEHOLDER GROUP TO FACILITATE LAND
USE PLANNING STRATEGY IMPLEMENTATION.
BP‐2. IDENTIFY AND CONSIDER RELOCATION OPPORTUNITIES FOR
CRITICAL FACILITIES.
BP‐3. PROVIDE INCENTIVES TO DIVERT FUTURE DEVELOPMENT AWAY
FROM HIGH‐HAZARD AREAS.
BP‐4. PARTNER WITH CORPORATE CAMPUSES TO CREATE A REGIONAL
ADAPTATION STRATEGY FOR SILICON VALLEY TECH COMPANIES.
BP‐5. REVISE APPLICABLE BUILDING CODES TO REQUIRE FLOOD‐
RESISTANT DESIGN.
BP‐6. REVISE MINIMUM BUILDING ELEVATION STANDARDS AND
MAXIMUM BUILDING HEIGHT LIMITS FOR NEW DEVELOPMENT.
OTHER STRATEGIES FOR CONSIDERATION
BP‐7. Integrate natural stormwater systems within site and building
design to expand on‐site stormwater management capacity.

COMMUNICATIONS
Fiber Optic Lines, Data Centers, Communication Towers
C‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS FOR
COMMUNICATION INFRASTRUCTURE ASSETS.
C‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION
OPTIONS BY WEIGHING THEIR RELATIVE COSTS AND BENEFITS.
C‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM RIVERINE FLOODING AND WILDFIRE.
OTHER STRATEGIES FOR CONSIDERATION
C‐4. Prepare ahead of forecasted extreme events to minimize
inundation impacts.
C‐5. Secure locations of assets in non‐flood prone areas.
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ECOSYSTEMS
Freshwater Wetlands, Riparian and Riverine, Grassland, Hardwood Forest, Oak Woodland, Urban
ES‐1. CLIMATE SMART PLANTING PALETTES DEVELOPMENT AND
EDUCATION CAMPAIGN.
ES‐2. MAXIMIZE RETENTION OF LOCAL WATER SUPPLY AND QUALITY
THROUGH CLIMATE‐SMART LAND CONSERVATION AND
STEWARDSHIP.
ES‐3. PROTECT BIODIVERSITY THROUGH MULTI‐AGENCY AND MULTI‐
COUNTY CONSERVATION OF CLIMATE SMART WILDLIFE CORRIDORS.
OTHER STRATEGIES FOR CONSIDERATION
Grassland, Hardwood Forest, Oak Woodland, Conifer Forest, Redwood Forest
ES‐4. Reduce Wildfire risk reduction in natural landscapes by
investigating opportunities within zoning, home construction, and fire
safe building and landscape codes for the urban‐wildland interface.
Grassland, Hardwood Forest, Oak Woodland, Conifer Forest, Redwood Forest, Chaparral and Scrubland,
Riparian and Riverine, Coastal Wetland, Freshwater Wetland
ES‐5. Implement a fine scale ecosystem assessment utilizing climate
water deficit data.
Aquatic and Riparian Habitat
ES‐6. Prioritize coldwater habitat conservation and restoration through
amendments to habitat conservation plans and in‐creek projects.
All Upland and Freshwater Natural Habitats
ES‐7. Develop best practice standards for water retention design for
habitat restoration and creation projects on natural lands.
All Upland and Freshwater Natural Habitats, Water Supply
ES‐8. Increase climate messages in ongoing water conservation public
awareness campaign.
All Upland and Aquatic Natural Habitats, Sensitive Species, Water infrastructure, Agriculture
ES‐9. Understand vector‐based impacts of climate and address invasive
species through pursuit of stronger state laws and programs.
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ENERGY
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS OF ENERGY
INFRASTRUCTURE ASSETS.
Power Generation Facilities and Substations
E‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION
OPTIONS BY WEIGHING THEIR RELATIVE COSTS AND BENEFITS.
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM RIVERINE FLOODING, SEA LEVEL RISE, AND
STORM SURGE.
Substations and Transmission Infrastructure
E‐4. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM WILDFIRES.
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐5. SUPPORT THE STUDY AND DEVELOPMENT OF MICROGRID
INFRASTRUCTURE SYSTEMS.
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐6. IMPROVE ACCESS TO ENERGY USAGE AND ASSET DATA
OTHER STRATEGIES FOR CONSIDERATION
Energy Generation Facilities, Substations, Transmission Infrastructure
E‐7. Prepare ahead of forecasted extreme events to minimize impacts.
E‐8. Secure locations of assets in non‐hazard prone areas.
Power Generation Facilities and Substations
E‐9. Review existing backup power supply plans and processes to ensure
availability of backup supplies during flooding related disruptions.
Substations and Transmission Infrastructure
E‐10. Plan for additional long‐run transmission capacity to offset some
of the risks posed by fires to infrastructure.
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PUBLIC HEALTH
General and Vulnerable Populations
PH‐1. CONTINUE TO IDENTIFY POPULATIONS VULNERABLE TO
CLIMATE CHANGE AND DEVELOP ADAPTATION STRATEGIES AND
PRIORITIZE RESOURCES IN THE MOST HIGHLY‐IMPACTED AREAS.
PH‐2. COMPILE, MONITOR, AND COMMUNICATE SPECIFIC HEALTH
IMPACTS FROM CLIMATE CHANGE.
Health Care System and Professionals
PH‐4. PREPARE HEALTH CARE FACILITIES AND PROFESSIONALS FOR
CLIMATE CHANGE.
General and Vulnerable Populations
PH‐5. IMPROVE ACCESS TO COOLING LOCATIONS DURING EXTREME
HEAT EVENTS.
General and Vulnerable Populations, Workers
PH‐6. COMMUNICATE THE NECESSARY MEASURES TO PROTECT
RESIDENTS AND WORKERS AT RISK TO EXTREME HEAT.
General and Vulnerable Populations
PH‐7. DEVELOP A HEAT ISLAND EVALUATION PROGRAM.
Homeless Residents
PH‐8. EXPAND HOMELESS SUPPORT SERVICES DURING ALL EXTREME
WEATHER EVENTS.
General and Vulnerable Populations
PH‐9. COORDINATE WITH PARTNER ORGANIZATIONS TO
COMMUNICATE MEASURES TO PROTECT RESIDENTS AND WORKERS
DURING HIGH OZONE AND HIGH PARTICULATE MATTER DAYS.
PH‐10. COORDINATE WITH THE BAY AREA AIR QUALITY
MANAGEMENT DISTRICT IN REDUCING EMISSIONS IN COMMUNITY
AIR RISK EVALUATION COMMUNITIES.
PH‐11. IDENTIFY LOCATIONS IN THE COUNTY WHERE OZONE
CONCENTRATIONS EXCEED ALLOWABLE STANDARDS.
PH‐12. CONTINUE COORDINATION TO MANAGE VECTOR
POPULATIONS DURING CLIMATE CHANGE.
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PH‐13. MONITOR DISEASES TO BETTER UNDERSTAND EMERGING
PUBLIC HEALTH THREATS AND USE THE INFORMATION TO PLAN AND
RESPOND TO DISEASE OUTBREAKS.

SOLID + HAZARDOUS WASTE
Solid Waste Facilities and Hazardous Waste Sites
SW‐1. REVISE CURRENT PERMITTING AND MONITORING STANDARDS
FOR ALL SOLID WASTE FACILITIES AND HAZARDOUS WASTE SITES TO
INCLUDE ASSESSMENTS FOR CLIMATE CHANGE VARIABLES.
Solid Waste Facilities
SW‐2. WORK WITH OPERATORS TO CONDUCT DETAILED SITE
ASSESSMENTS AT ACTIVE, VULNERABLE SITES AND IDENTIFY
ALTERNATIVE LOCATIONS IN THE COUNTY ZONED TO HOST NEEDED
FUNCTIONS AND CAPACITIES.
Contaminated Land
SW‐3. ASSESS AND PRIORITIZE THE ~130 CONTAMINATED SITES MOST
VULNERABLE TO FLOODING AND WORK WITH PROPERTY OWNERS TO
DEVELOP AND IMPLEMENT ADAPTATION PLANS.
Hazardous Waste Sites
SW‐4. ASSESS AND PRIORITIZE THE ~16 HAZARDOUS WASTE SITES
MOST VULNERABLE TO CLIMATE CHANGE AND WORK WITH PROPERTY
OWNERS TO DEVELOP AND IMPLEMENT ADAPTATION PLANS OR
RELOCATE HAZARDOUS WASTE TO LESS VULNERABLE AREAS
(IDENTIFIED IN CONCERT WITH LOCAL MUNICIPALITIES).
OTHER STRATEGIES FOR CONSIDERATION
Landfills
SW‐5. Increase solid waste diversion rates throughout the county to
reduce demand and need for landfills.
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TRANSPORTATION
Roads (Highways and Local), Bridges, Pedestrian Ways, Bikeways, Rail Tracks (Heavy and Light), Airports.
T‐1. MAINSTREAM CLIMATE CHANGE CONSIDERATIONS IN ALL
TRANSPORTATION AGENCY PLANNING AND DECISION‐MAKING
PROCESSES.
T‐2. COLLABORATE WITH RELEVANT TRANSPORTATION AGENCIES TO
CONDUCT A DETAILED VULNERABILITY ASSESSMENT OF
TRANSPORTATION ASSETS AND SERVICES.
Airports
T‐3. REVIEW MASTER PLANNING PROCESSES TO UNDERSTAND THE
OPPORTUNITIES AND RISKS CLIMATE CHANGE MAY PRESENT TO THE
PALO ALTO AIRPORT.
Rail Tracks (Heavy)
T‐4. INCORPORATE HEAT‐RELATED IMPACTS ON RAIL TRACKS INTO
EXISTING OPERATIONS AND COMMUNICATION PROCEDURES.
OTHER STRATEGIES FOR CONSIDERATION
Roads (Highways and Local)
T‐5. Review materials specifications for road materials.
T‐6. Protect electrical components from temporary inundation.
Rail Tracks (Heavy and Light)
T‐7. Incorporate heat‐resistant or heat‐reflective materials in the
construction of new rail tracks.
Airports
T‐8. Update preparedness and contingency planning to address more
frequent temporary inundation of airport runways.
T‐9. Incorporate future climate change impacts into master planning
processes.
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WATER + WASTEWATER
Wastewater Treatment Plants, Drinking Water Treatment Plants, Stormwater Management Systems
W‐1. SHARE GEOSPATIAL DATA FROM THE SV 2.0 TOOL WITH WATER
AND WASTEWATER ASSET OWNERS.
Water and Wastewater Treatment Plants
W‐2. DEVELOP A DETAILED VULNERABILITY ASSESSMENT OF WATER
AND WASTEWATER ASSETS TO INFORM SITE‐SPECIFIC ADAPTATION
OPTIONS.
Reservoirs
W‐3. INTEGRATE PROJECTED INCREASES IN WILDFIRE FREQUENCY AND
INTENSITY INTO STATE, COUNTY, AND CITY PLANS AND PRACTICES.
OTHER STRATEGIES FOR CONSIDERATION
Wastewater Treatment Plants
W‐4. Prepare ahead of forecasted flooding events to minimize impacts.
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3S

SHORELINE FLOOD PROTECTION
(ALL ASSETS)
ENGINEERED FLOOD
PROTECTION

NON‐ENGINEERED BERMS

WETLANDS

3S.1 Introduction
The Shoreline Flood Protection asset sector includes three sub‐assets: engineered flood protection, non‐
engineered berms, and wetlands located in Santa Clara County. As the adaptation strategies developed
for these assets could help protect the other asset sectors, they are also referenced to as addressing All
Assets. This section presents the results of the vulnerability assessment and economic consequences
analysis conducted for shoreline flood protection assets in regards to projected changes in climate
variables (sea level rise, storm surge, riverine flooding, wildfire, and extreme heat). Findings were used
to inform a comprehensive set of climate adaptation strategies to help improve the climate resilience of
these assets. Priority strategies are presented in order by sub‐asset and the climate variable(s)
addressed, and followed by a set of “other strategies for consideration” that might be expanded over
time as appropriate and feasible.

3S.2 Vulnerability Assessment Summary [Shoreline Flood Protection Assets]
The asset types assessed in this section include:


Engineered Flood Protection Structures (levees that protect inland areas from flooding and
inundation, and harden the shoreline to reduce erosion and prevent land loss).



Non‐Engineered Berms (protect marshes and ponds from wave erosion, and provide ad‐hoc
flood protection to inland developments and, in some cases, serve to maintain hydraulic
separation between the Bay and the protected/managed areas).



Wetlands (natural, managed, and tidal wetlands that dissipate wave energy and provide
ecological habitat value).

ENGINEERED AND NON‐ENGINEERED SHORELINE FLOOD PROTECTION ASSETS
A summary of the vulnerability assessment results for engineered and non‐engineered shoreline flood
protection assets is given in Table 3S.1, followed by additional information and analysis figures by
climate variable.
Table 3S.1: Shoreline Flood Protection Vulnerability Summary by Climate Variable and Timeframe
(feet)

SLR

SLR + STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

Mid‐century
Vulnerability

93,960
(11%)

303,588
(35%)

209,629
(24%)

777,057
(91%)

None

None

End‐of‐
century
Vulnerability

320,339
(37%)

490,589
(57%)

170,250
(20%)

777,057
(91%)

None

None

SHORELINE
FLOOD
PROTECTION
ASSETS

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability

Sea Level Rise
Approximately 93,960 feet (11%) of engineered and non‐engineered flood protection assets (levees and
berms, respectively) are moderately vulnerable to sea level rise (SLR) by mid‐century. A moderate
vulnerability rating is assigned to these assets because although they are likely to be overtopped under
this scenario, and therefore lose some functionality, they are not likely to experience physical damage as
a result of SLR. Permanent inundation by mid‐century is likely to result in the overtopping of the
engineered levees along the riverine reaches located south of Highway 101, and non‐engineered pond
berms in the Bay. The surrounding urban areas between Oregon Express Way and San Antonio Highway
are also vulnerable to inundation.
By end‐of‐century, the length of engineered and non‐engineered shoreline flood protection assets
moderately vulnerable to overtopping from SLR increases to 320,339 feet (37%). Specifically, the
engineered levees located on Colorado Drive, Loma Verde Avenue, and East Meadow Drive are
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vulnerable to permanent inundation, which then causes further inundation to urban areas south of East
Caribbean Drive between Mount View‐Alviso Road.

Sea Level Rise + Storm Surge
Levees and berms are highly vulnerable to SLR coupled with a 100‐year storm surge event, with 303,588
feet (35%) of assets inundated by mid‐century, as shown in Figure 3S.1. A high vulnerability rating is
assigned to these assets because they are likely to experience overtopping, as well as physical damage
from SLR and storm surge. In particular, non‐engineered berms are highly vulnerable to SLR and storm
surge because they are comprised almost entirely of Bay mud, and they were not designed or
engineered to withstand wave erosion or overtopping. There may also be a maximum height limit to
which they can be built, thereby limiting the potential for increasing the level of protection afforded by
these structures. As the non‐engineered berms are overtopped and fail, this is likely to inundate and
flood other assets located between Oregon Expressway and Independence Avenue.
Figure 3S.1: Shoreline Flood Protection Assets Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

By end‐of‐century, 320,339 feet (57%) of levees and berms remain highly vulnerable to SLR and storm
surge. In addition to overtopping, storm surge coupled with SLR can result in erosion of the levee crest
and along the backside of the levee, thus weakening the levee and increasing the potential for levee
failure.
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Riverine Flooding
Levees are also highly vulnerable to riverine flooding in both mid‐ and end‐of‐century scenarios.
Approximately 777,057 feet (91%) of levees may be affected (see Figure 3S.2) by end‐of‐century. As Bay
sea levels rise, the flood conveyance capacity in the rivers and sloughs is reduced, resulting in a
reduction and eventual elimination of the levee freeboard.1 As the freeboard is eliminated, the potential
for levee overtopping increases, leading to inundation of the protected inland areas behind the levees or
flood walls. Specific levee assets impacted include those along Coyote Creek, Calabazas Creek, San
Tomas Aquino Creek, and Guadalupe River.
Figure 3S.2: Flood Protection Assets Vulnerable to Riverine Flooding (Mid‐ and End‐of‐Century)

Localized riverine flooding also occurs in some inland areas along U.S. Route 101 by mid‐century. The
area south of South Valley Freeway, near the southern border of Santa Clara County, is also vulnerable
to riverine flooding. Currently, no levees are located in these riverine areas.

Wildfire
No engineered or non‐engineered shoreline flood protection assets are considered vulnerable to
wildfire in the mid‐ or end‐of‐century scenarios. Only a small portion of assets (3%) along Santa Clara
County’s Bayfront are affected.

1

Freeboard is the distance between the top of the levee (i.e., the levee crest) and the designed water surface elevation, which
is most commonly the 100‐year flood event.
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WETLANDS
Sea Level Rise
The wetlands located along the Bay shoreline are also highly vulnerable to permanent inundation from
SLR. While wetlands have kept pace with historical rates of SLR in the Bay through accumulation of
sediment and organic material, it is unclear if wetlands will continue to keep pace with accelerated rates
of SLR in the future. For most wetlands in the Bay, there is no inland space for landward migration. The
existing wetlands along the Santa Clara County shoreline will either keep pace with SLR or they will
drown and disappear, unless provision is made for their landward migration, or sediment is supplied to
increase and maintain their elevation relative to the rising tides. Fringing wetlands directly outboard of
developed areas are at greatest risk of disappearing. The current shoreline flood protection assets in the
vicinity of the wetlands (typically non‐engineered berms) are not high enough to mitigate end‐of‐
century SLR.
It is worth noting that these areas can already tolerate a certain amount of inundation and long‐term
plans are already underway to restore the ponds along the Santa Clara County shoreline to a mosaic of
wetland habitats. However, adaptation measures for shoreline protection need to consider the
surrounding urban areas that are vulnerable to inundation and flooding due to the shoreline flood
protection assets failing or overtopping.

3S.3 Mid‐Century Economic Consequences [Shoreline Flood Protection Assets]
The economic consequences for shoreline flood protection assets were not quantified, as quantitative
data was not readily available on replacement and maintenance costs of shoreline flood protection
assets. The economic consequence analysis of other assets impacted by the failure of shoreline flood
protection assets (from overtopping and physical damage) are discussed in other sub‐chapters
depending on the availability of data.

3S.4 Risk Analysis [Shoreline Flood Protection Assets]
Risk ratings are not available because they are largely a reflection of the economic consequences
analysis, which was not undertaken for shoreline flood protection assets.

3S.5 Climate Adaptation Strategies [Shoreline Flood Protection Assets]
The following pages outline strategies for addressing the shoreline flood protection assets most
vulnerable to climate change, as summarized in Table 3S.2. As explained at the beginning of Chapter 3,
each strategy includes additional information about recommended timeframe, actors, implementation,
and precedents. The strategies are organized by the climate variables they seek to address.
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Table 3S.2: Shoreline Flood Protection Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Engineered Flood Protection Structures, Non‐Engineered Berms and Wetlands
S‐1. CONTINUE COORDINATION WITH SOUTH BAY SALT POND
RESTORATION PROJECT.
S‐2. CONTINUE COORDINATION WITH SOUTH SAN FRANCISCO
SHORELINE STUDY.
S‐3. CONDUCT AN OVERTOPPING ANALYSIS OF EXISTING SHORELINE
FLOOD PROTECTION ASSETS.
S‐4. USE THE UPDATED FEMA FIRMS TO IDENTIFY THE SOURCE OF
FLOODING (E.G., RIVERINE VERSUS COASTAL) ASSOCIATED WITH 100‐
YEAR FLOOD EVENTS.
S‐5. INCREASE PUMP STATION CAPACITY AND PROVIDE PROTECTION
FOR PUMP STATIONS.
S‐6. ENHANCE MONITORING AND/OR MAINTENANCE PROGRAMS FOR
LEVEES AND FLOOD WALLS.
S‐7. INCREASE THE DESIGN CRITERIA FOR CURRENT AND FUTURE
FLOOD PROTECTION PROJECTS FROM 100‐YEAR FLOOD EVENTS TO
HIGHER‐IMPACT FLOOD EVENTS.
S‐8. MODEL PROJECTED CHANGE IN THE FREQUENCY AND
MAGNITUDE OF RIVERINE FLOODING CAUSED BY PRECIPITATION IN
THE COUNTY.

3S‐6

Silicon Valley 2.0 Climate Adaptation Guidebook

ASSET

Shoreline Flood Protection Assets

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding

S‐1. CONTINUE COORDINATION WITH SOUTH BAY SALT POND RESTORATION PROJECT.
This strategy recommends that Santa Clara County, through the Santa Clara Valley Water District
(SCVWD), continue its involvement with restoration planning for the South Bay Salt Pond (SBSP)
Restoration Project. While the former industrial salt ponds, berms, and levees along the South Bay
shoreline have provided ad‐hoc flood protection for Santa Clara County for decades, the restoration
plan will modify the existing landscape, and expose new restored and upland areas to potential flooding.
Through coordination with the Project, the County and SCVWD can maintain and enhance fluvial and
coastal flood protection along the Bay’s shoreline.
SCALE

CLASS

INITIATION TIMING

LEAD

Regional

Plan

Short term

Federal agency

CROSS ASSET SECTOR APPLICABILITY

All sectors with assets adjacent to the shoreline

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Water quality improvements, enhanced habitat, and recreation
opportunities

STRATEGY DESCRIPTION / BACKGROUND
Over the past decade, SCVWD has partnered with the California State Coastal Conservancy (CSCC), the
National Oceanic and Atmospheric Administration (NOAA), and the U.S. Fish and Wildlife Service (FWS)
on the initial phases of the SBSP Restoration Project, which aims to restore 15,100 ac. of former
industrial salt ponds to wetlands and other habitats in South San Francisco Bay. In addition to restoring
habitat and providing public access, the project aims to maintain or improve existing flood protection
levels. The Alviso Pond complex, which sits between Santa Clara County and the San Francisco Bay, is
home to some of the first completed restoration actions as part of the SBSP Restoration Project. The
early implementation activities for this SBSP Restoration Project incorporate various flood management
measures and are estimated to be completed in 2020 (with some actions already completed); however,
longer term restoration activities will be phased until mid‐century.
The shoreline protection infrastructure in Santa Clara County is vulnerable to SLR accompanied by high
tides, storm surge, and changes in precipitation patterns, which may result in inundation, flooding, and
overtopping of shoreline flood protection assets due to increased water levels. While the former
industrial salt ponds, berms, and levees of the Alviso Pond complex have provided ad‐hoc flood
protection for Santa Clara County for decades, the restoration plan will modify the existing landscape,
and expose new restored and upland areas to tidal and riverine flooding. The restoration plan includes
pond berm breaches, as well as lowering and/or removal of existing pond berms, in order to restore full
tidal action to restored wetlands. In light of this, partner agencies in this project recognize that new
flood protection levees may be required along the landward edge of the Alviso Pond complex to
maintain or improve existing levels of flood protection.
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Proposed measures to reduce hazards from both riverine and coastal flood sources as part of the SBSP
Restoration Project include:


An inboard levee system to reduce the hazards of coastal flooding, which may include improving
existing levees (where adequate), high ground, and new flood protection levees.



Increased channel‐flow conveyance by removing, breaching, or setting back the existing channel
levees, widening the channel, and providing additional cross‐sectional area for flow.



Providing increased flood storage (detention).

Active participation in this project and its flood management related initiatives represents the best
option for Santa Clara County to enhance flood protection and restore valuable ecosystems along the
Bayfront in collaboration with State and federal agencies. The County, through SCVWD, has played a key
role as a member of the SBSP Restoration Project Management Team to direct and fund restoration
actions in the South Bay. The County and SCVWD played an active role in Phase 1 restoration actions at
Alviso Pond A8 along the Guadalupe River, which was reconnected to tidal flow in 2011. SCVWD also
developed a Sediment Reuse agreement in 2014 with the FWS as part of District’s Safe, Clean Water and
Natural Flood Protection Program to deliver sediment for disposal and reuse by the SBSP Restoration
Project. Through its continued involvement, the County and SCVWD can help ensure that restoration
actions proposed under the long‐term SBSP Restoration Project Plan address protection efforts for other
asset sectors, such as buildings and properties, transportation, energy, and waste water. As part of this
strategy, it is recommended that Santa Clara County and SCVWD continue to engage in the long‐term
restoration plan and increase their level of involvement as the flood management components of the
Plan move forward from conceptual design to implementation.

IMPLEMENTATION
Timing
The SBSP Restoration Project is an ongoing, long‐term project, and the County and SCVWD have been
involved since its early restoration planning stages. Timing for initiation of this strategy is short term
(i.e., immediate) because the County and SCVWD are already playing an active role and it is
recommended that the County and SCVWD continue this role in the future to advocate for the region’s
interests in the project.

Potential Challenges and Solutions
The County and SCVWD may not have staff capacity or funding to contribute to the restoration planning
process.
The measures that have been proposed to meet the goals of the SBSP Restoration Project are likely to
be costly, particularly if they involve the construction of new levees and improvement of existing levees.
Given the budget constraints faced by the stakeholders participating in the SBSP Restoration Project, as
well as the companion project (the South San Francisco Bay Shoreline Study) led by the U.S. Army Corps
of Engineers (USACE), the responsibility of owning and maintaining accredited or certified levees is likely
to fall on Santa Clara County, cities in the county, and/or SCVWD. Through SCVWD’s Safe, Clean Water
and Natural Flood Protection Program, the County and its citizens have demonstrated a commitment to
protecting water resources, wildlife habitat and open space, and flood protection in Santa Clara County.
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The Program is a 15‐year program which will help ensure adequate funding to achieve its goals and
objectives.
The County and SCVWD are part of a larger stakeholder process attempting to influence project
outcomes.
The restoration planning process considers the interests of a diverse stakeholder group and must
balance the ecological, public access and recreation, and flood protection goals of the project. For
example, the FWS has the responsibility of maintaining non‐engineered berms around the salt ponds.
However, given the Agency’s limited ability to construct, own, and maintain new levees, one of its
priorities is to facilitate the restoration of the wetlands as a way of enhancing its natural flood
protection systems. Thus, by advocating the use of eco‐friendly flood protection elements, such as living
levees and living shorelines to protect upland developed areas from flooding (instead of traditional
levees or seawalls), vegetated tidal marsh to reduce wave energy at the shoreline (instead of rock
armoring), and natural tidal scour processes to maintain flood conveyance in tidal creeks (instead of
dredging or vegetation maintenance), the County and SCVWD can achieve flood protection objectives in
a manner consistent with the goals of the SBSP Restoration Project and its stakeholders.

Additional Benefits
Implementation of plans to continue restoration efforts in the SBSP Restoration Project will not only
benefit the surrounding communities and infrastructure by providing flood protection but will also
provide ecological and public access benefits. Healthy wetlands absorb and transform excess nutrients
and contaminants (e.g., pesticides, bacteria, and runoff), purifying the water body and improving the
health of the Bay’s ecosystem. This purification process also provides an economic benefit to the region,
by reducing the need for costly upgrades to water management systems. Improved functionality of the
wetland will also increase the recreational use in the South Bay area by providing access for activities
such as fishing, kayaking, bird watching, etc.

PRECEDENTS
Hamilton Army Airfield Wetland Restoration Project
In 2002, the CSCC and USACE entered an agreement to begin restoration efforts of 2,600 acres including
six levee easements and five parcels of land. Over the past 150 years, the site was diked and filled,
converting it from salt marsh to the Hamilton Army Airfield and agricultural fields. The objective of the
project is to restore portions of wetland to create diversity of wildlife habitats and satisfy the goal of the
Long Term Management Strategy (LTMS) for the San Francisco Bay of creating an opportunity to provide
beneficial re‐use of dredged material during the construction phase of the restoration.
USACE and CSCC coordinated closely with Marin County and its member city governments to ensure that
problems, concerns, and opportunities related to the restoration efforts could be addressed through
resource planning taking place throughout the project. Issues of particular concern were flood
protection, flood insurance, public health (particularly mosquito breeding grounds), traffic, and scenic
views from area residences. Public meetings and a 45‐day public review and comment period for the
Draft General Reevaluation Report provided further opportunity for local governments and stakeholders
to maintain involvement throughout the study.
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REFERENCES + RESOURCES
–

South Bay Salt Pond Restoration Project
o http://www.southBayrestoration.org/

–

Hamilton Army Airfield Wetland Restoration Project
o http://hamiltonwetlands.scc.ca.gov/

–

Galveston Bay Foundation’s Living Shorelines Guidance
o http://galvbay.org/
o http://galvbay.org/root/htdocs/galvbay/httpdocs/wp‐
content/uploads/2014/03/LS_alternative.pdf
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ASSET

Shoreline Flood Protection Assets

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding

S‐2. CONTINUE COORDINATION WITH SOUTH SAN FRANCISCO BAY SHORELINE STUDY.
This strategy recommends that Santa Clara County, through SCVWD, continues its involvement with
planning and implementation of the South San Francisco Bay Shoreline Study in order to enhance fluvial
and coastal flood protection along the Bay’s shoreline.
SCALE

CLASS

INITIATION TIMING

LEAD

Regional

Plan

Short term

Federal agency

CROSS ASSET SECTOR APPLICABILITY

All sectors with assets adjacent to the shoreline

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Water quality improvements, enhanced habitat, and recreation
opportunities

STRATEGY DESCRIPTION / BACKGROUND
The South San Francisco Bay Shoreline Study is a congressionally authorized study underway by the
USACE, SCVWD, and CSCC to identify and recommend flood risk management projects for federal
funding. The Shoreline Study has a goal of protecting parts of the Santa Clara County shoreline with the
highest potential damage from flooding due to coastal storm surge and SLR using a combination of flood
protection levees and wetlands. The Shoreline Study includes coordination with the SBSP Restoration
Project, as both projects are located along the South Bay shoreline (see Strategy S‐1).
After analyzing areas most at risk of economic damages due to tidal flooding, the study identified North
San Jose and Alviso for the first phase flood protection project. This site was primarily chosen due to
high flood potential for homes, businesses, and the San Jose/Santa Clara Water Pollution Control Plant.
The first phase of this construction is anticipated to begin in 2017.
Active participation in the Shoreline Study and its flood management related initiatives represents the
best option for Santa Clara County to enhance flood protection and restore valuable ecosystems along
the Bayfront in collaboration with State and federal agencies. The County, through SCVWD, has played a
key role in directing and funding the Study. Continued coordination with the Shoreline Study was
identified as a priority in the District’s Safe, Clean Water and Natural Flood Protection Program, which
allocated $31M to the first phase of the project. SCVWD staff is actively coordinating with the USACE
and CSCC to complete the Draft Feasibility and environmental document which was released for public
comment in December, 2014.
As part of this strategy, it is recommended that Santa Clara County and SCVWD continue to engage in
the Shoreline Study and increase their level of involvement as the recommended improvements move
forward to construction.
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IMPLEMENTATION
Timing
The Shoreline Study is a long‐term project with construction of the first phase flood protection project
beginning in 2017 (at the earliest). Timing for initiation of this strategy is short term (i.e., immediate)
because the County and SCVWD are already playing an active role in the planning and funding for the
Shoreline Study, and it is recommended that the County and SCVWD continue this role in the future to
advocate for the region’s interests in the project.

Potential Challenges and Solutions
The County and SCVWD may not have staff capacity or funding to contribute to the planning process.
Through SCVWD’s Safe, Clean Water and Natural Flood Protection Program, the County and its citizens
have demonstrated a commitment to protecting water resources, wildlife habitat and open space, and
flood protection in Santa Clara County. The Program is a 15‐year program, which will help ensure
adequate funding to achieve its goals and objectives.
The County and SCVWD are part of a larger stakeholder process attempting to influence project
outcomes.
The restoration planning process considers the interests of a diverse stakeholder group and must
balance the ecological, public access and recreation, and flood protection goals of the project. By
advocating the use of eco‐friendly flood protection elements, such as living levees and shorelines to
protect upland developed areas from flooding (instead of traditional levees or seawalls), vegetated tidal
marsh to reduce wave energy at the shoreline (instead of rock armoring), and natural tidal scour
processes to maintain flood conveyance in tidal creeks (instead of dredging or vegetation maintenance),
the County and SCVWD can achieve their flood protection objectives in a manner consistent with the
goals of the project.

Additional Benefits
Implementation of plans, like the South Bay Shoreline Study, will not only benefit the surrounding
communities and infrastructure by providing flood protection but will also provide ecological and public
access benefits. Healthy wetlands also absorb and transform excess nutrients and contaminants (e.g.,
pesticides, bacteria, and runoff), purifying the Bay and improving the health of its ecosystem. This
purification process also provides an economic benefit to the region by reducing the need for costly
upgrades to water management systems. Improved functionality of the wetland will also increase the
recreational use in the South Bay area by providing activities such as fishing, kayaking, bird watching,
etc.

PRECEDENTS
San Francisquito Creek Joint Powers Authority
The San Francisquito Creek Joint Powers Authority (SFCJPA) is a regional government agency composed
of three cities and two County agencies united by the San Francisquito floodplain. The group was formed
following severe flooding during the 1997/1998 El Nino event, which damaged ~2,800 land parcels on
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both sides of the creek. The goal of SFCJPA is to reduce flood vulnerability while simultaneously
enhancing ecosystems and providing recreational opportunities within the watershed. Member agencies
include the San Mateo County Flood Control District (SMCFCD), SCVWD, City of East Palo Alto, City of
Menlo Park, and City of Palo Alto. In addition to federal and State sources, these member agencies
provide funding for beneficial projects along the creek and the San Francisco Bay.
An example of the collaborative work carried out by SFCJPA includes development of the SAFER Bay
Project. This effort addresses the effect of rising Bay waters in San Mateo and Santa Clara counties by
conducting a feasibility study, project design, and an environmental impact report for a project that will
include a new system of levees and flood control measures. Once complete, this project will further
protect ~8,400 properties located in the floodplain, including several large private companies in Silicon
Valley. In order to overcome the challenges of such a large‐scale project, the group is relying of the
support and collaboration of many stakeholders and government agencies.

REFERENCES + RESOURCES
–

South Bay Shoreline Study
o http://www.southbayshoreline.org/

–

San Francisquito Creek Joint Powers Authority
o http://www.sfcjpa.org/

–

SFCJPA SAFER Bay
o http://sfcjpa.ehclients.com/documents/Almanac_SAFER_Bay_story.pdf

–

South Bay Shoreline Draft Interim Feasibility Report and Environmental Impact
Statement/Report
o http://www.spn.usace.army.mil/Portals/68/docs/FOIA%20Hot%20Topic%20Docs/SSF%
20Bay%20Shoreline%20Study/0_Main_Report_Shoreline.pdf
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ASSET

Shoreline Flood Protection Assets

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding

S‐3. CONDUCT AN OVERTOPPING ANALYSIS OF EXISTING SHORELINE FLOOD PROTECTION
ASSETS.
This strategy recommends that Santa Clara County commission an “overtopping potential” analysis, in
partnership with jurisdictions and agencies with threatened assets, to assess the location, extent, and
timing of overtopping of shoreline protection due to temporary storm surge events or permanent
inundation under SLR. This exercise will inform prioritization practices for adaptation strategies to
protect the threatened assets.
SCALE

CLASS

INITIATION TIMING

LEAD

Regional

Study

Short term

County government (collaborative
with cities and agencies)

CROSS ASSET SECTOR APPLICABILITY

All sectors with assets adjacent to the shoreline

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

NA

STRATEGY DESCRIPTION / BACKGROUND
This strategy recommends assessing the extent to which existing shoreline flood protection assets may
overtop and/or fail due to permanent inundation from SLR and temporary flooding from storm surge
and fluvial flooding. This type of study may further assign flood risk to assets at various time scales and
inform frequency of flooding. A similar study (Alameda County Shoreline Analysis) for the Metropolitan
Transportation Commission (MTC), Bay Conservation and Development Commission (BCDC), and
Alameda County Flood Control and Water Conservation District (ACFCWD) was carried out for various
stretches of the Alameda County shoreline. Using the same approach, the County can inform future
adaptation strategies. For example, the study would provide an enhanced exposure assessment that
would allow for prioritization of shoreline improvements over time, while also identifying shoreline
reaches where the protection is redundant, and the shoreline reaches could be re‐prioritized for
wetland restoration, public access, or could be allowed to fail and erode over time.

IMPLEMENTATION
Timing
Historical evidence suggests that even under existing conditions, some sections of the Santa Clara
County shoreline are overtopped during large storm events. Therefore, it is suggested that Santa Clara
County engagement should be initiated in the short term to best inform planners with how to prioritize
resources for at‐risk infrastructure and assets such as buildings and properties, transportation, energy,
and waste water.

Potential Challenges and Solutions
In order to develop credible overtopping maps, it is important that overtopping features (e.g., levees,
seawall, and revetment) are adequately resolved in the topographic Digital Elevation Model (DEM).
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The resolution of datasets used as input to topographic DEMs is often not sufficient to capture the crest
of levees and berms. In order to ensure the accuracy of crest elevations, in situ methods such as ground
surveys or comparisons with certified as‐built construction drawings may be necessary (though it should
be noted that there are no construction drawings for pond berms).

PRECEDENTS
Alameda Sea Level Rise Shoreline Analysis, MTC, BCDC, and Alameda County
BCDC and ACFCWD commissioned work to enhance the understanding of shoreline vulnerabilities within
the Adapting to Rising Tides (ART) project area, as well as expanding this analysis to cover the full
Alameda County shoreline. The goal of the project was to continue developing technical analyses and
methodologies to understand shoreline vulnerabilities, and to complete more detailed shoreline analysis
for specific, representative shoreline systems within the ART project area. This project supports Bay
Area SLR adaptation planning, and will greatly advance efforts to improve community and shoreline
resilience in Alameda County and beyond. A set of SLR vs. storm surge (e.g., extreme tide) return
frequency curves and an associated shoreline delineation have been developed that can allow land
owners and managers to easily identify the thresholds for overtopping at any given shoreline segment
(e.g., at which level of SLR and under which extreme tide recurrence intervals is a specific reach of
shoreline overtopped).
A SLR vs. storm surge matrix that correlates water level relationships between SLR (from 6 to 60 inches)
and storm surge return frequencies (from a 1‐year to a 500‐year event) was also created. For example,
this matrix highlights that a SLR inundation map associated with 36 inches of SLR could also be used to
represent 24 inches of SLR and a 1‐year storm surge event (similar to a King Tide), or 12 inches of SLR
and a 5‐year storm surge event. Using this matrix as a guide, six new SLR inundation maps were created
for Alameda County. These new maps represent a broad range of future scenarios, allowing for a more
precise understanding of exposure. Finally, a shoreline overtopping assessment was completed using
the six new inundation scenarios, as well as an evaluation of the shoreline elevations, types, and
vulnerabilities in the vicinity of the Oakland Airport and Bay Farm Island to better understand the timing,
extent, and duration of future impacts.
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Figure 3S.3: Overtopping Analysis Performed for San Francisco Bay’s Adapting to Rising Tides Project

Source: Adapting to Rising Tides http://www.adaptingtorisingtides.org/

REFERENCES + RESOURCES
–

Adapting to Rising Tides
o http://www.adaptingtorisingtides.org/

–

Adapting to Rising Tides: Transportation Vulnerability and Risk Assessment Pilot Project
o http://www.mtc.ca.gov/planning/climate/RisingTides‐TechnicalReport.pdf

–

Climate Change and Extreme Weather Adaptation Options
o http://files.mtc.ca.gov/pdf/MTC_ClmteChng_ExtrmWthr_Adtpn_Report_Final.pdf
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ASSET

All Assets

CLIMATE VARIABLE

Storm Surge, Riverine Flooding

S‐4. USE THE UPDATED FEMA FIRMS TO IDENTIFY THE SOURCE OF FLOODING (E.G., RIVERINE
OR COASTAL) ASSOCIATED WITH 100‐YEAR FLOOD EVENTS.
This strategy recommends that Santa Clara County leverage the Federal Emergency Management
Agency’s (FEMA) forthcoming updated Flood Insurance Rate Maps (FIRMs) to determine if the source of
flooding is of riverine or coastal in origin. Identifying the source of flooding will help inform future
adaptation and protection strategies.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

County government

CROSS ASSET SECTOR APPLICABILITY

All sectors with assets adjacent to the shoreline

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Currently, the vulnerability of shoreline flood protection assets to riverine flooding is typically assessed
using FEMA FIRMs, which show zones referred to as “Special Flood Hazard Areas,” in Santa Clara County
that are impacted by the 1‐percent annual chance (100‐year) flood event. The FIRMs indicate the extent
of flooding from both coastal and riverine processes; however, in many cases, the studies which form
the basis for this categorization of flooding are outdated, and the methodology used to determine the
source of flooding may not always be clear. Because of this, under current conditions, it is uncertain
whether the assets in the shoreline protection sector are impacted by riverine flooding, storm surge, or
both. Note that there are purely coastal flooding areas and purely riverine areas. In the transitional area
where coastal and riverine flooding intersects, it may not be possible to attribute the flooding to just
one source. High tides in the Bay can have a backwater effect and increase upstream riverine flooding.
This means that higher Bay water levels can worsen riverine flooding, but are not directly responsible.
Identifying the source of flooding would help inform future adaptation and protection strategies. This
strategy recommends that Santa Clara County use the upcoming preliminary FEMA FIRM geospatial data
(scheduled to be released in summer 2015) to assess the source of flooding (e.g., coastal vs. riverine), as
well as the methodology and assumptions used to determine the source of flooding. The FIRM
geospatial data provides information on the source of flooding, and the accompanying metadata and
the Flood Insurance Study provides additional data on each background study (e.g., the date when each
riverine or coastal study was conducted, the type of model used, etc.). This information can be coupled
with the results of SCVWD’s recent riverine flood studies to better understand the riverine vs. coastal
flood vulnerabilities. This information will help inform adaptation strategies, particularly at the riverine‐
coastal interface.
SCVWD is currently completing an independent and parallel coastal analysis study that may be used to
inform future updates to the FEMA FIRMs. Although SCVWD’s parallel effort may include additional
climate change analysis, the FEMA FIRMs only present existing flood hazards at this time. FEMA is in the
process of updating the coastal flood hazards depicted on the FIRMs and Flood Insurance Studies for all
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nine Bay Area counties. Marin, Sonoma, Napa, Solano, and Contra Costa counties were all released as
preliminary FIRMs in 2014. Santa Clara, Alameda, and San Mateo are scheduled to receive preliminary
FIRMs in the summer of 2015.
Although future conditions associated with climate change, including SLR, are not currently depicted on
FEMA FIRMs, FEMA is currently evaluating ways to develop non‐regulatory products that include
potential future climate change impacts. FEMA currently has several pilot studies underway to evaluate
approaches for developing non‐regulatory products associated with SLR. These pilot studies are focused
on San Francisco County in the Bay Area on the Pacific Coast, Hillsborough and Pinellas counties in
Florida on the Gulf Coast, and New York and New Jersey on the Atlantic Coast.

IMPLEMENTATION
Timing
The effective FIRMs indicate the extent of flooding from both coastal and riverine flood processes;
however, in many cases the studies which formed the basis for this data may be outdated. FIRMs
depicting mapping results due to coastal flooding are in the process of being updated so this strategy
could be implemented in the near term. Comparison of asset locations and elevations to updated draft
FIRMs and flood elevations will help inform adaptation strategies as they develop in the future.

Potential Challenges and Solutions
Updates have been made to the effective FIRMs, but as the FIRMs represent multiple compiled studies in
order to present the flood hazards for the entire county, many of the individual studies included may be
outdated.
Draft FEMA work maps released in September 2014 for Santa Clara County reflect updates to flooding
from coastal sources. Therefore, while the draft work maps and the upcoming preliminary FIRMs can
continue to provide valuable information for flooding sources and magnitudes, it is important to
understand that the FIRMs may not reflect changes to all sources of flooding. Additionally, draft and
preliminary data shown on the maps is subject to change as the maps work their way through the
regulatory review and appeal process.

REFERENCES + RESOURCES
–
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ASSET

All Assets

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding

S‐5. INCREASE PUMP STATION CAPACITY AND PROVIDE PROTECTION FOR PUMP STATIONS.
This strategy recommends that cities in Santa Clara County upgrade and retrofit pump stations in urban
areas to increase pumping capacity to overcome higher Bay water levels due to SLR. Pump stations
should also incorporate flood proofing elements to protect infrastructure and electrical components to
allow for continued operation during submerged conditions. Typically, cities have ownership over
stormwater pump stations in urban areas. The County, in collaboration with cities, could commission a
study to inventory pump stations and examine their vulnerability to climate change to prioritize
upgrades.
SCALE

CLASS

INITIATION TIMING

LEAD

City / County

Update standard

Short term

City governments

CROSS ASSET SECTOR APPLICABILITY

All asset sectors benefiting from pump stations

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Many of the urban areas in Santa Clara County, particularly near the Bay, have subsided significantly due
to previous groundwater withdrawals and development on former wetland areas. Storm drain systems
in these areas rely on pump stations to pump storm water flows into the channels that drain to the Bay.
As precipitation events increase in magnitude and frequency, larger capacity pump stations may be
required. In addition, as sea levels rise in the near term, the flood conveyance capacity of the channels
will decrease; therefore, the channels may not have the capacity to handle the pumped storm water
flows from the low‐lying urban areas. The capacity of the channels will decrease further during storm
surge events. During large precipitation events, flooding of the low‐lying areas is possible if the pump
stations are unable to pump stormwater into the channels due to insufficient channel capacity.
Alternatively, decreased channel capacity could result in direct overbank flooding from the channels into
low‐lying developed areas. Both scenarios could result in submergence of the pump stations, rendering
them inoperable if they are not adequately flood proofed. Once floodwaters recede in the channel, the
existing pump stations would not be able to remove the floodwaters from the low‐lying areas and
portable (and likely less powerful) pump stations would be required, thus prolonging the impacts of the
flood event on the low‐lying areas.
Typically, cities have ownership over stormwater pump stations in urban areas. This strategy
recommends that the County collaborate with cities to conduct a pump station asset inventory and
vulnerability and risk assessment to identify pump stations that may be at risk due to SLR and storm
surge‐driven flooding, as well as changes in riverine flooding due to climate change. The vulnerability
study would help prioritize the nature and timing of required upgrades at each site. Whenever possible,
pump stations should be flood proofed and critical electrical components should be elevated above
potential floodwater levels or protected from submergence.
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IMPLEMENTATION
Timing
While immediate action may not be needed to increase the capacity of pump stations and flood proof
pump station infrastructure and electrical components for submergence, it is recommended that a
vulnerability study be conducted in the short term to better understand which pump stations assets are
most at risk. Once upgrades and retrofits are prioritized, improvements to the stations could be
performed during scheduled maintenance service updates.

Potential Challenges and Solutions
Increasing the capacity for pump stations will have high capital costs.
Although there will be increased costs to cities for the design, construction, and installation of the new
pump stations and associated upgrades to pump housing, these preventive steps can be spread out over
a longer time period to alleviate costs concerns. For example, improvements to pump housing, flood‐
proofing, and elevating electrical components could be carried out during scheduled maintenance
service updates.
Because the largest long term expense of pump stations is the energy supply to operate them, pumps
with a high degree of efficiency should also be purchased and properly maintained to ensure the
upgrade is cost‐effective.
Increased channel conveyance capacity must also be evaluated and prioritized.
Although increasing the pumping capacity and flood proofing the pump stations will address part of this
problem, it should be noted that this vulnerability cannot be fully mitigated without also addressing the
capacity of the receiving channel. The capacity of the channel could be increased through dredging,
setting back the levees, or by raising the levees. The most appropriate solution for each channel would
need to be evaluated.

PRECEDENTS
King County Interbay Pump Station Upgrade, California
To protect public health and the environment, the King County Wastewater Treatment Division upgraded
the Interbay Pump Station from the time span of January 2011–February 2015. Built in 1967, this
upgrade increased the station capacity from 122 to 133 million gallons per day as well as updated the
1960s era electrical equipment. Although all three pumps that comprise the system were replaced,
construction and installation were spaced out to one pump each summer (2012, 2013, and 2014).

San Francisco Public Utilities Commission (SFPUC) Sewer System Improvement Program
As part of the SFPUC’s Sewer System Improvement Program (SSIP), a detailed asset inventory was
compiled and a vulnerability assessment of all the identified waste water assets was carried out
(including all the pump stations), in order to provide the basis on which to develop a prioritized climate
adaptation plan for the agency and its assets.
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REFERENCES + RESOURCES
–

Interbay Pump Station Upgrade
o http://www.kingcounty.gov/environment/wtd/Construction/Seattle/Interbay.aspx

–

San Francisco Public Utilities Commission Sewer System Improvement Program
o http://www.sfwater.org/index.aspx?page=116
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ASSET

All Assets

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding

S‐6. ENHANCE MONITORING AND/OR MAINTENANCE PROGRAMS FOR LEVEES AND
FLOOD WALLS.
This strategy proposes that Santa Clara County support SCVWD in enhancing monitoring and
maintenance programs for levee inspections, and expand these programs to include inspection of
coastal levees and coordination with other agencies responsible for Bayfront levee maintenance. These
programs could indicate when levees are subsiding or improvements are required for performance.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Enhanced program

Short term

Utility (SCVWD)

CROSS ASSET SECTOR APPLICABILITY

All sectors with assets adjacent to the shoreline or creeks

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
SCVWD’s Levee Safety Program is a key component of the Stream Maintenance Program, which helps
ensure safety for approximately 100 miles of levees along local streams in Santa Clara County. The Levee
Safety Program includes levee inspection, vegetation management, and erosion repair to maintain levee
performance. Adequate maintenance also ensures SCVWD’s ability to access and service streams during
an emergency, such as a flood event.
This strategy proposes that SCVWD, with support from Santa Clara County, continue its existing Levee
Safety Program for streams, and also expand monitoring and maintenance programs for coastal levees
along the Bayfront. Flood and inundation pathways for coastal and riverine flooding can be complex,
and many Bayfront flood‐prone areas are linked together by a complicated network of channels, former
industrial salt ponds, and low‐lying areas, such that flooding may occur from distant sources that are not
immediately adjacent to the area of interest. As a result, some areas may be at risk to flooding due to
failure of distant levees outside their jurisdiction or responsibility. By expanding the Levee Safety
Program to include coastal levees and via coordination with other agencies responsible for levee
maintenance, such as SMCFCD, ACFCWD, USACE, FWS, FEMA, and other private landowners, the County
can help ensure that adequate levels of flood protection are maintained. Monitoring and/or
maintenance programs should include potential levee subsidence and accelerated degradation of
materials. Surveying levees would indicate when a regular maintenance lift might need to be installed to
increase the height of the levee.

IMPLEMENTATION
Timing
While levee monitoring/maintenance programs already exist, evidence suggests some levees may
experience damage even under existing conditions. Adoption of this strategy in the short term may
reduce the likelihood of costly damages under future conditions.
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Potential Challenges and Solutions
Enhancing levee monitoring and maintenance programs will have high capital costs.
Although there will be increased costs associated with enhanced monitoring and maintenance efforts,
this increase, when spread out over the lifetime of the levee, has the potential to be less costly than the
repairs required after major damages occur from a large storm event. For example, following
Superstorm Sandy, a community in Long Island, New York reported four miles of damaged levees. The
estimated cost to repair this small stretch of structures was $1.7 million, which only includes repairs to
the levee structure. It does not include damages to infrastructure and properties located behind the
levee. Inclusion of these jeopardized structures relying on levee performance for protection will
significantly increase the potential damage costs.
Flooding along the Bayfront may be caused by distant sources outside the County’s jurisdiction.
The failure of distant levees outside of the SCVWD jurisdiction can lead to flooding in Santa Clara
County, as floodwaters will follow low‐lying areas and inundation pathways. The County can help ensure
adequate levels of flood protection for its residents and infrastructure by increasing coordination with
the agencies responsible for these levees to advocate for, and potentially fund, enhanced monitoring
and maintenance of these levees.

PRECEDENTS
Hurricane and Storm Damage Risk Reduction System, West Bank, Louisiana
Following Hurricane Katrina, upgrades were made to the levee system of the west bank of the Mississippi
River to allow for 100‐year water level flood protection. Existing levees were replaced, raised, or
otherwise enhanced to achieve increased protection. Additional floodwalls were also placed in areas of
higher risk to reduce the effects of overtopping due to storm surge.
This work is a part of a larger plan of the Coastal Protection and Restoration Authority, which was
established to focus the development and implementation efforts to achieve comprehensive protection
for Louisiana.
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REFERENCES + RESOURCES
–

U.S. Army Corps of Engineers South San Francisco Bay Shoreline Study
o http://www.southbayshoreline.org

–

San Francisquito Creek Joint Powers Authority
o http://www.sfcjpa.org

–

Long Island, New York Levee Damage Repair Costs
o http://www.gillibrand.senate.gov/newsroom/press/release/after‐senators‐push‐
schumer‐gillibrand‐announce‐long‐island‐farms‐eligible‐for‐funding‐to‐repair‐storm‐
damaged‐levees‐protecting‐over‐700‐acres‐of‐land

–

Hurricane and Storm Damage Risk Reduction System
o http://www2.mvn.usace.army.mil/pd/projectslist/home.asp?projectID=115

–

Louisiana’s Coastal Protection and Restoration Authority
o http://coastal.la.gov
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ASSET

All Assets

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding

S‐7. INCREASE THE DESIGN CRITERIA FOR CURRENT AND FUTURE FLOOD PROTECTION
PROJECTS FROM 100‐YEAR FLOOD EVENTS TO HIGHER‐IMPACT FLOOD EVENTS.
This strategy proposes that Santa Clara County work with SCVWD to encourage the adoption of a higher
level of protection along creeks than the current 100‐year event to be better prepared for future more
severe storm events.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Update standard

Long term

Utility (SCVWD)

CROSS ASSET SECTOR APPLICABILITY

All sectors with assets adjacent to creeks

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
SCVWD is currently engaged in several flood protection projects along the creeks for which it is
responsible (as noted in the Gap Analysis, see Appendix). The majority of the projects aim to provide
protection from the 1‐percent annual chance (100‐year) flood event, which is the current minimum
FEMA standard. While this sounds like a rare event, over a 30‐year planning horizon, there is a 25%
chance of experiencing a 100‐year flood or greater. Adopting a higher standard (e.g., 200‐year or 500‐
year event) would provide enhanced protection.
As part of the higher design criteria, riverine flood protection projects should also consider increased
downstream tidal boundary conditions that account for elevated extreme tide levels (such as the 25‐
year, 50‐year, or 100‐year storm surge scenario), as well as account for future SLR. Increased Bay water
levels can significantly impact the flood conveyance capacity of riverine reaches, particularly in the
downstream tidally‐influenced reaches. As part of this strategy, the County could work with SCVWD to
develop formal guidance on the design standards and criteria for flood protection projects. In order to
determine the appropriate design storm for flood protection projects (e.g., 200‐year or 500‐year flood
event), a cost‐benefit analysis can be conducted to compare the costs of constructing projects for a
higher‐impact flood event versus the value of the assets that would be protected as a result of enhanced
protection. Potential flood protection projects should consider a range of potential solutions (e.g.,
beyond a standard earthen‐fill levee solution), in order to minimize project costs associated with land
acquisition, construction, and permitting, and to maximize benefits such as reduced flood risk and other
ecosystem and environmental benefits.

IMPLEMENTATION
Timing
Future riverine flooding trends are not currently well understood in the Bay Area, and the projected
increase in riverine flooding is not assumed to be substantial in the short term. However, adopting
floodplain management ordinances that exceed the 100‐year storm event should always be encouraged
to reduce the flood risk associated with future extreme flood events.
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Potential Challenges and Solutions
FEMA requires all communities that participate in the NFIP to adopt floodplain management ordinances
that meet or exceed the minimum NFIP requirements, which are based on the 100‐year flood event.
Adopting ordinances that exceed the minimum NFIP requirements may increase the costs associated
with design and construction of flood protection projects, although this additional cost may be offset by
avoided losses due to providing a higher level of flood protection.

Additional Benefits
Adopting ordinances that exceed FEMA’s minimum standards may result in lower flood insurance
premiums for homeowners throughout Santa Clara County through FEMA’s Community Rating System
(CRS), which is a voluntary incentive program that recognizes and encourages community floodplain
management activities that exceed minimum NFIP requirements.

PRECEDENTS
Department of Water Resources Central Valley Flood Protection Plan, California
California’s Central Valley Flood Protection plan adopted the goal of using at least the 200‐year flood
event as the flood protection level for urban areas by the year 2016. Communities unable to make this
2016 goal must be able to certify that they are making adequate progress on an annual basis and will
meet the 200‐year event protection level by 2025.

REFERENCES + RESOURCES
–

FEMA’s Community Rating System
o https://www.fema.gov/national‐flood‐insurance‐program‐community‐rating‐system

–

Department of Water Resources Central Valley Flood Protection Plan
o http://www.water.ca.gov/cvfmp/docs/SPFCDescriptiveDocumentNov2010.pdf
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ASSET

All Assets

CLIMATE VARIABLE

Riverine Flooding

S‐8. MODEL PROJECTED CHANGE IN THE FREQUENCY AND MAGNITUDE OF RIVERINE
FLOODING CAUSED BY PRECIPITATION IN THE COUNTY.
This strategy proposes that Santa Clara County partner with other jurisdictions and agencies to
commission analyses of changes in frequency and magnitude of riverine flooding from precipitation
events. Improving the understanding of impacts of climate change on precipitation events can inform
the level of flood protection needed in the future, allowing for better protection of jeopardized
infrastructure and properties when faced with future storm events.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

County government (collaborative
with cities and agencies)

CROSS ASSET SECTOR APPLICABILITY

All

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Currently, the exposure of assets to riverine flooding is shown via FEMA’s FIRMs, which indicate areas in
Santa Clara County that are currently impacted by the 1% annual chance (100‐year) flood. However, the
FEMA FIRMs are intended to represent existing flood hazards and do not take into account potential
increases in future flood hazards due to increases in riverine flooding associated with potential increases
in the frequency and magnitude of precipitation events. While existing assets in the county may have
the capacity to withstand 100‐year flooding under existing conditions, this capacity may not be
adequate in the future if the frequency and magnitude of riverine flooding increases due to changes in
precipitation patterns.
This strategy recommends joint commissioning a study to improve the understanding of the impacts of
climate change on the frequency and magnitude of riverine flooding. Watersheds to be studied could
include Coyote, Guadalupe, Lower Peninsula, Uvas/Llagas, and West Valley. It is understood that the
existing condition assessments for these watersheds, particularly those presented in FEMA FIRMs, may
be out of date and no longer representative of existing flood risks. As part of the study, the County could
commission a review of, and updates to, existing condition flood assessments to help prioritize areas for
study under future conditions with climate change.

IMPLEMENTATION
Timing
Recent studies examining historic data from more than 600 stations in the Bay Area have found that, in
general, the Bay Area has experienced an increase in precipitation storm intensity over the past 120
years, with the largest increases occurring in the largest storms.2 These increases are expected to
2

Russo, T. A., Fisher, A. T., and Winslow, D. M. 2013. Regional and Local Increases in Storm Intensity in the San Francisco Bay
Area, USA, between 1890 and 2010. Journal of Geophysical Research: Atmospheres, 1–10
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intensify over the coming century. A recent national study commissioned by FEMA—the Impacts of
Climate Change and Population Growth on the National Flood Insurance Program through 2100—
explored the impacts that increases in storm intensity and frequency may have on riverine flooding on a
national scale. However, on a local scale, the impacts of precipitation changes on riverine flooding are
still poorly understood. Therefore, it is suggested that Santa Clara County engage in studies to improve
the overall understanding of the impacts to riverine flooding in the short term. This enhanced
understanding will better inform planners and decision makers on how to prioritize resources for
jeopardized infrastructure and assets, such as buildings and properties, transportation, energy, and
waste water, within areas subjected to existing and potential future flood risks.

Potential Challenges and Solutions
The County may not have staff capacity or funding to contribute to conducting the study.
The SCVWD could play a leading role in a study of riverine flooding in Santa Clara County. Such a study
could fall under the SCVWD’s Safe, Clean Water and Natural Flood Protection Program, through which
the County and its citizens have demonstrated a commitment to protecting water resources, wildlife
habitat and open space, and flood protection in Santa Clara County. This program has 15‐years of
dedicated funding from a special parcel tax initiative approved by voters in2012, which helps ensure the
program has adequate resources to achieve its goals and objectives.
The County may have difficulty prioritizing which creeks to study.
With more than 800 miles of creeks and rivers in the Santa Clara Valley, prioritizing which creeks to
analyze as part of a climate change study is a difficult task. The initial tasks under the study would be
programmatic in scale, including examining the local, relevant climate science data to better understand
potential future increases in precipitation intensity and frequency across Santa Clara County. As a
parallel task, the County could identify the existing baseline for understanding flood risks within each
creek and river (e.g., how recent are the existing flood risk studies for each creek, what is the existing
floodplain area associated with each creek, and which critical assets and infrastructure are located
within the floodplain area). With this programmatic baseline, the County could develop a ranking
methodology to prioritize the general order in which creeks should be evaluated, considering factors
such as degree of development, value of infrastructure impacted by the existing floodplain, and the
geography and hydrology of each watershed.

PRECEDENTS
Guadalupe River in Santa Clara County (Silicon Valley 2.0)
This case study analyzed flood hazards associated with the Guadalupe River system in Santa Clara
County due to potential changes in future climate change trends. Modeling was used to evaluate how
the floodplain may expand under different precipitation event magnitudes. Economic analyses were also
carried out to assess how repairs to flood damage (and associated costs) may increase under future
flooding events.
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Damon Slough in Alameda County
As part of the Metropolitan Transportation Commission’s 2014 Climate Change and Extreme Weather
Adaptation Study, an assessment of flood hazards in the Oakland Coliseum focus area was completed in
the Damon Slough and Arroyo Viejo Creek watersheds to better understand flood risk associated with
SLR, coastal storm surge, and increasing riverine flood hazards. The modeling was used to identify those
areas at greatest risk, and to inform adaptation strategy development to reduce existing and future
flood risks. This project was a partnership between the Metropolitan Transportation Commission,
California Department of Transportation District 4, Bay Area Rapid Transit, and the Bay Conservation and
Development Commission, with support from ACFCWD.

Ventura River in Ventura County
Ventura County, in partnership with the Nature Conservancy, undertook a comprehensive assessment of
future flood hazards associated with increases in SLR, storm surge, waves, and riverine flooding. The
project assessed potential future flood risks associated with climate change stressors from a holistic
watershed approach.

REFERENCES + RESOURCES
–

Guadalupe River in Santa Clara County
o Jaffe, D.A. 2014: “A comprehensive approach to assessing economic, infrastructure and
habitat impacts from climate change on riverine hydraulics.” Headwaters to Oceans
(H2O) Conference, San Diego, California.

–

Damon Slough in Alameda County
o Oakland Coliseum – Damon Slough/Arroyo Viejo Creek Focus Area Analysis presented
within the Metropolitan Transportation Commission’s 2014 Climate Change and
Extreme Weather Adaptation Study. http://www.mtc.ca.gov/planning/climate/

–

Ventura River in Ventura County
o http://coastalresilience.org/project‐areas/ventura‐county‐challenges

–

FEMA: The Impact of Climate Change and Population Growth on the National Flood Insurance
Program through 2100
o http://www.aecom.com/News/Sustainability/FEMA+Climate+Change+Report
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3BP BUILDINGS + PROPERTIES
BUILDINGS

PROPERTIES

3BP.1 Introduction
This asset sector includes buildings and properties located throughout Santa Clara County. This section
presents the results of the vulnerability assessment and economic consequences analysis conducted for
building and property assets in regards to projected changes in climate variables (sea level rise, storm
surge, riverine flooding, wildfire, and extreme heat). Findings were used to inform a comprehensive set
of climate adaptation strategies to help improve the climate resilience of these assets. Priority strategies
are presented in order by sub‐asset and the climate variable(s) addressed, and followed by a set of
“other strategies for consideration” that might be expanded over time as appropriate and feasible.

3BP.2 Vulnerability Assessment Summary [Buildings + Properties Assets]
This section presents a summary of buildings and properties assets vulnerable to changes in climate
variables for mid‐ and end‐of‐century. The vulnerability assessment is organized by climate variable.

BUILDINGS AND PROPERTIES
A summary of the vulnerability assessment results for the buildings and properties sector is provided in
Table 3BP.1, followed by additional information and analysis figures by climate variable.
Table 3BP.1: Buildings + Properties Vulnerability Summary by Climate Variable and Timeframe

SLR

SLR +
STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Properties (ac)

4,293

10,342

6,049

42,337

None

None

Buildings
(million sq. ft.)

190

117

73

283

138

129

Properties (ac)

11,108

13,961

2,853

42,337

None

None

Buildings
(million sq. ft.)

87

247

160

283

138

129

BUILDINGS AND PROPERTIES

Mid‐Century
Vulnerability
End‐of‐
Century
Vulnerability

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability
NOTE: The sensitivity analysis conducted earlier in this project revealed that building parcels are sensitive (and
therefore vulnerable) to wildfire hazards (particularly building parcels at the interface of developed and non‐
developed areas in the county). On the other hand, non‐building parcels such as parking lots are not sensitive (and
therefore not vulnerable) to wildfire hazards. Therefore, the assets vulnerable to wildfires area represented in terms
of square footage of buildings.

Sea Level Rise
Approximately 4,293 acres (1%) and 11,108 acres (2%) of land in the county were found to be highly
vulnerable to permanent inundation from sea level rise (SLR) projected for mid‐century and end‐of‐
century scenarios respectively. A significant portion of the parcels vulnerable to permanent inundation
from SLR are located along the northern portion of the county (near the Salt Ponds) and in the cities of
Palo Alto, Mountain View, Sunnyvale, Santa Clara, and San Jose.
In the city of Palo Alto, large numbers of the parcels vulnerable to permanent inundation in mid‐century
are within existing wetland and open space areas, such as Baylands Park and portions of the Palo Alto
Golf Course. However, there is also a significant amount of development vulnerable to mid‐century SLR.
This includes commercial areas along Embarcadero Road, office parks south of U.S. Route 101, single‐
family neighborhoods between 101 and Louis Road, and an apartment complex along 101. In the City of
Mountain View, most of the development parcels vulnerable to SLR in mid‐century are concentrated
east of the San Antonio Avenue interchange on U.S. Route 101 (up to Charleston Road). This includes a
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preschool and a portion of the Google office complex, as well as several retail (e.g., Costco) buildings
near the San Antonio Avenue interchange on Highway 101 (see Figure 3B.1i and Figure 3B.1ii).
In the end‐of‐century scenario, the permanent inundation areas from SLR expand to Sunnyvale, Santa
Clara, and San Jose. A large portion of the permanent inundation area includes technological company
campuses, such as Yahoo, Net App, and others south of Caribbean Road between Mathilda Avenue and
East Channel. In San Jose, some of the vulnerable development areas include office parks, small
businesses/retail, and single‐family homes between Grand Boulevard and Hope Street (see Figure 3B.3i
and Figure 3B.3ii).

Sea Level Rise + Storm Surge
When considering storm surge along with SLR, additional areas under temporary inundation increase by
approximately 6,049 and 2,853 ac under mid‐century and end‐of‐century scenarios respectively. Under
the mid‐century scenario, the temporary inundation areas extend to Ross Road in Palo Alto, to the
technology campuses in Sunnyvale (similar to end‐of‐century permanent inundation scenario), and
northern portions of Bayfront in Mountain View, Santa Clara, and San Jose. Under the end‐of‐century
scenario, the temporary inundation areas extend almost to Middlefield Road in Palo Alto, Leghorn Street
in Mountain View, and development around the interchanges of Lawrence Expressway and Zanker Road
(mostly to the west) along Highway 237 (see Figures 3B.2i, 3B.2ii, 3B.4i, and 3B.4ii).
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Figure 3BP.1i: Sea Level Rise (Mid‐Century)

Figure 3BP.1ii: Buildings + Properties Vulnerable to Sea Level Rise (Mid‐Century)
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Figure 3BP.2i: Sea Level Rise + Storm Surge (Mid‐Century)

Figure 3BP.2ii: Buildings + Properties Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

CH 3BP: Buildings + Properties

3BP‐5

Figure 3BP.3i: Sea Level Rise (End‐of‐Century)

Figure 3BP.3ii: Buildings + Properties Vulnerable to Sea Level Rise (End‐of‐Century)
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Figure 3BP.4i: Sea Level Rise + Storm Surge (End‐of‐Century)

Figure 3BP.4ii: Buildings + Properties Vulnerable to Sea Level Rise + Storm Surge (End‐of‐Century)
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Riverine Flooding
Buildings and properties are also highly vulnerable to riverine flooding. In the Silicon Valley 2.0 Decision
Support Tool (Tool), the vulnerability of buildings and properties to riverine flooding is determined by
FEMA Flood Insurance Rate Maps (FIRMS), which indicate 100‐year flood zones. Therefore, for assets
located near the Bay, it is possible that the flooding could be due to either storm surge or riverine
flooding. Figure 3B.5 shows the location of buildings and properties in the 100‐year flood zones.
Figure 3BP.5: Buildings + Properties Vulnerable to Riverine Flooding (Mid‐Century)

Wildfire
Many buildings in the county are located either in zones with existing wildfire hazards or at the interface
of hazard‐prone and safe zones, making them highly vulnerable to wildfire hazards. Figures 3B.6i
through 3B.8ii show the distribution of wildfire hazards under the baseline (reference year), mid‐
century, and end‐of‐century scenarios. Buildings are vulnerable to varying levels of wildfire hazard1
depending on their location. Buildings on the western side of the core urban centers are located in
zones with higher wildfire hazards than assets on the eastern side. For the assets on the western side of
the urban centers, the frequency and intensity of wildfires increases progressively (as indicated by
darker red zones) from the mid‐century to end‐of‐century scenarios.

1

Wildfire hazard is a measure of the likelihood of an area burning and how it burns (example: intensity, speed, embers
produced). Wildfire hazard zoning maps show wildfire hazards without considering the value of assets at risk.
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On the western side of the county, wildfire hazard ratings in the area bounded by State Route 17 in the
west, State Route 85 in the north, U.S. Route 101 in the east, and State Route 129 in the south increase
from very high in the reference year to extremely high by mid‐century, and extremely high+ by end‐of‐
century (see Figures 3B.6i–3B.8ii).
Figure 3BP.6i: Wildfire Hazard
(Reference Year)

Figure 3BP.6ii: Buildings + Properties
Vulnerable to Wildfire (Ref Year)

Figure 3BP.7i: Wildfire Hazard
(Mid‐Century)

Figure 3BP.7ii: Buildings + Properties
Vulnerable to Wildfire (Mid‐Century)

Figure 3BP.8i: Wildfire Hazard
(End‐of‐Century)

Figure 3BP.8ii: Buildings + Properties
Vulnerable to Wildfire (End‐of‐Century)

LEGEND NOTE: Ref= reference year (2007–2008), Mid = mid‐century projections, Late = end‐of‐century projections
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Extreme Heat
Properties in Santa Clara County are not sensitive, and therefore not vulnerable, to extreme heat events,
which are projected to increase due to climate change. Buildings are moderately vulnerable to extreme
heat in mid‐ and end‐of‐ century scenarios.

3BP.3 Mid‐Century Economic Consequences [Buildings + Properties Assets]
This section describes the economic consequences for damage or impairment of buildings and
properties in Santa Clara County. A summary of the findings is presented in Table 3B.2.
Table 3B.2: Summary of Economic Consequences for Building + Properties by Climate Variable

SEA LEVEL RISE

SEA LEVEL
RISE +
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Replacement Cost

High

Very High

Extreme

Extreme

N/A

Loss of Fiscal
Revenue

High

High

Very High

Very High

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

Low

Interruption of
Economic Activity

Moderate

High

Very High

High

N/A

Overall Economic
Consequences

High

Very High

Extreme

Extreme

Low

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise
The overall economic consequences of SLR on buildings and properties before accounting for any
adaptation strategies are high. Replacement costs of buildings that are damaged by inundation and
replacement cost of properties that are no longer usable due to inundation are high ($500 million–
$3 billion). Fiscal revenue losses are high ($4–$18 million) due to the loss of property tax revenue
from both buildings and properties, as well as some sales tax revenue loss from commercial buildings.
Interruption of economic activity from damaged commercial buildings is moderate ($100–$500 million).

Sea Level Rise + Storm Surge
The replacement costs for buildings and properties impacted by SLR + storm surge are very high ($3–
$13 billion). Replacement costs include buildings that are damaged by floodwaters and the replacement
cost of properties that are no longer usable due to permanent inundation. There are also high ($4–
$18 million) fiscal revenue consequences due to the loss of property tax revenue from reductions in the
assessed value of both buildings and properties. There is also some sales tax loss from commercial
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buildings. Interruption of economic activity from damaged commercial buildings is high ($500 million–
$3 billion).

Riverine Flooding
The overall economic consequences of riverine flooding on buildings and properties are extreme, as just
the replacement costs of the improved portions of the property (the buildings) that are damaged by
floodwaters are in excess of $13 billion. As compared to SLR, this analysis does not include replacement
costs of properties (unimproved land) due to the assumption that properties will retain their value after
floodwaters recede; however, this may not always be the case, especially if properties are unable to
obtain insurance. There are also very high ($18–$90 million) fiscal revenue impacts from the lower
assessed value of buildings as a result of flooding damage. Interruption of economic activity from
damaged commercial buildings is also very high ($3–13 billion).

Wildfire
Overall, the economic consequences of wildfire on buildings and properties are extreme (in excess of
$13 billion). The replacement costs of buildings are extreme as wildfire tends to completely destroy
buildings. The loss of fiscal revenue is very high ($18–$90 million). This analysis assumes a loss of
property tax revenue from the improved portion of the property for one year, on the presumption that
buildings will be rebuilt and property tax revenue will resume, but this may not always be the case.
Interruption of economic activity is high ($500 million–$3 billion). Interruption of economic activity is
lower for wildfire than other climate variables, because residential buildings rather than commercial
buildings tend to locate in high fire risk areas, so it is less likely that employees will be displaced from
their place of work.

Extreme Heat
Overall, the economic consequences of extreme heat on buildings and properties are low (less than
$100 million). The economic consequences come from increased operational costs for buildings as
extreme heat results in increased electricity consumption for air conditioning and thus higher utility bills.
Due to a lack of available information, no other costs were assessed (e.g., economic impact from power
outages). In addition, there are likely to be increased building operation costs associated with climate
change, from increased water and energy rates in response to higher peak demands with lower
capacity.

3BP.4 Risk Analysis [Buildings + Properties Assets]
Risk ratings are available in the Tool, but are not included in the Guidebook because they are largely a
reflection of the economic consequences analysis. Social and environmental consequences would
normally also inform a risk rating, but they were excluded from this analysis due to insufficient data to
quantify and express those consequences through the Tool.
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3BP.5 Climate Adaptation Strategies [Buildings + Properties Assets]
The following pages outline strategies for protecting the buildings and properties assets most vulnerable
to climate change, as summarized in Table 3BP.3. As explained at the beginning of Chapter 3, each
strategy includes additional information about timeframe, actors, implementation, and precedents.
They are organized by the climate variables they seek to address.
Table 3BP.3: Buildings + Properties Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Buildings + Properties
BP‐1. IDENTIFY A CORE STAKEHOLDER GROUP TO FACILITATE LAND
USE PLANNING STRATEGY IMPLEMENTATION.
BP‐2. IDENTIFY AND CONSIDER RELOCATION OPPORTUNITIES FOR
CRITICAL FACILITIES.
BP‐3. PROVIDE INCENTIVES TO DIVERT FUTURE DEVELOPMENT AWAY
FROM HIGH‐HAZARD AREAS.
BP‐4. PARTNER WITH CORPORATE CAMPUSES TO CREATE A REGIONAL
ADAPTATION STRATEGY FOR SILICON VALLEY TECH COMPANIES.
BP‐5. REVISE APPLICABLE BUILDING CODES TO REQUIRE FLOOD‐
RESISTANT DESIGN.
BP‐6. REVISE MINIMUM BUILDING ELEVATION STANDARDS AND
MAXIMUM BUILDING HEIGHT LIMITS FOR NEW DEVELOPMENT.
OTHER STRATEGIES FOR CONSIDERATION
BP‐7. Integrate natural stormwater systems within site and building
design to expand on‐site stormwater management capacity.
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ASSET

Buildings + Properties

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding, Wildfire

BP‐1. IDENTIFY A CORE STAKEHOLDER GROUP TO FACILITATE LAND USE PLANNING STRATEGY
IMPLEMENTATION.
A core working group of relevant stakeholders should be identified to help facilitate regional
collaboration and implementation of strategies related to land use planning decisions. The core group is
proposed to include both public‐sector and private‐sector participants to champion the strategies that
would result in better adaptation planning in the community and region. One of the benefits of
identifying a core group that could help guide implementation of land use strategies at a regional scale is
that doing so would create a level development platform among adjoining cities with similar sets of
policies on approaching land development in high‐hazard areas.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Regional partnership

Short term

Local government (collaborative)

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION/BACKGROUND
Climate change adaptation strategies call for a collaborative approach and regional participation,
instead of a piecemeal approach in which the degree of implementation varies from one jurisdiction to
another. These strategies are especially important to coordinate when land use planning decisions or
policies may affect development potential of a city or its neighbors. The Bay Area has multiple State,
regional, and federal regulatory agencies that influence policies related to local land planning decisions,
such as the Association of Bay Area Governments (ABAG), Bay Conservation and Development
Commission (BCDC), California Department of Forestry and Fire Protection (CAL FIRE), United States
Army Corps of Engineers (USACE), and U.S. Environmental Protection Agency (EPA). At the local level,
organizations such as the Cities Association of Santa Clara County and the Santa Clara County
Association of Planning Officials (SCCAPO) play a key role in collaborating with regional, State, and
federal agencies on land use planning decisions, as these organizations are specifically in place for local
elected officials and city planners to network, collaborate, and conduct policy research on issues of
mutual interest. Private entities (e.g., insurance companies, developers, etc.) also play a pivotal role in
decision‐making and should be represented among the stakeholders.
This strategy proposes forming a cooperative core stakeholder group that would establish and maintain
coordinated decision‐making and financing among public agencies and private entities. The group
should articulate the organizational roles and responsibilities of each participant, the data and analysis
that will be used, and the methods for making planning and funding decisions. The goal of this strategy
is long term, effective, and integrated implementation of land use strategies. A primary benefit of
considering inclusion of a core stakeholder representative from regulatory agencies with jurisdictional
authority over areas in the county is that doing so can help the group to get easy access to updated data
regarding a particular issue. For example, considering the inclusion of a CAL FIRE representative in the
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stakeholder group would also allow better access to State fire maps and greater knowledge of how they
can be modified to incorporate climate change impacts on wildfires trends in the region. Another
benefit of identifying a core group that can help guide land use strategy implementation at a regional
scale would be that a level development platform could be created among adjoining cities with similar
sets of policies on approaching land development in high‐hazard areas.
Models for this type of coordination could come from an existing Joint Powers Authority structure,
through a memorandum of understanding, or through other tools designed to organize diverse interests
and allow for shared decision‐making and financing.

IMPLEMENTATION
Timing
This strategy could be initiated in the short term (0–3 years). The first step involves identifying a list of
core stakeholder representatives and forming the group. It will be important to select and establish the
group early in the process, so that it can facilitate implementation of the strategies in spite of political
challenges in the region.

Potential Challenges and Solutions
This strategy will require coordination among public agencies, organizations, and private entities that
typically have not cooperated in the past on decision‐making and financing of shared projects. New
coordination efforts could cause significant challenges, particularly in initiating and maintaining the
group with full participation of all stakeholders.
A regional, State, or federal agency could serve as an early convener. This agency could provide staff and
technical assistance, and could ensure that group protocols and responsibilities are established. The
County could also consider a convener model that has demonstrated success in establishing an all‐
jurisdiction platform; e.g., from non‐government organizations such as JVSV.

PRECEDENTS
Iowa Climate Adaptation Report
While recognizing that implementation of adaptation techniques is specifically under the purview of local
jurisdictions, the first smart‐planning principle described in the Iowa Climate Adaptation Report calls for
collaboration among governmental, community, and individual stakeholders, including those outside the
jurisdiction of the entity. These stakeholders are to be involved during deliberations on planning, zoning,
development, and resource management decisions and during implementation of such decisions. The
planning strategies highlighted in the report include:
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Local governments’ responses to climate change need to be based on the best possible science.
Because climate change is bringing about previously unrecorded conditions, projections based on
new scientific modeling are the best way to anticipate and respond. Planners can develop the
knowledge and skills needed to communicate complex scientific information to citizens so that
they can understand climate change and its associated risks.
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Current science indicates that the specific impacts of climate change are highly regional and
even local in nature. Therefore, climate change policies cannot be based on a one‐size‐fits‐all
approach. Planning can promote processes designed to involve citizens in identifying and
prioritizing adaptation strategies appropriate for their communities.



Plan implementation often falls short because of citizens’ resistance to politically controversial
strategies. Despite the recognized validity of the science, it is a reality that climate change has
become a highly politicized topic. Communities stand a greater chance of implementing climate
change adaptation strategies if the planning process is used to educate citizens on the validity of
climate change science and to build among the public a committed constituency for climate
change adaptation.

State of Washington Cooperative Shoreline Master Program (SMP)
The following is an example of an existing program where the state coordinates and assists local
shoreline management that can be leveraged to implement land use strategy.


The Shoreline Management Act (SMA, RCW 90.58.020) establishes a cooperative program
between local and state governments for management of Washington’s fresh and saltwater
shorelines.



Local governments develop and administer a Shoreline Master Program for their local area, and
the Washington Department of Ecology provides support and oversight.



As a part of this program, two‐year SMP grants are available to local governments (cities, towns,
and counties) as assistance for implementing and updating approved SMPs. Grant limits are
dependent on shoreline length, complexity, population, and development pressure. Grant funds
are provided by the Washington State Legislature.

REFERENCES + RESOURCES
–

Iowa Climate Adaptation Report
o http://www.epa.gov/dced/pdf/iowa_climate_adaptation_report.pdf

–

State of Washington Cooperative Shoreline Master Program (SMP)
o http://www.ecy.wa.gov/programs/sea/grants/smp/moreinfo.html
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ASSET

Buildings + Properties

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding, Wildfire

BP‐2. IDENTIFY AND CONSIDER RELOCATION OPPORTUNITIES FOR CRITICAL FACILITIES.
Local and county general plans may be updated to identify critical facilities, such as schools, hospitals,
and fire stations that are located in high hazard areas. Some examples of critical facilities located in
areas expected to face permanent inundation include the Byers Eye Institute of Stanford (Palo Alto), 10
elementary schools (in Palo Alto, Mountain View, and San Jose), and four fire stations (in Mountain
View, at Moffett Field Airport, and in Sunnyvale and San Jose). Similarly, examples of critical facilities
vulnerable to wildfire include the Alma Fire Control Station in the City of Saratoga and the South Santa
Clara Fire Department in the City of Gilroy. Critical facilities should be considered for relocation to
unexposed areas over time, in line with their expansion or refurbishment cycles. Considering the
relocation of critical community facilities will help to reduce the vulnerability of these facilities to
hazards, especially since these facilities may also be used as emergency/temporary shelters for
dislocated populations during disasters.
SCALE

CLASS

INITIATION TIMING

LEAD

County

General Plan update,
development code
update

Short or medium term

Local government (collaborative),
school districts

CROSS ASSET SECTOR APPLICABILITY

Public Health, Solid + Hazardous Waste

POTENTIAL FOR NEAR TERM CO‐BENEFITS

Sustainable and resilient public facilities, emergency preparedness

STRATEGY DESCRIPTION / BACKGROUND
Operational continuity after a disaster is deemed crucial at critical facilities that fall into in several
categories: educational (day care centers, schools, colleges, and universities), medical (public hospitals
and public‐private partnerships), and public service‐related (fire stations, police stations). These facilities
can act as emergency/temporary shelters and can expedite the recovery of the community and region
from a disaster.
This strategy recommends that the County and its cities identify critical facilities that are located in areas
vulnerable to SLR and wildfires by mid‐century, and then partner with facility owners to relocate them
to unexposed areas over time, in line with the facilities’ expansion or refurbishment cycles. Many of the
critical facilities vulnerable to permanent inundation by mid‐century are located in Palo Alto: the Byers
Eye Institute of Stanford, five elementary schools (Emerson, Ohlone, De Anza, Palo Verde, and Helios
New School), one high school, and one university. Similarly, facilities vulnerable to wildfire by mid‐
century are concentrated in the cities of Saratoga, Monte Sereno, Los Gatos, Morgan Hill, Gilroy, and
southern San Jose, and include facilities such as hospitals, fire stations, police stations, and educational
institutions.
In the end‐of‐century scenario, additional critical facilities vulnerable to SLR are distributed among other
cities along the shoreline: five elementary schools (in Palo Alto, Mountain View, and San Jose), four fire
stations (in Mountain View, at Moffett Field Airport, and in Sunnyvale and San Jose), and three
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universities (including the Carnegie Mellon campus and Cogswell Polytechnic College). For example,
some of the fire stations vulnerable to end‐of‐century permanent inundation are located north of U.S.
Route 101 at Moffett Field Airport and in Santa Clara, Sunnyvale (#5 and #6), and San Jose (#25). The
County and the cities should look at options for relocating these vulnerable fire stations over time in a
manner that does not degrade the level of service provided, but ensures that they are situated outside
permanent inundation areas. Another example is Sofia University in Palo Alto, which is projected to be
located in the permanent inundation area by mid‐century. The City of Palo Alto could partner with
university personnel to plan for an alternative location for Sofia University.
In the case of wildfires, the number of facilities projected to be vulnerable to wildfire does not change
from mid‐century to end‐of‐century, but the hazard severity to which the facilities are exposed increases
in some areas, particularly the western part of the county. Given the large number of critical facilities
serving various parts of the county (e.g., approximately 30 fire and police stations, and 30 hospitals and
healthcare facilities were identified as vulnerable to wildfire by mid‐ and end‐of‐century), the most
critical facilities should be prioritized by the County based on factors such as type of service, service
area, redundancy levels, etc. and then considered for relocation over an appropriate timescale.
Collaborative region‐wide decisions need to be made about which types of critical public service
facilities to address and how to minimize hazards. Many factors must be considered when determining
strategies for reducing vulnerability. Among these are the facilities’ age and replacement schedules, and
the costs of relocating operations and of protecting and strengthening buildings. Policies to implement
this strategy may call for modifying the public services, safety, and land use elements of local general
plans and certain specific/area plans. Policies may also add various provisions into hazard mitigation and
capital improvement plans for relocating or upgrading existing facilities and systems. It may be possible
to require the project plans for proposed large‐scale developments to include relocations of, or
upgrades to, existing critical infrastructure and public‐serving facilities.

IMPLEMENTATION
Timing
This strategy could be initiated in the short term (0–3 years) to make sure any near term points of
intervention (i.e., updates to plans or refurbishment cycles) can be leveraged, but it is unlikely that any
actual relocation would happen until the medium or long term. The first steps involve identifying the
critical facilities of concern and conducting an inventory of these facilities that considers both hazard
locations and vulnerabilities. Next, vulnerability reduction policies would need to be developed and
adopted. This strategy would be implemented on an ongoing basis as funding and opportunities for
upgrades emerge.

Potential Challenges and Solutions
Critical public facilities are often cornerstones of neighborhoods and their locations are particularly tied
to easy accessibility and response time. Relocation of critical facilities may be a sensitive topic in the
neighborhoods they serve because of the potential for diminished public services.
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The County and cities should evaluate multiple options for addressing community needs, not only to
ensure no deterioration in the level of service, but also to guarantee the continued operation of these
critical facilities to expedite disaster recovery.

Additional Benefits
Working with health care facilities, educational institutions will help to foster resilient structures that
can help to house and treat dislocated populations after a disaster.

PRECEDENTS
City of San Jose, General Plan
San Jose already has many policies that address the location and continued operation of critical public
facilities. The County and other cities with vulnerable critical facilities can build on San Jose’s example.
Relevant policy excerpts from the Envision San Jose 2040 General Plan are shown below.
EC‐5.12 Locate critical or public facilities (such as the Water Pollution Control Plant, local hospitals, police
and fire service facilities, and schools) above the 500‐year floodplain or protect such facilities up to the
magnitude 500‐year flood. Construction standards based on FEMA guidelines may include freeboard,
elevation above the 500‐year floodplain, and elevated access ramps.
EC‐5.13 As a part of the City’s policies for addressing the effects of climate change and projected water
level rise in San Francisco Bay, require evaluation of projected inundation for development projects near
San Francisco Bay or at flooding risk from local waterways which discharge to San Francisco Bay. For
projects affected by increased water levels in San Francisco Bay, the City requires incorporation of
mitigation measures prior to approval of development projects. Mitigation measures incorporated into
project design or project location shall prevent exposure to substantial flooding hazards from increased
water levels in the San Francisco Bay during the anticipated useful lifetime of structures.

City of Boulder, Colorado
In 2013, the City of Boulder adopted an ordinance requiring enhanced flood protection measures for
critical facilities located in 100‐year and 500‐year floodplains. This ordinance applies to critical facilities
that serve at‐risk populations, such as schools, day care centers, and senior care centers. It also applies
to essential service facilities such as fire and police stations and water and wastewater treatment plants,
and high‐risk facilities such as sites that store hazardous materials. Any critical facilities that are located
in 500‐year floodplains must flood‐proof or elevate structures. Hazardous waste storage sites must use
enhanced methods to contain waste. Furthermore, all critical facilities located in either the 100‐year or
500‐year floodplain must have an evacuation plan or a shelter‐in‐place plan. The plan must have been
approved by an appropriate professional to ensure that the plan meets safety requirements.
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Schoharie Fire Station Relocation, New York
This example refers to a fire station that was relocated after being destroyed by Hurricane Irene in 2011.
After having 7.5 feet of water flow through it in 2011 floods, Niagara Engine Co. No. 6 was officially
relocated and rebuilt. A temporary fire station had to be built after the facility was out of operation for
18 months, and while federal funding was being sought to build a permanent structure. Initially the fire
department tried to come up with alternatives to flood‐resilient new structure by building a 2‐story fire
station in the same location. However, after working with FEMA and looking at the cost benefit of
staying in the same location, the fire department came to consensus that relocating to an area with low
vulnerability to floods would be a more practical decision.

REFERENCES + RESOURCES
–

City of San Jose, California
http://www.sanjoseca.gov/DocumentCenter/Home/View/474

–

City of Boulder, Colorado
o https://bouldercolorado.gov/pages/critical‐facilities‐lodging‐facilities‐ordinance

–

City of Schoharie, New York
o http://www.schohariefd.net/Flood_Recovery.html
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ASSET

Buildings + Properties

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding, Wildfire

BP‐3. PROVIDE INCENTIVES TO DIVERT FUTURE DEVELOPMENT AWAY FROM HIGH‐HAZARD
AREAS.
Land use maps in local general plans could identify areas that are projected to be vulnerable to SLR and
wildfire hazards. The cities and the County may then collaborate to identify incentives to divert future
development from these areas, such as transfer of development rights, density bonuses, and deferral of
impact fees. These provisions for incentives would reduce exposing new investment in high‐hazard
zones and help ensure the County’s long‐term economic resiliency and competitiveness.
SCALE

CLASS

INITIATION TIMING

LEAD

Cities

General Plan update

Short or medium term
(depending on general
plan update cycles)

Local government (collaborative)

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Identifying developable land in high‐hazard areas can be politically sensitive and could impose a greater
financial burden on one jurisdiction than on another, unless a similar set of setback guidelines or
policy/financial incentives is provided on a regional level. The County and its cities should evaluate the
respective land use maps of existing general plans to evaluate whether any new development is being
planned in permanent inundation areas (both for mid‐ and end‐of‐century scenarios) or in high‐risk
wildfire zones.
Some cities, such as San Jose and Mountain View, already have guidance that either requires evaluations
of projected SLR inundation for proposed projects or places a moratorium on building within flood
zones. This type of strategy will build on existing examples from these cities and create an incentive via
transfer‐of‐development‐rights (TDR) programs to discourage new development in vulnerable areas and
encourage existing development to move to safer zones, where feasible. Future development should be
reevaluated at a regional level to ensure that the policy guidance for TDRs can be applied in a manner
that is consistent for all development vulnerable to SLR along the San Francisco Bay.
CALFIRE also provides recommendations to cities with high wildfire vulnerability to update their zoning
codes to reflect these high hazard zones. Cities for which CALFIRE has made recommendations on Very
High Fire Hazard Severity Zones (VHFHSZ) are Cupertino, Gilroy, Los Gatos, Monte Sereno, Morgan Hill,
San Jose, and Saratoga. CALFIRE only has the power to recommend, and it is up to the city to decide if
they want to update their code via ordinances.
The 2015 Stronger Housing, Safer Communities report led by ABAG, in collaboration with BCDC and
funded by EPA, has produced a suite of strategies for developing safe smart growth in the Bay Area. It is
suggested that the County and its cities build on the report’s recommendations. The report provides
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specific strategies related to development of community benefit districts for flood protection, TDR,
density bonuses, beneficial uses, and other purposes.

IMPLEMENTATION
Timing
This strategy may be implemented in either the short term (0–3 years) or the medium term, depending
on general plan update cycles in the jurisdiction involved.

Potential Challenges and Solutions
Relocation and reconsideration of future development can be both a political and financial hurdle that
the County and jurisdictions may need to overcome. There may be concerns about unfairness in
evaluating areas of high hazard and risks to future development. The type of incentives provided could
also impose a burden on jurisdictions, already leveraging development incentives to achieve other
development goals, such as affordable housing.
The best way to alleviate concern about unfairness would be to consider offering a common set of
requirements and incentives at the regional level so that developers are provided with a level platform
for consideration of relocating proposed projects. A financing mechanism for tax sharing may also be
evaluated, in case a development needs to relocate to another jurisdiction because similar development
land is unavailable in the relevant jurisdiction.

PRECEDENTS
City of Mountain View, CA
The City of Mountain View’s Sustainability Task Force Final Report (2008) recommends that the City
should place a moratorium on additional city infrastructure or other city investments in the existing flood
zone and nearby areas likely to be in the flood zone during the useful life of the investment. Development
will only be approved once flood protection sufficient to protect the investment from a 100‐year event
during its lifetime has been designed, and construction is fully funded.

City of Sunnyvale, CA
City of Sunnyvale’s Draft Climate Action Plan recommends that proposed development projects analyze
and disclose possible impacts of climate change on the project area, thereby building on the City’s
existing requirement to protect property from 100‐year flood events.


Integrate potential climate change impacts into local planning documents and processes.



Action A‐3.1. Analyze and disclose possible impacts of climate change on the project or plan area
with an emphasis on SLR.



Action A‐3.2. Integrate climate change adaptation into future updates of the Zoning Code,
Building Code, General Plan, and other related documents.

CH 3BP: Buildings + Properties

3BP‐21

Douglas County, Colorado
Douglas County, Colorado created an overlay district within which high hazard wildfire zones were
identified, and development was regulated.
The Wildfire Hazard – Overlay Map is intended to serve as a guide to identify lands potentially at risk for
Wildfire. All land areas in the Overlay District shall be subject to field investigation to confirm actual level
of risk. The degree of mitigation required will depend on the results of the field investigation.

REFERENCES + RESOURCES
–

City of Mountain View, CA
o http://www.mountainview.gov/civicax/filebank/blobdload.aspx?blobid=5122

–

City of Sunnyvale Draft Climate Action Plan
o http://www.pmcworld.com/client/sunnyvale/documents/cap/Sunnyvale‐CAP_draft‐11‐
2011.pdf

–

Douglas County, Colorado
o http://www.douglas.co.us/zoning/zoning‐resolutions/section_17_wildfire_hazard_‐
_overlay_district/#a1704

–

ABAG and BCDC 2015. Stronger Housing, Safer Communities. Strategies for Seismic and Flood
Risks.
o http://resilience.abag.ca.gov/projects/stronger_housing_safer_communities_2015/
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ASSET

Buildings + Properties

CLIMATE VARIABLE

Sea Level Rise, Riverine Flooding

BP‐4. PARTNER WITH CORPORATE CAMPUSES TO CREATE A REGIONAL ADAPTATION
STRATEGY FOR SILICON VALLEY TECH COMPANIES.
Many corporate campus areas in Santa Clara County have been identified as vulnerable to either
permanent inundation or temporary flooding. Technological giants such as Yahoo, Google, Facebook,
LinkedIn, and Intuit are all within areas identified as highly vulnerable to permanent inundation from
SLR or temporary flooding from coastal or riverine flooding. Instead of leaving it up to each corporate
campus to create its own strategy, a regional partnership could encourage coordinated, integrated, and
more cost‐effective measures to ensure that the companies can remain in the region.
SCALE

County

CLASS

Program

INITIATION TIMING

LEAD

Short or medium term

Local government (collaborative) in
partnership with corporate campus
companies (possibly led by a regional
non‐profit convener)

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
The potential of climate adaptation strategies is often best realized when they are implemented at a
regional level. This is especially true when considering a private‐public partnership approach to
adaptation strategy implementation. The county and its cities are home to one of the world’s highest
concentration of technology giants and have a unique opportunity to leverage this position to partner
with local corporate headquarters and work towards a regional adaptation strategy. Technological
companies can also be tremendously powerful partners by providing smart technology support or social
media support in creating a communitywide viable adaptation strategy.
The vulnerability assessment shows that portions of campus areas owned by technology giants such as
Google, Yahoo!, NetApp, Facebook, LinkedIn, and Intuit are located in areas projected to be either
permanently inundated by SLR or impacted by temporary coastal or riverine flooding. Instead of leaving
it up to each corporate campus to create its own strategy, a regional partnership could encourage
coordinated, integrated, and more cost‐effective measures to ensure that the companies can remain in
the region. This partnership could extend to include other organizations with critical assets close to the
tech campuses that can contribute to both the planning and financing of such strategies.

IMPLEMENTATION
Timing
This strategy should be implemented in the short to medium term to ensure the most optimal allocation
of resources that could arise from public partnerships with technology giants.
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Potential Challenges and Solutions
Technology companies may only be looking for short term real estate planning strategies similar to the
short lifecycles of their products. This could be a business case challenge to accepting the long term
effects and vulnerability assessments of a changing climate.
Local jurisdictions may initiate a partnership with technology companies and corporate giants in Silicon
Valley and provide them with necessary information, but also flexibility to form overall regional
strategies that all companies feel invested in. This could require a regional public sector representative
to initiate discussions and build consensus.

Additional Benefits
Implementation of certain adaptation strategies could also lead to community benefits for
neighborhoods adjacent to corporate campuses.

PRECEDENTS
Novartis Pharmaceuticals Corporation, San Carlos, California
Novartis Pharmaceuticals Corporation is a major pharmaceutical company located in the lower reaches
of the Belmont Creek watershed in San Carlos, CA. Historically, the company’s research and production
facility has been exposed to frequent riverine flooding. In 2010 and 2011, the company incurred losses
amounting to almost $1 Million in repair costs and disrupted research and production. At first glance, the
company’s flood protection options were limited, aside from relocating the entire facility. However,
relocation was not feasible for the company and they decided to explore other flood protection options in
more depth. As a short term option, Novartis obtained permits to dredge the creek channel near the
facility as a way of increasing the flood capacity of the creek. However, this proved to be an ineffective
long term option, as the creek experienced sedimentation within a year of dredging. To explore long term
flood protection options, Novartis hired Wreco, a Bay Area engineering firm with expertise in stream and
coastal engineering. Wreco prepared a detailed watershed study of Belmont Creek, along with several
flood protection options, including detention basins, creek daylighting, floodplain restoration, tidal gates
where the creek meets the San Francisco Bay, etc. Next, Wreco evaluated the options by cost,
complexity, flood reduction potential, environmental impact, and regulatory acceptance. Wreco and
Novartis presented these ranked options to the USACE, the Regional Water Quality Control Board
(RWQCB), and the communities within the Belmont Creek Watershed (Belmont, San Carlos, and
Redwood City).
As a result of Novartis’ initiative, a spontaneous collaboration was born among the three communities,
which continues to this day in collaboration with other agencies such as USACE, the RWQCB, and the
California Department of Transportation (Caltrans). The flood protection option determined to be most
feasible for addressing flooding problems at Novartis was the use of an overflow pipe which would run
parallel to the Belmont Creek, down Harbor Boulevard. In addition, it was recommended that
modifications be made to the Twin Pines Park located southwest of the Novartis facility to naturalize the
creek in that area and improve water quality and habitat. These agencies continue to have discussions
on ownership, funding, and decision‐making related to the proposed flood protection option.
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Greenovate Boston, Massachusetts
The City of Boston has ambitious goals to reduce its carbon footprint 25% by 2020 and 80% by 2050.
Recognizing that some of the largest contributors for greenhouse gas (GHG) emissions were from private
sector, the City created the Greenovate campaign to encourage the private sector to develop and
implement its own long‐term strategic climate action plan (CAP) focused on energy use and
sustainability. The City provided direction through partnership and technical assistance, but allowed the
private sector the flexibility to develop its own plan by following some basic guidelines.
The framework for developing a CAP typically involves any combination of the following steps:


Establishing a point‐person or entity (Sustainability Director/Manager or Office)



Inventorying activities that consume energy in order to estimate GHG emissions



Benchmarking



Identifying short‐term and long‐term goals



Drafting and dispersing the plan



Educating employees



Monitoring and reporting results annually

Victorian Climate Change Adaptation Plan, State of Victoria, Australia
A key aspect of this Plan was the public sector’s recognition of the crucial role the private sector can play
in building community resilience. One of the key priorities of the Plan was to further develop policy
settings that support appropriate risk allocation and promote business innovation, including providing
access to information to assist the private sector to manage its risks. As committed in the Environmental
Partnerships document, the government is continuing to remove barriers to effective adaptation and
clarify insurance arrangements for climate‐related risks.

REFERENCES + RESOURCES
–

Novartis Pharmaceuticals Corporation, San Carlos, CA
o https://www.casqa.org/asca/belmont‐creek‐watershed‐study‐alternatives‐sustainable‐
watershed

–

Greenovate Boston, Massachusetts
o http://greenovateboston.org/resources/actions/energy‐and‐climate‐action‐plans‐for‐
the‐private‐sector/

–

Victorian Climate Change Adaptation
o http://www.climatechange.vic.gov.au/__data/assets/pdf_file/0006/158640/4493_DSE_
Climate_Change_Adaptation_Plan_WEB.pdf

–

Climate Change Information Resources, New York Metropolitan Resources
o http://ccir.ciesin.columbia.edu/nyc/pdf/q3c.pdf
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ASSET

Buildings + Properties

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding

BP‐5. REVISE APPLICABLE BUILDING CODES TO REQUIRE FLOOD‐RESISTANT DESIGN.
Local codes could be revised to include flood‐resistant design techniques for structures located in flood
hazard zones, to reduce potential damage to structures and contents from a flood event. Flood
resistance standards, as well as flood‐proofing in areas adjacent to flood hazard zones, could reduce
potential damage from future flooding associated with SLR, or by coastal or riverine flood events that
exceed the FEMA 1% annual chance (100‐year) flood conditions.
SCALE

CLASS

INITIATION TIMING

LEAD

City

Code revision

Short or medium term

Regional entity (ICC Tri‐Chapter
Uniform Code Committee, Peninsula
Chapter)

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
The current level of flood‐proofing for new construction may not be adequate to withstand current, let
alone, future flooding. Moreover, existing development in flood hazard zones may not have been
subject to flood‐proof construction techniques. Therefore, areas of both existing and new development
may be at risk of flooding, but have not yet been identified as being at risk. Flood insurance rate maps
(FIRMS) identify zones that are vulnerable to coastal and riverine flood hazards. However, depending on
when the study was conducted to either develop or update the FIRMs, timing gaps can produce maps
that may not identify all areas that are currently at risk, and are not likely to identify areas that could be
at future risk due to climatic changes such as SLR, storm surge elevations, or increased precipitation.
This strategy proposes that local governments adopt code revisions requiring flood‐proof construction
techniques for all development in special flood hazard and high hazard zones based on the most up to
date FIRM available. Furthermore, this strategy proposes extending flood‐proofing requirements to
adjacent areas that are currently identified as being at lower risk (e.g., within the 500‐year floodplain)
and that are likely to be at greater risk from both riverine and coastal flooding as sea level rises.
The County and its cities could encourage existing development to be retrofitted with flood protection
design techniques (such as adequate waterproofing, removable barriers, protective paint, dry‐proofing,
elevating living areas, and strategic placement of vegetation) to minimize structural deterioration during
periods of temporary inundation. For example, existing single‐family homes between Louis and Ross
Road in Palo Alto, or single‐family neighborhood between Grand Boulevard and Hope Street in San Jose
may be considered for a flood‐resistance‐retrofit pilot program.
Requiring or encouraging all new construction and substantially improved structures to incorporate
flood proofing methods may reduce the risk of damage from current flood events, and make an
allowance for future SLR, as well as for short term flood events that exceed the 1% annual chance (100‐
year) flood conditions shown on the FIRMs. “Substantially improved” generally means any
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reconstruction, rehabilitation, addition, or other improvement of a structure, the cost of which equals or
exceeds 50% of the market value of the structure before the start of construction associated with the
improvements.
Design of new buildings in areas projected to experience temporary flooding should accommodate
hydrostatic (standing water) and hydrodynamic (flowing water) pressures during floods. This type of
design would use techniques that account for buoyancy and deterioration caused by standing
floodwater. Some examples are using flood damage‐resistant building materials, anchoring methods to
avoid displacement, backflow and automatic shut‐off valves, and waterproofing. Through a
Development Code update process, jurisdictions may require installation of specialized components and
materials for new buildings to minimize damage from flooding. For example the City of Mountain View is
currently considering building standards and other site construction requirements to account for
flooding potential due to climate change.
Resources are available to cities in Santa Clara County to ensure that any updates to applicable building
codes are adopted consistently across the county. For example, the International Code Council (ICC) is a
member‐focused association dedicated to developing model codes and standards used in the design,
build, and compliance process to construct safe, sustainable, affordable, and resilient structures. The ICC
Tri‐Chapter Uniform Code Committee (TUCC) is committed to enhance regional consistency in the
application and enforcement of the codes by developing guidelines for code interpretation. This entity
has a chapter in the San Francisco Peninsula region, which includes Santa Clara County.

IMPLEMENTATION
Timing
While revising a code is not necessarily very time consuming (one or two years) and could be initiated in
the short or medium time, it would be preferable for revisions to happen in the short term in order to
influence as many new developments as possible.

Potential Challenges and Solutions
More stringent building codes may be hard to adopt due to potential resistance from developers, who
may be concerned that the flood resistant design might increase construction costs.
Jurisdictions may be more successful in amending building codes if they work with FEMA and
neighboring jurisdictions to develop consistent codes that balance competing needs and encourage an
overall reduction in potential flood damage. Adopting codes that exceed minimum National Flood
Insurance Program (NFIP) requirements links directly with FEMA’s Community Rating System (CRS),
which could result in insurance premium reductions for participating communities. Articulating this
benefit could help reduce potential opposition.

Additional Benefits
Through the development of codes that require increased levels of flood proofing, it is assumed that the
market will react to develop techniques and products to support the implementation of the code.
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PRECEDENTS
City of New York, NY
In early 2013, the New York City Building Code, Appendix G was updated to match New York State
standards for flood protection: to require new and substantially remodeled buildings to protect to a level
one or two feet higher than the FEMA‐designated flood elevation, depending on building type. Single‐
and two‐family homes are now required to provide two feet of extra protection (commonly called
“freeboard”) above flood elevation, and most other buildings are required to provide a foot of freeboard.
Figure 3B.9: New Building Code Requirement with 2 Feet of Freeboard for Single‐Family Homes

Source: NYC Buildings, http://www.floods.org/Files/Conf2014_ppts/H3A_Colgate.pdf

In addition, owners of severely damaged or destroyed buildings are required to comply with the flood
resistant construction standards of the Building Code when they rebuild. Any property owner within the
newly enlarged FEMA flood zones may consider making their building comply with new FEMA standards,
which call for them to be raised or flood‐proofed to a higher elevation. This will reduce vulnerability to
future floods, as well as help to avoid higher flood insurance premiums.
Flood‐resistant construction standards are minimum requirements for construction in the flood zones
established by FEMA, the New York State Building Code, and the City’s Building Code. These standards
require that flood‐resistant materials be used for parts of buildings that are susceptible to water
damage, that certain buildings and uses be elevated above anticipated flood levels, and that buildings
are designed to withstand the pressure of waves, when necessary. Flood‐resistant construction standards
are defined in Appendix G of the NYC Building Code and the American Society of Civil Engineers’ Flood
Resistant Design and Construction manual, referred to as ASCE 24.

A Stronger More Resilient New York
Chapter 4 of this report specifically describes strategies for enhancing resilience of existing development:
encourage existing buildings in the 100‐year floodplain to adopt flood resiliency measures through an
incentive program and targeted requirement. This program consists of two elements:
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An incentive program, which will fund a portion of eligible flood‐protection costs for existing
building stock, subject to available funding.
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A requirement for large buildings—those with seven or more stories that are more than 300,000
square feet in size—to undertake flood‐protection measures by 2030.

City of Richmond
The City of Richmond’s Code of Ordinances has flood‐proofing requirements for structures that have the
first floor elevation (or the basement elevation) lower than the 100‐year flood elevation. This code could
be revised such that flood‐proofing requirements are expanded to additional areas and to additional
structures.


Richmond General Plan, Public Safety and Noise Chapter, Action SN.1D



Richmond Code of Ordinances, Article XII – Public Works, Chapter 12.56 – Flood Damage
Prevention.

REFERENCES + RESOURCES
–

Coastal Climate Resilience: Designing for Flood Risk
o http://www.sustainablenyct.org/news/NYCDCP_DESIGNING%20FOR%20FLOOD%20RISK
_DRAFT‐LOW.pdf

–

A Stronger More Resilient New York
o http://www.nyc.gov/html/sirr/downloads/pdf/final_report/Ch4_Buildings_FINAL_single
s.pdf

–

City of Richmond
o https://library.municode.com/HTML/16579/level2/ARTXIIPUWO_CH12.56FLDAPR.htmlh
ttps://library.municode.com/HTML/16579/level2/ARTXIIPUWO_CH12.56FLDAPR.html
o

–

https://library.municode.com/HTML/16579/level2/ARTXIIPUWO_CH12.56FLDAPR.html

International Code Council Tri‐Chapter Uniform Code Committee Peninsula Chapter
o http://www.iccpeninsula.org/

This strategy also can draw on the following FEMA and USACE resources on flood‐proofing:
–

New York City after Superstorm Sandy
o http://www.floods.org/Files/Conf2014_ppts/H3A_Colgate.pdf

–

New York City Building Code, Appendix G
o http://www2.iccsafe.org/states/newyorkcity/Building/PDFs/Appendix%20G_Flood‐
Resistant%20Construction.pdf

–

Regulatory Reform FEMA Flood Proofing Programs
o http://www.fema.gov/national‐flood‐insurance‐program‐2/floodproofing

–

USACE Flood Proofing Techniques, Programs, and References
o http://www.usace.army.mil/Portals/2/docs/civilworks/Project%20Planning/nfpc/Flood
%20Proofing%20Techniques%20Programs%20and%20References%202000.pdf

–

USACE Local Flood Proofing Programs
o http://crsresources.org/files/300/360_local_flood_proofing_programs_2005.pdf
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ASSET

Buildings + Properties

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding

BP‐6. REVISE MINIMUM BUILDING ELEVATION STANDARDS AND MAXIMUM BUILDING
HEIGHT LIMITS FOR NEW DEVELOPMENT.
Revise building standards to require that habitable building space and sensitive building components be
elevated above current and future coastal or riverine flood levels. In tandem, maximum building height
limits may be increased to reduce conflicts where these codes are applied together.
SCALE
City

CLASS
Building code revision

INITIATION TIMING

LEAD

Short to medium term

Regional entity (ICC Tri‐Chapter
Uniform Code Committee, Peninsula
Chapter)

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Codes addressing new development include specifications for building elevation and maximum building
height standards. Current codes may require new buildings to have habitable first floors, and in cases
where buildings are located within Special Flood Hazard Areas (SFHA), as reflected on FIRMs, sensitive
building components may be required to be elevated. However, codes are unlikely to require similar
standards in areas at risk of future inundation due to SLR or temporary riverine or coastal flooding.
Local development codes also include specifications limiting the heights of buildings, measured in feet
and/or building stories. These codes may not always discount the first floor building elevation from the
overall height limit. Therefore, if building elevation standards are updated to reflect changes to the
SFHA or to account for future flood risks, these updates may be in conflict with development codes that
set maximum building height limits.
Therefore, this strategy suggests revising development codes to increase the minimum elevation
requirements for habitable building space and sensitive building components. The increased elevation
requirements would be above expected flood levels plus an amount of freeboard in areas within the
current 100‐year and 500‐year flood event, high‐hazard zones, areas adjacent to these zones, and areas
expected to flood as sea level rises. Furthermore, this strategy suggests revising development codes to
discount the elevated portion of the building from the measured building height, including additional
elevation above the expected flood level (i.e., freeboard). Specifically, the portion of a building
(measured from ground level) that elevates the structure above the projected flood levels plus an
amount of freeboard would not be counted towards the building’s height allowance.
The feasibility of modifying the building height allowance would depend on the other benefits that could
accrue, including requirements or incentives for street activation to maintain a vibrant urban setting, as
consistent with flood safety. Activation may include adding outdoor seating and other activity areas,
elevated stoops, terraces, balconies, parklets, murals, and other building art that encourages street‐level
activity.
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Resources are available to cities in Santa Clara County to ensure that any updates to applicable building
codes are adopted consistently across the county. For example, the International Code Council (ICC) is a
member‐focused association dedicated to developing model codes and standards used in the design,
build, and compliance process to construct safe, sustainable, affordable, and resilient structures. The ICC
Tri‐Chapter Uniform Code Committee (TUCC) is committed to enhance regional consistency in the
application and enforcement of the codes by developing guidelines for code interpretation. This entity
has a chapter in the San Francisco Peninsula region, which covers Santa Clara County.

IMPLEMENTATION
Timing
This strategy may be implemented in the short to long term range. This would involve revising building
codes in jurisdictions with permanent inundation and temporary flooding zones.

Potential Challenges and Solutions
This strategy would require revisions to local development codes where applicable, along with
appropriate training for local building officials to understand the new requirements and limits of
application. The revisions should be included in plan checklists to ensure proper enforcement. Therefore,
the biggest challenge for implementation of this strategy would be availability of funding and resources.
This strategy does not require much regional collaboration, as each jurisdiction can update its code as
funding is available. However, it will be useful to coordinate on similar sets of elevation requirements
among adjacent cities to create consistent development criteria in the region.

Additional Benefits
By improving resiliency of new structures this strategy will improve the ability of residents to stay in
their homes during a flood.

PRECEDENTS
Zoning Code Amendment on Elevation, New York City, New York
Updates to building elevation standards and building height‐limit standards have been implemented in
New York City, in the form of a zoning code amendment (11‐339 Post Hurricane Sandy Construction).
This amendment was one part of a wide range of efforts by New York to recover from Hurricane Sandy,
promote rebuilding, and increase the city’s resilience to climate‐related events, including coastal flooding
and storm surge. The changes were intended to remove regulatory barriers that would hinder or prevent
the reconstruction of storm‐damaged properties. They also were needed to enable new and existing
buildings to comply with new, higher flood elevations that were issued by the FEMA and to meet new
requirements in the New York City Building Code. Constructing to these new standards will reduce
vulnerability to future flood events, as well as help property owners avoid higher flood insurance
premiums. The zoning code changes will allow interior stairs and ramps to be discounted from floor area
calculations at a ratio proportional to the height of the first floor above grade. In higher density
commercial districts, where the entire street wall has to be located on the street line, this requirement
will be reduced to 70 percent to allow flexibility to provide stairs and ramps outside the building. The
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zoning changes also will allow creative landscaping solutions in front yard or setback areas, such as
gently sloped or terraced landscaping toward the main building entrance, fronting the street.

REFERENCES + RESOURCES
–

Amendment to New York City Zoning Text on Flood Resilience
o http://www.nyc.gov/html/dcp/pdf/flood_resiliency/final_text.pdf

–

International Code Council Tri‐Chapter Uniform Code Committee Peninsula Chapter
o http://www.iccpeninsula.org/

3BP.6 Other Adaptation Strategies for Consideration [Buildings + Properties]
ASSET(S): BUILDINGS + PROPERTIES
Climate Variables: Storm Surge, Riverine Flooding
BP‐6. Integrate natural stormwater systems within site and building design to expand on‐site
stormwater management capacity: This strategy would encourage/require new
development (and redevelopment sites) to use Low Impact Development techniques to
ensure there is no “new” stormwater run‐off from the site after development, even with
considering frequent heavy storms in the future due to a changing climate. For example, each
development can choose from a menu of stormwater Best Management Practices (e.g., bio
swales, rain gardens, infiltration areas, rainfall harvesting, and water reuse mechanisms) to
decide what would be most applicable to its site to maintain at pre‐development stormwater
runoff level, even when considering changing precipitation patterns and more intense rain
events. Through a Development Code update, new development in areas projected to
experience temporary flooding should be required to ensure that the percolation capacity
within the development site is increased to adapt to heavier precipitation levels in the future.
Many cities in the county already have measures in place to reduce stormwater runoff. This
strategy will build on existing guidance to ensure that the precipitation levels and frequency
considered in designing these LID measures account for future scenarios.
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3C COMMUNICATIONS
FIBER OPTIC LINES

DATA CENTERS

COMMUNICATION TOWERS

3C.1 Introduction
The Communications asset sector includes three sub‐assets: fiber optic lines, data centers, and
communication towers located in Santa Clara County. This section presents the results of the
vulnerability assessment and economic consequences analysis for communication assets in regards to
projected changes in climate variables (sea level rise, storm surge, riverine flooding, wildfire, and
extreme heat). Findings were used to inform a comprehensive set of climate adaptation strategies to
help improve the climate resilience of these assets. Priority strategies are presented in order by sub‐
asset and the climate variable(s) addressed, and followed by a set of “other strategies for consideration”
that might be expanded over time as appropriate and feasible.

3C.2 Vulnerability Assessment Summary [Communications Assets]
FIBER OPTIC LINES
The assessment is based on approximately 686,000 feet of fiber optic lines in Santa Clara County.1 A
summary of the vulnerability assessment results for fiber optic lines is provided in Table 3C.1 followed
by additional information and analysis figures by climate variable.
Table 3C.1: Fiber Optic Lines Vulnerability Summary by Climate Variable and Timeframe

FIBER OPTIC
LINES

SEA LEVEL
RISE

SLR +
STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

Mid‐century
Vulnerability

None

None

None

End‐of‐century
Vulnerability

None

None

None

RIVERINE
FLOODING

59,187
(13%)
59,187
(13%)

WILDFIRE

EXTREME
HEAT

None

None

None

None

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

Sea Level Rise + Storm Surge
No fiber optic lines were found to be vulnerable to permanent inundation from sea level rise (SLR), or
from temporary coastal storm surge, in either mid‐ and end‐of‐century scenarios.

Riverine Flooding
Approximately 59,187 feet (13%) of mapped fiber optic lines were rated moderately vulnerable to
temporary riverine flooding from precipitation under the mid‐ and end‐of‐century scenarios (see Figure
3C.1). Given that the fiber optic lines are already in the 100‐year floodplain (as shown in FEMA FIRMs),
the lines may already experience temporary flooding. As such, these lines may have existing adaptive
capacity to withstand more frequent flooding events.

1

The data on the fiber optic lines includes lines installed and maintained by Metromedia, a provider of internet infrastructure in
the Bay Area (see: http://www.cpuc.ca.gov/Environment/info/saic/metromedia/index.htm). However, there may be additional
fiber optic lines installed and maintained by other service providers, for which data is not available.
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Figure 3C.1: Fiber Optic Lines Vulnerable to Riverine Flooding (Mid‐ and End‐of‐Century)

DATA CENTERS
The assessment identified approximately 29 data centers in Santa Clara County.2 A summary of the
vulnerability assessment results for data centers is provided in Table 3C.2 followed by additional
information and analysis figures by climate variable.
Table 3C.2: Data Center Vulnerability Summary by Climate Variable and Timeframe (data centers)

DATA CENTERS

SEA LEVEL
RISE

SLR +
STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

Mid‐century
Vulnerability

None

None

None

End‐of‐century
Vulnerability

None

None

None

RIVERINE
FLOODING

2
(7%)
2
(7%)

WILDFIRE

EXTRREME
HEAT

None

None

None

None

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

2

Publicly available data on the locations of data centers was collected from http://www.datacentermap.com/. However, most
data center owners are unable to provide information on locations of data centers due to security concerns. As such, it is
possible that the inventory data on data centers is not comprehensive.
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Riverine Flooding
Two (7%) of the mapped data centers were found to be highly vulnerable to temporary riverine flooding
in both mid‐ and end‐of‐century scenarios (see Figure 3C.2). One of the data centers, owned by
Terremark, Worldwide, Inc. at 3030 Corvin Drive in Santa Clara, CA 95051, is located in the Calabazas
Creek floodplain. Flooding at this data center appears to be localized to approximately half a block of
commercial buildings. The proximity of the facility to other businesses could potentially make a case for
the implementation of regional riverine flood protection strategies (see Section 3S on Shoreline Flood
Protection strategies for further detail). Another option for this facility is the construction of a sea wall
or other barrier around the data center, or other forms of facility‐specific flood‐proofing measures.
The other data center, owned by Silicon Valley Colocation, Inc. at 1111 Karlstad Drive in Sunnyvale, is
also in the Calabazas Creek floodplain. Given that the data centers are already in the 100‐year floodplain
(as shown in FEMA FIRMs), they may already experience temporary flooding. As such, these assets may
have existing adaptive capacity to withstand more frequent flooding events.
Figure 3C.2: Data Centers Vulnerable to Riverine Flooding (Mid‐ and End‐of‐Century)
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COMMUNICATION TOWERS
The assessment identified approximately 111 communication towers in Santa Clara County.3 A summary
of the vulnerability assessment results for towers is provided in Table 3C.3 followed by additional
information and analysis figures by climate variable.
Table 3C.3: Towers Vulnerability Summary by Climate Variable and Timeframe (towers)

TOWERS

SEA LEVEL
RISE

SLR +
STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

Mid‐century
Vulnerability

None

None

None

End‐of‐century
Vulnerability

None

None

None

RIVERINE
FLOODING

WILDFIRE

15

79

(14%)

(71%)

15

79

(14%)

(71%)

EXTREME
HEAT

None
None

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

Seventy‐nine of the mapped communication towers (71%) are highly vulnerable to wildfire impacts in
both mid‐ and end‐of‐century scenarios. Figure 3C.3 shows the vulnerability of towers to wildfires under
the baseline, mid‐century, and end‐of‐century scenarios. These towers are primarily located in non‐
urban areas, on the eastern and western sides of the urban centers in the county. The towers are
exposed to varying levels of wildfire hazard4 depending on their locations in the hills. The towers on the
western side are located in zones with higher wildfire hazards than the towers on the eastern side. The
frequency and intensity of wildfires in the western side increase progressively (as indicated by darker
red zones) from the reference scenario to the mid‐ and end‐of‐century scenarios.

3

Data on locations of communication towers was obtained from the Santa Clara County GIS Department. This data includes
locations of known telecommunications installations or installations which have been approved by the Planning Office, and was
last updated in 2008. Therefore, any changes to communication towers in the County after 2008 are not reflected in this data.

4

Wildfire hazard is a measure of the likelihood of an area burning and how it burns (e.g., intensity, speed, and embers
produced). Wildfire hazard zoning maps show wildfire hazards without considering the value of assets at risk.
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Figure 3C.3: Towers Vulnerable to Wildfires (Reference, Mid‐Century, End‐of‐Century)

LEGEND NOTE: Ref= reference year (2007–2008), Mid = mid‐century projections, Late = end‐of‐century projections
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In the case of riverine flooding, 15 of the mapped towers (14%) were found to be moderately vulnerable
to riverine flooding (see Figure 3C.4). Taking into consideration the height of these towers, it is likely
that only the bases of the towers will be impacted by temporary flooding. Given that the
communications towers are already in the 100‐year floodplain (as shown in FEMA FIRMs), they may
already experience temporary flooding. As such, these towers may have existing adaptive capacity to
withstand more frequent flooding events.
Figure 3C.4: Towers Vulnerable to Riverine Flooding (Mid‐ and End‐of‐Century)

3C.3 Mid‐Century Economic Consequences [Communications Assets]
The following section estimates the potential economic consequences of climate change impacts on
communications assets. The analysis estimates the economic consequences in order of magnitude under
a mid‐century (2050) climate change scenario in which no adaptive measures have been taken, which
allows decision‐makers to consider adaptation measures that could help avoid the greatest costs.
Chapter 2 provides more information on the framework of this analysis, including definitions of criteria
and ratings.

FIBER OPTIC LINES
The economic consequences of climate impacts to fiber optic lines were not assessed due to insufficient
availability of cost and facility data.
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DATA CENTERS
The economic consequences of climate impacts to data centers were not assessed due to insufficient
availability of cost and facility data.

COMMUNICATION TOWERS
This section describes the economic consequences for damage or impairment of communication towers.
A summary of the findings can be found in Table 3C.4.5
Table 3C.4: Summary of Economic Consequences for Communication Towers by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Replacement Cost

N/A

N/A

Low

Low

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

N/A

N/A

Low

Low

N/A

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Riverine Flooding
The economic consequences for riverine flooding on communication towers are low (less than
$100 million) due to the replacement costs for communication towers damaged by floodwaters.

Wildfire
The economic consequences for wildfire on communication towers are low (less than $100 million) due
to the replacement costs for communication towers damaged by floodwaters.

3C.4 Risk Analysis [Communications Assets]
Risk ratings are available in the Tool, but they are not included in the Guidebook, because they are
largely a reflection of the economic consequences analysis. Social and environmental consequences
would normally also inform a risk rating, but they were excluded from this analysis due to insufficient
data to quantify and express those consequences through the Tool.

5

Note: damage to critical communication assets could result in severe interruptions to economic activity, but due to lack of
data, this analysis does not include interruption of economic activity for these assets.
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3C.5 Climate Adaptation Strategies [Communication Assets]
The following pages outline strategies for protecting the communications assets most vulnerable to
climate change, as summarized in Table 3C.5. As explained at the beginning of Chapter 3, each strategy
includes additional information about timeframe, actors, implementation, and precedents. They are
organized by the climate variables they seek to address.
Table 3C.5: Communications Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Fiber Optic Lines, Data Centers, and Communication Towers
C‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS FOR
COMMUNICATION INFRASTRUCTURE ASSETS.
C‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION
OPTIONS BY WEIGHING THEIR RELATIVE COSTS AND BENEFITS.
C‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM RIVERINE FLOODING AND WILDFIRE.
OTHER STRATEGIES FOR CONSIDERATION
C‐4. Prepare ahead of forecasted extreme events to minimize
inundation impacts.
C‐5. Secure locations of assets in non‐flood prone areas.
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ASSET

Fiber Optic Lines, Data Centers, Communication Towers

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding, Wildfire, Extreme Heat

C‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS FOR COMMUNICATION
INFRASTRUCTURE ASSETS.
This strategy proposes that Santa Clara County share data with service providers on the projected
impacts of climate change, at the county scale, for variables such as SLR, storm surge, riverine flooding,
wildfire, and extreme heat, to enable service providers to assess the vulnerability of their assets to
climate change.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

Service providers in liaison with
County government

CROSS ASSET SECTOR APPLICABILITY

Energy sector

POTENTIAL FOR NEAR‐TERM BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Communications service providers typically have restrictions on the data they can share with local
agencies on the precise locations of their infrastructure assets. Without a complete inventory and
knowledge of the location of these assets, it is not possible for local agencies to determine potential
exposure to climate impacts, and thus whether adaptation strategies are needed to increase the
resilience of the assets.
This strategy recommends that the County share data with service providers on climate change
projections at the county scale for SLR, storm surge, riverine flooding, wildfire, and extreme heat. This
would enable service providers to use that data, in combination with other sources of climate data, to
assess the vulnerability of their assets to climate change.
In addition, an important part of determining vulnerability is adaptive capacity. While the Silicon Valley
2.0 Vulnerability Assessment included adaptive capacity at a regional level, analysis at the regional level
may not be adequate to determine the adaptive capacity of specific assets. Adaptive capacity can vary
considerably from asset to asset depending on a numbers of factors, such as its current condition and
performance, ability to accommodate change, and interdependency with other assets and systems. This
strategy recommends that service providers use information from the SV 2.0 Project as a basis to
conduct site‐specific inspections and assessments of assets to understand the extent to which they
exhibit adaptive capacity. These assessments can form the basis for future adaptation strategy
development.
Service providers may also wish to consider what elements of the detailed vulnerability assessment they
can share with the County and other stakeholders in order to facilitate a productive dialogue about
adaptation options.
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IMPLEMENTATION
Timing
Ideally, this strategy would be initiated in the short term (0–3 years), as understanding asset‐level
vulnerability is crucial to developing adaptation strategies. Communication service providers could use
information from the vulnerability assessment to prioritize or determine the timeline by which certain
assets will undergo a detailed vulnerability assessment. For example, service providers may choose to
prioritize conducting vulnerability assessments in the short term for the two data centers rated as highly
vulnerable to riverine flooding by mid‐century, and the 79 towers rated as highly vulnerable to wildfire
by mid‐century. Given that over 71% of the mapped towers were rated as vulnerable to wildfire by mid‐
century, more detailed assessment of tower assets would likely be a high priority.
The next priority, with potentially a medium term timeframe (3–10 years), could be for service providers
to assess the vulnerability of nearly 60,000 feet of fiber optic lines and 15 towers rated as moderately
vulnerable to riverine flooding by mid‐century. Although the vulnerability assessment did not find any
communications assets to be vulnerable to permanent inundation from SLR or temporary storm surge, it
would be valuable for service providers to conduct a more detailed vulnerability assessment for those
impacts, because service providers likely have a more comprehensive inventory of communications
assets located near the San Francisco Bay.
This strategy would also be an ongoing effort. As the County and other local governments obtain
updated or more precise climate change projections, they should consider continuing to share this
information with service providers so that vulnerability assessments can be updated.

Potential Challenges and Solutions
There are close to 50 telecommunications service providers operating in Santa Clara County and the local
government does not have regulatory authority over this industry. Coordination between the County and
service providers about climate projections and vulnerability assessments may be complex and the
County cannot make vulnerability assessments mandatory.
The County may consider playing a convener role to bring together telecommunications service
providers to go through the process of completing a detailed vulnerability assessment. The County may
consider focusing coordination with the service providers that own the assets rated as highly vulnerable
from this assessment. For example, the companies that own the most towers rated as highly vulnerable
to wildfire by mid‐century include Sprint (7), Verizon (7), and Nextel (7). The County may also focus on
coordinating with the owners of critical assets, such as data centers. For example, Terremark
Worldwide, Inc. and Silicon Valley Colocation, Inc. own the data centers rated as highly vulnerable to
riverine flooding by mid‐century.
The County and other local governments may also consider leveraging their franchise agreements with
communication service providers for the provision of services to government agencies and for access to
public rights‐of‐way as a means to promote and advance the completion of detailed vulnerability
assessments.
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Given that communications is a critical public service, stakeholders may be interested in the results of
detailed vulnerability assessments. However, service providers may be sensitive about providing detailed
information on asset‐level vulnerability for security purposes and other reasons.
Service providers may want to strategize on what level of information they can provide to stakeholders
from detailed vulnerability assessments, and what input from stakeholders would be most helpful for
determining vulnerability and appropriate resilience strategies. Convening a group of stakeholders for a
joint fact‐finding and collaborative effort may build trust and incorporate more sources of information
and ideas. The County could play the role of convener of interested parties.

PRECEDENTS
Power Sector Climate Adaptation Study, Hong Kong
AECOM worked with an electric power company [confidential client] to conduct a detailed vulnerability
assessment and adaptation strategy for three assets that the company identified as potentially having a
high vulnerability to future climate impacts. In addition to desktop research on the asset’s climate‐
related vulnerability, the AECOM team conducted site visits, workshops, interviews, and briefings with
company staff members. These activities enabled key site staff to discuss the potential implications of
climate change impacts on the assets, operations, and local environment. Participants also went on to
suggest adaptation strategies that the AECOM team evaluated according to technical effectiveness,
costs, and broader costs and benefits. This approach is consistent with International Standard for Risk
Management (ISO 31000) and could easily be applied to communications companies and assets.

New York, NY
The Special Initiative for Rebuilding and Resiliency’s plan for increasing the resilience of the City’s
infrastructure and buildings, A Stronger More Resilient New York, recognizes the challenge of
coordinating the myriad telecommunication service providers in New York. The plan includes a strategy
to form a new Planning and Resiliency Office (PRO) within the Department of Information Technology &
Telecommunications (DoITT) to coordinate efforts to increase the resiliency of the telecommunications
services. The office will maintain strategic communications with service providers and provide additional
monitoring of franchisee compliance. In addition, the office will work to better understand how to
promote and enforce resiliency through the franchise renewal process and other agreements.6

REFERENCES + RESOURCES
–

6

“Chapter 9: Telecommunications,” PlaNYC: A Stronger, More Resilient New York. The City of
New York.
o http://s‐media.nyc.gov/agencies/sirr/SIRR_singles_Lo_res.pdf

http://www.nyc.gov/html/sirr/html/report/report.shtml, page 171.
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ASSET

Fiber Optic Lines, Data Centers, Communication Towers

CLIMATE VARIABLE

Riverine Flooding, Wildfire

C‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION OPTIONS BY WEIGHING
THEIR RELATIVE COSTS AND BENEFITS.
This strategy proposes that service providers assess vulnerable assets based on condition, remaining
design life, criticality, existing and future capacity requirements, and cost, etc., and based on findings,
consider adaptation options by weighing relative costs and benefits.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

Service providers in liaison with
County government

CROSS ASSET SECTOR APPLICABILITY

Energy, Transportation, Water + Wastewater

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
This vulnerability assessment identified two data centers as highly vulnerable to riverine flooding by
mid‐century and 79 towers as highly vulnerable to wildfire by mid‐century. Furthermore, as service
providers carry out detailed vulnerability assessments, they may be able to more accurately determine
the level of vulnerability of their assets to climate change impacts and identify additional vulnerable
assets.
For fiber optic lines, data centers, and communication towers that are found to be vulnerable to climate
change impacts, this strategy recommends that service providers assess those assets based on
condition, remaining design life, criticality, existing and future capacity requirements to help prioritize
which assets require adaptive improvements in the short, medium, and long term. For example, a
vulnerable data center that provides connectivity across major services and supports tens of thousands
of customers would likely be prioritized for adaptive improvements ahead of a vulnerable tower that
provides cell coverage for an area one mile in diameter, because the data center has greater criticality in
the system.
Using a risk‐based prioritization approach, service providers could evaluate the costs and benefits of one
or more of the following adaptation options for riverine flooding:


Phase out vulnerable assets and deploy new assets in less vulnerable locations.



Build flood barriers, such as floodwalls, berms, or dikes around critical vulnerable assets that
cannot be relocated or phased out.



Harden or make buildings that house communications infrastructure, such as data centers, more
flood resistant.



Elevate sensitive components of critical assets that are infeasible to relocate.



Replace water sensitive components with water resistant components.



Improve/increase drainage capacity at asset locations.
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Service providers should evaluate one or more of the following adaptation options for wildfire by
weighing costs and benefits:


Relocate or phase out vulnerable assets and deploy new assets in less vulnerable locations.



Increase defensible space around critical vulnerable assets that cannot be relocated.



Increase the fire resistance of components of vulnerable assets that cannot be relocated.

IMPLEMENTATION
Timing
Ideally, this strategy would be initiated in the short term for the data centers and communication towers
deemed highly vulnerable to riverine flooding and wildfire by mid‐century. This strategy would continue
to be pursued as detailed vulnerability assessments conducted by service providers further clarify the
level of vulnerability of communications assets and identify additional vulnerable assets.

Potential Challenges and Solutions
Some adaptation options may be politically sensitive or controversial.
Stakeholders, such as environmental and consumer groups, regulators, and state and local
governments, may have a major interest in the evaluation and selection of adaptation options and
service providers may consider engaging them in the decision‐making process. The County could play
the role of convening interested parties for a working group. This type of collaboration could help
provide service providers with important information to inform the decision‐making process and build
trust between parties. Furthermore, cost‐benefit analysis should not be a standalone metric informing
the selection of adaptation options.

PRECEDENTS
Sprint Business Continuity Program
Within its Business Continuity Program, Sprint has a Continuity Analysis and Planning process that ranks
the criticality of the functions that their assets provide to help inform the level of priority for risk
mitigation efforts. The process identifies the risks that these assets face from various natural disasters.
The process then goes into developing risk mitigation strategies to reduce the risk to prioritized assets.
This process could be modified to include climate change related risks. For example, with information
from the Silicon Valley 2.0 Vulnerability Assessment, Sprint could potentially adjust the level of risk it
identifies for climate change impacts, such as wildfires and storm surge, if needed.

REFERENCES + RESOURCES
–
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ASSET

Fiber Optic Lines, Data Centers, Communication Towers

CLIMATE VARIABLE

Riverine Flooding, Wildfire

C‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT INFRASTRUCTURE FROM RIVERINE
FLOODING AND WILDFIRE.
This strategy proposes that service providers continue to implement existing policies and standards
related to riverine flooding and wildfire events, and update them in response to new findings on
projected changes to riverine flooding and wildfire risk.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Policy updates,
Standards updates

Short term

Service providers in liaison with
County government

CROSS ASSET SECTOR APPLICABILITY

Energy

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Improved resilience to near‐term flooding and wildfire events
through review of procedures

STRATEGY DESCRIPTION / BACKGROUND
Communication service providers in Santa Clara County have existing siting, design, maintenance,
emergency preparedness, and emergency response policies and standards in place to address flooding
and wildfire impacts. For example, Sprint’s various emergency response programs minimize disruption
to services during extreme events. Similarly, Comcast provides periodic training to its staff on effective
responses to flooding, based on FEMA’s flood hazard data. Sprint has made improvements to
infrastructure to minimize service interruptions that may result from various extreme events. Sprint also
has a continuous monitoring policy in place to track the performance of its assets and services, and
takes measures to restore services if they are disrupted. Nevertheless, some standards and policies may
not include considerations of increasing riverine flooding and wildfire risks resulting from climate
change.
This strategy recommends that service providers continue to implement these policies and standards,
but review and update them in response to new findings on projected impacts of climate change. For
example, internal policies on the siting of new data centers could be adjusted to account for the
increased risk of riverine flooding in the future. Furthermore, policies on the siting of new towers could
be adjusted to account for the increased risks of wildfire events in the future. Similarly, policies on the
duration of backup power available to critical assets could be modified based on new understandings on
the risk of power outages from climatic events.
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IMPLEMENTATION
Timing
Service providers could initiative this strategy in the short term (0–3 years) by updating any policies and
standards that may be affected by the vulnerability assessment findings. In addition, this strategy can be
implemented on an on‐going basis as new findings on climate impacts become available, particularly
new FEMA flood hazard maps or new modeling of wildfire risk.

Potential Challenges and Solutions
Infrastructure improvements may be costly and could result in the need for rate increases to finance
those improvements.
Service providers may consider communicating the importance of improvements to the communications
system to its customers and stakeholders, while including stakeholders in the decision‐making process.
In addition, local, regional, and state agencies and environmental groups may have an interest in
infrastructure flood protection standards, and service providers may consider engaging such
stakeholders in a collaborative approach. Partners for updating emergency preparedness and response
procedures may include state and local emergency management departments.

PRECEDENTS
BT Group, United Kingdom
BT is one of the world’s largest providers of communications services, including broadband and internet
services. It operates in more than 170 countries, including the United Kingdom where it experienced the
effects of severe flooding in 2007 an especially severe winter in 2010–2011. In that country, the company
is also expecting to see more frequent extreme weather events, changing seasons and changing
precipitation patterns.7
The company has made several changes to its existing policies and standards to help ensure that it can
adapt to climate change impacts. For example, the company has revised its severe weather plan within
its Business Continuity Plan. The company is also changing how its selects locations for new assets,
particularly switching centers for a new network. New locations will have a minimal risk of flooding from
SLR and are away from floodplains identified by the Environment Agency.8

7

“Insights into Climate Change Adaptation by UK Companies.” Carbon Disclosure Project. March 2012.
https://www.cdp.net/CDPResults/insights‐into‐climate‐change‐adaptation‐by‐uk‐companies.pdf

8

Ibid.
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Figure 3C.5: BT Emergency Response Team Responds to Flooding in Wales in 2012

Source: https://www.btplc.com/civilresilience/Casestudies/UKResponse/

REFERENCES + RESOURCES
–

“Insights into Climate Change Adaptation by UK Companies.” Carbon Disclosure Project.
March 2012
o https://www.cdp.net/CDPResults/insights‐into‐climate‐change‐adaptation‐by‐uk‐
companies.pdf
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3C.6 Other Adaptation Strategies for Consideration [Communications Assets]
ASSET(S): FIBER OPTIC LINES, DATA CENTERS, COMMUNICATION TOWERS
CLIMATE VARIABLE(S): Riverine Flooding, Wildfire
C‐4. Prepare ahead of forecasted extreme events to minimize inundation impacts: Service
providers in Santa Clara County have existing emergency preparedness frameworks to
minimize impacts of natural disasters, including flooding and wildfire. This strategy
recommends that service providers review their emergency preparedness plans in light of
potential increases in extreme weather events, include an inventory of vulnerable assets (e.g.,
fiber optic lines, data centers, and towers, et al), and provide a list of actions required to
minimize the impacts of extreme events (e.g., sandbagging in the case of flooding).
C‐5. Secure locations of assets in non‐flood prone areas: Service providers in Santa Clara County
may need to plan for the installation of new communication infrastructure in response to
growing demand. This strategy recommends that service providers identify potential locations
that may be suitable for the siting of new infrastructure in areas not exposed to climate
stressors. Under this strategy, service providers would rely on best available climate change
exposure data to identify zones that are not vulnerable, and collaborate with local agencies to
secure locations within these zones for the siting of their facilities.
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3ES ECOSYSTEMS
NATURAL LANDSCAPES

3ES.1 Introduction
The Ecosystems asset sector comprises of minimally developed, natural landscape in Santa Clara County,
whether publically or privately owned. Natural landscapes exist at many scales within the county, from
regional and state parks covering thousands of acres to narrow ephemeral creeks winding through a
semi‐rural neighborhood on its path to the sea. They also exist in many forms, from tidal wetlands to
redwood forest. This analysis focuses on 11 primary habitats, or sub‐assets: coastal wetland (coastal salt
marsh and coastal brackish marsh), coastal scrub, freshwater wetland, riparian and riverine, grassland,
chaparral and scrubland, oak woodland, coniferous forest, redwood forest, hardwood forest, and lakes
and ponds, totaling over 568,700 acres. Dominant vegetation type was used to identify the habitat.
Developed landscapes and agricultural landscapes were not considered in this analysis. This section
presents a summary of vulnerabilities from changes in climate variables, which includes sea level rise,
storm surge, riverine flooding, wildfire, temperature, and precipitation. Findings were used to inform a
comprehensive set of climate adaptation strategies to help improve the resilience of these assets to
climate change. Priority strategies by sub‐asset and the climate variable(s) addressed are presented
along with a summary of “other strategies for consideration” at the end, which are additional strategies
to be expanded over time, as appropriate. While the analysis was conducted at a landscape level, the
conclusions drawn and strategies developed herein may be relevant at the smaller scales of
neighborhood creeks, semi‐rural parks and preserves, and other transitional habitats within the
natural/urban interface.

3ES.2 Vulnerability Assessment Summary [Ecosystem Assets]
This section summarizes the vulnerability assessment for the ecosystem assets (habitats) in Santa Clara
County. The goal of this section is to identify and present the potential threats of climate change on
valuable natural habitats. The vulnerability assessments for each of the habitats are organized by
climate variable and are summarized in Table 3ES.1

HABITAT ASSETS
Ecosystem assets in Santa Clara County include the 11 natural habitats mapped in Figure 3ES.1:


Coastal Salt Marsh / Coastal Brackish Marsh



Grassland



Freshwater Lake and Pond



Oak Woodland



Freshwater Wetland



Hardwood Forest



Riparian and Riverine



Coniferous Forest



Coastal Scrubland



Redwood Forest



Chaparral / Interior Scrubland



Open Water (the Bay)1

Figure 3ES.1: Habitat Assets of Santa Clara County

1

Open water refers to the San Francisco Bay and was not analyzed further in this assessment. The urban
environment (developed and rural) and agricultural landscape were also not included in this assessment.
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Redwood Forest is called out separately from the broader classification, Conifer Forest, due to the
uniqueness and rarity of this habitat and its prevalence along the western boundary of Santa Clara
County.
In addition to the broader habitat types described above and assessed in this vulnerability analysis,
several rare and sensitive habitat types within Santa Clara County were considered. These habitats were
included in the vulnerability assessment as part of their broader habitat types; however, efforts to
address these rare, fine scale habitats were made during the adaptation strategy development phase of
the project. Examples include: Serpentine Grassland / Habitat (a highly sensitive and threatened
ecosystem which hosts a variety of endemic plants and wildlife). Another is anadromous Steelhead runs,
notably the one in Coyote creek from the San Francisco Bay into Alum Rock Park and also in the Pajaro
Watershed, notably in Uvas Creek.
Table 3ES.1: Habitats with High Vulnerability Arranged by Climate Variable
CLIMATE VARIABLE
Sea Level Rise

HABITAT ASSET WITH HIGH VULNERABILITY
Coastal Salt Marsh / Coastal Brackish Marsh
Freshwater Wetland
Grasslands adjacent to the Bay
Riparian and Riverine

Riverine Flooding

Freshwater Wetland
Coastal Salt Marsh / Coastal Brackish Marsh
Grassland
Riparian and Riverine

Wildfire

Coniferous Forest
Redwood Forest
Hardwood Forest
Chaparral and Scrubland

Temperature

All, particularly Riparian and Riverine, Wetland, Grassland, and Forests

Precipitation

All, particularly Lakes and Ponds, Riparian and Riverine, Wetlands, Grasslands,
Forest, Chaparral, and Woodlands

CH 3ES: Ecosystems
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Sea Level Rise
Sea level rise (SLR) will alter existing intertidal, wetland, and coastal habitats and their adjacent upland
landscapes by causing changes to inundation levels, storm effects, saltwater intrusion, and the
ecological characteristics associated with levees, dikes, and built infrastructure within the SLR zone.
Sensitive species within these areas will be affected and the flood protection and water quality services
provided by these ecosystems will be diminished.
Stronger storms and associated storm surges will affect hydrology and coastal ecosystem habitats.
Storm surges can cause damage to coastal habitat assets, including physical damage caused by the
storm surge as well as saltwater intrusion into freshwater habitat and watersheds. These climate driven
changes in storm surge may surpass existing capabilities of current infrastructure. Current infrastructure
may not be sufficiently sized to handle the frequency, duration, and intensity of stronger storm surge
events.
Sedimentation that originates from within the Bay and from upstream watersheds is a key variable in
the ability of intertidal wetlands to “rise” with sea levels and continue to provide habitat and ecosystem
services equal to current levels. Sedimentation from upstream watersheds is affected by land use
patterns in the watersheds: sediment and hydrology management activities within flood control,
stormwater, and conveyance infrastructure. Climate‐driven changes such as increased wildfires and
vegetation change within more natural areas in the upper reaches of the watersheds also affect
sedimentation.
Overall, SLR poses a significant threat to wetlands located along or adjacent to the coastline in Santa
Clara County. As shown in Table 3ES.2 and Figure 3ES.2, 1,946 acres (96%) of the Bay Wetlands,
comprised of Coastal Salt Marsh and Coastal Brackish Marsh habitats, would be directly impacted by SLR
by mid‐century. By end of century, SLR is projected to impact 2,015 acres (99%) of this habitat type. The
South Bay Salt Marsh Project is a significant effort underway to increase these habitats within the
affected area, and methods of responding to SLR are being considered.
SLR impacts to Freshwater Wetlands would also be significant along or adjacent to the coastline. By mid‐
century, SLR would impact 1,012 acres (28%) of this habitat. By the end‐of‐century, the area impacted
by SLR would increase to approximately 1,218 acres (33%).
Grasslands are also predicted to be impacted by SLR. The impacted area of this habitat type is
anticipated to be 295 acres by mid‐century and increase to 380 acres by end‐of‐century (less than 1%).
No other habitats are projected to be directly impacted by SLR.
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Table 3ES.2: Habitats Impacted by Sea Level Rise
MID‐CENTURY

END‐OF‐CENTURY

SEA LEVEL RISE

SEA LEVEL RISE

Bay Wetlands: Coastal Salt Marsh and
Coastal Brackish Marsh

1,946 ac (96%)

2,015 ac (99%)

Freshwater Wetland

1,012 ac (28%)

1,218 ac (33%)

Grassland

295 ac (0.2%)

380 ac (0.2%)

Riparian and Riverine

2.3 ac (0.1%)

22 ac (0.9%)

HABITAT TYPE

NOTE: Storm surge was assessed as a part of Riverine Flooding for the Ecosystems sector.

Riverine Flooding
Precipitation‐based flooding from local rivers is projected to create significant temporary impacts to
11,641 acres (2%) of total undeveloped habitat in Santa Clara County. This analysis is based on FEMA
100‐year flood zones and may become more significant as additional, downscaled precipitation‐based
data becomes available for the county. Anticipated negative impacts include erosion, increased
exposure and transport of existing toxins including mercury, heavy sedimentation loading, physical
removal of vegetation, injury and mortality of wildlife, and decreased habitat values and services
following flood events. Potential negative impacts to species and their habitats, particularly for sensitive
aquatic and riparian habitats are expected. This includes changes in species composition, population
reductions in sensitive and listed species, and functional loss of habitat.
Aquatic species are particularly sensitive to changes in flood regime and intensity. Riverine flooding can
impact native fish through the loss of spawning habitat, egg loss and failure, loss of individuals
(especially juveniles), and sediment loading leading to a reduction in water quality.
Not surprisingly, habitats adjacent to open waterways are projected to experience the greatest impacts
of riverine flooding. Table 3ES.3 below displays the acreage and percentage of each habitat projected to
be impacted by riverine flooding.
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Table 3ES.3: Habitats Impacted by Riverine Flooding
HABITAT TYPE

FEMA 100‐YEAR STORM
RIVERINE FLOODING

Bay Wetlands: Coastal Salt Marsh and Coastal Brackish Marsh

1,695 ac (84%)

Freshwater Wetland

2,350 ac (64%)

Grassland

3,176 ac (2%)

Riparian and Riverine

546 ac (19%)

Freshwater Lake and Pond

1,792 ac (57%)

Chaparral and Scrubland

358 ac (0.3%)

Coastal Scrubland

9 ac (0.2%)

Coniferous Forest

20 ac (0.2%)

Hardwood Forest

314 ac (0.5%)

Oak Woodland

1,341 ac (0.7%)

Redwood Forest

40 ac (0.3%)

Riverine Flooding NOTES: Given that vulnerability to riverine flooding is currently determined by FEMA Flood
Insurance Rate Maps (FIRMS), it is possible that the flooding near the Bay could be occurring from either storm
surge or riverine flooding. Specific strategies for each will be required once source confirmation is made.
Habitats with vulnerability of less than 1% were not considered highly vulnerable.

Areas projected to be impacted by riverine flooding are depicted in Figure 3ES.2. Those anticipated to
have the greatest surface area flooding impacts are largely in the topographically low‐lying areas of the
county. In these areas, human development is prominent and there is less natural habitat.
In the northern end of the county, wetlands (both Bay Wetlands and Freshwater Wetlands) will be
impacted adjacent to the coastline. In the southern end of the county, flooding of the Pajaro River
watershed would impact Grassland, Riparian, and Freshwater Wetland habitats. Riparian habitat would
be impacted throughout the county; however, this habitat type is naturally adapted to withstand some
degree of seasonal flooding.
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Figure 3ES.2: Habitats Vulnerable to Riverine Flooding (100‐Year Flood)

Precipitation Change and Temperature Change
Habitats in Santa Clara County have evolved in a relatively mild climate, with few temperature extremes.
Large storms and long, intense droughts have historically been rare, particularly in comparison with
other parts of the state. As a result, the county currently supports several fragile habitats that may be
particularly vulnerable to climate extremes, including Serpentine Scrub, Ephemeral Wetlands, and
Redwood Forests. For the next century, average annual temperatures are projected to increase, as are
the frequency and intensity of droughts. On average, precipitation is expected to decrease, with
increased magnitude and intensity of storm events. Extreme heat and drought, and large storms will
become more common. Habitat changes are anticipated to occur as a result of inter‐annual, annual, and
seasonal changes to precipitation and temperature patterns.
Temperature increases will impact all habitats in Santa Clara County. Examples of potential impacts
include decreases in soil moisture and increases in evaporation, increases in aquatic and upland
temperatures, heat stress at individual and population scales, changes in phenology, increased fuel
loading, species composition changes, successional population changes as flora and fauna shift in
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response to stress, increase in invasive species, increased competition for freshwater resources, and
shifts and decreases of existing and historical food supplies for native species.
Precipitation changes will impact all habitats in Santa Clara County. Examples of potential impacts
include drought, increased winter rainfall, reduced summer and fall water availability, increased
competition for freshwater resources (including competition with the human environment), wildfire,
landslide, and erosion.
Figure 3ES.3: Habitats Vulnerable to Precipitation Changes (End‐of‐Century)

These changes are particularly threatening to species at the current southern edge of their habitat
range, such as the Steelhead (Oncorhynchus mykiss), a native salmonid that typically returns to its
freshwater habitats from the Pacific Ocean to spawn. Streams in the county include highly sensitive
steelhead populations. Little Arthur Creek near Gilroy, which is a tributary of the Pajaro River in South
Santa Clara County, has one of the last viable “inland” runs of Central Coast Steelhead in California.
Decreases in ecosystem services associated with vegetation and watershed change over time may also
result in impacts to adjacent built lands. Reduced or altered vegetation coverage, combined with
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precipitation changes, are expected to alter erosion, runoff, and flooding patterns that may impact
downstream urban areas. Greenhouse gas sequestration services provided by forests and vegetation in
the region are also vulnerable, as vegetation is projected to lose biomass over the coming century as a
result of precipitation changes.

Wildfire
Santa Clara County is projected to see a substantial increase in wildfire across the entire county through
mid‐century and particularly in the western portions of the county by late‐century. No existing projects
to respond to this change were identified during the gap analysis, but the study of this topic is receiving
increased attention. In addition to the potential increased risk to built infrastructure assets and public
health, increased wildfire will alter habitats and ecosystem services (e.g., increased sedimentation,
flooding, landslides, and increased greenhouse gas emissions from the burning of biomass and changing
the soil carbon content).
Wildfire hazard takes into consideration the likelihood of an area burning and how it burns; i.e. intensity,
speed, and embers produced. As shown in Figure 3ES.4, several habitat types have projected moderate
and high vulnerability to increased wildfire hazards at mid‐century and end‐of‐century. Redwood Forest
and Conifer Forest have the highest vulnerability to wildfire in both time horizons as a percent change
from their baseline vulnerability. Conifer Forest vulnerability is projected to increase 81% from baseline
to mid‐century and 95% from baseline to end‐of century. Redwood Forest vulnerability is projected to
increase 51% from baseline to mid‐century and 85% from baseline to end‐of century.
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Figure 3ES.4: Habitats Vulnerable to Wildfire Expressed as Percent Change from Baseline

Source: CAL FIRE data synthesized by AECOM, 2014.

Additional habitats shown in Figure 3ES.5 have high exposure to wildfire, but the natural adaptive
capacity of these habitat types reduces their vulnerability to a moderate level.
As shown in Figure 3ES.5, by end‐of‐century, the western and eastern edges of the county are projected
to have higher fire hazard risk than elsewhere in the county. Redwood Forest habitat is located along
the western edge of the county, which overlaps with the area projected to have the greatest fire hazard
risk in the county. Redwood forests are significantly more resistant to fire than many other forest types,
thus the potential for habitat loss is difficult to quantify.
The areas of higher risk are located upslope and far from the more densely populated areas of the
county; however, pockets of residential development are expected to also experience increased
frequency or severity of fires.
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Figure 3ES.5: Habitats Vulnerable to Wildfire (End‐of‐Century)

3ES.3 Mid‐Century Economic Consequences [Ecosystem Assets]
The economic consequences for ecosystem assets were not quantified.

3ES.4 Risk Analysis [Ecosystem Assets]
Risk ratings are not available, because they are largely a reflection of the economic consequences
analysis, which was not undertaken for ecosystem assets.

3ES.5 Climate Adaptation Strategies [Ecosystem Assets]
The following pages outline strategies for protecting ecosystem assets most vulnerable to climate
change, as summarized in Table 3ES.4. As explained at the beginning of Chapter 3, each strategy
includes additional information about timeframe, actors, implementation, and precedents. They are
organized by the climate variables they seek to address. This section highlights assets that are priorities
for protection, conservation, and further consideration and also provides strategies that raise awareness
and direct efforts towards minimizing detrimental climate change impacts to habitats of Santa Clara
County.
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Table 3ES.4: Ecosystem Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Freshwater Wetlands, Riparian and Riverine, Grassland, Hardwood Forest, and Oak Woodland
ES‐1. CLIMATE SMART PLANTING PALETTES DEVELOPMENT AND
EDUCATION CAMPAIGN.
ES‐2. MAXIMIZE RETENTION OF LOCAL WATER SUPPLY AND QUALITY
THROUGH CLIMATE‐SMART LAND CONSERVATION AND
STEWARDSHIP.
ES‐3. PROTECT BIODIVERSITY THROUGH MULTI‐AGENCY AND MULTI‐
COUNTY CONSERVATION OF CLIMATE SMART WILDLIFE CORRIDORS.
OTHER STRATEGIES FOR CONSIDERATION
Grassland, Hardwood Forest, Oak Woodland, Conifer Forest, and Redwood Forest
ES‐4. Reduce Wildfire risk reduction in natural landscapes by
investigating opportunities within zoning, home construction, and fire
safe building and landscape codes for the urban‐wildland interface.
Grassland, Hardwood Forest, Oak Woodland, Conifer Forest, Redwood Forest, Chaparral and Scrubland,
Riparian and Riverine, Coastal Wetland, and Freshwater Wetland
ES‐5. Implement a fine scale ecosystem assessment utilizing climate
water deficit data.
Aquatic and Riparian Habitat
ES‐6. Prioritize coldwater habitat conservation and restoration through
amendments to habitat conservation plans and in‐creek projects,
All Upland and Freshwater Natural Habitats
ES‐7. Develop best practice standards for water retention design for
habitat restoration and creation projects on natural lands.
All Upland and Freshwater Natural Habitats
ES‐8. Increase climate messages in ongoing water conservation public
awareness campaign.
All Upland and Aquatic Natural Habitats
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EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

ES‐9. Understand vector‐based impacts of climate and address invasive
species through pursuit of stronger state laws and programs.

ASSET

Freshwater Wetlands, Riparian and Riverine, Grassland, Hardwood
Forest, and Oak Woodland

CLIMATE VARIABLE

Temperature Change, Precipitation Change, Wildfire

ES‐1. CLIMATE SMART PLANTING PALETTES DEVELOPMENT AND EDUCATION CAMPAIGN.
As temperatures increase and available water decreases over the next century, planting methods that
have been effective to date will need to be reevaluated. In both natural and urban environments,
planting projects will need to adjust both species and planting methods for success. By developing a
suite of climate‐smart planting palettes for urban and natural ecosystems, the County will be filling an
urgent and pressing need. They will be providing landscapers, land managers, and property owners the
tools required for long‐term successful planting projects. Following the development of planting
palettes, a public education campaign could promote the use of these tools by urban planters.
Amendments to the Santa Clara Valley Habitat Plan (VHP) incorporating the use of climate‐smart
palettes would promote forward‐thinking natural restoration efforts.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program / Policy

Short to medium term

County government

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties, Water + Wastewater

POTENTIAL FOR NEAR TERM CO‐BENEFITS

More robust ecosystems and reduction in monitoring, upkeep,
redesign, and replanting costs; Improved planting projects in urban
environments.

STRATEGY DESCRIPTION / BACKGROUND
In the temperate climate of Santa Clara County, planting occurs year round. In projects large and small,
from urban trees to restoration of large wetlands, the species which have historically thrived in the
county continue to be planted. In the face of increased drought and rising temperatures, much of what
is planted today may no longer be appropriate. Restoration ecologists, municipal planners, city park
departments, arborists, landscape designers, growers, nurseries, property owners, and land managers
are lacking the information they need to ensure that planted species continue to thrive in the future.
Climate‐smart planting palettes define a suite of species that are most likely to survive and thrive under
predicted climate conditions. Such palettes provide a full range of plants appropriate for any given
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habitat, from grasses, to annual and perennial flowers and shrubs, to trees. They are designed to
maintain ecosystem benefits across a range of future scenarios. They offer ecological insurance in the
form of increased species diversity, adjusted planting regimes, and other buffers to climate change.
Climate‐smart planting palettes are economical, helping insure projects against climate‐induced failure
and the ultimate need to replant.
Projects which may benefit from such planting palettes include restoration projects in natural upland
and wetland areas. While the vulnerability of urban green space was not assessed, projects in the urban
environment, including city parks, sidewalk treescapes, botanical gardens, and other green urban
infrastructure, would also be expected to benefit from this strategy.
By developing climate‐smart planting palettes for a range of urban and natural environments, the
County would be filling a pressing need for information to help land managers develop and maintain
healthy ecosystems now and into the future.
Following development of these palettes, two methods could be utilized to promote their widespread
use throughout the county.
1. The County could implement a public education campaign that provides climate information, as
well as planting pallet information (via online and print media), to promote adoption by end
users.
2. The County could update the Santa Clara Valley Habitat Plan to incorporate use of climate‐smart
palettes during natural habitat restoration projects.
Implementation of climate‐smart planting palettes could draw on existing work by organizations that
have developed climate smart plant palettes for specific restoration ecology projects, such as STRAW
(Students and Teachers Restoring a Watershed) and the Upper Pajaro River Floodplain Restoration
Project, described below. They may also be developed utilizing a climate analog approach, which relates
future conditions within the county to existing conditions elsewhere and draws on appropriate plants
from those regions.

IMPLEMENTATION
Timing
Creating a climate‐smart plant palette for all of the county’s habitats would take approximately one to
two years. A public education program could be developed concurrently, and launched as the first
planting palettes are finalized. Amendments to the VHP or other County guidance documents could take
an additional one to three years. The total timeline for palette design and policy implementation would
be two to five years.

Potential Challenges and Solutions
Climate‐smart planting palettes may be expensive to create and implement.
While short‐term costs are associated with the creation of a climate smart plant palette, the long‐term
benefits would outweigh these costs. The likelihood that particular ecosystems will thrive through the
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next century is greatly increased when projected climate changes are incorporated to determine the
plants best suited for certain geographies. Climate‐smart planting reduces the costs associated with
replanting and provides for more reliable, long‐term ecosystem benefits.

Additional Benefits
An increase in survivorship and vigor of the plants selected for planting could also positively enhance the
environment by providing a more robust functioning ecosystem. This approach is expected to be cost‐
effective, as successful planting minimizes monitoring, upkeep, redesign, and replanting costs. In
addition, planting species that are tolerant to projected levels of heat and drought will reduce irrigation
needs and conserve water, reducing the county’s vulnerability to drought.

PRECEDENTS
Climate‐Smart Restoration of the Upper Pajaro River Floodplain
The Upper Pajaro River Floodplain Restoration Project (led by Point Blue Conservation Science and The
Nature Conservancy) encompasses a 9,000‐acre natural floodplain in southern Santa Clara, Santa Cruz,
San Benito, and Monterey Counties. A portion of the riparian corridor within the floodplain is highly
degraded due to intensive agricultural land use. When completed, this restoration project will connect
two million acres of core habitat in adjacent uplands and link natural communities in three climatically
diverse coastal mountain ranges.2 The
organizations
This project is developing a suite of climate‐
smart restoration practices, including a
climate‐smart riparian planting palette.
The User Manual/Guidance Document for
the climate‐smart Riparian Planting Tool
(Restoration Design Database and How to
Guide) is anticipated for release in July of
2015.3

STRAW Climate Smart Stream
Restoration

Figure 3ES.6: Development Pressure from Santa
Clara Valley

The STRAW (Students and Teachers
Photo courtesy of William K. Matthias and Living Landscape
Restoring a Watershed) Project, a
Initiative from Climate Smart Actions for Natural Resource
collaboration of schools, Point Blue
Managers.
Conservation Science, resource
conservation districts, the NRCS, land
trusts, as well as federal, state, and County agencies, is developing and implementing climate‐smart,
2

California Landscape Conservation Cooperative (CA LCC) Climate Commons 2014.
http://climate.calcommons.org/project/implementing‐climate‐smart‐restoration‐along‐californias‐central‐coast
3
Ibid.
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streamside restoration projects. Projects are intended to accommodate for changes in climate related to
temperature and precipitation, usually towards a warmer and drier climate. The restoration also takes
into account changes in extreme events, such as more frequent drought and flooding, and disruptions in
the timing of seasons and biological events (phenology).
As part of the STRAW project, Point Blue is developing a tool to identify plant species with life history
characteristics (e.g., sun tolerance, drought tolerance, etc.) that can not only survive in the habitat now,
but which also will have more tolerance towards the changing climate conditions. The planting palettes
created from this tool will increase the survival of restored vegetation under future climatic conditions
and will provide more robust resources for wildlife as the climate changes.4
As part of this project, STRAW implemented a climate‐smart restoration project in coastal Marin County
where half of the site was restored using a traditional design and the other half the climate‐smart
palette. The difference included a suite of 24 tree species and 249 plant species (rather than the
traditional ten trees and 123 plant species) and denser planting, and only increased the planting cost by
50%. The project is under restoration monitoring for three years.

Chicago Botanic Garden Adaptive Planting List
A Chicago Botanic Garden study in 2013 evaluated commonly planted urban forest trees in the Midwest
and found that several tree species currently flourishing will begin to decline in the changing climate. The
study also found that other species not commonly planted will flourish. Using the results of this study,
the Chicago Botanic Garden Adaptive Planting List was created.
The study, funded by the U.S. Institute for Museum and Library Services, evaluated 50 commonly planted
urban forest trees in the Midwest at the Chicago Botanic Garden. A team led by Dr. Andrew Bell, curator
of the Garden’s woody plants, used MaxEnt computer models designed to predict suitable habitats for
plant species. The models input natural history data, climate requirements for 50 tree species, and
projected trees likely to thrive in Chicago in 2020, 2050, and 2080, based on anticipated climate changes
over these time periods. A total of 40 tree species were predicted to be suitable in the changing climate
for urban parks and residences, 15 tree species for street planting, and 11 tree species for legacy trees.
The Chicago Botanic Garden Adaptive Planting List can now be used by city and county planners,
restoration ecologists, and the general public to plant a more climate‐smart urban forest in Chicago.

REFERENCES + RESOURCES
–

Climate Smart Actions for Natural Resource Managers: Principles and Case Studies Summary
o http://www.sfestuary.org/wp‐content/uploads/2013/01/ClimateSmart‐R1.pdf

–

Bay Area Ecosystems Climate Change Consortium
o http://baeccc.org/climate‐smart‐actions.php

–

Point Blue Climate‐Smart Restoration Principles

4

Point Blue in Climate Smart Actions for Natural Resource Managers 2012. http://www.pointblue.org/our‐science‐and‐
services/conservation‐science/habitat‐restoration/climate‐smart‐restoration‐principles/
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o

http://www.pointblue.org/our‐science‐and‐services/conservation‐science/habitat‐
restoration/climate‐smart‐restoration‐principles/

–

TBC3’s “Adapting to Climate Change State of the Science for North Bay Watersheds”
o http://tbc3.org/wp‐content/uploads/NBWA_Climate_SOS_Guide_Dec_2010.pdf

–

California Landscape Conservation Cooperative (CA LCC) Climate Commons
o http://climate.calcommons.org/project/implementing‐climate‐smart‐restoration‐along‐
californias‐central‐coast

–

Pajaro Watershed Information Center
o http://www.pajarowatershed.org/Content/10043/WatershedOrganizations.html

–

Point Blue STRAW: Students and Teachers Restoring A Watershed
o http://www.pointblue.org/our‐science‐and‐services/conservation‐
science/conservation‐training/straw‐program/

–

Chicago Botanic Garden Trees for 2050
o http://my.chicagobotanic.org/science_conservation/trees‐for‐2050/
o http://www.chicagobotanic.org/pr/release/best_trees_warming_midwest_cities

–

MaxEnt Software for Species Habitat Modeling – Software Package Freeware
o http://www.cs.princeton.edu/~schapire/maxent/
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ASSET

Grasslands, Scrublands, and Oak Woodlands

CLIMATE VARIABLE

Precipitation Change, Temperature Change, Wildfire

ES‐2. MAXIMIZE RETENTION OF LOCAL WATER SUPPLY AND QUALITY THROUGH CLIMATE‐
SMART LAND CONSERVATION AND STEWARDSHIP
Document the hydrologic value of County Lands, and protect and invest in policies and actions that
preserve the hydrological value of watersheds. One focus of this investment should be water‐smart
livestock grazing. This strategy proposes amending the Santa Clara Open Space Authority’s Grazing
Management Policy and the Santa Clara County Parks Parkland Range Management Policy to promote
land management practices, including range management practices, that increase water retention.
Increased water retention could enhance soil moisture, ground water, and healthy ecosystems on
62,000 acres of County‐owned land.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Best management
practices and policies

Short term

County government (collaborative)

CROSS ASSET SECTOR APPLICABILITY

Water + Wastewater

POTENTIAL FOR NEAR TERM CO‐BENEFITS

Reduced flood risk and increased drought protection for native
species diversity on natural lands.

STRATEGY DESCRIPTION / BACKGROUND
The County has an extensive network of protected open spaces and natural habitats under a variety of
jurisdictions that are vital to local water supplies. As the climate changes and drought conditions likely
increase, protection of, and investment in, the hydrological values of watersheds becomes increasingly
important. Increased retention of soil moisture is beneficial to:







Healthy ecosystems
Groundwater recharge
Runoff management
Flood risk and mitigation downstream
Creek function
Productive grazing

Many strategies can be implemented to increase local water retention, including adjustments in a wide
range of existing practices, policies, and programs. Investigation, investments, and implementation of a
wide range of programs, plans, and policy adjustments can be undertaken within the County at multiple
levels to increase water retention.
Conducting a formal hydrological assessment to document land value recharge would be an important
step to inform additional County actions. This assessment could be incorporated into the Land Use and
Open Space Element of the Santa Clara County General Plan.
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One particular practice that could have widespread benefits is a transition to water‐smart livestock
grazing. The County has a long history of ranching, which accounted for more than $6M in sales in
2010.5 Grazing is currently an important and widespread land management tool on over 62,000 acres of
County‐owned land throughout the county. The Santa Clara County Open Space Authority (OSA)
manages more than 14,000 acres of public land, a large portion via grazing, while County Parks also
manages 48,000 acres through their managed Cattle Grazing Program.6 With the changing climate,
grasslands are one of the few County habitats anticipated to expand as conditions dry.
In addition to producing beef, grazing provides important ecosystem functionality for grasslands,
including reducing thicket growth and maintaining habitat for native and special‐status species. Grazing
on County lands has been used to reduce exotic annual grasses and increase native herbs.7 By
preventing a buildup of litter, cattle can create open soil conditions required for many native forbs,
particularly annual wildflowers.8 These beneficial effects of grazing are regarded as essential to
maintaining habitat for serpentine endemic species including the federally endangered Bay Checkerspot
Butterfly (Euphydryas editha bayensis).9 In addition, cattle stock ponds support populations of special‐
status wildlife, including California Red‐Legged Frog, California Tiger Salamander, and Pacific Pond Turtle
(Actinemys marmorata). All four of these species are considered priority species under the Santa Clara
Valley Habitat Plan. Historically, grazing objectives on County lands have included:


Maximizing, maintaining, or supporting forage production



Maintaining the visual aesthetics of a pastoral landscape



Managing vegetative fuels to reduce fire hazards



Enhancing habitat values for target wildlife species



Producing a vegetative cover that enhances native grass/forb composition

However, negative effects of grazing are also well‐documented. Negative effects include facilitating the
invasion and spread of exotic plant species and degrading natural ecosystems, reducing riparian habitat
quality, and increasing run‐off. Native grasslands, riverine, and riparian habitats are particularly
susceptible to degradation.10
Grazing practices can be adjusted to maximize water retention, soil moisture, ground water, ecosystem
health and minimize negative ecological impacts. Careful stock management practices, such as those

5

Santa Clara County Department of Agriculture 2012. “Crop Report.”
http://www.sccgov.org/sites/ag/Crop%20Report/Documents/2011_crop_report.pdf
6
Santa Clara County Parks, 2014. “Grazing.” http://www.sccgov.org/sites/parks/PlansProjects/resource/Pages/grazing.aspx
7
Corbin, J. C., and C. M. D'Antonio. 2004. Competition between native perennial and exotic annual grasses: implications for
historical invasion. Ecology 85:1273 – 1283
Marty, J. T. 2005. Effects of cattle grazing on diversity in ephemeral wetlands. Conservation Biology 19:1626–1632.
8
Hayes, G. F., and K. D. Holl. 2003. Cattle grazing impacts on annual forbs and vegetation composition of mesic grasslands in
California. Conservation Biology 17:1694 – 1702
9
Weiss, S.B., Wright, D. H., and C. Niederer. 2007. Serpentine vegetation management project 2007 final report. Creekside
Center for Earth Observation. 47 pages
10
Fleischner, T.L., 1994. Ecological costs of livestock grazing in western North America.
Conservation Biology, 8, pp.629–644.
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called for in OSA’s Livestock Grazing Guidelines and Management Practices11 as well as the Santa Teresa
County Park Grazing Management Plan12 can minimize negative impacts of grazing.
Figure 3ES.7: Farmland and Grazing Land at Risk in South Santa Clara County

Recently, work by several groups, including
Point Blue Conservation Science, California
Climate and Agriculture Network, and Natural
Resources Conservation Service, have
documented that adjustments in the timing,
location, and intensity of grazing can drastically
improve water penetration and retention on
grazing lands. These adjustments are successful
at reducing erosion and making more water
available for plants.13 These practices have also
been shown to increase grassland species
diversity and productivity in arid California
habitats. Importantly, these practices can also
be beneficial to the production of beef.
Increasing the use of water‐smart range
management where cattle are grazed on
County lands would require collaboration
between County agencies, NGOs, county parks
and open space managers, ranchers and
cattlemen. The County could promote the
switch via demonstration projects, education
campaigns, partnerships with ranchers, and
policy adjustments as noted below.
The OSA recently published a Grazing Management Policy14 to meet a series of ecological goals. Primary
goals include the use of livestock grazing to conserve biodiversity and to protect watersheds, water
quality, cultural resources, scenic and aesthetic values, and recreational opportunities. Secondary goals
include reduction of wildfires and promotion of agricultural viability in the region. An amendment to this
policy that includes increased water retention as a primary goal could lead to increases in soil moisture,
ground and surface water, and benefit climate resiliency on the majority of OSA land. An update to the
11

Santa Clara County Open Space Authority (SCOSA)2013.
http://www.openspaceauthority.org/about/pdf/Grazing%20Management%20Policy%20‐‐%2010%2024%2013%20‐‐
%20Reso%2013‐31.pdf
12
Santa Teresa County Park. Grazing Management Plan 2011.
http://www.sccgov.org/sites/parks/PlansProjects/Documents/SantaTeresaGrazingPlan/STCP%20GMP‐FINAL%2010‐12‐11.pdf
13
California Climate and Agriculture Network, 2014. http://calclimateag.org/joe‐morris‐of‐morris‐grassfed‐beef/
14
SCOSA 2013.
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Santa Clara County Parks 1992 Parkland Range Management Policy could have similar benefits on lands
managed by County Parks.

IMPLEMENTATION
Timing
A formal hydrological assessment could be completed in two years. Incorporation of the assessment into
the Land Use and Open Space Element of the Santa Clara County General Plan could be completed
during the next round of General Plan updates. Investigation of options for programs, plans, and policy
adjustments to increase ground water retention could be completed in one to two years, but should be
ongoing and iterative. Investments in water‐smart grazing demonstration projects could be begun
immediately. Adoption of an amendment to the OSA’s Grazing Management Policy could be completed
in one to two years.

Potential Challenges and Solutions
Implementation of water‐smart grazing policies would require an analysis of range‐management
methods focused on improving water penetration and retention and cross‐disciplinary collaboration. This
would require ranchers, land owners, and land managers to adjust long‐standing grazing practices and
require that such adjustments be financially viable in order to be fully adopted and maintained.
These methods have been successfully tested in similar arid California regions and several organizations
are actively working to work with, learn from, and educate ranchers about the benefits of meeting
water‐smart range management goals. A demonstration project with willing ranchers on County land
could be set up to provide a low‐risk test of these practices in the County. If successful, the documented
benefits to both ranchers and land management would provide incentive for expansion of the
demonstration project to larger areas within the County.

Additional Benefits
Co‐benefits include a reduction in wildfire risk, flood risk, and protection of native species diversity on
natural lands. In addition, local water supply and local water quality may be increased via the practices
described above.

PRECEDENTS
Joe Morris Grass‐Fed Beef
San Benito rancher Joe Morris of Morris Grass‐Fed Beef was awarded the 2012 Clarence Burch Award
recognizing individuals and organizations who have led by example in promoting and accomplishing
outstanding stewardship of private and/or public lands. By effectively using his cattle to manage his
land, Mr. Morris proves that properly managed agriculture can provide solutions to pressing climate
change challenges, enhance ranch resilience in the face of a changing climate, and provide additional
environmental benefits. He has also used grazing as an alternative land management tool to burning;
effectively managing an 18+ year fuel reduction grazing program on State Park lands.

CH 3ES: Ecosystems

3ES‐21

Rangeland Watershed Initiative
Point Blue, the Natural Resources Conservation Service (NRCS), ranchers, and several other groups are
partnering to improve foothill rangeland health in the Sacramento Valley. The project involves enhancing
natural water storage on 1.1 million acres of grazing land through adjustments in timing and intensity of
grazing practices. Over time, it is expected to store the equivalent of two Hetch Hetchy reservoirs while
sequestering millions of tons of atmospheric carbon. Co‐benefits include improving water supply
reliability downstream, enhancing ranching productivity, and expanding riparian and wetland habitat for
migratory birds and other wildlife.

REFERENCES + RESOURCES
–

Morris Grassfed Beef
o http://www.morrisgrassfed.com/wp‐content/uploads/2010/12/morris_nomination.pdf

–

Point Blue Conservation Science
o http://www.pointblue.org/our‐science‐and‐services/conservation‐science/working‐
lands/rangeland‐watershed‐initiative

–

Santa Clara County Parks, 2014.
o http://www.sccgov.org/sites/parks/PlansProjects/resource/Pages/grazing.aspx

–

Santa Clara County Parks, 2011.
o http://www.sccgov.org/sites/parks/PlansProjects/Pages/Santa‐Teresa‐Cnty‐Prk‐Grazing‐
Mngmnt‐Pln.aspx

–

Santa Clara County Parks, 1992.
o http://www.sccgov.org/sites/parks/PlansProjects/resource/Documents/parkland‐range‐
managment‐policy.pdf

–

Santa Clara County Open Space Authority, 2013
o

http://www.openspaceauthority.org/about/pdf/Grazing%20Management%20Policy%20
‐‐%2010%2024%2013%20‐‐%20Reso%2013‐31.pdf

–

Santa Clara Department of Agriculture, 2012
o http://www.sccgov.org/sites/ag/Crop%20Report/Documents/2011_crop_report.pdf

–

Santa Teresa County Park. Grazing Management Plan, 2011.
o
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ASSET

Upland and Aquatic habitats

CLIMATE VARIABLE

Temperature, Wildfire, Precipitation, Riverine Flooding

ES‐3. PROTECT BIODIVERSITY THROUGH MULTI‐AGENCY AND MULTI‐COUNTY
CONSERVATION OF CLIMATE SMART WILDLIFE CORRIDORS.
Gather and build on existing regional climate ecology studies to prioritize land conservation decisions
that allow climate‐smart wildlife corridors to cross political boundaries; create mutual agreements
across stakeholder agencies and with neighboring counties to support such corridors.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Policies

Short term

County government (collaborative)

CROSS ASSET SECTOR APPLICABILITY

N/A

POTENTIAL FOR NEAR TERM CO‐BENEFITS

Native species diversity; Conservation that meets multiple
management objectives; Development of strong, regional
partnerships to support open space decision making.

STRATEGY DESCRIPTION / BACKGROUND
A wide variety of native wildlife species within Santa Clara County utilize long‐distance seasonal
movements, or migrations, to move between foraging, mating, breeding habitats, and appropriate
seasonal shelter. As they migrate, native and invasive plant species are also spread through transfer of
seeds or other materials in fur, feathers, and scat. Under changing climate conditions, the pattern and
periodicity of these migrations is expected to change. Instead of animals moving back and forth between
historical areas, they may instead move away from historical areas that no longer support their needs
into new areas that will. Animals may shift their distribution to follow water, temperature patterns, or
shifting habitat (floral) types. The majority of wildlife habitat shifts in California are predicted to be from
low elevations into high elevations, or from southerly to more northerly latitudes. The 2014 National
Climate Assessment (NCA) points out that in recent decades, in both land and aquatic environments,
plants and animals have moved to higher elevations at a median rate of 36 feet per decade and to
higher latitudes at a median rate of 10.5 miles per decade.15
Shorter scale shifts into microhabitats such as shaded slopes or riparian areas may also occur: the
International Panel on Climate Change (IPCC) recognizes that the “uphill and poleward” view of species
range shifts in response to recent warming is a useful simplification of species’ responses.16 However,
15

Groffman, P. M., P. Kareiva, S. Carter, N. B. Grimm, J. Lawler, M. Mack, V. Matzek, and H. Tallis, 2014: Ch. 8: Ecosystems,
Biodiversity, and Ecosystem Services. Climate Change Impacts in the United States: The Third National Climate Assessment, J.
M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change Research Program, 195‐219.
doi:10.7930/J0TD9V7H.
16
Settele, J., R. Scholes, R. Betts, S. Bunn, P. Leadley, D. Nepstad, J.T. Overpeck, and M.A. Taboada, 2014: Terrestrial and inland
water systems. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B.,
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responses to warming are influenced by many factors and the impacts of changing temperature,
precipitation, and land use may result in range shifts that are downhill or away from the poles.17
The County has an extensive network of protected open spaces and natural habitats under a variety of
agency jurisdictions. In particular, the Santa Clara Valley Habitat Plan (VHP) collects mitigation fees that
fund the Valley Habitat Agency’s habitat preservation, restoration, enhancement, and creation efforts
for sensitive natural lands. As habitats are selected for preservation and restoration efforts,
prioritization should be given to lands that can function as part of larger cross‐agency and cross‐county
climate‐smart wildlife corridors.
The VHP, of which the County is a signatory agency, is based on several conservation strategies, three of
which are supportive of preserving habitat for climate migrations:


Protect and maintain habitat areas that are large enough to support sustainable populations of
covered species.



Incorporate a range of environmental gradients and high habitat diversity in the reserves to
provide for shifting species distributions in response to changing circumstances.



Sustain the effective movement and interchange of organisms between habitat areas in a
manner that maintains the ecological integrity of the Reserve System.

Since the VHP was finalized, climate science and climate predictions for Santa Clara and surrounding
counties have evolved. New data, including soil water deficit data, finer‐scale climate predictions, data
on climate‐enhanced non‐native species invasions, and an increased understanding of the response of
many native species to climate stress has become available. Studies in surrounding counties, such as the
Nature Conservancy’s Mount Hamilton Upper Pajaro River Floodplain Conservation and Restoration
Project, provide actionable information that can help inform climate migration prioritization. The Mt.
Hamilton project identifies core conservation areas, including dispersal corridors that may protect and
enhance biodiversity and reduce habitat fragmentation within a changing climate.
Figure 3ES.8 provides an overlay of the VHP project area and the area studied in the Nature
Conservancy’s Mt. Hamilton Project. The borders of the VHP are primarily political, while the borders of
the Mt. Hamilton study are natural, bounded within a watershed. As our climate warms and dries,
species will cross both political and natural borders. In order to allow for native Californian species to
shift and persist, migration corridors must be preserved that also cross both types of boundaries.
New development of human infrastructure, whether linear (e.g., roads, rail lines, and aqueducts) or
polygonal (e.g., agriculture and semi‐rural development) may further fragment habitat and block the
climate‐induced migrations on which the survival of both wildlife and plant species are expected to
depend. In particular, development creates migration pinch points, forcing individuals to funnel through
small gaps or cross transportation corridors in unsafe locations, causing safety hazards for humans and
wildlife.
V.R. Barros, D.J. Dokken, K.J. Mach,M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S.
Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 271‐359.
17
Ibid.
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The County could protect climate‐smart wildlife corridors via:
1) Partnering across agencies within the county to gather resources and build support for
climate‐smart migratory corridors.
2) Partnering with appropriate groups to gather and build on existing regional climate ecology
studies (e.g., the VHP and the Mt. Hamilton Project) to inform prioritization of lands for
conservation.
3) Developing regional, multi‐county agreements to mutually plan for migration corridors that
smoothly cross both ecological and political divides.
4) Identifying appropriate locations for wildlife overcrossings and undercrossings on
transportation corridors and partnering with transportation agencies to implement such
crossings as part of ongoing transportation projects. Caltrans projects on Interstate
Highway 101, State Route (SR)‐17, and SR‐9 could incorporate such crossings.
These studies and any resulting agreements may need to embrace a fundamental shift in conservation
thinking: the species for which we conserve land today may not be the sensitive or protected species
historically native to these lands. Within the County, species may move into watersheds and across
landscapes that they have been historically absent from, requiring cross‐agency partnership and
collaboration. Additional areas that this strategy could be applied to include
At a broader scale, Santa Clara County may need to open its borders to, and conserve lands for, the
sensitive species of Monterey, San Bonito, or Fresno Counties. Likewise, the existing sensitive species of
Santa Clara County may find their best shelter in Alameda, Stanislaus, or Contra Costa Counties, or even
farther afield.
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Figure 3ES.8: The VHP Project Area Compared to the Mt. Hamilton/Pajaro River Project Area

Engaging in regional studies that both build on existing work and include the most recent climate
predictions will position Santa Clara County as a national leader in climate‐smart ecological planning. At
the same time, the County will engage its neighbors in meaningful, mutually beneficial discussions which
may provide the strongest hope for the long‐term survival of Central California’s native species.

IMPLEMENTATION
Timing
A regional overview of climate ecology and needed wildlife corridors could be completed in one to two
years. Engagement of neighboring counties and other stakeholders could begin within one year, and
mutual conservation agreements could be completed in three to five years.

Potential Challenges and Solutions
Implementation of successful wildlife corridors would require cross‐collaboration among multiple
stakeholder groups, which may each have differing priorities.
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Collaboration across stakeholder groups is critical for the success of this strategy. Planning and
implementation of wildlife corridor crossings should be aligned with stakeholder agency timelines to
minimize costs and maximize results.
Implementation of climate migration studies would require a cross‐cutting, multidisciplinary team
trained in utilizing the work of multiple disparate groups.
Several organizations have formed partnerships around these studies, including the Terrestrial
Biodiversity and Climate Change Collaborative (TCB3) group, the many scientists involved in the
development of the VHP, the Bay Area Ecosystems Climate Change Consortium, and climate ecologists
working on this strategy.
Implementation of multi‐county agreements for land conservation would require coordination and buy‐in
from a wide range of stakeholders.
Habitat conservation plans and similar land conservation strategies are in place or in development in
several neighboring counties. The various sponsors and signatories of these strategies provide a starting
point for development of partnerships. Mitigation requirements for habitat impacts under existing
environmental regulations combined with a developing State‐wide focus on climate impacts may
provide a financial incentive for conservation agreements.
Conservation of climate‐smart corridors is currently an unproven strategy, as the impacts of climate
change are relatively new.
Although the development of these corridors is new, and success may not be measurable for years to
decades, there is strong, recent science documenting climate migrations for a variety of wildlife
species18 and a long history of proven science behind the efficacy of wildlife migration corridors for
traditional migratory patterns. The IPCC’s 5th Assessment Report states, “There is high agreement that
maintaining or improving migration corridors or ecological networks is a low‐regret strategy, partly
because it is also seen as useful in combatting the negative effects of habitat fragmentation on
population dynamics.”19

Additional Benefits
Co‐benefits include the ability to develop conservation strategies that meet multiple management
objectives and the development of strong regional partnerships to support open space decision making.
Partnerships that leverage support of multiple agencies and initiatives may also experience increased
opportunities for grant funding or other forms of cooperative funding. Program‐driven adjustments to
land preservation within the VHP Plan Area, for instance, would benefit from the future availability of
VHP mitigation funds.

18
19

Ibid.
Ibid.
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PRECEDENTS
The Nature Conservancy’s Mount Hamilton Upper Pajaro River Floodplain Conservation and
Restoration Project
The Mt. Hamilton, Santa Cruz, and Gabilan mountain ranges meet at the Pajaro River, an area rich in
wildlife, water, agriculture, and ranching. It is a major resting point along the Pacific Flyway, and is
inhabited by wildlife such as California Tiger Salamander, mountain lions, and badgers. The watershed
also contains productive farmlands and many large ranches in and around Silicon Valley.
The project involved a vulnerability assessment focused on key species and habitats that are likely to be
vulnerable to climate change, and development of adaptation strategies. Land protection (in perpetuity)
and riparian restoration were selected as priority actions, as much of the potential conservation corridor
is not currently protected.
Figure 3ES.9: Upper Pajaro River Floodplain Looking East

Photo courtesy William K. Matthias.
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Projected Climate‐Driven Faunal Movement Routes
Researchers at University of Washington looked at a combination of projected climate‐driven shifts, the
distributions of 2,903 species, estimated current human impacts on the landscape, and movement
models, to predict required migration corridors through the U.S. While previous studies mapped where
animals need to move to find climates that support them, this is the first broad‐scale study to also
consider how animals might travel when confronted with cities, large agricultural areas, and other
human related barriers.20
Figure 3ES.10: Projected Climate‐Driven Faunal Movement

Source: Lawler et al. 2013

Multi‐Stakeholder Climate Research Partnerships
The Terrestrial Biodiversity and Climate Change Collaborative (TBC3), the Bay Area Ecosystems Climate
Change Consortium (BAECCC), and The California Landscape Conservation Cooperative (CA LCC) are three
examples of local partnerships focused on multidisciplinary climate‐savvy ecological conservation and
restoration.
TBC3 is a group of university, NGO, and governmental researchers in the San Francisco Bay Area that
conducts research, monitoring, and outreach to enhance conservation and land management in the face
of climate change. It is currently conducting several studies similar and/or relevant to this strategy.
BAECCC brings together natural resource managers, scientists, and others to collaboratively understand
and reduce the negative impacts of climate change on Bay Area ecosystems and communities. BAECCC
facilitates collaboration through meetings, focused workshops, pilot projects, on‐line communications
20

Lawler, J.J; A. S. Ruesch, J.D. Olden, and B. H. McRae. 2013. Projected climate‐driven faunal movement routes. Ecology
Letters. Volume 16, Issue 8, pages 1014–1022, August 2013
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and more to secure nature’s ecological and economic benefits for the Bay Area. Partners include federal,
State, and local resource agencies and NGOs.
The CA LCC is a management‐science partnership created to inform and promote integrated science,
natural resource management, and conservation to address impacts of climate change and other
stressors within and across ecosystems. Like BAECCC, it is composed of a variety of resource agency and
NGO partners. It conducts a variety of projects from decision support tools and data, to vulnerability and
habitat assessments and conservation planning.

REFERENCES + RESOURCES
–

Bay Area Ecosystems Climate Change Consortium. Climate Smart Actions for Natural Resource
Managers Workshop. Case Study: Upper Pajaro River Floodplain Restoration Project
o http://baeccc.org/pdf/Upper%20Pajaro%20River%20Floodplain%20Restoration.pdf

–

California Landscape Conservation Cooperative
o http://californialcc.org/projects

–

Groffman, P. M., P. Kareiva, S. Carter, N. B. Grimm, J. Lawler, M. Mack, V. Matzek, and H.
Tallis, 2014: Ch. 8: Ecosystems, Biodiversity, and Ecosystem Services. Climate Change Impacts
in the United States: The Third National Climate Assessment, J. M. Melillo, Terese (T.C.)
Richmond, and G. W. Yohe, Eds., U.S. Global Change Research Program, 195‐219.
doi:10.7930/J0TD9V7H.
o http://nca2014.globalchange.gov/report/sectors/ecosystems

–

Land Trust Alliance. The Nature Conservancy CA – Connecting Multiple Resource Benefit
Management to Resiliency Planning
o http://www.landtrustalliance.org/climate‐change‐toolkit/inspire/case‐studies/the‐
nature‐conservancy‐ca‐2013‐connecting‐multiple‐resource‐benefit‐management‐to‐
resiliency‐planning

–

Settele, J., R. Scholes, R. Betts, S. Bunn, P. Leadley, D. Nepstad, J.T. Overpeck, and M.A.
Taboada, 2014: Terrestrial and inland water systems. In: Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working
Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
[Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach,M.D. Mastrandrea, T.E. Bilir, M. Chatterjee,
K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R.
Mastrandrea, and L.L. White (eds.)]. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA, pp. 271‐359.

–

Valley Habitat Agency. 2012. Final Santa Clara Valley Habitat Plan.
o http://scv‐habitatagency.org/178/Final‐Habitat‐Plan
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Other Adaptation Strategies for Consideration [Ecosystem Assets]
ASSET(S): GRASSLAND, HARDWOOD FOREST, OAK WOODLAND, CONIFER FOREST, AND
REDWOOD FOREST
Climate Variable: Wildfire
ES‐4. Reduce wildfire risk in natural landscapes by investigating opportunities within zoning,
home construction, and fire safe building and landscape codes for the urban‐wildland
interface: This strategy proposes to reduce the risk of wildfire in areas of higher vulnerability
within Santa Clara County. As the climate changes, fire hazards within the county are
projected to increase due to increased heat, fewer precipitation events, and changes in fuel
loading. Not all habitats have equal wildfire risk, which is affected by factors such as
dominant and understory vegetation, local wind patterns, slope orientation, and the nexus to
human activities. Areas where human development borders wildland areas (known as the
wildland‐urban interface) are typically more susceptible to wildfire. A recent study at UC
Berkeley determined that many government‐sponsored firefighting and land‐use policies
actually encourage development on inherently hazardous landscapes, amplifying human
losses over time. 21 “Human losses will only be mitigated when land‐use planning takes fire
hazards into account in the same manner as other natural hazards, like floods, hurricanes and
earthquakes.”
Effective planning to reduce wildfire risks include:




Adopting new land‐use regulations and zoning guidelines that restrict development in
the most fire‐prone areas;
Updating building codes, such as requiring fire‐resistant construction to match local
hazard levels and encouraging retrofits to existing ignition‐prone homes;
Implementing locally appropriate vegetation management strategies around structures
and neighborhoods.22

21

Moritz,M. A, E. Batllori, R. A. Bradstock, A. M. Gill, J. Handmer, P. F. Hessburg, J. Leonard, S. McCaffrey, D. C. Odion, T.
Schoennagel & A. D. Syphard. 2014 Learning to coexist with wildfire. Nature 515, 58–66 (06 November 2014)
22
The California Department of Forestry and Fire Protection (Calfire) identifies fire resistant landscaping in terms of creating
defensible space around structures in multiple zones. Zone 1 (within 30 feet of a structure): Remove all dead or dry vegetation.
Trim trees regularly to keep branches a 10 feet from other trees, chimneys, or roofs. Remove or prune flammable plants and
shrubs near windows and decks. Zone 2 (within 100 feet of a structure): cut or mow annual grass to 4 inches. Create vertical
and horizontal spacing between grass, shrubs and trees. Remove fallen leaf litter deeper than 3 inches.
http://www.readyforwildfire.org/defensible_space/#sthash.3MzV8leV.dpuf
Local fire departments may have additional or competing recommendations and requirements, such as forbidden species lists
or wider protection zones.
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ASSET(S): GRASSLAND, HARDWOOD FOREST, OAK WOODLAND, CONIFER FOREST, REDWOOD
FOREST, CHAPARRAL AND SCRUBLAND, RIPARIAN AND RIVERINE, COASTAL WETLAND, AND
FRESHWATER WETLAND
Climate Variable: Temperature and Precipitation
ES‐5. Implement a fine‐scale ecosystem assessment utilizing climate water deficit data: Utilizing
Climate Water Deficit (CWD) data to measure plant drought stress can determine how
resilient a habitat is to changes in temperature and precipitation. Preliminary research has
shown great potential for applying CWD to this type of assessment, because CWD data takes
into account several environmental factors at a fine scale. CWD data has not been previously
used for climate impact assessments. Under this proposed strategy, with collaboration from
regional experts and organizations, CWD data could be utilized to assess climate impacts to
ecosystems within Santa Clara County at a finer scale than previously possible. This strategy
could be implemented either as a program or study.
A novel fine scale ecosystem assessment utilizing CWD data could involve:





Leverage current research projects and identify best uses of CWD data.
Collaborate with local climate ecology experts, such as members of the Terrestrial
Biodiversity and Climate Change Collaborative, to develop and test a methodology
framework and interpret preliminary results.
Obtain developmental or final CWD data from the Conservation Lands Network Explorer
Tool, which provides map‐based visualization of CWD projected changes under various
climate scenarios.

Utilizing CWD data for a more in‐depth analysis of climate impacts could provide a more robust
and detailed tool. The tool could identify where, and to what extent upland ecosystems,
sensitive habitats, and special‐status species may be impacted by climate change. Using the tool
may aid predictions of ecological shifts under a variety of climate scenarios.

ASSET(S): AQUATIC AND RIPARIAN HABITAT
Climate Variable: Temperature Change
ES‐6. Prioritize coldwater habitat conservation and restoration through amendments to habitat
conservation plans and in‐creek projects: Santa Clara County is home to both native
coldwater and warmwater fishes. As the county warms, so will surface waters in creeks,
streams, lakes, and reservoirs, decreasing the amount and quality of appropriate habitat for
coldwater fisheries. The Santa Clara Valley Habitat Plan (VHP) governs riparian and wetland
aspects of surface water conservation and restoration within the county. Amending the VHP
to stress prioritization of coldwater habitat over warmwater habitat would help maintain the
balance of ecologically sensitive fisheries and protect coldwater fishes within the county.
The Fisheries and Aquatic Habitat Collaborative Effort Settlement Agreement (FAHCE
Agreement) was initiated in 2003 to address a 1996 water rights complaint, which alleged
that SCVWD water supply operations conflict with water rights requirements by adversely
impacting aquatic species on Coyote Creek, Guadalupe River, and Stevens Creek (“Three
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Creeks”). The District is currently determining a path forward to implement the FAHCE
Agreement. Potential projects include improvements on in‐stream ponds, such as Ogier
Ponds on Coyote Creek and County‐owned ponds within Penitencia Creek. Such projects
would decrease standing water and warming within creeks, and help remove non‐native
predators of coldwater fishes. By partnering with the SCVWD to move such projects forward,
the County could substantially improve coldwater habitat within County creeks.

ASSET(S): ALL UPLAND AND FRESHWATER NATURAL HABITATS
Climate Variable: Temperature Change, Precipitation Change, Riverine Flooding, Wildfire
ES‐7. Develop best practice standards for water retention design for habitat restoration and
creation projects on natural lands: Projects under the jurisdiction of the Santa Clara Valley
Habitat Plan (VHP) pay mitigation fees that fund the Valley Habitat Agency’s habitat
preservation, restoration, enhancement, and creation efforts for sensitive natural lands. As
habitats are selected for preservation or redesigned for restoration, many factors can be
manipulated to reduce run‐off and maximize local water retention. Soil type and contouring,
planting pallets, and identification of shading opportunities can affect water retention. More
formal practices, such as careful placement of wetlands with respect to natural shade or fog
shelters, and the installation of natural swales can also affect water retention. Updating the
VHP to require use of water retention best management practices for covered projects, as
well as mitigation projects, would ameliorate temperature and drought impacts to natural
habitats and create positive results for county water quality and supply.

ASSET(S): ALL UPLAND AND FRESHWATER NATURAL HABITATS
Climate Variable: Temperature Change, Precipitation Change, Wildfire
ES‐8. Increase climate messages in ongoing water conservation public awareness campaigning:
SCVWD maintains an award‐winning water conservation public awareness campaign, the
success of which could be leveraged to increase climate education throughout the county.
SCVWD plans to continue water conservation programs, including public awareness efforts,
in order to achieve its goal of almost doubling water conservation savings by 2030. New,
climate‐related messaging could effectively focus public awareness on tangible, present day
benefits of conservation. Such messaging could stress the interconnection of open space,
groundwater, and drinking water. New messaging could also effectively promote climate‐
smart behaviors through identification of appropriate climate analogs. A climate analog is an
existing city or region whose existing climate is similar to the predictions for another area.
This strategy could increase positive, climate‐smart water conservation behaviors for the
benefit of both habitats and water supply within the county.
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ASSET(S): ALL UPLAND AND AQUATIC NATURAL HABITATS
Climate Variable: All climate variables
ES‐9. Understand vector‐based impacts of climate and address invasive species through pursuit
of stronger state laws and programs: Shifting habitats create ideal opportunities for invasion
of new species, some of which may have significant negative consequences for county
ecosystems, wildlife and native plant populations, water quality and infrastructure, or
agriculture. The state currently operates a variety of methods to protect against importation
of invasive pest species, from border quarantines to monitoring and early warning systems to
eradication and containment programs. A fine scale ecosystem assessment with a focus on
potential pest invasions could provide the County with information necessary to establish
early warning systems or pursue state and/or federal laws and programs aimed at prevention
or eradication of additional targeted pest invasions. This strategy would have co‐benefits for
the water and agriculture sectors.
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3E ENERGY
ENERGY GENERATION
FACILITIES

SUBSTATIONS

TRANSMISSION
INFRASTRUCTURE

3E.1 Introduction
The Energy asset sector includes three sub‐assets: energy generation facilities, substations, and
transmission infrastructure located in Santa Clara County. This section presents the results of the
vulnerability assessment and economic consequences analysis for energy assets in regards to projected
changes in climate variables (sea level rise, storm surge, riverine flooding, wildfire, and extreme heat).
Findings were used to inform a comprehensive set of climate adaptation strategies to help improve the
climate resilience of these assets. Priority strategies are presented in order by sub‐asset and the climate
variable(s) addressed, and followed by a set of “other strategies for consideration” that might be
expanded over time as appropriate and feasible.

3E.2 Vulnerability Assessment Summary [Energy Assets]
ENERGY GENERATION FACILITIES
This assessment identified 10 energy generation facilities in Santa Clara County.1 A summary of
vulnerability assessment results for energy generation facilities is provided in Table 3E.1, followed by
additional information and analysis figures by climate variable.
Table 3E.1: Energy Generation Facilities Vulnerability Summary by Climate Variable and Timeframe
(number of facilities)
ENERGY
GENERATION
FACILITIES

SLR

SLR +
STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

Mid‐Century
Vulnerability

None

None

None

End‐of‐
Century
Vulnerability

None

None

None

RIVERINE
FLOODING

2
(20%)

2
(20%)

WILDFIRE

None

None

EXTREME
HEAT

10
(100%)

10
(100%)

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

Sea Level Rise + Storm Surge
No energy generation facilities were found to be vulnerable to permanent inundation from sea level rise
(SLR) or to temporary inundation from storm surge, in either the mid‐century or end‐of‐century
scenarios.

Riverine Flooding
Two energy generation facilities were rated highly vulnerable to temporary riverine flooding under the
scenarios for mid‐and end‐of‐century scenarios (see Figure 3E.1).

1

The list and locations of energy generation facilities were compiled using a map provided by the California Energy Commission
(2012). This map only includes facilities that have a capacity of 0.1 MW or more, and does not include facilities that may have
been built after 2012. As such, it is possible that the inventory data on generation facilities is not comprehensive.
http://nebula.wsimg.com/c41d790f3b32d265698c61bd7f05bd59?AccessKeyId=A4D29026E710CF32AF15&disposition=0&allow
origin=1
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Figure 3E.1: Energy Generation Facilities Vulnerable to Riverine Flooding (End‐of‐Century)

One of the vulnerable energy generation facilities is owned by Gas Recovery Systems, Inc. It is located
near the San Francisco Bay, just north of the San Jose‐Santa Clara Wastewater Treatment Facility. In the
Tool, the vulnerability of energy generation facilities to riverine flooding is determined by FEMA Flood
Insurance Rate Maps (FIRMS) that indicate 100‐year flood zones (which, as regulatory documents, take
into account only historical data and conditions, and do not project for future climate change).
Therefore, it is possible that for assets located near the Bay, flooding could be due to either storm surge
or riverine flooding.
The proximity of the facility to a wastewater treatment plant, and its location near the Bay makes a
strong case for the implementation of either regional coastal or riverine flood protection strategies (see
Section 3S Shoreline Flood Protection). Another option for this facility is the construction of a sea wall or
similar barriers, or other forms of facility‐specific flood‐proofing measures. Given that the generation
facility is already in the 100‐year floodplain (as shown in FEMA FIRMs), this facility may already
experience temporary flooding. As such the asset may have existing adaptive capacity to withstand
more frequent flooding events.
The other generation facility (Donald Von Raesfeld Power Plant in the City of Santa Clara) found to be
vulnerable to temporary riverine flooding is located further inland (approximately 10 miles south of the
facility owned by Gas Recovery Systems, Inc.). While it is close to the San Jose International Airport, it
does not appear to be located in proximity with any other critical assets, and therefore, facility‐specific
adaptation strategies may be more appropriate to reduce impacts on this facility from riverine flooding
(as opposed to regional strategies). The two rivers causing potential flooding at this generation facility

CH 3E: Energy

3E‐3

are Guadalupe River and San Tomas Aquino Creek although the source of the flooding is not clear (from
the FEMA FIRMs published at the time of writing). Adaptation options for this site may include the
construction of a sea wall around the energy generation facility, or other forms of facility‐specific flood
proofing measures. Given that the generation facility is already in the 100‐year floodplain (as shown in
FEMA FIRMs), this facility may already experience temporary flooding. As such the asset may have
existing adaptive capacity to withstand more frequent flooding events.

SUBSTATIONS
The assessment identified 85 substations in Santa Clara County.2 A summary of vulnerability assessment
results for substations is provided in Table 3E.2 followed by additional information and analysis figures
by climate variable.
Table 3E.2: Substations Vulnerability Summary by Climate Variable and Timeframe (substations)

SUBSTATIONS

SLR

SLR + STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Mid‐Century
Vulnerability

1 (1%)

1 (1%)

None

8 (9%)

12 (14%)

85 (100%)

End‐of‐
Century
Vulnerability

1 (1%)

3 (4%)

2 (3%)

8 (9%)

12 (14%)

85 (100%)

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

Sea Level Rise + Storm Surge
There is one substation,3 which is highly vulnerable to permanent inundation from SLR under both mid‐
and end‐of‐century scenarios. By mid‐century, strategies will be needed to protect this substation from
permanent inundation. Two additional substations are expected to become highly vulnerable to SLR plus
storm surge by end‐of‐century (see Figure 3E.2).

2

The list and locations of substations were compiled using a map provided by the California Energy Commission (2013). This
map does not include substations that may have been built after 2013:
http://nebula.wsimg.com/c41d790f3b32d265698c61bd7f05bd59?AccessKeyId=A4D29026E710CF32AF15&disposition=0&allow
origin=1. It is possible that the inventory data on substations is not comprehensive.
3

Ownership information for the substation was not provided at the time of publication.
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Figure 3E.2: Substations Vulnerable to Sea Level Rise + Storm Surge (End‐of‐Century)

Riverine Flooding
A further eight substations are vulnerable to temporary riverine flooding in both mid‐and end‐of‐
century scenarios. Given that these substations are located in the 100‐year floodplain (as shown in
FEMA FIRMs), they may already experience temporary flooding. As such, the assets may have existing
adaptive capacity to withstand more frequent flooding events.
Out of the eight substations vulnerable to temporary riverine flooding, five are located near the Bay (see
Figure 3E.3). In the Tool, the vulnerability of substations to riverine flooding is determined by FEMA
Flood Insurance Rate Maps (FIRMS), which indicate 100‐year flood zones. Therefore it is possible that
the flooding could be due to either storm surge or riverine flooding.
The three remaining substations are located inland, which means their vulnerability is due to temporary
riverine flooding from precipitation events. As they are also located in the 100‐year floodplain, they may
already have existing flood protection measures in place.
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Figure 3E.3: Substations Vulnerable to Riverine Flooding (End‐of‐Century)

Wildfire
Lastly, approximately 12 of all mapped substations (14%) were rated highly vulnerable to wildfire
impacts in both mid‐ and end‐of‐century scenarios. Figure 3E.4 shows the vulnerability of the
substations to wildfires under the baseline, mid‐century, and end‐of‐century scenarios. The substations
are exposed to varying levels of wildfire hazard depending on their location. The substations on the
western side of the core urban centers are located in zones with higher wildfire hazards than the
substations on the eastern side. For two substations located near the Lehigh Permanente Quarry (24001
Stevens Creek Boulevard, Los Altos, CA 94024), on the western side of the urban centers, the frequency
and intensity of wildfires remains constant up to the mid‐century scenario, and increases progressively
(as indicated by darker red zones) from the mid‐century to end‐of‐century scenarios.

3E‐6

Silicon Valley 2.0 Climate Adaptation Guidebook

Figure 3E.4: Substations Vulnerable to Wildfires (Reference, Mid‐Century, End‐of‐Century)

LEGEND NOTE: Ref= reference year (2007–2008), Mid = mid‐century projections, Late = end‐of‐century projections
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TRANSMISSION INFRASTRUCTURE
The assessment identified approximately 246 miles of transmission infrastructure in Santa Clara
County.4 A summary of vulnerability assessment results for transmission infrastructure is provided in
Table 3E.3, followed by additional information and analysis figures by climate variable.
Table 3E.3: Transmission Infrastructure Vulnerability Summary by Climate Variable and Timeframe
(miles of lines)
TRANSMISSION
INFRA‐
STRUCTURE
(ELECTRICITY)
Mid‐Century
Vulnerability
End‐of‐Century
Vulnerability

SLR + STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

14

25

11

67

54

8

(6%)

(10%)

(4%)

(27%)

(22%)

(3%)

29

36

7

67

54

241

(12%)

(15%)

(3%)

(27%)

(22%)

(98%)

SLR

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability.

Sea Level Rise + Storm Surge
Approximately 6% of transmission infrastructure was rated as having low vulnerability to permanent
inundation from SLR by mid‐century, with an additional 4% impacted by storm surge. By end‐of‐century,
approximately 12% of transmission infrastructure will have low vulnerability to permanent inundation
from SLR, and an additional 3% by temporary storm surge (see Figure 3E.5). Some of the transmission
infrastructure installed along the Bay in Santa Clara County is already located in marshland areas that
currently experience partial inundation.

4

Transmission lines were identified using a 2013 California Energy Commission map and it is possible that the inventory data on
transmission infrastructure is not comprehensive.
http://nebula.wsimg.com/c41d790f3b32d265698c61bd7f05bd59?AccessKeyId=A4D29026E710CF32AF15&disposition=0&allow
origin=1.
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Figure 3E.5: Transmission Infrastructure Vulnerable to Sea Level Rise and Storm Surge (End‐of‐Century)

Riverine Flooding
Riverine flooding is expected to moderately impact 67% of transmission infrastructure by both mid‐ and
end‐of‐century (see Figure 3E.6). Overall, the vulnerability of transmission infrastructure to permanent
inundation, temporary storm surge, and temporary riverine flooding is considered minor. The
transmission lines are overhead, so it is only the bases of transmission towers that may be impacted by
flooding.
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Figure 3E.6: Transmission Infrastructure Vulnerable to Riverine Flooding (End‐of‐Century)

The transmission towers located along the Bay are potentially vulnerable to either storm surge or
riverine flooding. Given that the transmission lines and towers are already in the 100‐year flood plain (as
shown in FEMA FIRMs), they may already experience temporary flooding. As such the assets may have
existing adaptive capacity to withstand more frequent flooding events.

Wildfire
Approximately 22% of all mapped transmission infrastructure were rated highly vulnerable to wildfire
impacts in both mid‐and end‐of‐century scenarios. Figure 3E.7 shows the vulnerability of transmission
infrastructure to wildfire under the baseline, mid‐century, and end‐of‐century scenarios. The
infrastructure is exposed to varying levels of wildfire hazard5 depending on their locations in the hills.
The infrastructure on the western side of the core urban centers is located in zones with higher wildfire
hazards than the infrastructure on the eastern side. The frequency and intensity of wildfires in the
western side increase progressively (as indicated by darker red zones) from the reference scenario to
the mid‐and end‐of‐century scenarios.
Lastly, 3% of transmission infrastructure is rated as moderately vulnerability to extreme heat in the mid‐
century scenario. This figure increases to 98% of transmission infrastructure by end‐of‐century.

5

Wildfire hazard is a measure of the likelihood of an area burning and how it burns (i.e., intensity, speed, and embers
produced). Wildfire hazard zoning maps show wildfire hazards without considering the value of assets at risk.
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Figure 3E.7: Transmission Infrastructure Vulnerability to Wildfires (Reference, Mid‐Century, End‐of‐Century)

LEGEND NOTE: Ref= reference year (2007–2008), Mid = mid‐century projections, Late = end‐of‐century projections
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3E.3 Mid‐Century Economic Consequences [Energy Assets]
The following section estimates the potential economic consequences of climate change impacts on
energy assets. The analysis estimates the economic consequences in order of magnitude under a mid‐
century (2050) climate change scenario in which no adaptive measures have been taken, which allows
decision‐makers to consider adaptation measures that could help avoid the greatest costs.
Chapter 2 provides more information on the framework of this analysis, including definitions of criteria
and ratings.

ENERGY GENERATION FACILITIES
This section describes the economic consequences for damage or impairment of energy generation
facilities.6 A summary of the findings can be found in Table 3E.4.
Table 3E.4: Summary of Economic Consequences for Energy Generation Facilities by Climate Variable
SEA LEVEL
RISE

SEA LEVEL
RISE + STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Replacement Cost

N/A

N/A

Moderate

N/A

N/A

Loss of Fiscal Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

N/A

N/A

Moderate

N/A

N/A

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Riverine Flooding
The economic consequences of riverine flooding to energy generation facilities are moderate ($100–
$500 million). This comes from the replacement costs for two generation facilities potentially damaged
by floodwaters in a 2050 scenario.

6

Note: damage to critical energy generation assets could result in severe interruptions to economic activity, but due to lack of
data, this analysis does not include interruption of economic activity for these assets.
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SUBSTATIONS
This section describes the economic consequences for damage or impairment of substations facilities.7 A
summary of the findings can be found in Table 3E.5.
Table 3E.5: Summary of Economic Consequences for Substations by Climate Variable
SEA LEVEL
RISE

SEA LEVEL
RISE + STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Replacement Cost

Low

Low

Moderate

Moderate

N/A

Loss of Fiscal Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

Low

Low

Moderate

Moderate

N/A

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

SLR
The economic consequences of SLR on substations are low (less than $100 million) due to replacement
costs for one substation damaged by inundation.

SLR + Storm Surge
The economic consequences of SLR on substations are low (less than $100 million) due to replacement
costs for one substation that is potentially damaged from inundation in a 2050 scenario.

Riverine Flooding
The economic consequences of riverine flooding on substations are moderate ($100–$500 million) due
to the replacement costs for 8 substations damaged by floodwaters.

Wildfire
The economic consequences of wildfire on substations are moderate ($100–$500 million) due to the
replacement costs for 12 substations damaged by wildfire.

7

Note: damage to critical substation assets could result in severe interruptions to economic activity, but due to
lack of data, this analysis does not include interruption of economic activity for these assets.
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TRANSMISSION INFRASTRUCTURE
This section describes the economic consequences for damage or impairment of transmission
infrastructure.8 A summary of the findings can be found in Table 3E.6.
Table 3E.6: Summary of Economic Consequences for Transmission Infrastructure by Climate Variable
SEA LEVEL
RISE

SEA LEVEL
RISE + STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Replacement Cost

N/A

N/A

Low

Moderate

N/A

Loss of Fiscal Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

N/A

N/A

Low

Moderate

N/A

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Riverine Flooding
The economic consequences of riverine flooding on transmission infrastructure are low (less than
$100 million) due to replacement costs for over 60 miles of transmission infrastructure potentially
damaged by floodwaters.

Wildfire
The economic consequences of wildfire on transmission infrastructure are moderate ($100–$500
million) due to replacement costs for over 50 miles of transmission infrastructure damaged by wildfire.

3E.4 Risk Analysis [Energy Assets]
Risk ratings are available in the Tool, but are not included in the Guidebook because they are largely a
reflection of the economic consequences analysis. Social and environmental consequences would
normally also inform a risk rating, but they were excluded from this analysis due to insufficient data to
quantify and express those consequences through the Tool.

8

Note: damage to transmission assets could result in severe interruptions to economic activity, but due to lack of data, this
analysis does not include interruption of economic activity for these assets.
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3E.5 Climate Adaptation Strategies [Energy Assets]
The following pages outline strategies for protecting the energy assets most vulnerable to climate
change, as summarized in Table 3E.7. As explained at the beginning of Chapter 3, each strategy includes
additional information about timeframe, actors, implementation, and precedents. They are organized by
the climate variables they seek to address.
Table 3E.7: Energy Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Energy Generation Facilities, Substations, and Transmission Infrastructure
E‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS OF ENERGY
INFRASTRUCTURE ASSETS.

Power Generation Facilities and Substations
E‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION
OPTIONS BY WEIGHING THEIR RELATIVE COSTS AND BENEFITS.

Energy Generation Facilities, Substations, and Transmission Infrastructure
E‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM RIVERINE FLOODING, SEA LEVEL RISE, AND
STORM SURGE.

Substations and Transmission Infrastructure
E‐4. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT
INFRASTRUCTURE FROM WILDFIRES.

Energy Generation Facilities, Substations, and Transmission Infrastructure
E‐5. SUPPORT THE STUDY AND DEVELOPMENT OF MICROGRID
INFRASTRUCTURE SYSTEMS.
Energy Generation Facilities, Substations, and Transmission Infrastructure
E‐6. IMPROVE ACCESS TO ENERGY USAGE AND ASSET DATA
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OTHER STRATEGIES FOR CONSIDERATION

Energy Generation Facilities, Substations, and Transmission Infrastructure
E‐7. Prepare ahead of forecasted extreme events to minimize impacts.
E‐8. Secure locations of assets in non‐hazard prone areas.

Power Generation Facilities and Substations
E‐9. Review existing backup power supply plans and processes to
ensure availability of backup supplies during flooding related
disruptions.

Substations and Transmission Infrastructure
E‐10. Plan for additional long‐run transmission capacity to offset some
of the risks posed by fires to infrastructure.
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ASSET

Energy Generation Facilities, Substations, Transmission Infrastructure

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding, Wildfires, Extreme Heat

E‐1. DEVELOP DETAILED VULNERABILITY ASSESSMENTS OF ENERGY INFRASTRUCTURE ASSETS.
This strategy proposes that Santa Clara County share data with utilities on various projected impacts of
climate change at the county scale, on variables such as SLR, storm surge, riverine flooding, wildfires,
and extreme heat, so utilities could assess the vulnerability of their assets to climate change.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

County government, utilities

CROSS ASSET SECTOR APPLICABILITY

Communications

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
For security purposes, utilities typically have restrictions on the data they can share with local agencies,
particularly regarding the precise locations of their energy infrastructure assets. For Silicon Valley 2.0,
asset locations were approximated based on publically available maps published by State agencies.
Without knowledge of the precise location of these assets, it is not possible for local agencies to
determine potential exposure to climate impacts and thus whether adaptation strategies are needed to
increase the resilience of these assets to protect the power supply to local communities.
As data on climate change projections and impacts at the county scale become available, Santa Clara
County could share it with utilities. This strategy recommends that utilities use that data, in combination
with other sources of climate data, to assess the vulnerability of their assets to projected climate
impacts. In the future, utilities should set up a system to track the changes in climate projections to
periodically revise expected vulnerabilities.
In addition, an important part of determining vulnerability is adaptive capacity. While the Silicon Valley
2.0 vulnerability assessment included adaptive capacity at a regional level, analysis at the regional level
may not be adequate to determine the adaptive capacity of specific assets. Adaptive capacity can vary
considerably from asset to asset depending on a numbers of factors, such as its current condition and
performance, use (spare capacity), ability to accommodate change, and interdependency with other
assets and systems.
This strategy recommends that utilities use information from the Tool as a basis to conduct site‐specific
inspections and assessments of assets to understand the extent to which they exhibit adaptive capacity.
These assessments could form the basis for future adaptation strategy development.
Utilities may also wish to consider in advance what elements of the detailed vulnerability assessment
they could share with the Santa Clara County Government and other stakeholders in order to facilitate a
productive dialogue about adaptation options.
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IMPLEMENTATION
Timing
Ideally, this strategy should be initiated in the short term (0–3 years) as understanding asset‐level
vulnerability is crucial to developing adaptation strategies. This vulnerability assessment identified four
substations highly vulnerable to SLR and storm surge by mid‐century, eight substations vulnerable to
riverine flooding, and two generation facilities vulnerable to riverine flooding. The study identified 12
substations and 54 miles of transmission Infrastructure that are potentially highly vulnerable to wildfire
events by mid‐century. Utilities could prioritize these assets as the first to undergo such an assessment.
In addition, this strategy could be an on‐going effort. As the County and other local governments obtain
updated or more precise climate change projections, they could continue to share this information with
utilities so that vulnerability assessments could be updated.

Potential Challenges and Solutions
Given that energy is a critical public service, stakeholders may be interested in the results of detailed
vulnerability assessments. However, utilities may be sensitive about providing detailed information on
asset‐level vulnerability for security purposes and other reasons.
Utilities may want to strategize on what level of information they could provide to stakeholders and
what input from stakeholders would be most helpful for determining vulnerability and appropriate
resilience strategies. Convening a group of stakeholders for a joint‐fact finding and collaborative effort
may build trust and incorporate more sources of information and ideas. A collaborative process in New
York City is described below.

PRECEDENTS
Consolidated Edison, New York City Adaptation Task Force and Storm Hardening and
Resiliency Collaborative
In 2008, with funding from the Rockefeller Foundation, the New York City Mayor’s office launched The
York City Adaptation Task Force to identify risks and opportunities for the city’s critical infrastructure.9
Consolidated Edison (Con Ed), the local electricity, natural gas, and steam utility, was one of 40 members
of the Task Force comprised of public authorities and private companies that operate, maintain, or
regulate critical infrastructure in the region.9
Con Ed used climate change projection information provided in a Climate Risk Information workbook
(produced by a panel of experts) to complete a risk assessment of key pieces of its infrastructure
potentially at risk from climate change impacts. The risk assessment that Con Ed completed during the
NPCC process has not been made publically available, but the risk assessment tools that Con Ed and the
rest of the Adaptation Task Force used have been published as an “Adaptation Assessment Guidebook”.10

9

Major, David; O’Grady, Megan. 2010. Appendix B: Adaptation Assessment Guidebook. New York City Panel on Climate Change
2010 Report. Annals of the New York Academy of Sciences. 229‐292

10

Mayor & O’Grady, 2010
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In October 2012, Hurricane Sandy resulted in extensive damage and outages in Con Ed’s system. In
January 2013, the company filed a rate case for $1 billion in capital investments for 2013‐2016 to
mitigate the impacts of future extreme weather. The New York Public Service Commission (PSC)
recommended that Con Ed convene a collaborative of interested parties to consider the company’s storm
hardening proposals, design standards, and the best ways to build flexibility into the company’s designs.
The Collaborative began meeting in July 2013 and included representatives from Consolidated Edison,
PSC, State government, local government, environmental organizations, universities, consumer
protection groups, and a labor union.11
The Collaborative found that updating some of the design standards would require additional analysis of
the effects of climate change. The company has committed to undertake a climate vulnerability study
that synthesizes current scientifically credible views of predicted climate change, provides up‐to‐date
climate model output, identifies effects on utility infrastructure, and incorporates input from
Collaborative participants. Where gaps exist in the existing climate risk information, the company
proposes to take steps to fill them to the extent practical. The goal of the assessment is to develop a
shared understanding of the impact of climate change to Con Ed’s infrastructure, further quantify
climate change risks and uncertainties, consider revisions to system and equipment design standards and
develop a risk mitigation plan.12

REFERENCES + RESOURCES
–

New York City Panel on Climate Change, “Climate Change Adaptation in New York City:
Building a Risk Management Response” 2010
o http://www.nyas.org/Publications/Annals/Detail.aspx?cid=ab9d0f9f‐1cb1‐4f21‐b0c8‐
7607daa5dfcc

–

Consolidated Edison Company of New York, Inc. “Storm Hardening and Resiliency
Collaborative Report.” December 4, 2013
o http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId={C7889A83‐
F9B7‐4072‐8DCF‐75741788D8BB

–

Consolidated Edison Company of New York, Inc. “Storm Hardening and Resiliency
Collaborative Phase Two Report.” September 2, 2014.
o http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterCase
No=13‐e‐0030

11

Consolidated Edison Company of New York, Inc. “Storm Hardening and Resiliency Collaborative Report.” 2013

12

Ibid.
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ASSET

Power Generation Facilities, Substations

CLIMATE VARIABLE

Riverine Flooding, Storm Surge, Sea Level Rise

E‐2. ASSESS ASSETS FOR CRITICALITY AND CONSIDER ADAPTATION OPTIONS BY WEIGHING
RELATIVE COSTS AND BENEFITS.
This strategy proposes that utilities assess vulnerable substations and generation facilities based on
condition, remaining design life, criticality, existing and future capacity requirements, cost, etc., and
based on findings, consider adaptation options by weighing their relative costs and benefits.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

Utilities

CROSS ASSET SECTOR APPLICABILITY

Communications, Transportation, Wastewater

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
This strategy proposes that utilities assess vulnerable substations and generation facilities based on
condition, remaining design life, criticality, and existing and future capacity requirements to help
prioritize which assets need adaptive improvements in the short, medium, and long‐term. For example,
a vulnerable substation that serves a hospital, port, and 10,000 residents would likely be prioritized for
adaptive improvements ahead of a vulnerable substation that serves 5,000 residents. Similarly, a
vulnerable generation facility that a utility expects to operate for another 40 years would likely be
prioritized for adaptive improvements ahead of a vulnerable generation facility that a utility plans to
decommission within three years. With this risk‐based prioritization in mind, utilities could evaluate one
of more of the following adaptation options by weighing costs and benefits:


Transfer transmission/distribution capacity from vulnerable substations to other non‐vulnerable
substations, if feasible, thereby phasing out vulnerable substations.



Build flood barriers around existing vulnerable facilities and substations, such as floodwalls,
berms, or dikes, if relocating them is not feasible, and if these assets are critical.



Elevate sensitive components of generation facilities and substations if relocating these assets is
not feasible, and if these assets are critical.



Improve/increase drainage capacity at sites of substations and generation facilities.



Deploy alternative resiliency strategies, such as microgrids, strategically located demand
response, energy efficiency, and demand response.
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IMPLEMENTATION
Timing
Ideally, this strategy would be initiated in the short term for assets deemed most vulnerable from a
detailed vulnerability assessment. The cost‐benefit assessment of adaptation options may carry on to
the medium term. The study could go on to inform capital projects planning and prioritization in the
medium term.

Potential Challenges and Solutions
Typical reliability metrics may fall short for evaluating the benefits of resilience‐related investments.
They often undervalue the impact of large‐scale events and they price lost load at a flat rate, where in
fact the value of lost load compounds the longer it is lost and different customers face different impacts
and costs of service outages.13
Assessing the benefits (avoided costs of outages) of adaptation options may require that utilities
undertake additional data collection and investigation. The National Association of Regulatory Utility
Commissioners has engaged experts to gain a better understanding of what an evaluative framework for
resilience investments might look like14 and Consolidated Edison has worked with experts and
stakeholders to develop a cost‐benefit model for their post‐Sandy resilience investments.15 Santa Clara
County utilities may be in a position to benefit from these investigations.
Some adaptation options may be politically sensitive or controversial.
Stakeholders, such as environmental and consumer groups, regulators, and State and local
governments, may have a major interest in the evaluation and selection of adaptation options and
utilities may consider engaging them in the decision making process. This type of collaboration could
help provide utilities with important information to inform the decision‐making process and build trust
between parties. Furthermore, cost‐benefit analysis should not be a stand‐alone metric informing the
selection of adaptation options.

PRECEDENTS
Consolidated Edison, Storm Hardening and Resiliency Collaborative
As part of its January 2013 rate cases for $1 billion in investment to mitigate against extreme weather
impacts, Consolidated Edison (Con Ed) convened a Storm Hardening and Resiliency Collaborative to
consider the company’s storm hardening proposals, design standards, and the best ways to build
flexibility into the company’s designs.16 The Collaborative formed four different working groups, including
a “Risk Assessment/Cost Benefit Analysis” working group tasked with developing analytical tools for
13

Keogh, Miles and Cody, Christina. “Resilience in Regulated Utilities.” The National Association of Regulatory Utility
Commissioners, November 2013.

14

Ibid.

15

Consolidated Edison Company of New York, Inc. “Storm Hardening and Resiliency Collaborative Phase Two Report.”
September 2, 2014. http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterCaseNo=13‐e‐0030

16

Ibid.
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assessing the merits of the company’s storm hardening projects. The group developed a model that
quantifies and ranks the reduction in risk associated with each of the storm hardening projects based on
the criticality of the asset. The risk assessment and prioritization model assessed factors such as
population served by an asset, potential for disruption of power to critical infrastructure, and outage
duration.17 The ranking is meant to illustrate that the company is allocating funding to maximize risk
reduction, but the company is not using the ranking as a standalone test of project value. The results of
the risk‐based prioritization can be seen in Figure 3E.8.
During the Collaborative’s second phase of work, the company developed an economic cost/value model
that can be applied to storm hardening projects. Each resiliency project will be evaluated based on the
quantification of economic benefits (avoided costs when an outage is prevented) compared to the
corresponding costs of the project. This cost‐benefit effort represents a new approach in quantifying the
value of utility investments and a number of areas required additional investigation and data to allow for
the development of the model. Con Ed contracted with an economic/engineering consultancy to lend
expertise to the computations related to outage costs.18
The collaborative also formed a working group devoted to assessing alternative resiliency strategies,
such as distributed energy resources, microgrids, energy efficiency, demand response, electric vehicles,
and time‐variant pricing. In a subsequent phase of work, this working group will coordinate with the Risk
Assessment/Cost Benefit group to develop a ranking of cost effectiveness and develop a proposal to the
Commission regarding alternative resiliency strategies.19

17

Consolidated Edison Company of New York, Inc. “Storm Hardening and Resiliency Collaborative Phase Two Report.”
September 2, 2014. http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterCaseNo=13‐e‐0030

18

Ibid.

19

Ibid.
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Figure 3E.8 Results of Con Ed Risk Assessment Prioritization

Consolidated Edison Company of New York, Inc. “Storm Hardening and Resiliency Collaborative Phase Two Report.”
September 2, 2014,
http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterCaseNo=13‐e‐0030

Entergy, Gulf Coast Adaptation Study
In 2010, Entergy and America’s Wetland Foundation20 sponsored a $4 million study of climate change
risks and adaptation options called the Gulf Coast Adaptation Study.21 The study modeled the risks
associated with three climate hazards: wind, sea‐level rise, and storm surge.22 In addition, the study
modeled economic losses for 23 types of assets with help from Swiss Re, a reinsurance company. It also
included a detailed analysis of oil, gas, and electricity infrastructure.
The study found that climate change is expected to increase economic losses over time in the Gulf region.
In a 2050 scenario assuming no climate change, average annual economic losses from wind, sea‐level
rise (due to subsidence only) and storm surge are calculated to be $26.3 billion. In a 2050 scenario with
20

America’s Wetland Foundation is a private foundation started in 2002 with the goal of raising public awareness of Louisiana’s
wetland loss and to gain support for coastal restoration efforts
http://www.americaswetland.com/custompage.cfm?pageid=280

21

Entergy, 2010. “Entergy Study Finds Environmental Risks Could Cost Gulf $700 Billion.” Press release.
http://www.entergy.com/news_room/newsrelease.aspx?NR_ID=1906

22

Gulf Coast Adaptation Study, America’s Wetland Foundation, 2010,
http://www.entergy.com/content/our_community/environment/GulfCoastAdaptation/report.pdf
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extreme climate change, average annual economic losses from wind, sea‐level rise, and storm surge
could be as much as $39.5 billion.23 The study calculated the cost‐benefit ratio for nearly 50 different
adaptation measures under a mid‐range climate scenario in 2030. Several electric utility adaptation
measures were included in the cost‐benefit analysis. As shown in Figure 3E.9, examples of measures
assessed include generation growth in low risk areas, generation levees, resilience for new distribution,
resilience retrofits for distribution, resilience for new transmission, resilience retrofits for transmission,
and vegetation management for transmission and distribution. The study found resilient distribution
lines (both new builds and retrofits), and vegetation management to be measures that reduce losses
with a cost‐benefit ratio of less than one. Transmission resilience efforts tend to be economically
attractive only in high‐risk areas. “Resilient” transmission and distribution, refers to hardening
investments in stronger poles, stronger wires, and elevated substations.24
Figure 3E.9 Cost Curve for Electric Utility Measures from Gulf Coast Adaptation Study

Source: Gulf Coast Adaptation Study, America’s Wetland Foundation, 2010,
http://www.entergy.com/content/our_community/environment/GulfCoastAdaptation/report.pdf

23

Gulf Coast Adaptation Study, America’s Wetland Foundation, 2010,
http://www.entergy.com/content/our_community/environment/GulfCoastAdaptation/report.pdf

24

Ibid.
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ASSET

Energy Generation Facilities, Substations, Transmission Infrastructure

CLIMATE VARIABLE

Riverine Flooding, Sea Level Rise, Storm Surge

E‐3. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT INFRASTRUCTURE FROM RIVERINE
FLOODING , SEA LEVEL RISE, AND STORM SURGE.
This strategy proposes that utilities continue to implement existing policies and standards related to
flooding from coastal storm surge and precipitation events and update them in response to new findings
on projected changes to riverine flooding and storm surge.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Policy update, standard
update

Short term

Utilities in collaboration with local,
County, and State agencies

CROSS ASSET SECTOR APPLICABILITY

Communications, Transportation, Water + Wastewater

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Improved resilience to near term flood events through review of
procedures

STRATEGY DESCRIPTION / BACKGROUND
Utilities in Santa Clara County may have existing siting, design, maintenance, emergency preparedness
and/or emergency response policies and standards in place to address temporary flooding from coastal
storm surge and precipitation events. For example, Pacific Gas & Electric (PG&E) has a robust emergency
response framework in place to address power outages which may result from flooding‐related damage
to infrastructure, and planned infrastructure improvements, which could include measures to harden
infrastructure vulnerable to flooding. Nevertheless, some standards and policies may not include
considerations of changing riverine flooding and increased storm surge risks resulting from climate
change.
This strategy proposes that utilities continue to implement these policies and standards, but also employ
an adaptive management approach that allows for the revision of the policies and standards in response
to new findings on projected changes to riverine flooding and storm surge. For example, utilities could
consider including SLR guidance in siting and maintenance documents to ensure that assets can start to
be phased out of the most vulnerable zones as part of general infrastructure upgrade and replacement
programs. Utilities could also consider testing emergency preparedness and response procedures
against scenarios that include severe climate change‐related flooding impacts and revising procedures
as needed. Utilities may consider revising policies and standards more frequently than in the past as
updated climate change data and projections are evolving.
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IMPLEMENTATION
Timing
This strategy could be initiated in the short term (0–3 years) with SLR guidance for siting and
maintenance procedures and by applying any other information from the Silicon Valley 2.0 Vulnerability
Assessment that has implications for current policies and standards. In addition, this strategy could be
implemented on an on‐going basis as new findings on climate impacts become available, particularly
new FEMA FIRMs or new SLR projections.

Potential Challenges and Solutions
Infrastructure improvements resulting from enhanced flood protection design standards may be costly
and result in the need for rate increases to finance those improvements.
Utilities may consider communicating to customers and stakeholders the importance of anticipatory
improvements to the energy system and including stakeholders in the decision‐making process to
reduce the risk of controversy around rate increases. In addition, local, regional, and State agencies,
regulators, environmental groups, and consumer groups may have an interest in infrastructure flood
protection standards, and utilities may consider engaging such stakeholders in a collaborative approach.
Partners for updating emergency preparedness and response procedures may include State and local
emergency management departments.
Design standards used by utilities, such as local building codes, FEMA floodplain maps, American Society
of Civil Engineers (ASCE), and the National Electric Safety Code may not account for climate change
impacts. For example, FEMA FIRMs do not current reflect SLR.
Utilities may need to go above and beyond existing design standards if they do not account for climate
change impacts. Utilities may consider issuing their own utility‐specific standards, where appropriate.
For example, utilities could consider flood protection standards in the coastal zone that exceed FEMA
base flood elevations to help account for future SLR.

PRECEDENTS
Consolidated Edison, Storm Hardening and Resiliency Collaborative
As part of its January 2013 rate cases for $1 billion in investment to mitigate against extreme weather
impacts, Consolidated Edison (Con Ed) convened a Storm Hardening and Resiliency Collaborative to
consider the company’s storm hardening proposals, design standards, and the best ways to build
flexibility into the company’s designs. The Collaborative formed four different working groups, one being
a design standard working group. To protect critical assets from future floods, the working group agreed
on a minimum flood protection design standard of the latest FEMA 100‐year floodplain elevation plus
three feet of freeboard. This standard meets and exceeds minimum requirements set by the NYC Building
Code while incorporating current projections for SLR. The previous standard was the 2007 FEMA 100‐yr
floodplain plus two feet. A diagram of the new flood protection standard as applied to a substation
design concept is shown in Figure 3E.10.
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In the longer‐term, Con Ed will monitor for changes in FEMA base flood elevations, updates in climate
change forecasts and SLR projections. Every five years, or sooner, if warranted, the company will consider
revisions to the flood protection design standard to reflect such changes.
As the collaborative continues its work, it will consider if and how to incorporate climate change impacts
such as wind, temperature, and precipitation into design standards for the distribution network and
generation facilities.
In a February 2014 settlement related to the rate case, the New York State Public Service Commission
now requires all utilities in the state to consider how SLR, extreme weather and other possible climate
change impacts will affect their operation and reliability as they make future construction plans and
budgets.
Figure 3E.10 Con Ed’s Substation Design Concept for New Flood Protection Standard

Source: Con Edison Substation Hardening, Appendix G from Storm Hardening and Resilience Collaborative Report,
August 8, 2013
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ASSET

Substations, Transmission Infrastructure

CLIMATE VARIABLE

Wildfire

E‐4. CONTINUE/MODIFY EXISTING EFFORTS TO PROTECT INFRASTRUCTURE FROM WILDFIRES.
This strategy recommends that utilities continue to implement policies and standards related to
protecting infrastructure from wildfire and update them in response to new findings on projected
changes to wildfire risk.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Policy updates,
Standards updates

Short term

Utilities in collaboration with local,
County, and State agencies

CROSS ASSET SECTOR APPLICABILITY

Communications

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Improved response to near term wildfires through review
of procedures

STRATEGY DESCRIPTION / BACKGROUND
Energy utilities in Santa Clara County have existing siting, design, and maintenance policies and
standards in place to address the vulnerability of infrastructure to wildfires. For example, PG&E has an
existing vegetation management program, which includes inspections and periodic pruning and removal
of vegetation around PG&E‐owned assets, to minimize wildfire risk. PG&E is also piloting a Fire Risk
study, which determines fire risks near PG&E‐owned infrastructure, based on factors such as weather,
winds, slope, and fuel load. PG&E has a robust emergency response framework in place to address
power outages, which may result from wildfire‐related damage to infrastructure and planned
infrastructure improvements, which could include measures to harden infrastructure vulnerable to
wildfire.
This strategy proposes the continued implementation of these policies and standards, while employing
an adaptive management approach which allows for the revision of the policies and standards in
response to new findings on projected changes to wildfires. Specific adaptive management approaches
related to wildfire management may include: incorporating climate change scenarios in the modeling of
fire risk, changing patrol/monitoring procedures to better identify wildfire risk, increasing defensible
space standards for vulnerable substations and transmission towers, modifying design standards for
new assets to increase their wildfire resistance, and modifying emergency response procedures to
increase capacity to respond to outages based on an increased risk of wildfire.
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IMPLEMENTATION
Timing
This strategy could be initiated in the short term, particularly around adjusting fire risk modeling to
include climate change, and potentially increasing vegetation management standards and procedures
around assets identified as vulnerable in this study. In addition, this strategy should also be
implemented on an on‐going basis, as new findings on wildfire risk become available.

Potential Challenges and Solutions
Infrastructure improvements may be costly and result in the need for rate increases to finance those
improvements.
Utilities may consider communicating to customers and stakeholders the importance of anticipatory
improvements to the grid and including stakeholders in the decision‐making process to reduce the risk
of backlash against rate increases. In addition, local, regional, and State agencies and environmental
groups may have an interest in infrastructure wildfire protection standards and utilities may consider
engaging such stakeholders in a collaborative approach. Partners for updating emergency preparedness
and response procedures may include State and local emergency management departments.
Design standards used by utilities, such as local building codes, ASCE, and the National Electric Safety
Code may not account for climate change impacts.
Utilities may need to go above and beyond existing design standards if they do not account for climate
change impacts and issue their own utility‐specific standard.

PRECEDENTS
San Diego Gas & Electric
In 2007, San Diego County experienced severe wildfires fueled by Santa Ana winds. The ignition sources
of several of the fires were attributed to overhead power lines operated by San Diego Gas & Electric
(SDG&E) and as a result, SDG&E faced numerous lawsuits and settlements. Since then, SDG&E has taken
many steps to reduce the risk of power lines sparking wildfires, including a range of fire prevention
activities, stakeholder input and advice, hardening of physical systems and equipment, and leasing of
fire‐fighting equipment.25
SDG&E has also identified increased wildfire activity as a risk based on climate change projections. As a
result, SDG&E has taken steps to improve the company’s wildfire preparedness through fire‐weather
forecasting and modeling. The company operates 149 weather stations that have been located
strategically in an effort to safely and reliably operate the electric system.26 The company uses weather
station data and fire‐weather forecasts to help inform emergency preparedness procedures and system

25

Sempra CDP report, 2013 https://www.cdp.net/sites/2013/52/16652/Investor%20CDP%202013/Pages/DisclosureView.aspx

26

“Identifying Risk and Resilience,” Brian D’Agostino, San Diego Gas & Electric Company, 2014 Climate Leadership Conference,
http://www.climateleadershipconference.org/attachments/File/presentations/CLC‐2014‐Presentations‐Session2b.pdf
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operations. SDG&E makes their fire‐weather data and forecasts publically available as shown in Figure
3E.11,27 which could contribute to the preparedness of key partners, such as fire departments.
Figure 3E.11 Santa Ana Winds Forecasting Tool for Enhanced Emergency Preparedness

Source: http://psgeodata.fs.fed.us/sawti/

27

“Identifying Risk and Resilience,” Brian D’Agostino, San Diego Gas & Electric Company, 2014 Climate Leadership Conference,
http://www.climateleadershipconference.org/attachments/File/presentations/CLC‐2014‐Presentations‐Session2b.pdf
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ASSET

Energy Generation Facilities, Substations, Transmission Infrastructure

CLIMATE VARIABLE

Riverine Flooding, Sea Level Rise, Storm Surge, Wildfire, Extreme Heat

E‐5. SUPPORT THE STUDY AND DEVELOPMENT OF MICROGRID INFRASTRUCTURE SYSTEMS.
This strategy proposes that Santa Clara County support the study and development of microgrid
infrastructure systems to provide enhanced power quality, reliability, and resilience for
buildings/facilities both during grid outages and under normal conditions.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study, Pilot Project

Mid‐term

County government, city
governments, utilities

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Improved reliability, energy security, reduced GHG emissions and
air pollution, cost efficiency

STRATEGY DESCRIPTION / BACKGROUND
Given the vulnerability of several substations and transmission infrastructure to climate change impacts,
and local and State policies incentivizing increased distributed generation resources and demand
response, microgrids could be a useful way to increase energy resilience and reliability in the face of
climate change impacts while also achieving other policy goals.
The Department of Energy (DOE) defines a microgrid as “a group of interconnected loads and
distributed energy resources (DER) with clearly defined electrical boundaries that acts as a single
controllable entity with respects to the grid and can connect and disconnect from the grid to enable it to
operate in both grid‐connected to island mode.” According to the California Public Utilities Commission
(CPUC), a microgrid can be as simple as a generator located near a building, like a hospital, that is able to
provide needed power during an outage, or as robust as an entire neighborhood that is outfitted with
solar and other technologies, such as a combined heat and power (CHP) plant, capable of producing
electricity and heat to serve local needs whether or not there is a grid outage. Microgrid systems are
small scale, connected at relatively low voltages, and include technology that is capable of maintaining
power flows, voltage, and load.28
Microgrids can be attractive because they provide participants with a level of power quality and
reliability usually unavailable from the local utility.29 Microgrid participants may also benefit from
reduced energy costs through reduced purchases of grid‐sourced electricity and utility transmission and
distribution services. Furthermore, microgrids have the potential to reduce GHG emissions and air
pollution associated with energy use through the integration of low or zero emissions generating
technologies and increasing the overall efficiency of the energy delivery system. Microgrids have the
potential to provide public security and safety benefits in the form of improved overall electricity system
28

California Public Utilities Commission, Policy & Planning Division, 2014. “Microgrids: A Regulatory Perspective.”

29

New York State Energy Research and Development Authority (NYSERDA), 2010. “Microgrids: An Assessment of the Value,
Opportunities, and Barriers to Deployment in New York State.”
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resilience as well as safe havens during extended power outages, depending on the level of storage
incorporated into their design.30 The Silicon Valley 2.0 Vulnerability Assessment and Tool could be useful
in the early planning stages for determining locations for safe havens during power outages that could
provide the greatest community benefit.
Currently, the vast majority of microgrids deployed in the U.S. are located at factories, college
campuses, hospitals, and military bases and other critical sites.31 For example, Santa Clara University has
a microgrid that incorporates onsite solar.32 These “campus environments” have several characteristics
that can simplify regulatory and physical development complexities of building new microgrids,
including a single property owner and land owner, and often preexisting centralized energy generation
and distribution infrastructure.33 Large‐scale technology company campuses also fall into this category
of sites where microgrid development is relatively less complex.
Downtown commercial districts are also prime candidates for microgrids due to density of buildings, a
mix of uses, and large concentrations of businesses or facilities requiring high quality and reliable power.
However, establishing a microgrid in a commercial district requires addressing local energy regulation,
public right of way and franchise issues, as well as creating an organizational structure that allows for
the involvement of multiple stakeholders.34
Furthermore, there are regulatory challenges that the CPUC is working to address at the State level to
allow utilities, customers, and developers to deploy microgrids in a safe, reliable, and fair manner. These
challenges include the changing role of the electric utility,35 integration of new actors and program
administrators into the regulatory and operational framework, the development of appropriate
standards and requirements to ensure that microgirds interconnect and interact with the grid in a
reliable and safe manner, and the identification of optimal locations for microgrid development.36
Santa Clara County and other local jurisdictions can play several important roles to support the study
and development of microgrids. A local government may choose to directly, or through a subsidiary,
own, operate, or finance a microgrid system that serves government‐owned buildings and potentially
other nearby privately held buildings. Local governments can be particularly effective as first movers to
help demonstrate the efficacy of microgrid infrastructure and spur its expansion. For example, Alameda
County partnered with Chevron Energy Solutions, PG&E, and the California Energy Commission (CEC) to

30

New York State Energy Research and Development Authority (NYSERDA), 2010. “Microgrids: An Assessment of the Value,
Opportunities, and Barriers to Deployment in New York State.”

31

http://www.greentechmedia.com/articles/read/California‐Funds‐the‐Next‐Wave‐of‐Microgrids‐Armed‐With‐Renewables‐
and‐Stor

32

http://www.fastcoexist.com/3029859/the‐future‐of‐the‐grid‐is‐local‐and‐distributed‐and‐universities‐are‐already‐building‐it

33

Sherman, Genevieve Rose, 2012. “Sharing Local Energy Infrastructure: Organizational Models for Implementing Microgrids
and District Energy Systems in Urban Commercial Districts.”

34

Ibid.

35

As a part of this issue, CPUC instituted a rulemaking requiring utilities to submit distribution resources plans by July 2015.
There are several related activities at the CPUC around utilities and distributed resources, including demand response,
distributed generation, and smart grid. For more information: http://www.cpuc.ca.gov/PUC/energy/drp/

36

California Public Utilities Commission, Policy & Planning Division, 2014. “Microgrids: A Regulatory Perspective.”
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develop a microgrid at the Santa Rita Jail.37 The City of Stamford, Connecticut has been actively planning
a microgrid for its Government Center building and potentially wider downtown energy improvement
district.38 The City of Berkeley is also researching options for deploying a microgrid to power buildings
should the electric grid fail.39
Local governments can also be valuable partners with utility‐led microgrid demonstration projects that
continue to advance the study and testing of microgrid models. Local governments could play a role in
identifying promising sites for microgrid projects and could support education and outreach efforts to
customers in an area where a utility‐led microgrid demonstration project is to occur. Where a
municipality owns a utility, such as Palo Alto, it may also chose to design, own, and operate microgrids
within its service territory.
Lastly, as the campus‐model microgrid is less complex to implement, these may continue to proliferate
in Santa Clara County. Local governments may consider partnering with campus‐based microgrid
projects to provide benefits to the wider community, such as securing agreements to provide
emergency shelter services, water purification, or other energy‐intensive services during a grid
emergency.

IMPLEMENTATION
Timing
This strategy could be initiated in the short term (0–3 years) with County or local government led
discussion with stakeholders that may be interested in microgrid development, such as the local
government itself, business districts, university or employer campuses, or utilities. Deployment of new
microgrid demonstration projects would likely occur in the medium term (3–10 years) to account for the
time required for planning the design, financing, ownership, and operation of the microgrid.

Potential Challenges and Solutions
Microgrids still face legal and regulatory uncertainty, including standards and interconnection. With
regulatory uncertainty also comes financing challenges as risks are higher.
Given these regulatory uncertainties, pilot‐projects that include some subsidy from State or federal
agencies, could be the best option until regulatory uncertainty is reduced and financing models are
tested and proven. In the near‐term, local governments could play an important role in helping secure
grants for such projects.

37

http://www.acgov.org/smartgrid.htm

38

Sherman, Genevieve Rose, 2012. “Sharing Local Energy Infrastructure: Organizational Models for Implementing Microgrids
and District Energy Systems in Urban Commercial Districts.”; New York State Energy Research and Development Authority
(NYSERDA), 2010. “Microgrids: An Assessment of the Value, Opportunities, and Barriers to Deployment in New York State.”;
http://www.stamfordct.gov/sites/stamfordct/files/u118/140819_stamford_eid_mtg_espc_update.pdf

39

http://www.100resilientcities.org/cities/entry/berkeleys‐resilience‐challenge#/‐_/
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Some local governments may not have in‐house expertise for directly planning, owning, and operating
microgrids.
Local governments may choose to contract with an Energy Service Company (ESCO) for finance,
ownership, and/or operation of microgrids to reduce the risk that the local government takes on and
required expertise. In fact, Santa Clara County is already very experienced in working through ESCOs,
Qualified Energy Conservation Bonds, and Power Purchase Agreements for the deployment of clean
energy technologies. The expertise gained through such arrangements would likely transfer to microgrid
development projects. Furthermore, as regulatory issues continued to be resolved, more companies will
likely become interested in working in microgrid development and operation as many now currently do
in solar development and energy efficiency retrofits.
Further, the County has a demonstrable record of success acting under the CPUC regulatory process,
both acting alone and as a member of stakeholder and utility coalitions, e.g., in the design and
application to the CPUC for creation of local government “regional energy networks” (RENs) and as a
member of the statewide coalition developing a comprehensive framing and operational proposal to the
CPUC for transitioning from a 2‐year energy efficiency cycle to a rolling portfolio. This background and
the relationships developed under a variety of energy regulatory initiatives provide unique advantages
in implementing this strategy.
Local governments may also consider partnering with energy research organizations, such as Lawrence
Berkeley National Lab, Sandia National Lab, or Electric Power Research Institute for additional expertise
in microgrid planning and modeling. Non‐profits could also be helpful partners in leveraging resources
for the study, planning, and deployment of microgrids. For example, the Clean Coalition is working with
PG&E to study solar and microgrid deployment in the substation area that serves the Bayview and
Hunters Point neighborhoods in San Francisco.40

PRECEDENTS
Borrego Springs Pilot Project, San Diego Gas & Electric
San Diego Gas & Electric (SD&E) developed a “proof‐of‐concept” microgrid serving 615 customers in
Borrego Springs, California, a small, unincorporated resort, retirement, and agricultural community in
northeast San Diego County. The community experiences high summer temperatures and resultant high
electricity costs as well as service reliability issues during the summer monsoon season.41 The Borrego
Springs pilot project is an example of a utility model microgrid where an existing electric utility owns and
maintains the electric distribution facilities serving the microgrid and operates the microgrid control
system. While SDG&E owns some generation and storage assets at the Borrego Springs substation, it has
also encouraged customer sited generation and a demand response program for residential customers.42
Key objectives of the pilot project included integrating and operating distributed generation, advanced
energy storage, price driven load management, fault location, isolation, and restoration. The project was
40

http://www.clean‐coalition.org/site/wp‐content/uploads/2014/09/Hunters‐Point‐29_zf‐5‐Sept‐2014.pdf

41

New York State Energy Research and Development Authority (NYSERDA), 2010. “Microgrids: An Assessment of the Value,
Opportunities, and Barriers to Deployment in New York State.”

42

Ibid.
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funded through a DOE and CEC grant with cost sharing provided by SD&E and other project team
members.43
SDG&E selected Borrego Springs based on an assessment of its substations. Borrego Springs provided a
unique opportunity to explore potential microgrid islanding of an entire substation service area. Also, the
community’s location at the end of single radial feeder makes it both vulnerable to service interruptions
and ideal for distributed energy resources.44
Through the pilot project, SDG&E found that microgrids impact nearly all departments within the utility.
While the approach implemented for the demonstration project would be a first step towards integrating
microgrids into utility operation, a more comprehensive strategy must be developed if microgrids are to
be deployed as a common resource in the SDG&E territory. SDG&E also successfully incorporated a
pricing model used by multiple resources to influence and affect operations, particularly reducing
demand. Lastly, a highlight of the project was the ability to effectively island the entire microgrid without
affecting service quality. SDG&E successfully islanded the microgrid during an unplanned outage due to
severe weather and continued to provide service to customers that would have otherwise lost service.45
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Other Adaptation Strategies for Consideration [Energy Assets]
ASSET(S): ENERGY GENERATION FACILITIES, SUBSTATIONS, TRANSMISSION INFRASTRUCTURE.
Climate Variables: Storm Surge, Riverine Flooding, Wildfire
E‐7. Prepare ahead of forecasted extreme events to minimize impacts: Utilities in Santa Clara County
have existing emergency preparedness frameworks to minimize impacts of natural disasters. This
strategy recommends that utilities review their emergency preparedness to reflect increases in
extreme weather events and include an inventory of vulnerable assets such as power generation
facilities, substations, and transmission infrastructure, and a list of actions required to minimize
the impacts of these events (e.g., sandbagging in the case of flooding).
E‐8. Secure locations of future assets in non‐hazard prone areas: Utilities in Santa Clara County may
need to plan for the installation of new power generation facilities, substations, and transmission
Infrastructure in response to a growing demand for energy. This strategy recommends that
utilities identify potential locations in non‐hazard‐prone areas which may be suitable for the siting
of these assets. Under this strategy, utilities would rely on best available hazard exposure data to
identify zones which are not vulnerable to hazards, and collaborate with local agencies to secure
locations within these zones for the siting of their facilities.

ASSET(S): POWER GENERATION FACILITIES, SUBSTATIONS
Climate Variables: Storm Surge, Riverine Flooding
E‐9

Review existing backup power supply plans and processes to ensure availability of backup
supplies during flooding related disruptions: Utilities in Santa Clara County have existing plans
and processes to restore service following power outages. One possible cause of power outages
may be disruption to power generation facilities from flooding. Under such circumstances the
availability of backup power supply sources is crucial to minimizing service disruption. This
strategy recommends that utilities review their existing backup power supply plans to evaluate
the adequacy of these plans in addressing flooding related service disruptions. Utilities could use
flood extent data to identify power generation facilities that are at risk from flooding‐related
damage, along with information on their coverage, and determine the extent of backup power
needed to minimize disruption resulting from damage to vulnerable generation facilities. Backup
generation facilities would prioritize restoration of services to critical facilities. Utilities would
need to ensure that backup power assets are located outside flood hazard areas.

ASSET(S): SUBSTATIONS, TRANSMISSION INFRASTRUCTURE
Climate Variable: Wildfire
E‐10 Plan for additional long‐run transmission capacity to offset some of the risks posed by fires to
infrastructure: This strategy recommends that utilities collaborate with CAISO and appropriate
State agencies to develop long term plans to ensure sufficient transmission infrastructure
redundancies, such that energy services are not disrupted in the event of damage to vulnerable
transmission infrastructure from wildfires.
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3PH PUBLIC HEALTH
GENERAL POPULATIONS

VULNERABLE
POPULATIONS

HEALTH CARE FACILITIES
AND PROFESSIONALS

3PH.1 Introduction
The Public Health asset sector includes three sub‐focus areas: general populations, vulnerable
populations, and health care facilities and professionals located in Santa Clara County. This section
presents a summary of vulnerabilities for public health assets in regards to changes in climate variables,
which includes temperature change, precipitation change, extreme heat, wildfire, and sea level rise.1
Findings were used to inform a comprehensive set of climate adaptation strategies to help improve the
climate resilience of these assets. Priority strategies are presented in order by sub‐asset and the climate
variable(s) addressed, and followed by a set of “other strategies for consideration” that might be
expanded over time as appropriate and feasible.

1

The vulnerability assessment for this asset sector was completed outside of the SV 2.0 Tool, using published
resources on the impact of climate change on human health and considering a unique set of climate variables.

3PH.2 Vulnerability Assessment Summary [Public Health]
This section provides a summary of the impacts from climate change on public health and the
populations most vulnerable to those changes. The public health impacts from changes in temperature,
precipitation, extreme heat, wildfire, sea level rise, and flooding are described. It also presents a
preliminary range of options for adaptation strategies to improve the resilience of county residents and
the health care systems to expected impacts of climate change.
Climate change, together with other health stressors, is expected to impact many facets of public health
in Santa Clara County. More extreme weather events, worsened air quality, and increased transmission
of infectious disease may negatively affect human health, health behaviors, and the socio‐economic
factors that influence health outcomes. Some existing health threats may intensify, while new health
threats may emerge. Climate change will not affect everyone equally. It is expected that already
burdened and vulnerable populations, such as the elderly, minority communities, and people living in
poverty, may be disproportionally impacted by climate change. The health care system will need to take
proactive steps to help these types of population and community groups cope with climate change.

GENERAL POPULATION AND VULNERABLE POPULATIONS
Santa Clara County is home to approximately 1.8 million residents. Most of the County’s population
(53%) lives in San Jose. The cities with the next largest share of the County’s population are Sunnyvale
(8%), Santa Clara (7%), and Mountain View (4%).2
While all people are vulnerable to the impacts of climate change, the degree of vulnerability is a
function of demographic, socio‐economic, biological, health, and place‐based conditions that influence
an individual or community’s sensitivity to change. Factors, such as age, race, income, and existing
health conditions affect the ability of an individual to prepare, respond, and recover from a natural
disaster or a climate variable. Low‐income communities and communities of color are particularly
susceptible to natural disasters. Some key factors in Santa Clara County include:

1



As of the 2010 Census, Santa Clara County had 196,944 residents over the age of 65, which is
equal to 11% of the population.



Between the years 2010 and 2060, the number of residents age 85 and older will increase by
395% as shown in

U.S. Census Bureau. (2010). Census SF1 data [Data file]. Retrieved from http://factfinder2.census.gov/.
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Figure 3PH.1.3 This age group is the most intensive user of health care system resources.



Almost two‐thirds of County residents identify themselves as non‐White or Hispanic/Latino, and
these communities may experience health disadvantages. For example, the Vietnamese
community is affected by higher than average rates of certain types of cancer, heart disease,
and diabetes,4 while Latino/Hispanics have higher rates obesity and diabetes.5



Approximately one in five County residents (21%) may be living in poverty. Because the cost of
living is so much higher in California than the national average, and even more so in Santa Clara
County, households are typically considered to be living in poverty at or below 200% of the
Federal Poverty Level (FPL). NOTE: In 2014, an annual income of $47,700 equated to
approximately 200% of the FPL for a family of four, nationwide.6 Figure 3PH.2 shows the
distribution of low income residents in Santa Clara County.



12% of County households were linguistically isolated. Linguistic isolation is a measure of
English‐speaking ability in a household. A linguistically isolated household is one in which no
person age 14 or over speaks English ‘very well’.



660,142 (37%) of County residents were born in another country.



A total of 7,631 homeless individuals were counted in Santa Clara County and 74% of the 2013
homeless population was unsheltered.7



As a whole, Santa Clara County residents are very healthy compared to the rest of California and
the U.S. For example, County residents live longer on average than those throughout the State
and country; however, there are variations in life expectancy in different parts of the county and
among income, racial/ethnic, and age groups.

Many consequences of climate change are likely to have a disproportionate impact on the most
vulnerable populations. These characteristics vary significantly across Santa Clara County, and could
affect how the County and local jurisdictions prepare and respond to climatic events.

3

California Department of Finance. Demographic Research Unit. (January 31, 2013). State and County Population Projections by
Major Age Groups 2010 through 2060. Retrieved from: http://www.dof.ca.gov/research/demographic/reports/projections/P‐1/

4

Santa Clara County Public Health Department. (2011). Status of Vietnamese Health. Retrieved from
http://www.sccgov.org/sites/sccphd/en‐us/Partners/Data/Documents/VHA%20Full%20Report,%202011.pdf

5

Santa Clara County Public Health Department. (2012). Status of Latino/Hispanic Health. Retrieved from
http://www.sccgov.org/sites/sccphd/en‐us/Partners/Data/Pages/Reports‐and‐Fact‐Sheets.aspx

6

Department of Health and Human Services. (2012, November). 2009/2010 HHS Poverty Guidelines. Retrieved from
http://liheap.ncat.org/profiles/povertytables/FY2010/popstate.htm.

7

Applied Survey Research. (2013). 2013 Santa Clara County Homeless Census & Survey. Retrieved from
http://www.sccgov.org/sites/mhd/Services/RCare/Documents/Housing/%2713%20Homeless%20Census%20and%20Survey%20
Santa%20Clara%206%2028%2013%20FINAL.pdf
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Figure 3PH.1: Older Adults in Santa Clara County 2010, 2030, and 2060

Source: California Department of Finance, http://www.dof.ca.gov/research/demographic/reports/projections/P‐1/

Figure 3PH.2: Vulnerable Communities – High Proportions of Low‐income Residents

Source: Santa Clara County Public Health Department,
http://www.sccgov.org/sites/planning/PlansPrograms/GeneralPlan/Health/Documents/SCC_Existing_Health_Cond
itions_FINAL_May_2013.pdf
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Extreme Heat Events
Increased temperature or extended periods of elevated temperatures can increase heat‐related
mortality,8 cardiovascular‐related mortality,9 respiratory mortality,10 and heart attacks,11 while
increasing hospital admissions12 and emergency department visits.13 Extreme heat can also affect a
person’s ability to thermo‐regulate, causing heat stress and sometimes death.14 Exposure to extreme
heat during pregnancy is related to lower birth weight, especially in the second and third trimesters.15
There is a very high level of confidence that a range of health conditions will be exacerbated by extreme
heat events.16
Figure 3PH.3 shows the percent change in all‐cause, non‐accidental mortality per 10°F increase in
temperature for a nine‐county area between 1999 and 2003. Overall, the study found a 3% increase in
mortality from non‐accidental causes per 10°F increase mean daily apparent temperature. Santa Clara
County is represented as SC.17

8

Chestnut, L.G., et. al. (1998). Analysis of Differences in Hot‐Weather‐Related Mortality Across 44 U.S. Metropolitan Areas.
Environmental Science Policy, 1(1): pp. 59‐70.

9

Medina‐Ramon, M.; Zanobetti, A.; Cavanagh, D.P.; and Schwartz, J. (2006). Extreme Temperatures and Mortality: Assessing
Effect Modification by Personal Characteristics and Specific Cause of Death in a Multi‐City Case‐Only Analysis. Environmental
Health Perspectives, 114: pp. 1331‐1336.

10

Mastrangelo, G., et. al. (2007). Pattern and Determinants of Hospitalization During Heat Waves: An Ecologic Study. BMC
Public Health, 7: p. 200.

11

Braga, A.; Zanobetti, A.; and Schwartz, J. (2002). The Effect of Weather on Respiratory and Cardiovascular Deaths in 12 U.S.
Cities. Environmental Health Perspectives, 110: pp. 859‐863.

12

Ostro, B.D., et. al. (2009). Estimating the Mortality Effect of the July 2006 California Heat Wave. Environmental Research, 109:
pp. 106‐112.

13

Dolney, T., and Sheridan, S. (2007). The Relationship between Extreme Heat and Ambulance Response Calls for the City of
Toronto, Ontario, Canada. Environmental Resources, 101(1): pp. 94‐103.

14

Luber, G.; Sanchez, C.; and Conklin, L. (2006). Heat‐Related Deaths—United States, 1999–2003. Morbidity and Mortality
Weekly Report, 55(29): pp. 796‐798.

15

Deschênes, O.; Greenstone, M., and Guryan, J. (2009). Climate Change and Birth Weight. American Economic Review, 99: pp.
211–217.

16

Luber, G., et. al. (2013). Human Health. Chapter for the National Climate Assessment.

17

Basu, R., Feng, W., and Ostro B. (2008). Characterizing temperature and mortality in nine California counties. Epidemiology,
19(1): pp. 138‐45.
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Figure 3PH.3: Percent Change in Non‐Accidental Mortality per 10°F Increase Mean Daily Apparent
Temperature

Source: California Energy Commission, http://www.energy.ca.gov/2007publications/CEC‐500‐2007‐095/CEC‐500‐
2007‐095.PDF

A number of factors contribute to the vulnerability of an individual to extreme heat. Factors that
contribute to heat‐related risk include age (over 65, infants, and children)18, 19 and medical conditions
(cardiovascular disease, diabetes, and mental illness).20, 21 External factors include neighborhoods with
high levels of impervious surfaces and low tree cover,22 and housing units that lack air conditioning23 or

18

Knowlton, K., et. al. (2009). The 2006 California Heat Wave: Impacts on Hospitalizations and Emergency Department Visits.
Environmental Health Perspectives, 117(1): pp. 61‐67.

19

Basu, R. and Ostro, B. (2009). A Multi‐County Analysis Identifying the Vulnerable Populations for Mortality Associated with
High Ambient Temperatures in California. White Paper for the California Climate Change Center.

20

Reid, C., et. al. (2009). Mapping Community Determinants of Heat Vulnerability. Environmental Health Perspectives, 117(11):
pp. 1730‐1736.

21

Poumadere, M., et. al. (2005). The 2003 Heat Wave in France: Dangerous Climate Change Here and Now. Risk Analysis, 25(6):
pp. 1483‐1493.

22

Shonkoff, S., et. al. (2009). Minding the Climate Gap: Environmental Health and Equity Implications of Climate Change
Mitigation Policies in California. Environmental Justice, 2(4), pp. 173‐177.
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household access to a vehicle.24 Along with this, intrinsic and extrinsic factors such as age, gender, race
and ethnicity, education level, social class, language proficiency, social connections, homeless,
immigration status, and occupation (particularly individuals who work outside, such as farm and
construction workers) may contribute to an individual’s vulnerability to heat events.25, 26, 27
People living in milder climates are often less prepared for the effects of extreme heat. California
experienced a ten‐day heat wave during July 2006, which broke temperature records around the state,
caused at least 140 deaths, and resulted in an estimated 16,166 excess emergency department visits
and 1,182 excess hospitalizations (compared to a reference period), as shown in Figure 3PH.4.28 The
Central Coast region, which includes Santa Clara County, contributed 28% of all excess emergency
department visits and 4,588 (47%) of all excess hospitalizations (550) for the state. This far exceeds the
number and proportion of cases that would be expected for a region that houses 18% of the State’s
population.29

23

Reid, C., et. al. (2009). Mapping Community Determinants of Heat Vulnerability. Environmental Health Perspectives, 117(11):
pp. 1730‐1736.

24

Shonkoff, S., et. al. (2009). Minding the Climate Gap: Environmental Health and Equity Implications of Climate Change
Mitigation Policies in California. Environmental Justice, 2(4), pp. 173‐177.

25

Reid, C., et. al. (2009). Mapping Community Determinants of Heat Vulnerability. Environmental Health Perspectives, 117(11):
pp. 1730‐1736.

26

Poumadere, M., et. al. (2005). The 2003 Heat Wave in France: Dangerous Climate Change Here and Now. Risk Analysis, 25(6):
pp. 1483‐1493.

27

Shonkoff, S., et. al. (2009). Minding the Climate Gap: Environmental Health and Equity Implications of Climate Change
Mitigation Policies in California. Environmental Justice, 2(4), pp. 173‐177.

28

Knowlton, K., et al. (2009). The 2006 California Heat Wave: Impacts on Hospitalizations and Emergency Department Visits.
Environmental Health Perspectives: Volume 117, Number 1.

29

Ibid.
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Figure 3PH.4: Change in Risk Ratio for Emergency Department Visits during the 2006 Heat Wave

Source: Knowlton, K., et. al., http://www.ncbi.nlm.nih.gov/pubmed/19165388

An increase in the frequency of extreme heat events is likely to cause power failures around the county,
endangering the health of vulnerable residents. More extreme events and higher average temperatures
in Santa Clara are expected to result in an increase in electricity demand. Air conditioning can increase
peak demand for energy and a sudden increase in electricity demand can overload electric lines,
transformers, and other equipment, leading to potential power outages and leaving people exposed to
higher temperatures.30 During the 2006 heat wave, over 300,000 PG&E customers lost power in San Jose
alone.31

30

Pacific Gas and Electric Company (2013). Heat Outages. Retrieved from
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/heatoutage/

31

City of San Jose. (2006). Study Session on July 2006 Heat Storm and Related Power Failures. Retrieved from
http://www3.sanjoseca.gov/clerk/Agenda/101006/101006e_1.pdf
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Effect of Temperature and Precipitation Changes on Ozone and Air Quality
Warmer temperatures are projected to increase ozone concentrations,32 resulting in a significant
increase in the number of days that exceed the eight‐hour regulatory standard for ozone
concentrations.33 Modeling of higher temperatures related to climate change showed that Bay Area
maximum eight‐hour ozone levels would increase by eight parts per billion (ppb) during ozone
exceedance days, offsetting ten years of ozone emissions control efforts in the Bay Area.34 Figure 3PH.5
shows the change in ozone concentration in Santa Clara County without emission reductions.
Figure 3PH.5: Change in Ozone Concentration without Emission Reductions

Source: Steiner, et. al., http://nature.berkeley.edu/ahg/pubs/future.pdf

32

EPA. (2009). Assessment of the Impacts of Global Change on Regional U.S. Air Quality: A Synthesis of Climate Change Impacts
on Ground‐Level Ozone. An Interim Report of the U.S. EPA Global Change Research Program.

33

Bell, M.L., et. al. (2007). Climate Change, Ambient Ozone, and Health in 50 U.S. Cities. Climatic Change, 82: pp. 61‐76

34

Bay Area Air Quality Management District. (2010). Bay Area 2010 Clean Air Plan. Retrieved from
http://www.baaqmd.gov/Divisions/Planning‐and‐Research/Plans/Clean‐Air‐Plans.aspx
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Between 2008 and 2010, Santa Clara County had nineteen days with ozone levels that were unhealthy
for sensitive groups and one day with ozone levels that were unhealthy for all people, earning an F
grade from the American Lung Association.35 Ozone concentrations have been shown to increase by as
much as 10% in Santa Clara County without implementation of additional mitigation measures to reduce
pollutant emissions.36 High levels of ozone are associated with diminished lung function, increased
frequencies of asthma attacks, sensitivity to allergens, and premature mortality.37, 38, 39 There is a very
high level of confidence that a range of health conditions will be exacerbated by ozone concentrations.40
A range of factors contribute to the vulnerability of an individual to ozone. Children,41 individuals with
existing medical conditions such as lung disease,42 cardiopulmonary disease,43 and asthma44 are
particularly vulnerable to ozone.

35

American Lung Association. (2012). State of the Air. Retrieved from
http://www.stateoftheair.org/2012/states/california/santa‐clara‐06085.html

36

Steiner, A., et. al. (2006). Influence of Future Climate and Emissions on Regional Air Quality in California. Journal of
Geophysical Research, 111: pp. 1‐22.

37

Kampa, M. and E. Castanas. (2008). Human Health Effects of Air Pollution. Environmental Pollution, 151: pp. 362‐367.

38

Kinney, P. (2008). Climate Change, Air Quality, and Human Health. American Journal of Preventive Medicine, 35: pp. 459‐467.

39

Post, E., et. al. (2012). Variation in Estimated Ozone‐Related Health Impacts of Climate Change due to Modeling Choices and
Assumptions. Environmental Health Perspectives, 120(11): pp. 1559‐1564.

40

Luber, G., et. al. (2013). Human Health. Chapter for the National Climate Assessment.

41

EPA. (2013). Ground‐level Ozone Standards Designations. Retrieved from http://www.epa.gov/ozonedesignations/

42

Ibid.

43

Jerrett, M., et. al. (2009). Long‐Term Ozone Exposure and Mortality. The New England Journal of Medicine, 360: pp. 1085‐
1095

44

EPA. (2013). Ground‐level Ozone Standards Designations. Retrieved from http://www.epa.gov/ozonedesignations/
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Effect of Temperature and Precipitation Changes on Wildfire
Regional wildfire frequency and intensity is projected to increase under changing climate conditions.
Along with the risk of fatalities and injuries to those living in the Wildland‐Urban Interface Zone, and to
firefighters and first responders dealing with a fire, smoke from wildfires may reduce air quality and
exacerbate chronic public health problems.45, 46 Smoke contains particulate matter PM 2.5–PM 10,
which can increase respiratory and cardiovascular hospital emissions.47 , 48 Those vulnerable to wildfire
smoke include individuals with asthma, respiratory disease or cardiovascular disease, pregnant women,
and smokers.49 There is a very high level of confidence that climate change will exacerbate a range of
health conditions.50

Effect of Temperature and Precipitation Changes on the Spread of Infectious Disease
An indirect effect of climate change may be an increased incidence of infectious disease, particularly
related to vector‐, water‐, and food‐borne illness. While uncertainty still exists about the influence of
climate change on the distribution of diseases carried by insects and rodents,51 climate change and
variability may result in changes to the geographic range of some insects or pathogens,52 which can
increase the incidences of specific diseases.53 This includes risk from Lyme disease and West Nile
Virus,54, 55 both of which are tracked by the Santa Clara County Vector Control District. There is a high
level of confidence that climate change will affect vector‐borne diseases.56
Water‐borne disease may also present an increased risk in the future. Extreme precipitation events may
affect human health by contaminating drinking water. Heavy rainfall can carry household, industrial,
transportation, and agricultural chemicals; sewage; and animal waste into drinking water supplies. This
runoff may also contaminate shellfish and contribute to food‐borne illness.57
45

Jaffe, D., et. al. (2008b). Interannual variations in PM2. 5 due to wildfires in the western United States. Environmental Science
& Technology, 12(42): pp. 2812‐2818.

46

Dennekamp, M. and M.J. Abramson. (2011). The Effects of Bushfire Smoke on Respiratory Health. Respirology, 16: pp. 198‐
209.

47

Delfino, R., et. al. (2009). The Relationship of Respiratory and Cardiovascular Hospital Admissions to the Southern California
Wildfires of 2003.Occupational Environment Medicine, 66(3): pp. 189‐97.

48

Lipsett, M. and Materna, B. (2008). Wildfire Smoke: A Guide for Public Health Officials. Retrieved from
http://oehha.ca.gov/air/risk_assess/wildfirev8.pdf

49

Ibid.

50

Luber, G., et. al. (2013). Human Health. Chapter for the National Climate Assessment.

51

Ibid.

52

Lafferty, K. (2009). The Ecology of Climate Change and Infectious Diseases. Ecology, 90: pp. 888‐900.

53

Rosenthal, J. (2009). Climate Change and the Geographic Distribution of Infectious Diseases. EcoHealth, 6: pp. 489‐495.

54

Mills, J.; Gage, K.; and Khan, A. (2010). Potential Influence of Climate Change on Vector‐borne and Zoonotic Diseases: A
Review and Proposed Research Plan. Environmental Health Perspectives, 118: pp. 1507.

55

Morin, C., and Comrie, C. (2010). Modeled Response of the West Nile Virus Vector Culex Quinquefasciatus to Changing
Climate Using the Dynamic Mosquito Simulation Model. International Journal of Biometeorology, 54: pp. 517‐529.

56

Luber, G., et. al. (2013). Human Health. Chapter for the National Climate Assessment.

57

Rose, J., et. al. (2001). Climate Variability and Change in the United States: Potential Impacts on Water‐ and Foodborne
Diseases Caused by Microbiologic Agents. Environmental Health Perspectives, 109: pp. 211‐221.
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Children and seniors are vulnerable to the spread of infectious disease, particularly viral encephalitis,
which may by carried by ticks and mosquitos, among other agents.58 Other vulnerable populations
include immunocompromised individuals and pregnant women.59

Sea Level Rise and Flooding
The impacts of sea level rise (SLR) and flooding will affect health in Santa Clara County. Storm surges and
riverine flooding, often related to extreme weather (precipitation) events, have the potential to cause
injury and loss of life. Estimates suggest that over 14,000 acres of land in Santa Clara County will be at
risk to inundation at end‐of century, placing 31,000 people at risk of flooding during a 100‐year storm
event.60
The combination of SLR and coastal flooding are likely to place a range of different types of
infrastructure at risk, which may affect human health. Two health care facilities are located in areas
likely to be inundated by SLR and storm surge by the end of the century.61 Similarly, there are 41
contaminated land sites and five hazardous waste sites, and three wastewater treatment plants
(processing a total of 145 million gallons each day) located in areas likely to be inundated by sea level
rise and storm surge by the end‐of century. Flooding at these facilities may result in hazardous materials
entering the water supply and contaminating drinking water.62 Further detail is provided in Section 3SW
Solid + Hazardous Waste.
Extreme weather events can affect mental health in a number of ways. After disasters, mental health
issues are common. Individuals have been found to have increased levels of anxiety and post‐traumatic
stress disorder following floods, extreme heat events, and wildfires,63 all of which are likely to increase
in frequency in the future.

58

Intergovernmental Panel on Climate Change. (1997). The Regional Impacts of Climate Change: An Assessment of
Vulnerability. Cambridge University Press, U.K.

59

Gerba, C.; Rose, J.; and Haas, C. (1996). Sensitive Populations: Who is at the Greatest Risk? International Journal of Food
Microbiology, 30: pp. 113–123.

60

Pacific Institute. (2013). Impacts of Sea Level Rise on the California Coast. Retrieved from CalAdapt.

61

Santa Clara County. (2013, February). Community Health Existing Conditions Report for the County of Santa Clara General
Plan Health Element.

62

Heberger, M., et. al. (2009). The Impacts of Sea‐Level Rise on the California Coast. Retrieved from
http://www.pacinst.org/reports/sea_level_rise/index.htm

63

Luber, G., K. Knowlton, J. Balbus, H. Frumkin, M. Hayden, J. Hess, M. McGeehin, N. Sheats, L. Backer, C. B. Beard, K. L. Ebi, E.
Maibach, R. S. Ostfeld, C. Wiedinmyer, E. Zielinski‐Gutiérrez, and L. Ziska.(2014). Ch. 9: Human Health. Climate Change Impacts
in the United States: The Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S.
Global Change Research Program, 220‐256. doi:10.7930/J0PN93H5.
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3PH.3 Mid‐Century Economic Consequences [Public Health]
Climate change is expected to impact many facets of human health in Santa Clara County as a result of
more extreme weather, worsened air quality, increased transmission of infectious disease, and exposure
to increased levels of allergens. These impacts will affect human health, health behaviors, and the socio‐
economic factors that influence health outcomes.
Due to lack of available information, the economic consequences for the public health sector were not
quantified. Examples of economic consequences from adverse impacts may include increased peak
demand for health services and reduced economic productivity due to more incidences of sick days at
work and school.
For more information on the framework of the economic consequence analyses, including limitations of
the assessment, see Chapter 2.

3PH.4 Risk Analysis [Public Health]
Risk ratings are available in the SV 2.0 Tool, but they are not included in the Guidebook, because they
are largely a reflection of the economic consequences analysis. Social and environmental consequences
would normally also inform a risk rating, but they were excluded from this analysis due to insufficient
data to quantify and express those consequences through the SV 2.0 Tool.
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3PH.5 Climate Adaptation Strategies [Public Health]
The following pages outline strategies for protecting the public health assets most vulnerable to climate
change, as summarized in Table 3PH.1. As explained at the beginning of Chapter 3, each strategy
includes additional information about timeframe, actors, implementation, and precedents. They are
organized by the climate variables they seek to address.
Table 3PH.1: Public Health Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

General & Vulnerable Populations
PH‐1. CONTINUE TO IDENTIFY POPULATIONS VULNERABLE TO
CLIMATE CHANGE AND DEVELOP ADAPTATION STRATEGIES AND
PRIORITIZE RESOURCES IN THE MOST HIGHLY‐IMPACTED AREAS.
PH‐2. COMPILE, MONITOR, AND COMMUNICATE SPECIFIC HEALTH
IMPACTS FROM CLIMATE CHANGE.
PH‐3. INCREASE PUBLIC AWARENESS AND UNDERSTANDING OF
CLIMATE CHANGE IMPACTS ON HEALTH AND THE NEED TO PREPARE
FOR THESE CHANGES.
Health Care System & Professionals
PH‐4. PREPARE HEALTH CARE FACILITIES AND PROFESSIONALS FOR
CLIMATE CHANGE.
General & Vulnerable Populations
PH‐5. IMPROVE ACCESS TO COOLING LOCATIONS DURING EXTREME
HEAT EVENTS.
General & Vulnerable Populations, & Professionals
PH‐6. COMMUNICATE THE NECESSARY MEASURES TO PROTECT THE
COMMUNITY AT RISK TO EXTREME HEAT.
General & Vulnerable Populations
PH‐7. DEVELOP A HEAT ISLAND EVALUATION PROGRAM.
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EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Homeless Residents
PH‐8. EXPAND HOMELESS SUPPORT SERVICES DURING ALL EXTREME
WEATHER EVENTS.
General & Vulnerable Populations
PH‐9. COORDINATE WITH PARTNER ORGANIZATIONS TO
COMMUNICATE MEASURES TO PROTECT COMMUNITY DURING HIGH
OZONE AND HIGH PARTICULATE MATTER DAYS.
PH‐10. COORDINATE WITH THE BAY AREA AIR QUALITY
MANAGEMENT DISTRICT IN REDUCING EMISSIONS IN COMMUNITY
AIR RISK EVALUATION COMMUNITIES.
PH‐11. IDENTIFY LOCATIONS IN THE COUNTY WHERE OZONE
CONCENTRATIONS EXCEED ALLOWABLE STANDARDS.
PH‐12. CONTINUE COORDINATION TO MANAGE VECTOR
POPULATIONS DURING CLIMATE CHANGE.
PH‐13. MONITOR DISEASES TO BETTER UNDERSTAND EMERGING
PUBLIC HEALTH THREATS AND USE THE INFORMATION TO PLAN AND
RESPOND TO DISEASE OUTBREAKS.
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ASSET

Vulnerable Populations

CLIMATE VARIABLE

All

PH‐1. CONTINUE TO IDENTIFY POPULATIONS VULNERABLE TO CLIMATE CHANGE AND
DEVELOP ADAPTATION STRATEGIES AND PRIORITIZE RESOURCES IN THE MOST HIGHLY‐
IMPACTED AREAS.
This strategy recommends that the County gain a better understanding of populations that are more
vulnerable and exposed to climate changes, and their specific needs and spatial locations, in order to
develop targeted population‐level mitigation and adaptation strategies, and to prioritize the use of
resources for the most highly impacted populations.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program

Short term

County Public Health Department,
County Office of Sustainability

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Reduce existing health inequities

STRATEGY DESCRIPTION / BACKGROUND
Vulnerability to climate change is a function of demographic, socio‐economic, biological, health, and
place‐based conditions that influence an individuals or community’s sensitivity to climate change.
Research shows that factors, such as age, race, income, and existing health conditions affect the ability
of an individual to prepare, respond, and recover from a natural disaster or a climate variable. Low‐
income communities and communities of color are particularly susceptible to natural disasters. Although
climate change may not discriminate, many consequences of climate change are likely to have a
disproportionate impact on the most vulnerable populations. These characteristics vary significantly
across Santa Clara County and could affect how the County and local jurisdictions prepare and respond
to climatic events.
This strategy recommends that the County gain a better understanding of vulnerable populations (e.g.,
seniors, pregnant women, children, homeless, mentally ill, people with chronic diseases, low income,
minority communities, and outdoor workers) that are more exposed to climate changes, and their
specific needs and spatial locations, in order to develop targeted population‐level mitigation and
adaptation strategies, and to prioritize the use of resources for the most highly impacted populations.
This could include establishing definitions for vulnerable populations that can be used for on‐going
assessments and/or identifying areas in Santa Clara County that may experience greater impacts from
climate change.
This strategy builds upon policies in the County’s General Plan Health Element, the Public Health
Department’s Strategic Plan, and Silicon Valley 2.0. A methodology was developed during Silicon Valley
2.0 to estimate the spatial distribution of heat‐related and air quality‐related vulnerability of County
residents; see Appendix F for details of the methodology. These vulnerability indices compare the social,
health, and environmental conditions of various geographic locations. This strategy recommends that
the County develop vulnerability maps and use them to prioritize allocation of resources to the most
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vulnerable neighborhoods. The County could also work with community‐based organizations and local
jurisdictions to develop local strategies to build capacity that increase resilience to climate impacts in
the most vulnerable neighborhoods. This may include identifying local priorities, working with local
organizations to make joint‐decisions about program implementation, and developing partnerships to
sustain program implementation.
Collaboration with a university to better understand the effects of climate change on public health could
enhance vulnerability assessments and the creation of evidence‐based adaptation measures.

IMPLEMENTATION
Timing
Identifying and analyzing vulnerable populations could be initiated in the short term to provide ample
time to work with local jurisdictions and community‐based organizations to build local capacity and
develop adaptation strategies (medium term).

Potential Challenges and Solutions
No common definition of a vulnerable population exists. Urban areas are dynamic and the location of a
vulnerable population also changes over time.
Vulnerability factors may include minority communities, low‐income communities, individuals with
chronic disease, lower education levels, first generation residents, and outdoor workers. These
definitions may vary by climate variable or the associated impact on human populations. Creating a
common definition (or multiple definitions) may require a careful and deliberate process, involving key
community partners and organizations, especially if the definition is used to target programs and
resources.
Another potential challenge associated with this strategy relates to dynamic nature of the county’s
communities and neighborhoods. The social and economic characteristics of the population living in a
particular neighborhood changes over time, so tracking changes in vulnerable populations could help
the County better target programs and resources at the neighborhood level.

Additional Benefits
Targeting programs at the most vulnerable populations may help alleviate existing health and/or social
inequities.

PRECEDENTS
San Francisco, CA
Aided by a Center for Disease Control and Prevention grant, the San Francisco Department of Public
Health conducted an environmental health analysis of the vulnerability of city residents to heat waves
and air quality. The analysis included an assessment of the factors that increase risk for extreme heat‐
related mortality and morbidity, the development of a heat vulnerability index, and actions to prepare
for extreme heat events.
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The San Francisco Public Health Department reviewed the literature on climate change and identified
many of the social and place‐based variables that impact heat‐related vulnerability, including pre‐
existing health conditions, socio‐economic conditions, demographic characteristics, environmental
exposure, and infrastructure conditions. The Public Health Department collected 21 variables, mapped
each variable to the census block group, and combined the variables into a single heat‐related
vulnerability index, as shown in Figure 3PH.6. The assessment found that socio‐economic factors, such as
ethnicity, linguistic isolation, low education, low income, and low tree density have the greatest effect on
an individual’s ability to prepare for and respond to an extreme heat event.
Identifying areas of San Francisco that are vulnerable to heat events will help in public health planning by
allowing the City and the Public Health Department to direct interventions geographically. This includes
informing the placement of cooling locations across the City.
Figure 3PH.6: Heat Vulnerability Index by Census Block Groups

Source: San Francisco Department of Public Health,
http://www.sfdph.org/dph/files/EHSdocs/Climate/HeatVulnerabilityIndex.jpg
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REFERENCES + RESOURCES
–

Social Vulnerability to Climate Change in California
o http://pacinst.org/wp‐content/uploads/sites/21/2014/04/social‐vulnerability‐climate‐
change‐ca.pdf

–

San Francisco Bay Area Exposures, Vulnerabilities, and Adaptation to Public Health Risks
o http://www.energy.ca.gov/2012publications/CEC‐500‐2012‐041/CEC‐500‐2012‐041.pdf

–

Community Vulnerabilities to Climate Change
o http://www.ehib.org/projects/ehss01/Climate%20change%20vulnerability%20report_A
STHO.pdf

–

An Assessment of San Francisco’s Vulnerability to Extreme Heat Events
o http://www.sfphes.org/component/jdownloads/finish/42/269
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ASSET

General Population, Vulnerable Populations

CLIMATE VARIABLE

All

PH‐2. COMPILE, MONITOR, AND COMMUNICATE SPECIFIC HEALTH IMPACTS FROM CLIMATE
CHANGE.
This strategy proposes that the County continue to compile and monitor specific health outcomes
impacted by climate variables (through review of data) and communicate that information to health
professionals, and city and County governmental stakeholders.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program

Short term

County Public Health Department

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Detecting, measuring, and monitoring the public health impacts of climate change is critical to designing
evidence‐based policies and programs related to the public health system and climate change
adaptation measures. Public health surveillance and tracking systems can help evaluate disease trends
and identify vulnerable populations. This systematically‐collected data may be complied, analyzed, and
disseminated to guide the design and implementation of public health programs.
The County Public Health Department has begun compiling available data to track climate change
variables (and secondary effects such as ground‐level ozone) and the relationship between climate
variables and health conditions, including emergency department visits, hospitalizations, and fatalities.
This strategy proposes that the County continue to compile and monitor specific health outcomes
impacted by climate variables through review of data, such as death certificates and hospital discharges,
and communicate that information to those who can act upon or influence strategies to mitigate the
impacts. Specific activities may include:


Revising or developing new public health programs.



Collaborating with a university to improve understanding of the consequences of climate change
on public health through data and resource sharing, climate variable modeling, and vulnerability
assessment.



Creating an enhanced monitoring and tracking system with real‐time emergency management
data to identify and reach populations vulnerable to climate‐related hazards, mobilize
resources, and inform local responses to reduce climate‐related health risks.



Establishing communication platforms and dissemination methods to share information.



Disseminating health‐related data to health professionals and local jurisdictions to aid in policy
and program design and development.
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IMPLEMENTATION
Timing
Establishing a monitoring system in the short term may help health professionals and local jurisdictions
understand the rate of climate change and the health‐related consequences of those changes. Early
monitoring could allow more time to design public health interventions.

Potential Challenges and Solutions
Lack of data quality, availability, and timeliness.
Selecting indicators to monitor the health‐impacts of climate change requires a clear process that
considers the data availability, usefulness, limitations, and the relationship to climate change, among
other factors. The quality of this data is often related to the organization or individual collecting the
information. For example, the number of heat‐related deaths tabulated by a County Coroner may
underestimate the full impact of a heat wave due to a variety of factors documented in the research.
Understanding the quality of the data may help health professionals and others use the information
more effectively.
Additionally, not all data are available to the Public Health Department in a timely manner and/or may
direct how a program can use the information. For example, real‐time emergency department
information may be used to inform decision‐making about surge capacity, public health notifications, or
other public health interventions.

PRECEDENTS
King County, Washington
Recognizing that climate change will have long‐term consequences for public health, King County began
tracking health indicators for climate change to assess how severe local climate change‐influenced
impacts are. The County publishes the information online and provides an annual rating to show how
well King County is doing to reduce climate impacts. King County partners with the University of
Washington to identify the impact of climate change on public health, including summarizing data on the
effects of changing temperature on illness and death.
King County tracks three primary public health indicators: heat‐related morbidity and mortality, air
quality changes, and flooding and storm disasters. The indicators show positive progress for air quality
but increases in heat‐related mortality and disasters. Since 1980, heat‐related mortality rates for all non‐
traumatic and circulatory causes increased, especially for persons aged 85 and older (see Figure 3PH.7).
This information is being used by public health planners to design outreach materials and programs.
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Figure 3PH.7: Percent Increase in Mortality in King County for Every Degree Increase above What Feels
Like 96.3°F

Source: University of Washington School of Public Health,
http://cses.washington.edu/db/pdf/wacciach10health653.pdf

REFERENCES + RESOURCES
–

Climate Change Indicators in the United States
o http://www.epa.gov/climatechange/science/indicators/

–

Indicators of Climate Change in the United States
o http://oehha.ca.gov/multimedia/epic/pdf/climatechangeindicatorsreport2013.pdf

–

Environmental Health Indicators of Climate Change
o http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2801164/

–

King County Health Indicators
o http://your.kingcounty.gov/dnrp/measures/2012/indicators/cp‐health‐economic‐
impacts.aspx

–

King County Strategic Climate Action Plan
o http://your.kingcounty.gov/dnrp/climate/documents/2012_King_County_Strategic_Cli
mate_Action_Plan.pdf
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ASSET

General Population, Vulnerable Populations

CLIMATE VARIABLE

All

PH‐3. INCREASE PUBLIC AWARENESS AND UNDERSTANDING OF CLIMATE CHANGE IMPACTS
ON HEALTH AND THE NEED TO PREPARE FOR THESE CHANGES.
This strategy recommends that Santa Clara County begin to distribute information on the health‐related
impacts of climate change through the County’s website and social media tools to educate the public
about the relationship between climate change and health, and to recommend actions that
communities, organizations, and individuals can take to increase resilience to climate change.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program

Short term

County Public Health Department,
County Office of Sustainability

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Public health professionals are uniquely positioned to help the public and decision makers better
understand the human consequences of climate change. Public health professionals can communicate
how emerging climate change threats are related to individual and community health. While many
public health professionals are aware of the human health risks associated with climate change, much of
the public is not. By communicating these threats to human health, public health professionals can help
improve public understanding of climate change, and help individuals and communities take actions to
prepare for it. Effective health communication on climate change corresponds with the essential public
health service to inform, educate, and empower people about health issues.
This strategy recommends that the Santa Clara County Public Health Department begin to distribute
information on the health‐related impacts of climate change through the County’s website and social
media tools to educate the public about the relationship between climate change and health; to provide
information to municipal planners, other County departments (e.g., Environmental Health Department),
schools, child care centers, and other health care facilities; and to recommend actions that
communities, organizations, and individuals can take to increase resilience to climate change. The
County could develop a standardized set of climate change information, framing climate change as a
public health issue, that provides local examples and information. The County could also seize
opportunities to communicate the public health‐climate change connection during specific climate‐
related events such as extreme heat days or vector‐borne disease outbreaks. This strategy builds upon
goals and objectives in the Public Health Department’s Strategic Plan.
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IMPLEMENTATION
Timing
By beginning to communicate with the public and decision‐makers about the health implications of
climate change in the short term, the County could have the opportunity to engage more individuals and
to allow them to take action.

Potential Challenges and Solutions
Engaging decision makers and the public in climate change may be difficult.
Climate change is often described as an environmental problem, which may not adequately engage
decision makers and the public. Framing climate change as a public health issue; i.e., climate change
may cause or worsen existing public health problems, could help engage a broad cross‐section of County
residents.
Although information is a critical first step in preparing communities for the effects of climate change, it
will be essential to follow information dissemination with specific tools and program communities will
need to act on the information provided.

PRECEDENTS
New York City, New York
The New York City Department of Health and Mental Hygiene provides resources for individuals and
health care providers on the challenges New York City faces related to climate change and how these
challenges can cause or worsen existing health problems. The website includes specific actions that
individuals and providers can take to prepare for and respond to climate change. It also includes an
environment and health data portal that summarizes health surveillance data such as illnesses and
causes of death associated with extreme heat, asthma‐related emergency department visits, and air
quality impacts. Data can be summarized at variety of geographic scales to aid public health planning.
Since 2006, the Department has also been conducting a number of programs to improve communication
during climate change‐related public health emergencies, including a heat‐health behavior survey, heat‐
health focus groups, and outreach to health care providers and the general public. Information gathered
during these activities is helping to shape public messaging and materials. For example, the heat‐health
focus group helped to reveal that vulnerable populations may not understand the severity of the health‐
related risk of heat events, particularly related to indoor temperatures. As a result, the City now
publicizes avoidance of high indoor temperatures. An example of heat stress data collected by the
Department of Health and Mental Hygiene is presented in Figure 3PH.8.
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Figure 3PH.8: Heat Stress Data from the New York City Environment and Health Data Portal

Source: Department of Health and Mental Hygiene,
http://a816‐dohbesp.nyc.gov/IndicatorPublic/PublicTracking.aspx

REFERENCES + RESOURCES
–

National Public Health Performance Standards
o http://www.cdc.gov/nphpsp/essentialservices.html

–

Climate Change Communication Primer for Public Health Professionals
o http://www.climatechangecommunication.org/images/files/4C%20Communication%20
Primer%20‐
%20Conveying%20the%20Human%20Implications%20of%20Climate%20Change.pdf

–

Surveys of Human Health Risk to Climate Change
o http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2905567/

–

New York City Climate Change and Public Health
o http://www.nyc.gov/html/doh/html/environmental/climate.shtml
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ASSET

Health Care System and Professionals

CLIMATE VARIABLE

All

PH‐4. PREPARE HEALTH CARE FACILITIES AND PROFESSIONALS FOR CLIMATE CHANGE.
This strategy recommends that climate risks are addressed in the provision of health care services,
assessing regional and local medical systems, refining emergency response programs for climate change,
and training County health professionals to recognize and manage emerging health threats associated
with climate change.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program

Short term

County Public Health Department

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Better preparedness for other natural disasters or medical
emergencies

STRATEGY DESCRIPTION / BACKGROUND
To effectively, efficiently, and equitably respond to climate change, a robust County public health care
system is necessary to deliver services during and after natural disasters, extreme weather events, and
infectious disease outbreaks. This strategy recommends that the County support the health care system
by refining emergency response programs, and regional and local medical systems to ensure the health
care system is prepared for these events. This strategy encourages the County to continue incorporating
the latest data, tools, and best practices from efforts like Silicon Valley 2.0 into health, and emergency
preparedness planning, such as the Heat Emergency Plan and the Santa Clara County Mosquito‐Bourne
Virus Response and Operations Plan, and to regularly revise these plans based on emerging information
on climate change and health.
This strategy also recommends working with the health care system to assess the coping capacity of
health care facilities and the health care workforce for increased demand during climate change‐related
events. It proposes that the County support enhancing specialized care for specific illnesses or diseases
affected by climate change, ensuring adequate mental health services following disasters, and increasing
surge capacity at health care facilities.
A cornerstone of the health care system is a qualified and knowledgeable workforce. This strategy
proposes that County health professionals be trained to recognize and manage emerging public health
threats associated with climate change. It ensures that climate risks are addressed in the provision of
health care services, recommending that the County adopt climate change and public health core
competencies and train health care professionals to prepare for climate change. Partnerships with
higher education could be developed to provide education, training, and information to health care
professionals.
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IMPLEMENTATION
Timing
Incorporating climate change and public health considerations throughout the County health care
system may be time consuming. It would be preferable for this strategy to start in the short term to
ensure the health care system and health care professionals are prepared.

Potential Challenges and Solutions
Health care systems already face financial pressures for everyday operations and preparing for surge
conditions may compete with these existing pressures. Training health care professionals for climate
response may have significant economic costs.
More collaborative regional planning and cooperation for preparedness may make it easier for the
health care system to address surge capacity, which has been managed primarily at the local
institutional level. The County may be successful in partnering with universities and other organizations
to develop climate change and public health core competencies to train health care professionals for
climate response through an e‐learning or other relatively low‐cost program.

REFERENCES + RESOURCES
–

Santa Clara County Local Hazard Mitigation Plan
o http://www.sccgov.org/sites/oes/PlansPublications/Pages/LHMP.aspx

–

Santa Clara County Operational Area Emergency Operations Plan
o http://www.sccgov.org/sites/oes/Documents/EOP_Complete.pdf

–

Santa Clara County Mosquito‐Bourne Virus Response and Operations Plan
o http://www.sccgov.org/sites/vector/diseases/Documents/Approved‐WNV‐Response‐
Plan.pdf

–

Addressing Climate Change in the Health Care Setting
o http://noharm.org/lib/downloads/climate/Addressing_Climate_Change.pdf

–

Health Care Providers and Climate Change
o http://www.hhrjournal.org/2014/07/01/emerging‐roles‐of‐health‐care‐providers‐to‐
mitigate‐climate‐change‐impacts‐a‐perspective‐from‐east‐harlem‐new‐york/

–

Nurse’s Knowledge and Attitudes Regarding Climate Change
o http://ehp.niehs.nih.gov/1104025/
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ASSET

General Population, Vulnerable Populations

CLIMATE VARIABLE

Extreme Heat

PH‐5. IMPROVE ACCESS TO COOLING LOCATIONS DURING EXTREME HEAT EVENTS.
This strategy proposes that the County assess how existing cooling locations are being used, who is using
them, and what opportunities exist to increase cooling location access.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program

Short term

County Public Health Department

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Santa Clara County is projected to experience a significant increase in the number of extreme heat days
annually. Extreme heat days are defined relative to the typical temperatures experienced for an area.
Cooling locations are designated places, such as a mall, library, community center, or other public
building where people can go to stay cool. During heat events, public health officials often recommend
vulnerable populations without access to cooling move to a cooler location. The County does not offer
special transportation services to these cooling locations; however, most cooling locations are relatively
close to public transit services.
The County and local partners currently operate cooling locations in response to excess heat
warnings/advisories issued by the National Weather Service (NWS). The NWS issues these warnings
based on the heat index, a measure of temperature and humidity that varies by region. After the NWS
issues the warning, cooling locations are publicized through the County’s website, press releases, social
media, and other media sources.
This strategy proposes that the County assess how existing cooling locations are being used, who is using
them, and what opportunities exist to increase cooling location access. Improving access to cooling
during extreme heat events may include ensuring an equitable distribution of cooling locations around
the county, working with the Santa Clara Valley Transportation Authority (VTA) and other public and
private transportation providers to develop a plan to transport vulnerable populations to cooling
locations, and exploring a cooling center assistance program to subsidize air conditioners, particularly
for vulnerable, low‐income residents.

IMPLEMENTATION
Timing
As the frequency and duration of extreme heat events is already increasing, the County could
implement this program in the short term.
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Potential Challenges and Solutions
Who uses cooling locations and how the cooling locations are used is not well understood.
The County could conduct a comprehensive analysis of who uses existing cooling locations and how they
are being used to inform the provision of services across the county and to design more effective and
efficient program interventions. This analysis could include interviews with cooling location managers,
surveys of users and non‐users, and census counts of users.

PRECEDENTS
City of Toronto, Ontario, Canada
The City of Toronto Public Health coordinates hot weather response in the city to reduce heat‐related
illnesses, especially among the most vulnerable populations. Starting in 2010, Toronto Public Health
conducted a cooling survey of Toronto residents and developed a heat‐related vulnerability index to
inform planning and preparedness efforts.
The survey was used to understand demographic characteristics, housing conditions, and access to in‐
home cooling; explore access and use of cooling locations outside the home; and assess the knowledge,
perceptions, and actions people take to prevent the health‐related impacts of extreme heat. The cooling
survey found that low‐income individuals and renters in older high‐rise apartment buildings were less
likely to have access to in‐home cooling and experience more difficulty accessing cool places.
Toronto Public Health also developed a series of heat‐related vulnerability maps (see Figure 3PH.9) to
characterize the spatial patterns of vulnerability. Used in conjunction with the cooling survey, these maps
support organizations in planning for hot weather response and climate change, including identifying
locations for cooling centers and targeting tree planting and green infrastructure programs.
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Figure 3PH.9: Vulnerability to Heat and Cooling Locations

Source: Toronto Community Health Profiles Partnership,
http://www.torontohealthprofiles.ca/a_documents/TM_allCateg_maps/TM_maps_HV/4_HV_VulnerabilityAndCoo
lingPlaces.pdf

REFERENCES + RESOURCES
–

Toronto Cooling Survey
o http://www.toronto.ca/legdocs/mmis/2011/hl/bgrd/backgroundfile‐39469.pdf
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ASSET

General Population, Vulnerable Populations, Health Care Professionals

CLIMATE VARIABLE

Extreme Heat

PH‐6. COMMUNICATE THE NECESSARY MEASURES TO PROTECT RESIDENTS AND WORKERS
AT RISK TO EXTREME HEAT.
This strategy recommends that the County continue to coordinate with local jurisdictions, health care
providers, industries, and the media to communicate the necessary measures to population groups at
risk to extreme heat.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program

Short term

County Public Health Department

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Maximum summer temperatures and the number of extreme heat events are projected to increase
substantially across the county. Consequently, residents and workers, particularly those who work
outdoors, may be exposed to more health risks. Santa Clara County creates media advisories, offers tips
for hot weather safety, and publishes fact sheets on how to prevent/respond to heat‐related illness.
Health officials in Santa Clara County can also activate the reverse 911 emergency alert system for heat‐
related emergencies. This strategy recommends that the County continue to coordinate with local
jurisdictions, health care providers, and the media to communicate the necessary measures to protect
residents and workers at risk to extreme heat. This could include publicizing the risk severity of
vulnerable populations, encouraging avoidance of high outdoor and indoor temperatures, and checking
on people at risk. It also recommends continued coordination with the State, and local industries, such
as agriculture and construction, to convey the appropriate worker protection measures during more
extreme and more frequent heat events.

REFERENCES + RESOURCES
–

Santa Clara County Extreme Heat Preparedness
o http://www.sccgov.org/sites/oes/BeforeDisaster/Pages/Extreme‐Heat‐or‐Drought.aspx

–

Santa Clara County Hot Weather Safety Tips
o http://www.sccgov.org/sites/sccphd/en‐us/Newsandevents/Pages/Hot‐Weather‐Safety‐
Tips.aspx

–

Preparing California for Extreme Heat
o http://www.cdph.ca.gov/programs/CCDPHP/Documents/Preparing_California_for_Extr
eme_Heat.pdf
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ASSET

General Population, Vulnerable Populations

CLIMATE VARIABLE

Extreme Heat

PH‐7. DEVELOP A HEAT ISLAND EVALUATION PROGRAM.
This strategy proposes that the County create a program to evaluate heat island characteristics
countywide, develop heat island maps that can be used in tandem with the heat‐related vulnerability
maps, and target heat island interventions in the areas with the highest heat‐related vulnerability.
SCALE

County

CLASS

Program

INITIATION TIMING

LEAD

Short term

County Public Health Department,
County Planning and Development
Department, and County Office of
Sustainability

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties, Ecosystems

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Carbon sequestration, increased property values

STRATEGY DESCRIPTION / BACKGROUND
Urban landscapes can increase summer temperatures in a process known as the heat island effect.
Roofs and pavement, which constitute a significant portion of urban areas, are typically dark in color and
absorb energy from the sun, causing these areas to warm and emit heat. Human activities that emit
heat, such as air conditioning, manufacturing, and transportation, also contribute to the heat island
effect. The annual mean air temperature in urban areas with 1 million people or more can be 1.8–5.4°F
64
higher or up to 22°F higher in the evenings than nearby rural areas. These higher temperatures can
increase energy consumption, elevate emissions of air pollution, and contribute to respiratory illness
and heat‐related mortality. Research has also shown that racial and ethnic minority groups are more
likely to live in areas with high proportions of impervious surfaces and a sparse tree canopy, key
contributors to the heat island effect.
This strategy recommends that the County establish a program to evaluate urban heat island
characteristics, develop urban heat island maps that can be used in tandem with the heat‐related
vulnerability maps, and target heat island interventions. This strategy proposes that the County support
local heat island programs through targeted investment in tree planting and green spaces in areas with
the highest heat‐related vulnerability and/or highest ambient temperatures.

IMPLEMENTATION
Timing
Although conducting a study about urban heat islands in Santa Clara County would not be time
consuming (less than two years), using the study to target neighborhood‐level interventions, such as
tree planting and other urban greening, will take more resources and time to implement.
64

http://www.epa.gov/hiri/
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Potential Challenges and Solutions
Lack of resources for local implementation.
The County will need to partner with local jurisdictions to implement heat island reduction measures in
high‐need areas, such as planting street trees, adding green spaces, and/or light colored roofs and
paving. Different jurisdictions may need different levels of support, from policy and development
standards creation to project implementation. Providing a broad range of technical assistance, while
articulating the larger benefits of heat island strategies, could aid implementation across the county.

Additional Benefits
Along with public health benefits, targeted investment in tree planning and green spaces can increase
property values, clean the air, sequester carbon, and reduce stormwater runoff.

REFERENCES + RESOURCES
–

Urban Heat Islands ‐ Lawrence Berkeley National Laboratory
o http://heatisland.lbl.gov/coolscience/cool‐science‐urban‐heat‐islands

–

Urban Heat Island Effect ‐ U.S. Environmental Protection Agency
o http://www.epa.gov/heatisland/

–

Heat Island and Ethnic and Racial Minority Groups
o http://ehp.niehs.nih.gov/wp‐content/uploads/121/7/ehp.1205919.pdf
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ASSET

Homeless Residents

CLIMATE VARIABLE

Extreme Heat (and Cold)

PH‐8. EXPAND HOMELESS SUPPORT SERVICES DURING ALL EXTREME WEATHER EVENTS.
Continued coordination and expansion of housing and drinking water services provided by the County,
cities, and community organizations countywide could minimize exposure of homeless populations
during extreme weather events.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program expansion

Short term

County Public Health Department,
County Office of Housing and
Homeless Services

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Reduce existing health inequities

STRATEGY DESCRIPTION / BACKGROUND
The County contributes to a variety of programs to support homeless and vulnerable populations.
Through the Office of Housing and Homeless Services, Santa Clara County funds and provides mental
health assistance, emergency shelters, transitional and permanent supportive housing, and housing for
other special needs populations countywide through programs, facilitating joint efforts with local
governments, community‐based organizations, and other private sector housing providers to reduce
homelessness. The County is also working to expand drinking water access in public locations around
Santa Clara County through the Water to Go program, which provides safe, fresh tap water in public and
school settings. This strategy recommends continued coordination and expansion of these services
provided by the County, cities, and community organizations countywide to minimize exposure of
homeless populations during extreme weather events and those potentially made homeless by extreme
weather events.

IMPLEMENTATION
Additional Benefits
Targeting programs to the most vulnerable populations may help alleviate existing health and/or social
inequities.

REFERENCES + RESOURCES
–

Santa Clara County Office of Housing & Homeless Support Services
o http://www.sccgov.org/sites/mhd/Services/Pages/OHHSS.aspx

–

Santa Clara County Water Bottle Filling
o http://www.sccgov.org/sites/opa/nr/Pages/County‐Adopts‐Ordinance‐Requiring‐
Installation‐of‐Water‐Bottle‐Filling‐Stations‐in‐County‐Facilities,‐Commercial‐
Projects.aspx
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ASSET

General Population, Vulnerable Populations

CLIMATE VARIABLE

Temperature, Precipitation, Wildfire

PH‐9. COORDINATE WITH PARTNER ORGANIZATIONS TO COMMUNICATE MEASURES
TO PROTECT THE COMMUNITY DURING HIGH OZONE AND HIGH PARTICULATE MATTER DAYS.
Existing heath programs coordinated by the State, regional agencies, health care providers, the media,
and community‐based organizations could be expanded and improved (through better modeling and
surveillance) to track exposure to air pollutants and protect residents during high ozone days and
wildfires, when smoke and elevated levels of particulate matter impact air quality.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program expansion

Short term

County Public Health Department

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Using the Air Quality Index developed by the U.S. Environmental Protection Agency (EPA) to provide
information about air pollution levels, the Bay Area Air Quality Management District (BAAQMD) issues
air quality forecasts each day. County residents may also receive these AirAlerts via email, informing
them the day before a ‘Spare the Air’ Alert is declared. This strategy focuses on coordinating with State
and regional agencies, health care providers, the media, and community‐based organizations to
communicate the necessary measures to protect residents during high ozone days or during wildfires
when smoke causes elevated levels of particulate matter. Specific activities may include:


Developing and distributing accessible education materials and advisories.



Identifying new avenues for communicating with vulnerable populations.



Developing early warning systems and response plans.



Coordinating with neighboring jurisdictions to develop ad hoc plume models to better
understand exposure to the wildfire smoke and the associated health‐related risk.



Tracking changes in frequency of high ozone days and relationship to temperature, in order to
plan for continued expansion of service, as appropriate.

REFERENCES + RESOURCES
–

Air Quality Forecasts
o http://sparetheair.org/Stay‐Informed/Todays‐Air‐Quality/Five‐Day‐Forecast.aspx

–

Spare the Air Notifications
o http://sparetheair.org/Stay‐Informed/Subscribe‐and‐Share/Air‐Alerts.aspx
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ASSET

Vulnerable Populations

CLIMATE VARIABLE

Temperature, Precipitation, Wildfire

PH‐10. COORDINATE WITH THE BAY AREA AIR QUALITY MANAGEMENT DISTRICT IN
REDUCING EMISSIONS IN COMMUNITY AIR RISK EVALUATION COMMUNITIES.
This strategy proposes that the County assist the Bay Area Air Quality Management District in tracking
and reducing emissions from all sources; e.g., stationary and mobile, in Community Air Risk Evaluation
communities.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program expansion

Short term

County Public Health Department

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Reduce existing health inequities

STRATEGY DESCRIPTION / BACKGROUND
The BAAQMD Community Air Risk Evaluation (CARE) program seeks to combine technical analysis of
health risks associated with air pollution, evaluation of the exposure of sensitive populations, and the
identification of significant sources of air pollution to prioritize the use of resources to reduce air
pollution in the most highly impacted communities. Portions of east San Jose were identified as one of
six CARE communities in the Bay Area. This strategy proposes that the County assist the BAAQMD in
tracking and reducing emissions from all sources in CARE communities. This could include supporting the
San Jose Community Risk Reduction Plan which promotes strategies to support sustainable and livable
communities, infill development, and transit‐supportive housing.

IMPLEMENTATION
Additional Benefits
Targeting programs on the most vulnerable populations may help alleviate existing health and/or social
inequities.

REFERENCES + RESOURCES
–

BAAQMD CARE Program
o http://www.baaqmd.gov/Divisions/Planning‐and‐Research/CARE‐Program.aspx
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ASSET

General Population, Vulnerable Populations

CLIMATE VARIABLE

Temperature, Precipitation

PH‐11. IDENTIFY LOCATIONS IN THE COUNTY WHERE OZONE CONCENTRATIONS EXCEED
ALLOWABLE STANDARDS.
Working with the Bay Area Air Quality Management District (BAAQMD), the County could identify areas
where ozone concentrations frequently exceed the federal eight‐hour and California one‐hour ozone
standards, in order to target ozone mitigation strategies and response plans.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Program expansion

Short term

County Public Health Department

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
Ozone pollution aggravates existing respiratory diseases, such as asthma, and can cause breathing
problems in healthy individuals. Warmer temperatures can increase ozone concentrations, result in a
significant increase in the number of days that exceed the eight‐hour regulatory standards, and expand
the occurrences of respiratory illnesses.
The BAAQMD monitors ozone concentrations in Santa Clara County. This strategy recommends that the
County work with the BAAQMD to map locations in the county where ozone concentrations frequently
exceed the federal eight‐hour and California one‐hour ozone standards and target ozone mitigation
strategies and response plans. The County could also focus public health communications in these areas
to alert community members when projected ozone concentrations pose a health risk and provide
guidance to reduce exposure and impacts.

REFERENCES + RESOURCES
–

Bay Area 2010 Clean Air Plan
o http://www.baaqmd.gov/Divisions/Planning‐and‐Research/Plans/Clean‐Air‐Plans.aspx

–

Bay Area 2005 Ozone Strategy
o http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/Plans/2005%20
Ozone%20Strategy/adoptedfinal_vol1.ashx
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ASSET

General Population, Healthcare Professionals

CLIMATE VARIABLE

Temperature, Precipitation

PH‐12. CONTINUE COORDINATION TO MANAGE VECTOR POPULATIONS DURING CLIMATE
CHANGE.
Continued coordination between the County Public Health Department, County Department of
Environmental Health, and other State and local agencies could ensure that vector populations are
managed to protect public health.
SCALE

CLASS

County

Program expansion

INITIATION TIMING

LEAD

Short term

County Public Health Department,
County Department of
Environmental Health, Santa Clara
County Vector Control District

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
An indirect effect of climate change may be an increased incidence of infectious disease, particularly
related to vector‐borne illness. While uncertainty still exists about the influence of climate change on
the distribution of diseases carried by insects and rodents, climate change and variability may result in
changes to the geographic range of some insects or pathogens, which can increase the incidences of
specific diseases. This includes risk from Lyme disease and West Nile Virus, both of which are found in
Santa Clara County.
The County maintains a robust surveillance and management system for vectors and vector‐borne
diseases. The Santa Clara County Vector Control District detects and minimizes vector‐borne diseases
while the Public Health Department monitors various areas of infectious disease, and publishes data and
bulletins on conditions in the county. The strategy recommends continued coordination between the
County Public Health Department, County Department of Environmental Health, and other State and
local agencies to ensure that vector populations are managed to protect public health and maintain
ecological integrity as temperatures warm and precipitation changes.

REFERENCES + RESOURCES
–

Vector‐Borne Diseases & Disease Surveillance Programs
o http://www.sccgov.org/sites/vector/diseases/Pages/diseases.aspx

–

Santa Clara County Mosquito‐borne Virus Response Plan
o http://www.sccgov.org/sites/vector/diseases/Documents/Approved‐WNV‐Response‐
Plan.pdf
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ASSET

General Population, Healthcare Professionals

CLIMATE VARIABLE

Temperature and Precipitation

PH‐13. MONITOR DISEASES TO BETTER UNDERSTAND EMERGING PUBLIC HEALTH THREATS
AND USE THE INFORMATION TO PLAN AND RESPOND TO DISEASE OUTBREAKS.
The County could continue to monitor specific vector‐borne and infectious diseases to better
understand emerging public health threats due to climate change, and use the information to plan and
respond to disease outbreaks.
SCALE

County

CLASS

Program expansion

INITIATION TIMING

LEAD

Short term

County Public Health Department,
County Department of
Environmental Health, Santa Clara
County Vector Control District

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
The County conducts disease surveillance activities and vector studies for vector‐borne diseases, such as
Lyme disease and West Nile Virus, which are the two main vector‐borne diseases in the county today.
Climate change may also aid the growth of newly emerging infectious diseases and result in the
reemergence of diseases previously under control. This strategy recommends that the County continue
to monitor vector‐borne and infectious diseases and how their incidence alters in relation to changes in
the climate and use the information to plan and respond to disease outbreaks.

REFERENCES + RESOURCES
–

Vector‐Borne Diseases & Disease Surveillance Programs
o http://www.sccgov.org/sites/sccphd/en‐us/Partners/Data/Pages/Data‐Resources.aspx

–

Vector Annual Report
o http://www.sccgov.org/sites/vector/diseases/Pages/diseases.aspx
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3SW SOLID + HAZARDOUS WASTE
SOLID WASTE FACILITIES

CONTAMINATED LAND

HAZARDOUS WASTE SITES

3SW.1 Introduction
The Solid + Hazardous asset sector includes three sub‐assets: solid waste facilities, contaminated land,
and hazardous waste sites located in Santa Clara County, totaling 862 properties. This section presents
the results of the vulnerability assessment and economic consequences analysis for solid and hazardous
waste assets in regards to projected changes in climate variables (sea level rise, storm surge, riverine
flooding, wildfire, and extreme heat). Findings were used to inform a comprehensive set of climate
adaptation strategies to help improve the climate resilience of these assets. Priority strategies are
presented in order by sub‐asset and the climate variable(s) addressed, and followed by a set of “other
strategies for consideration” that might be expanded over time as appropriate and feasible.

3SW.2 Vulnerability Assessment Summary [Solid + Hazardous Waste Assets]
This section provides a summary of the vulnerability assessment results for solid and hazardous waste
assets, which then informed the climate adaptation strategies to follow. The main impetus is to illustrate
the potential threats of climate change on these critical infrastructure assets, including ones that might
need to be protected, closed, and/or relocated. The vulnerability assessments for each of the three sub‐
asset sectors are presented below and organized by climate variable.

SOLID WASTE FACILITIES (LANDFILLS, RECYCLING, TRANSFER/PROCESSING, COMPOSTING)
There are 69 solid waste facilities in the county, including landfills, municipal recycling [household and
commercial], construction and demolition material recycling, composting, and transfer / processing
stations in various stages of active, closed, and closing operations. Together these sites cover 4,849
acres (ac) within the county.
Only 27 of the solid waste facilities include landfills (disposal sites), and of those, only four are active and
currently accepting waste for disposal; all are owned and operated by the following private companies:


Newby Island Sanitary Landfill, International Disposal Corporation, Milpitas



Kirby Canyon Recycle and Disposal Facility, Coyote / San Jose



Guadalupe Sanitary Landfill, Guadalupe Rubbish Disposal Co, Inc., San Jose



Zanker Road Materials Processing Facility, San Jose

The remaining 23 disposal sites include varying sizes of inactive landfills that are closed or closing. In
some cases portions of these sites have transitioned to include new operations and associated
structures like recycling and composting sites. In other cases, sites are being planned for entirely
different uses and new development. The recommended climate adaptation strategies focus on active
solid waste facilities as they relate to the continued servicing of the county population.
A summary of the vulnerability assessment results for solid waste facilities (landfills, recycling,
transfer/processing, composting) is provided in Table 3SW.1 followed by additional information and
analysis by climate variable.
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Table 3SW.1: Solid Waste Facilities Vulnerability Summary by Climate Variable and Timeframe (acres)

SOLID WASTE
FACILITIES

SLR

SLR + STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Mid‐Century
Vulnerability

847

1,106

259

3,079

1,854

4,849

End‐of‐
Century
Vulnerability

1,111

1,248

137

3,079

1,854

4,849

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

Sea Level Rise + Storm Surge
Overall, sea level rise (SLR), with or without storm surge, does not pose a significant threat to active or
closed solid waste facilities in Santa Clara County. As shown in Table 3SW. and Figure 3SW.1, only one
portion of an active solid waste site (Newby Island: landfill, composting and transfer / processing) is
projected to be impacted by permanent SLR by mid‐century. Its vulnerability is limited to the site’s river
edge and does not impede the actual landfill or roadway access to it. The City of Palo Alto’s closed
landfill is also vulnerable; however, the City is still deciding whether or not to develop a new composting
facility in this location.
By end‐of‐century, 30 ac of land across three sites (Newby Island, Zanker Road, and Sunnyvale Materials
Recovery and Transfer Station (SMaRT) in Milpitas, San Jose, and Sunnyvale respectively) are projected
to be permanently inundated by SLR, but again does not include the Newby Island landfill
or its access points. End‐of‐century SLR plus storm surge (temporary flooding) is projected to impact
98 ac of these same solid waste facilities (2% of total facility acreage in Santa Clara County), which could
disrupt or close transfer stations, recycling operations, and composting on the three sites.
As shown in Table 3SW., 839 ac of the City of Palo Alto’s closed landfill/disposal facility (expected to be
capped in 2015) is projected to experience impacts from SLR by mid‐century. By end‐of‐century, SLR
plus storm surge could impact 1,152 total ac across three sites, adding 6 ac in Sunnyvale and 258 ac at
Moffett Field.
Table 3SW.2 and Table 3SW.3 indicate how many acres (and the percent of the total site acreage) may
be impacted by SLR and storm surge both at mid‐century and end‐of‐century. Figure 3SW.1 shows the
minimum scenario (mid‐century SLR) and Figure 3SW.2 shows the maximum (end‐of century SLR +
storm surge). The vulnerable facilities are numbered to match Tables 3SW.2 and 3SW.3.
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Table 3SW.2: ACTIVE Solid Waste Facilities Vulnerable to Sea Level Rise and Storm Surge (acres)

OWNER / OPERATOR

LOCATION
(TOTAL
ACREAGE)

MID‐CENTURY

FACILITY
TYPES

END‐OF‐CENTURY

SEA LEVEL
RISE

SEA LEVEL RISE
+ STORM
SURGE

SEA LEVEL
RISE

SEA LEVEL RISE
+ STORM
SURGE

9 (2%)

1 (>1%)

11 (2%)

21 (3%)

–

>1 (>0%)

–

61 (20%)

–

–

4 (>1%)

–

–

–

–

–

–

15

15

16

9

29

30

98

ACTIVE
1. Newby Island
(International Disposal
Corporation)
2. Zanker Road Resource
Management
3. Zanker Road Materials
Processing Facility
4. Zero Waste Energy
Development Company
5. City of Sunnyvale
(Bay County Waste
Services) SMaRT Station
Totals

1601 Dixon
Landing Road,
Milpitas
(692 ac)
705 Los Esteros
Rd, San Jose
(310 ac)
675 Los Esteros
Rd, San Jose
(52.5 ac)
685 Los Esteros
Rd, San Jose
(22 ac)
301 Carl Road,
Sunnyvale
(9.5 ac)

Landfill,
composting,
transfer/
processing
Composting,
tires, transfer /
processing
Landfill, newly
permitted in
2014
Dry anaerobic
digester,
composting
Transfer,
recycling,
processing

NOTE: Numbers are rounded to whole numbers; those in parentheses are percent of total facility acreage impacted
in the county.

Table 3SW.3: CLOSED / CLOSING Solid Waste Facilities Impacted by SLR + Storm Surge (acres)
MID‐CENTURY

OWNER /
OPERATOR

LOCATION

END‐OF‐CENTURY

SEA LEVEL
RISE

SEA LEVEL RISE
+ STORM
SURGE

SEA LEVEL
RISE

SEA LEVEL RISE
+ STORM
SURGE

–

–

–

–

839 (57%)

872 (59%)

869 (59%)

888 (60%)

Landfill (closed),

–

5 (5%)

5 (6%)

6 (7%)

Landfill (closed)

–

201 (50%)

207 (52%)

258 (65%)

839

1,078

1,081

1,152

FACILITY TYPES

CLOSED / CLOSING
6. Zanker Road
Resource
Management
7. City of Palo
Alto

8. City of
Sunnyvale

9. Moffett Field
Totals

705 Los Esteros Rd,
San Jose (310 ac)
2830 Embarcadero
Rd, Palo Alto
(126 ac closed
landfill footprint /
1,492 ac total)
Caribbean Dr /
Borregas Ave.,
Sunnyvale (93 ac)
Golf Course (11 ac)
and Runway (12
ac), both closed
(399 ac total)

Landfill (closing)
Landfill (closed
in 2011), cap
construction
(completed 2015)

NOTE: Numbers are rounded to whole numbers; those in parentheses are percent of total facility acreage impacted
in the county.
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Figure 3SW.1: Solid Waste Facilities Vulnerable to Sea Level Rise (Mid‐Century)
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KEY: white labels = active facilities and black labels = closed/closing facilities

Figure 3SW.2: Solid Waste Facilities Vulnerable to Sea Level Rise + Storm Surge (End‐of‐Century)
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KEY: white labels = active facilities and black labels = closed/closing facilities
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Riverine Flooding
Riverine flooding from local rivers (precipitation‐based) and the San Francisco Bay is projected to cause
temporary, yet significant impacts to 20 sites, equivalent to 3,079 ac (64%) of solid waste facilities in
Santa Clara County at both mid‐ and end‐of‐century. Of these 20 sites, 16 are active and include
transfer/processing, composting, chipping, waste tires, and landfill disposal services. NOTE: Riverine
flooding vulnerability is currently determined by FEMA 100‐year flood zone maps, which indicate current
flooding hazards as opposed to future conditions. It is possible that some solid waste facilities in Santa
Clara County have already implemented 100‐year flood protection mechanisms, in compliance with
existing permitting requirements. However, current science indicates increases in flooding hazards (depth
and extent) are projected to occur as a result of climate change, so current safeguards may be
insufficient. As shown in Figure 3SW.3, non‐elevated portions of the sites clustered around the Bay will
be severely flooded, including 692 ac of the active Newby Island in Milpitas, as opposed to 21 ac
impacted by SLR plus storm surge. Likewise, the closed landfills at Moffett Field (399 ac total) and
Zanker Road (308 ac) will also be flooded. Beyond the Bayfront, the largest active sites projected to be
impacted are: Peninsula Sanitary in Stanford (transfer/processing and composting, 52 ac impacted);
Kirby Canyon in Coyote/San Jose, and Guadalupe Rubbish (transfer/processing and landfill, 13 ac
impacted).
Figure 3SW.3: Solid Waste Facilities Vulnerable to Riverine Flooding (End‐of‐Century)
City of Palo Alto

Newby Island

Zanker
Peninsula

Kirby Canyon
Guadalupe

Riverine Flooding NOTE: Given that the vulnerability to riverine flooding is currently determined by FEMA Flood
Insurance Rate Maps (FIRMS), near the Bay it is possible that the flooding could be occurring from either storm
surge or riverine flooding and will require specific strategies for each, once source confirmations are made.
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Wildfire
Based on current wildfire hazard impacts (likelihood of an area burning and how it burns; i.e., intensity,
speed, embers produced), eight solid waste facilities (1,854 ac / 38%) are projected to have high
vulnerability to wildfire by end‐of‐century. Figure 3SW.4 shows wildfire vulnerability under the end‐of‐
century scenario. Today’s baseline condition does not include wildfire hazards greater than high, but by
mid‐century, hazard areas along the county’s western edge are projected to increase to very high. As
shown below, end‐of‐century projections have several western areas transitioned to extremely high and
extremely high+ wildfire hazards. Four active solid waste facilities sit within moderate‐ to high wildfire
hazard zones: Peninsula Sanitary in Stanford (composting, 512 ac impacted); and Kirby Canyon (landfill,
615 ac impacted), Guadalupe Rubbish (landfill, 356 ac impacted), and Zanker (47 ac impacted) in San
Jose. Guadalupe is the only active facility adjacent to very high and extremely high wildfire hazards.
Recology Pacheco in Gilroy is a closed landfill with 137 vulnerable acres.
Figure 3SW.4: Solid Waste Facilities Vulnerable to Wildfires (End‐of‐Century)

Peninsula

Zanker

Guadalupe
Kirby Canyon

Pacheco
(closed)

LEGEND NOTE: Ref= reference year (2007–2008), Mid = mid‐century projections, Late = end‐of‐century projections
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Extreme Heat
Solid waste facilities in Santa Clara County are not sensitive to extreme heat and therefore not
considered vulnerable.

CONTAMINATED LAND
There are 721 contaminated land sites in Santa Clara County that have been identified to contain ground
and/or surface toxicity, often from former industrial activities. Twenty‐three of these sites are
designated as Superfund Sites and 56 as State Response Sites.1 Almost all of the contaminated sites are
privately owned, although Superfund and State Response are typically managed by Federal and State
agencies respectively once clean‐ups are underway. Overall, 6–18% of contaminated land sites are
projected as vulnerable to one or more climate variable. Although current data classifies the sites as
Superfund, State Response, et al, these classifications do not yet map geospatially in the SV 2.0 Tool. As
such, the current vulnerability analysis only indicates the total number of contaminated land sites that
may be impacted by each climate variable. As suggested in Strategies SW‐1 and SW‐2, additional
analysis would be important to better understand which of the vulnerable sites are categorized as
Superfund and/or State Response sites and should therefore be prioritized for near‐term attention.
A summary of vulnerability assessment results for contaminated land is provided in Table 3SW.,
followed by additional information and analysis figures by climate variable.
Table 3SW.4: Contaminated Land Vulnerability Summary by Climate Variable and Timeframe (sites)

CONTAMINATED
LAND

SLR

SLR + STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Mid‐Century
Vulnerability

7

20

13

120

35

661

End‐of‐Century
Vulnerability

21

41

40

120

35

661

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

Sea Level Rise + Storm Surge
According to the vulnerability assessment, seven sites (1% of total contaminated land area) will be
impacted by permanent inundation from SLR by mid‐century and 21 sites (3%) by end‐of‐century. By
mid‐century, the storm surge is projected to temporarily flood an additional 13 sites for a total of 20
sites (3%). By end‐of‐century, storm surge may impact an additional 20 sites on top of SLR, for a total of
41 vulnerable sites (6%) throughout the county, as shown in Figure 3SW.5.

1

State Response Sites are those where the California Department of Toxic Substance Control (DTSC) is actively working to
remediate (lead role or support capacity); i.e., State Superfund sites, those posing the greatest threat to the public and the
environment, and/or considered high priority and high potential risk. http://www.dtsc.ca.gov
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Figure 3SW.5: Contaminated Land Vulnerable to Sea Level Rise + Storm Surge (End‐of‐Century)

Riverine Flooding
Temporary riverine flooding is projected to affect 120 of the 721 contaminated land sites (17%) by mid‐
century and end‐of‐century alike, as shown in Figure 3SW.6. It will be very important for the County and
its cities to better understand the potential increases in hazard exposures that could be caused by
unforeseen changes in the environment. Climate change is already beginning to influence current
remediation procedures and standards; i.e., a review of the remedial actions currently required in
regards to the potential sensitivity to climate change. NOTE: Riverine flooding vulnerability is currently
determined by FEMA 100‐year flood zone maps, which indicate current flooding hazards as opposed to
future conditions. It is possible that some hazardous waste sites in Santa Clara County have already
implemented 100‐year flood protection mechanisms, in compliance with existing permitting
requirements. However, current science indicates increases in flooding hazards (depth and extent) are
projected to occur as a result of climate change, so current safeguards may not be sufficient.
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Figure 3SW.6: Contaminated Land Vulnerable to Riverine Flooding (Mid‐Century)

Wildfire
Vulnerability to wildfire hazards is the same for mid‐century and end‐of‐century projections, with 38
sites (5%) potentially impacted, although wildfire hazards in the county are shown to increase over time
in its western areas. As mentioned previously, today’s baseline condition does not include wildfire
hazards greater than high. By end‐of‐century, 36 of the 38 vulnerable contaminated land sites are
located in moderate‐ and high‐hazard areas (see Figure 3SW.7), with one located in areas projected with
very high wildfire hazard and one in extremely high +.
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Figure 3SW.7: Contaminated Land Vulnerable to Wildfires (Mid‐Century)

LEGEND NOTE: Ref= reference year (2007–2008), Mid = mid‐century projections, Late = end‐of‐century projections

Extreme Heat
Contaminated land sites in Santa Clara County are not sensitive to extreme heat and therefore not
considered vulnerable.

HAZARDOUS WASTE SITES
Hazardous wastes are typically toxic, flammable, corrosive, and/or reactive (explode or generate vapors
when mixed with water). They are legally defined as any material that, because of quantity,
concentration, physical, or chemical characteristics, poses a significant present or potential hazard to
human health and safety or to the environment.2 There are 72 sites in Santa Clara County (industrial and
other privately held properties) that are permitted to manage, process, and/or store hazardous waste,
but only seven are active with the remainder closed or closing. As with contaminated land, the large
majority of sites are privately owned and a small percentage of hazardous waste sites are projected to
2

State of California, Health and Safety Code, Chapter 6.95, Section 25501(o).
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be impacted by any of the climate variables. Currently, available data does not include municipal sites
used for the disposal of hazardous household waste, nor provide an understanding of the contents,
operating status, acreage, or exact location of the vulnerable sites; therefore, additional analysis and
assessment would be important to ensuring that the vulnerabilities of these sites to climate change are
addressed in an efficient and appropriate manner.
A summary of vulnerability assessment results for contaminated land is provided in Table 3SW.,
followed by additional information and analysis figures by climate variable.
Table 3SW.5: Hazardous Waste Sites Vulnerability Summary by Climate Variable and Timeframe (sites)

HAZARDOUS
WASTE SITES

SLR

SLR + STORM
SURGE

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Mid‐Century
Vulnerability

1

2

1

14

6

91

End‐of‐
Century
Vulnerability

5

5

None

14

6

91

KEY: Grey = no vulnerability, Yellow = low vulnerability, Orange = moderate vulnerability, Red = high vulnerability

Sea Level Rise + Storm Surge
Sea level rise, according to the vulnerability assessment, shows one hazardous waste site (1% of total
sites) will be inundated by mid‐century, but it is already closed. By end‐of‐century, five sites (5% of total
sites) will be inundated, three of which are closed and one is unknown. Storm surge accompanying SLR
is projected to temporarily flood one additional site by mid‐century, with no further sites affected by the
end of the century end‐of‐century.

Riverine Flooding
Temporary riverine flooding is projected to affect 14 of the 72 hazardous waste sites (15%) by mid‐
century and end‐of‐century alike. NOTE: Riverine flooding vulnerability is currently determined by FEMA
100‐year flood zone maps, which indicate current flooding hazards as opposed to future conditions. It is
possible that some hazardous waste sites in Santa Clara County have already implemented 100‐year
flood protection mechanisms, in compliance with existing permitting requirements. However, current
science indicates increases in flooding hazards (depth and extent) are projected to occur as a result of
climate change, so current safeguards may not be sufficient.

Wildfire
Six hazardous waste sites (7% of total) are projected to be vulnerable to wildfire hazards at both mid‐
century and end‐of‐century, three of which are closed with one undergoing closure. As mentioned
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previously, today’s baseline condition in Santa Clara County does not include wildfire hazards greater
than high, but hazards are projected to increase over time in the county’s western areas.

Extreme Heat
Hazardous waste sites in Santa Clara County are not sensitive to extreme heat and therefore not
considered vulnerable.

3SW.3 Mid‐Century Economic Consequences [Solid + Hazardous Waste Assets]
The economic consequences for solid and hazardous waste assets were not quantified.

3SW.4 Risk Analysis [Solid + Hazardous Waste Assets]
Risk ratings are available in the Tool, but they are not included in the Guidebook, because they are
largely a reflection of the economic consequences analysis. Social and environmental consequences
would normally also inform a risk rating, but they were excluded from this analysis due to insufficient
data to quantify and express those consequences through the Tool.

CH 3SW: Solid + Hazardous Waste Assets
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3SW.5 Climate Adaptation Strategies [Solid + Hazardous Waste Assets]
The following pages outline strategies for protecting the solid and hazardous waste assets most
vulnerable to climate change, as summarized in Table 3SW.. As explained previously, each strategy
includes additional information about timeframe, actors, implementation, and precedents. The
adaptation strategies are organized by the climate variables they seek to address.
Table 3SW.6: Solid and Hazardous Waste Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Solid Waste Facilities and Hazardous Waste Sites
SW‐1. REVISE CURRENT PERMITTING AND MONITORING STANDARDS
FOR ALL SOLID WASTE FACILITIES AND HAZARDOUS WASTE SITES TO
INCLUDE ASSESSMENTS FOR CLIMATE CHANGE VARIABLES.
Solid Waste Facilities
SW‐2. WORK WITH OPERATORS TO CONDUCT DETAILED SITE
ASSESSMENTS AT ACTIVE, VULNERABLE SITES AND IDENTIFY
ALTERNATIVE LOCATIONS IN THE COUNTY ZONED TO HOST NEEDED
FUNCTIONS AND CAPACITIES.
Contaminated Land
SW‐3. ASSESS AND PRIORITIZE THE ~130 CONTAMINATED SITES MOST
VULNERABLE TO FLOODING, AND WORK WITH PROPERTY OWNERS TO
DEVELOP AND IMPLEMENT ADAPTATION PLANS.
Hazardous Waste Sites
SW‐4. ASSESS AND PRIORITIZE THE ~16 HAZARDOUS WASTE SITES
MOST VULNERABLE TO CLIMATE CHANGE AND WORK WITH PROPERTY
OWNERS TO DEVELOP AND IMPLEMENT ADAPTATION PLANS OR
RELOCATE HAZARDOUS WASTE TO LESS VULNERABLE AREAS
(IDENTIFIED IN CONCERT WITH LOCAL MUNICIPALITIES).
OTHER STRATEGIES FOR CONSIDERATION
Landfills
SW‐5. Increase solid waste diversion rates throughout the county to
reduce demand and need for landfills.
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ASSET

Solid Waste Facilities, Hazardous Waste Sites

CLIMATE VARIABLE

Sea Level Rise + Storm Surge, Riverine Flooding

SW‐1. REVISE CURRENT PERMITTING AND MONITORING STANDARDS FOR ALL SOLID WASTE
FACILITIES AND HAZARDOUS WASTE SITES TO INCLUDE ASSESSMENTS FOR CLIMATE CHANGE
VARIABLES.
Existing State permitting and monitoring requirements for landfills and hazardous waste sites in Santa
Clara County landfills accommodate average annual and daily rainfall, and 100‐year flood risk, but not
the permanent inundation projected with SLR. Also, storm surge and riverine flooding, both temporary
conditions, are also expected to intensify over time with average annual or seasonal rainfall amounts
occurring within shorter, more intense timeframes. Therefore, this strategy recommends that the
County work proactively with the relevant State agencies to analyze and update current codes and
permitting requirements to mitigate for the impacts of climate change on various forms of inundation.
SCALE
County

CLASS
Code updates

INITIATION TIMING

LEAD

Short term

County government with city
representatives (collaborative with
lead State agencies)

CROSS ASSET SECTOR APPLICABILITY

Contaminated Land (working with US EPA Superfund sites and
State Response Sites)

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Reduction in potential ground and surface water contamination

STRATEGY DESCRIPTION / BACKGROUND
Solid waste facilities (i.e., landfills) and hazardous waste sites in Santa Clara County are vulnerable to
both temporary and permanent inundation. Specifically, six solid waste facilities are currently located
within future permanent inundation areas near the Bay Shore (Sunnyvale, San Jose, and Milpitas); two
are municipal sites and four are privately owned and operated. Riverine flooding3 is projected to impact
64% of solid waste facility acreage across the county. Likewise, five hazardous waste sites are projected
to be inundated by SLR, one additional site by storm surge, and 14 by riverine flooding. Indeed, some
landfills themselves are elevated by design and may remain above exacerbated flooding levels, but
associated infrastructure (access roadways, transfer stations, et al) might be impacted to the point that
the landfills become inaccessible. Also, even though water may not breach a landfill’s top level,
permanent inundation might still compromise the strength and permeability of its side walls. Older
landfills may contain inadequate liner material/geomembranes to sustain permanent inundation and
ground water intrusion.
Solid waste landfills and hazardous waste sites in Santa Clara County must currently estimate maximum
annual and daily rainfall, and protect for FEMA’s 100‐year floods as part of standard permitting. But,
3

As discussed earlier in this document, current science indicates that 100‐year flooding impacts will increase due to climate
change, and that the Bay Area will experience this shift more severely than other geographies. This strategy would use the
updated analysis / modeling on the projected riverine flooding and storm surge climate variables to the depth and extent of
flooding specific to Santa Clara County, as proposed in Strategy S‐4.
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these requirements do not account for increased temporary flooding caused by climate change or for
permanent inundation as a result of SLR. Therefore, it cannot be said with certainty that currently
compliant sites are adaptive to climate change sufficient to prevent leachate and other associated
impacts, neither through building materials (e.g., liners, membranes, retaining walls, et al) or
construction standards.
There are not currently any initiatives that explicitly prepare solid waste facilities for climate‐change
related increases in precipitation, but there are several existing policies, procedures, and actions that
could be leveraged to help secure these assets from riverine flooding and precipitation‐based storm
surge. The County could organize a coalition of public agencies and private facility owners to work with
permitting entities, such as CalRecyle, State Water Resources Control Board, and CA Department of
Toxic Substances Control (DTSC) to update existing codes and permitting requirements. It is important
that the County work with the owners of active sites to understand the findings of regular facility
assessments, which include existing liners, and identify any inadequacies as soon as possible and
confirm upgrades are sufficient to withstand anticipated climate change variables. In addition to these
relevant State agencies, the County may reference the U.S. Environmental Protection Agency’s Climate
Change Adaptation Plan (2013) for guidance in developing specific requirements that address
dewatering well systems, leachate extraction upgrades, inundation protection, and liner upgrades as
necessary and feasible.

IMPLEMENTATION
Timing
It is recommended that this strategy be initiated in the short term since the implementation timeframe
may be significant, given the number of State agencies, local entities, and private owners that may need
to be involved. Also, once the permit requirements are updated it will take several years for the
numerous sites to confirm status, develop adaptation strategies and present permit updates for review,
secure new approvals, and implement the necessary climate adaptation measures.

Potential Challenges and Solutions
State entities may have differing opinions and approaches to updating standards and codes and there is
a chance that they might contradict and/or constrain each other along the way.
A multi‐agency working team could be formed, in order to ensure that entities understand each other’s
perspectives and priorities. This would also help engage the numerous private facility owners and
operators.
Private facility owners and operators are numerous and their situations, priorities, and capacity to
complete the required steps above are unique and varied. Given the likely time and cost implications
involved, there could be opposition to accepting additional permitting requirements.
Key private stakeholders could also be invited to join the working group and help outline a framework of
constraints and goals for agency leaders to help streamline permit revisions.
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Additional Benefits
Confirming that solid and hazardous waste sites are prepared for climate change would also help
alleviate potential contaminate risks for surface water and ground water sources.

PRECEDENT
Office of Solid Waste and Emergency Response Climate Change Adaptation Implementation Plan
(2013)
Each department of the U.S. Environmental Protection Agency (EPA) developed a Climate Adaptation
Implementation Plan specific to the department’s programs and plans. The Office of Solid Waste and
Emergency Response’s (OSWER’s), which is focused on solid waste management, identified in their plan
how the office will integrate climate adaptation into its planning and work. Understanding the climate
change impacts on the solid waste sector enabled OSWER to identify a long‐term adaptation strategy
focused on updating hazardous waste permitting requirements to reflect climate change impacts.
This case study recognizes that reviews of permitting and monitoring standards for solid and hazardous
waste sites are also being addressed at the national level, reinforcing a County‐wide approach to looking
at and addressing issues related to climate change via permitting programs.

Protective Flood Measures at Allen Harbor Landfill, Rhode Island
The U.S. Navy, working with U.S. EPA and other federal and state partners, integrated shoreline
protection structures, including a line of riprap, wetlands, and a seawall into the remedial design of a
coastal landfill at the former Davisville Naval Construction Battalion Center (NCBC) Superfund site. The
structures are designed to protect the landfill face from erosion through wave action, tidal forces, and
storm surges in the adjacent Allen Harbor. The harbor is located on the western shore of Narragansett
Bay, Rhode Island, and surrounds the landfill on three sides.
The multimedia cap was constructed in areas above the 100‐year flood elevation, at 14 feet above mean
sea level (MSL) and higher, to avoid compromising the long‐term effectiveness of the cap from
hydrostatic pressure on the liners during floods. Long‐term monitoring began in 2001. A recent site
evaluation in 2013 indicated that the multimedia cap and shoreline armoring structures appear to be
functioning as expected, have not been impacted by weather events, and will continue to prevent
exposure to landfill contaminants into the future. While the seawall on the eastern shore of the landfill
was designed to be inundated daily during high tide, the riprap has not been breached at its highest
point, and settlement has not presented an issue.

REFERENCES + RESOURCES
–

U.S. Environmental Protection Agency
o

http://www.epa.gov/superfund/climatechange/cca‐tech‐fact‐sheet‐lf‐containment.pdf

o

http://www.epa.gov/climatechange/Downloads/impacts‐adaptation/office‐of‐solid‐
waste‐and‐emergency‐response‐plan.pdf

o

http://clu‐in.org/products/newsltrs/tnandt/view_new.cfm?issue=0514.cfm
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ASSET

Solid Waste Facilities

CLIMATE VARIABLE

Sea Level Rise + Storm Surge, Riverine Flooding

SW‐2. WORK WITH OPERATORS TO CONDUCT DETAILED SITES ASSESSMENTS AT ACTIVE,
VULNERABLE SITES AND IDENTIFY ALTERNATIVE LOCATIONS IN THE COUNTY ZONED TO HOST
NEEDED FUNCTIONS AND CAPACITIES.
This strategy recommends that the County work with private owners/operators of the active land solid
waste facilities projected to be permanently inundated by SLR, in order to assess remaining permitted
capacities and functions, and understand any potential ramifications of closing sites ahead of schedule.
If remaining capacities and functions will be untenable due to climate change, the County may facilitate
discussions and/or cooperative agreements with other active sites in the County (not subject to climate
variable impacts) to accommodate these capacities.
SCALE

CLASS

INITIATION TIMING

LEAD

Asset

Program

Short term

County (in cooperation with SCVWD,
private owner/operators, and
host cities)

CROSS ASSET SECTOR APPLICABILITY

N/A

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Reduced impacts to water and air quality and human health

STRATEGY DESCRIPTION / BACKGROUND
Solid waste management is both a local and regional issue, depending on where transfer stations,
processing sites (recycling/composting), and landfills (disposal) are located, who owns and operates
them, and whose waste is serviced by each facility. Often waste is sorted at one location and then
transferred to another for processing and further transferring, or ultimate disposal. In order to ensure
the collective solid waste management needs are met for the County’s residents and businesses, it is
important to understand the services these sites provide today, to whom, and what capacities and
functions they are permitted to serve in the future. This is especially important given that the bulk of
sites are privately owned and operated.
Four active solid waste facilities (landfills, transfer/processing, composting, et al) are projected to be
impacted by SLR + storm surge, with 16 vulnerable to riverine flooding by mid‐century. Given the
complex structural nature of landfills, as well as the capital investment and infrastructure required to
protect existing sites from SLR + storm surge and riverine flooding, this strategy suggests a potential
alternative of relocating services and functions to existing receiver sites and/or new sites currently
zoned for these types of heavy industrial uses, which are projected as safe from future climate change
impacts.
To date, it is unclear if individual facility owners and operators are aware of the potential vulnerability of
their sites and operations due to climate change. This strategy recommends the County lead a proactive
approach, in collaboration with the SCVWD, owners and operators, and host cities to gain a collective
understanding of the sites’ existing physical, operational, and permitting conditions. Once the data
collected and analyzed, the County could lead a strategic approach to determining which solid waste
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management sites and services could be accommodated within the existing network of other solid
waste facilities currently operating in the county and which would need to be accommodated through
the development of new sites. A critical part of any new development strategy would be the
identification of appropriate sites, ideally already zoned for these types of uses.

IMPLEMENTATION
Timing
It is recommended that this strategy be initiated in the short term since the implementation timeframe
may be significant, given the number of sites/private owners and permitting entities potentially
involved. Once the strategy is developed and approved, any permitting updates and/or required real
estate transactions may take several years and significant funding. Any associated facility renovation or
construction would also add to the implementation timeline.

Potential Challenges and Solutions
A large number of private facility owners would need to engage in the process and be willing to
cooperate along the way.
Inviting key stakeholders to the table early could help build trust and workable frameworks for
cooperation between private parties, the County, and the permitting entities.
Recommended actions may vary widely in terms of capital expense and timing, which could create
tension between parties if individual burdens for what is being posited as a regional problem are seen as
inequitable. Also, delays may occur from lack of financing.
Establishing transparency and trust up front will help encourage collaboration, as will the County’s
willingness to share, distribute, and/or offset costs between owners, government bodies, and potential
funding sources (e.g., grants).

CH 3SW: Solid + Hazardous Waste Assets
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PRECEDENT
Enhancing Flooding Resilience at the Rocky Mountain Arsenal, Denver, Colorado
In September 2013, more than 15 inches of rain fell in Denver over three days (equivalent to the area's
average precipitation in one year). NOAA considers the precipitation a 500‐ to 1,000‐year storm event.
This rainfall event prompted increased monitoring and inspections of the waste containment and
treatment sites at the Rocky Mountain Arsenal during the period. The assets vulnerable to flooding were
two capped, hazardous waste landfills covering 84 ac and approximately 450 additional ac containing six
evapotranspiration cover systems required by the Resource Conservation and Recovery Act (RCRA). The
landfills survived the flooding as they were designed to withstand a 500‐ to 1,000‐year storm event. This
is an example of adjusting inspection regimes due to more frequent and intense weather events.

REFERENCES + RESOURCES
–

U.S. EPA Contaminated Sites Clean‐Up Information
o
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ASSET

Contaminated Land

CLIMATE VARIABLE

Sea Level Rise + Storm Surge, Riverine Flooding, Wildfire

SW‐3. ASSESS AND PRIORITIZE THE ~130 CONTAMINATED SITES MOST VULNERABLE TO
CLIMATE CHANGE AND WORK WITH PROPERTY OWNERS TO DEVELOP AND IMPLEMENT
ADAPTATION PLANS.
Currently, there are 721 contaminated land sites in Santa Clara County, of which approximately 130 are
projected to be vulnerable to one or more climate variable. This strategy recommends that the County
lead a comprehensive assessment and prioritization effort of the vulnerable sites (especially those
already classified as Federal Superfund and State Response Sites), working with land owners and
engaged agencies, to better understand the sites’ characteristics and assist owners in developing
appropriate and implementable adaptation strategies. By pursuing a comprehensive, county‐wide
approach, owners may benefit from efficiencies, knowledge sharing, and better positioning for funding,
while the County may be better able to facilitate the resolution of the most prevalent and pervasive
issues via new programs and initiatives.
SCALE

CLASS

INITIATION TIMING

LEAD

County

New program

Short term

County (in collaboration with private
land owners)

CROSS ASSET SECTOR APPLICABILITY

Some findings and strategies may be applicable to solid waste
facilities and/or contaminated lands.

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Public and environmental health, water quality

STRATEGY DESCRIPTION / BACKGROUND
A large number of contaminated land sites in Santa Clara County are projected to be impacted by one or
more climate variable, including several Federal Superfund sites and State Response Sites. In order to
effectively manage the adaptation of approximately 130 sites, a rigorous prioritization exercise is
recommended, which would follow a clear set of criteria. Given the existing data gaps, this strategy first
proposes a comprehensive assessment be undertaken in the short term.
In order to effectively manage the adaptation of vulnerable sites, a rigorous prioritization exercise is
recommended, following a clear set of criteria. This strategy proposes that a comprehensive assessment
of vulnerable sites be undertaken to consider the following information:


Site scale (ac)



Site function



Site operational status (active, closing, closed)



Potential impacts to water quality (ground and surface)



Potential impacts to human health



Combustibility of waste/materials (in‐ground or surface materials, risks of disturbance)



Classification as Superfund or State Response Site



Vulnerability to permanent (20 sites vulnerable to SLR) versus temporary climate variable
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Characteristics/vulnerabilities of adjacent properties



Potential for remediated land to serve as open space and/or hazard buffers for wildfire,
flooding, etc.; bonus points given to land that could provide public open space AND serve as a
protective buffer



Location of site in regards to larger plans and visions for redevelopment areas and higher/best
uses



Potential to work with property owners to remediate sites to the degree required for the
desired land use (e.g., open space, residential development, et al)

Following the above assessment, the County could work with applicable agencies and the property
owners to identify key issues facing multiple sites and consider new County‐wide or city‐wide plans and
policies to help address in a more comprehensive manner. Each site will also likely identify unique
characteristics and issues, which will need to be addressed in site‐specific adaptation strategies. The
County could direct an adaptation planning process to be rolled out and completed by each site. The
County could then lead a review process that would include applicable agencies and other parties as
needed, and work with the property owners through implantation of the strategies within set
timeframes. In general, those sites understood to pose the greatest potential threats should be
prioritized for planning, design, and construction efforts.
NOTE: Site remediation standards are driven by desired future land uses and vary in expense and
timeline accordingly; i.e., contaminated land remediated for residential use typically involves a much
greater effort in terms of expense and schedule than land sought to be used for another industrial use or
open space. The idea with this policy is to consider the highest and best use of land subject to future
climate variables as open space, unless otherwise identified as a key redevelopment area; i.e., not over‐
engineer land to mitigate for inundation or temporary flooding, but instead create ecological
frameworks of open space systems that actually contribute to climate adaptation. Limiting the
remediation of contaminated lands to the levels required for open space will also reduce the financial
constraints often associated with remediation projects.

IMPLEMENTATION
Timing
It is recommended that this strategy be initiated in the short term since the implementation timeframe
may be significant, given the number of sites, private owners, and permitting entities that may need to
be involved. Also, once the sites are prioritized and the adaptation strategy framework is developed, it
may take several years and significant funding for sites to comply. Any associated facility renovation or
relocation could also add to the implementation timeline.

Potential Challenges and Solutions
A number of private facility owners would need to engage in the process and be willing to cooperate.
Inviting key stakeholders to the table early could help build trust and workable frameworks for
cooperation between private parties, the County, and the permitting entities.
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Recommended actions may vary widely in terms of capital expense and timing, which could create
tension between parties if individual burdens for what is being posited as a regional problem are seen as
inequitable. Also, delays may occur from lack of financing.
Establishing transparency and trust up front will help encourage collaboration, as will the County’s
willingness to share, distribute, and/or offset costs between owners, government bodies, and potential
additional funding sources (grants, et al).

Additional Benefits
Processes and outcomes achieved in terms of contaminated land may be applicable to strategies
targeting solid waste facilities and hazardous waste sites in terms of common climate variables.

PRECEDENTS
Management of contaminated sites on the Essex Coast, UK
In the UK, there are hundreds of known landfills, industrial, and other waste sites in low‐lying areas
around the country’s coasts and estuaries. In recent years, the effects of coastal erosion and sea flooding
have resulted in waste from some of these sites seeping into surrounding environments.
In 2011, the Essex and South Suffolk Shoreline Management Plan (SMP) was developed as required by
the U.K. Department for Environment, Food & Rural Affairs (DEFRA) to address future management of
three landfill sites and associated land contamination along the Essex coastline. The action plan
identified the need for a detailed assessment of the contaminated land to flooding and erosion risks. The
assessment identified a series of evidence‐based scenarios, and informed future decisions and activities
related to managing flood risks from sea level rise and erosion.
This case study demonstrates the importance of allowing time to investigate issues with potentially
contaminated land before confirming long‐term policies or plans.

REFERENCES + RESOURCES
–

N J Cooper, G Bower, R Tyson, J J Flikweert, S Rayner, and A Hallas of Royal Haskoning DHV.
Guidance on the Management of Landfill Sites and Land Contamination on Eroding or Low‐
Lying Coastlines
o

https://www.cumbria.gov.uk/elibrary/Content/Internet/538/755/1929/6478/41345121
145.pdf
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ASSET

Hazardous Waste

CLIMATE VARIABLE

Sea Level Rise + Storm Surge, Riverine Flooding, Wildfire

SW‐4. ASSESS AND PRIORITIZE THE ~16 HAZARDOUS WASTE SITES MOST VULNERABLE TO
CLIMATE CHANGE AND WORK WITH PROPERTY OWNERS TO DEVELOP AND IMPLEMENT
ADAPTATION PLANS OR RELOCATE HAZARDOUS WASTE TO LESS VULNERABLE AREAS
(IDENTIFIED IN CONCERT WITH LOCAL MUNICIPALITIES).
This strategy recommends that the County work with site owners and engaged agencies to conduct a
comprehensive assessment and prioritization of the vulnerable sites, in order to better understand the
sites’ characteristics and assist owners in developing appropriate and implementable adaptation
strategies. By pursuing a comprehensive, county‐wide approach, owners may benefit from efficiencies,
knowledge sharing, and better positioning for funding, while the County may be better able to facilitate
the resolution of the most prevalent and pervasive issues via new programs and initiatives. In some
cases sites may be adapted while in others, the recommendation may be to relocate the waste to a
more secure site.
SCALE

CLASS

INITIATION TIMING

LEAD

County

New program

Short term

County (in collaboration with private
land owners and relevant entities)

CROSS ASSET SECTOR APPLICABILITY

Some findings and strategies may be applicable to solid waste
facilities and/or contaminated lands.

POTENTIAL FOR NEAR‐TERM CO‐BENEFITS

Public and environmental health, water quality

STRATEGY DESCRIPTION / BACKGROUND
Only seven of the 72 commercial hazardous waste sites in Santa Clara County are currently active; most
are privately owned and operated. However, approximately 25 sites are vulnerable to one or more
climate variable and depending on the type of waste and the condition of the facility, adverse impacts
from climate change could occur at both active and closed sites. Current permitting standards do not
require property owners and operators to consider climate change variables and related impacts to their
site safeguards.
In order to effectively manage the adaptation of vulnerable sites, a rigorous prioritization exercise is
recommended, following a clear set of criteria. This strategy proposes that a comprehensive assessment
of vulnerable sites be undertaken to consider the following information:


Site scale (ac)



Site function



Operational status (active, closing, closed)



Relocation potential



Structural integrity



Potential impacts to water quality (ground and surface)



Potential impacts to human health
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Hazardous waste content



Combustibility of waste/materials (in‐ground or surface materials, risks of disturbance)



Vulnerability to permanent (20 sites vulnerable to SLR) versus temporary climate variable



Characteristics/vulnerabilities of adjacent properties

Following the assessment, the County could work with relevant agencies and property owners to
prioritize the vulnerable sites and identify key issues facing multiple sites and consider new County‐wide
or city‐wide plans and policies to help address the vulnerabilities in a more comprehensive manner. Any
unique characteristics and issues would need to be addressed in site‐specific adaptation strategies. The
County could direct an adaptation planning process to be completed by each site, and then lead a
review process that would include applicable agencies and other parties as needed, and work with the
property owners to implement the best strategies. The County could also be the lead monitoring
agency.

IMPLEMENTATION
Timing
As with contaminated land, it is recommended that this strategy be initiated in the short term since the
implementation timeframe may be longer, in order to accommodate and coordinate the sites, private
owners, and permitting entities. Also, following site prioritization and adaptation planning, compliance
may take several years and considerable funding.

Potential Challenges and Solutions
A number of private facility owners would need to engage in the process and be willing to cooperate.
Inviting key stakeholders to the table early could help build trust and workable frameworks for
cooperation between private parties, the County, and the permitting entities.
Recommended actions and associated expense may vary, which could create tension between parties (if
individual burdens are seen as inequitable) and cause delays (financing challenges). Although uncommon
in the Bay Area, owners may abandon closed sites or declare bankruptcy to avoid remediation
responsibility.
Establishing transparency and trust from the beginning will help encourage cooperation, as will the
County’s willingness to share, distribute, and/or offset costs between owners, government bodies, and
potential funding sources (e.g., grants).

Additional Benefits
Processes and outcomes achieved in terms of hazardous waste sites may be applicable to strategies
targeting solid waste facilities and contaminated lands in terms of common climate variables.
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PRECEDENTS
Incorporating increased storm events and flooding in hazardous waste site design, New Jersey
This case study demonstrates how existing site procedures can be used as an entry point to incorporate
mitigation measures to future climate change impacts. Although it involves a hazardous waste site, it is
applicable to all solid waste facilities.
In August 2011, Hurricane Irene struck the coast of New Jersey, overtopping a 100‐year flood control
berm that surrounds much of the American Cyanamid site, a hazardous waste site along the Raritan
River. Due to the potential for major storm events to occur in the future, extensive flood plans were
developed approximately six months later to integrate preparedness procedures, evacuation plans, and
post‐flood response requirements into site operations. A number of adaptation measures were
implemented on site to increase its flood resilience and improve flood response efforts. Flood mitigation
measures were also integrated into the preliminary design of a remedy selected in 2012, which addresses
six impoundments, site‐wide soil, and groundwater. The record of decision requires all engineered caps
to be designed and constructed to withstand effects of a 500‐year flood event, at a minimum.

REFERENCES + RESOURCES
–

U.S. EPA Contaminated Sites Clean‐Up Information
o
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3SW.6 Other Strategies for Consideration [Solid + Hazardous Waste Assets]
ASSET(S): SOLID WASTE FACILITIES (LANDFILLS)
Climate Variables: Sea level rise + storm surge, riverine flooding, wildfire
SW‐5. Increase solid waste diversion rates throughout the county to reduce demand and need
for landfills: Consider diversion‐enhancing programs, education, and facilities that increase
the County’s rates of diversion for recycling and composting. These shifts might then reduce
the amount of landfill capacity needed and therefore the potential traffic/air quality impacts
associated with these facilities. This strategy would create positive results for both climate
adaptation and climate mitigation.
In 2010, Santa Clara County adopted a Vision Statement and Action Plan for zero waste by
2020.4 The City of San Jose also has a zero waste goal, which could serve as a model for the
other cities and larger county. In 2011, the State of California established a 2020 diversion
target of 75%.5 This strategy would need to take into considerations current efforts within
individual cities as well as the county as a whole, in order to understand its need and/or
specific direction.

4

http://www.sccgov.org/sites/iwm/rwrc/tac/Documents/Zero‐Waste‐Statement‐‐‐August‐7_v3.pdf

5

http://laserfiche.mountainview.gov/WebLink/0/doc/66414/Page1.aspx

CH 3SW: Solid + Hazardous Waste Assets
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3T TRANSPORTATION
ROADS

BRIDGES

PEDESTRIAN WAYS

BIKEWAYS

RAIL TRACKS

AIRPORTS

3T.1 Introduction
The Transportation asset sector includes eight sub‐assets: roads (highway and local), bridges, pedestrian
ways, bikeways, rail tracks (heavy and light), and airports located in Santa Clara County. This section
presents the results of the vulnerability assessment and economic consequences analysis for
transportation assets in regards to projected changes in climate variables (sea level rise, storm surge,
riverine flooding, wildfire, and extreme heat). Findings were used to inform a comprehensive set of
climate adaptation strategies to help improve the climate resilience of these assets. Priority strategies
are presented in order by sub‐asset and the climate variable(s) addressed, and followed by a set of
“other strategies for consideration” that might be expanded over time as appropriate and feasible.

3T.2 Vulnerability Assessment Summary [Transportation Assets]
This section presents a summary of all transportation assets vulnerable to changes in climate variables
for mid‐ and end‐of‐century scenarios. Roads, bridges, bikeways, rail tracks, and airports are most
vulnerable to temporary flooding from riverine flooding and storm surge, and permanent inundation
from SLR for both time periods. Most transportation assets have no or low vulnerability to wildfire and
extreme heat in the mid‐century scenario. Transportation assets do become vulnerable to extreme heat
by end‐of‐century, in particular heavy and light rail track assets.
Further analysis on vulnerability is provided below by asset sector.

ROADS (HIGHWAYS)
A summary of vulnerability assessment results for roads (highways) in Santa Clara County is provided in
Table 3T.1, followed by additional information and analysis figures by climate variable.
Table 3T.1: Roads (Highways) Vulnerability Summary by Climate Variable and Timeframe
(miles of highway)

ROADS
(HIGHWAYS)

Mid‐Century
Vulnerability
End‐of‐Century
Vulnerability

SLR +
STORM
SURGE

SLR

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

2

3

1

67

65

(1%)

(1%)

(1%)

(14%)

(13%)

3

6

3

67

65

288

(1%)

(1%)

(1%)

(14%)

(13%)

(59%)

None

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability

Sea Level Rise + Storm Surge
There are approximately two miles of highway located near the San Francisco Bay in the north part of
Santa Clara County that are highly vulnerable to SLR by mid‐century. Figure 3T.1 shows the portion of
Highway 101 projected to be affected by permanent inundation, between the Oregon Expressway and
San Antonio Way. By end‐of‐century, the same segment of highway vulnerable to permanent inundation
from SLR increases to three miles.
Considering SLR and storm surge, three miles of highway located near the Bay are highly vulnerable to
inundation by mid‐century. By end‐of‐century, the number of miles affected increases to 6.4 miles (1%
of overall highway assets).
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Figure 3T.1: Roads (Highways) Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

Riverine Flooding
Approximately 67 miles (14%) of highway assets are moderately vulnerable to riverine flooding by mid‐
century; mostly located in the north of the county, as shown in Figure 3T.2. This includes the northern
portion of U.S. Route 101 from Oregon Expressway to San Antonio Way and portions of California State
Route (SR) 237 in Santa Clara between Lafayette Street and Zanker Road. Small portions of U.S. Route
101 in San Jose near Coyote Creek are also affected by riverine flooding by mid‐century. Note that the
vulnerability of highway assets to riverine flooding is determined by FEMA Flood Insurance Rate Maps
(FIRMs) in the Tool. As such, it is possible that flooding close to the Bay could be occurring from either
storm surge or riverine flooding.
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Figure 3T.2: Roads (Highways) Vulnerable to Riverine Flooding (Mid‐Century)

Wildfire
All transportation assets have low or no vulnerability to wildfire (mainly due to the road infrastructure
having low sensitivity). However, one limitation of the Tool is that it does not include projected changes
in wind. This, combined with increases in wildfire, is likely to cause greater impacts to transportation
assets in the region. For example, if wildfire smoke is blown across assets such as highways, other
roadways, pedestrian ways, or bikeways, it impairs visibility. Further investigation is recommended to
consider the impact of wind and wildfire.

Extreme Heat
The highways in Santa Clara County are not vulnerable to extreme heat until end‐of‐century (for
highways, this refers to temperatures over 108°F), as shown in Figure 3T.3. By end‐of‐century, 288 miles
of highway (59%) are moderately vulnerable. These are predominantly the main highways that run
throughout the county, such as U.S. Route 101, Southbay Freeway (SR‐85), Lawrence Expressway,
Oregon Expressway, Montague Expressway, Central Expressway, I‐280, I‐680, I‐880, SR‐17, San Tomas
Expressway, Almaden Expressway, and Capitol Expressway. The majority of highways affected are four‐
lane highways, followed by six‐lane highways.
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Figure 3T.3: Roads (Highway) Vulnerable to Extreme Heat (End‐of‐Century)

ROADS (LOCAL)
A summary of vulnerability assessment results for local roads in Santa Clara County is provided in Table
3T.2, followed by additional information and analysis figures by climate variable.
Table 3T.2: Roads (Local) Vulnerability Summary by Climate Variable and Timeframe (miles of road)

ROADS (LOCAL)

SLR +
STORM
SURGE

SLR

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Mid‐Century
Vulnerability

28

57

29

648

1,792

(<1%)

(1%)

(<1%)

(9%)

(25%)

End‐of‐Century
Vulnerability

64

113

49

648

1,792

3,723

(1%)

(2%)

(1%)

(9%)

(25%)

(52%)

None

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
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Sea Level Rise + Storm Surge
The local roads near the Bay, particularly near U.S. Route 101 between Oregon Expressway and San
Antonio Way in Palo Alto, are highly vulnerable to SLR by mid‐century. Approximately 28 miles (0.4%) of
local roads in the county are projected to be permanently inundated. By end‐of‐century, 64 miles of
local roads are projected to be inundated.
When storm surge is combined with SLR, nearly 57 miles (1%) of local roads are highly vulnerable to
both permanent inundation and temporary flooding by mid‐century. These local roads are also
predominantly located along the Bay. By end‐of‐century, local roads remain highly vulnerable to both
permanent SLR inundation and temporary flooding from storm surge by end‐of‐century, affecting 113
miles (2%) of roads, as shown in Figure 3T.4.
Figure 3T.4: Roads (Local) Vulnerable to Sea Level Rise + Storm Surge (End‐of‐Century)

Riverine Flooding
Local roads are moderately vulnerable to riverine flooding in both timeframes and are predominantly
located along and inland from the Bay, as well as inland south of Gilroy. 648 miles of road are projected
to be vulnerable by both mid‐ and end‐of‐century (see Figure 3T.5).
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Figure 3T.5: Roads (Local) Vulnerable to Riverine Flooding (Mid‐Century)

Wildfire
All transportation assets are considered to have low or no vulnerability to wildfire (mainly due to the
road infrastructure having low sensitivity). However, one limitation of the Tool is that it does not include
projected changes in wind. This, combined with increases in wildfire, is likely to cause greater impacts to
transportation assets in the region. For example, if wildfire smoke is blown across assets such as
highways, other roadways, pedestrian ways, or bikeways, it impairs visibility. Further investigation is
recommended to consider the impact of wind and wildfire.

Extreme Heat
Local roads are moderately vulnerable to extreme heat (for roads, this refers to temperatures over
108°F) by end‐of‐century and not vulnerable by mid‐century, as shown in Figure 3T.6. The majority of
the vulnerable local road assets are classified as local, neighborhood streets (approximately 3,723 miles
within the county), typically located near or connecting to highways.
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Figure 3T.6: Roads (Local) Vulnerable to Extreme Heat (End‐of‐Century)

BRIDGES
A summary of vulnerability assessment results for bridges is provided in Table 3T.3, followed by
additional information and analysis figures by climate variable.
Table 3T.3: Bridges Vulnerability Summary by Climate Variable and Timeframe (number of bridges)

BRIDGES

SLR +
STORM
SURGE

SLR

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Mid‐Century
Vulnerability

19

25

6

518

222

1,518

(1%)

(2%)

(<1%)

(34%)

(15%)

(100%)

End‐of‐Century
Vulnerability

25

45

20

518

222

1,518

(2%)

(3%)

(1%)

(34%)

(15%)

(100%)

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
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Sea Level Rise + Storm Surge
There are 19 bridges potentially vulnerable to permanent inundation from SLR by mid‐century, which
represents 1% of total bridges in the county. A number of bridge assets are elevated roadways, as
shown in Figure 3T.7. It is more likely that the approaches to these bridges will be inundated (e.g.,
Embarcadero Road and Oregon Expressway), rather than the bridge itself (due to the way that the
inundation mapping cannot ‘see’ elevated structures).
Matadero Canal and Barron Creek located southwest of U.S. Route 101 have bridge assets likely to be
affected by inundation by mid‐century. Bridges are also highly vulnerable to SLR and storm surge by
mid‐century (2% of bridges in the county).
By end‐of‐century, the number of bridges vulnerable to permanent inundation from SLR in the same
area increases to 25. Temporary flooding from storm surge increases the number of vulnerable bridges
to 45 (3% of the county’s bridges).
Figure 3T.7: Bridges Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

CH 3T: Transportation
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Riverine Flooding
There are 518 (34%) bridges moderately vulnerable to riverine flooding in the county in both mid‐ and
end‐of‐century scenarios (see Figure 3T.8). Given that bridges are already in the 100‐year floodplain (as
shown in FEMA FIRMs), they may already experience temporary flooding; as such, the assets may have
existing adaptive capacity to withstand more frequent flooding events. However, the FEMA FIRMs do
not take into account the projected changes in the frequency and magnitude of riverine flooding from
climate change‐related precipitation events.
Figure 3T.8: Bridges Vulnerable to Riverine Flooding (Mid‐Century)

Wildfire
All transportation assets are considered to have low or no vulnerability to wildfire (mainly due to the
road infrastructure having low sensitivity). However, one limitation of the Tool is that it does not include
projected changes in wind. This, combined with increases in wildfire, is likely to cause greater impacts to
transportation assets in the region. For example, if wildfire smoke is blown across assets such as
highways, other roadways, pedestrian ways, or bikeways, it impairs visibility. Further investigation is
recommended to consider the impact of wind and wildfire.

Extreme Heat
Bridges have low vulnerability to extreme heat due to their low sensitivity, as shown in Figure 3T.9.

3T‐10

County of Santa Clara: Silicon Valley 2.0 Climate Adaptation Guidebook

Figure 3T.9: Bridges Vulnerable to Extreme Heat (Mid‐Century)

PEDESTRIAN WAYS
A summary of vulnerability assessment results for pedestrian ways is provided in Table 3T.4, followed by
additional information and analysis figures by climate variable.
Table 3T.4: Pedestrian Ways Vulnerability Summary by Climate Variable and Timeframe (miles)

PEDESTRIAN
WAYS

SLR +
STORM
SURGE

SLR

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

Mid‐Century
Vulnerability

None

None

None

End‐of‐Century
Vulnerability

None

None

None

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

23

311

347

(7%)

(90%)

(100%)

23

311

347

(7%)

(90%)

(100%)

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
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Sea Level Rise + Storm Surge
Pedestrian ways, as classified by the Tool, are recreation‐oriented paths located in non‐urban (hillside)
areas. As such, no pedestrian ways were found to be vulnerable to permanent inundation from SLR or
temporary flooding from storm surge, for either the mid‐century or end‐of‐century scenarios.
However, some Bikeway assets include multi‐use paths, such as the Bay Trail near the Bayshore, which is
shown to be vulnerable to SLR and storm surge. Further commentary is provided in the bikeways section
below. It is possible that pedestrian ways located along the Bay, but outside of the county (e.g., Don
Edwards National Wildlife Refuge in Alviso), are also vulnerable to permanent inundation or temporary
flooding.

Riverine Flooding
A total of 23 miles of pedestrian ways in the county are highly vulnerable to riverine flooding for both
timeframes. These paths are predominantly located near the Bay.

Wildfire
All transportation assets are considered to have low or no vulnerability to wildfire (mainly due to the
road infrastructure having low sensitivity). However, one limitation of the Tool is that it does not include
projected changes in wind. This, combined with increases in wildfire, is likely to cause greater impacts to
transportation assets in the region. For example, if wildfire smoke is blown across assets such as
highways, other roadways, pedestrian ways, or bikeways, it impairs visibility. Further investigation is
recommended to consider the impact of wind and wildfire.

Extreme Heat
In relation to extreme heat, pedestrian ways are moderately vulnerable to temperatures exceeding
108°F at end‐of‐century, as shown in Figure 3T.10. The vulnerable pedestrian ways in the county are
categorized as unpaved roads or trails (likely to be recreational tracks) located in non‐urban areas.
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Figure 3T.10: Pedestrian Ways Vulnerable to Extreme Heat (End‐of‐Century)

BIKEWAYS
A summary of vulnerability assessment results for bikeways is provided in Table 3T.5, followed by
additional information and analysis figures by climate variable.
Table 3T.5: Bikeways Vulnerability Summary by Climate Variable and Timeframe (miles)

BIKEWAYS

SLR +
STORM
SURGE

SLR

Mid‐Century
Vulnerability
End‐of‐Century
Vulnerability

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

29

56

27

260

158

1,427

(2%)

(4%)

(2%)

(18%)

(11%)

(100%)

63

87

24

260

158

1,427

(4%)

(6%)

(2%)

(18%)

(11%)

(100%)

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
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Sea Level Rise + Storm Surge
Approximately 29 miles (2%) of bikeways are highly vulnerable to SLR by mid‐century, as shown in Figure
3T.11. These assets are made up of Class 1 and 2 (bike paths and bike lanes respectively) bicycle
transportation routes located parallel to U.S. Route 101 Freeway and as part of Embarcadero Road,
Adobe Creek Loop Trail, Guadalupe River Trail, the San Tomas Aquino Trail, portions of the Bay Trail on
the western perimeter of Charleston Slough, and Mowry Slough. The Guadalupe River Trail and the San
Tomas Aquino Trail cross under roadways and are already inundated during heavy rains. Without
adaptation, even more bikeways (63 miles or 4%) are exposed to permanent SLR in the end‐of‐century
scenario.
Fifty‐six miles (4%) of bikeways are vulnerable to SLR plus storm surge by mid‐century, which increases
to 87 miles (6%) by end‐of‐century.
Figure 3T.11: Bikeways Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

Riverine Flooding
In both time scenarios, 260 miles (18%) of bikeways are vulnerable to riverine flooding, with those
located in areas along the Bay in Palo Alto, Mountain View, and Sunnyvale, and inland locations in San
Jose and south of U.S. Route 101 being particularly vulnerable (see Figure 3T.12).
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Figure 3T.12: Bikeways Vulnerable to Riverine Flooding (Mid‐Century)

Wildfire
All transportation assets are considered to have low or no vulnerability to wildfire (mainly due to the
road infrastructure having low sensitivity). However, one limitation of the Tool is that it does not include
projected changes in wind. This, combined with increases in wildfire, is likely to cause greater impacts to
transportation assets in the region. For example, if wildfire smoke is blown across assets such as
highways, other roadways, pedestrian ways, or bikeways, it impairs visibility. Further investigation is
recommended to consider the impact of wind and wildfire.

Extreme Heat
All bikeways throughout the county (1,400 miles) have low vulnerability to extreme heat, as shown in
Figure 3T.13. In part, this is because bikeways are mostly part of urban streets and extreme heat can
impact asphalt and other similar materials, accelerating the deterioration of the asset’s condition.
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Figure 3T.13: Bikeways Vulnerable to Extreme Heat (End‐of‐Century)

RAIL TRACK – HEAVY
A summary of vulnerability assessment results for heavy rail tracks is provided in Table 3T.6, followed by
additional information and analysis figures by climate variable.
Table 3T.6: Rail (Heavy) Vulnerability Summary by Climate Variable and Timeframe (miles of track)

RAIL (HEAVY)

Mid‐Century
Vulnerability
End‐of‐Century
Vulnerability

SLR +
STORM
SURGE

SLR

None

1
(1%)

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE
None

RIVERINE
FLOODING

WILDFIRE

39

11

(24%)

(7%)

EXTREME
HEAT

None

3

4

1

39

11

61

(2%)

(3%)

(1%)

(24%)

(7%)

(10%)

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
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Sea Level Rise + Storm Surge
Figure 3T.14 shows that a small portion (less than 1%) of heavy rail track is highly vulnerable to SLR in
combination with storm surge by mid‐century. This portion of the asset crosses Coyote Creek (near the
salt ponds) and is currently owned by Union Pacific and is also used by ACE and Amtrak as a significant
commuter rail connection to the north of the county.
By end‐of‐century, four miles (3%) of the same heavy rail track crossing over Coyote Creek are highly
vulnerable to SLR in combination with storm surge. Given that the affected portion of the heavy rail
track crosses the salt ponds, any adaptation considerations to this segment of the track (e.g., elevating
the track or constructing physical protection barriers) will be subject to multiple local, regional, and
state permitting requirements.
It is worth noting that there are a number of controlled structures currently installed at the salt ponds in
the Alviso complex (Charleston Slough to Guadalupe Slough). These structures are opened to allow
excess Bay waters to flow to mitigate flooding impacts. The Santa Clara Valley Water District is
considering installing a flood gate across the heavy rail track that crosses the Coyote Creek. Figure 3T.15
shows the location of a current levee along the Alviso Marina (shown as the red line) and an image of
what this structure would look like. This would potentially be an adaptation strategy for vulnerable
heavy rail tracks in the mid‐ and end‐of‐ century scenarios to mitigate flooding impacts during extreme
storm events.
Figure 3T.14: Heavy Rail Track Assets Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

CH 3T: Transportation
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Figure 3T.15: Current Levee along Alviso Marina and an Example of a Typical Swing Gate across
a Railroad

Source: South Bay Salt Pond Restoration Project, Annual Stakeholder Forum Meeting Restoration, November 15
2012, available online: http://www.southbayrestoration.org/events/docs/stakeholder‐forum/11‐15‐
12/Stakeholder%20Forum%20final%20presentation%2011.15.12.pdf [accessed February 2 2015]

Riverine Flooding
A total of 39 miles (24%) of heavy rail track in the county are highly vulnerable to riverine flooding for
both timeframes, as shown in Figure 3T.16.
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Figure 3T.16: Heavy Rail Track Assets Vulnerable to Riverine Flooding (End‐of‐Century)

Wildfire
All transportation assets are considered to have low or no vulnerability to wildfire (mainly due to the
road infrastructure having low sensitivity). However, one limitation of the Tool is that it does not include
projected changes in wind. This, combined with increases in wildfire, is likely to cause greater impacts to
transportation assets in the region. For example, if wildfire smoke is blown across highways and other
roadways, it impairs visibility. Further investigation is recommended to consider the impact of wind and
wildfire.

Extreme Heat
Heavy rail track in Santa Clara County is highly vulnerable to temperatures over 110°F (threshold for
heavy rail tracks) by end‐of‐century, as shown in Figure 3T.17. Approximately, 61 miles (10%) of track
starting in the north near San Jose stretching south to Gilroy are affected by higher temperatures. This
stretch is a Class 1 railroad belonging to Union Pacific.
Consistently higher temperatures and heatwaves can add stress to materials, buckle rails, and put public
and worker safety and comfort at risk. Rail operators, including Union Pacific, issue slow‐orders during
times of high temperature to manage heat‐related risks.
Indirect impacts of extreme heat include overheating of control and communication systems (e.g., signal
rooms and electrical boxes) that serve as vital parts of heavy rail and light rail systems, accelerating
ground movement, and compromising structural stability of rails.
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Figure 3T.17: Heavy Rail Track Assets Vulnerable to Extreme Heat (End‐of‐Century)

RAIL TRACK – LIGHT
A summary of vulnerability assessment results for light rail tracks is provided in Table 3T.7, followed by
additional information and analysis figures by climate variable.
Table 3T.7: Rail (Light) Vulnerability Summary by Climate Variable and Timeframe (miles of track)

RAIL (LIGHT)

SLR +
STORM
SURGE

SLR

Mid‐Century
Vulnerability

None

End‐of‐Century
Vulnerability

None

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

1

1

28

1.3

(1%)

(1%)

(28%)

(1%)

1

4

28

1.3

34

(1%)

(4%)

(28%)

(1%)

(34%)

None

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
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Sea Level Rise + Storm Surge
No light rail tracks are vulnerable to permanent inundation from SLR in the mid‐century. Light rail assets
in the county are only vulnerable to temporary flooding from storm surge by mid‐century and not from
SLR alone. The light rail line affected is the Mountain View to Winchester line between Borregas and
Crossman stations, as shown in Figure 3T.18.
By end‐of‐century, 4 miles (4%) of light rail track are vulnerable to SLR in combination with storm surge.
The greater portion of the Mountain View to Winchester line between Lockheed Martin and Crossman
stations is vulnerable to temporary flooding during an end‐of‐century storm surge event, likely causing
service disruptions.
Figure 3T.18: Light Rail Track Assets Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

Riverine Flooding
Twenty‐eight miles of light rail track (28%) are highly vulnerable to riverine flooding for both
timeframes, as shown in Figure 3T.19. The most vulnerable light rail routes are along the VTA Alum Rock
to Santa Teresa line, in particular the stations between McKee Road and Berryessa Road, Hostetter Road
and Interstate 680, Baypointe and Bonaventura, and Karina and Gish stations.
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Figure 3T.19: Light Rail Track Assets Vulnerable to Riverine Flooding (Mid‐Century)

Wildfire
All transportation assets are considered to have low or no vulnerability to wildfire (mainly due to the
road infrastructure having low sensitivity). However, one limitation of the Tool is that it does not include
projected changes in wind. This, combined with increases in wildfire, is likely to cause greater impacts to
transportation assets in the region. For example, if wildfire smoke is blown across assets such as
highways, other roadways, pedestrian ways, or bikeways, it impairs visibility. Further investigation is
recommended to consider the impact of wind and wildfire.

Extreme Heat
Light rail has no vulnerability to extreme heat (for light rail, temperatures over 110°F) by mid‐century
and high vulnerability to extreme heat by end‐of‐century. High temperatures could cause rails to buckle,
impact rolling stock, and disable signaling equipment.
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AIRPORT RUNWAYS
A summary of vulnerability assessment results for airports in Santa Clara County is provided in Table
3T.8, followed by additional information and analysis figures by climate variable.
Table 3T.8: Airports Vulnerability Summary by Climate Variable and Timeframe (feet of runway)

AIRPORTS

SLR +
STORM
SURGE

SLR

Mid‐Century
Vulnerability
End‐of‐Century
Vulnerability

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

2,442

9,005

6,563

8,140

(4%)

(16%)

(12%)

(15%)

9,005

10,167

1,162

8,140

(16%)

(18%)

(2%)

(15%)

WILDFIRE

None
None

EXTREME
HEAT

None
32,284
(58%)

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability

Sea Level Rise + Storm Surge
There are two airports predominantly affected by SLR and storm surge in the region: Moffett Federal
Airfield and Palo Alto Airport.
The Palo Alto Airport (owned and operated by Santa Clara County) is vulnerable to permanent
inundation from SLR in both time periods. It primarily serves small general aviation aircraft and aids as a
reliever airport to both San Jose Airport and San Francisco International airport to handle overflow of
general aviation demand. SLR by mid‐century would likely inundate the entire length of runway (2,442
feet) and impact operations at the Palo Alto Airport, as shown in Figure 3T.20. The site remains highly
vulnerable by end‐of‐century.
The Moffett Federal Airfield is federally owned and operated by NASA Ames Research Center in
Sunnyvale. 6,563 feet of runway (nearly half) at this airport is highly vulnerable to permanent inundation
from SLR and temporary flooding from storm surge by mid‐century. The light rail operated by the VTA in
a trench south of Moffett Field near Manila Drive does not appear to be impacted by SLR and storm
surge in either timeframe.
While the functioning of runway assets may be disrupted due to temporary flooding, taxiways, control
towers, and critical electrical systems could also be damaged, causing prolonged loss of airport function.
Long term inundation of sub‐grade embankments and foundations can also lead to runway and other
structural damage.
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Figure 3T.20: Airport Runways Vulnerable to Sea Level Rise + Storm Surge (Mid‐Century)

Riverine Flooding
Over 8,000 feet of runway (15%) is highly vulnerable to riverine flooding in both mid‐ and end‐of‐
century scenarios (see Figure 3T.21). The affected airports include Palo Alto Airport, Moffett Federal
Airfield, and San Jose Airport. The primary source for flooding of the Palo Alto Airport is San Francisquito
Creek. According to the EPA, when the Northern Channel and its associated ditches overflow, it causes
flooding at Moffett Federal Airfield.1 The Los Gatos Creek and Guadalupe River are major drainage lines
in the county that connect to San Jose International Airport, which could potentially cause riverine
flooding at the airport.2

1

http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/ViewByEPAID/CA2170090078 [accessed 29 December 2014]

2

http://www.vta.org/sfc/servlet.shepherd/document/download/069A0000001EKx0IAG [accessed 29 December 2014]
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Figure 3T.21: Airport Runways Vulnerable to Riverine Flooding (End‐of‐Century)

Wildfire
All transportation assets are considered to have low or no vulnerability to wildfire (mainly due to the
road infrastructure having low sensitivity). However, one limitation of the Tool is that it does not include
projected changes in wind. This, combined with increases in wildfire, is likely to cause greater impacts to
transportation assets in the region. For example, if wildfire smoke is blown across highways and other
roadways, it impairs visibility. Further investigation is recommended to consider the impact of wind and
wildfire.

Extreme Heat
All airport assets are moderately vulnerable to extreme heat (mainly due to their low sensitivity).
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3T.3 Mid‐Century Economic Consequences [Transportation Assets]
The following section estimates the potential economic consequences of climate change impacts on
transportation assets. The analysis estimates the economic consequences in order of magnitude under a
mid‐century climate change scenario in which no adaptive measures have been taken, which allows
decision‐makers to consider adaptation measures that could help avoid the greatest costs. For more
information on the framework of this analysis, including definitions of criteria and ratings, see Chapter 2.

ROADS ‐ HIGHWAYS
This section describes the economic consequences for damage or impairment of highways. A summary
of the findings can be found in Table 3T.9.
Table 3T.9: Summary of Economic Consequences for Roads (Highways) by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Replacement Cost

Low

Low

High

N/A

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Interruption of
Economic Activity

High

High

Very High

N/A

N/A

Overall Economic
Consequences

High

High

Very High

N/A

N/A

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise
The replacement costs for highways due to SLR is low (less than $100 million), which comes from two
miles of highway damaged by inundation. This cost is a conservative estimate, because the loss is
estimated as the structural value of the asset, but does not account for land costs if the highway
requires relocation.3 Interruption of economic activity is high ($500 million–$3 billion) due to travel time
delays for vehicles due to highway closures for repair or reconstruction.

3

It would be too speculative to estimate the land acquisition costs due to the wide variety of potential acquisition and
additional relocation costs of the business and residents within the new highway corridor. As such, the replacement costs are
conservative replacement cost estimates.
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Sea Level Rise + Storm Surge
The replacement costs for highways due to SLR plus storm surge is low (less than $100 million), which
comes from replacement costs for two miles of highway damaged by inundation and less than one mile
damaged by temporary flooding. Interruption of economic activity is high ($500 million–$3 billion) due
to travel time delays for vehicles due to highway closures for repair or reconstruction.

Riverine Flooding
The replacement costs for highways due to riverine flooding are high ($500 million–$3 billion), which
comes from replacement costs for over 60 miles of highway damaged by floodwaters. Note that the
degree to which a highway will need complete replacement after a flood event will very much depend
on the speed of flow of the flood waters, the length of inundation endured, and the existing condition of
the highway. In some instances, a highway may be relatively undamaged from a flood event. In others,
complete replacement may be required if scouring occurs. Interruption of economic activity is very high
($3–$13 billion) due to travel time delays for vehicles due to highways closed for repair.

Extreme Heat
In a mid‐century time horizon, highways are not impacted by the extreme heat projected for Santa Clara
County. Road materials are not sensitive to extreme heat levels until an end‐of century timeframe.

ROADS ‐ LOCAL
This section describes the economic consequences for damage or impairment of local roads. A summary
of the findings can be found in Table 3H.10.
Table 3H.10: Summary of Economic Consequences for Roads (Local) by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Moderate

Loss of Fiscal
Revenue

RIVERINE
FLOODING

WILDFIRE

Moderate

High

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

Moderate

Moderate

High

N/A

N/A

Replacement Cost

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.
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Sea Level Rise
The overall economic consequences of SLR for local roads are moderate ($100–$500 million). The costs
come from the replacement costs of over 20 miles of road affected by inundation. This cost is a
conservative estimate, because the loss is estimated as the structural value of a road, but does not
account for land costs if a road requires relocation.

Sea Level Rise + Storm Surge
The economic consequences of SLR + storm surge for local roads are moderate ($100–$500 million). The
costs come from the replacement costs of over 20 miles of road affected by inundation and over 20
additional miles of road damaged by temporary flooding. This cost is a conservative estimate, because
the loss is estimated as the structural value of a road, but does not account for land costs if a road
requires relocation.

Riverine Flooding
The economic consequences of riverine flooding for local roads are high ($500 million–$3 billion), which
comes from replacement costs for over 600 miles of roads damaged by floodwaters. Note that the
degree to which a road will need complete replacement after a flood event will very much depend on
the speed of flow of the flood waters, the length of inundation endured, and the existing condition of
the road. In some instances, a road may be relatively undamaged from a flood event. In others,
complete replacement may be required if scouring occurs.

Extreme Heat
Roads are not vulnerable to extreme heat levels until an end‐of century timeframe.

BRIDGES
Not enough information was available to determine economic consequences. Elevation data for bridges
was not available, so when asset data is combined with sea level rise data, it shows inundation of the
bridge even though the bridge may be significantly above the water level. Furthermore, even if a bridge
may be exposed to SLR, significantly more data would be necessary determine if it is sensitive. For
example, the bridge’s vulnerability to scour would need to be determined. This type of assessment can
be done at the project scale, but is not feasible at the regional scale.
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PEDESTRIAN WAYS
This section describes the economic consequences for damage or impairment of pedestrian ways. A
summary of the findings can be found in Table 3T.11.
Table 3T.11: Summary of Economic Consequences for Pedestrian Ways by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Replacement Cost

N/A

N/A

Low

N/A

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

N/A

N/A

Low

N/A

N/A

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise
No pedestrian pathways were found to be at vulnerable to SLR or storm surge. However, there is
vulnerability associated with bikeways located near the Bay, which are assumed to also serve as
pedestrian ways (such as the Bay Trail). Further detail on economic consequences is provided in the
bikeways section below.

Riverine Flooding
The economic consequences of riverine flooding for pedestrian paths are low (less than $100 million)
due to the replacement costs for over 20 miles of pathways damaged by floodwaters.
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BIKEWAYS
This section describes the economic consequences for damage or impairment of bikeways. A summary
of the findings can be found in Table 3T.12.
Table 3T.12: Summary of Economic Consequences for Bikeways by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Replacement Cost

Low

Low

Low

N/A

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

Low

Low

Low

N/A

N/A

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise
The economic consequences of SLR for bikeways are low (less than $100 million). The economic
consequences come from the replacement costs of nearly 30 miles of inundated bikeways. This cost is a
conservative estimate because the loss is estimated as the structural value of the bikeway, but does not
account for land costs if the bikeway requires relocation.4 As noted above, some bikeways, such as the
Bay Trail, also serve as pedestrian pathways.

Sea Level Rise + Storm Surge
The economic consequences of SLR for bikeways are low (less than $100 million). The economic
consequences comes from the replacement costs for nearly 30 miles of pathway inundated by SLR and
nearly 30 additional miles damaged by temporary flooding from storm surge.

Riverine Flooding
The economic consequences of riverine flooding for bikeways are low (less than $100 million). This loss
comes from the replacement costs for over 200 miles of pathway potentially damaged by floodwaters.

4

It would be too speculative to estimate the land acquisition costs due to the wide variety of potential acquisition costs
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RAIL TRACK ‐ HEAVY
This section describes the economic consequences for damage or impairment of heavy rail (track). A
summary of the findings can be found in Table 3T.13.
Table 3T.13: Summary of Economic Consequences for Heavy Rail (Track) by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Replacement Cost

Low

Low

High

N/A

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Interruption of
Economic Activity

Low

Low

Low

N/A

N/A

Overall Economic
Consequences

Low

Low

High

N/A

N/A

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise
The economic consequences of SLR for heavy rail are low (less than $100 million). The consequences
come from the replacement costs of less than one mile of track inundated by SLR. This cost is a
conservative estimate because the loss is estimated as the structural value of the track, but does not
account for land costs if the track requires relocation. Interruption of economic activity is also low due
to passenger travel time delays.

Sea Level Rise + Storm Surge
The economic consequences of SLR for heavy rail are low (less than $100 million). The consequences
come from the replacement costs of one mile of track. Interruption of economic activity is also low due
to passenger travel time delays.

Riverine Flooding
The economic consequences of riverine flooding for heavy rail are high ($500 million–$3 billion). The
consequences come from the replacement costs of nearly 40 miles of track damaged in a mid‐century
scenario. Interruption of economic activity is low due to passenger travel time delays.

Extreme Heat
In a mid‐century scenario, heavy rail tracks are not affected by extreme heat. Heavy rail tracks are not
vulnerable to extreme heat levels until an end‐of century timeframe.
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RAIL TRACK ‐ LIGHT
This section describes the economic consequences for damage or impairment of light rail (track). A
summary of the findings can be found in Table 3T.14.
Table 3T.14: Summary of Economic Consequences for Light Rail (Track) by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Replacement Cost

N/A

Low

High

N/A

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Overall Economic
Consequences

N/A

Low

High

N/A

N/A

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise + Storm Surge
The economic consequences of SLR and storm surge for light rail (track) are low (less than $100 million)
due to the replacement costs of track damaged by flooding. Interruption of economic activity was not
estimated for light rail because there are several substitutes available if service is interrupted, such as
bus lines, private vehicles, and remote working.

Riverine Flooding
The economic consequences of riverine flooding for light rail (track) are high ($500 million–$3 billion)
due to the replacement costs of nearly 30 miles of track damaged by floodwaters. Interruption of
economic activity was not estimated for light rail because there are several substitutes available if
service is interrupted, such as bus lines, private vehicles, and remote working.
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AIRPORT RUNWAYS
This section describes the economic consequences for damage or impairment of airport runways. A
summary of the findings can be found in Table 3T.15.
Table 3T.15: Summary of Economic Consequences for Airport Runways by Climate Variable
SEA LEVEL RISE

SEA LEVEL RISE
+ STORM
SURGE

Replacement Cost

Low

Low

Low

N/A

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Interruption of
Economic Activity

N/A

N/A

Low

N/A

N/A

Overall Economic
Consequences

Low

Low

Low

N/A

N/A

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise
The economic consequences of SLR for airports (runways) are low (less than $100 million) due to the
replacement costs of approximately 2,440 feet of permanently inundated runway in a mid‐century
scenario. This cost is a conservative estimate, because the loss is estimated as the structural value of the
runway, but does not account for land costs if the runway requires relocation.

Sea Level Rise + Storm Surge
The economic consequences of riverine flooding for airports (runways) is low (less than $100 million)
due to the replacement costs of approximately 2,440 feet of runway permanently inundated and 6,560
feet damaged by temporary flooding in a mid‐century scenario. This cost is a conservative estimate,
because the loss is estimated as the structural value of the runway, but does not account for land costs
if the runway requires relocation.

Riverine Flooding
The economic consequences of riverine flooding for airports (runways) are low (less than $100 million)
due to the replacement costs of 8,141 feet of runway damaged by floodwaters. Interruption of
economic activity based on travel time delays for passengers at San Jose Airport and is estimated to be
low (less than $100 million).
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3T.4 Risk Analysis [Transportation Assets]
Risk ratings are available in the Tool, but they are not included in the Guidebook because they are
largely a reflection of the economic consequences analysis. Social and environmental consequences
would normally also inform a risk rating, but they were excluded from this analysis due to insufficient
data to quantify and express those consequences through the Tool.

3T.5 Climate Adaptation Strategies [Transportation Assets]
The following pages outline strategies for protecting the transportation assets most vulnerable to
climate change, as summarized in Table 3T.16. As explained at the beginning of Chapter 3, each strategy
includes additional information about timeframe, actors, implementation, and precedents. They are
organized by the climate variables they seek to address.
Table 3T.16: Transportation Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Roads (Highways and Local), Bridges, Pedestrian Ways, Bikeways, Rail Tracks (Heavy and Light), Airports.
T‐1. MAINSTREAM CLIMATE CHANGE CONSIDERATIONS IN ALL
TRANSPORTATION AGENCY PLANNING AND DECISION‐MAKING
PROCESSES.
T‐2. COLLABORATE WITH RELEVANT TRANSPORTATION AGENCIES TO
CONDUCT A DETAILED VULNERABILITY ASSESSMENT OF
TRANSPORTATION ASSETS AND SERVICES.
Airports
T‐3. REVIEW MASTER PLANNING PROCESSES TO UNDERSTAND THE
OPPORTUNITIES AND RISKS CLIMATE CHANGE MAY PRESENT TO THE
PALO ALTO AIRPORT.
Rail Tracks (Heavy)
T‐4. INCORPORATE HEAT‐RELATED IMPACTS ON RAIL TRACKS INTO
EXISTING OPERATIONS AND COMMUNICATION PROCEDURES.
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EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

OTHER STRATEGIES FOR CONSIDERATION
Roads (Highways and Local)
T‐5. Review materials specifications for road materials.
T‐6. Protect electrical components from temporary inundation.
Rail Tracks (Heavy and Light)
T‐7. Incorporate heat‐resistant or heat‐reflective materials in the
construction of new rail tracks
Airports
T‐8. Update preparedness and contingency planning to address more
frequent temporary inundation of airport runways.
T‐9. Incorporate future climate change impacts into master planning
processes.
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ASSET

Roads (Highways and Local), Bridges, Pedestrian Ways, Bikeways, Rail
Tracks (Heavy and Light), Airports.

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding, Wildfire

T‐1. MAINSTREAM CLIMATE CHANGE CONSIDERATIONS IN ALL TRANSPORTATION AGENCY
PLANNING AND DECISION‐MAKING PROCESSES.
This strategy proposes integrating climate change adaptation into existing transportation management
frameworks. Given that planning and decision‐making for transportation assets are managed by multiple
agencies in the County, it is important for agencies to understand how climate change may impact their
assets and services and how adaptation can be considered across the sector.
An understanding at a regional level could identify region‐wide strategies and benefit from existing
processes that already influence climate change planning such as the California Department of
Transportation (Caltrans) sea level rise guidance document, the Regional Transport Emergency
Management Plan (RTEMP) and the 2013 Plan Bay Area.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Policy

Short term

Regional transportation agencies,
including the County Congestion
Management Agency

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties, Water + Wastewater, Energy

POTENTIAL FOR NEAR TERM CO‐BENEFITS

Strengthen regional partnerships

STRATEGY DESCRIPTION / BACKGROUND
The vulnerability assessment shows that local roads, highways, bridges, bikeways, rail tracks, and
airports are highly vulnerable to SLR and storm surge by mid‐century. Inundation and flooding caused by
SLR and storm surge may lead to loss of function of multiple assets, physical damage, and access
restrictions.
The assets predominantly affected are located near the Bay in the northern part of the county. Specific
areas affected are the northern portions of U.S. Route 101 between the Oregon Expressway and San
Antonio Way, the approaches (access ramps) to elevated roadways, Palo Alto Airport, and Moffett
Federal Airfield. Flooding from channelized creeks (i.e., the Matadero Creek Canal and Barron Creek)
located southwest of the U.S. Route 101 would also impact surrounding assets such as transportation
and buildings.
Planning and decision‐making for transportation assets are managed by multiple agencies in the County.
For example, VTA provides light rail, bus, and paratransit service to the municipalities in Santa Clara
County. VTA is also the congestion management agency responsible for countywide transportation
planning. The County's Roads and Airports Department operates and maintains expressways and county
roadways, bridges, and three general aviation airports at Reid‐Hillview, Palo Alto, and South County.
Other agencies include heavy and commuter rail authorities, and municipal and State transportation
departments like Caltrans. It is important for agencies to understand how climate change may impact
their assets and services and how adaptation can be considered across the sector. Without a regional
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focus for climate adaptation, progress is likely to be incremental and piecemeal and therefore less
efficient and cost‐effective. Integrating climate adaptation into each transportation agencies planning
and decision‐making framework could offer a more coordinated approach to managing the broader
climate‐related risks facing the transportation sector. Sharing knowledge allows each agency to
integrate adaptation into their own business processes; key stakeholders within the County’s
transportation sector could gain a greater understanding of how specific assets can be adapted.
Mainstreaming climate adaptation into asset management could aim to cover the following project
phases of any transport project: planning, capital development, operations and maintenance, and
administration. Examples of strategies that could result from a mainstreaming approach are:
 Avoid or adapt construction of new transportation assets in highly vulnerable areas. Building new
transportation assets with an anticipated lifespan of more than 20 years should be avoided in areas
projected to be inundated by mid‐century SLR, or development should be designed to accommodate
appropriate modifications consistent with adapting to projected SLR, storm surge, and rainfall for the
region. Guidance for selecting sites, designing, and building new transportation infrastructure should
be incorporated into relevant documents for all transportation agencies. Transportation agencies can
use resources from this vulnerability assessment and collaborate with Santa Clara County to inform
their own adaptation planning.
 Update preparedness and contingency planning to address more frequent temporary inundation of
transportation assets. The aim of the RTEMP is to keep transportation assets operational as long as
possible during emergency or weather‐related disasters. Emergency planning procedures (e.g., early
warning systems to allow critical roadways to be adequately sandbagged to prevent flooding) should
be reviewed and community education campaigns expanded to account for the potential for
increased frequency of flooding events in the future.
 Adjust inspection and/or maintenance regimes. For assets projected to be flooded with more
frequency, inspection regimes should monitor potential accelerated degradation of materials, such
as heavy rail tracks. Operations and maintenance guidance may specify anti‐corrosion coatings or
waterproof sealants to prolong the life of existing assets. Increase in environmental or emergency
maintenance may be required where storm events cause damage to trees and surroundings, which
could interrupt service.
 Incorporate climate change guidance and preparedness into the asset management lifecycle. Asset
management plans are developed to ensure assets continue to provide a required level of service.
Incorporating climate change risks into the asset management process may help ensure that risks are
being addressed throughout all phases of the assets (e.g., planning, design, construction, operation,
and maintenance).
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IMPLEMENTATION
Timing
This strategy should be initiated in the short term, as it addresses all asset types identified in this
assessment as highly vulnerable to climate change. Its implementation would be ongoing as part of
agencies’ day to day operations.

Potential Challenges and Solutions
The appetite for integrating and addressing climate adaptation within each agency’s end‐to‐end
business process may vary.
Santa Clara County could use the outcomes of the vulnerability assessment to initiate conversations
with the transportation agencies about their vulnerability to climate change and the potential for them
to be involved in regional adaptation strategies, particularly around mainstreaming processes and
decision‐making.
Each agency may need to review their own process to identify where climate adaptation can be
integrated and this may be time consuming, particularly if interest and skills are lacking.
An adaptation framework applicable to the various transportation agencies would need to be
coordinated at the regional level for consistency and to ensure an agreed methodology and set of
parameters are used across agencies. Engaging the relevant transportation agencies early in the process
may be a way to prepare them and develop interest in adapting their assets to climate change.
Lack of internal expertise on climate adaptation may make it difficult to mainstream adaptation.
Any lack of relative expertise could be overcome with internal staff training to build capacity.

Additional Benefits
This strategy has the potential to address both existing and new transportation assets as it covers all
project phases: planning, capital development, operations, maintenance, and administration.
A mainstreaming approach has the potential to strengthen partnerships across transportation agencies.
A multi‐agency partnership could also provide access to more resources to collaborate on initiatives.
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PRECEDENTS
Climate Change Adaptation Integration within Transportation Agencies, California
Currently, each transportation agency is at a different stage of addressing climate risk and incorporating
adaptation into their business processes. For example, Caltrans has produced guidance on incorporating
SLR into planning and decision making processes for capital transportation projects. The Bay Area Rapid
Transit (BART) and the Metropolitan Transportation Commission (MTC) have explored the issue of
climate change risk as it pertains to their systems and services. In addition, the RTEMP is currently being
updated with climate change in mind.
Other transportation agencies in the County (including VTA, Caltrain, and Union Pacific) could adopt
similar guidance for their capital planning projects.

REFERENCES + RESOURCES
–

Caltrans Sea Level Rise Guidance
o http://www.dot.ca.gov/ser/downloads/sealevel/guide_incorp_slr.pdf

–

Plan Bay Area EIR Climate Change Chapter
o http://onebayarea.org/pdf/Draft_EIR_Chapters/2.5_Climate_Change.pdf

–

BART Climate Change Adaptation Assessment
o http://www.fta.dot.gov/12347_14013.html

–

US Federal Highway Administration – Assessment of the Body of Knowledge on Incorporation
Climate Change Adaptation Measures into Transportation Projects
o http://www.fhwa.dot.gov/environment/climate_change/adaptation/publications_and_t
ools/transportation_projects/transportationprojects.pdf

–

Capitol Corridor Regional Vulnerability Assessment to Sea Level Rise
(link to presentation summary)
o http://www.californiaadaptationforum.org/wp/wp‐content/plugins/schedule‐
viewer/data/presentations/Tuesday/1.30‐3pm/planning/Qian.pdf

–

Santa Clara County Local Hazard Mitigation Plan
o http://www.sccgov.org/sites/oes/PlansPublications/Pages/LHMP.aspx

CH 3T: Transportation

3T‐39

ASSET

Roads (Highways and Local), Bridges, Pedestrian Ways, Bikeways, Rail
Tracks (Heavy and Light), Airports

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding

T‐2. COLLABORATE WITH RELEVANT TRANSPORTATION AGENCIES TO CONDUCT A DETAILED
VULNERABILITY ASSESSMENT OF TRANSPORTATION ASSETS AND SERVICES.
This strategy proposes conducting a detailed vulnerability and risk assessment of transportation
infrastructure within the county in collaboration with key transportation agencies. The SV 2.0
vulnerability assessment has identified at a high level which assets are vulnerable to SLR, storm surge,
and riverine flooding to allow the agencies to focus on these assets going forward.
For some of these assets, there is a need to understand with more specificity the impacts of climate
change. Considering additional inputs such as asset location, asset condition, criticality, costs, and
adaptive capacity/redundancy could provide a greater understanding of vulnerabilities and inform
tailored adaptation strategies. Asset specific information may need to be made available in order to
provide a greater depth of analysis.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

Regional agency

CROSS ASSET SECTOR APPLICABILITY

All

POTENTIAL FOR NEAR TERM CO‐BENEFITS

Regional collaboration, cross‐sector capacity building

STRATEGY DESCRIPTION / BACKGROUND
Due to their proximity to the coast and rivers, and sensitivity to inundation, some important
transportation assets in Santa Clara County are rated highly vulnerable to SLR, storm surge, and riverine
flooding by mid‐century.
The vulnerability assessment shows that 28 miles of local roads and two miles of highway on U.S. Route
101 between the Oregon Expressway and San Antonio Way are vulnerable to permanent inundation
from SLR by mid‐century. Within the same area, access ramps and overcrossings to 101 and access roads
to Palo Alto Airport (located within half a mile of 101) are also vulnerable to SLR inundation by mid‐
century. U.S. Route 101 is an eight lane highway and Palo Alto Airport is a general aviation airport with
one asphalt paved runway. The same area is also vulnerable to temporary flooding caused by storm
surge events. A detailed vulnerability assessment could potentially focus on these transportation assets.
The detailed analysis could consider aspects such as the depth of likely inundation compared to the
elevation and condition of each asset. This could provide greater insight on regional and multi‐agency
adaptation measures. Detail such as the asset condition, criticality, and adaptive capacity/redundancy
could inform decision‐making around tailored and feasible adaptation strategies for both temporary
flooding and permanent inundation. Examples of adaptation options that could emerge from a detailed
assessment include:
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A refined understanding of the risks (e.g., increasing drainage capacity to relieve flooding
temporarily).



Investigating alternative drainage routes (particularly if assets drain into the Bay).



Upsizing pumps to account for more frequent and increased flooding events temporarily.



Constructing shoreline protection structures such as breakwaters, groins, dikes and levees, or
sea walls for permanent inundation impacts from SLR. Such structures are already being
considered by SCVWD as part of the South Bay Salt Pond and South Bay Shoreline Study. Figure
3T.15 shows the proposed location and flood gate across the heavy rail track in Alviso.

IMPLEMENTATION
Timing
An assessment of this scale and level should be initiated in the short term as it may take up to
18 months to complete (Adapting to Rising Tides was a two‐year project) and will require specific
technical expertise in GIS mapping and analysis.

Potential Challenges and Solutions
Data availability may be a challenge for this strategy.
The data needed for a vulnerability assessment may come in multiple forms and will need to be
integrated into a comparable format or quality (e.g., GIS data). There may be confidentiality issues
around the provision of asset specific information. As such, a regionally coordinated approach may be
able to allocate resources for this challenge.
Coordination with multiple transportation agencies may be a challenge.
There are many key transportation actors in the county that could play a role leading the effort for a
detailed vulnerability assessment. Local jurisdictions (cities, counties, park districts), transportation
agencies with assets identified as vulnerable from this assessment (e.g., MTC, VTA, Palo Alto Airport,
Caltrans, FHWA, and Union Pacific) and State and federal government departments (e.g., the FTA,
USACE, and BCDC) would be important stakeholders since they all responsible for different aspects of
managing transportation assets and services.

Additional Benefits
Considering shoreline protection measures at a regional level may reduce the vulnerability for multiple
transportation assets and provide additional benefits to other surrounding assets, such as buildings and
Bayfront areas where defense structures are not being planned or implemented. The scope of this
strategy could also include operational assets, such as traffic signals, to determine if elevation or
protection is warranted.
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PRECEDENTS
Adapting to Rising Tides, Transportation Vulnerability and Risk Assessment, Alameda County
(2011)
Alameda County has undertaken a detailed vulnerability and risk assessment of transportation assets as
part of the Adapting to Rising Tides (ART) project. The project was a collaborative effort among MTC,
Caltrans, and BCDC. The project used the risk assessment model developed by the FWHA to conduct a
detailed assessment of the climate‐related risks to specific transportation infrastructure along the
Alameda County shoreline. The study evaluated potential impacts, vulnerabilities and risks; identified
effective adaptation strategies and developed and refined adaptation planning tools and resources for
the area. As a result of this project, the County was able to use the detailed analysis to identify asset‐
specific and regional adaptation measures. A follow up study developed specific adaptation strategies
and includes conceptual level strategies (i.e., a living levee and breakwater) to protect specific sections of
highway in Alameda County.

REFERENCES + RESOURCES
–

Adapting to Rising Tides: http://www.adaptingtorisingtides.org/

–

US Federal Highways Administration – Vulnerability Assessment Framework
o http://www.fhwa.dot.gov/environment/climate_change/adaptation/publications_and_t
ools/vulnerability_assessment_framework/fhwahep13005.pdf

–

San Francisco Bay Area Freight Mobility Study (2014) – prepared for California Department
of Transport:
o http://www.dot.ca.gov/hq/tpp/offices/ogm/regional_level/FR3_SFBAFMS_Final_Report
.pdf

–

Southern Manhattan Coastal Protection Study: Evaluating the Feasibility of a Multi‐Purpose
Levee (Arcadis, 2014)
o http://www.nycedc.com/sites/default/files/filemanager/Projects/Seaport_City/Souther
n_Manhattan_Coastal_Protection_Study_‐_Evaluating_the_Feasibility_of_a_Multi‐
Purpose_Levee.pdf

–

Climate Change Vulnerability and Risk Assessment of New Jersey’s Transportation
Infrastructure
o http://www.njtpa.org/Planning/Regional‐Studies/Recently‐Completed‐
Studies/Vulnerability‐and‐Risk‐Assessment‐of‐NJ‐
Transporta/FHWAConceptualModel/CCVR_REPORT_FINAL_4_2_12_ENTIRE.aspx

–

South Bay Salt Pond Restoration Project Final Environmental Impact Statement/Report, 2007,
Appendix D Adaptive Management Plan
o http://www.southbayrestoration.org/EIR/downloads.html

–

Annual Stakeholder Forum Meeting Restoration, November 15 2012
o http://www.southbayrestoration.org/events/docs/stakeholder‐forum/11‐15‐
12/Stakeholder%20Forum%20final%20presentation%2011.15.12.pdf
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ASSET

Airports

CLIMATE VARIABLE

Sea Level Rise, Storm Surge

T‐3. REVIEW MASTER PLANNING PROCESSES TO UNDERSTAND THE OPPORTUNITIES AND
RISKS CLIMATE CHANGE MAY PRESENT TO THE PALO ALTO AIRPORT.
This strategy proposes revising the 2006 Palo Alto Airport Master Plan Report to identify how the site
can adapt to the potential opportunities and risks presented by climate change. This vulnerability
assessment revealed the site’s vulnerability to SLR by both mid‐ and end‐of‐century. Consideration of
potential flooding and inundation impacts could be incorporated into the airport’s overall future
development.
SCALE

CLASS

INITIATION TIMING

LEAD

Asset

Plan revision

Short term

County government

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR TERM CO‐BENEFITS

N/A

STRATEGY DESCRIPTION / BACKGROUND
The Palo Alto Airport is already vulnerable to a number of environmental hazards. It is located within a
FEMA‐designated ‘Special Flood Hazard Area Inundated by 100 Year Flood.’ In addition, the airport is
built on bay mud and is subject to subsidence (the airport has already experienced historical subsidence
of two to three feet). These existing factors could exacerbate the site’s future exposure to SLR.
Figure 3T.22 shows the existing shoreline protection measures along the western shoreline of Santa
Clara County. Non‐engineered berms and wetlands are currently located along the shoreline and serve
as initial protection from flooding and inundation. However, Palo Alto Airport flooded due to the nearby
San Francisquito Creek overflowing its banks during storms in December 1955, April 1958, January 1982,
and most recently in February 1998. Research did not identify any historical incidents of coastal flooding
at the Palo Alto Airport or other airports in the county.
This vulnerability assessment found the Palo Alto Airport to be vulnerable to permanent inundation
from SLR under both mid‐ and end‐of‐century scenarios. The airport is currently owned by the City of
Palo Alto and will be operated by Santa Clara County until 2017. It primarily serves small, general
aviation aircraft and serves as a reliever airport to both San Jose Airport and San Francisco International
airport to handle overflow of general aviation demand. The number of annual aircraft operations at Palo
Alto Airport was estimated at 209,709 in the year 2001 and is forecast to increase to 227,509 by 2022.5
This vulnerability assessment projects that SLR by mid‐century would inundate the entire length of
runway (2,443 feet) at the Palo Alto Airport and impact operations. By end‐of‐century, the site is
projected to experience deeper inundation and all access (via Embarcadero Road) will likely be
eliminated.

5

Palo Alto Airport Masterplan 2006, http://countyairports.org/docs/MasterPlan/PAO_Masterplan‐complete.pdf
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While the functioning of runway assets may be disrupted due to temporary flooding, taxiways, control
towers, and critical electrical systems could also be damaged, causing prolonged loss of airport function.
Long term inundation of sub‐grade embankments and foundations can also lead to runway and other
types of structural damage, even before the runways are permanently inundated.
Given that the lease is up for renewal in 2017, this would be a sensible time to conduct another master
plan for the site and consider the long term viability of the airport. A master plan intends to identify and
plan for future needs of a site over a certain period of time. A plan takes a holistic perspective and
evaluates the site’s capabilities, reviews future aviation demand, and plans for capital improvements. It
is usually a long‐term plan and serves as a practical entry point to influence the longer term impacts and
risks the site faces from climate change.
Figure 3T.22: Santa Clara County Existing Shoreline Protection Measures (West)
Location of Palo Alto Airport

Source: AECOM, 2014

Knowing which parts of the airport are vulnerable, which may fail or be made redundant, and what
areas to continue investing in for the airport to remain functional are all important considerations in the
future management of this asset.
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It is important to note that there are also other local unexposed airports (i.e., Norman Y. Mineta
International, Reid‐Hillview Airport, and South County Airport) that could provide alternative services
and minimize impacts to the region.

IMPLEMENTATION
Timing
The County should collaborate with the Palo Alto Airport to provide input into the next revision of the
Palo Alto Airport Master Plan, which is currently due in 2017. The master planning process can usually
be initiated in the short term (0–3 years). The greatest extent of airport planning timelines is 20 years;
however, airport infrastructure generally lasts 50 years.

Potential Challenges and Solutions
Airport master plan revisions
The greatest potential to influence adaptation for long term planning of the site is in the early planning
phases. Participating in the master planning process and future revisions for Palo Alto Airport would
enable adaptation to be considered.

Additional Benefits
Palo Alto Airport can share its expertise and knowledge of incorporating adaptation in the master
planning process with other partners in the transportation sector.

PRECEDENTS
Birmingham Airport Master Plan Review, England
The Climate Change Act of 2008 and the U.K. Department for Environment, Food and Rural Affairs
(DEFRA) requires organizations to report how they will adapt to potential threats and opportunities from
climate change.
Birmingham Airport is the third largest airport outside London; in 2010, 8.6 million passengers used the
Airport. It is defined by DEFRA as one of ten ‘Strategic Airport Operators’ in the United Kingdom. The
Airport adopted an Environmental Policy stating that the airport will ‘develop a robust Climate Change
Strategy… to ensure it is prepared to adapting to changing climate.’
The Airport assessed climate impacts for 2020 and 2050 time horizons. The Airport now considers
climate change impacts in development proposals as part of this Master Plan, including formal Climate
Change Assessments, as appropriate, with relevant planning applications. While this example was driven
by legislation, it demonstrates how the master planning process can be used to address climate change
threats and opportunities.
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REFERENCES + RESOURCES
–

Palo Alto Airport Master Plan (December 2006)
o http://www.countyairports.org/docs/MasterPlan/PAO_Masterplan‐complete.pdf

–

Birmingham Airport Climate Change Adaptation Report (May 2011 )
o http://www.birminghamairport.co.uk/~/media/Community%20and%20Environment/Cli
mate%20Change%20Adaptation%20Report.ashx.

–

Birmingham Airport Master Plan: “Towards 2030: Planning a Sustainable Future for Air
Transport in the Midlands” (November 2007)
o http://www.birminghamairport.co.uk/meta/about‐us/planning‐and‐
development/airport‐master‐plan.aspx

–

Airport Cooperative Research Program: “Airport Climate Adaptation and Resilience” (2012)
o http://www.trb.org/main/blurbs/167238.aspx
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ASSET

Heavy Rail

CLIMATE VARIABLE

Extreme Heat

T‐4. INCORPORATE HEAT‐RELATED IMPACTS ON RAIL TRACKS INTO EXISTING OPERATIONS
AND COMMUNICATION PROCEDURES.
This strategy proposes incorporating management of heat‐related vulnerability on rail track assets into
existing operations and communication procedures. Rail operators could review current speed
restriction thresholds to determine if more frequent and higher temperatures would impact their
operations.
SCALE

CLASS

INITIATION TIMING

LEAD

Asset

Procedure revision

Short term

Private entities, Union Pacific

CROSS ASSET SECTOR APPLICABILITY

None

POTENTIAL FOR NEAR TERM CO‐BENEFITS

Potential to reduce delay costs from slow‐work orders

STRATEGY DESCRIPTION / BACKGROUND
Heavy rail track in Santa Clara County is highly vulnerable to extreme heat (temperatures over 108°F) by
end‐of‐century. Approximately 61 miles of track from near San Jose in the north to Gilroy in the south
are projected to be vulnerable to higher temperatures by end‐of‐century. This stretch is a Class 1
railroad belonging to Union Pacific (UP).
Consistently higher temperatures and heatwave events can potentially add stress to materials, buckle
rails, and put public and worker safety and comfort at risk. Currently, UP issues ‘slow‐work orders’
during times of high temperature to manage heat‐related risks.
Indirect impacts of extreme heat include overheated control and communication systems (e.g., signal
rooms and electrical boxes) that serve as vital parts of heavy rail systems and accelerated ground
movement, which can compromise structural stability of rails during higher temperature.
Currently, UP manages the risk of derailments from overheated rails by issuing ‘slow‐work orders’
(restrictions on the train’s speed over certain rail road segments). As such, rail operations could review
current speed restriction thresholds to determine if projected changes in temperature would impact
operations. Extreme heat related risks can also be managed by increasing monitoring of rail tracks
during extreme heat periods, and warning heavy rail operators and users in advance of extreme heat
days regarding portions of the track that may be affected.

IMPLEMENTATION
Timing
This strategy could be initiated in the short term (0−3 years) as this portion of rail track is regularly used
for freight movement.
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Potential Challenges and Solutions
UP’s rail network is extensive in California with approximately 3,267 miles of track as of 2013. Different
portions of railroad segments have different tolerance thresholds for high heat before ‘slow‐work orders’
are issued.
A review of operational procedures and high heat thresholds could be first piloted on the rail assets in
Santa Clara County to determine if more frequent extreme heat events will impact railroad segments
and increase the likelihood of ‘slow‐work orders.’

PRECEDENTS
Heat Order Policy Review, Amtrak
In 2008, Amtrak reviewed its heat order policy as it was a ‘one size fits all’ approach, which impacted
their operational efficiency. The review focused on the Northeast Corridor (NEC), which handles 2,400
trains per day travelling at speeds of up to 150 mph between Boston, New York and Washington D.C.
‘Slow‐work orders’ were issued whenever the ambient air temperature exceeded 95°F anywhere along
the line. Under the ‘slow‐work order,’ train speed restrictions were reduced to 80 mph.
Using existing modeling software, Amtrak analyzed the stability of the NEC rail track to increasing rail
temperature. In reviewing the results, Amtrak changed its heat order policy and increased thresholds
temperatures to 130°F and the trigger point for slow work orders and speed restrictions were raised to
100mph. These are conservative values and were selected to inform the appropriate thresholds without
compromising safety. In addition, Amtrak improved their temperature recording methods by installing
weather stations on poles and temperature transmitters between tracks along the NEC (Figure 3T.23).
Information is communicated to the part of the organization responsible for implementing heat order
policies.
This example demonstrates how procedures can be enhanced to understand heat‐related vulnerabilities
in a system.
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Figure 3T.23: Temperature Transmitter Located between Tracks to Measure Physical Rail Temperature

Source: AREMA, 2009

REFERENCES + RESOURCES
–

Rosino, M. & Chrismer, S., 2009, Changes in Amtrak’s Heat Order Policy
o https://www.arema.org/files/library/2009_Conference_Proceedings/Changes_in_Amtra
ks_Heat_Order_Policy.pdf

–

JRC Scientific and Policy Reports, ‘Impacts of Climate Change on Transport: A focus on road
and rail transport infrastructures’ (2012)
o http://ftp.jrc.es/EURdoc/JRC72217.pdf

3T.6 Other Adaptation Strategies for Consideration [Transportation Assets]
ASSET(S): ROADS – HIGHWAYS & LOCAL
Climate Variable: Sea Level Rise
T‐5. Review materials specifications for road materials: For assets that will first be exposed to
temporary inundation, transportation agencies could consider updating their design
specifications to include more resilient road materials to withstand greater exposure to
salinity. These resilient materials could be deployed when modifying existing roads or building
new road structures that will have a lifespan of 30 or more years.
T‐6. Protect electrical components from temporary inundation: This strategy aims to protect
signaling equipment (also traction power substations for light rail) so as to increase its
functionality during a storm surge event. Options may include ‘waterproofing’ or
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‘floodproofing’ components by constructing concrete walls or flood gates around the asset or
upsizing pumps to improve drainage capacity. Guidance could be incorporated into operations
and maintenance manuals or design specifications as appropriate. Installing backup power
supplies at electrical components may also minimize disruption to vulnerable assets.

ASSET(S): RAIL TRACK – HEAVY & LIGHT
Climate Variable: Extreme Heat
T‐7. Incorporate heat‐resistant or heat‐reflective materials in the construction of new rail tracks:
Designing and engineering assets to withstand future extreme heat events is one method for
building adaptation into new rail tracks. Selecting heat‐resistant or heat‐reflective materials
better suited to higher heat days is a potential solution to increasing resiliency. For example,
the sides (web) of the running rail can be painted in a thick white non‐corrosive, UV resistant
paint so that the rail absorbs less heat energy from sunlight but still conduct signal currents.
A painted rail could be five to ten degrees cooler than unpainted rail.6 In addition, timber
tracks are generally more vulnerable to extreme temperatures than concrete tracks with rock
ballast. Therefore, replacing existing timber sleepers with concrete sleepers could potentially
mitigate extreme heat risks.

ASSET(S): AIRPORTS
Climate Variables: Sea Level Rise, Storm Surge
T‐8. Update preparedness and contingency planning to address more frequent temporary
flooding of airport runways: The aim of an Emergency Management Plan is to keep the facility
operational as long as possible during emergency or weather‐related disasters. Emergency
planning procedures (e.g., early warning systems to allow critical areas of Palo Alto Airport to
be adequately sandbagged to prevent flooding) should be reviewed and staff training provided
to account for the potential for increased frequency of flooding events in the future.
T‐9. Incorporate future climate change impacts into master planning processes: Review impacts
projected for Moffett Federal Airfield with NASA Ames staff to ensure SLR impacts are being
considered in master planning processes. Examples of potential SLR impacts to these sites
include drainage capacity and groundwater issues. The Climate Adaptation Science
Investigators (CASI) Work Group has collected elevation data at Ames using LiDAR and is
currently undertaking a SLR‐related planning study.

6

Www.networkrail.co.uk
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3W WATER + WASTEWATER
WATER
TREATMENT PLANTS

WASTEWATER
TREATMENT PLANTS

RESERVOIRS

3W.1 Introduction
The Water + Wastewater asset sector includes three sub‐assets: water treatment plants, wastewater
treatment plants, and reservoirs located in Santa Clara County. This section presents the results of the
vulnerability assessment1 and economic consequences analysis for these assets as a result of projected
changes in climate variables (sea level rise, storm surge, riverine flooding, wildfire, and extreme heat).
Findings were used to inform a comprehensive set of climate adaptation strategies to help improve the
climate resilience of water and wastewater assets. Priority strategies are presented in order by sub‐
asset and the climate variable(s) addressed, and followed by a set of “other strategies for consideration”
that might be expanded over time as appropriate and feasible.
1

The vulnerability assessment does not analyze drought in detail. Drought has significant impacts on water supply services, compared
to physical urban infrastructure. Management of water supply services is within the domain of the Santa Clara Valley Water District
(SCVWD), who is engaged in numerous collaborative water conservation efforts in Santa Clara County. As such, impacts on urban assets
are not analyzed. However, recognizing the strong nexus between ecosystems and water availability (i.e. water is crucial to ecosystem
functioning and plays a role in maintaining water quality and storage in reservoirs), impacts of drought are further examined in Chapter
3D: Ecosystems. Adaptation strategies for ecosystems are also proposed to promote urban water conservation in response to drought.
As discussed in Chapter 2, groundwater systems and supporting infrastructure assets such as storm water drains were not assessed.

3W.2 Vulnerability Assessment Summary [Water + Wastewater Treatment Assets]
This section summarizes the vulnerability assessment results for the water and wastewater treatment
sector assets in Santa Clara County and presents a preliminary range of adaptation strategies to improve
the resilience of vulnerable assets to projected climate change impacts.
Overall, water treatment plants, which refer to drinking water treatment plants in this study, are not
vulnerable to the climate variables assessed in this study. However, wastewater treatment plants are
highly vulnerable to temporary flooding from riverine flooding and storm surge (100 year), as well as
inundation from SLR. The study also found that reservoirs are vulnerable to wildfire.
A summary of the findings from the vulnerability assessment for each sub‐asset sector is provided
below.

WATER TREATMENT PLANTS
A summary of vulnerability assessment results for water treatment plants is provided in Table 3W.1
followed by additional information and analysis figures by climate variable.
Table 3W.1: Water Treatment Plants Vulnerability Summary by Climate Variable and Timeframe (acres)
WATER
TREATMENT
PLANTS

SLR +
STORM
SURGE

SLR

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

RIVERINE
FLOODING

WILDFIRE

EXTREME
HEAT

Mid‐Century
Vulnerability

None

None

None

None

N/A

N/A

End‐of‐Century
Vulnerability

None

None

None

None

N/A

N/A

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
/ N/A = Acreage not available

Sea Level Rise + Storm Surge
None of the three water treatment plants in Santa Clara County are vulnerable to SLR or SLR plus storm
surge in either the mid‐ or end‐of‐century scenarios.
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Riverine Flooding
None of the three water treatment plants in Santa Clara County are vulnerable to riverine flooding2 in
either the mid‐ or end‐of‐century scenarios.

Wildfire
One of the three water treatment plants, Santa Teresa Water Treatment Plant is highly vulnerable to
wildfire. A majority of the facility’s land area falls within the wildfire hazard area zone, as shown in
Figure 3W.1. Based on the reference year, wildfire vulnerability does not change in either mid‐ or end‐
of‐century scenarios.
Figure 3W.1: Santa Teresa Water Treatment Plant Vulnerability to Wildfires in Santa Clara County
(Reference Year)

Extreme Heat
Water treatment facilities in Santa Clara County have low sensitivity and vulnerability to extreme heat
events, which are projected to increase due to climate change.

2

At the time of drafting this Guidebook, SCVWD was developing a technical memo titled ‘Infrastructure Reliability Climate
Change and Extreme Weather Risk Assessment’ that evaluates the impact of climate change and extreme weather events on
SCVWD’s water supply system infrastructure as part of the District’s Infrastructure Reliability Plan (IRP) Project. The IRP analysis
found water treatment facilities to be vulnerable to riverine flooding. More intense storms could affect source water quality
and the ability for water treatment plants to operate at full capacity. The difference in conclusions between the analysis from
IRP and SV 2.0 is due to the different methodologies used to conduct the analyses. SV 2.0 used a top‐down geo‐spatial analysis
and IRP used a bottom‐up approach based on qualitative feedback from SCVWD facility managers. In addition, the definition of
‘exposure’ varied between the two studies. For instance, SV 2.0 defined an asset’s exposure to riverine flooding as inundation
from floodwater, whereas IRP used a broader definition that considered other indirect exposure pathways, such as landslides
caused by floodwater. While the SV 2.0 analysis shows that water treatments plants are not vulnerable to riverine flooding, the
IRP analysis should be reviewed to determine if SCVWD’s water infrastructure should consider additional adaptation strategies.
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WASTEWATER TREATMENT PLANTS
A summary of vulnerability assessment results for wastewater treatment facilities is provided in Table
3W.2, followed by additional information and analysis figures by climate variable. Based on the relative
locations of the wastewater treatment plants (e.g., inland or coastal) and their proximity to other critical
assets, regional flood protection strategies (either coastal or riverine) may be suitable for the protection
of these assets against impacts of SLR, storm surge, or riverine flooding. See the Shoreline Flood
Protection strategies in Section 3S for further detail.
Table 3W.2: Wastewater Treatment Plants Vulnerability Summary by Climate Variable and Timeframe
(acres)
WASTEWATER
TREATMENT
PLANTS
Mid‐Century
Vulnerability
End‐of‐Century
Vulnerability

ADDITIONAL
IMPACTS
CAUSED BY
STORM
SURGE

SLR

SLR +
STORM
SURGE

39

73

34

628

(1%)

(3%)

(2%)

(23%)

291

1,496

1,205

628

(11%)

(54%)

(43%)

(23%)

RIVERINE
FLOODING

WILDFIRE

None
None

EXTREME
HEAT

2,760
(100%)
2,760
(100%)

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability

Sea Level Rise + Storm Surge
Two of the four wastewater treatment plants in Santa Clara County (Palo Alto Regional Water Quality
Control Plant and the San Jose‐Santa Clara Water Pollution Control Plant) and their associated
infrastructure (including water recycling facilities) are highly vulnerable to permanent inundation from
SLR under the mid‐century scenario. Of these two facilities, the vulnerability of the Palo Alto facility is
higher. Approximately half of the Palo Alto facility land area is projected to be permanently inundated
under this scenario (see Figure 3W.2), whereas a minimal portion of the San Jose‐Santa Clara facility is
exposed to SLR inundation under the same scenario.
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Figure 3W.2: Palo Alto Regional Water Quality Control Plant Vulnerability to Sea Level Rise
(Mid‐Century)

An additional wastewater treatment plant (Sunnyvale Water Pollution Control Plant) and its associated
infrastructure is highly vulnerable to temporary flooding from storm surge by mid‐century (see Figure
3W.3). Approximately half of this facility’s land area is projected to experience temporary flooding under
this scenario. The other two wastewater treatment plants (Palo Alto Regional Water Quality Control
Plant and San Jose‐Santa Clara Water Pollution Control Plant) are not expected to experience significant
temporary flooding beyond the land area that is projected to be permanently inundated from SLR under
the mid‐century scenario.
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Figure 3W.3: Sunnyvale Water Pollution Control Plant Vulnerability to Sea Level Rise + Storm Surge
(Mid‐Century)

Under the end‐of‐century scenario, all three aforementioned wastewater treatment plants in Santa
Clara County (Palo Alto Regional Water Quality Control Plant, San Jose‐Santa Clara Water Pollution
Control Plant, and the Sunnyvale Water Pollution Control Plant) and their associated infrastructure are
highly vulnerable to permanent inundation from SLR. Of these, the Palo Alto Regional Water Quality
Control Plant does not experience a significant increase in the land area inundated beyond what is
projected for mid‐century. However, almost the entire land area of the Sunnyvale facility is expected to
be permanently inundated by end‐of‐century. Less than a quarter of the San Jose‐Santa Clara Water
Pollution Control Plant is inundated under this scenario.
When the end‐of‐century SLR scenario is coupled with storm surge, the entire land areas of the Palo Alto
and Sunnyvale facilities, and approximately half of the land area of the San Jose‐Santa Clara facility, are
expected to experience temporary flooding (see Figure 3W.4).
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Figure 3W.4: San Jose‐Santa Clara Water Pollution Control Plant Vulnerability to Sea Level Rise +
Storm Surge (End‐of‐Century)

Riverine Flooding
Lastly, three out of four wastewater treatment plants in the county (Gilroy Wastewater Treatment Plant,
San Jose‐Santa Clara Water Pollution Control Plant, and Sunnyvale Industrial Wastewater Treatment
Plant) and their associated infrastructure are highly vulnerable to riverine flooding, under both mid‐ and
end‐of‐century scenarios. The entire land area of the Sunnyvale and Gilroy facilities is exposed to
riverine flooding, whereas approximately one‐third of the San Jose‐Santa Clara facility’s land area is
exposed to riverine flooding.
The San Jose‐Santa Clara and Sunnyvale facilities are located near the Bayfront. In the Tool, the
vulnerability of wastewater treatment facilities to riverine flooding is determined by FEMA FIRMs, which
indicate 100‐year flood zones. Therefore, for assets located near San Francisco Bay, it is possible that
flooding could be due to storm surge and/or riverine flooding (see Figure 3W.5).
Given that the three wastewater treatment plants are already in the 100‐year floodplain (as shown in
FIRMs), these facilities may already experience temporary flooding during extreme events. As such,
these assets may have some existing adaptive capacity to withstand more frequent flooding events
depending on whether they are required to comply with current FEMA floodplain management
regulations, which apply to areas with special flood hazards including areas in 100‐year floodplains.
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Figure 3W.5: Sunnyvale and San Jose‐Santa Clara Facility Vulnerability to Riverine Flooding
(Mid‐ and End‐of‐Century)

The Gilroy Wastewater Treatment Plant is located further inland, so it can be said with high certainty
that this facility is impacted by riverine flooding and not coastal 100‐year storm surge (see Figure 3W.6).
Figure 3W.6: Gilroy Water Pollution Control Plant Vulnerability to Riverine Flooding
(Mid‐ and End‐of‐Century)

Wildfire
Water treatment facilities in Santa Clara County are not vulnerable to wildfire in mid‐ or end‐of‐ century
scenarios.
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Extreme Heat
Water treatment facilities in Santa Clara County have low vulnerability to extreme heat.

RESERVOIRS
Sea Level Rise + Storm Surge
The vulnerability of reservoirs to SLR plus storm surge was not assessed.

Riverine Flooding
The vulnerability of reservoirs to riverine flooding was not assessed.

Wildfire
Of the 18 reservoirs in Santa Clara County, 17 are exposed and vulnerable to wildfire in both the mid‐
and end‐of‐century scenarios. A series of maps in Figures 3W.7, 3W.8, and 3W.9 show the change in
extent and intensity of wildfires in Santa Clara County for mid‐ and end‐of‐century as compared to the
reference year. The reservoirs on the western side of the county are located in zones with higher
wildfire hazards than those on the eastern side. For Lake Elsman, a reservoir located on the west side of
the county, the wildfire scenario increases from very high in the reference year and mid‐century to
extremely high (as indicated by darker red zones) at end‐of‐century. The wildfire scenarios for the
remainder of the vulnerable reservoirs remain the same.
Figure 3W.7: Reservoir Vulnerability to Wildfire (Reference Year)
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Figure 3W.8: Reservoir Vulnerability to Wildfire (Mid‐Century)

Figure 3W.9: Reservoir Vulnerability to Wildfire (End‐of‐Century)

LEGEND NOTE: Ref= reference year (2007–2008), Mid = mid‐century projections, Late = end‐of‐century projections
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Wildfires can lead to landslides and erosion, which can pollute reservoirs with contaminants such as
sediment, ash, and other chemical pollutants. Impacts on water quality can also have negative impacts
on aquatic ecosystems. Table 3W.3 summarizes the wildfire vulnerability in the county by reservoir.
Table 3W.3: Summary of Reservoir Vulnerability to Wildfire (End‐of‐Century)
RESERVOIR

END‐OF‐CENTURY WILDFIRE
VULNERABILITY RATING

Almaden Reservoir

N/A

Anderson Reservoir

N/A

Calaveras Reservoir

N/A

Calero Reservoir

N/A

Chesbro Reservoir

N/A

Coyote Reservoir

N/A

Felt Lake

N/A

Guadalupe Reservoir

N/A

Lake Elsman

N/A

Lexington Reservoir

N/A

Pacheco Lake

N/A

Stevens Creek Reservoir

N/A

Uvas Reservoir

N/A

Vasona Reservoir

None

KEY: Grey = no vulnerability / Yellow = low vulnerability / Orange = moderate vulnerability / Red = high vulnerability
/ N/A = Acreage not available
NOTE: GIS data on reservoirs was not received in time to be integrated into the Tool for quantitative analysis.

Extreme Heat
The vulnerability of reservoirs to extreme heat was not assessed.

3W.3 Mid‐Century Economic Consequences [Wastewater Treatment Assets]
The following section estimates the potential economic consequences of climate change impacts on
water and wastewater sector assets. The analysis estimates the economic consequences in order of
magnitude under a mid‐century climate change scenario in which no adaptive measures have been
taken, which allows decision‐makers to consider adaptation measures that could help avoid the greatest
costs. For more information on the framework of this analysis, including definitions of criteria and
ratings, see Chapter 2.
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WATER TREATMENT PLANTS
The economic consequence of water treatment plants was not assessed due to insufficient availability of
cost and facility data.

WASTEWATER TREATMENT PLANTS
This section describes the economic consequences for damage or impairment of wastewater treatment
plants. A summary of the findings can be found in Table 3W.4.
Table 3W.4: Summary of Economic Consequences for Wastewater Treatment Plants by Climate Variable
SEA LEVEL RISE

SEA LEVEL
RISE + STORM
SURGE

Replacement Cost

High

High

High

N/A

N/A

Loss of Fiscal
Revenue

N/A

N/A

N/A

N/A

N/A

Change in
Operational Costs

N/A

N/A

N/A

N/A

N/A

Interruption of
Economic Activity

Moderate

Moderate

Low

N/A

N/A

Overall Economic
Consequences

High

High

High

N/A

N/A

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Note: For definitions of economic consequence criteria and ratings, please see Chapter 2. N/A: not applicable or
data not available.

Sea Level Rise
The economic consequences of SLR on wastewater treatment plants are high ($500 million–$3 billion)
due to the replacement costs of facilities potentially damaged by inundation. This cost is a conservative
estimate (low), because the loss is estimated as the structural value of the plant, but does not account
for land costs or additional pumping if the plant requires relocation. Interruption of economic activity is
moderate ($100–$500 million).

Sea Level Rise + Storm Surge
The economic consequences of SLR + storm surge on wastewater treatment plants are high ($500
million–$3 billion) due to the replacement costs for facilities potentially damaged by inundation and
temporary flooding. This cost is a conservative estimate (low), because the loss is estimated as the
structural value of the plant, but does not account for land costs or additional pumping if the plant
requires relocation. Interruption of economic activity is moderate ($100–$500 million).
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Riverine Flooding
The economic consequences of riverine flooding on wastewater treatment plants are high ($500
million–$3 billion) due to the replacement costs of facilities potentially damaged by floodwaters.
Interruption of economic activity is low (less than $100 million).

RESERVOIRS
The economic consequence for reservoirs was not assessed due to the insufficient availability of cost
and facility data.

3W.4 Risk Analysis [Water + Wastewater Treatment Assets]
Risk ratings are available in the Tool, but they are not included in the Guidebook because they are
largely a reflection of the economic consequences analysis. Social and environmental consequences
would normally also inform a risk rating, but they were excluded from this analysis due to insufficient
data to quantify and express those consequences through the Tool.
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3W.5 Climate Adaptation Strategies [Water + Wastewater Treatment Assets]
The following pages outline strategies for protecting the water and wastewater assets most vulnerable
to climate change, as summarized in Table 3W.5. As explained at the beginning of Chapter 3, each
strategy includes additional information about timeframe, actors, implementation, and precedents.
They are organized by the climate variables they seek to address.
Table 3W.5: Water + Wastewater Climate Adaptation Strategies Summary

EXTREME HEAT

WILDFIRE

RIVERINE
FLOODING

SEA LEVEL RISE +
STORM SURGE

SEA LEVEL RISE

CLIMATE VARIABLES

CLIMATE ADAPTATION STRATEGIES

Wastewater Treatment Plants, Drinking Water Treatment Plants, Stormwater Management Systems
W‐1. SHARE GEOSPATIAL DATA FROM THE SV 2.0 TOOL WITH WATER
AND WASTEWATER ASSET OWNERS.
Water and Wastewater Treatment Plants
W‐2. DEVELOP A DETAILED VULNERABILITY ASSESSMENT OF WATER
AND WASTEWATER ASSETS TO INFORM SITE‐SPECIFIC ADAPTATION
OPTIONS.
Reservoirs
W‐3. INTEGRATE PROJECTED INCREASES IN WILDFIRE FREQUENCY AND
INTENSITY INTO STATE, COUNTY, AND CITY PLANS AND PRACTICES.
OTHER STRATEGIES FOR CONSIDERATION
Wastewater Treatment Plants
W‐4. Prepare ahead of forecasted flooding events to minimize impacts.
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ASSET

Wastewater Treatment Plants, Drinking Water Treatment Plants,
Supporting Infrastructure (e.g., pipelines, pumping stations, etc.),
Stormwater Management Systems

CLIMATE VARIABLE

Sea Level Rise, Storm Surge, Riverine Flooding, Wildfire, Extreme Heat

W‐1. SHARE GEOSPATIAL DATA FROM THE SV 2.0 TOOL WITH WATER AND WASTEWATER ASSET
OWNERS.
This strategy proposes sharing the geospatial data, climate projections, and findings of the vulnerability
assessment with water and wastewater service providers to help identify specific adaptation strategies
and increase the resilience of the overall system and network.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Study

Short term

County government

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties, Ecosystems, Shoreline Protection, Energy

POTENTIAL FOR NEAR TERM CO‐BENEFITS

Potential to inform planning and approval processes for the County

STRATEGY DESCRIPTION / BACKGROUND
This study assessed the vulnerability of water and wastewater treatment plants to climate change. No
drinking water treatment plants in Santa Clara County were found to be vulnerable. However, all four
wastewater treatment plants are vulnerable to SLR, storm surge, and riverine flooding under the mid‐
century scenario. Of these plants, the impacts on the Palo Alto facility are highest with approximately
half of the facility’s land area projected to be permanently inundated under this scenario.
A limitation of the assessment for this sector is that it did not assess supporting infrastructure
associated with these assets (e.g., pumping stations, pipelines, inlets, outlets, etc.) and stormwater
management assets as this information was not available. Given the numerous water and wastewater
service providers in the county, this strategy recommends that Santa Clara County share the Tool’s
geospatial data with water and wastewater service providers. This could allow service providers to use
the tool and its data to assess specific vulnerabilities of their assets and develop adaptations strategies.

IMPLEMENTATION
Timing
This strategy can be initiated in the short term, however keeping the Tool and its supporting data up to
date will require a coordinated effort over the long term.
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Potential Challenges and Solutions
Ongoing management of the climate geospatial data may require additional resources.
Sharing climate geospatial data, the Tool and its data will need to be kept current. Resources for the
ongoing management and ownership of the Tool may be supported through municipal funding and
grants.

Additional Benefits
Use of the Tool and its geospatial data can be integrated into existing planning processes to inform
regional plans or as a mechanism to assess applications for construction of new infrastructure in the
county. For example, if there is a proposal to construct a new wastewater facility in the county, there
could be a regional requirement in the planning and approvals phase that the proposed project gets
assessed for climate vulnerabilities using the Tool (or a similar methodology).

PRECEDENTS
San Francisco Public Utilities Commission (SFPUC) Sewer System Improvement Program (SSIP)
SFPUC utilized an adaptation planning framework to assess the vulnerability and risks of its assets to SLR,
storm surge, precipitation, and temperature. An overview of a typical vulnerability assessment
methodology is provided in Figure 3W.10. Findings from SFPUC’s assessment informed the City and
County of San Francisco’s 2030 Sewer System Master Plan. An example of an included recommendation
is to design infrastructure to future mean SLR for 2035 and 2100.
Sharing the geospatial data from this vulnerability assessment can be used by wastewater treatment
asset owners as an input to step 3 of the adaptation planning framework below.
Figure 3W.10: Adaptation Planning Framework Deployed by SFPUC for its Assets.
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REFERENCES + RESOURCES
–

EPA Climate Resilience Evaluation & Awareness Tool (CREAT)
o http://water.epa.gov/infrastructure/watersecurity/climate/creat.cfm

–

EPA Vulnerability Self‐Assessment Tool (VSAT) 6.0
o http://water.epa.gov/infrastructure/watersecurity/techtools/vsat.cfm

–

2013 San Francisco Bay Area Integrated Regional Water Management Plan (IRWMP)
o http://bairwmp.org/docs/2013‐bairwm‐plan‐update/2013‐final‐
plan/San%20Francisco%20Bay%20Area%20IRWMP%20Final_September%202013.pdf

–

Santa Clara Valley Water District Groundwater Management Plan
o http://www.valleywater.org/Services/Clean_Reliable_Water/Where_Does_Your_Water
_Come_From/Groundwater/2012_Groundwater_Management_Plan.aspx

–

Drought management planning in local Urban Water Management Plans
o All water retailer UWMPs are available online via the individual water retailer websites.
The SCVWD UWMP is available at
http://www.valleywater.org/Services/Clean_Reliable_Water/Water_Supply_Planning/2
010_Urban_Water_Management_Plan.aspx
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ASSET

Water and Wastewater Treatment Plants

CLIMATE VARIABLE

Storm Surge, Riverine Flooding

W‐2. DEVELOP A DETAILED VULNERABILITY ASSESSMENT OF WATER AND WASTEWATER ASSETS TO
INFORM SITE‐SPECIFIC ADAPTATION OPTIONS.
This strategy recommends that wastewater service providers use the preliminary findings of this
assessment as a basis to conduct site‐specific assessments of wastewater treatment plants. Site‐specific
assessments will enable the asset owners to understand the extent to which the sites are sensitive to
climate change variables, and/or exhibit adaptive capacity (which will ultimately determine their
vulnerability). Conditions assessments could include information on the age of the assets, remaining
service life, criticality, maintenance history, and costs, etc. The vulnerability of the assets determined on
the basis of the conditions assessments will form the basis for adaptation strategy development and the
timing of their implementation.
SCALE

CLASS

INITIATION TIMING

LEAD

Asset

Study

Short term

Collaboration with the water
agencies

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties, Ecosystems, Shoreline Protection, Energy

POTENTIAL FOR NEAR TERM CO‐BENEFITS

None

STRATEGY DESCRIPTION / BACKGROUND
This preliminary regional vulnerability assessment of wastewater treatment plants in Santa Clara County
has identified specific plants that are vulnerable to temporary flooding. This strategy recommends
wastewater service providers use the findings of this study to identify resources or geographic areas for
which more in‐depth, site‐specific vulnerability assessments should be conducted. This could facilitate
an understanding of the extent to which the assets are vulnerable to climate change and/or exhibit
adaptive capacity. A detailed vulnerability assessment could include information on the age of the
assets, remaining service life, criticality, maintenance history, and costs and could be used to form the
basis for adaptation strategy development and implementation timing.
Examples of adaptation strategies that a site‐specific assessment could support are:


Use of one‐way valves at discharge points to prevent back‐flow of wastewater.



Elevation of the site or sensitive components of wastewater plants.



Retrofitting sensitive components in wastewater treatment plants using flood‐resilient
materials.



Use of submersible components for wastewater treatment plants, where applicable.



Expansion of wastewater and stormwater drainage capacity.



Construction of flood barriers around wastewater treatment plants, such as floodwalls, berms,
or dikes.
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Not all wastewater treatment plants would benefit from the example measures above. Strategies with
high upfront capital cost (e.g., constructing flood barriers) would require a cost benefit analysis to
determine feasibility. Actual needs will be site specific, based on different climate change impacts and
locations.

IMPLEMENTATION
Timing
This strategy could commence in the short term (0–3 years).

Potential Challenges and Solutions
Coordination across sites may be difficult due to different asset owners.
There may be challenges coordinating a site‐specific detailed vulnerability assessment across all affected
sites. In this case, the County may want to be involved to provide the framework for the assessment and
allow the individual asset owners conduct their own assessment.
The adaptation process for the site could benefit from close collaboration with nearby groups and
organizations. Expanding the network of adaptation stakeholders to include those already working on
emergency preparedness may add value to a detailed assessment.

Additional Benefits
This strategy can also inform future development (e.g., expansion and/or renovation) of the site and its
wastewater treatment assets. Implementing adaptation strategies at wastewater treatment plants,
which also serve as recycled water production facilities, would provide water supply reliability benefits.
Other adaptation strategies can include collaborations with shoreline asset owners to share resources,
costs, and management.
This strategy can strengthen relationships with other wastewater treatment plants in the county (e.g.,
Palo Alto Regional Water Quality Control Plant and the San Jose‐Santa Clara Water Pollution Control
Plant), allowing for knowledge and resource sharing during emergency events.

PRECEDENTS
Incorporation of SLR into the Design of the Deer Island Wastewater Treatment Plant,
Massachusetts
The Massachusetts Water Resources Authority planned to upgrade an existing wastewater treatment
plant on Deer Island in Boston Harbor. The treatment plant’s effluent is discharged through a gravity fed
pipe into Boston Harbor and planners were concerned that projected SLR would disrupt flows and require
the installation of pumps. The planners decided to elevate the entire wastewater treatment plant by 1.9
feet to accommodate projected SLR changes through 2050, the planned lifetime of the facility. In
addition, the potential impacts of SLR were incorporated into initial building codes. It was calculated to
be less expensive to build the facility at a higher height in the original design compared to incorporating
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protective barriers in the future. The plant’s 9.5‐mile, 24‐foot diameter outfall tunnel should remain
functional through 2050 regardless of SLR in the Boston Harbor.

REFERENCES + RESOURCES
–

Jaffe, D., (2014) A Comprehensive Approach To Assessing Economic, Infrastructure And Habitat
Impacts From Climate Change On Riverine Hydraulics, AECOM

–

Climate Ready Water Utilities Adaptation Strategies Guide for Water Utilities (2012)
o http://water.epa.gov/infrastructure/watersecurity/climate/upload/epa817k11003.pdf

–

National Association of Clean Water Agencies, Confronting Climate Change: An Early Analysis
of Water and Wastewater Adaptation Costs
o http://www.amwa.net/galleries/climate‐change/ConfrontingClimateChangeOct09.pdf

–

Incorporation of Sea Level Rise into the Design of the Deer Island Wastewater Treatment
Plant, Massachusetts
o http://www.cakex.org/case‐studies/proactive‐incorporation‐sea‐level‐rise‐design‐deer‐
island‐wastewater‐treatment‐plant
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ASSET

Reservoirs

CLIMATE VARIABLE

Wildfire

W‐3. INTEGRATE PROJECTED INCREASES IN WILDFIRE FREQUENCY AND INTENSITY INTO STATE,
COUNTY, AND CITY PLANS AND PRACTICES.
This strategy proposes integrating increased risks of wildfire events into existing State, County, and city
plans and practices. Each level of government already has existing measures to manage wildfire risks.
These existing measures could be reviewed to account for more frequent and intense wildfire
projections for the county, fostering coordination among the relevant agencies and addressing wildfire
risk from multiple perspectives.
SCALE

CLASS

INITIATION TIMING

LEAD

County

Update plans and
programs

Medium term

County government

CROSS ASSET SECTOR APPLICABILITY

Buildings + Properties, Ecosystems, Shoreline Flood Protection

POTENTIAL FOR NEAR TERM CO‐BENEFITS

None

STRATEGY DESCRIPTION / BACKGROUND
Wildfire risk is managed at multiple governance levels in California and Santa Clara County and each
level of government has its own responsibilities and areas of wildfire management that can be modified
to address future climate vulnerabilities. Climate change may lead to more frequent wildfire, which can
impact water quality in reservoirs through contaminants such as sediment, ash, and other chemical
pollutants. As such, this strategy is also about protecting water quality through considering climate
change in existing wildfire and forest management plans and practices.
California Department of Forestry and Fire Protection (CAL FIRE) is an emergency response and resource
protection department encompassing over 31 million acres of California's privately‐owned wildlands. In
addition, CAL FIRE provides varied emergency services in 36 of the State's 58 counties via contracts with
local governments. They also maintain fire hazard maps, which are based on historical fire conditions
and do not take into account future climate change.
The water quality of reservoirs will also need to be monitored by relevant agencies following wildfires.
For example, various water agencies collected data in 2014 on flow, sediment, and water quality after
the Rim Fire on the Tuolumne River and Merced River watersheds to determine appropriate actions to
take in the water treatment plant and watershed. By continuing to monitor the impact of fires on the
hydrology and water quality of the basins, agencies are able to understand the impacts of wildfire on
both the volume and quality of runoff water, which are important to maintaining drinking water supplies
and ecosystem health.
Santa Clara County is responsible for the management and prevention of wildfires through methods
such as fuel management practices, vegetation clearing, and maintaining adequate clearance/defensible
spaces around water assets. They also have the Santa Clara County Fire Safe Council, which is a group of
community members that discuss and manage wildfire risks for communities in the county.
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At the city level, relevant agencies have the capacity to control development and review building, zoning
codes, and forest management practices to mitigate wild and urban fire risks.
At all of these levels, consideration of climate change impacts can be incorporated in various ways to
increase resilience and address wildfire vulnerabilities at the countywide scale.
This strategy recommends reviewing the existing measures that are happening at each level to reflect
projected increases in wildfire due to climate change and the impact on water quality. In most cases,
this may mean that existing practices, such as changes to fire regimes and monitoring, will need to
happen more frequently and/or State fire hazard maps will need to be reviewed to address climate
change vulnerability for the County.

IMPLEMENTATION
Timing
Given that the wildfire scenarios for most of the reservoirs (except Lake Elsman) stay the same until end‐
of‐century, this strategy could commence in the medium term (3–15 years) or later.

Potential Challenges and Solutions
Consolidating efforts across multiple levels of governments.
This strategy would be most effective if it involved a collaborative effort with fire management agencies.
The process may need to be led and coordinated by a primary agency or committee for the strategy to
be addressed at all levels of government. If there are existing regional steering committees, it may be
appropriate to add this as an additional responsibility.

PRECEDENTS
Silva Mediterranea Forest Fires Working Group
Silva Mediterranea constitutes an international forum, which allowed sharing experiences and
knowledge as well as combining and coordinating efforts to prevent and fight wildfires. These important
roles have been developed through the buildup of a network among all the countries in the
Mediterranean Basin. During the last decade, the work of Silva Mediterranea has kept promoting the
exchange of information about wildfires between countries in the Mediterranean Basin. The
establishment of this group has enabled exchanges of experiences and data to help identify prevention
strategies. This framework demonstrates how a coordinated effort can foster sharing and learning best
practices around fire management across government agencies.
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REFERENCES + RESOURCES
–

Santa Clara County Fire Department Business Plan 2010–2014
o http://www.sccfd.org/forms/business_plan.pdf

–

Climate Change and Fire Management Research Strategy, British Columbia, Canada (2009)
o http://bcwildfire.ca/weather/Climate/docs/Climate%20change%20forum%20report_fin
al.pdf

–

Wildfire Prevention in the Mediterranean – Position Paper
o http://www.fao.org/forestry/28264‐06791969d1427714a896b8faeee2aa501.pdf

–

Monitoring the Impacts of the Rim Fire on Tuolumne River Water Quality
o http://ca.water.usgs.gov/projects/2014‐10.html
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3W.6 Other Adaptation Strategies for Consideration [Water + Wastewater Assets]
ASSET(S): WASTEWATER TREATMENT PLANTS
Climate Variable: Riverine flooding
W‐4.

3W‐24

Prepare ahead of forecasted flooding events to minimize impacts: Wastewater service
providers in Santa Clara County have existing emergency preparedness frameworks to
minimize impacts of flooding. This strategy recommends that service providers review their
emergency preparedness plans in light of potential increases in flooding and include an
inventory of vulnerable assets and a list of actions required to minimize the impacts of
these events (e.g., sandbagging in the case of flooding). Additionally, water service
providers in Santa Clara County could potentially coordinate on emergency management
activities with agencies, such as the San Francisquito Creek Joint Powers Authority (SFCJPA),
which are implementing early flood warning systems that can distribute information to
public and emergency responders.
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Introduction

This memorandum and the attached table present a summary of the changes to local climate
variables that the scientific community anticipates will occur in the Silicon Valley region over the next
century. Climate variables are conditions that together influence a local climate. Increases in global
concentrations of greenhouse gases (GHG) result in increased globally averaged atmospheric and
oceanic temperatures. These increased temperatures, in turn, drive a number of changes to local
climate variables. Changes to climate variables can result in a wide variety of impacts to bio-physical
and social systems within a community. Understanding the anticipated changes to climate variables is
an essential first step in conducting the Silicon Valley 2.0 project’s vulnerability and resiliency
analysis. This knowledge will be used within the project to identify potential climate change impacts
and assist in the prioritization of adaptation strategies.
The memorandum begins with discussions of the information sources used and the global emission
scenarios assumed within the sources’ projections. The memorandum then describes the changes
anticipated to occur in both primary and secondary climate variables. Primary climate variables (e.g.,
temperature, precipitation, and sea level) are first-order local conditions that are directly affected by
changes in global atmospheric and oceanic temperatures. Secondary climate variables (e.g.,
changes to hydrology, wildfire, vegetation, and air quality) are conditions affected by complex
interactions between primary variables and other factors. An example of a secondary variable is the
anticipated increase in wildfire severity and frequency due to a combination of increased temperature,
decreased precipitation, and other variables such as vegetation change.
Where possible, the memorandum presents quantified projections of how the climate variables are
expected to change over time. In cases where quantitative data are not readily available, qualitative
discussion is provided. Projections are presented at two time horizons, mid-century (approximately
2050) and end-of-century (approximately 2100). For certain variables, only mid-century projections
are available. In terms of geographic resolution, attempts were made to identify projections specific to
Silicon Valley and the Bay Area when feasible. The memorandum identifies the projections where
more general statewide projections are presented. The memorandum also identifies changes to
climate variables that are expected to occur in areas outside of the Silicon Valley, but could result in
considerable indirect local impacts (e.g., changes to snowpack in the Sierra Nevada Mountains that
can affect local water supply). More complex interactions of climate variables in even more distant

locations, such as effects on raw materials suppliers or manufacturing facilities owned by Silicon
Valley companies overseas, are more difficult to incorporate and are not discussed in this
memorandum.

1.1

Information Sources

This memorandum attempts to identify the best available data on climate change and its potential
effects in Silicon Valley. The State of California has aided this effort by collecting and synthesizing
existing empirical studies and providing information on changes to climate variables in formats
specifically targeted toward adaptation planning-oriented projects such as this. Two specific sources
used in the preparation of this memorandum are the California Climate Change Center’s (a division of
the California Energy Commission) Third Assessment (CEC Third Assessment) released in July 2012
and the CalAdapt Tool. The CEC Third Assessment is a series of over 30 peer-reviewed papers
focused on the science of climate change and the impacts on California’s economy, including several
focused specifically on the anticipated changes to climate variables within in the San Francisco Bay
Area. The CalAdapt tool has synthesized much of the same empirical data into a user-friendly spatial
data set, providing relatively high resolution information for specific areas of Silicon Valley. Where
local and regional-specific information was not available, state level estimates of variables are
referenced.

1.2

Modeling Changes to Climate Variables and Impacts

Changes in temperature, precipitation patterns, and sea level are the primary climate variables
relevant to Silicon Valley. While projected changes to temperature are fairly certain until mid-century,
considerable uncertainty surrounds future precipitation patterns and complex secondary effects,
especially at more distant timeframes. The CEC’s Third Assessment and the CalAdapt tool represent
the best applied use of climate change models for the study area at this time. However, empirical
modeling and applied analysis of climate change effects are rapidly evolving, and while this analysis
can only rely on the current science, the project’s associated decision support tools are envisioned to
evolve with the science to maintain its utility as change to climate variables become better understood
in the future.
Future greenhouse gas emission levels are an important factor in climate change projections. Global
Climate Models (GCMs) incorporate the physical processes of the atmosphere, ocean and land
surface to simulate the response of the climate system (temperature, precipitation, cloud cover,
winds, etc.) to changing GHG and sulfate aerosol emissions. Because the level of emissions in the
future is unknown and will be affected by population, economic development, environmental changes,
technology and policy decisions, the Intergovernmental Panel on Climate Change (IPCC) developed
different emissions scenarios that are used in climate models (IPCC 2000). The most common
emissions scenarios are grouped into “families” termed A1, B1, A2 and B2. “A” scenarios generally
emphasize economic development over environmental conservation, whereas “B” scenarios are
generally more environmentally focused. “1” scenarios consider a more unified world focus, resulting
in lower population, whereas “2” scenarios are more regionally focused and generally have higher
population forecasts. Therefore, the higher-emissions scenarios would generally be in the “A” and “2”
scenarios. The CEC studies and the CalAdapt tool apply the A1, A2, and B1 scenarios to provide
estimates of climate change variables and impacts in the Bay Area. Estimates based on these two

scenarios are provided in this report (often a range is provided for each variable with the high end
representing the A1 or A2 scenario and the low end representing B1).
For the Bay Area and Silicon Valley, complex geography and local microclimates results in large
variations in change to climate variables across the region. For example, the coastal mountains
climate contrasts considerably with that of inland Santa Clara County. The CalAdapt Tool spatially
represents this geographic variability while also considering different emissions scenarios and
timeframes. Additionally, the more detailed mapping contained in the CEC Third Assessment studies
for the Bay Area can provide a clearer picture of the geographic range of climate variables and
impacts in the region. While this memorandum does not contain spatial representation of the climate
variable data, future project deliverables will provide maps and spatial analysis.

1.3

Likelihood of Climate Change Variables

Projections for the various climate change variables have been provided below; however, not all
changes are equally likely to occur. A likelihood analysis was performed to evaluate the relative level
of certainty in the modeling of key climate change variables. Uncertainty in modeling is driven by the
complexity of building a model that effectively represents complex climate change relationships, the
level of agreement seen between multiple climate change models, and the ability to downscale global
model results to the regional and local scale. Generally, global scale climate change models have
been studied more extensively and regional and local downscaling models are less refined. However,
in many cases existing local models used for planning of secondary climate variables are already well
developed, such as is the case of wildfire or water supply modeling in California. In these cases, while
uncertainty of climate change primary variables at the global scale may higher, local processes
associated with related secondary variables are well understood and the potential effects of a variety
of climate change scenarios can be modeled at higher local certainty. A qualitative assessment of
likelihood of individual climate variables is included in the attached Change to Climate Variables
Table.

2.

Primary Climate Change Variables

2.1

Temperature

2.1.1

Annual Temperature Patterns

Three characteristics of annual temperature patterns are typically evaluated in empirical studies,
average annual temperature change, seasonal temperature change, and inter-annual temperature
variability. Average annual temperature change is a useful simple point of reference that exemplifies
the magnitude of change that is occurring. Perhaps a more valuable variable is seasonal temperature
change, which can be useful for evaluating changes in heating and cooling needs, seasonal water
availability, and public health risks. Inter-annual variability is also relevant, informing whether climate
change responses will be more or less consistent year to year or decade to decade, or if more
variability is expected which may necessitate a more flexible response.
According to the CalAdapt tool, average annual temperature is expected to rise, but the magnitude of
change will vary throughout the Silicon Valley and surrounding Santa Clara County. Warming is
projected to be lowest nearer to the coast and bay, due to the Pacific Ocean’s ability to absorb heat
and the cooling effects of evaporation. By mid-century (2050), annual average temperatures
throughout the valley areas from the coast to Gilroy are projected to increase by +2.0°F to +3.0°F

(note that all figures are provided to 0.1 decimal point contained within empirical data) under the low
and high emissions scenarios respectively. More variability is seen in end-of-century projections with
temperature change for Mountain View projected to increase between +3.3°F and +5.6°F and Gilroy
is projected to increase +3.6°F to +6.0°F for the low and high emissions scenarios respectively
(AECOM, CalAdapt 2013). Additionally, changes to temperature may also affect fog and local cloud
cover patterns which could have a stronger effect along the coasts, bay, and coastal mountains. The
effects on fog are an important current area of study in the region and findings may alter local
temperature projections in the future.
Seasonally, by mid-century fairly uniform winter warming is expected with approximately +2.5°F
January warming projected in both Mountain View and Gilroy under both low and high emissions
scenarios. Summer warming is less certain and more spatially variable with July warming projected to
be +1.5°F to +3.0°F in Mountain View and +1.5°F to +4.0°F in Gilroy by mid-century. End-of-century
warming projections are wider ranging with January warming projected to range from +2°F to +6°F in
Mountain View and +3°F to +7°F in Gilroy. July warming end-of-century is projected to range from
+2.5°F to +8°F in both locations (AECOM, CalAdapt 2013).
Inter-annually, more variability in annual temperature patterns is expected (Pierce et al. 2013). This
translates to the potential for more multi-year droughts or consecutive cool years, or more drastic
swings between years. Such multi-year events have a variety of generally longer lasting effects on
built and natural systems such as water supplies, fire events, agriculture, and overall landscape
change.

2.1.2

Extreme Temperature Events (Heat and Cold)

The Bay Area is expected to experience longer, more frequent and more severe heat waves in the
future, but like annual changes, these changes are somewhat variable across the region. Cold events
are expected to become less frequent and less severe by mid and end-of-century; however, there is
still the potential for extreme freeze events that are colder than the historical record by mid-century
(Pierce et al. 2013). Day and nighttime temperatures are projected to increase during extreme heat
events in both summer and winter, thus elevating the intensity of these events. The frequency of
1
extreme heat days is projected to increase dramatically by mid and end-of-century from the historical
frequency of 4 days per year on average. By mid-century, Mountain View is projected to receive 1519 additional extreme heat days on average annually and Gilroy is projected to experience 11-15
additional days. By end-of-century Mountain View could experience an additional 23-60 extreme heat
days on average per year and Gilroy 18-46 additional days (AECOM, CalAdapt 2013).
Additional extreme heat days have a variety of impacts depending on their pattern of occurrence
throughout the year. Additional extreme heat days may equate to longer average duration of heat
wave events which can have more dangerous cumulative effects on public health, energy demand,
and air quality during the individual event. Additional extreme heat days also mean heat waves will
occur over an extended period of the year, occurring from June through September instead of July
and August, which were the typical historic months of occurrence (Cayan et al. 2012). The extended

1

Within the CalAdapt Tool, an extreme heat day is defined as a day in April through October where the maximum
temperature exceeds the 98th historical percentile of maximum temperatures based on daily temperature data from
1961 to 1990. A heat wave is defined as 5 or more consecutive extreme heat days.

duration when extreme heat events could occur has a variety of planning implications including
monthly cooling energy demand patterns, emergency response readiness, and crop suitability.
Moreover, climate models indicate that the frequency, intensity and duration of nighttime heat-waves
are projected to increase significantly, and these trends will exceed the trends in day-time heatwaves. In addition to the implications of daytime heat-waves described above, these trends in
nighttime heat-waves will also have strong implications for public health.

2.2

Precipitation and Storms

2.2.1

Annual Precipitation

Changes to precipitation have important direct impacts on built and natural systems, particularly in the
form of flooding events, or irrigation demand. However, changes to precipitation also contribute to
more integrated indirect effects on hydrology, water supply, wildfire, or landslides that are highly
interrelated with changes in temperature. These changes are discussed more extensively in the
Hydrology section below. By themselves, changes to annual precipitation provide an important
climate change variable that will be discussed in this section.
There is uncertainty about the effects climate change will have on precipitation in California, but on
average studies indicate that little annual change in total precipitation is anticipated for the Bay Area
by mid-century. A majority of GCMs project a slight annual drying trend by the end of the century
(Ekstrom et al. 2012). However, considerable variability across models has been shown, and as with
all climate models, attention to averages can mask more extreme scenarios that project much wetter
or drier conditions. California’s Mediterranean climate is expected to continue through the next
century, with dry summers and wet winters that vary between seasons, years and decades. However,
while precipitation is not projected to change on an annual basis, the interaction of no change in
precipitation with warmer temperatures still results in substantial indirect impacts on hydrology, water
supply, rain vs. snow precipitation, drought, fire, and vegetation change. Many of these indirect
effects of precipitation change are discussed in the Hydrology section below.
Despite little or no change in overall annual precipitation, models project significant changes in
seasonal precipitation patterns and the intensity of individual rain events (see Storms section below).
Winter precipitation is projected to increase by mid-century, with more precipitation falling during
winter storm events. Less precipitation is projected in the spring and fall (quantitative estimates for
the Bay Area seasonal precipitation is available within empirical data sets). Winter precipitation
events in the Sierra Nevada Mountains are projected to have a greater proportion of rain vs. snow
resulting in decreased snowpack, increased runoff, and potential for reduced water supply availability.
Decreases in spring and fall precipitation are projected to contribute to longer fire seasons, greater
fire risk, and associated vegetation change (Ekstrom et al. 2012, Cayan et al. 2012, Pierce et al.
2013). Like temperature, climate change is also projected to result in greater inter-annual variability in
precipitation potentially contributing to longer multi-year droughts or repeated intense flooding
seasons and/or El Nino events (Ackerly et al. 2012).

2.2.2

Storm Events

While overall annual precipitation is not projected to change by mid-century, more precipitation is
projected to occur in winter in the form of less frequent but stronger storms. Like extreme heat events,
these stronger storms have direct impacts that have a variety of emergency management implications
at the time of the event, as well longer term implications for land use and infrastructure planning.
Specific quantitative information of changes in storm intensity for the Bay Area are not readily

available, but overall, the state is projected to see 3-day maximum precipitation peak values increase
by 10%-50% by mid-century (Pierce et al. 2013).
Storm frequency is also projected to increase. Strong storm events with a 0.01 probability of
occurrence in the historical record are projected to become 10 times more likely by the 2060’s. This
large increase will have direct results on emergency response plans and potentially the need for
substantial changes to flood zone development standards and infrastructure strategies across the
county. With these stronger more frequent storms, the risk for landslides and costs of erosion and
sedimentation management may increase. These risks may also be exacerbated by increasing
wildfire trends which are also closely tied to landslide and erosion patterns.
Changes to wind patterns accompanied with strong storms may affect a variety of sectors including
air travel and urban forest sustainability. Changes to wind patterns, and increasingly strong storms
and sea level rise could all result in higher storm surge events.

2.3

Sea Level Rise

Rising sea levels will directly impact coastal development, infrastructure, and habitats. Increasingly
strong storms (particularly wind strength, wave height, barometric pressure changes, and
rainfall/runoff rates into the ocean) that are projected to accompany climate change may result in
greater storm surge magnitudes, further exacerbating impacts to coastal resources (NRC 2012).
More complex effects on groundwater and subsidence, via saltwater intrusion, and integrated
variables such as changes to regional sea-wind patterns and upwelling also may create additional
local impacts.
IPCC (2007) estimated a global average rate of sea level rise of +0.07 (+/- 0.02) inches per year over
th
the 20 century. More recent satellite altimetry data has indicated an increased rate of +0.12 (+/0.03) inches per year for the period of 1993-2001. While the cause of this increased rate is unclear,
the data indicates that global mean sea level is rising at an increasing rate, and sea level rise is
already affecting much of California’s coastal regions.
The table below presents global and regional sea level rise projections. There is considerable
regional variability in rates of sea level rise, with the Bay Area projected to see rise at the mid to high
end of the range of global projections. Factors that control global sea level rise include thermal
expansion of the ocean, melting land ice, water withdrawal from aquifers, and water storage in
reservoirs. Regional variation in rise depends on complex factors such as ocean circulation, shortterm climate patterns and storms, modern land-ice melting, and vertical land motion.
Table 1 - Global and Regional Sea Level Rise Projections
Global Sea Level Rise
(NRC 2012)
Range

California Coast
Sea Level Rise (NRC 2012)
Range

Bay Area Sea Level Rise
(Cayan et al. 2012)
Range

2050

6.9–19.0 inches

4.7–24.0 inches

11–19.0 inches

2100

19.8–55.2 inches

16.5–65.7 inches

30–55.0 inches

Year

NOTES: Projections provided relative to a Year 2000 baseline. NRC California Coast estimate applies to areas South of Cape
Mendocino.

3.
3.1

Secondary Climate Change Variables
Wildfire

Changes in wildfire patterns are expected to accompany climate change. Natural fire patterns are
driven by conditions such as droughts, temperature, precipitation, wind, and longer-term indirect
effects through changes to vegetation structure, and fuel availability (biomass) (Krawchuk et al.
2012). Additionally, future land use patterns play an important role in fire characteristics.
Climate change is projected to increase the frequency of fire events, the extent of burned areas
across the state, and the duration of fire seasons. Fire seasons are projected to begin earlier in the
spring due to drier and warmer spring conditions on average, potentially requiring longer annual need
for firefighting services. Greater inter-annual variability in temperature and precipitation may also
affect fire intensity. For example, multiple wet years can result in larger fuel buildup in landscapes.
This may result in increasingly intense and frequent fires if followed by drought years. Fire risk will
also vary depending on population growth and land use characteristics including rates of residential
expansion and infrastructure into fire prone areas over the next century (Bryant et al. 2012).
A study by Bryant et al. (2012) has suggested that an increase to wildfire risk to residential property
will accompany climate change due to exurban growth and increased susceptibility of landscapes and
vegetation to fire due to climate change. The Bay Area and Santa Clara County were identified in the
study as one of the more risk prone areas in the state. Generally, a 1- to 7-fold increase in fire risk to
residential properties across Santa Clara County was shown for the low and high population growth
scenarios (risk increase rates are highly localized). This highlights the importance of fire responsive
growth planning and landscape management as a critical climate change adaptation strategy.
Increased fire frequency, intensity, and longer fire season durations may also have many integrated
ecological effects on the built and natural environments including: increased susceptibility to
landslides, erosion, and sedimentation; vegetation change including potential long-term loss of
biological carbon stock (net carbon emissions may be large), loss of sensitive species, and expansion
of invasive species; and near and long-term effects on watersheds including changes to streamflow,
evapotranspiration, runoff, flooding, and water supply availability.

3.2

Hydrology

Primarily driven by changes to temperature and precipitation, hydrologic change is also related to the
secondary climate change effects on vegetation, fire patterns, and sea level rise along coastal
groundwater features. Changes to hydrology, including streamflow, evapotranspiration, runoff,
surface and ground water recharge, and related geological effects such as landslides, erosion,
sedimentation, and subsidence are all projected to accompany climate change. Hydrologic changes
are perhaps the most complex and integrated of all of the categories of variables covered in this
summary.
Climate change has the potential to cause serious water supply shortages throughout California,
exacerbating conflicts among users. The state’s growing population will increase the demand for
water in the future—by over 10 percent between 2020 and 2050 (CEC 2012, California Natural
Resources Agency 2009). Due to its importance for water supply planning, extensive study has been
performed on hydrologic changes associated with climate change in California and the Bay Area
(Medellin-Azuara et al. 2009; Thorne et al. 2012; Sicke et al. 2012). A series of studies by the CEC
have recently assessed the effects under multiple climate change scenarios. There is a high level of

certainty that a reduction in water supply will accompany climate change in California, largely driven
by increased temperature. This will result in higher rates of evapotranspiration and increased loss of
surface water through runoff in the winter due to less precipitation falling as snow (and more as rain)
in the Sierra Nevada Mountains (California Natural Resources Agency 2009). By 2070-2999, the
snow water equivalent of the snowpack is expected to decline by 60–80 percent (compared to 19611990), assuming a drier climate (increased warming and decreased precipitation). Furthermore,
snowmelt is expected to occur earlier and produce greater volumes of runoff. This is likely to exceed
the storage capacity of the state’s reservoirs when combined with increased precipitation from more
frequent severe rainstorms, meaning that less surface water will be available during the longer and
warmer summer and fall seasons. Increased evapotranspiration rates are projected to drive reduction
reservoir supplies by between 15 and 37 percent by 2050 (compared to 1921-1993) (California
Natural Resources Agency 2009). The warmest and driest climate change scenarios also project
fairly drastic reductions in ground water supply recharge, with a 12% reduction in ground water inflow
for the South Bay and San Joaquin Valley supply by midcentury (Thorne et al. 2012). Many of these
studies also include detailed estimates and maps of climate water deficits (CWD), and associated
variables (streamflow, evapotranspiration, runoff, and precipitation), for the entire state.
Drought conditions from increased temperatures and periodic decreases in precipitation will also
likely increase in frequency in the future. Droughts as severe as the 1976-1977 drought, the worst in
the state’s history, are expected to occur every six-to-eight years by mid-century, increasing to every
three-to-four years by 2100, according to the state’s Second Assessment on climate change (DWR
2012, Franco et al. 2011). By the second half of this century, the frequency of critically dry years is
expected to increase by 32 percent in the San Joaquin Valley and by eight percent in the Sacramento
Valley compared to 1951-2000 (CEC 2012). As a result, annual water exports from the SacramentoSan Joaquin Delta (Delta), the largest supplier of the state’s water resources, are estimated to decline
by seven–10 percent by mid-century and 21–25 percent by the end of the century (compared to 19501999) (Franco et al. 2011).
These estimates are relevant to supply planning and also watershed management, irrigation demand
management, wastewater planning, habitat management, recreation, etc. Changes to hydrology may
also affect wetlands, watercourses, and shallow ground water characteristics, potentially affecting
regulatory delineation of these features, habitat quality, and management strategies. Along the coast,
sea level rise may shift wetlands upland, while saltwater intrusion can affect coastal hydrology,
leading to increased rates of subsidence nearby. Changes to the intensity and frequency of flood
events may alter watercourse characteristics, erosion, sedimentation, and landslides. These
hydrological shifts, combined with impacts from changes to vegetation structure, fire regimes, and
land use patterns, may significantly alter the characteristics of watersheds in the future, potentially
adding new importance to the concept of watershed planning as a tool for adaptation strategies
surrounding hydrologic change.

3.3

Air Quality

Climate change is projected to result in increased air pollution (IPCC, 2007). While air quality effects
associated with climate change are only just beginning to receive detailed attention for the Bay Area,
this variable has the potential to drive significant impacts on public health (Jarrett et al. 2012).
Increased temperatures, humidity, decreased airflow, and other weather conditions may reduce air
quality on an annual, seasonal, and individual air quality event basis in the future, but other climate
change induced air quality effects have not been modeled for the Bay Area to date.

Increases in smoke from wildfires, increases in aeroallergens, and increased heat stress exacerbated
by the urban heat island effect, also represent potential climate change-induced air quality impacts. .
While little quantitative information currently exists for the Bay Area with respect to climate change
impacts on air quality, an overall assessment of risks to public health from climate change has been
performed by Jarret et al. (2012). This index-based study maps potential cumulative public health
impacts, including Silicon Valley, and emphasizes air quality variables including air pollution effects,
heat stress, and the urban heat island effect. The index provides maps and measurements of the
individual air quality variables and vulnerable populations. The study assessed current levels air
pollutants including PM 10 , PM 2.5 , and NO 2 for impacts on public health; however, the potential for
future levels of these pollutants, and the potential for changes to local climate to influence those
levels, were not evaluated. Also, potential changes to ozone levels associated with changes in
weather patterns may be a relevant variable, but no literature on this topic has been identified at this
time. It should also be noted that pollutant levels may decrease over time with advances in
technology and/or regulations.

3.4

Landscape/Biological

Changes to precipitation, temperature and sea level, combined with other secondary climate
variables including hydrologic and fire regime change, will drive changes to natural vegetation,
ecosystems, crops, and urban landscapes. These vegetation changes may also have subsequent
effects on irrigation demand, pests, grazing, fire patterns, carbon emissions from the loss of biomass,
and a variety of hydrologic changes to watersheds. Native, agricultural, and domestic landscape
plants already at the edge of their suitable climate range may be lost or may require increased effort
to be maintained. These changes may also affect sensitive species, particularly if insufficient
landscape connectivity results in the inability for species to migrate to new suitable ranges. Inland
hydrologic changes to stream-flow and shallow ground water could result in reduction in the extent of
wetland indicator species, while sea level rise could shift coastal wetland extent inland, potentially
altering regulatory parameters.
In urban environments, increased temperatures, strong storms, or droughts may affect urban forests
and landscapes. Increased irrigation demand may be required to maintain existing landscapes on an
annual basis due to the projected increase climate water deficit (CWD) and increased
evapotranspiration with higher temperatures. Conversely, large scale transition to more climateadapted and less irrigation-demanding urban landscapes (e.g. Bay Friendly Landscapes) over time
could also increase the urban heat island effect due to reduced evaporative cooling from currently
levels of irrigation. Losses of urban forest canopy coverage due to strong storms, species range
shifts, droughts, etc. could also exacerbate the urban heat island effect. Increased urban heat island
effect, combined with increased temperatures would have cascading effects on public health and
energy use.
Quantitative information on the effects of landscape and biological changes are reported in terms of
species range projections. This work typically reports results for natural landscapes and emphasizes
vegetation types using maps over time. Focused work on particular species of interest, particularly
threatened, endangered, or indicator species, are also often reported. Modeling has also been
performed on projections for expanded ranges of diseases, vectors, pests, and invasive species.
Agricultural landscapes have also received attention, with focused work done on viticulture suitability
associated with microclimate shifts. Projections of future shifts in USDA climate zones are a useful

tool to evaluate potential changes to crop, urban landscape plant, or street tree suitability under future
climate scenarios.

4.

References

All citations are provided within the attached Change to Climate Variables Table.

CLIMATE CHANGE VARIABLES TABLE

Primary Variables
ANNUAL TEMPERATURE
PATTERN

Projection: Midcentury*

Annual (above historical average):
MTN VIEW: +2 to +3 °F
GILROY: +2 to +3 °F
Annual Variability: Increased variability year
to year
Seasonal: Greater warming in summer;
winter low temperature events still occur,
but less frequently.
January
MTN VIEW: +2.5 °F
GILROY: +2.5 °F
July
MTN VIEW: +1.5 to +3 °F
GILROY: +1.5 to +4 °F
EXTREME TEMPERATURE Intensity Heat: Increased day and nighttime
EVENTS (HEATWAVES & temp magnitude during heat-waves, increase
COLDSNAPS)
in relatively warm days in winter. Average
Maximum August Temperature:
SAN JOSE: 112.4°F (+4.7°F from present)
GILROY: 121.1°F (+5.4°F from present)
Frequency Extreme Heat Days (above
historical average of 4 per year):
MTN VIEW: 15-19 additional extreme heat
days
GILROY: 11-15 additional extreme heat days
Duration Heat Events: Increased tendency
for longer heatwaves.
SAN JOSE: average event +2.5 days longer
GILROY: average event +2.1 days longer
Severe Freeze: Reduced severity of freeze
events is predicted. However, colder cold
snaps than the historical record are still
possible in winter
Frequency Freeze: Less frequent freeze
events predicted

Variable
Likelihood
Rank**

Projection: Late Century*

Most Likely
Annual (above historical average):
MTN VIEW: +3.3 to +5.6 °F
GILROY: +3.6 to +6.0 °F
Annual Variability: Increased variability year to year
Most Likely
Seasonal: Greater warming in summer
January
MTN VIEW: +2 to +6 °F
GILROY: +3 to +7 °F
July
MTN VIEW: +2.5 to +8 °F
GILROY: +2.5 to +8 °F

Intensity Heat: Increase in day and
nighttime temp during heatwaves, increase
in relatively warm days in winter. Average
Maximum August Temperature:
SAN JOSE: 122.4°F (+14.4°F from present)
GILROY: 130.9°F (+15.2°F from present)
Frequency Extreme Heat Days (above
historical average of 4 per year):
MTN VIEW: 23-60 additional extreme heat
days
GILROY: 18-46 additional extreme heat days
Duration Heat Events: Increased tendency
for longer heatwave events.
SAN JOSE: average event +8.3 days longer
GILROY: average event +8 days longer
Severe Freeze: Reduced severity of freeze
events is predicted

Most Likely

Frequency Freeze: Less frequent freeze
events predicted

-

Most Likely

Reference/Link (may not be original source)
Sicke, W. S., Lund, J. R., and Medillín‐Azuara, J. (2012) Climate Change Adaptations
for Local Water Management in the San Francisco Bay Area. California Energy
Commission, Public Interest Energy Research Program. CEC‐500‐2012‐036.
Cayan, D., Tyree, M., and Iacobellis, S. (2012) Climate Change Scenarios for the San
Francisco Bay Region. California Energy Commission, Public Interest Energy
Research Program. CEC‐500‐2012‐042.
Pierce, D. W., et al, 2013: Probabilistic estimates of future changes in California
temperature and precipitation using statistical and dynamical downscaling. Climate
Dynamics, 40, 839-856. doi: 10.1007/s00382-012-1337-9.
CAL ADAPT

Cayan, D., Tyree, M., and Iacobellis, S. (2012) Climate Change Scenarios for the San
Francisco Bay Region. California Energy Commission, Public Interest Energy
Research Program. CEC‐500‐2012‐042.
Pierce, D. W., et al, 2013: Probabilistic estimates of future changes in California
temperature and precipitation using statistical and dynamical downscaling. Climate
Dynamics, 40, 839-856. doi: 10.1007/s00382-012-1337-9.
Ackerly, David D. 2012. Future Climate Scenarios for California: Freezing Isoclines,
Novel Climates, and Climatic Resilience of California’s Protected Areas. California
Energy Commission. Publication number: CEC-500-2012-022.

Most Likely

Gershunov, A. and K. Guirguis, 2012. California heat waves in the present and
future, Geophys. Res. Lett., doi:10.1029/2012GL052979.
CAL ADAPT

Somewhat Likely

SILICON VALLEY 2.0 - CLIMATE CHANGE VARIABLES TABLE

ANNUAL PRECIPITATION
PATTERN

ANNUAL PRECIPITATION
PATTERN
(Continued)

STRONG STORM EVENTS
(FLOODING & WIND)

SEA LEVEL RISE/MARINE

Secondary Variables
WILDFIRE

Annual: No change in annual average
precipitation

Annual: No significant change in annual
average precipitation (most models show
slight drying trend but not statistically
significant)
Inter-annual Variability: Increased variability Inter-annual Variability: Increased
between years and decades
variability between years and decades
Seasonal: Less spring and autumn
Seasonal: Unavailable for Santa Clara Co.
precipitation. Generally wetter, but more
Less snowpack in Sierras.
variable, winter precipitation year to year.
Less snowpack in Sierras.

Intensity Precipitation: 3-day maximum
precipitation peak values increasing 10-50%
Frequency Precipitation: Events with 0.01
probability of occurrence in the historical
period become 10 times more likely by the
2060s
Direction Wind: Unknown
Intensity Wind: Increased
Frequency Wind: Increased
Sea Level Rise: 11-19 inches
Wind Waves/Storm Surge: Increased
Saltwater intrusion: Increased
Upwelling: Low Priority
Acidification: Low Priority

Projection: Midcentury
Intensity: Unknown, highly localized and
dependent on vegetation characteristics
Duration: Longer fire season due to drier
conditions in the spring
Frequency: Increased throughout Santa Clara
County

Uncertain

Cayan, D., Tyree, M., and Iacobellis, S. (2012) Climate Change Scenarios for the San
Francisco Bay Region. California Energy Commission, Public Interest Energy
Research Program. CEC‐500‐2012‐042.

Moderately Likely

Ekstrom, Julia A., and Susanne C. Moser. 2012. Climate Change Impacts,
Vulnerabilities, and Adaptation in the San Francisco Bay Area: A Synthesis of PIER
Program Reports and Other Relevant Research. California Energy Commission.
Publication number: CEC‐500‐2012‐071.

Moderately Likely

Pierce, D. W., et al, 2013: Probabilistic estimates of future changes in California
temperature and precipitation using statistical and dynamical downscaling. Climate
Dynamics, 40, 839-856. doi: 10.1007/s00382-012-1337-9.

Intensity Precipitation: Unavailable

Moderately Likely

Frequency Precipitation: Unavailable

Moderately Likely

Direction Wind: Unknown
Intensity Wind: Increased
Frequency Wind: Increased
Sea Level Rise: 30-55 inches
Wind Waves/Storm Surge: Increased
Saltwater intrusion: Increased
Upwelling: Low Priority
Acidification: Low Priority

Somewhat Likely
Somewhat Likely
Most Likely
Most Likely
-

Projection: Late Century
Intensity: Unknown, highly localized and
dependent on vegetation characteristics
Duration: Longer fire season due to drier
conditions in the spring
Frequency: Increase Western Santa Clara
County, decrease Eastern County

Variable
Likelihood Rank

-

Most Likely
Most Likely

Ackerly, David D., Rebecca A. Ryals, Will K. Cornwell, Scott R. Loarie, Sam Veloz,
Kelley D. Higgason, Whendee L. Silver, and Todd E. Dawson. 2012. Potential
Impacts of Climate Change on Biodiversity and Ecosystem Services in the San
Francisco Bay Area. California Energy Commission. CEC-500-2012-037.
Pierce, D. W., et al, 2013: Probabilistic estimates of future changes in California
temperature and precipitation using statistical and dynamical downscaling. Climate
Dynamics, 40, 839-856. doi: 10.1007/s00382-012-1337-9.

Cayan, D., Tyree, M., and Iacobellis, S. (2012) Climate Change Scenarios for the San
Francisco Bay Region. California Energy Commission, Public Interest Energy
Research Program. CEC‐500‐2012‐042.

Reference/Link (may not be original source)
Sicke, W. S., Lund, J. R., and Medillín‐Azuara, J. (2012) Climate Change Adaptations
for Local Water Management in the San Francisco Bay Area. California Energy
Commission, Public Interest Energy Research Program. CEC‐500‐2012‐036.
Bryant, B. P., and A. L. Westerling. 2012. Scenarios to Evaluate Long‐Term Wildfire
Risk in California: New Methods for Considering Links Between Changing
Demography, Land Use, and Climate. California Energy Commission. CEC‐500‐2012‐
030.
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WILDFIRE
(Continued)

HYDROLOGY

Extent: Increased statewide
Risk areas: increased fire risk, mid-century
risk projections for Santa Clara County
contained in Bryant et al. 2012
Seasonality: More fires in spring due to drier
conditions projected
Streamflow: likely reduced annually due to
higher temperatures. Warm/dry scenario
27% reduction in streamflow statewide
(lower end projection, high projection TBD).
Increase in extreme streamflow events due
to increased frequency of strong storms.
Evapotranspiration: increased due to higher
temperatures
Runoff: rates more variable but likely
reduced annually
Water Supply Recharge (groundwater and
reservoirs): likely reduced due to higher
temperatures. Warm/dry scenario 12%
reduction in groundwater inflow modeled for
San Joaquin Valley and South Bay (lower end
projection)
Climate Water Deficit (CWD): Bothe wet and
dry scenarios demonstrate reduction in
ground and surface water availability
Landslide frequency: Likely increase due to
increased storm intensity/frequency and
increased fire frequency/extent
Erosion: Likely increase due to increased
storm intensity/frequency and increased fire
frequency/extent
Sedimentation (inland and coastal): Likely
increase due to increased storm
intensity/frequency and increased fire
frequency/extent
Subsidence: Potentially increased if reduced
groundwater recharge

Extent: Increased statewide
Risk areas: High increase (approx. 4-7 fold
increase) (highly localized spatial variability)

Most Likely

Seasonality: More fires in spring due to
drier conditions projected
Streamflow: Reduced

Moderately Likely

Krawchuk, M. A., and M. A. Moritz (Simon Fraser University; University of
California, Berkeley). 2012. Fire and Climate Change in California. California Energy
Commission. Publication number: CEC-500-2012-026.

Medellín-Azuara, J., C. R. Connell, K. Madani, J. R. Lund, and R. E. Howitt. 2009.
Water Management Adaptation with Climate Change, California Energy
Commission, Public Interest Energy Research (PIER), Sacramento, California. p. 30.
Connell-Buck, C. R. 2011 “Adapting California’s Water System to Warm vs. Dry
Climates.” Climatic Change 109 (Suppl 1): S133-149.

Evapotranspiration: Increased due to higher Most Likely
temperatures
Moderately Likely
Runoff: Rates more variable but likely
reduced annually
Moderately Likely
Water Supply Recharge (groundwater and
reservoirs): Reduced

Climate Water Deficit (CWD): Increased

Moderately Likely

Landslide frequency: Likely increase due to
more frequent stronger storms and wildfires

Most Likely

Erosion: Likely increase due to more
frequent stronger storms and wildfires

-

Sedimentation (inland): Likely increase due
to more frequent stronger storms and
wildfires

-

Subsidence: Potentially increased if reduced
groundwater recharge

-

Thorne, James, Ryan Boynton, Lorraine Flint, Alan Flint, and Thuy‐N’goc Le
(University of California, Davis and U.S. Geological Survey). 2012. Development and
Application of Downscaled Hydroclimatic Predictor Variables for Use in Climate
Vulnerability and Assessment Studies. California Energy Commission. Publication
number: CEC‐500‐2012‐010.
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SILICON VALLEY 2.0 - CLIMATE CHANGE VARIABLES TABLE

AIR QUALITY

Degrees urban heat island: Increased,
dependent on growth pattern, urban
landscape trends

Average Air Quality: Increased, detailed
maps available
Air pollution events (duration, frequency,
intensity): Increased
LANDSCAPE/BIOLOGICAL Vegetation/species range: Trend toward
species adapted to drier conditions, highly
dependent on fire patterns and land
management activities
Landscape Carbon cycling: Reduction in
biomass/carbon stock with vegetation
change (increased carbon emissions).
Range/forage productivity: Likely reduced in
eastern portion of the County

Degrees urban heat island: Unknown

-

Average Air Quality: Unknown

-

Air pollution extreme events (duration,
frequency, intensity): Unknown
Vegetation/species range: Trend toward
species adapted to drier conditions, highly
dependent on fire patterns and land
management activities
Landscape Carbon cycling: Reduction in
biomass/carbon stock with vegetation
change (increased carbon emissions).
Range/forage productivity: Likely reduced
in eastern portion of the County, potentially
increased Western County
Crop Suitability: Current range shifting
Crop Suitability: Current range shifting
westward (toward ocean) and up elevation,
westward (toward ocean) and up elevation,
drier/hotter eastern and lower elevation.
drier/hotter eastern and lower elevation.
Lower freeze risk is possible.
Lower freeze risk is possible
Pollinator range/vulnerability: Increased
Pollinator range/vulnerability: Increased
vulnerability
vulnerability
Invasive Species/Pests range/vulnerability:
Invasive Species/Pests range/vulnerability:
Likely increase due to vegetation change and Likely increase due to vegetation change
increased fire frequency/extent
and increased fire frequency/extent
Disease/Vector range/vulnerability:
Disease/Vector range/vulnerability:
Increased vulnerability
Increased vulnerability
Landscape nutrient cycling: TBD potential
Landscape nutrient cycling: Potential
reduction in nutrient content of crops/forage reduction in nutrient content of
due to elevated CO 2
crops/forage due to elevated CO 2

Jerrett, M., J. G. Su, C. E. Reid, B. Jesdale, A. M. Ortega Hinojosa, S. B. Shonkoff, E.
Seto, and R. Morello-Frosch. 2012. Mapping Climate Change Exposures,
Vulnerabilitys, and Adaptation to Public Health Risks in the San Francisco Bay and
Fresno Regions. California Energy Commission. Publication number: CEC-500-2012041.

Moderately Likely

-

-

-

Cornwell, William K., Stephanie Stuart, Aaron Ramirez, Christopher R. Dolanc,
James H. Thorne, and David D. Ackerly (University of California, Berkeley). 2012.
Climate Change Impacts on California Vegetation: Physiology, Life History, and
Ecosystem Change. California Energy Commission. Publication number: CEC-5002012-023.
Ackerly, David D., Rebecca A. Ryals, Will K. Cornwell, Scott R. Loarie, Sam Veloz,
Kelley D. Higgason, Whendee L. Silver, and Todd E. Dawson. 2012. Potential
Impacts of Climate Change on Biodiversity and Ecosystem Services in the San
Francisco Bay Area. California Energy Commission. Publication number: CEC-5002012-037.

-

-

*This matrix is accompanied by a Climate Science Memorandum which outlines the approach taken in relation to selecting projections, particularly in relation to
global emission scenarios. The California Energy Commission studies and the CalAdapt tool apply the A1, A2, and B1 scenarios to provide estimates of climate
change variables and impacts in the Bay Area. Estimates based on these two scenarios are provided in this table (often a range is provided for each variable with
the high end representing the A1 or A2 scenario and the low end representing B1).
**The likelihood ranking scale is as follows: Most likely; Moderately likely; Somewhat likely; Least likely; Uncertain
Note that the likelihood was only evaluated for the main variables where sufficient data about the projections was available to assign a ranking.
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B CASCADING IMPACTS EXERCISE

Silicon Valley 2.0 Climate Adaptation Guidebook

Project Partner’s Kickoff Meeting Event - May 6th 2013 - Audience Polling Results

POLL QUESTION 1: What is needed to facilitate regional resiliency planning?
a.
b.
c.
d.
e.
f.
g.

Regional framework for collaboration/coordination
Vulnerability analysis and risk assessment tools
Cost/benefit resiliency strategy evaluation tools
State mandate
Knowledge sharing networks
Demonstration projects
Other?

County of Santa Clara SV 2.0 Project: Project Partner Kick-Off Event [6 May 2013]

POLL QUESTION 2: What climate change impact is the biggest threat?
a.
b.
c.
d.
e.
f.

Sea Level Rise
Increased Wildfire Frequency
Increased Extreme Heat Event Frequency/Duration
Increased Flooding Frequency/Intensity
Drought/Food Chain Disruption
Other?

County of Santa Clara SV 2.0 Project: Project Partner Kick-Off Event [6 May 2013]

POLL QUESTION 3: What time horizon should we be planning for?
a.
b.
c.
d.
e.

2030 expected variables
2050 expected variables
2080 expected variables
2100 expected variables
2200 expected variables

County of Santa Clara SV 2.0 Project: Project Partner Kick-Off Event [6 May 2013]

POLL QUESTION 4: What are the barriers to regional collaboration?
a.
b.
c.
d.
e.

Information barriers (e.g., insufficient or inadequate information on climate change impact)
Governance barriers (e.g., poor coordination between governments, agencies, organizations)
Behavioral and cognitive barriers (e.g., lack of perceived urgency, inability to plan 50+ years out)
Policy barriers (e.g., regulations or an absence of regulations that inhibit adaptation)
Other?

County of Santa Clara SV 2.0 Project: Project Partner Kick-Off Event [6 May 2013]

OPEN ENDED QUESTION: How can this effort help you improve your resilience and capacity?
a.
b.
c.
d.
e.
f.

Are there specific things you need to know
Are there tools you don’t have
What do you think we should prioritize as a “key impact” to address
Are there other parties in your organization we should be engaging?
Are there other external parties we should be engaging?
Other?

Comments:
 Need to ensure we avoid negative feedback loops
 Communications infrastructure very important first priority for emergency response
 Widen knowledge of cascading impacts to inform response planning
 Help partners facilitate pilot projects
 Need to identify regulatory requirements (codes, laws, etc) that may be @ cross-purposes with
resilience & adaptation.
 Local jurisdictions need real dollars for implementation, not unfunded regional mandates.
 South Bay is affected by and will affect other Bay area communities' strategies. It is impt. to keep
abreast of the larger region's efforts.
 Increase public and political buy-in/ownership of this issue
 All of the above
 Need two things 1) tool to analyze economic impact of climate change on parcels and 2) guidelines
for infrastructure development
 Finally, the beginning of worst case scenario planning. This is what should be mandated statewide.
 Coordinated communications plans and messages for the region to garner support for specific
adaptation initiatives.
 Are you working w other regional planning efforts, esp. Regional Prosperity Plan? Important to
align goals and strategies so we're not at cross purposes.
 Need suggestions for specific adaptive actions that can be taken.
 I need a decision on which forecast model we will use (ie UN IPCC vs NOAA?).
 There needs to be the bandwidth in local institutions
 How will climate changes impact ecosystems, especially plant communities?
 Can academic institutions help with data analysis or modeling? Or help to pilot strategies?
 Strategy to match timeline for effective action
 Help identify areas of overlap between corporate sustainability goals and regional adaptation goals
 Stakeholder assessment and engagement strategies.
 By giving us a better idea of what our vulnerabilities are.
 Tools
 Probably most of the above.

County of Santa Clara SV 2.0 Project: Project Partner Kick-Off Event [6 May 2013]

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: Buildings and Energy
CLIMATE VARIABLE: Sea Level Rise

Gas Pipeline Buoy
Up with Water
Table

Brownouts /
Blackouts

PRIORITY IMPACTS IDENTIFIED:

Decreased
Peak Capacity

• Energy infrastructure damaged
• Buildings damaged
• People and activities displaced

Increased
Utility
Costs

Electricity Required
for Pumping to
Evacuate Water

Flood Power
Plants /
Substations

ENERGY
SUPPLY

Flood Insurance
Increase
Economic
Decline

Lower
Productivity

Sick
People

Sick
Buildings

Increased
Energy Costs

Rationing

LOCAL ENERGY
INFRASTRUCTURE

SEA
SEA LEVEL
LEVEL
RISE
RISE

Increased
Mold

BUILDINGS
Increased
Pumping

Diesel
Shortage
for Emergency
Pumps

Power
Plants on
the Bay

Gas / Electric
Affected by Sea
Water Corrosion /
Rust

Displaced
functions/people

Mission/Business
Interruption

Lost Funding /
Revenue

Lost Taxes

Joblessness /
Vandalism /
Homelessness
Businesses / People
who can, move

Loss of Silicon
Valley cachet

Higher
Density

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)

$$$

Rolling Brownout /
Black Starts

SECTOR: Buildings and Energy

Increased Peak
Load Demand

CLIMATE VARIABLE: Extreme Heat

Shut Down
Buildings / Industry

Health
Impacts

Wildfire Risk
Air Quality

Lower Energy
Production

Fire Fighting
Decreased
Sagging
Resources
Hydropower
Lines
in Pacific NW
Increased H20
Increased
Demand for
LOCAL
Wildfire Risk / Integrity of Transmission
Cooling ENERGY
Decreased Power
ENERGY
High Winds Power Lines Interruptions /
Grid Capacity Decreased
SUPPLY
INFRASTRUCTURE
at Risk
Rolling Blackouts
Plant
Capacity

PRIORITY IMPACTS IDENTIFIED:
• Decreased power grid capacity / higher peak loads
• Increased reliance on fossil fuels
• Power distribution interruptions

EXTREME
SEA LEVEL
HEAT
RISE

Build More
Power Plants

Indoor Rec
Energy to Pump, Increased
Increase Water
Facilities
Clean, Transport Water Use
Use (showers)
H20
Increased
Increased
Increase Need for
Worse Air
Rolling
Backup
AC Use
Peak
Load
Cooling Centers
BUILDINGS
Quality
Blackouts
Generators
Demand
Increase
Change of
Less Efficient
Staff /
Business Hours
HVAC
Solar Panel
Resources
Use More
Business
Productivity Output
Loss of
Disruptions Coal Power
More People
Communications
$$$
Stay Inside
More Sunny Days =
Worse Air
Decreased
Quality
Generation Greater Generation
Decreased Peak
Load Electricity

Lost Taxes

Increased Peak
Load Electricity
Decrease Reliance
on Fossil Fuels

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: Buildings and Energy
CLIMATE VARIABLE: Temporary Flooding

Disrupted
Economy

Air Traffic
Control Tower
Closures

PRIORITY IMPACTS IDENTIFIED:
• Reduced emergency response from Moffett Airfield
• Sewer system failure
• Power grid disruptions

Hospital
Overcrowding
Fuel Distribution
Problems

Sewer
Failure

Impacts to
Computers
Natural Gas
Substation

Pump
Failure

Loss of AC

Hydroelectric
Supply
Disruption
Impact Building
Operations
(hospitals)

Disease / Death

ENERGY
SUPPLY

Wastewater
Facilities
Flooded
Storm Drains
Fail

LOCAL ENERGY
INFRASTRUCTURE

TEMPORARY
SEA LEVEL
FLOODING

RISE

Disrupt
Business

BUILDINGS
Moffett
Airfield

Interferes with
People Getting to
Work

Loss of National
Emergency
Response Asset
Impact to
Continuation of
Operations

Future Emergency
Response Impacts

CA Air Natl Guard
129th Rescue Wing;
FEMA Regional
Warehouse;
EMSA;
th
95 Civil Support
(Hazmat)

$$$

Wildlife
Death

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)

No water to
support real estate
development
Loss of cultural
heritage

SECTOR: Livestock and Crops

Shift in land use

Ranchers give up
grazing

CLIMATE VARIABLE: CHANGE IN TEMP / PRECIPITATION

Less local food

PRIORITY IMPACTS IDENTIFIED:
• Group chose not to prioritize (all equal)

Land goes to
open space/
preservation

Less grazing land
productivity
Reduced
wages

*Group included no Ag experts

Health
effects

Less
working
days

Worker heat
exposure/
health

Livestock
CHANGE IN
Ag
TEMPERATURE
Worker
AND
Wellbeing PRECIPITATION
PATTERNS

High
temp
days

Increased
need for
pesticides

Local
Farming Stress
/ Supply

Crops
Less ground
& imported
water

Shift in
land use

Loss of cultural
heritage

Less water
available for
livestock

Crop
viability
Unlikely small
farms in Co. can
adapt (most
farms)

Drier
conditions

Higher cost
for food
people want

Less
local food

Longer
distance delivery
/supply

Shifting Crops
(grape varieties)

Increased
irrigation costs

GHG
emissions
Viticulture
shifting
coastal
Shift in
land use

Competition for
land

Secondary
industries leaving
county

Shift in
diet

Exacerbates
disparity along
social/
demographic

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: LANDSCAPES AND ECOSYSTEMS
CLIMATE VARIABLE: DROUGHT / EXTREME HEAT
PRIORITY IMPACTS IDENTIFIED:
• Group chose not to prioritize (all equal)

Cost /
resiliency
of infrastructure

GHG
emissions

Don’t know
Loss of
Shift in enough
Erosion /
sensitive
habitat
yet
to
runoff
species/
delineations predict
Biomass
Land use
ecosystems
Loss
Management
Impacts
to
Fire
/building
Regulations
cost
buildings /
frequency /
design
to species/
Less park
Lower
Invasive/
infrastructure
severity
wetlands
visits/
quality
Migrating
Vegetation
tourism
of life
Species
Change
Pre and post Cost of land
BIODIVERSITY
management
change
Loss of
Iconic
cultural
Species
heritage
Reduced Possible shift
Loss
water
In location /
Wetlands
quality
function
Stronger
Outreach
Urban
water
Vegetation
and rebate
efficiency
Landscape
change
programs
Irrigation
ordinance
Visual
(e.g., forest to

DROUGHT
&
EXTREME
HEAT

grassland)
Property
value

Effects

Fire
Scar
Landslides

LANDSCAPES
Streamflow

City
supply
Steelhead

Water Temp

Reduction
sensitive
wetland/
riparian species

Higher
Urban Tree
Irrigation
Canopy
bills
Stress
Initiatives
around
urban forest Increased /
Old
decreased
canopies
urban heat island
Some trees
more
resistant

Public
health

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: LANDSCAPES AND ECOSYSTEMS

Increased
invasive
species

CLIMATE VARIABLE: SEA LEVEL RISE & STRONG STORMS
PRIORITY IMPACTS IDENTIFIED:
• Group chose not to prioritize (all equal)

(something in () can't read)

Impacts from SLR
mitigation measures for
human populations

Changing
sedimentation

Changing
habitat / water
chemistry

Local species extinction

BIODIVERSITY

Salinity

SEA LEVEL
RISE &
STRONGER
STORMS

Bay
Shoreline
Shift
Local
reservoir
management

New value
Changing
for watershed watershed
planning
function/
flooding
ArkStorm

LANDSCAPES
Riverine / Fluvial
Change

Sifting flood
zones /
watercourses

Distribution
of water in
ground

Damage
from floods

SLR
compounding

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: Public health
CLIMATE VARIABLE: Extreme heat
PRIORITY IMPACTS IDENTIFIED:
• Impact on health care delivery system,
specifically on utilization of facilities and
demand on emergency responders
• Impact on infrastructure, particularly
communications and energy systems
Key is to support vulnerable populations, especially
those with chronic diseases, the elderly, young
children, those with mental illness, and the
homeless population

Economic issues for
families

Health issues

Displacement
Increased
hospitalizations

More
hospitalizations

Worsening air
quality

Worsening air
quality

Vulnerable Populations Identified
• Children
• Elderly
• Homeless
• People living in sub-standard housing
• People living in housing without air conditioning
• Children in schools without air conditioning
• People living in areas with high impervious surface
• People with chronic diseases
• People with mental health issues
• Prisoners
• Outdoor workers, including farmer and agricultural workers, construction workers, sanitations workers
• Pets/animals/livestock

Lost work days

Increased heat
stroke / morbidity /
illness

Power outages –
AC/fans

Increased ozone

Increased crime

Impacts on
emergency
responder
transport

Worsening air
quality due to
diesel emissions
from generators

Lost school days

Risk to emergency
responders
Increased wildfire
intensity

Increase in
respiratory illness

Lost productivity
for businesses

EXTREME
HEAT

Impacts on
transportation
system
Decreased physical
activity

Impacts on crop
productivity

Increased risk of
obesity

Increased risk of
chronic diseases
related to obesity

Increased costs of
food

Energy disruption

Emergency facility
demand
Water pump
interruptions

Increased demand
on health care
facilities /
emergency
management
facilities

Increased roadway
congestion
Heat-related
morbidity

Vector-borne
disease issues

Sanitations issues
Health issues
Increased demand
for cooling stations
/ centers

Increased hospital
utilization

Possible
overcrowding

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
Mental health
issues

SECTOR: Public health
CLIMATE VARIABLE: Temporary flooding
PRIORITY IMPACTS IDENTIFIED:
• Impact on health care delivery system,
specifically on utilization of facilities and
demand on emergency responders
• Impact on infrastructure, particularly
communications and energy systems
Key is to support vulnerable populations, especially
those with chronic diseases, the elderly, young
children, those with mental illness, and the
homeless population
Vulnerable Populations Identified
• Homeless
• Homebound
• People living in trailer parks in floodplain
• People living in housing adjacent to the Bay
• Prisoners
• People with chronic diseases

Economic issues for
families

Displacement
Increased
hospitalizations

Lost work days

Injury

Risk to emergency
responders

Worsening indoor
air quality

Increased mold
formations
Increased crime

Inability to reach
emergency services

Flooded businesses

Increased
landslides
Increase in
respiratory illness

Lost productivity
for businesses

Downed
communication
lines
Emergency facility
demand

Impacts on
infrastructure

TEMPORARY
FLOODING

Downed energy
infrastructure
Flooded roads

Change in rodent
and insect
populations
Increase in vectorborne disease

Impacted on
agricultural
production
Increased food
costs

Stormwater back
up

Sanitation issues

Health issues

Reduced access to
health care facilities
Increased
bacteria

Water supply
pollution

SF Bay pollution
increases

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: Transportation
Abandon
asset

CLIMATE VARIABLE: Sea level Rise

Service interruption

PRIORITY IMPACTS IDENTIFIED:
• Road network impacted – need to be altered
• Transit and rail network impacted – routes to be altered
• Costs needed to retreat

AREAS AT RISK:
•
•
•
•
•

Alviso
Palo Alto
Moffet Field/NASA
East Palo Alto
Waste water treatment plants

OTHER IDEAS:
• Set up a Santa Clara Climate Adaptation Authority or a
Silicon Valley Climate Adaptation Authority
• Local Govt JPA plus partnership with private sector
organizations.
• Funding from JPA + private sector + state

BART & Caltrain
impacted
SJ airport
flooded

Loss of bike
paths & trails

FACILITIES

TRANSIT &
RAIL

Infrastructure
damage

Saltwater
intrusion

SEA LEVEL
RISE
PED/BIKE
FACILITIES

ROAD
NETWORK

Abandon
roads

Homes &
job losses
Dramatic land use
pattern changes

Detours &
congestion

Economic
impacts

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: TRANSPORATION
CLIMATE VARIABLE: EXTREME HEAT

Service disruption
Delays to
equipment
maintenance

PRIORITY IMPACTS IDENTIFIED:
• Public health impacts from air quality and over hot
facilities
• Rolling brown outs
• Decline in transit ridership if transit uncomfortable or
unreliable
• Decline in use of cycling / walking if condition
uncomfortable

Increase in power
costs
Reduced efficiency
in transmission

Workers can’t work
in exterior
maintenance FACILITIES
facilities

Impact on
Public
health
More
emissions

More
congestion

Economic
impacts

Less people
biking &
walking

TRANSIT &
RAIL

EXTREME
HEAT
PED/BIKE
FACILITIES

ROAD
NETWORK

Price increases

Decline in
ridership

Increased
congestion

Overheated
Increase in
carriages ridership (cooling
centers!)
Increase rail car
cooling costs
Rolling
brownouts

Increased energy
use

Increased GHG
emissions
Price
increases

Increase in power
costs

Service disruptions
EV batteries less
efficient

Asphalt degrading

Traffic lights
out

O&M costs increase
EV less efficient
Worse road
conditions

Car maintenance
costs increase

More accidents

Economic
impacts

Congestion

Business
shutdowns

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)

Economic impact / business
loss
Vulnerable populations
isolated
People can’t get to

SECTOR: TRANSPORTATION

Flow of goods disrupted

jobs

Higher insurance
costs

Service disrupted
Service disrupted

CLIMATE VARIABLE: TEMPORARY FLOODING

Rail damage

PRIORITY IMPACTS IDENTIFIED:
•
•
•
•

Bus facilities flooded

Long term road damage
Cost burden on local jurisdiction for repairs
Isolation of vulnerable populations (without own vehicles)
Impact on behavior change (mode shift)

FACILITIES

Highway 237
Alviso
Guadalupe River + Coyote Creek
Highway 87
Road underpasses

TRANSIT & RAIL
Abandon
roads

TEMPORARY
FLOODING

AREAS AT RISK:
•
•
•
•
•

Rail line
shut down

PED/BIKE
FACILITIES
Untreated runoff
Into waterways
Polluted creeks
& Bay

Roads/bridges
washed out

Can’t bike/cycle on
Flooded roads

Transfer back to car use
Away from bike use

Higher car
insurance

Long term
Road damage

ROAD
NETWORK

Impact on
goods movement
Impact on access
To daily needs (food)

Roads/bridges
washed out
Landslides &
subsidence

Cost on local
jurisdictions
to repair

Traffic congestion
Accidents &
injuries
Loss of productivity

Economic impact

Higher health
insurance

Emergency
Services
disrupted

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
Increased safety
risks

SECTOR: Water & Wastewater
CLIMATE VARIABLE: Sea Level Rise & Temporary Flooding
PRIORITY IMPACTS IDENTIFIED:
• Groundwater contamination
• Regional wastewater plant at risk
• Water infrastructure compromised

Increased costs to
consumer

IMPACT D

Decreased water
supply
Decreased
water quality

Dam failure (also
from earthquakes)

Transportation
delays
Compromised
Pipes
infrastructure
Contamination of
Increased
washed out
erosion
from roads
unsealed wells
Overwhelm
Increased salinity
Sedimentation of
reservoirs
Public health
reservoirs
More landslides
impacts
Contaminates
Local Surface
Water table
Stormwater
Water
Contamination
water supply
Saltwater
increases
infiltrates pipes
from landfills
Decreased water
intrusion Groundwater
supply
Imported Surface Delta pumps
Risk
Weaken
Water
flooded
Increased
maps Flood Infrastructure
Less support for
foundations Increased
treatment costs
SEA
LEVEL
RISE
Increased
Perception
of
Conservation
costs
conservation
flooding
reduced need
& TEMPORARY
Repair costs
More support for
(“plenty of water”)
PropertyIncreased work
FLOODING
on
flood control
damage
infrastructure
Greater need
Leach fields flooded
Impacts to land
for green
Lost
(upper watershed)
Wastewater
Source water
use planning
infrastructure
functionality
contamination
Regional plant
Regional plant
Lost
Stormwater
at risk Mechanical/pumpsponds flooded
functionality
infiltrates pipes
flooded
Failure
Increased
treatment costs

Higher flows
to plant

Riverine + coastal
flooding = perfect Greater
protection
storm

Increased
Overflows at
operating
plant
costs
Need for
financing
strategy

Costly to
protect &
maintain

Sewage backups
Public health
(homes)
impacts
Discharges to
Bay
Recreation
impacts

More levees

Fiscal impacts

Environmental
impacts

Wildlife
impacts

Regulatory
compliance
impacts

CASCADING IMPACTS EXERCISE –
PROJECT PARTNER’S MEETING (MAY 6TH 2013)
SECTOR: Water & Wastewater

Conservation
More policies

Reduced
Reduced
recharge
reservoir
ability
space
Reduced longIncreased stress on
term potable
supply
supply
More

CLIMATE VARIABLE: Change in Precipitation Patterns,
Evapotranspiration & Runoff
PRIORITY IMPACTS IDENTIFIED:
• Increased water rates
• More groundwater pumping

Reduced property
values

flooding

Reduced
property
values

Infrastructure
damage

More subsidence

Decreased
developable
land
Retreat
Protect

Expensive

Increased fire
hazard
Changed
ecotones

Dry
vegetation

Less water for
Increased need for More irrigation
urban forest
environmental flows
demand

Local Surface
More pumping
Water
Groundwater

Increased
reliance on
imported

Urban heat
island
Air quality
Less C
impacts
sequestration
Increased
energy use

Increased
water rates

Less water for
groundwater
recharge
PRECIPITATION
More
Flood
Less revenue
PATTERNS,
Infrastructure
incentives for
for cities (pay
EVAPOTRANSPIR
Conservationconservation
same
ATION & RUNOFF
amount)
More support
Need for policy /
for toilet to
Reduced water use Wastewater
regulatory
tap (potable
change
recharge)
Increased
More support
Lower flows to plant
pressure for
for graywater
Greater energy
recycled
dependence
Desalination
water
viable
Reduced sewer
fees/revenues

Maintenance costs
unchanged

Deficit

Aesthetic
impacts

Less irrigation
More competition
w/ less water

Increased public
safety risk

Imported Surface
CHANGE IN
Water

More
incentives for
conservation

Greater need for
recycled water
(potable recharge)
Need for decoupling
conservation & water
rates
Need for
outreach

C SENSITIVITY ANALYSIS SUMMARY

Silicon Valley 2.0 Climate Adaptation Guidebook

SENSITIVITY ANALYSIS - SCALE AND DEFINITIONS
Asset Sensitivity to Climate Variables and Secondary Impacts

SECTOR

Buildings

None ‐
No impact to asset
function

Low ‐
Asset still functional

Neglible or no change to the
buildings structure/ fabric or
function

Short term, minor but reversible Significant but not irreversible
impact to building structure/
damage to building
fabric or function
structure/fabric or function

Medium ‐
Asset function
compromised

High ‐
Asset no longer functional
Building structure / fabric is
irreversibly damaged causing
loss of function

Energy

Neglible or no change to energy Short term, minor but reversible Significant but not irreversible
asset structure
impact to energy asset
damage to energy asset

Energy asset is irreversibly
damaged causing loss of
function

Transportation Assets

Neglible or no change to the
transportation asset function

Short term, minor but reversible Significant but not irreversible
impact to transportation asset
damage to transportation asset

Transportation asset is
irreversibly damaged causing
loss of function

Water

Neglible or no change to water
infrastructure function

Short term, minor but reversible Significant but not irreversible
impact to water infrastructure
damage to water infrastructure
asset
asset

Water infrastructure asset is
irreversibly damaged causing
loss of function

Neglible or no change to health

Short term, minor but reversible Significant but not fatal change
change to health
to health

Critical change to health,
including fatalities

Neglible or no change to crops

Short term, minor but reversible Significant but not permanent
interruption to crop health
loss of crops

Widespread and permanent loss
of crops

Neglible or no change to
ecosystem function

Short term, minor but reversible Significant but not permanent
interruption to ecosystem
loss of ecosystem function
function

Widespread and permanent loss
of ecosystem function.

Public health
Agriculture
Ecosystems

SENSITIVITY ANALYSIS - SENSITIVITY RANKINGS
Asset Sensitivity to Climate Variables
Climate Variables
Sea
Level Rise
(Permanent
Inundation
Only)

←

Rationale

Sea Level Rise
+
Wind Waves
& Storm Surge

←

Rationale

Storm
Events Riverine
Flooding

←

Rationale

Annual Temperature
Pattern Change;
Extreme Temperature
Events (Heatwaves &
Coldsnaps)

Secondary Climate Change Variables

←

Rationale

Precipitation Change
(Annual & Seasonal
Patterns)

←

Rationale

Storm Events Wind

INFRASTRUCTURE AND OTHER PHYSICAL ASSETS
BUILDINGS (i.e., government, commercial, industrial and residential)

High

Buildings cannot be accessed
or used if permanently
inundated

High

Building fabric wlil be damaged
with prolonged flooding

Medium

Building fabric wlil be
damaged with prolonged
flooding

Medium

PROPERTY (non building) (i.e., parking lots, undeveloped land)

High

loss of usable property

Medium

temporary loss of property

Medium

temporary loss of
property, damage/erosion

None

ROADS

High

Roads cannot be used if
permanently inundated.

Medium

Traffic delays - Roads may be
used during shallow flooding and
can witshstand periodic
inundation, errosion damage

High

Medium

Only under extreme temperatures could
asphalt be softened

Low

Paving materials may be
affected if ground shrinks
due to drought.

BRIDGES (If wooden bridges then high sensitivity to wild fire)

High

Access likely to be impacted;
scouring, erosion likely.

Medium

Access likely to be impacted,
scouring, erosion likely.

Medium

Traffic delays - Roads
may be used during
shallow flooding and can
witshstand periodic
inundation, errosion
damage
Access could to be
impacted. Errosion
damage

Low

Only under extreme temperatures could
bridge infrastructure be compromised.

Low

PEDESTRIAN AND BIKE PATHS

High

Cannot be used if flooded.

High

Impact of storm surge event could
cause damage or destroy
infrastructure.

High

Impact of flooding event
could cause damage or
destroy infrastructure.

Low

Only under extreme temperatures could
asphalt be softened.

AIRPORTS

High

Cannot be used if flooded.

High

Impact of storm surge event could
cause damage or destroy
infrastructure.

High

Impact of flooding event
could cause damage or
destroy infrastructure.

Low

RAIL

High

Cannot be used if flooded.

High

Impact of storm surge event could
cause damage or destroy rail
infrastructure.

High

Impact of flooding event
could cause damage or
destroy rail infrastructure.

High

Medium

Long-term damage to towers
possible.

Medium

Possible damage to towers
towers and lines in flood.

High

Potential destruction of
towers and lines in high
velocity inland flood.

Medium

Only under extreme temperatures could
asphalt be softened. Planes need
longer runways to take off at higher
temperatures, particularly for large long
haul planes.
Rails could buckle. Failure of rolling
stock air conditioning at high
temperatures. High temperature could
disable electronic components for
signalling
High temperature could disable
electronic components

COMMUNICATION INFRASTRUCTURE (exchange centers and
communication terminal pits or junction centres )

High

Cannot operate if flooded

High

Loss of function if flooded.

High

Loss of function if flooded.

Medium

DATA CENTERS

High

Bulidings cannot be accessed
or used if permanently
inundated

High

Flooding could destroy electrical
equipment.

High

Flooding could destroy
electrical equipment.

Medium

Medium

Built to be inundated. Will not
be damaged by SLR although
will no longer fulfil its
purpose.

High

Impact of storm surge event could
cause damage or destroy levee.

Low

None

WASTEWATER TREATMENT PLANT AND COLLECTION
INFRASTRUCTURE

High

Cannot operate if flooded

High

Cannot operate if flooded

Medium

Shoreline protection
usually has minor
sensitivity to riverine
flooding and associated
debris damage.
Cannot operate if flooded

Low

Extreme temperature causing minor
increase odour impacts - this woud be a
Low rather than none.

Low

Reduced water usage
decreases flows into
the wastewater systems
decreasing
the overall water volume
but not the waste load, and
in increases sewer cleaning
and increased system
corrosion.

None

WATER SUPPLY PLANT AND DELIVERY INFRASTRUCTURE
(e.g.,pumps, pipes)

High

cannot operate if flooded,
potential water safety issues

high

cannot operate if flooded,
potential water safety issues

Medium

cannot operate if flooded,
potential water safety
issues

Low

Pumps have a minor sensitivity to
extreme temperatures particularly if
controlled through electronics that are
sensitivity to high temperatures.

Low

Low

STORMWATER INFRASTRUCTURE

High

loss of stormwater
infrastructure capacity near
the coast

Medium

loss of stormwater infrastructure
capacity near the coast

high

Could be destroyed

None

Increase in ground
movement due to change in
precipitation patterns will
increase pipe breaks and
bursts.
underbuilt infrastructure in
increase in winter; potential
degradation in function

RESERVOIRS

High

Salt water intrusion

High

Salt water intrusion

High

Risk of dam breach,
undersized
spillway/infrastructure

Low

Increased temperature and evaporation
causing greater net loss of water stored

Medium

ENERGY GENERATION FACILITIES

High

Cannot operate if flooded

High

Cannot operate if flooded

High

Cannot operate if flooded

High

High temperature could disable
electronic components

Medium

ENERGY SUBSTATIONS

High

Cannot operate if flooded

High

Cannot operate if flooded

High

Cannot operate if flooded

High

High temperature could disable
electronic components

None

Medium

Cannot operate if flooded

Medium

Cannot operate if flooded

Low

Cannot operate if flooded

High

High temperature could disable
electronic components

Medium

COMMUNICATION INFRASTRUCTURE (Towers, lines)

SHORELINE PROTECTION (Dikes and Levees)

TRANSMISSION AND DISTRIBUTION INFRASTRUCTURE

Building function can be maintained.
Energy use may increase

Low

Foundations may be
affected if ground shrinks
due to drought.

←

Rationale

Wildfire

Impact from
flying objects,
falling trees.
Loss of roof tiles,
cladding.

High

Low

Disruption from
falling trees;
impact on traffic

High

Structural integrity
at risk

Low

Foundations may be
affected if ground shrinks
due to drought.

Medium

Closure

High

Structural integrity
at risk/damage from
debris flows/erosion

Low

Paving materials may be
affected if ground shrinks
due to drought.

Low

Disruption from
falling trees;
other debris

High

Low

Paving materials may be
affected if ground shrinks
due to drought.

Low

Disruption of air
travel

None

Low

Disruption from
falling trees;
other debris

None

High temperature could disable
electronic components

None

Energy use may increase. Energy
shortages may cause supply issues.

Low

None

Foundations may be
affected if ground shrinks
due to drought.

←

Rationale

Air Quality

←

Rationale

Allergens

N/A

N/A

N/A

Temporary disruption.

N/A

N/A

N/A

Low

Unless made of wood.

N/A

N/A

N/A

Erosion or landslide
could lead to loss of
infrastructure.

Low

Temporary disruption.

N/A

N/A

N/A

High

Erosion or landslide
could lead to loss of
infrastructure.

Low

Smoke may cause
temporary disruption.

N/A

N/A

N/A

High

Erosion or landslide
could lead to loss of
infrastructure.

Low

Temporary disruption.

N/A

N/A

N/A

High

High

Erosion or landslide
could lead to loss of
towers.

High

Wildfire can damage or
destroy communication
infrastructure.

N/A

N/A

N/A

High

High

Erosion or landslide
could lead to loss of
towers.

High

Wildfire can damage or
destroy communication
infrastructure.

N/A

N/A

N/A

Medium

Structural integrity
at risk

High

Wooden structures
vulnerable.

N/A

N/A

N/A

Medium

Structural integrity
at risk

None

N/A

N/A

N/A

High

Erosion or landslide
could lead to loss of
wastewater plant.

None

Structures tend to be
concrete and metal.

N/A

N/A

N/A

High

damage to
infrastructure

Medium

Damage to infrastructure

N/A

N/A

N/A

increased
sedimentation,
errosion, damage to
functionality
damage to dams.
Potential for seiche.

Low

increased runoff in
watersheds, increased
sedimentation and debris

N/A

N/A

N/A

Medium

Erosion and
sedimentation increased
(water quality)

N/A

N/A

N/A

None

Impact from
flying objects,
falling trees.
Loss of roof tiles,
cladding.
This considers
wind impact on
wave action is
covered in storm
surge

Wooden structures
vulnerable.

Change in
diseases amd
pests

N/A

High

High

Rationale

N/A

Medium

Structural integrity
at risk

←

N/A

None

None

Medium

Medium

←

Increased Landslides;
Erosion
Rationale
(Coasta/Land)

None

Low

Debris clogging
system during
storms

High

Drought and snow pack
changes impacting water
supply

Low

Increase in wind
increases
evaporation of
water stored

High

generation sensitive to loss
of cooling water supply to
thermal power stations;
hydro generation impacted
by reduced seasonal water
flow

Low

extreme wind
shut down of
wind power
generation;
overall small
impact on total
generation
High winds could
blow over tower
structures in
substation.
High winds could
blow trees or
other debris into
on to
transmission
infrastructure.

High

Erosion or landslide
could lead to loss of
facilitiy

Low

Structures tend to
protected from wildfire
areas.

N/A

N/A

N/A

High

Erosion or landslide
could lead to loss of
substation.

High

Wildfire can damage or
destroy substations.

N/A

N/A

N/A

Medium

Structural integrity
at risk

High

wildfire can damage and
destroy infrastructure

N/A

N/A

N/A

Medium

Dust build up on resisters
and insulators due to lack of
rain to clean them causing
arcing and faults

Medium

←

Rationale

SENSITIVITY ANALYSIS - SENSITIVITY RANKINGS
Asset Sensitivity to Climate Variables
Climate Variables
Sea
Level Rise
(Permanent
Inundation
Only)
LANDFILLS AND CONTAMINATED LAND

←

Rationale

Sea Level Rise
+
Wind Waves
& Storm Surge

←

Rationale

Storm
Events Riverine
Flooding

←

Rationale

Annual Temperature
Pattern Change;
Extreme Temperature
Events (Heatwaves &
Coldsnaps)

Secondary Climate Change Variables

←

Rationale

Precipitation Change
(Annual & Seasonal
Patterns)

←

Rationale

Storm Events Wind

←

Rationale

Increased Landslides;
Erosion
(Coasta/Land)

←

Rationale

Wildfire

←

Rationale

Change in
diseases amd
pests

High

Cannot operate if flooded.
Almost certain impact to
water quality if landfill not
protected.

Medium

Short-term operate may be
impacted if flooded. Likely to
impact water quality if landfill not
protected.

Medium

Short-term operate may
be impacted if flooded.
Likely to impact water
quality if landfillif not
protected.

Low

extreme temperature causing minor
increase in odour and landfill fire events

None

Low

Wind blow litter
issue

High

Erosion or landslide
could lead to loss of
landfill. Almost
certain impact to
water quality if
landfill not protected.

Low

Landfill systems/
structures could be
impacted if fire occurred
on landfill property.

N/A

Low

Low level of impact to wellbeing.

High

Loss of homes and businesses
and associated financial losses;
mortality and morbidity; increase
in mental health problems; health
care facility displacement;
disruption of emergency service
and health care services; water
contamination

High

Loss of homes and
businesses and
associated financial
losses; mortality and
morbidity; increase in
mental health problems;
health care facility
displacement; disruption
of emergency service and
health care services;
water contamination

Low

Potential morbidity and mortality;
disruption of emergency service and
health care services; lower levels of
physical activity; increase in crime.

None

Medium

Potential
morbidity and
mortality

High

Loss of homes and
businesses and
associated financial
losses; mortality and
morbidity; increase
in mental health
problems; disruption
of emergency
service and health
care services

High

Potential morbidity and
mortality; increase in
mental health problems;
loss of homes and
associated financial
losses

High

←

Rationale

Air Quality

←

Rationale

N/A

Allergens

←

Rationale

N/A

POPULATION

GENERAL SENSITIVITY OF POPULATION
Low level of impact to wellbeing.

High

As above

High

As above

High

As above

None

Medium

Low

Low level of impact to wellbeing.

High

As above

High

As above

High

As above

None

Medium

Medium

Possible longer-term health
consequences associated
with loss of home and
associated financial losses;
Increase in mental health
problems.
Increase in mental health
problems.

High

As above

High

As above

High

As above

None

Medium

CHILDREN (under 5 years old)

DISADVANTAGED POPULATIONS (Socio-economic/racial-ethnic)
INDIVIDUALS WITH DISABILITIES, Mental and Physical HEALTH
CONDITIONS
LANDSCAPE ASSETS
NATURAL FLORA, FAUNA & ECOSYTEMS

Low

Low
SENIORS (over 65 years old)

Medium

Increase number of cases
of infectious disease and
related mortality

Potential
morbidity and
mortality
Potential
morbidity and
mortality
Potential
morbidity and
mortality

High

As above

High

As above

High

As above

High

As above

High

As above

High

As above

High

As above

High

As above

High

As above

High

High

High
High

As above

High

As above

High

As above

None

Medium

As above

High

Medium

Low

High

potential long
term/permenant
loss of forests

medium

medium term loss

High

potential long
term/permenant loss of
forests

Medium

Invasive pests could lead
to compromise species
health.

N/A

N/A

medium

potential long
term
compromise of
urban of forests
long-term loss of
forest species

High

Erosion or landslide
could lead to loss of
forest.

High

potential long
term/permenant loss of
urban forest

Medium

Invasive pests could lead
to compromise of urban
forest species health.

N/A

N/A

High

High

loss of sensitive habitat,
potential inability to
regenerate

Medium

Invasive pests could lead
to compromise species
survival

N/A

N/A

seasonal crop
loss

High

potential long term
damage to sensitive
habiat, in ability to
rengenerate for
some species
Erosion or landslide
could lead to loss of
area of farmland.

Medium

Wildfire could destroy
annual crops in autumn
when crops are dry

Medium

new plant pests, invasive
species

N/A

N/A

Seasonal loss of grazing,
potential long term loss
of forage? Incraesed
lands for foraging if
forest converted to
grassland
potential loss of forests,
major infrastructure
damage

Medium

sick livestock, risk to
organic livestock

N/A

N/A

Low

N/A

N/A

damage to wetlands
through sedimentation,
errosion
near term increased
runoff and
evapotranspiration

Medium

Invasives could lead to
minor impacts to park and
openspace landscape
function.
Invasives could lead to
compromise wetland
function.

N/A

N/A

N/A

N/A

High

conversion to sea

Medium

Damage

Medium

more intense damage to
riparian ecosystems
during storms

High

Species loss, Vegetation change,
invasive species, increased pressure on
natural lands for agriculture

High

URBAN AND PRIVATE LANDSCAPES AND FOREST

High

conversion to sea

Medium

Damage

Medium

damage to urban forests
from storms

Medium

potential degradation to urban forest
trees

Medium

SENSITIVE/CRITICAL HABITAT/SPECIE & CONSERVATION AREAS

High

Assumed high if there is a
restricted population and
habitat

High

damage

High

potential destruction of
sensitive riparian habitat,
difficulty reestablishing

High

potential loss of species at edge of
range

High

potential loss of species at
edge of range

medium

AGRICULTURAL LANDS (BY TYPE)

High

agriculture no longer possible

Medium

errosion; saltwater impacts;
annual/seasonal crop loss

Medium

errosion; annual/seasonal
crop loss

Medium

shift in crop suitibility

Medium

Drought impacts to crops

Medium

RANGELANDS

High

grazing no longer possible

Low

temporary loss of grazing

Low

temporary loss of grazing,
increased errosion from
grazing

High

Livestock loss, loss of forage

High

Livestock loss/change in
forage availability

Low

PARKS AND OPEN SPACE

High

Park space cannot be used if
permanently inundated

Low

Landscape can recover after
temporary flooding

Medium

High frequency, long
duration event may
increase sensitivity

Medium

Heat stress - Depends on plant type.
More sensitivty to non-irrigated
landscapes

Medium

plant species sensitive to
drought conditions

Medium

WETLANDS

High

conversion to sea

Low

more frequent temporary flooding
may change charater

Medium

damage to riparian
wetlands from increased
intensity of flood evenets

High

High

potential loss of
perennial/vernal wetlands

None

None

Low

AQUIFERS

High

salt water intrusion

Medium

salt water intrusion?

Low

potential loss of perennial/vernal
wetlands. Changing water table may
reduce extent of wetlands
reduction in groundwater supply

High

reduction in groundwater
supply

None

None

Low

High

As above

Potential morbidity and
mortality; lower levels of
physical activity
Potential morbidity and
mortality; lower levels of
physical activity

Medium

High

potential long
term damage to
forests

High

Potential morbidity and
mortality
Potential morbidity and
mortality; lower levels of
physical activity

Low

Potential
morbidity and
mortality

High

species loss, vegeation
change plant species
sensitive to drought
conditions
potential loss of some
species if not irrigated

As above

Minimal impact on general
population; short-term,
reversible impacts

High

Erosion or landslide
could lead to loss of
area of rangeland.

Medium

medium

long term damage to
infrastructure/aesthe
tics

High

None

Medium

Increase allergic
sensitivity, asthma
episodes
Increase allergic
sensitivity, asthma
episodes
Increase allergic
sensitivity, asthma
episodes

Increase allergic
sensitivity, asthma
episodes
Increase allergic
sensitivity, asthma
episodes
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Silicon Valley 2.0 - Climate Preparedness Gap Analysis

Shoreline and Riverine Flood Protection Infrastructure Sector
Introduction
The shoreline and riverine flood protection infrastructure sector in Santa Clara County serves as a critical
line of defense against coastal and riverine flooding in the region. The region has a history of riverine
flooding, and under baseline conditions, the exposure of the county’s population and structural assets to
flooding events is significant. More than 100,000 people in the Santa Clara County region are exposed to
100-year flooding events and more than 600,000 are exposed to 500-year flooding events 1.
Additionally, the total depreciated replacement value of structural assets in the county exposed to 100year flooding events exceeds $15 billion, and the value of structural assets exposed to 500-year flooding
events exceeds $80 billion.
As a result of climate change, both coastal flooding and riverine flooding are expected to intensify and
become more frequent in the county. Currently, various flood protection systems are in place in Santa
Clara County to mitigate both forms of flooding. These systems are owned and operated by various
local, state, and federal agencies, and fall into the following categories:
•
•
•

Engineered Flood Protection Structures (levees and floodwalls)
Non-Engineered Berms
Wetlands (natural, managed, and tidal wetlands)

This categorization of flood protection systems is based on the primary function of the systems. Figures
1 and 2 show the physical locations of the shoreline protection systems in the northern part of Santa
Clara County.
Each of the shoreline protection systems is described below in more detail.

Engineered Flood Protection Structures
There are 2 types of engineered flood protection structures in Santa Clara County:
Levees
Engineered levees are a common form of river and coastal flood protection structures. The primary
purpose of levees is to prevent inland flooding from major storm events and extreme water levels that
may be accompanied by large, powerful waves. Levees are designed to meet specific criteria with
respect to freeboard (the distance between the levee crest and the 100-year extreme water level, with

1

State Flood Management Planning Program. (2013). California’s Flood Future: Recommendations for Managing
the State's Flood Risk. California Department of Water Resources. Retrieved from
http://www.water.ca.gov/sfmp/resources/Attachment_D_MapBook_San_Joaquin-Yuba.pdf
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Figure 1: Santa Clara County Shoreline Protection and Levee Infrastructure - East
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Figure 2: Santa Clara County Shoreline Protection and Levee Infrastructure - West
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wave run-up for coastal structures), embankment protection, embankment and foundation stability, and
settling. Levees are generally designed, at a minimum, to provide protection from 100-year coastal
and/or riverine flood events.
Flood walls
Flood walls are a vertical barrier designed to protect inland areas from flooding. Flood walls can be an
effective means of flood protection in areas that do not have a sufficient footprint to construct a levee.
The design standards for flood walls are similar to those of an engineered levee in that the critical
components are the amount of freeboard and overall stability.
As shown in Figures 1 and 2, engineered flood protection structures have primarily been constructed in
the urban parts of Santa Clara County along creeks that flow north into the San Francisco Bay.

Non-Engineered Berms
Non-engineered berms are similar to engineered levees in appearance; however, there is a very notable
difference between the two. Non-engineered berms are typically not engineered to meet the design
criteria applicable to levees. The most common non-engineered berms in Santa Clara County are the
berms surrounding the former salt ponds in the Alviso Pond Complex. These berms are composed of
mounds of bay mud that have been excavated from the bay floor. While berms are typically not
designed to provide flood protection to inland areas, in Santa Clara County, the berms and the ponds
themselves do provide an ad hoc level of protection by acting as a substantial buffer between bay water
levels and waves and inland developed areas.

Wetlands
There are several different types of wetlands in Santa Clara County, with the majority located in the
northern part where the shoreline is less urbanized. Based on the research conducted under the South
Bay Salt Pond Restoration Project, wetlands in Santa Clara County can be classified into various
categories such as tidal flats, tidal marshes, diked marshes, managed ponds, and treatment basins. The
value of wetlands for flood protection and wave dissipation purposes is currently not well understood in
Santa Clara County.
Subsequent sections in this chapter describe the various vulnerabilities faced by the shoreline and
riverine flood protection infrastructure sector as a result of climate change, and the extent to which
these vulnerabilities have been addressed by the sector in Santa Clara County.

Climate Change Vulnerabilities in the Shoreline and Riverine Flood
Protection Infrastructure Sector:
The shoreline protection infrastructure sector in Santa Clara County is primarily vulnerable to two
climate change variables 2:
• changes in precipitation patterns
2

AECOM Sensitivity Analysis, 2013.
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•

sea level rise accompanied by storm surge

For more information on the nature and projected trends in these variables, refer to the Silicon
Valley 2.0 Climate Variable Memorandum. The assets and services of the shoreline protection
infrastructure sector that are affected by these climate change variables, and the nature of impacts
on the assets and services are summarized below in Table 1:
Table 1: Climate Change Variables and Impacts Related to Shoreline and Riverine Flood Protection Infrastructure in the Santa Clara
County Region

Climate Change Variable

Assets/Services Affected

Nature of Impact

Changes in precipitation
patterns

Levees, flood walls

- Temporary over-topping due to water level
rise in creeks, resulting in flooding
- Loss of function due to physical damage,
resulting in flooding

Sea Level Rise

Berms, wetlands, levees, flood walls

- Loss of function due to over-topping and
permanent inundation, resulting in flooding

Sea Level Rise + Storm Surge

Berms, wetlands, levees, flood walls

- Loss of function due to over-topping and/or
physical damage, resulting in flooding

Existing Efforts to Address Shoreline and Riverine Flood Protection
Infrastructure Sector Vulnerabilities to Climate Change:
This section provides an overview of existing climate change preparedness efforts in the shoreline
protection infrastructure sector in Santa Clara County. The section is organized by climate change
variable and specific type of asset vulnerability. An overview of the asset vulnerability (e.g. loss of
function) is provided, followed by descriptions of the existing effort(s), the level of implementation (i.e.,
vulnerability assessment, risk assessment, strategy development, or strategy implementation), and the
responsible agencies.

Efforts Addressing Changes in Precipitation Patterns
Description of Flood Protection Systems Vulnerability
Most of the engineered flood protection systems in Santa Clara County have been built along-side
creeks that flow into the San Francisco Bay. Changes in precipitation patterns could impact the ability of
these structures to offer protection to surrounding areas.
Studies indicate that on average, the Bay Area will experience little annual change in total precipitation
by mid-century. However, despite no change in overall annual precipitation, models project significant
changes in seasonal precipitation patterns and the intensity of individual rain events in the region.
Specific quantitative information of projected changes in storm intensity for the Bay Area are not readily
available, but overall, the state is predicted to see 3-day maximum precipitation peak values increase by
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10%-50% by mid-century 3. Storm frequency is also predicted to increase. Storm events with a 0.01
probability of occurrence (a 100-year event) in the historical record are projected to become 10 times
more likely (a 10-year event) by mid-century3 4. These more frequent high-intensity storm events could
over-top levees and flood walls in some areas, as well as physically damage the structural integrity of
these flood protection systems. Additionally, low-lying areas near the Bay could suffer from increased
riverine flooding due to the backwater effect from increasing sea levels and storm surge. A further
complication is that many of the urban areas in Santa Clara near the Bay have subsided. Storm drain
systems in these areas rely on pump stations to pump the water into the channels that drain to the Bay.
The pump stations may be undersized to handle the increased pumping needs, and the channel capacity
may not be sufficient to handle the riverine flood flows they are conveying plus the pumped drainage
demand. This could lead to more low-lying area flooding in these areas.
Existing Climate Change Preparedness Efforts
During the preparation of this Gap Analysis, no initiatives related to riverine flood protection were
identified that explicitly address the potential for climate change-related changes in precipitation
including increased magnitude or intensity of riverine flooding.
Parallel Efforts with Potential Climate Change Preparedness Benefits
While no explicit climate change-focused initiatives were identified, there are existing flood protection
efforts within the county that will benefit from climate change preparedness and could be adapted to
specifically include climate change considerations.
Periodic Monitoring & Maintenance for Levees and Flood walls
• Description: The Santa Clara Valley Water District’s (SCVWD’s) Stream Maintenance Program
includes a key component for ensuring levee safety for approximately 100 miles of levees along
local streams in Santa Clara County. This program was launched per the directives of Clean, Safe
Creeks, and Natural Flood Protection Plan in order to provide flood protection along miles of
creeks, and to care for these improvements through an aggressive maintenance program.
Measures for levee safety under this program include inspections of factors that can affect levee
integrity, such as overgrown vegetation, burrowing rodents and/or erosion. If a problem is
identified during an inspection, appropriate preventative measures are taken by the SCVWD to
ensure the safety of the levee, as well as nearby people and properties. Adequate levee
maintenance also ensures the District’s ability to access and service streams during an emergency,
such as a flood event.
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: SCVWD
• Documentation of efforts: – SCVWD Levee Safety Measures,
2013, http://www.valleywater.org/Services/LeveeSafety.aspx

3, 4
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New Flood Protection Infrastructure Development & Existing Infrastructure Improvement
• Description: The SCVWD continues to implement flood protection projects, often in partnership
with the U.S. Army Corps of Engineers (USACE), along the creeks for which it is responsible. Many
of these projects are planning for reinforcement of existing flood protection infrastructure, or the
construction of new flood protection infrastructure such as levees and flood walls. Examples of
flood protection projects that are currently in the pipeline are provided in the section on
documentation of efforts.
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: SCVWD, USACE, Cities, Santa Clara County
• Documentation of efforts: Specific examples of creek flood protection projects are listed below,
along with project descriptions and online links to project details.
Table 2: Creek Flood Protection Projects

Project Name

Project Description

Project Link

Coyote Creek Flood
Protection (Planning
Study Phase)

This project aims to provide protection to surrounding
areas from 100-year flood events on Coyote Creek

http://www.valleywater.org/servic
es/CoyoteCreek.aspx

Upper Guadalupe River
Project

This project aims to provide protection to 7,500
homes along a 5.7 mile stretch of the Guadalupe river
from 100-year flood events.
This project aims to provide protection to 3,400
homes, businesses, and schools in Milpitas and San
Jose from 100-year flood events.
This project aims to maintain flood protection for
residents, businesses, agricultural land, and the South
County Regional Wastewater Authority along Lower
Llagas Creek. In addition, the project will also address
will address habitat protection, develop maintenance
guidelines and restore the previous design capacity of
the creek.

http://www.valleywater.org/Servic
es/GuadalupeRiver.aspx

This project aims to improve flood protection, erosion
control, structural repair, sediment reduction, and
habitat restoration in parts of Cupertino, Los Altos,
and Mountain View along Permanente Creek.
This project aims to provide flood protection from
100-year flood events from Coyote Creek to 3,800
homes and businesses, enhance native riparian and
environmental habitat, improve creek maintenance
and water quality, and increase opportunities for
recreation.
This project aims to protect 1,618 homes and 47 acres
of highly valuable industrial and government lands
from 100-year riverine flooding events
This project aims to provide flood protection in the
urban areas of Morgan Hill from 100 year storms, and
agricultural areas of Gilroy and Morgan Hill from 10year storms.

http://www.valleywater.org/servic
es/PermanenteCreek.aspx

Lower Berryessa Creek
Project
Lower Llagas Creek
Capacity Restoration
Project

Permanente Creek
Flood Protection
Lower Silver Creek

Sunnyvale East and
West Channels
Upper Llagas Creek

Shoreline and Riverine Flood Protection Infrastructure Sector

http://www.valleywater.org/servic
es/LowerBerryessaCreek.aspx
http://www.valleywater.org/Servic
es/LowerLlagasCreekCapacityRest
orationProject.aspx

N/A

http://www.valleywater.org/servic
e/SunnyvaleEastandWest.aspx
http://www.valleywater.org/Servic
es/UpperLlagas.aspx
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Efforts Addressing Sea Level Rise and Storm Surge
Description of Flood Protection Systems Vulnerability
It is estimated that the San Francisco Bay Area will experience sea level rise amounting to 4-24 inches by
mid-century, and 16-66 inches by the end of the century 5. Rising sea levels will be accompanied by more
frequent and intense storm surge, which will significantly affect the functionality of shoreline protection
systems in Santa Clara County.
For example, in the case of levees and flood walls, as sea level rises, the inundation associated with high
tide (also known as Mean Higher High Water, or MHHW) and inundation associated with 100-year
extreme water levels (also known as 100-year Stillwater Elevation or SWEL) also rise. As MHHW
increases in the tidal reach of rivers and sloughs, flood conditions upstream in riverine reaches also
worsen as water cannot drain as effectively to the Bay. This could result in a reduction or elimination of
the levee and flood wall freeboard, leading to an increase in the potential for overtopping and inland
inundation of the protected areas behind the levee or flood wall. The list below presents the progression
over time of the vulnerability of coastal levees and floodwalls as sea level rises, assuming no upgrades
occur:
•

•

•

•

The 100-year SWEL and the maximum wave run-up associated with that SWEL do not
overtop the levee/flood wall, but the structure no longer meets its original freeboard design
criteria.
The 100-year SWEL is below the levee/flood wall crest, but the combination of the 100-year
SWEL and the maximum wave run-up condition results in overtopping; therefore,
overtopping occurs primarily during extreme events with large waves.
The 100-year SWEL is above the levee/flood wall crest, resulting in overtopping. The levee
would be routinely overtopped during extreme high-water events regardless of the wave
conditions.
MHHW is above the levee/flood wall crest, resulting in routine overtopping 6.

In addition to overtopping, storm surge accompanying sea level rise can also result in erosion along the
levee crest and the backside of the levee, thus weakening the levee and increasing the potential for
levee failure.
Similarly, non-engineered berms are extremely vulnerable to sea level rise and storm surge. Berms are
typically maintained by the excavation of mud at the bay floor, directly adjacent to the berms. Many of
these adjacent borrow pits are already very deep; therefore, this source of material could be exhausted
over time, requiring suitable material to be imported. Due to the non-engineered nature of these
structures, there may also be a maximum height limit to which they can be built, thereby making them
vulnerable to over-topping and physical damage.

5

6

http://scc.ca.gov/files/2013/04/2013_SLR_Guidance_Update_FINAL.pdf
Please note that this list does not account for the progression of vulnerabilities of riverine levees.
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Lastly, wetlands are also vulnerable to sea level rise. While wetlands have kept pace with historical
rates of sea level rise in the bay through accumulation of sediment and organic material, it is not clear if
wetlands will keep pace with accelerated rates of sea level rise in the future. For most wetlands in the
San Francisco Bay, there is no inland space for landward migration of the wetland. The wetlands along
the Santa Clara County shoreline will either keep pace with sea level rise or they will drown and
disappear, unless provision is made for their landward migration. Fringing wetlands directly outboard of
developed areas are at greatest risk of disappearing.
Existing Climate Change Preparedness Efforts
A diversity of initiatives are underway to protect the region’s social, ecological, and economic assets
from future sea level rise and the associated increases in storm surge. Initiatives that are explicitly
related to shoreline protection infrastructure as described first, followed by discussion of closely related
efforts that include sea level rise and storm surge mapping and other relevant studies.
New Flood Protection Infrastructure Development (Regional)
• Description: The USACE is collaborating with the SCVWD and the California Coastal Conservancy
on the South San Francisco Bay Shoreline Study, which aims to identify and recommend flood risk
management and ecosystem restoration projects along South San Francisco Bay for federal
funding. The goal of the Shoreline Study is to protect the parts of Santa Clara County’s shoreline
with the highest potential damages and threats to human health and safety from flooding by using
a combination of levees and wetlands.
• Implementation level: Adaptation Strategy Development
• Relevant agencies: USACE, SCVWD, California Coastal Conservancy
• Documentation of efforts: South San Francisco Bay Shoreline Study,
2013, http://www.southbayshoreline.org/about.html.
New Flood Protection Infrastructure Development (Local)
• Description: The City of Mountain View has collaborated with various consulting companies to
develop the Shoreline Regional Park Community Sea Level Rise Study Feasibility Report and
Capital Improvement Program. This document provides of an overview of Shoreline Community
vulnerability to sea level rise, proposed projects to provide long-term flood protection, and
estimates of future funding needed to implement these projects, many of which include
improvements to existing levees flood walls and tide gates.
• Implementation level: Vulnerability Assessment and Adaptation Strategy Development
• Relevant agencies: City of Mountain View
• Documentation of efforts: Shoreline Regional Park Community Sea Level Rise Study Feasibility
Report and Capital Improvement Program,
2012, http://laserfiche.mountainview.gov/Weblink/ElectronicFile.aspx?docid=64135&&&&&dbid=
0.
Institutionalization of Climate Change Considerations into Regional Planning
• Description: The San Francisco Bay Conservation and Development Commission (BCDC) updated
the San Francisco Bay Plan in October 2011 to deal with the expected impacts of climate change
Shoreline and Riverine Flood Protection Infrastructure Sector
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•
•
•

in San Francisco Bay. The new requirements under the amended plan include risk assessments
for large shoreline development projects, and the incorporation of sea level rise projections in
these risk assessments. Other requirements include designing new shoreline protection systems
when appropriate, preserving public access, protecting ecosystems and undeveloped areas,
encouraging resilient development, and developing a regional strategy.
Implementation level: Adaptation Policy and Implementation
Relevant agencies: BCDC
Documentation of efforts: San Francisco Bay Plan,
2011, http://www.bcdc.ca.gov/laws_plans/plans/sfbay_plan.shtml.

Regional Climate Change Adaptation Plan Development
• Description: BCDC developed a report in 2009, called Living with a Rising Bay: Vulnerability and
Adaptation in San Francisco Bay and on the Shoreline. This report provides extensive back
ground information on the scientific research on climate change, and includes maps depicting
the low-lying areas around the Bay that could impacted by future flooding from sea level rise
and storm surge. It assessed the sensitivity, adaptive capacity and vulnerability of three
systems: the shoreline environment, the Bay ecosystem and governance. Lastly this report
identified potential adaptation strategies to address key vulnerabilities, which include the
construction of shoreline protection systems when appropriate.
• Implementation level: Vulnerability Assessment and Adaptation Strategy Development
• Relevant agencies: BCDC
• Documentation of efforts: Living with a Rising Bay: Vulnerability and Adaptation in San Francisco
Bay and on the Shoreline, 2009, http://www.bcdc.ca.gov/BPA/LivingWithRisingBay.pdf.
Tidal Marshes/Wetlands Vulnerability Model
• Description: An assessment of the vulnerability of tidal marshes/wetlands has been conducted by
PRBO Conservation Science, which indicates that it is unlikely that Bay Area marshes will be able
to keep pace with anticipated sea level rise at the end of the century. This study and the
accompanying model provide insights on prioritizing wetland restoration and conservation efforts.
• Implementation level: Vulnerability Assessment and Adaptation Strategy Development
• Relevant agencies: - PRBO Conservation Science
• Documentation of efforts:
o Stralberg D, Brennan M, Callaway JC, Wood JK, Schile LM, et al. (2011)
Evaluating Tidal Marsh Sustainability in the Face of Sea-Level Rise: A Hybrid
Modeling Approach Applied to San Francisco Bay. PLoS ONE 6(11): e27388.
doi:10.1371/journal.pone.0027388
San Francisco Bay Area Coastal Hydrodynamic and Wave Modeling
• Description: The Federal Emergency Management Agency (FEMA) is leading the San Francisco Bay
Area Coastal Study, which aims to conduct coastal engineering and shoreline mapping of all
counties in the Bay Area, including Santa Clara County. This study will include hydrodynamic and
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•
•
•

wave modeling, as well as a coastal analysis to estimate wave run-up, overtopping, and overland
wave propagation.
Implementation level: Climate Variable Data Development
Relevant agencies: FEMA
Documentation of efforts: San Francisco Bay Area Coastal Study,
2013, www.r9map.org/Pages/San-Francisco-Coastal-Bay-Study.aspx

Sea Level Rise and Coastal Flooding Data and Data-Sharing
• Description: The NOAA Coastal Services Center (NOAA CSC) has initiated an effort called The
Digital Coast, which is a repository of information relevant to coastal resource managers. It
consists of geospatial data, tools, and training materials created and gathered by various
agencies and made available to users through an Internet platform. One example of resources
provided under this effort is the Sea Level Rise and Coastal Flooding Impacts Viewer, which
shows how various levels of sea level rise will impact coastal communities.
• Implementation level: Exposure and Vulnerability Assessment
• Relevant agencies: NOAA, Coastal Service Center
• Documentation of efforts:
o The Digital Coast, 2013, http://csc.noaa.gov/digitalcoast/
Sea Level Rise and Storm Surge Data and Data-Sharing
• Description: Multiple agencies responsible for coastal management have formed a collaborative
project called Our Coast Our Future (OCOF), which is a user-driven effort focused on providing
coastal resource and land use managers/planners in the San Francisco Bay Area with locally
relevant, online maps and tools to help understand, visualize, and anticipate vulnerabilities to
sea level rise and storm surge within the bay. Note that the Silicon Valley 2.0 project will be
using sea level rise and storm surge map outputs from OCOF.
• Implementation level: Climate Variable Data Development, Exposure Assessment, and
Vulnerability Assessment
• Relevant agencies: Point Blue Conservation Science, The Gulf of the Farallones National Marine
Sanctuary, NOAA CSC, the U.S. Geological Survey (USGS) Pacific Coastal and Marine Science
Center, Coravai, National Estuarine Research Reserve System, San Francisco Bay National
Estuarine Research Reserve, Bay Area Ecosystems Climate Change Consortium, National Parks
Service, Ecosystem-Based Management Tools Network.
• Documentation of efforts:
o Our Coast Our Future, 2013, http://data.prbo.org/apps/ocof/
Parallel Efforts with Potential Climate Change Preparedness Benefits
Natural coastal ecosystems have the potential to serve significant role in mitigating the impact of sea
level rise and storm surge in the Santa Clara County region. While the South Bay Salt Pond Restoration
Project is not an explicit climate change preparedness initiative, the project is critically important to sea
level rise planning efforts in the South Bay area.

Shoreline and Riverine Flood Protection Infrastructure Sector

13

Silicon Valley 2.0 - Climate Preparedness Gap Analysis
South Bay Salt Pond Restoration Project
• Description: The California Department of Fish and Game (CDFG), the U.S. Fish and Wildlife Service
(USFWS), and the California Coastal Conservancy have launched the South Bay Salt Pond
Restoration Project, which aims to restore 15,100 acres of industrial salt ponds to a mosaic of tidal
wetlands and other habitats. This is the largest tidal wetland restoration project on the west
coast, and when completed, will provide flood protection to parts of Santa Clara County. The
restoration project could benefit climate preparedness efforts by providing natural flood
protection systems.
• Implementation level: Parallel Effort with Potential Climate Preparedness Benefits
• Relevant agencies: The CDFG, the USFWS, and the California Coastal Conservancy
• Documentation of efforts: The South Bay Salt Ponds Restoration Project,
2013, http://www.southbayrestoration.org/Project_Description.html.

Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
The shoreline and riverine flood protection infrastructure sector consists of a complex network of public
and private agencies, each of which will have a critical role to play in advancing climate change
adaptation planning. These agencies are identified below, along with a description of their roles.
Federal Regulatory Agencies:
• USACE: This is a federal agency under the Department of Defense, which provides engineering
services to strengthen national security, energize the economy, and reduce risks from disasters.
USACE’s mission areas directly support coastal resilience through the construction and
maintenance of engineered flood protection systems, as well as the restoration of natural flood
protection systems such as wetlands. USACE recognizes that climate change variables such as
sea level rise, storm surge, and changes in precipitation directly affect their mission areas, and is
actively engaged in a variety of projects aimed at building coastal resilience in Santa Clara
County, which are described in previous sections.
• NOAA CSC: The National Oceanic and Atmospheric Administration (NOAA) is a world leader in
coastal science and management. NOAA’s Coastal Services Center provides data, tools,
publications, and trainings to coastal communities on various stages of climate change
adaptation.
• USGS: The USGS is a science organization that provides impartial information on various topics
such as ecosystem health, natural hazards, natural resources, and climate change. USGS
research is particularly vital to predicting the impacts of climate change on sea level, and
agencies in the Bay Area continue to rely on this research in their climate change adaptation
planning efforts.
• FEMA: FEMA is responsible for coordinating the federal government’s role in preparing for,
preventing, mitigating the effects of, responding to, and recovering from disasters, including
those that are likely to increase in frequency or magnitude as a result of climate change.
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US FWS: The US FWS is a bureau within the U.S. Department of the Interior, whose mission is to
conserve, protect and enhance fish, wildlife and plants and their habitats. In Santa Clara County,
the US FWH owns and operates a network of 25 salt ponds covering 8,000 acres, which offer
critical flood protection services. Future management decisions made by the US FWS will play
an important role in determining the resilience of Santa Clara County’s coastal zones.

State Regulatory Agencies
• California Coastal Conservancy: The California Coastal Conservancy is a state agency that uses
entrepreneurial techniques to purchase, protect, restore, and enhance coastal resources, and to
provide access to the shore. This agency is a partner in ongoing adaptation-related studies in
Santa Clara County, which include the South Bay Salt Pond Restoration project and the South
San Francisco Bay Shoreline Study.
• California Ocean Protection Council: The Council’s mission is to ensure that California maintains
healthy, resilient, and productive ocean and coastal ecosystems. Most recently, the Ocean
Protection Council has led the process of updating the State of California’s guidance on
incorporating sea level rise considerations into planning and decision-making for California.
• CDFG: This state agency’s responsibility is to maintain native fish, wildlife, plant species and
natural communities for their intrinsic and ecological value and their benefits to people. This
agency is a core partner in the South San Francisco Bay Shoreline Study in Santa Clara County.
Regional Agencies
• SCVWD: The district manages an integrated water resources system that includes water supply,
flood protection and stewardship of streams in Santa Clara County. One of the district’s core
responsibilities is to protect the county from flooding via ongoing stream maintenance and
construction of flood protection projects. The district’s role in flood protection projects is
described in more detail in previous sections.
• BCDC: BCDC is the federally-designated state coastal management agency dedicated to the
protection and enhancement of San Francisco Bay and to the encouragement of the Bay's
responsible use. BCDC’s climate change program is responsible for promoting research on
climate change impacts, mitigation, and adaptation. The program is also responsible for
developing and implementing adaptation policies in coordination with regional partners, and
building the region’s institutional capacity to adapt to climate change. BCDC has jurisdiction
over a 100-foot shoreline band (i.e. an area that extends up to 100 feet from the bay), and in
turn, has permitting authority over existing and proposed land-use changes and structures
within this jurisdiction. BCDC plays a critical role in decision-making related to shoreline
protection infrastructure located in its jurisdiction.
Local Governments
• Local governments have the ability to advance climate change adaptation planning at the
community scale. Local governments can incorporate climate change considerations into their
locally enforceable general plans. Santa Clara County and the cities within the county have
broad authority over shoreline land-use, and can use this authority to maintain/enhance the
functionality of flood protection systems in their jurisdiction.
Shoreline and Riverine Flood Protection Infrastructure Sector
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Summary of Existing Efforts to Address Vulnerabilities
Table 3 summarizes existing efforts in the shoreline and riverine flooding protection infrastructure
sector to address potential impacts of climate change on sector assets. Efforts to address climate
change impacts vary across the different agencies responsible for flood protection services in the
county. Most of the shoreline protection initiatives undertaken in the county to date are in the
vulnerability assessment and adaptation strategy development stages. Currently, very few initiatives
demonstrate actual implementation of climate change adaptation strategies. Barriers to strategy
implementation include lack of granular data on climate change impacts on shoreline protection
systems, financial constraints, and complex jurisdictional authority.
Table 3: Existing Efforts to Address Shoreline and Riverine Flood Protection Infrastructure Sector Climate Change
Vulnerabilities

Climate
Change
Variable
Changes in
Precipitation

Asset

Macro-category of
Effort

Description of Effort

Climate
Change
Preparedness
Category

Stakeholder

Periodic maintenance of levees
and flood walls

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD

Levees, flood
walls

Monitoring/
Maintenance

Levees, flood
walls

New Flood Protection
Infrastructure
Construction

Planned construction of new flood
protection systems under specific
flood protection projects

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD

Changes in
Precipitation

Levees, flood
walls

Existing Flood
Protection
Infrastructure
Improvement

Planned improvements to existing
flood protection systems under
specific flood protection projects

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD

Sea Level Rise +
Storm Surge

Levees, flood
walls, wetlands

New Flood Protection
Infrastructure
Construction

Planned construction of new flood
protection systems under specific
flood protection projects at the
Regional Scale

Adaptation
Strategy
Planning

USACE,
SCVWD,
Coastal
Conservancy

Sea Level Rise +
Storm Surge

Berms, levees,
flood walls,
wetlands

New Flood Protection
Infrastructure
Construction

Planned construction of new flood
protection systems under specific
flood protection projects at the
City Scale

Vulnerability
Assessment and
Adaptation
Strategy
Development

City of
Mountain View

Sea Level Rise +
Storm Surge

Berms, levees,
flood walls,
wetlands

Policy/Planning/
Operations

Mainstreaming of climate change
considerations into regional bay
plans

Adaptation
Policy and
Implementation

Sea Level Rise +

Berms, levees,
flood walls,

Policy/Planning/

Development of a stand-alone

Vulnerability
Assessment and

Changes in
Precipitation
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Storm Surge

wetlands

Sea Level Rise

Wetlands

Storm Surge

Berms, levees,
flood walls,
wetlands

Operations

regional adaptation plan

Adaptation
Strategy
Development

BCDC

Monitoring/
Measuring/
Maintenance

On-going research on anticipated
responses of wetlands to sea level
rise

Vulnerability
Assessment and
Adaptation
Strategy
Development

Point Blue
Conservation
Science

Data Development

Hydrodynamic and wave
modelling to estimate wave runup, overtopping, and overland
wave propagation

Climate
Variable Data
Development

FEMA

Sea Level Rise +
Storm Surge

Berms, levees,
flood walls,
wetlands

Data Development
/Education/
Communication/
Outreach

Sea Level Rise and Coastal Flooding
Data and Data-Sharing

Exposure and
Vulnerability
Assessment

NOAA

Sea Level Rise +
Storm Surge

Berms, levees,
flood walls,
wetlands

Data Development
/Education/
Communication/
Outreach

Sea Level Rise and Storm Surge
Data and Data-Sharing

Climate
Variable Data
Development,
Exposure
Assessment,
and
Vulnerability
Assessment

OCOF

Sea Level Rise

Wetlands

Restoration of Natural
Flood Protection
Systems

Planned restoration of salt-ponds
to tidal wetlands and other
habitats

Parallel Effort
with Potential
Climate
Preparedness
Benefits

CDFG, USFWS,
Coastal
Conservancy

Summary of Existing Gaps in Climate Change Preparedness Efforts in the
Shoreline and Riverine Flood Protection Infrastructure Sector
Table 4 provides a summary of existing efforts and gaps in the shoreline and riverine flood protection
infrastructure sector climate change preparedness efforts. Table 4 lists the existing vulnerabilities of
various assets in this sector to climate change variables, along with an identification of whether climate
change preparedness efforts are in place to address these vulnerabilities, as well as a qualitative rating
of the level of those climate change preparedness efforts.
In summary, considerable effort is being made to assess the vulnerability of regional assets to sea level
rise and to identify effective climate preparedness strategies to mitigate its potential consequences. The
analysis did not identify any initiatives that have yet reached the implementation stage. Storm surge
climate variable data is currently being developed. This will allow more thorough understanding of the
implications of sea level rise for the region and will be useful in vulnerability and risk assessments and
Shoreline and Riverine Flood Protection Infrastructure Sector
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the development of adaptation strategies. The gap analysis did not identify any initiatives related to
riverine flood protection that are explicitly looking at the potential impacts of climate change-induced
increases to the frequency and magnitude of riverine flooding in the county.

Table 4: Level of Climate Change Preparedness Efforts in the Shoreline and Riverine Flood Protection Infrastructure Sector

Climate Change
Variable

Assets/Services
Affected

Changes in
precipitation
patterns

Levees, flood walls

Nature of Impact
- Temporary over-topping due to
water level rise in creeks,
resulting in flooding

Existing Climate
Change
Preparedness
Efforts?

Level of Climate
Change
Preparedness
Efforts

No

None, but Parallel
Efforts Exist

- Loss of function due to physical
damage, resulting in flooding
Sea Level Rise

Berms, wetlands,
levees, flood walls

- Loss of function due to
permanent inundation, resulting
in flooding

Yes

Medium

Storm Surge

Berms, wetlands,
levees, flood walls

- Loss of function due to physical
damage, resulting in flooding

Yes

Low
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Buildings and Land Use Sector Introduction:
The buildings and land-use sector in Santa Clara County consists of the built environment (i.e.,
residential, commercial, industrial, and governmental structures) as well as non-building properties (e.g.,
parking lots and other high-use urban landscapes). This chapter identifies existing plans, programs, and
other initiatives at the city and county-level, that will help reduce the potential impacts of climate
change on the buildings and land-use activities within the Santa Clara county region. It should be noted
that this review focused on efforts described within jurisdictions’ general plans, municipal codes, and
emergency response plans.
Subsequent sections in this chapter describe the various vulnerabilities faced by the buildings and landuse sector as a result of climate change, and the extent to which these vulnerabilities have been
addressed by jurisdiction’s and other organizations within the region.

Climate Change Vulnerabilities in the Buildings and land-use sector:
The buildings and land-use sector in Santa Clara County is vulnerable to four climate change variables:
• Changes in precipitation
• Sea level rise
• Storm-surge
• Wildfires
(It is noted that while building systems will utilize additional energy during extreme heat events, it is the
people living or working within the buildings that are vulnerable rather than the buildings themselves.)
For more information on the nature and projected trends in these variables, refer to the Silicon Valley
2.0 Climate Variable Memorandum. Table 1 summarizes which assets and functions in the sector could
be affected by climate change, as well as the nature of impacts.
Table 1: Climate Change Variables and Impacts relevant to the Buildings and Land-use sector in Santa Clara County

Climate Change
Variable
Changes in
Precipitation Patterns
Sea level rise and
Storm Surge

Assets/Services Affected

Nature of Impact

All residential, commercial,
industrial, mixed-use, and
governmental/institutional parcels

- Loss of function due to temporary
inundation

All residential, commercial,
industrial, mixed-use, and
governmental/institutional parcels

- Loss of function due to permanent
inundation from long-term sea level rise, or
short-term inundation from storm surge

- Physical damage to property

- Physical damage to property
Wildfires

All residential, commercial,
industrial, mixed-use, and
governmental/institutional parcels

Buildings and Land Use Sector

- Loss of function
- Physical damage to property
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Existing Efforts to Address Buildings and Land Use sector Vulnerabilities
to Climate Change:
This section provides an overview of existing buildings and land-use sector climate change preparedness
efforts in the county. The section is organized by climate change variable and specific type of asset
vulnerability. An overview of the asset vulnerability is provided, followed by descriptions of the existing
effort(s), the level of implementation (i.e., vulnerability assessment, risk assessment, strategy
development, or strategy implementation), and the relevant organizations.

Efforts Addressing Changes in Precipitation
Description of Building and Land Use Sector Vulnerability
Changes in precipitation patterns are projected to impact the buildings and land-use sector in Santa
Clara County, particularly via changes in rainfall intensity and storm frequency, which could result in
increased riverine flooding in the region and localized flooding related to storm-water management
system being overwhelmed. While overall annual precipitation in Santa Clara County is not projected to
change by mid-century, more precipitation is projected to occur in winter in the form of stronger
storms. These stronger storms could result in flooding of various assets in the buildings and land-use
sector, leading to physical and functional damages. Storms could also have direct impacts that have a
variety of emergency management implications at the time of the event, as well longer-term
implications for land use and infrastructure planning.
Existing Climate Change Preparedness Efforts
In order to protect the buildings and land-use sector against the impacts of flooding from storms,
jurisdictions in Santa Clara County have put in place the following policies, procedures, and actions.
Incorporation of Climate Change Considerations into New Development Project Design
• Description: Some cities in Santa Clara county are explicitly taking climate change into
consideration in decision-making around new development. For example, the City of San Jose
requires evaluation of projected inundation for proposed projects in areas that will be exposed
to future coastal or riverine flooding as a result of climate change. For projects that are or will
be affected by sea level rise, the City requires incorporation of mitigation measures prior to their
approval. Other cities considering more stringent flood protection measures in light of climate
change are the Cities of Mountain View, Palo Alto, and Sunnyvale. The City of Mountain View’s
Sustainability Task Force Final Report (2008) recommends that the City should place a
moratorium on additional city infrastructure or other city investments in the existing flood zone
and nearby areas likely to be in the flood zone during the useful life of the investment.
Development will only be approved once flood protection sufficient to protect the investment
from a 100-year event during its lifetime has been designed, and construction is fully funded.
Similarly, the City of Sunnyvale’s Draft Climate Action Plan recommends that proposed
development projects analyze and disclose possible impacts of climate change on the project
area, thereby building on the City’s existing requirement to protect property from 100-year
flood events.
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Implementation level: Adaptation Policy Implementation
Relevant agencies: City of San Jose, City of Mountain View, City of Sunnyvale, FEMA
Documentation of efforts:
o City of San Jose General Plan
<http://www.sanjoseca.gov/DocumentCenter/Home/View/474>
o City of Mountain View Sustainability Task Force Final Report
< http://www.mountainview.gov/civica/filebank/blobdload.asp?BlobID=5122>
o City of Sunnyvale Draft Climate Action Plan
< http://www.pmcworld.com/client/sunnyvale/documents/cap/Sunnyvale-CAP_draft11-2011.pdf>

Improved Construction Standards for Future Climate Change-Related Flood Protection
• Description: Per the recommendations of Mountain View’s Sustainability Task Force Report, the
City is considering strengthening the building standards and other site construction
requirements to account for flooding potential at the end of the expected life of the building,
given that sea level rise is a slow-moving climate change variable, and will result in inundation in
the future.
• Implementation level: Adaptation Strategy Development
• Relevant agencies: City of Mountain View, City of Saratoga
• Documentation of efforts:
o City of Mountain View Sustainability Task Force Final Report
Parallel Efforts with Potential Climate Change Preparedness Benefits
Development/Access Restrictions in Flood-Prone Areas
• Description: Cities in Santa Clara County enforce restrictions on development in areas that are
prone to flooding. For example, the City of Saratoga’s Floodplain Management Plan has
provisions for preventing future development of areas along stream channels, such that the
areas can be used for flood prevention projects as necessary. Similarly, in compliance with
watercourse protection regulations, the City of Los Altos has put in place special setbacks and
development restrictions along creeks that have a history of flooding.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
Relevant agencies: City of Saratoga, City of Los Altos
• Documentation of efforts:
o City of Saratoga General Plan Safety Element
<http://www.saratoga.ca.us/civicax/filebank/blobdload.aspx?BlobID=7077>
o City of Los Altos General Plan
< http://www.losaltosca.gov/communitydevelopment/page/adopted-plans>
Relocation of Facilities
• Description: The City of San Jose General Plan has polices in place to locate critical or public
facilities (such as the Water Pollution Control Plant, local hospitals, police and fire service
facilities, and schools) above the 500-year floodplain or protect such facilities up to the
Buildings and Land Use Sector
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magnitude 500-year flood. In cases where enhanced flood protection is preferred over
relocation, construction features for critical facilities are required to follow FEMA guidelines,
and may include freeboard requirements, elevation above the 500-year floodplain, and elevated
access ramps.
Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
Relevant agencies: City of San Jose
Documentation of efforts:
o City of San Jose General Plan

Support for Funding Opportunities
• Description: Cities in Santa Clara County have included in their general plan, various policies and
recommendations to set aside funding for flood protection projects. For example, the City of
San Jose supports State and Federal legislation which provides funding for the construction of
flood protection improvements in urbanized areas. Similarly, the City of Campbell has a
provision in its General Plan to collect adequate fees for the maintenance of its storm drainage
system. Lastly, the City of Mountain View General Plan specifically recommends developing
permanent or ad hoc sources of funding to implement storm-water best practices in the City.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose
• Documentation of efforts:
o City of San Jose General Plan
o City of Campbell General Plan
<http://www.ci.campbell.ca.us/Planning/Forms&Reports/GeneralPlanFinalVersion2002.
pdf>
o City of Mountain View General Plan
<http://www.mountainview.gov/civica/filebank/blobdload.asp?BlobID=10702>
Maintenance of Flood Control Facilities
• Description: The Cities of San Jose and Mountain View have polices in place to develop (or
maintain) new (or existing) flood protection infrastructure. For example, the City of San Jose
General Plan requires the maintenance of flood retention facilities in cooperation with the Santa
Clara Valley Water District in order to protect areas from the occurrence of 100-year flood
events or less frequent flood events when required by the State. Under circumstances where
existing retention facilities are not adequate, the General Plan also requires the City to
cooperate with the Santa Clara Valley Water District to develop additional flood retention
facilities. Similarly, the City of Mountain View General Plan also requires development of flood
retention areas to specifically address effects of sea level rise. In addition to flood retention
facilities, cities in Santa Clara County also have similar requirements for other types of flood
protection infrastructure. For example, the City of San Jose has policies in place to
develop/maintain levees per the design specifications of FEMA’s levee re-certification program
in collaboration with local, regional, state and federal agencies. Lastly, cities such as Saratoga
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also have provisions in their general plan to regulate the construction of flood barriers on
surrounding areas, given that they can potentially increase flood hazards in adjacent areas.
Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
Relevant agencies: City of San Jose, City of Mountain View, City of Saratoga
Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan
o City of Saratoga General Plan Safety Element

Maintenance/Improvement of Floodplain Storage Capacity
• Description: Cities in Santa Clara County are taking steps to maintain natural waterways as a
means of flood control. For example, the Cities of San Jose, Mountain View, Cupertino, Palo
Alto, and Los Gatos encourage the preservation and restoration of urban creeks and rivers in
their respective general plans to maintain existing floodplain storage. Similarly, the City of
Saratoga’s Floodplain Management Plan, includes provisions to control the alteration of natural
floodplains and streams.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
Relevant agencies: City of San Jose, City of Mountain View, City of Cupertino, City of Palo Alto,
City of Saratoga, City of Los Gatos
• Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan
o City of Cupertino General Plan < http://www.cupertino.org/index.aspx?page=709>
o City of Palo Alto Comprehensive Plan
<http://www.cityofpaloalto.org/gov/topics/projects/landuse/compplan.asp>
o City of Saratoga Floodplain Management Plan
<http://www.saratoga.ca.us/civicax/filebank/blobdload.aspx?BlobID=7077>
o City of Los Gatos General Plan < http://www.losgatosca.gov/index.aspx?NID=27>
Maintenance/Improvement of Storm-water Percolation
• Description: Cities in Santa Clara County have various measures in place to reduce storm-water
runoff by improving percolation. For example, the City of San Jose’s General Plan encourages
the reduction of impervious surfaces within city boundaries as a part of redevelopment and
roadway improvements through the selection of appropriate materials, site planning, and street
design. Similarly, the City of Mountain View’s General Plan encourages the development of
green streets and sustainable streetscapes using techniques such as bio-swales, bio-retention,
and permeable pavements.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose, City of Mountain View
• Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan
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Flood Protection Incentives via Insurance
• Description: Cities in Santa Clara County are voluntarily participating in programs that encourage
responsible development through insurance incentives. For example, the cities of San Jose,
Mountain View, Saratoga, and Los Altos participate in the National Flood Insurance Program
(NFIP) Community Rating System, which encourages floodplain management activities that
exceed minimum NFIP requirements through discounted insurance premium rates.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose, City of Mountain View, City of Saratoga, City of Los Altos,
FEMA
• Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan
o City of Saratoga General Plan Safety Element
o City of Los Altos General Plan
o FEMA NFIP Community Rating System <http://www.fema.gov/national-flood-insuranceprogram-community-rating-system>
Incorporation of Flooding Considerations into New and Existing Development Project Design
• Description: Cities in Santa Clara County are incorporating flooding considerations into decisionmaking involving new development, or modifications to existing development. For example, the
City of San Jose requires evaluation of projected inundation for proposed projects in areas
prone to historical coastal or riverine flooding (e.g. FEMA designated floodplains or Special Flood
Hazard Areas). Per City guidelines, proposed development in FEMA-designated floodplains must
be designed to provide protection from 100-year flood events or whatever designated
benchmark FEMA may adopt in the future. New development may also need to provide
protection for less frequent flood events when required by the State. Additionally, cities such as
San Jose, Palo Alto, Campbell and Los Altos implement FEMA requirements for proposed
development in Special Flood Hazard Areas as marked in Flood Insurance Rate Maps. Other
cities that evaluate potential impacts of flooding on proposed development include the Cities of
Saratoga and Campbell.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
Relevant agencies: City of San Jose, City of Mountain View, City of Sunnyvale, City of Palo Alto,
City of Campbell, City of Saratoga, FEMA
• Documentation of efforts:
o City of San Jose General Plan
o City of Palo Alto General Plan
o City of Sunnyvale General Plan
o City of Campbell General Plan
o City of Saratoga General Plan Safety Element
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Improved Building Construction Standards for Flood Protection
• Description: In cases where existing flood control facilities such as levees do not provide
adequate protection against flooding, cities such as Mountain View and Saratoga have taken
measures to improve the resilience of built infrastructure against flooding through more
stringent building design requirements. For example, the City of Mountain View requires that all
buildings (residential, multi-use, commercial, or city-owned) be elevated above anticipated
flood levels in the event of a levee failure. Similarly, the City of Saratoga’s Floodplain
Management Plan includes construction standards for proposed development in flood prone
areas, such as anchoring, building with flood resistant materials, and elevating.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of Mountain View, City of Saratoga
• Documentation of efforts:
o City of Mountain View Sustainability Task Force Final Report
o City of Saratoga General Plan Safety Element
Runoff Management via Permitting
• Description: Cities in Santa Clara County have mechanisms in place to reduce urban runoff from
project sites. For example, the Cities of San Jose and Mountain View require implementation of
Municipal Regional Storm-water Permits issued by the State Water Resources Control Board
following the completion of projects in order to manage runoff flow and volume from project
sites. Such criteria include maintenance operations such as street sweeping, and storm-drain
cleaning.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose, City of Mountain View
• Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan
Drainage System Maintenance/Construction
• Description: Cities in Santa Clara County have programs in place to minimize flooding hazards by
maintaining storm-water drainage systems. For example, the City of San Jose General Plan
requires maintenance of the City’s storm drainage infrastructure in a manner that reduces flood
hazards. Any modifications to the storm-water drainage system are required to ensure drainage
capacity for a 10-year storm event. Additionally, the City of San Jose also maintains a Storm
Drainage Master Plan, and partners with agencies to develop broader Watershed Management
Plans to model the City’s hydrology. Similarly, the City of Palo Alto’s General Plan and the City of
Saratoga’s General Plan Safety Element Update specifically identifies insufficient storm drainage
systems that contribute to flooding in low-lying areas, as well as actions to build new drainage
systems in these areas.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose, City of Palo Alto, City of Saratoga, Other Partner Agencies
• Documentation of efforts:
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City of San Jose General Plan
City of San Jose Storm Drainage Master Plan
<http://bairwmp.org/projects/city-of-san-jose-citywide-storm-drain-master-plan>
City of Saratoga General Plan Safety Element
City of Palo Alto General Plan

Inclusion of Flood Protection Features in Green Building Ordinances
• Description: Many cities in Santa Clara County have developed Green Building Ordinances,
which go beyond minimum State requirements for flood control. For example, the City of
Mountain View’s Green Building ordinance requires the implementation of specific storm-water
management techniques during the construction of projects, such as the installation of
retention basins. Additionally, the ordinance also requires implementation of efforts to prevent
surface water from entering buildings via options such as swales, drains, retention gardens and
other systems.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose, City of Mountain View
• Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan

Efforts Addressing Sea Level Rise and Accompanying Storm Surge
Description of Building and Land Use Sector Vulnerability
Rising sea levels will lead to permanent inundation and loss of function of coastal development and
infrastructure in Santa Clara County. Additionally, increasingly strong storms (particularly wind strength,
wave height, barometric pressure changes, and rainfall/runoff rates into the ocean) that are projected
to accompany sea level rise have the potential to cause physical damage to infrastructure. Recent
analysis from the USGS indicates that Santa Clara County is among the counties in the Bay Area most
exposed to storm surge.
The value of assets at risk on San Francisco Bay is substantially higher than along the Pacific coast.
Studies estimate that under a sea level rise scenario of 1.4 meters, the replacement value of buildings
vulnerable to 100-year flood events is over $7 billion 1. Among various building and land-use sectors in
Santa Clara County, the residential sector is at the greatest risk. In summary, the buildings and land-use
sector consists of several assets which are likely to be physically and functionally damaged as a result of
sea level rise and accompanying storm surge.
Existing Climate Change Preparedness Efforts
In order to protect the buildings and land-use sector against the impacts of flooding from sea level rise
and storm surge, a few jurisdictions in Santa Clara County have put in place the guidance, policies, and
procedures described below. Given that sea level rise and storm surge has the ability to impact multiple
1

Pacific Institute, 2012, The Impacts of Sea Level Rise on the San Francisco Bay, California Energy Commission,
Publication number: CEC-500-2012-014
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sectors at a large geographic scale, most efforts related to sea level rise preparedness are occurring via
regional collaborations, and are not specific to building and land use sector assets. These other efforts
are described in the Shoreline Protection Infrastructure Chapter of this document.
Incorporation of Climate Change Considerations into New Development Project Design
(same as described in Changes in Precipitation section above)

•

•
•
•

Description:
Some cities in Santa Clara county are explicitly taking climate change into consideration in
decision-making around new development. For example, the City of San Jose requires
evaluation of projected inundation for proposed projects in areas that will be exposed to future
coastal or riverine flooding as a result of climate change. For projects that are or will be affected
by sea level rise, the City requires incorporation of mitigation measures prior to their approval.
Other cities considering more stringent flood protection measures in light of climate change are
the Cities of Mountain View, Palo Alto, and Sunnyvale. The City of Mountain View’s
Sustainability Task Force Final Report (2008) recommends that the City should place a
moratorium on additional city infrastructure or other city investments in the existing flood zone
and nearby areas likely to be in the flood zone during the useful life of the investment unless
and until flood protection sufficient to protect the investment from a 100-year event during its
lifetime has been designed and construction is fully funded. Similarly, the City of Sunnyvale’s
Draft Climate Action Plan recommends that proposed development projects analyze and
disclose possible impacts of climate change on the project area, thereby building on the City’s
existing requirement to protect property from 100-year flood events.
Implementation level: Adaptation Policy Implementation
Relevant agencies: City of San Jose, City of Mountain View, City of Sunnyvale, FEMA
Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View Sustainability Task Force Final Report <
o City of Sunnyvale Draft Climate Action Plan

Improved Construction Standards for Future Climate Change-Related Flood Protection
(same as described in Changes in Precipitation section above)
• Description: Per the recommendations of Mountain View’s Sustainability Task Force Report, the
City is considering strengthening the building standards and other site construction
requirements to account for coastal or riverine flooding potential at the end of the expected life
of the building, given that sea level rise is a slow-moving climate change variable, and will result
in inundation the future.
• Implementation level: Adaptation Strategy Development
• Relevant agencies: City of Mountain View, City of Saratoga
• Documentation of efforts:
o City of Mountain View Sustainability Task Force Final Report
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Efforts Addressing Wildfire
Description of Building and Land Use Sector Vulnerability
Typically, natural wildfire patterns are driven by conditions such as droughts, temperature,
precipitation, wind, and the availability of fuel (biomass). Climate change is projected to increase the
frequency of wildfire events, the extent of burned areas across the State, and the duration of fire
seasons. Fire seasons are projected to begin earlier in the spring due to drier and warmer spring
conditions on average, potentially requiring longer annual need for firefighting services. Greater interannual variability in temperature and precipitation may also affect fire intensity. For example, multiple
wet years can result in larger fuel buildup in landscapes. This may result in increasingly intense and
frequent fires if followed by drought years. Fire risk will also vary depending on population growth and
land use characteristics including rates of residential expansion and infrastructure into fire prone areas
over the next century. Studies indicate that an increase in wildfire risk to residential property will
accompany climate change due to exurban growth and increased susceptibility of landscapes and
vegetation to fire due to climate change. The Bay Area and Santa Clara County have been identified as
one of the more risk prone areas in the State. Generally, a 1- to 7-fold increase in fire risk to residential
properties across Santa Clara County has been shown for low and high population growth scenarios by
late-century.
Existing Climate Change Preparedness Efforts
This analysis did not identify any explicit policies, procedures, and actions aimed at preparing the region
for the increase in the frequency of wildfires that is anticipated to occur due to climate change.
Parallel Efforts with Potential Climate Change Preparation Benefits
In order to protect the buildings and land-use sector against the existing threat of wildfire, many
jurisdictions in Santa Clara county have put in place the following policies, procedures, and actions.
While these policies do not explicitly address future climate change they may benefit climate change
preparedness efforts.
Development/Access restrictions in fire hazard zones
• Description: Cities in Santa Clara County use restrictions on development and access as a means
of preventing wildfires. For example, the General Plans for the Cities of San Jose and Palo Alto
contain provisions for minimizing development in high fire-hazard zones via the permitting
process and via low-density zoning respectively. Additionally, the City of San Jose general plan
also recommends reduced public-road access to high fire-hazard areas.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
Relevant agencies: City of San Jose, City of Palo Alto
• Documentation of efforts:
o City of San Jose General Plan
o City of Palo Alto General Plan
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Revised Building design standards in fire hazard zones
• Description: In accordance with the State building codes, cities enforce building design
standards for proposed development in high fire-hazard zones, which include specific
requirements for building material and exterior exposure protection.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: All local jurisdictions
• Documentation of efforts:
o City of San Jose General Plan (as an example)
Vegetation Management practices
• Description: Most jurisdictions in Santa Clara county with wild urban interfaces have specific
vegetation management requirements for wildfire prevention. For example, the general plans
of San Jose and Saratoga require the use of best practices on defensible space vegetation
management in order to protect structures at/near the urban/wild-land interface.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose, City of Saratoga
• Documentation of efforts:
o City of San Jose General Plan
o City of Saratoga General Plan Safety Element
Education/Communication/Outreach
• Description: Cities in Santa Clara County have existing public outreach efforts to reduce fire
hazards through behavioral best practices. These efforts are conducted in collaboration with
local, regional, and state agencies.
• Implementation level: Parallel Effort with Potential Climate Change Preparedness Benefits
• Relevant agencies: City of San Jose, City of Palo Alto, Santa Clara County FireSafe Council
• Documentation of efforts:
o City of San Jose General Plan
o City of Palo Alto General Plan

Efforts Addressing Multiple Climate Change Variables
Some of the adaptation efforts, initiated by local jurisdictions, simultaneously address more than one
type of climate change vulnerability. In some cities, policies, procedures, and actions have been
developed to provide an overarching framework for addressing a variety of natural disasters that might
be exacerbated as a result of climate change. These efforts are described below.
Mainstreaming Climate Change Adaptation into Existing Plans
• Description: Cities in Santa Clara County are considering how climate change adaptation can be
integrated with existing local long-term planning efforts. For example, the City of Sunnyvale’s
Draft Climate Action Plan recommends the integration of climate change adaptation into future
updates of the City Zoning Code, Building Code, General Plan, and other related documents.
Similarly, the City of Palo Alto’s Comprehensive Plan Amendment recommends that the Capital
Improvement Plan should prioritize infrastructure improvements that address adaptation of
Buildings and Land Use Sector
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critical facilities to climate change. Additionally, the City of Palo Alto’s Plan Amendment also
calls for the preparation of a Climate Adaptation Strategy to identify the ways in which Palo Alto
can respond to the predicted changes to its physical environment associated with climate
change. Other cities such as San Jose and Mountain View have already included climate change
considerations in their general plans.
Implementation level: Adaptation Strategy Planning
Relevant agencies: City of San Jose, City of Mountain View, City of Sunnyvale, City of Palo Alto
Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan
o City of Sunnyvale Draft Climate Action Plan
o City of Palo Alto Comprehensive Plan Amendment

Emergency Response Planning
• Description: Cities in Santa Clara County have existing emergency preparedness and emergency
response plans which include measures for addressing natural disasters such as wildfires and
floods. Examples of such cities include San Jose, Palo Alto, Mountain View, Campbell, and
Monte Sereno. In addition, some cities in Santa Clara County have recognized the critical role of
emergency service departments in preparing for and responding to climate-related natural
disasters, and are encouraging city-level emergency response planning efforts to incorporate
climate change considerations. For example, the City of Sunnyvale’s Draft Climate Action Plan
recommends that the City Office of Emergency Services be trained and informed regularly on
potential climate change risks and hazards, and that the City Emergency Plan and Emergency
Preparedness Workbook be updated to address climate change impacts
• Implementation level: Adaptation Strategy Planning
• Relevant agencies: City of San Jose, City of Palo Alto, City of Mountain View, City of Campbell,
City of Monte Serrano, City of Sunnyvale
• Documentation of efforts:
o City of San Jose General Plan
o City of Mountain View General Plan
o City of Palo Alto Comprehensive Plan
o City of Sunnyvale Draft Climate Action Plan
o City of Campbell General Plan
o City of Monte Sereno General Plan
<http://www.montesereno.org/clientuploads/Online%20Documents/Planning/FinalGen
eralPlan032010.pdf>
Monitoring/Measuring
• Description: Some cities in Santa Clara County, such as the City of San Jose, City of Palo Alto, and
City of Santa Clara have a requirement in their general plans to monitor changes to climate
change variables such as sea level, temperature, precipitation, wildfires, etc. Additionally, the
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City of Santa Clara General Plan also has a provision to evaluate the effects of climate change, as
well as identify strategies to address impacts, particularly sea level rise.
Implementation level: Vulnerability Assessment
Relevant agencies: City of San Jose, City of Palo Alto, City of Santa Clara
Documentation of efforts:
o City of San Jose General Plan
o City of Palo Alto Comprehensive Plan
o City of Santa Clara General Plan < http://santaclaraca.gov/index.aspx?page=1263>

Regional Collaboration
• Description: Cities in Santa Clara County recognize the importance of collaborating with
regional, state, and federal agencies to plan for resilience against anticipated impacts of climate
change. All of the cities in Santa Clara county, as well as the County itself, have prepared Local
Hazard Mitigation Plans to address regional natural disasters, some of which may be
exacerbated by climate change (e.g. flooding and sea level rise). The need for regional
collaboration has also been identified in individual city planning efforts. For example the City of
Sunnyvale’s Draft Climate Action Plan recommends collaboration with regional agencies to
analyze and prepare for climate impacts.
• Implementation level: Overall Climate Change Adaptation Planning
• Relevant agencies: Santa Clara County, all cities in Santa Clara County
• Documentation of efforts:
o Santa Clara County Local Hazard Mitigation Plan Update, 2011
< http://www.sccgov.org/sites/oes/PlansPublications/Pages/LHMP.aspx>
o City of Sunnyvale Draft Climate Action Plan

Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
While buildings and land-use are primarily under the direct control of local jurisdictions, other regional,
state, and federal agencies have a part to play in the development of effective climate change
preparedness strategies necessary to protect the sector. These agencies are identified below, along with
a description of their roles.
Federal Regulatory Agencies:
• FEMA: FEMA is responsible for coordinating the federal government’s role in preparing for,
preventing, mitigating the effects of, responding to, and recovering from disasters, including
those that are likely to increase in frequency or magnitude as a result of climate change. FEMA
plays a critical role in protecting the buildings and land-use sector at the local scale, as FEMA
designates flood zones according to varying levels of flood risk and type of flooding. These zones
are depicted on the published Flood Insurance Rate Map (FIRM) or Flood Hazard Boundary Map
(FHBM)
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State Regulatory Agencies
• California State Water Control Board: The State Water Board’s mission is to preserve, enhance
and restore the quality of California’s water resources, and ensure their proper allocation and
efficient use for the benefit of present and future generations. The Board’s Storm-water
Program includes a municipal program which regulates storm-water discharges from local
drainage systems, thereby playing an important role in maintaining the flood protection abilities
of drainage systems.
• CALFIRE: CALFIRE is responsible for the fire protection and stewardship of over 31 million acres
of California's privately-owned wild lands. CALFIRE also provides varied emergency services in 36
of the State's 58 counties via contracts with local governments. This department will play an
important role in building the capacity of local governments to address the increasing frequency
and magnitude of wildfires as a result of climate change.
Regional Entities
• Association of Bay Area Governments (ABAG): ABAG is a joint powers agency representing local
governments in the San Francisco Bay Area, including Santa Clara County. ABAG serves several
regional and sub-regional planning functions, and operates a variety of service programs for
local governments in areas where economies of scale are an important factor in reducing costs.
ABAG coordinates periodic updates to Santa Clara County’s Local Hazard Mitigation Plan per the
directive of the Disaster Mitigation Act of 2000. ABAG’s most recent update to this plan
includes an assessment of the vulnerability of Santa Clara County to various climatic changes.
ABAG’s Local Hazard Mitigation Plan sets the stage for regional adaptation planning in Santa
Clara County (see http://www.abag.ca.gov/bayarea/eqmaps/mitigation/plan.html).
• Santa Clara Valley Water District (SCVWD): The District manages an integrated water resources
system that includes water supply, flood protection and stewardship of streams in Santa Clara
County. One of the District’s core responsibilities is to protect the County from flooding via
ongoing stream maintenance and construction of flood protection projects.
Local Governments
• Local governments have the ability to advance climate change adaptation planning at the
community scale. Local governments can incorporate climate change considerations into their
locally enforceable general plans. Specifically with regard to the buildings and land-use sector,
local governments can influence land-use and zoning policies in their communities by making
revisions to building codes and zoning codes. Along with Santa Clara County, the cities in the
County will play a crucial role in the implementation of local level adaptation strategies that will
be identified as part of the Silicon Valley 2.0 process.

Summary of Existing Efforts to address Vulnerabilities
This section summarizes the existing efforts in the buildings and land-use sector to address impacts on
buildings and land-use sector assets and services from specific climate change variables relevant to
Santa Clara County (see Table 4). These efforts indicate the level of existing capacity in the buildings and
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land-use sector to withstand climate change impacts. The identification of these existing efforts is
critical in determining the extent of additional capacity needed in the buildings and land-use sector to
build resilience against climate change. Efforts to address climate change impacts vary across the
County. For example, cities like San Jose have been successful in mainstreaming climate change
adaptation into their general plans. Other cities such as Sunnyvale have stand-alone climate action plans
which focus primarily on climate change mitigation, but also identify efforts to promote climate change
adaptation. Many of the cities in Santa Clara County have not taken climate change into consideration
in the formulation of plans, policies, and actions which govern their buildings and land-use sectors.
However, many existing plans, policies, and actions that are in place in these cities are consistent with
the climate change adaptation planning process. Examples of these efforts are summarized below.
Table 2: Existing Efforts to Address Buildings and Land-use Sector Climate Change Vulnerabilities
Climate
Change
Variable

Asset

Changes in
Precipitation

All residential,
commercial,
industrial,
mixed-use, and
governmental/
institutional
parcels

Changes in
Precipitation

As above

Description of Effort

Climate Change
Preparedness
Category

Policy/Planning/
Operations

Incorporation of climate change
considerations into new
development project design

Adaptation
Policy
Implementation

Policy/Planning/
Operations

Improved construction standards
for future climate change-related
flood protection

Adaptation

Macro-category of
Effort

Strategy
Development

Stakeholder

Cities

Cities

Parallel
Changes in
Precipitation

Policy/Planning/
Operations

As above

Restrictions on access and/or
development in flood-prone zones

Effort with
Climate
Preparedness
Benefits

Cities

Parallel
Changes in
Precipitation

As above

Retreat

Contingency planning for
relocation of critical facilities

Effort with
Climate
Preparedness
Benefits

Cities

Parallel
Changes in
Precipitation

Changes in
Precipitation

As above

Financing

Support for funding flood
protection efforts

Effort with
Climate
Preparedness
Benefits

Maintenance of existing flood
protection infrastructure such as
retention basins or levees, or
construction of new infrastructure
as necessary

Parallel

As above

New (Existing) Flood
Protection
Infrastructure
Construction
(Maintenance)

Buildings and Land Use Sector

Effort with
Climate
Preparedness
Benefits

Cities

Cities, SCVWD
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Changes in
Precipitation

Parallel

As above

Policy/Planning/
Operations

Incorporation of climate change
considerations into new and
existing development project
design

As above

Restoration of
Natural Flood
Protection Systems

Maintenance/improvement of
floodplain storage capacity via
restoration of water bodies

Effort with
Climate
Preparedness
Benefits

Storm-water
Management

Maintenance/Improvement of
groundwater percolation

Effort with
Climate
Preparedness
Benefits

Storm-water
Management

Regulation of storm-water runoff
from proposed development sites
via permitting

Effort with
Climate
Preparedness
Benefits

Policy/Planning/
Operations

Modification of flood insurance
rates to incentivize flood
protection

Effort with
Climate
Preparedness
Benefits

Effort with
Climate
Preparedness
Benefits

Cities

Parallel
Changes in
Precipitation

Cities

Parallel
Changes in
Precipitation

As above

Cities

Parallel
Changes in
Precipitation

As above

Cities, SWRCB

Parallel
Changes in
Precipitation

As above

Cities, FEMA

Parallel
Changes in
Precipitation

As above

New building construction
standards for flood protection

Effort with
Climate
Preparedness
Benefits

Storm-water
Management

New storm-water infrastructure
construction/maintenance

Effort with
Climate
Preparedness
Benefits
Effort with
Climate
Preparedness
Benefits

Policy/Planning/
Operations

Cities

Parallel
Changes in
Precipitation

As above

Cities

Parallel
Changes in
Precipitation

As above

Policy/Planning/
Operations

Inclusion of flood protection
features in green building
ordinances

Sea Level Rise
& Strom
Surge

As above

Policy/Planning/
Operations

Incorporation of climate change
considerations into new
development project design

Adaptation
Policy
Implementation

Sea Level Rise
& Strom
Surge

Policy/Planning/
Operations

Improved construction standards
for future climate change-related
flood protection

Adaptation

As above
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Wildfires

Vegetation
management

As above

Implementation of vegetation
management best practices, such
as maintenance of defensible
space

Parallel
Effort with
Climate
Preparedness
Benefits

Cities

Parallel
Wildfires

Policy/Planning/
Operations

Restrictions on access and/or
development in fire hazard zones

Policy/Planning/
Operations

Revised building design standards
in fire hazard zones

Education/Commun
ication/Outreach

Public outreach efforts to reduce
fire hazards through behavioral
best practices.

As above

Wildfires
As above

Wildfires
As above

Effort with
Climate
Preparedness
Benefits
Parallel

Cities

Cities

Effort with
Climate
Preparedness
Benefits
Parallel
Effort with
Climate
Preparedness
Benefits

Cities,
CALFIRE

As above

Regional
Collaboration

Collaboration among local,
regional, state, and federal
agencies to build resilience in the
buildings and land-use sector
against climate change impacts

Overall climate
change
adaptation
planning

Cities, Santa
Clara County,
Other Public
Agencies

All

As above

Policy/Planning/
Operations

Mainstreaming climate change
adaptation into general plans,
capital improvement plans,
climate action plans, etc.

Strategy
Planning

Cities, Santa
Clara County

All

As above

Policy/Planning/
Operations

City-wide and County-wide
emergency preparedness and
response services

Strategy
Planning

Cities, Santa
Clara County

All

As above

Monitoring/
Measuring

Periodic monitoring of changes to
climate change variables

Vulnerability
Assessment

Cities, Santa
Clara County

All

Summary of Existing Gaps in Climate Change Preparedness Efforts in the
Buildings and land-use sector
Table 5 provides a summary of existing efforts and gaps in climate change preparedness in the buildings
and land-use sector within the Santa Clara county region. The table lists the existing vulnerabilities of
various assets in the buildings and land-use sector to climate change variables, along with an
identification of whether climate change preparedness efforts are in place to address these
vulnerabilities, as well as a qualitative rating of the level of those climate change preparedness efforts.
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Table 3: Level of Climate Change Preparedness Efforts in the Buildings and Land Use Sector

Climate Change
Variable
Changes in Precipitation
Patterns

Sea level Rise and
Storm Surge

Assets/Services Affected

Nature of Impact

All residential, commercial,
industrial, mixed-use, and
governmental/institutional
parcels

- Loss of function due to
temporary inundation

All residential, commercial,
industrial, mixed-use, and
governmental/institutional
parcels located near the coast

- Loss of function due to
permanent inundation from
long-term sea level rise,

- Physical damage to
property

- Loss of function due to
short-term inundation from
storm surge,

Existing
Climate
Change
Preparedness
Efforts?

Level of
Regional
Climate
Change
Preparedness

Yes

Very Low

Yes

Very Low

No

None, but
Parallel Efforts
Exist

- Physical damage to
property from storm surge
Wildfires

All residential, commercial,
industrial, mixed-use, and
governmental/institutional
parcels

- Loss of function
- Physical damage to
property

The analysis provided in this chapter indicates that few explicit climate change preparedness efforts
have been initiated in the sector. The Silicon Valley 2.0 regional plan will identify key strategies and
policies that could be adopted by local jurisdictions to improve the regions level of preparedness. The
plan will build upon those initiatives identified in this chapter.
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Communications Sector Introduction:
Climate change poses a threat to communications assets and function in the Santa Clara County region.
Communications companies and their regulatory agencies will need to implement effective climate
preparedness actions to minimize potential impacts. This section reviews existing plans, programs, and
other initiatives that could help prepare the communications sector for future climate change.
The communications sector within the county is comprised of various service providers and regulatory
bodies. There are close to 50 residential communications service providers operating local residential
voice services, wireless/cell communication services, DSL broadband connection services, cable
broadband connection services, and non-DSL/Cable Broadband connection services within Santa Clara
County jurisdictions. 1
The communications service providers own and operate various assets and infrastructure in Santa Clara
County, such as office space, data centers, fiber-optics networks, hybrid fiber coaxial (HFC) plants,
cellular communication towers, switch locations, and micro-sites (also known as micro base stations). 2
They are regulated by the California Public Utilities Commission (CPUC).
Subsequent sections in this chapter describe the various vulnerabilities faced by the communications
sector as a result of climate change, and the extent to which these vulnerabilities have been addressed
by this sector in Santa Clara County.

Climate Change Vulnerabilities in the Communications Sector:
The communications sector in Santa Clara County is vulnerable to five climate change variables:
• changes in precipitation patterns
• more extreme and frequent heat events
• sea level rise
• storm surge
• wildfires
For more information on the nature and projected trends in these variables, refer to the Silicon
Valley 2.0 – Climate Variable Memorandum. The assets and services of the communications sector
that are affected by these climate change variables, and the nature of impacts on the assets and
services are summarized below in Table 1:

1

This figure was obtained in late 2013 from the CPUC’s Telco Carrier Services Database. <
http://www.cpuc.ca.gov/PUC/Telco/Consumer+Information/carrierlists.htm> As of writing, the CPUC is no longer
publishing this database.
2
This list of infrastructure and assets has been compiled based on interviews conducted with communications
industry representatives in Santa Clara County, and may not be comprehensive.
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Table 1: Climate Change Variables and Impacts relevant to the Communications Sector in Santa Clara County

Climate Change Variable

Assets/Services Affected

Nature of Impact

Changes in precipitation
patterns (Riverine Flooding)

All

- Physical damage to infrastructure

Extreme and frequent heat
events

All

- Temporary service interruption due to
power outages

Sea Level Rise

All

- Loss of function due to permanent
inundation of communications infrastructure
in coastal areas

Coastal Storm Surge

All

- Physical damage to infrastructure

- Temporary service interruption due to
power outages and/or physical damage

- Temporary service interruption due to
power outages and/or physical damage
Wildfires

All

- Physical damage to infrastructure
- Temporary service interruption due to
power outages and/or physical damage

Existing Efforts to Address Communications Sector Vulnerabilities to
Climate Change:
This section provides an overview of existing communications sector climate change preparedness
efforts in the county. The section is organized by climate change variable and specific type of asset
vulnerability. An overview of the asset vulnerability is provided, followed by descriptions of the existing
effort(s), the level of implementation (i.e., vulnerability assessment, risk assessment, strategy
development, or strategy implementation), and the relevant agencies.

Efforts Addressing Changes in Precipitation Patterns (Riverine Flooding)
Description of Communications Sector Vulnerability
Changes in precipitation patterns are projected to impact the communications sector in the countyparticularly changes in rainfall intensity, which could result in increased riverine flooding in the region.
While overall annual precipitation in Santa Clara County is not projected to change by mid-century,
more precipitation is projected to occur in winter in the form of stronger storms. Specific quantitative
information of changes in storm intensity for the Bay Area are not readily available, but overall, the state
is projected to see 3-day maximum precipitation peak values increase by 10%-50% by mid-century.
Storm frequency is also projected to increase. Strong storm events with a 0.01 probability of occurrence
in the historical record are projected to become 10 times more likely by mid-century. These stronger
and more frequent storms could potentially cause structural damage to infrastructure and assets in the
communications sector, or result in service interruptions due to power outages.
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Existing Climate Change Preparedness Efforts
During the preparation of this Gap Analysis, no initiatives were identified that prepare the
communications sector specifically for climate change-related changes in precipitation patterns (e.g.,
increased riverine flooding).
Parallel Efforts with Climate Change Preparedness Benefits
Service providers in Santa Clara County are aware of existing flooding threats in the region. For example,
Comcast recognizes that the company operates critical assets located near the Guadalupe River, Coyote
Creek, and Calabazas Creek in Santa Clara County, all of which are prone to flooding. In order to address
the impacts of flooding from extreme precipitation events on the communications sector in Santa Clara
County, service providers have put in place the following policies, procedures, and actions consistent
with typical stages in a climate change adaptation planning process.
Internal Staff Trainings on Flooding Impacts
• Description: Communications service providers routinely conduct trainings for staff on effective
responses to natural disasters such as floods. For example, Comcast regularly delivers trainings

for staff based on FEMA’s flood hazard and risk data.
•
•
•

Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: Communications Service Providers
Documentation of efforts:
o Phone interview with Comcast and Sprint representatives
o Sprint Business Continuity Plan

Relocation or Elevation of Assets
• Description: Communications service providers in Santa Clara County are considering relocation or
elevation of critical assets as a means of protecting assets against the impacts of flooding. For
example, Comcast is exploring the possibility of installing new critical machinery/equipment or

placing existing equipment at an elevation of no less than three feet from the ground if it
is located in flood-prone zones.
•
•
•

Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: Communications Service Providers
Documentation of efforts: Phone interview with Comcast representative

Efforts Addressing More Extreme and Frequent Heat Events
Description of Communications Sector Vulnerability
The Bay Area is expected to experience daytime and nighttime heat waves of greater frequency, and
severity by mid-century, relative to the historical conditions. Additionally, the duration of individual heat
wave events is expected to increase, and the heat wave season is expected to lengthen. These projected
changes pose an indirect threat to the communications sector as the extreme heat events could result in
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increased peak summer-time electricity demand and increase power outages. 3 Power outages, in turn,
could lead to service interruptions in the communications infrastructure.
Existing Climate Change Preparedness Efforts
No specific initiatives were identified that prepare the sector for a climate change-related increase in
extreme heat events.
Parallel Efforts with Climate Change Preparedness Benefits
To minimize interruptions in service caused by power outages resulting from various causes including
current extreme heat events, communications service providers have put in place the following
procedure.
Energy Supply Diversification/Augmentation/Decentralization
• Description: Communications service providers in Santa Clara County maintain backup power
systems which are activated during utility power outages. For example, telecommunication
infrastructure owned by Sprint is equipped with backup power systems, which may include
batteries, fixed generators, mobile generators, or fuel cells. Similarly, Comcast also has backup
generation systems in place to operate critical equipment during power outages.
• Implementation level: Parallel Efforts with Climate Change Benefits
• Relevant agencies: Communications Service Providers
• Documentation of efforts:
o Phone interview with Comcast and Sprint representatives
o Sprint Business Continuity Plan

Efforts Addressing Sea Level Rise and Accompanying Storm Surge
Description of Communications Sector Vulnerability
As discussed in previous sections, communications companies serving the Santa Clara County region
own and operate various types of infrastructure in the county, which includes office space, data centers,
fiber-optics networks, hybrid fiber coaxial (HFC) plants, cellular communication towers, switch locations,
and micro-sites. Some of this infrastructure is located in low-elevation and coastal zones in the county
and is structurally and functionally vulnerable to flooding from sea level rise as well as storm surge.
Long-term sea level rise could cause permanent inundation of some coastal communications sector
assets. Additionally, short-term coastal storm surge can impact assets severely. For example, electronic
equipment is highly sensitive to water. Salt water, in particular, may cause corrosion, especially if the
equipment has not been shut down in advance of flooding. Underground electrical or mechanical
equipment may be sensitive to groundwater intrusion. The force of strong waves can knock down
towers. All of these factors can lead to wide-spread power outages, and in turn, interrupt
telecommunication services.

3

Heat Outages, Pacific Gas and Electric Company, 2013,
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/heatoutage/
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Existing Climate Change Preparedness Efforts
No specific initiative exists to prepare the sector assets for sea level rise or a climate change-related
increase in storm surge and coastal flooding. The communications sector, however, does have existing
frameworks to deal with current coastal flooding threats, which could be adapted to incorporate climate
change considerations. These existing efforts are described in the section entitled “Other Parallel Efforts
with Climate Change Preparedness Benefits” below.

Efforts Addressing Wildfires
Description of Communications Sector Vulnerability
As a result of climate change, wildfires in the Santa Clara County region are expected to increase in
frequency and intensity, and the duration of the fire season is expected to lengthen. Any
communications assets such as cellular communication towers or data transmission lines that might be
located in the direct path of wildfires are at risk of structural and functional damage from wildfires.
Additionally, given the communications sector’s dependence on the energy sector for uninterrupted
services, any damage caused to energy sector infrastructure by wildfires could potentially affect the
communications sector.
Existing Climate Change Preparedness Efforts
No specific initiative exists to prepare the sector assets for a climate change-related increase in wildfire
frequency or extent. This sector, however, does have existing frameworks to deal with the current
threat of wildfire, which could be adapted to incorporate climate change considerations. These existing
efforts are described in the section below.

Other Parallel Efforts with Climate Change Preparedness Benefits
Previous sections in this chapter have shown that communications service providers exhibit to some
extent, an existing capacity to be able to withstand current and anticipated impacts of specific climatic
changes such as flooding and extreme heat events. This section describes the general, common
framework that communications service providers have in place to prepare for and respond to multiple
natural disasters that might be exacerbated as a result of climate change.
Contingency Plans for Relocation of Assets
• Description: Some communications service providers in Santa Clara County have put in place
contingency plans to relocate specific critical infrastructure and assets. For example, Sprint has
site recovery plans for critical assets such as switch locations, which includes options for
relocation of these assets if necessary. In addition, Sprint also has strategies in place to provide
alternative work locations and remote access to resume operations during natural disasters. In
time, it is possible that these plans may be applied for permanent relocation of assets in
response to sea level rise, or temporary relocation of assets in response to short-term climate
change variables such as flooding, wildfires, landslides, or erosion.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Communications Service Providers
• Documentation of efforts: Sprint Business Continuity Plan
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Risk Assessment and Disaster Mitigation Strategy Planning
• Description: Communications service providers in Santa Clara County such as Sprint have
conducted assessments of their assets to rank the criticality of the functions that these assets
provide, and to identify the risks that these assets face from various natural disasters. Based on
these criticality and risk assessments, Sprint has identified specific mitigation strategies to reduce
the risk to prioritized assets.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Communications Service Providers
• Documentation of efforts: Sprint Business Continuity Plan
Infrastructure Improvements
• Description: Communications service companies have made various improvements to
infrastructure to minimize the chances of service interruption which may result from various
reasons. For example, most Sprint hub locations are placed on their SONET bi-directional fiber
rings, which reduce the chance of network failure due to third party fiber damage, equipment
failures, or other potential causes of service interruptions. Additionally, Sprint’s radio network
provides significant overlapping of coverage areas, which allow cell sites to fully or partially
compensate for a poorly functioning neighboring cell site. Finally, Sprint applies extremely
stringent industry standards (e.g. standards on structural design, engineering, technology,
redundancy, security, maintenance and continuous operations) to exceptionally critical assets
such as data centers.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Communications Service Providers
• Documentation of efforts: Sprint Business Continuity Plan
Emergency Response
• Description: Communications companies have a robust emergency response framework in
place, consisting of standard procedures and guidelines, expert personnel, and equipment,
which enables an efficient response to natural disasters. For example, during emergencies,
Sprint forms Emergency Operation Centers, and staffs them with cross-functional Emergency
Response Teams consisting of trained personnel. Additionally, Sprint maintains state-of-the-art
technology such as satellite phones, direct talk units, (off-network unit-to-unit communications)
GPS hand held units, camera phones, laptop wireless cards, and smart phones to aid in response
communication, situation assessment and resource tracking. Lastly, Sprint provides tools such as
Satellite backhaul SatCOLTs (Cell on Light Truck) and COWs (Cell on Wheel) that enable
restoration of service when a traditional circuit is not available, or provide additional capacity in
the vicinity of an incident. In addition responding effectively to emergencies that directly impact
Sprint’s infrastructure and assets, the company’s emergency response framework also provides
support to federal, state and local public safety, law enforcement, military agencies and private
sector organizations during declared emergencies.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Telecommunication Service Providers
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•

Documentation of efforts: Sprint Business Continuity Plan

Monitoring
• Description: Communications service providers in Santa Clara County have continuous
monitoring systems in place to ensure the proper functioning of their operations. For example,
Sprint’s Network Monitoring Centers and local switching offices track the performance of the
company’s network throughout the year.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Communications Service Providers
• Documentation of efforts:
o Sprint Business Continuity Plan
Inclusion of Natural Disaster Response and Recovery in Business Continuity Plans
• Description: Communications service providers in Santa Clara County such as Comcast and
Sprint have Business Continuity Plans and Programs in place, which are responsible for effective
natural disasters response and recovery. For example, The Business Continuity Program at Sprint
has adapted key principles from entities including the Federal Emergency Management Agency
(FEMA), NFPA 1600, and the Disaster Recovery Institute International (DRII). These business
continuity plans are revisited at least annually, and adapted accordingly, upon the availability of
new information. For example, Sprint routinely conducts Business Impact Analyses to evaluate
the criticality of its operations at the regional level, and if changes in risks are encountered, the
company adapts accordingly.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Communications Service Providers
• Documentation of efforts:
o Phone interview with Comcast and Sprint representatives
o Sprint Business Continuity Plan
Internal Staff Trainings and Exercises on Natural Disaster Preparedness, Response, and
Recovery
• Description: Communications service providers conduct thorough trainings of employees on
various aspects of disaster preparedness and response. For example, at Sprint, annual training
cycles are followed to ensure familiarity with systems, processes and peer organizations. Ad-hoc
training is also conducted for new team members on procedure changes. In addition to trainings,
employees at Sprint also undergo hands-on exercises to evaluate plans, educate personnel, and
test functions and operational capability of Sprint’s response organizations. The most common
types of exercises conducted are: Tabletop, Walk-through, Functional drills, and Full-scale. Fullscale exercises are simulated to be as close as possible to a real-life disaster and may involve a
combination of response teams, management, field operations, and outside agencies.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Communications Service Providers
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•

Documentation of efforts: Sprint Business Continuity Plan

Regional Collaboration
• Description: Communications service providers have collaborated with various public and private
agencies with the common goal of improving services. For example, Joint Venture Silicon Valley’s
Wireless Communication Initiative is a partnership between the wireless industry, local
governments, businesses and residents working to improve the wireless infrastructure in Silicon
Valley and eliminate dead spots. The consortium builds on existing relationships with local
governments to lead a coordinated public-private sector effort and mounts a highly strategic
campaign to transform Silicon Valley’s wireless data and communications infrastructure. Cities in
Santa Clara County such as Mountain View recognize in their general plan, the importance of the
communications sector to the regional economy, and have set goals to work with
telecommunication service providers to ensure high-quality products and services for residents
and businesses, and develop guidelines for the deployment of wireless and emerging
communications technologies. Communications companies have also collaborated with public and
private agencies to respond effectively to emergencies caused by natural disasters. For example,
Comcast routinely collaborates with power utilities such as PG&E, as well as other
telecommunication service providers such as AT&T, in times of regional power outages to
minimize service interruption time. Similarly, in recognition of the critical role that the
communications sector plays in emergency response during natural disasters, Sprint encourages
local governments to identify critical facilities or locations where the restoration of network
services following a natural disaster is a high priority. Additionally, Sprint participates in
coordinated situation drills with FEMA, the Department of Homeland Security (DHS), and state
emergency management agencies to ensure coordinated preparedness and response during a
disaster.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Communications Service Providers, JVSV, PG&E, Local Governments, FEMA,
DHS
• Documentation of efforts:
o Phone interview with Comcast and Sprint representatives
o Sprint Business Continuity Plan
o City of Mountain View General Plan
<http://www.mountainview.gov/civica/filebank/blobdload.asp?BlobID=10696>
o Joint Venture Silicon Valley Wireless Communications Initiative
<http://www.jointventure.org/index.php?option=com_content&view=article&id=16&It
emid=31>

Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
The communications sector is comprised primarily of private sector companies. Relevant partnering
organizations include governmental regulatory agencies, local jurisdictions, electric utilities, and non-
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governmental organizations. These key actors are described below, along with a description of their
roles. It should be noted that local coordination of climate preparedness planning within this sector
could be difficult due to the diversity of actors involved and a lack of clear local authority over the
sectors activities. Effective coordination may rely on involvement of State and federal regulatory actors.
Federal Regulatory Agencies:
• FEMA: FEMA is responsible for coordinating the federal government’s role in preparing for,
preventing, mitigating the effects of, responding to, and recovering from disasters, including
those that are likely to increase in frequency or magnitude as a result of climate change. The
communications sector relies strongly on guidance from FEMA on natural disaster preparedness
and planning to incorporate into its business continuity programs and plans. FEMA also manages
the National Flood Insurance Program, which provides flood hazard mapping.
State Regulatory Agencies
• The California Public Utilities Commission (CPUC): The CPUC develops and implements policies
for the communications industry, including ensuring fair/affordable universal access to
necessary services, developing clear rules of the game and regulatory tools to allow flexibility
without compromising due process, removing barriers that prevent a fully competitive market,
and reducing or eliminating burdensome regulation. Given that the CPUC is the chief regulatory
body which oversees the communications sector in Santa Clara County, this agency will
potentially play a key role in mainstreaming climate change considerations into the operations
of the communications sector in the future.
Energy Utilities
• Given that the communications sector relies heavily on the electricity sector for uninterrupted
services, collaboration between these sectors on climate change adaptation efforts will be
critical, and complementary. There are 3 main electricity service providers in Santa Clara
County:
o Pacific Gas and Electric Company (PG&E)
o City of Palo Alto Utilities (CPAU)
o Silicon Valley Power (SVP)
Communications Service Providers
As mentioned in previous sections, there are close to 50 communications companies serving Santa Clara
County. Given that communications service providers have ownership and operational control over their
infrastructure and assets, much of the responsibility for building the communications sector’s resilience
to climate change falls on these service providers. The names of companies serving Santa Clara County
are provided below in Table 2, categorized by the types of services they offer.
Local Governments
• Local governments have the ability to advance climate change adaptation planning at the
community scale. Local governments can incorporate climate change considerations into their
locally enforceable general plans. Specifically with regard to the communications sector, local
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governments play a critical role in coordinating with service providers, allowing access to public
rights-of-way, and ensuring that improvements or changes to communications services are
implemented. Along with Santa Clara County, the cities will play a crucial role in the
implementation of local level adaptation strategies for the communications sector that will be
identified as part of the SV 2.0 Guidebook.
Partnerships
Joint Venture Silicon Valley’s Wireless Communication Initiative: The wireless communication
initiative is a partnership between the wireless industry, local governments, businesses and
residents working to improve the wireless infrastructure in Silicon Valley. The consortium builds
on existing relationships with local governments to lead a coordinated public-private sector
effort and mounts a strategic campaign to transform Silicon Valley’s wireless data and
communications infrastructure. Given JVSV’s involvement in various climate change mitigation
efforts in Silicon Valley, the Wireless Communication Initiative may play a key role in facilitating
communication between local governments and the communications sector actors on how this
sector can address anticipated impacts of climate change.
Table 2: Communications Service Providers in Santa Clara County

4

Non DSL/Cable
Broadband
Connection Services

Residential Cable
Broadband
Connection Services

Residential DSL Broadband
Connection Services

Local Residential Voice Services

American Fiber
Network
Broadview Networks
Helio
Paxio
Southern California Tel
Sprint Telephony Pcs
TC Telephone
T-Mobile

Southern California Tel

A.R.C. Networks

ACN Communications Services

Verizon California

ACN Communications Services
ATX Licensing
BridgeCom International
Broadview NP Acquisition Corp.
Broadview Networks
Connectto Communications
Covad Communications
Company
Curatel
Frontier -- Citizens
Communications of CA
Global Valley Network
Lightyear Network Solutions
Raw Bandwidth Telecom
Southern California Tele.
Verizon California

American Fiber Network
AT&T California
Birch Communications
Blue Casa Communications
Budget PrePay
Charter Comms. (Cci Communications)
Charter Communications

Verizon California
Virgin Mobile USA
Wireless

Coast To Coast Cellular
Comtel Telcom Assets
Connectto Communications
Curatel
DAR 1010229.Com
Digital Communications Network
DPI Teleconnect
Easton Telecom Services
Enhanced Communications Network
First Communications
Frontier
Global Valley Network

4

This list was obtained in late 2013 from the CPUC’s Telco Carrier Services Database on the CPUC website:
http://www.cpuc.ca.gov/PUC/Telco/Consumer+Information/carrierlists.htm. As of writing, the CPUC no longer
publishes this database, and as such, this table may not be comprehensive.
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Helio
Hello Depot
Lightyear Network Solutions
Matrix Telecom
MCImetro Access Transmission
Services
Nextel Of California
Quality Telephone
Ridley Telephone Company
Sage Telecom
Southern California Tele.
Sprint Telephony Pcs
Talk America
TC Telephone
Telco Partners
Tracfone Wireless
Verizon California
Virgin Mobile USA

Summary of Existing Efforts to address Vulnerabilities
Table 3 summarizes the existing efforts in the communications sector to address impacts on
Communications Sector assets and services from specific climate change variables relevant to Santa
Clara County. These efforts indicate the level of existing capacity in the communications sector to
withstand climate change impacts. The identification of these existing efforts is critical in determining
the extent of additional capacity needed in the communications sector to build resilience against climate
change.
Table 3: Existing Efforts to Address Communications Sector Climate Change Vulnerabilities

Climate
Change
Variable

Climate
Change
Preparedness
Category

Asset

Macro-category
of Effort

Changes in
Precipitation
(Riverine
Flooding)

Multiple

Retreat/Relocation

Elevation of critical equipment to
avoid flooding from rain storms

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Changes in
Precipitation
(Riverine
Flooding)

Multiple

Education/Outreach

Internal Staff Trainings and
Exercises on Flood Preparedness,
Response, and Recovery

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Extreme Heat

Multiple

Energy Supply
Diversification/
Augmentation/
Decentralization

Installation of backup power
generation systems or battery
systems to minimize service
interruptions due to power
outages

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Multiple

Multiple

Regional
Collaboration

Collaboration with various public
and private agencies to improve
communications services and
respond effectively to natural
disasters

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers,
JVSV, PG&E, Local
Governments,

Communications Infrastructure Sector

Description of Effort

Stakeholder
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FEMA, DHS

Multiple

Multiple

Education/Outreach

Internal Staff Trainings and
Exercises on Natural Disaster
Preparedness, Response, and
Recovery

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Multiple

Multiple

Policy/Planning/Op
erations

Inclusion of Natural Disaster
Response and Recovery in
Business Continuity Plans

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Multiple

Multiple

Monitoring/
Measuring

Continuous monitoring of
operations to ensure
uninterrupted service

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Multiple

Multiple

Emergency
Response

Comprehensive emergency
response framework consisting of
standard procedures, trained
personnel, and state-of-the-art
technology

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Multiple

Multiple

Infrastructure
Improvements

Upgrades to communications
infrastructure to minimize service
interruptions and prevent
structural damage

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Multiple

Multiple

Policy/Planning/
Operations

Risk assessment and disaster
mitigation strategy planning for
critical infrastructure and assets

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Multiple

Multiple

Retreat/Relocation

Contingency plans for temporary
or permanent relocation of critical
assets

Parallel Effort
with Climate
Preparedness
Benefits

Telecommunications
Service Providers

Summary of Existing Gaps in Climate Change Preparedness Efforts in the
Communications Sector
Table 4 provides a summary of existing efforts and gaps in communications sector climate change
preparedness efforts. The table lists the existing vulnerabilities of various assets in the communications
sector to climate change variables, along with an identification of whether climate change preparedness
efforts are in place to address these vulnerabilities, as well as a qualitative rating of the level of those
climate change preparedness efforts.
While the communications sector demonstrates many initiatives to prepare for and respond to existing
natural disasters, these efforts are primarily informed by historical trends. Overall, it appears that this
sector has not yet taken into account the projected future trends in climate-related natural disasters.
However, as the impacts of climate change in Santa Clara County become clearer, communications
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industries can use an adaptive management approach in order to incorporate climate change
considerations into their business continuity programs and plans.
Table 4: Level of Climate Change Preparedness Efforts in the Communications Sector

Existing
Climate
Change
Preparedness
Efforts?

Level of
Climate
Change
Preparedness
Efforts

No

None, but
Parallel Efforts
Exists

Assets/Services
Affected

Nature of Impact

Changes in precipitation
patterns

All

- Physical damage to infrastructure

Extreme and frequent
heat events

All

- Temporary service interruption due
to power outages

No

None, but
Parallel Efforts
Exists

Sea Level Rise

All

- Loss of function due to permanent
inundation of communications
infrastructure in coastal areas

No

None, but
Parallel Efforts
Exists

Storm Surge

All

- Physical damage to infrastructure

No

None, but
Parallel Efforts
Exists

No

None, but
Parallel Efforts
Exists

Climate Change Variable

- Temporary service interruption due
to power outages and/or physical
damage

- Temporary service interruption due
to power outages and/or physical
damage
Wildfires

All

- Physical damage to infrastructure
- Temporary service interruption due
to power outages and/or physical
damage

Communications Infrastructure Sector
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Ecosystem Sector Introduction:
The San Francisco Bay Area is a biodiversity hotspot that contains unique collections of species found
nowhere else on Earth. Climate change is anticipated to lead to substantial changes to biodiversity and
ecosystem function in the region. As the climate changes, species will be forced to adapt to these
changes in situ or move to new areas where environmental conditions are more favorable. As
individuals within populations respond to changes in climate, habitat, landscapes, and species
composition will all shift and change uniquely. These changes may potentially not be in concert, leading
to significant shifts in the way we perceive the unique habitats of the Santa Clara County (County) and
South San Francisco Bay (South Bay) region today. With this change, ecosystem services, such as flood
control, carbon storage, forage production and water supply, which are provided by natural landscapes,
will also change. This will in turn affect adjacent urban and rural developed areas and human activities.
Changes in temperature and precipitation will cause shifts in phenology, the biological timing of events
in nature that are correlated with climate and season. As a result, species are anticipated to adapt, or
shift, within the region to new favorable locations associated with shifting preferred climates (generally
to higher elevations and more northern aspects with warming and drying conditions anticipated);
however, it is anticipated that many of these changes will not happen in concert, leading to a break up
of the assemblages of species occurring today, along with the functional roles they provide. The
characteristics of landscape patterns and processes to support this movement are also anticipated to
change (e.g. suitable wildlife corridors and conditions favorable for species dispersal, plant regeneration,
etc.). Certain species will be more susceptible to climate change, particularly those on the warmer/drier
edge of their current range and those with limited mobility. Some species may be unable to adapt or
shift and may die off locally or go extinct. Many of the ecological changes are likely to be complex and
difficult to predict.
Subsequent sections in this chapter present the predicted vulnerabilities faced by the ecosystem sector
as a result of climate change, and the extent to which these vulnerabilities have been identified as
having already been or are currently being addressed by the ecosystem sector in the region.

Climate Change Vulnerabilities in the Ecosystem Sector:
The ecosystem sector in the Santa Clara County region is vulnerable to six major climate change
variables 1:
• Sea level rise
• Storm surge
• Riverine Flooding
• Temperature change (towards a warmer climate)
• Precipitation change (including changes in seasonal timing, towards a wetter or drier climate)
1

Climate change will likely impact all habitat assets described. Here we focus on habitats particularly at risk to the
following climate change variables. For more details, see the Ecosystem Sensitivity Analysis.
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•

Wildfire

Note that in the Vulnerability Assessment, for the Ecosystems Sector, Sea Level Rise and Storm Surge
were combined into a single category called Sea Level Rise. For more information on the nature and
projected trends in these variables, refer to Silicon Valley 2.0 Climate Change Memorandum. For the
ecosystem sector, assets are defined as primary habitat types within the Santa Clara County region.
Habitat types are summarized into 12 habitat types 2, which include:
•

Coastal Salt Marsh / Coastal Brackish Marsh

•

Grassland

•

Freshwater Lake and Pond

•

Oak Woodland

•

Freshwater Wetland

•

Hardwood Forest

•

Riparian and Riverine

•

Coniferous Forest

•

Coastal Scrubland

•

Redwood Forest

•

Chaparral / Interior Scrubland

•

Open Water (the Bay)*

*NOTE: Open water is the Bay and was not analyzed further in this assessment. The urban environment
(developed and ruderal) and agricultural landscape were not included in this assessment.

The principle components of each habitat asset include: (1) landscape and vegetative community
(Landscape), (2) wildlife and special-status species (Wildlife & Species of Special Concern (SSC)), and (3)
ecosystem service and function (Ecosystem Fn). Climate related impacts were assessed for each
principle component of the habitat asset. All three habitat components are likely to be impacted by
climate change for each of the habitat assets listed in Table 1 below. The habitat assets of the ecosystem
sector that are affected by these climate change variables and the nature of impacts on the habitat
assets and components affected by the impacts are summarized below in Table 1.
Table 1: Climate Change Variables and Impacts relevant to the Ecosystem Sector in Santa Clara County

Climate Change
Variable

Sea Level Rise

Habitat Asset Affected

-

Grassland (near coastline)
Riparian and Riverine
Freshwater Wetland
Coastal Saltmarsh / Coastal
Brackish Marsh

Nature of Impact
Permanent inundation of habitat assets near
coastline, habitat loss, inability for upland habitat
migration due to human-built environment,
saltwater intrusion to freshwater systems,
drinking water, loss of freshwater supplies, loss
of habitat (e.g. nest failure, burrow inundation,
etc.).

2

Habitat types were summarized from the approximately 50 habitat types mapped by the Bay Area Open Space
Council 2012. Available: http://www.bayarealands.org/gis/download/Vegetation_032411.pdf
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Storm Surge

-

Riverine Flooding

-

Grassland (near coastline)
Riparian and Riverine
Coastal Salt Marsh / Coastal
Brackish Marsh
Freshwater Wetland
Freshwater Lake and Pond

Damage to coastal habitat assets from increased
storm surge intensity and frequency, saltwater
intrusion into freshwater systems, hydrology
changes, crop loss, food loss, loss of habitat (e.g.
nest failure, burrow inundation, etc.).

Chaparral and Scrubland
Riparian and Riverine
Freshwater Wetland
Coastal Salt Marsh / Coastal
Brackish Marsh
Freshwater Lake and Pond
Grassland

Flooding on slopes leading to erosion, species
composition, habitat loss, increase in
sedimentation in aquatic habitats, impacts to
fishes through loss of spawning habitat, egg loss
and failure, loss of individuals, esp. juveniles,
vegetation loss in all habitats affected, including
agricultural, riparian function loss, structural
damage (related to habitat loss in built
environment)

All Habitats, especially:

Temperature
Change

-

Coniferous Forest
Hardwood Forest
Oak Woodland
Riparian and Riverine
Freshwater Wetland
Freshwater Lake and Pond
Redwood Forest
Grasslands

Heat stress leading to population loss, loss of
populations/species dependent on cooler
environments (e.g. redwoods), phenological
changes, fuel loading supporting wildfire
increase, landscape species composition
changes, succession - gradual shift to grassland
habitats as species move to higher elevations
and cooler climates, increase in invasive species,
freshwater availability loss and increased
competition (inc. human environment) for
aquatic resources, crop loss, loss of food supply

All Habitats, especially:

Precipitation
Change

Wildfire
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-

Coniferous Forest
Hardwood Forest
Oak Woodland
Redwood Forest
Riparian and Riverine
Freshwater Wetland
Freshwater lake and Pond
Grasslands

-

Coniferous Forest
Hardwood Forest
Redwood Forest
Oak Woodland
Coastal Wetland
Riparian and Riverine
Freshwater Lake and Pond

Drought, less summer precipitation, exacerbated
effects to temperature change listed above,
reduction in freshwater and ground water
supplies, increase competition for water
(including with human environment), vegetation
loss leading to increases in wildfire and
landslide/erosion, gradual habitat changes,
phenological changes

Loss (potentially catastrophic) of populations and
species, changes to natural habitat fire cycles,
loss of carbon sinks, increase of carbon dioxide in
atmosphere, habitat loss/change, shade loss,
increase in sedimentation, reduced water
quality, food loss
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Existing Efforts to Address Ecosystem Sector Vulnerabilities to Climate
Change:
This section provides an overview of existing ecosystem sector climate change preparedness efforts in
the county. The section is organized by climate change variable and by specific type of asset
vulnerability. An overview of the asset vulnerability (e.g. impacts to coastal wetland habitat as a result of
sea level rise) is provided, followed by descriptions of the existing effort(s), the level of implementation
(i.e., vulnerability assessment, risk assessment, strategy development, or strategy implementation), and
the relevant organizations, research groups, and government agencies involved.

Efforts Addressing Changes in Sea Level Rise and Storm Surge
Description of Habitat Vulnerabilities
Sea level rise will alter current intertidal, wetland, and coastal habitats and adjacent upland landscapes
by causing changes to water depth in the South Bay and corresponding species inundation levels, storm
effects, saltwater intrusion, and changing ecological characteristics associated with levees, dikes and
built infrastructure within the sea level rise zone. Species, including special-status and sensitive species,
within these areas will be affected, as will the flood protection and water quality services provided by
these ecosystems.
Sedimentation from within the Bay and originating from upstream watersheds is a key variable in the
ability of intertidal wetlands in the South Bay to “rise” with sea levels and continue to provide habitat
and ecosystem services similar to current levels. Sedimentation from upstream watersheds is affected
by land use characteristics in the watersheds; sediment and hydrology management activities within
flood control, stormwater, and conveyance infrastructure; and climate-driven changes such as increased
fires and vegetation change within more natural areas in the upper reaches of the watersheds. While
land use characteristics such as urban expansion, land use, and management activities can largely be
controlled by decision makers, climate change variables such as stronger winter storms, increased fire
frequency, and warmer temperatures will have important effects on these watershed hydrologic
characteristics that will in turn effect sedimentation rates and sea level rise impacts to intertidal
ecosystems. More fires in particular could have a big effect in altering sediment regimes.
The level of impact and ability of intertidal ecosystems to adapt to climate change is also dependent on
future characteristics of watersheds draining into the South Bay. See Riverine Flooding and
Sedimentation Loading for details. It will be important for plans and activities within upstream portions
of the watersheds to synergize with activities in and adjacent to the current intertidal zone to address
the sedimentation relationship in adapting to sea level rise. In summary, sea level rise may directly
disrupt coastal and adjacent upland habitat, which are critical to ecosystem function in Santa Clara
County.
Additionally, stronger storms and associated storm surges will affect hydrology and coastal ecosystem
habitats. Storm surges can cause damage to coastal habitat assets including both the physical damage
caused by the storm surge as well as saltwater intrusion into freshwater habitat and watersheds. These
climate driven changes in storm surge may surpass existing capabilities of current infrastructure because
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current infrastructure is not sufficiently sized to handle the frequency, duration, and intensity of
stronger storm surge events.
Existing Climate Change Preparedness Efforts
In order to ensure the viability of coastal habitats in the face of sea level rise and storm surge in Santa
Clara County, the following policies, procedures, and actions consistent with typical stages in a climate
change adaptation planning process have been implemented.
[Note: Given that sea level rise and storm surge has the ability to impact multiple sectors at a large
geographic scale, most efforts related to sea level rise preparedness are occurring via regional
collaborations, and are not specific to ecosystem sector assets. Many of these other efforts are described
in the Shoreline Protection Infrastructure Chapter of this document.]
Point Reyes Bird Observatory (PRBO) Online Decision Support Tool for managers, planners,
conservation practitioners, and scientists
Description: Web-based tool to assist decision makers in understanding the changing favorable habitat
locations for a variety of plant and bird species under potential climate change scenarios within current
and future intertidal zones. The tool includes the ability to adjust climate variables of sedimentation and
sea level rise through the late century to view potential changes as a result. This is the most advanced
and robust web-based decision support tool understood to be available to assess climate change
exposures.
•
•

•

Implementation level: Vulnerability Assessment and Risk Assessment
Relevant agencies: California Department of Fish and Wildlife (CDFW), United States Fish and
Wildlife Service (USFWS), California Coastal Conservancy, Bay Conservation and Development
Commission (BCDC), California Coastal Program of the US Fish and Wildlife Service, Santa Clara
County Parks
Documentation of
efforts: http://data.prbo.org/apps/sfbslr/PRBOCoastalConservancyTechnicalReport_Mar2012.pdf

San Francisco Estuary Institute Study of the Historical Tidal-Terrestrial Transition Zone in
South SF Bay
•

•
•
•
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Description: The study focuses on the historical interaction between the intertidal and terrestrial
zones surrounding the South Bay. The findings aim to help guide restoration and management
activities including climate change adaptation and sea level rise adaptability of current and future
intertidal ecosystems.
Implementation level: Vulnerability and Risk Assessment; Adaptation Strategy Development
Relevant agencies: California Coastal Program of the US Fish and Wildlife Service, BCDC, California
Coastal Conservancy, CDFW
Documentation of efforts: http://www.sfei.org/TZone_SouthSFBay
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Parallel Efforts with Potential Climate Change Preparedness Benefits
While the South Bay Salt Pond Restoration Project is not an explicit climate change preparedness
initiative, the project is critically important to sea level rise planning and related wetland habitat
protection efforts in the South Bay area.
South Bay Salt Ponds Restoration
•

•
•
•

Description: The project is the largest tidal wetland restoration initiative on the West Coast. The
goal is a 15,100 acre wetland restoration strategy of former industrial salt ponds in the South Bay
to a mix of tidal marsh, mudflat, and other wetland habitats, in order to provide wildlife-oriented
public access, recreation, and flood management. It has the potential to provide both habitat
resiliency and sea level rise protection of adjacent built areas. Further study of the climate change
interactions of the project’s proposed strategies is ongoing.
Implementation level: Parallel Effort with Potential Climate Preparedness Benefits
Relevant agencies: CDFW, California Coastal Program of the US Fish and Wildlife Service, BCDC,
California Coastal Conservancy
Documentation of efforts: http://www.southbayrestoration.org/

Efforts Addressing Riverine Flooding
Description of Habitat Vulnerability
Riverine flooding can cause massive and potentially detrimental impacts to overall aquatic ecosystem
health, which also serve as key indicators in terrestrial ecosystem health. As winter storms become
stronger with the changing climate, riverine flooding, erosion, and sedimentation loading into
watersheds will become more significant issues to address. These changes to the physical environment
drive changes in species and their habitats, particularly for aquatic and riparian habitats, as it can lead to
changes in species composition, habitat loss, population reductions, sedimentation loading in the
watershed which can ultimately impact sea level rise rate, and functional loss.
Aquatic species are particularly sensitive to changes in flood regime and intensity. Riverine flooding can
impact native fish through loss of spawning habitat, egg loss and failure, loss of individuals, especially
juveniles, and sediment loading leading to a reduction in water quality. All habitats associated with
riverine flooding would be affected, including vegetation loss, ecosystem function loss due to the
physical damage or removal of key components to the habitat by the water, as well as the effects of
inundation. Since modeling to demonstrate projections of stronger storm events with climate change in
the region are relatively new and findings quantitatively demonstrating this connection are limited,
detailed planning for this variable has received little attention so far in relation to ecosystems.
Existing Climate Change Preparedness Efforts
In order to ensure the viability of habitats in the face of riverine flooding in Santa Clara County, the
following project has been implemented.
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Climate Change Vulnerability of Native and Alien Freshwater Fishes of California: A Systematic
Assessment Approach
• Description: Freshwater fishes are highly vulnerable to human-caused climate change. Since
quantitative data on status and trends are unavailable for most fish species, researchers created
a systematic approach to assess the status and future vulnerability to climate change of
freshwater fishes in California.
• Implementation level: Vulnerability and Risk Assessment, Strategy Development
• Relevant agencies: Army Corps of Engineers, Water Quality Control Board, Santa Clara Valley
Water District, CDFW, USFWS, NOAA
• Documentation of efforts:
o Climate Change Vulnerability of Native and Alien Freshwater Fishes of California: A
Systematic Assessment Approach. 2013. Molye, P. B., J. D. Kiernan, P.K. Crain, and R. M.
Quinones. Plos One. Open Access,
Available: http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.006
3883

Efforts Addressing Temperature Changes and Precipitation Changes
Description of Habitat Vulnerability
The gradual warmer climate and shifts in seasonal timing of rainfall projected over the next century will
result in changes to habitats and ecosystems. These changes are anticipated to occur as a result of
interannual, annual, and seasonal changes to precipitation and temperature patterns. Interannual
patterns include events such as multi-year droughts. Average annual temperatures are projected to
increase while overall precipitation change is unknown. While total annual precipitation may not change
significantly from current levels, seasonally, however, precipitation is projected to decrease in the spring
through fall and increase in the winter. The seasonal timing of these events is projected to include more
intensive winter rainfall and flooding, followed by hotter and drier summers and drought.
Temperature Changes
Temperature changes will impact all habitats in Santa Clara County. Examples of potential impacts
include heat stress leading to population loss, changes in phenology, fuel loading, landscape species
composition changes, succession, increase in invasive species, increased competition for freshwater
resources, crop loss, and loss of food supply.
Precipitation Changes
Precipitation changes will impact all habitats in Santa Clara County. Examples of potential impacts
include increased winter rainfall, increased summer drought, less summer and fall water availability,
increased competition for freshwater resources (including competition with the human environment),
increases in wildfire, landside, and erosion.
These gradual changes are anticipated to drive long term landscape change to habitats and ecosystem
services, and are a particular threat to species at the current southern edge of their habitat range. An
example is Steelhead (Oncorhynchus mykiss), a native salmonid that typically return to their freshwater
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habitats from the Pacific Ocean to spawn. Streams in the County include highly sensitive steelhead
populations on the southern edge of their range. Little Arthur Creek near Gilroy, which is a tributary of
the Pajaro River in South Santa Clara County, has one of the last viable “inland” runs of Central Coast
Steelhead in California.
Changes to ecosystem services associated with vegetation and watershed change over time could also
result in impacts to adjacent built land uses. Changing vegetation coverage and precipitation patterns
could alter erosion, runoff, and flooding patterns in watersheds that could result in under or oversized
water infrastructure in downstream urban areas. Greenhouse gas sequestration services provided by
forests and vegetation in the region are also vulnerable as vegetation is projected to lose biomass over
the coming century. This loss could result in substantial greenhouse gas emissions.
Existing Climate Change Preparedness Efforts
In order to ensure the viability habitats in a warmer and drier climate, the following policies, procedures,
and actions consistent with typical stages in a climate change adaptation planning process have been
implemented.
Santa Clara Valley Habitat Conservation Plan (SCV HCP)
• Description: The Habitat Conservation Plan aims to protect and enhance ecological diversity and
function within Santa Clara County, while accommodating currently planned growth. The Santa
Clara Valley Habitat Agency (SCVHA) is the agency primarily responsible for overseeing the
Habitat Reserve System, protecting a variety of sensitive habitats and 18 special-status wildlife
and plant species. A limited amount of climate change analysis of was conducted in the plan’s
development. Incorporation of additional climate change science into the plan and its strategies’
could be beneficial. The plan identified sensitive resources and special-status species that occur
in the County, which could be used to assess a baseline for conservation in the County and to
identify special-status species to serve as flagship species in regards to climate change and
conservation. The plan includes a chapter on climate change, where it identifies plant and
animal species and vegetation communities that may be sensitive to climate change due to their
occurrence at the edge of their range. The preparation of the plan was overseen by Terah
Donovan of ICF International.
• Implementation level: Adaptation Strategy Development
• Relevant agencies: SCVHA, BAECCC, CA LCC, Santa Clara County Parklands, Santa Clara Valley
Water District, CDFW, USFWS
• Documentation of efforts:
o http://scvhabitatplan.org/www/Portals/_default/images/default/Final%20Habitat%20Plan/App_F
_ClimateChange.pdf
NatureServe Climate Change Vulnerability Index Tool
• Description: Scientific climate change vulnerability tool for assessing vulnerability and
adaptation strategies for natural communities which includes individual assessment of species
vulnerability in changing climate. Tool inputs include species climatic requirements and natural
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•
•
•

history data and tool output is a quantitative assessment (can be based on qualitative data) of
species likelihood of vulnerability in changing climate.
Implementation level: Vulnerability Assessment
Relevant agencies: BAECCC, CA LCC, Santa Clara County Parklands, CDFW, USFWS
Documentation of efforts:
o NatureServe Climate Change Vulnerability Index
Tool: https://connect.natureserve.org/science/climate-change/ccvi

The Ackerly Lab at UC Berkeley
• Description: UC Berkeley research laboratory led by Professor David Ackerly, PhD. Conduct
research on climate change ecology in California and SF Bay Area. The lab conducts research and
works in concert with the Conservation Lands Network to determine climate impacts to
conservation areas in the Bay Area.
• Implementation level: Vulnerability and Risk Assessment
• Relevant agencies: BAECCC, CA LCC, CDFW, USFWS, California State Park Lands, Santa Clara
County Parks, NOAA
• Documentation of efforts:
The Ackerly Lab Website Homepage: http://ib.berkeley.edu/labs/ackerly/
Parallel Efforts with Potential Climate Change Preparedness Benefits
While the Bay Area Conservation Lands Network is not an explicit climate change preparedness
initiative, the project’s network of priority conservation areas could provide considerable benefits for
ecosystem climate change preparedness planning.
Bay Area Conservation Lands Network (CLN)
• Description: This is a long-term effort focused on comprehensive regional landscape-scale
conservation planning. The project has identified a robust network of priority areas for
conservation and if fully implemented, it will provide a strong resiliency framework for
accommodating biodiversity and ecosystem services with climate change. However, since the
strategy was not designed specifically around climate change, ongoing studies of climate change
interactions with the plan are recommended and modifications may be warranted.
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Documentation of efforts:
o Bay Area Conservation Lands Network (Climate Change - Chapter
9) http://www.bayarealands.org/reports/

Efforts Addressing Changes to Wildfire Regimes
Description of Ecosystem Vulnerability
Santa Clara County is projected to see a substantial increase in wildfires in the coming century across the
entire county through mid-century and, particularly in the western portions of the county by latecentury. No plans to accommodate this change were identified, but the study of this topic is receiving
increased attention. In addition the potential increased risk to built assets and public health, increased
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fires will alter habitats and ecosystem services. Fires can lead to increased sedimentation, flooding, and
landslides. Fires can result in increased greenhouse gas emissions from the landscape carbon pool as
biomass is lost to burning of biomass or changing soil carbon content.
Existing Climate Change Preparedness Efforts
This analysis did not identify any policies, procedures, and actions related to climate-change induced
increases in wildfire (i.e., frequency or extent) and ecosystem climate change preparedness.
Parallel Efforts with Potential Climate Change Preparedness Benefits
While no explicit climate change-related initiatives were identified, a variety of existing policies,
procedures, and actions could be utilized to help prepare the sector for the future changes in wildfire
regimes.
California Statewide Adaption Strategy – Chapter 9 - Forestry
• Description: To better assess impacts to forestry and wildfire, the California government has
created an adaptation strategy guide to assist stakeholders, foresters, and land use planners in
creating local adaptation strategies.
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara County Parks, USFWS, CDFW
• Documentation of efforts:
o http://resources.ca.gov/climate_adaptation/docs/Statewide_Adaptation_Strategy__Chapter_9_-_Forestry.pdf

Efforts Addressing Multiple Climate Change Variables
Previous sections in this chapter have shown that habitats comprising Santa Clara County ecosystems
exhibit to some extent, an existing capacity to be able to withstand anticipated impacts of climate
change. Beyond the natural landscape ability to adapt to changes in climatic regime, several initiatives
have been developed to mitigate the potential impacts to these habitats.
Some adaptation efforts initiated by agencies simultaneously address more than one type of climate
change vulnerability. For example, efforts to better manage wildfire regime can reduce the likelihood for
catastrophic wildfire, as well as reduce sediment loading in freshwater riparian habitat, coastal runoff,
and thereby increase carbon storage in the intact forest ecosystems. In addition to these efforts that
have demonstrated co-benefits, agencies, planning departments, and non-profit organizations have also
put in place policies, procedures, and actions that are aimed at facilitating the overall process of climate
change adaptation planning.
Bay Area Ecosystem Climate Change Consortium
• Description: A consortium of natural resource managers, scientists, and other interested parties
to secure ecological and economic benefits for the Bay Area in the face of climate change. The
consortium was founded in 2009 and is operated by a Steering Committee of regional leaders
that supervise an Executive Coordinator. The consortium’s goals include reducing the negative
impacts of climate change on Bay Area ecosystems and wildlife, securing ecological,
recreational, and natural economic benefits, and enhancing the role of natural ecosystem
Ecosystem Sector
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processes to sequester carbon, reduce flood impacts, moderate climate extremes, and address
related impacts of climate change on human communities.
Implementation level: Adaptation Strategy Development
Relevant agencies: CDFW, United States Fish and Wildlife Service (USFWS), California State Park
Lands, Santa Clara County Parks, Santa Clara Valley Water District, California Landscape
Conservation Cooperative (CA LCC), California State Park Lands
Documentation of efforts:
o BAECCC Website: http://www.baeccc.org/

California Landscape Conservation Cooperative (CA LCC)
• Description: A management-science partnership created to inform and promote integrated
science, natural resource management, and conservation to address impacts of climate change
and other stressors within and across ecosystems 3. The cooperative aims to develop a
community of resource managers, scientists, conservation practitioners, and others to
successfully collaborate to advance and implement actions to promote resilient and adaptable
ecosystems.
• Implementation level: Adaptation Strategy Development
• Relevant agencies: CDFW, United States Fish and Wildlife Service (USFWS), California State Park
Lands, Santa Clara County Parks, Santa Clara Valley Water District, Bay Area Ecosystem Climate
Change Consortium (BAECCC), California State Park Lands
• Documentation of efforts:
o CA LCC Website: http://californialcc.org/

Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
The natural resources sector consists of a complex network of public and private agencies, each of which
will have a critical role to play in advancing climate change adaptation planning. These agencies are
identified below, along with a description of their roles.
•

•

3

National Oceanic and Atmospheric Administration (NOAA): Scientific agency focused on oceans
and atmosphere. The agency serves as environmental steward of U.S. coastal and marine
environments, and manages fisheries, marine sanctuaries, and protects federally threatened
and endangered marine species in coordination with federal, state, local, tribal, and
international authorities.
United States Fish and Wildlife Service (USFWS): This agency manages fish, wildlife, and natural
habitats. Their responsibilities include enforcing federal wildlife laws, protecting endangered
species, managing migratory birds, restoring nationally significant fisheries, conserving and
restoring wildlife habitat (e.g. wetlands restoration), assisting foreign governments with
international conservation efforts and financially supporting state fish and wildlife agencies.

CA LCC Mission Statement, available: http://californialcc.org/about-us
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•

United States Army Corps of Engineers (Corps): This agency oversees public engineering, design,
and construction largely associated with waterways, including dams, canals, and flood
protection. The Corps also provides environmental regulation, public recreation, hydropower,
and ecosystem restoration and is the permitting agency for waters of the U.S. (including
wetlands meeting jurisdictional definition).

State Regulatory Agencies
• Bay Conservation and Development Commission (BCDC): A California State commission
dedicated to the protection, enhancement, and responsible use of the San Francisco Bay.
Provide planning, including the San Francisco Bay Plan and Climate Change Planning Program.
Agency also enforces laws, policies, and regulations relating to the San Francisco Bay.
• California Coastal Conservancy: State agency established in 1976 to enhance coastal resources
and access to coastal areas. Their goals include protecting and improving coastal wetlands,
streams, and watersheds, recreation, restoration and resource enhancement, coastal, and bay
lands, and to protect and support agricultural lands.
• California Department of Fish and Wildlife (CDFW): State agency that manages and protects
California’s fish, wildlife, and plant resources, and native habitats. The agency oversees
recreation and licensing, resource management, law enforcement, marine, spills, and education.
It is responsible for scientific data management and GIS support, including the California Wildlife
Habitat Relationship System (CWHR) and the California Natural Diversity Database (CNDDB).
• California Environmental Protection Agency State Water Resources Control Board (State Water
Board): The Agency’s mission is to preserve, enhance, and restore the quality of California’s
water resources, and ensure their proper allocation and efficient use for the benefit of present
and future generations. Areas include agricultural programs, basin planning, brownfields,
enforcement, groundwater, permitting, stormwater, streams and wetlands, wastewater,
watershed management, water quality, and Total Maximum Daily Loads (TMDLs – action plans
to restore clean water).
• California Department of Parks and Recreation – California State Park Lands: State agency
responsible for managing the state parks system, including 280 state parks on 1.4 million acres.
Regional Agencies and Other Groups
• Bay Area Ecosystem Climate Change Consortium (BAECCC): A consortium of natural resource
managers, scientists, and other interested parties to secure ecological and economic benefits for
the Bay Area. It was founded in 2009 and operated by a Steering Committee of regional leaders
that supervise an Executive Coordinator. Goals include reducing the negative impacts of climate
change on Bay Area ecosystems and wildlife, securing ecological, recreational, and natural
economic benefits, and enhancing the role of natural ecosystem processes to sequester carbon,
reduce flood impacts, moderate climate extremes, and address related impacts of climate
change on human communities.
• California Landscape Conservation Cooperative (CA LCC): A management-science partnership
created to inform and promote integrated science, natural resource management, and
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4

conservation to address impacts of climate change and other stressors within and across
ecosystems 4.
California Native Plant Society – Santa Clara Valley Chapter: Local chapter of the state-wide nonprofit organization dedicated to increase the understanding of and to preserve California’s
native wild plants.
California Trout – Central California Region: A non-profit organization whose mission is to
protect and restore wild trout, steelhead, salmon, and their waters throughout California.
Creekside Center for Earth Observation: Consulting firm in Santa Clara County, led by Dr. Stu
Weiss, climate ecologist and expert on Serpentine grassland habitat and associated plant and
wildlife species. Dr. Weiss is an key expert in climate change ecology in Santa Clara County.
Ducks Unlimited – Santa Clara County Chapter: Local chapter of the international non-profit
organization dedicated to the conservation of wetlands and associated uplands habitat, for
waterfowl, other wildlife, and people.
Midpeninsula Open Space District: A regional greenbelt system comprising over 62,000 acres of
land in 26 open space preserved in the Bay Area.
The Nature Conservancy (TNC): An American charitable environmental organization, whose
mission is to conserve the lands and waters on which all life depends. TNC is involved locally in
several projects, including the Upper Pajaro River Floodplain Restoration Project.
Peninsula Open Space Trust (POST): A regional trust dedicated towards protecting and caring for
open space, farmland, and parkland in and around the Silicon Valley.
Regional Water Quality Control Board: Regional board responsible for water quality, may
provide information particular to areas susceptible to riverine flooding and precipitation change.
Santa Clara County Open Space Authority: An independent special district governed by an
elected board of officials, whose purpose is to preserve key portions of the natural environment
in order to balance continuing urban growth. Its jurisdiction is all of Santa Clara County with the
exception of lands and communities within the boundaries of Midpeninsula Regional Open
Space District and the city of Gilroy.
Santa Clara County Parks: County planning division responsible for managing and maintaining
regional county parklands.
Santa Clara Valley Audubon Society: Local chapter of the American non-profit environmental
organization dedicated to conservation, particularly avian conservation. The local chapter
mission is to preserve, protect, and educate the community about native birds and their
ecosystems in Santa Clara County.
Santa Clara Valley Habitat Agency: County agency primarily responsible for overseeing
implementation of the Santa Clara Valley Habitat Plan and associated Habitat Reserve System.
Santa Clara Valley Water District: Water agency that provides stream stewardship, wholesale
water supply, and flood protection for Santa Clara County.

CA LCC Mission Statement, available: http://californialcc.org/about-us
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Scientific Experts
• Dr. Alan Launer of Stanford University, a well recognized source on serpentine grassland and
local biodiversity - aelauner@leland.stanford.edu
• Dr. Jerry Smith of San Jose State University, an expert on local fish and steelhead.
• Dr. Sheila Berry of UC Extension, an expert on grazing, livestock, ranchlands management sbarry@ucanr.edu
• Dr. David Ackerly of UC Berkeley, an expert in climate ecology, with a special focus on native
plants of California (mentioned above)
• Dr. Stu Weiss, private consultant, expert on Serpentine grassland habitat & associated plant and
wildlife species - Stu Weiss stu@creeksidescience.com

Summary of Existing Efforts to address Vulnerabilities
Table 2 summarizes the existing efforts in the ecosystem sector to address anticipated impacts from
climate change. Given that the natural lands are a mosaic of publicly and privately owned in Santa Clara
County, efforts to mainstream climate change adaptation into land use management will depend greatly
on the municipalities that govern them and their ability to co-manage with private entities.
Table 2: Existing Efforts to Address Ecosystem Sector Climate Change Vulnerabilities

Climate
Change
Variable

Asset
Coastal
Habitats

Sea Level Rise

Coastal
Wetlands
Coastal
Habitats

Sea Level Rise

Coastal
Wetlands

Macrocategory of
Effort

Level of Regional
Effort

Description of Effort

Climate Change
Preparedness

Analysis Tool

PRBO

Web-based tool to analyse
current conditions under
future climate change sea
level rise scenarios

Historical
Study

SF Estuary
Study

Study of historical
interaction between
intertidal and terrestrial
zones in the South Bay

Vulnerability and Risk
Assessment;
Adaptation Strategy
Development

Restoration
Ecology

South Bay Salt
Ponds
Restoration

15,100 acre wetland
restoration project

Parallel Effort with
Potential Climate
Preparedness
Benefits

Climate
Change
Vulnerability of
CA Fishes

Climate change vulnerability
assessment of native and
non-native freshwater fish in
California

Vulnerability and Risk
Assessment, Strategy
Development

Vulnerability and Risk
Assessment

Sea Level Rise

Coastal
Wetlands

Precipitation
Change (Riverine
Flooding)

Freshwater
Aquatic

Temperature &
Precipitation
Change

Multiple

Habitat
Conservation
Planning

SCV HCP

Plan for addressing growth
and conservation in Santa
Clara County

Adaptation Strategy
Development

Temperature &
Precipitation
Change

All

Analysis Tool

NatureServe
Tool

Climate change vulnerability
index tool for assessing
species specific vulnerability

Vulnerability
Assessment

Ecosystem Sector

Policy/Planni
ng/
Operations
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Temperature &
Precipitation
Change

Multiple

Climate
Change
Scientific
Research

Temperature &
Precipitation
Change

Multiple
Terrestrial

Ackerly Lab
Research

UC Berkeley research lab
focusing on ecosystem and
species impacts to climate
change in the Bay Area

Vulnerability and Risk
Assessment

Corridor
Connectivity

Bay Area CLN

Long term connectivity
scientific analysis and plan
to link habitat landscape
conservation

Parallel Effort with
Climate Change
Preparedness
Benefits

All Forests

Climate
Change
Planning

California
State-wide
Forestry
Adaptation

Adaptation strategy guide
for forestry and wildfires

Parallel Effort with
Climate Change
Preparedness
Benefits

Multiple

Multiple

Policy/Planni
ng/
Operations

BAECCC

Creation of a consortium of
climate change natural
resource planners,
managers, and scientists

Adaptation Strategy
Development

Multiple

Multiple

Policy/Planni
ng/
Operations

CA LCC

Periodic review of scientific
literature on climate change
variables

Adaptation Strategy
Development

Wildfire

Summary of Existing Gaps in Climate Change Preparedness Efforts in the
Ecosystem Sector
Table 3 provides a summary of existing efforts and gaps in ecosystem sector climate change
preparedness efforts. The Table lists the existing vulnerabilities of various assets in the sector to climate
change variables, along with an identification of whether climate change preparedness efforts are in
place to address these vulnerabilities, as well as a qualitative rating of the level of those climate change
preparedness efforts.
Several major initiatives have been launched to accommodate climate change effects on ecosystems
and species in the region. Most emphasis thus far has been focused on the intertidal zone and adjacent
areas to accommodate sea level rise. Terrestrially focused efforts emphasize protecting sensitive species
by creating regional-scale connected networks of ecologically diverse protected areas that can
accommodate species movement and associated natural processes as the climate changes. Other
important ecosystem services in the region have received little study thus far. These include: evaluating
and minimizing the loss of biomass accompanying shifts in vegetation types in the region (and resulting
greenhouse gas emissions); the effects of vegetation, precipitation, wildfire and hydrologic changes on
stream flooding and sedimentation/erosion/landslide rates within watersheds; contributions of
landscape vegetation change and increased evapotranspiration on air quality and the urban heat island
effect in the Santa Clara Valley; and expected increases in wildfire frequency and intensity and
associated changes to planning, design, and landscape management activities.
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Table 3: Level of Climate Change Preparedness Efforts in the Ecosystem Sector

Climate
Change
Variable

Sea Level Rise

Storm Surge

Precipitation
Change
(Riverine
Flooding)

Habitat Asset Affected

Coastal Habitat
Coastal Wetland

Coastal Habitat
Riparian and Riverine
Coastal Wetland
Freshwater Wetland
Freshwater Lake and Pond

Chaparral and Scrubland
Riparian and Riverine
Freshwater Wetland
Freshwater Lake and Pond

Temperature
Change (Shift to
a Warmer
Climate)

All Habitats

Precipitation
Change
(Shift to a Drier
Climate)

All Habitats

Ecosystem Sector

Nature of Impact
Permanent inundation of habitat assets near
coastline, habitat loss, inability for upland
habitat migration due to human-built
environment, saltwater intrusion to
freshwater systems, drinking water,
freshwater supplies, loss of habitat (e.g. nest
failure, burrow inundation, etc.).
Damage to coastal habitat assets from
increased storm surge intensity and
frequency, saltwater intrusion into freshwater
systems, hydrology changes, impacts to
infrastructure (levees, sea walls, buildings),
crop loss, food loss, loss of habitat (e.g. nest
failure, burrow inundation, etc.).
Flooding on slopes leading to erosion, species
composition, habitat loss, increase in
sedimentation in aquatic habitats, impacts to
fishes through loss of spawning habitat, egg
loss and failure, loss of individuals, esp.
juveniles, vegetation loss in all habitats
affected, including agricultural, riparian fn
loss, structural damage (related to habitat
loss in built environment)
Heat stress leading to population loss, loss of
populations/species dependent on cooler
environments (e.g. redwoods), phenological
changes, fuel loading supporting wildfire
increase, landscape species composition
changes, succession - gradual shift to
grassland habitats as species move to higher
elevations and cooler climates, increase in
invasive species, freshwater availability loss
and increased competition (inc. human
environment) for aquatic resources, crop loss,
loss of food supply
Drought, less summer precipitation,
exacerbated effects to temperature change
listed above, reduction in freshwater and
ground water supplies, increase competition
for water (including with human
environment), vegetation loss leading to
increases in wildfire and landslide/erosion,
gradual habitat changes, phenological
changes

Existing
Climate
Change
Preparedness
Efforts?

Level of
Climate
Change
Preparedness
Efforts

Yes

Medium

No

None

Yes

Low

Yes

Low

Yes

Low
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Wildfire
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Coniferous Forest
Hardwood Forest
Oak Woodland
Coastal Wetland
Freshwater Wetland
Freshwater Lake and Pond

Loss (potentially catastrophic) of populations
and species, changes to natural habitat fire
cycles, loss of carbon sinks, increase of carbon
dioxide in atmosphere, habitat loss/change,
shade loss, increase in sedimentation,
reduced water quality, food loss

No

None, but
Parallel Efforts
Exist
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Energy Sector Introduction:
Climate change can affect each stage of the energy cycle, including the extraction of raw fuel, refining,
transport, generation, transmission, distribution, and demand 1 . Given the sector’s critical importance to
the Silicon Valley region, utilities and regulatory agencies will need to implement effective climate
preparedness actions for energy infrastructure and related services. This section reviews existing plans,
programs, and other initiatives that will help reduce the potential impacts of climate change on
electricity supply and demand, and energy infrastructure (i.e., electrical sub-stations, electrical
transmission and distribution lines, power generation facilities, natural gas distribution lines) within
Santa Clara County.
The energy sector in Santa Clara County is comprised of various utilities and regulatory bodies. Pacific
Gas and Electric Company (PG&E), City of Palo Alto Utilities (CPAU), and Silicon Valley Power (SVP)
constitute the three major energy providers in the Santa Clara County region. PG&E, based in San
Francisco, is one of the largest natural gas and electric investor-owned utilities in the United States. The
company provides natural gas and electric services to approximately 15 million people throughout
northern and central California. 2 PG&E is regulated by the California Public Utilities Commission (CPUC).
The City of Palo Alto is the only municipality in California that offers a full suite of City-owned utility
services, which includes electricity and natural gas supply. The City of Palo Alto Utilities (CPAU) division
supplies electricity and natural gas via PG&E-owned infrastructure for the transmission and distribution
of both fuel types. In addition, CPAU owns and operates some sub-transmission lines, distribution lines,
and 9 substations. 3 Unlike PG&E, since CPAU is a municipally owned utility, it is regulated by various
bodies including the Palo Alto City Council, a Utilities Advisory Commission appointed by the City
Council, and a cross city-departmental Utilities Risk Oversight Committee. SVP is a municipal electric
utility that provides electricity services to the City of Santa Clara, also via PG&E-owned transmission and
distribution infrastructure. In addition, SVP owns and operate some transmission and distribution lines. 4
Similar in structure to CPAU, SVP operates in accordance with rules and regulations approved by the
Santa Clara City Council, and enforced by various city departments including the Department of Finance.
Subsequent sections in this chapter describe the various vulnerabilities faced by the energy sector as a
result of climate change, and the extent to which these vulnerabilities have been addressed by the
energy sector in the region.

Climate Change Vulnerabilities in the Energy Sector:
The energy sector in Santa Clara County is vulnerable to five climate change variables 5:
1

U.S. Energy Sector Vulnerabilities to Climate Change and Extreme Weather, 2013,
http://energy.gov/sites/prod/files/2013/07/f2/20130716-Energy%20Sector%20Vulnerabilities%20Report.pdf, p. i.
2
PG&E Company Profile, 2013, http://www.pge.com/en/about/company/profile/index.page?
3
http://www.cityofpaloalto.org/civicax/filebank/documents/16777/
4
http://siliconvalleypower.com/index.aspx?page=2024
5
PG&E Corporation Report, Carbon Disclosure Project, 2013.
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changes in precipitation patterns
more extreme and frequent heat events
sea level rise
storm surge
wildfires

For more information on the nature and projected trends in these variables, refer to the Silicon
Valley 2.0 Climate Variables Memorandum. The assets and services of the energy sector that are
affected by these climate change variables, the nature of impacts on the assets and services, as well
as the utilities affected by the impacts are summarized below in Table 1:
Table 1: Climate Change Variables and Impacts relevant to the Energy Sector in Santa Clara County

Relevant
Utilities

Climate Change Variable

Assets/Services Affected

Nature of Impact

Changes in precipitation
patterns

Hydro-electricity generation

- Potential losses in hydroelectric
power generation due to reduced
snow-pack in the Sierra Nevada
region

PG&E, CPAU,
SVP

Extreme and frequent heat
events

Overall electricity supply

- Increased average electricity
demand due to air conditioning load

PG&E, CPAU,
SVP

- Power outages due to excessive
peak load

PG&E, CPAU,
SVP

Electric transmission and
distribution lines

- Reduced efficiency and reliability of
equipment

PG&E

Sea Level Rise

Sub-stations, electric
transmission and distribution
lines, power generation facilities

- Permanent inundation of coastal
and low-elevation infrastructure

PG&E, CPAU,
SVP

Storm Surge

Sub-stations, electric
transmission and distribution
lines, power generation facilities

- Loss of function of coastal and low
elevation infrastructure due to
temporary inundation and/or
physical damage, resulting in power
outage

PG&E, CPAU,
SVP

Wildfires

Electric transmission and
distribution lines

- Loss of function of electric
transmission and distribution lines
due to physical damage, resulting in
power outage

PG&E

Existing Efforts to Address Energy Sector Vulnerabilities to Climate
Change:
This section provides an overview of existing energy sector climate change preparedness efforts in the
county. The section is organized by climate change variable and the type of asset vulnerability. An
overview of the asset vulnerability (e.g., losses in hydro-electricity generation due to reduced snowpack)
is provided, followed by descriptions of the existing effort(s), the level of implementation (i.e.,
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vulnerability assessment, risk assessment, strategy development, or strategy implementation), and the
relevant organizations.

Efforts Addressing Changes in Precipitation Patterns
Description of Hydro-Electric Generation Vulnerability
Hydro-electricity forms a critical component of the electricity produced by utilities serving Santa Clara
County. For example, PG&E owns and operates the nation’s largest investor-owned hydroelectric
system, with a total generating capacity of 3,896 MW, which relies on nearly 100 reservoirs located
primarily in the higher elevations of California’s Sierra Nevada and Southern Cascade mountain ranges. 6
In 2012, hydro-electricity constituted approximately 11% of PG&E’s power mix. Similarly, hydroelectricity accounted for approximately 43% of CPAU’s power-mix 7, and 12% of SVP’s power mix 8 in
2012.
Changes in precipitation patterns (both in the form of snowfall and rainfall) directly impact hydroelectricity generation. Studies indicate that on average, the Bay Area will experience little annual
change in total precipitation by mid-century. However, despite no change in overall annual
precipitation, models project significant changes in seasonal precipitation patterns and the intensity of
individual rain events in the region. Winter precipitation is projected to increase by mid-century, with
more precipitation falling during winter in the form of more frequent and intense storm events. On the
other hand, precipitation in spring and fall is projected to decrease. Moreover, winter precipitation
events in the Sierra Nevada Mountains are projected to have a greater proportion of rain vs. snow,
which will result in decreased snowpack, increased runoff, and potential for reduced water supply
availability. Additionally, higher temperatures are anticipated to cause earlier spring snowmelt.
Currently, under baseline conditions, snowpack effectively increases the water storage capacity of a
watershed by holding on to the water in high elevations locations until later in the year. Earlier
snowmelt and higher altitude rains could dramatically reduce this form of storage 9, which will directly
impact hydro-electric generation.
In summary, changes in precipitation patterns may directly disrupt hydro-electricity generation, which is
a critical service provided by the energy sector in Santa Clara County.
Existing Climate Change Preparedness Efforts
In order to ensure the viability of hydro-electricity as an energy source, utilities operating in Santa Clara
County have put in place the following policies, procedures, and actions consistent with typical stages in
a climate change adaptation planning process.

6

Clean Energy Solutions, Pacific Gas and Electric Company, 2013,
http://www.pge.com/en/about/environment/pge/cleanenergy/index.page

7

8
9

Approval of the Long-Term Energy Acquisition Plan, 3/7/2011, http://www.cityofpaloalto.org/civicax/filebank/documents/17006, p. 5

Power Content Label, Silicon Valley Power, 2013, http://siliconvalleypower.com/index.aspx?page=2022.
Ibid.
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Snowmelt Runoff Monitoring/Measuring/Tracking
• Description: PG&E has initiated several efforts to monitor climate change impacts on watersheds
and aquifers. The company has developed a standardized procedure to track snowmelt runoff in
watersheds, and conducted detailed analyses of individual watersheds as deemed necessary.
PG&E is working with the U.S. Geological Survey (USGS) and the California Department of Water
Resources (DWR) to better understand the potential impacts of mountain snowpack loss on three
watersheds in Northern California (e.g. Northern Sierra Nevada and Southern Cascade
watersheds).
• Implementation level: Climate Variable Data Collection and Analysis
• Relevant agencies: PG&E, DWR, USGS
• Documentation of efforts: – PG&E Corporation Report, Carbon Disclosure Project, 2013.
Education/Communication/Outreach
• Description: As an outcome of PG&E’s research on watersheds, PG&E has presented and
published several scientific papers on the company’s research and investigations into how climate
change is impacting watersheds in Northern California. Additionally, PG&E has worked with local
communities in Northern California to increase awareness of decreasing water flows so that these
communities can explore local adaptation measures.
• Implementation level: Adaptation Strategy Implementation
• Relevant agencies: PG&E, Local Governments
• Documentation of efforts: PG&E Corporation Report, Carbon Disclosure Project, 2013.
Increased Storage of Water in Reservoirs
• Description: In anticipation of reduced snowpack in the Sierra Nevada region and its impacts on
natural water storage, PG&E has taken measures to maintain higher winter carryover reservoir
storage levels. Additionally, PG&E has put in place procedures to reduce conveyance flows in
canals and flumes during storm events and the winter period in response to an increased portion
of precipitation falling as rain. Lastly, the company has reduced discretionary reservoir water
releases during the late spring and summer. PG&E will continue to monitor impacts of reduced
snowpack on the company’s hydro-power generation over time, and will consider additional
adaptation options if necessary.
• Implementation level: Adaptation Strategy Implementation
• Relevant agencies: - PG&E
• Documentation of efforts: PG&E Corporation Report, Carbon Disclosure Project, 2013.
Land-Based Cloud Seeding
• Description: PG&E is exploring the viability of land-based cloud seeding through pilot projects as
an option to increase spring-time precipitation, such that stream-flow in water bodies used for
hydro-power generation can be maintained 10. Given the preliminary stages of this research, it is

10

Adaptation of California’s Electricity Sector to Climate Change, November 2008,
http://www.ppic.org/content/pubs/report/R_1108EVR.pdf, p. 12.
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currently not possible to draw conclusions about the mid-term and long-term effectiveness of
land-based cloud seeding as an adaptation strategy.
Implementation level: Adaptation Strategy Development
Relevant agencies: PG&E
Documentation of efforts: Adaptation of California’s Electricity Sector to Climate Change,
November 2008, http://www.ppic.org/content/pubs/report/R_1108EVR.pdf, p. 12.

Parallel Efforts with Climate Change Preparedness Benefits
Utilities are implementing initiatives to diversify their portfolios of electricity generation sources, which
while not specifically focused on responding to climate change will result in climate preparedness
benefits for the region. These parallel efforts are described below.
Diversification of Energy Sources
• Description: Utilities operating in Santa Clara County acknowledge the need for diversification of
energy sources in order to minimize disruptions in energy supply. In fact, efforts to diversify
energy sources are already underway among utilities in compliance with the requirements of
the California Renewable Portfolio Standard (RPS), which require utilities to procure 33% of its
retail electricity sales from renewable energy sources by the year 2020. Although the primary
goal of the California RPS is to promote renewable energy sources, efforts to comply with RPS
will also result in ancillary climate change adaptation benefits. It should be noted, however,
that utilities serving Santa Clara County intend to rely on small hydro-electric generation to
meet their RPS targets, and if hydro-electricity generation potential is reduced as a result of
climate change, other eligible renewable energy sources will be relied upon more heavily to
meet these targets. Specific examples of utility programs aimed at diversification of energy
sources and source augmentation are described in the section on extreme heat events. In
addition to general diversification efforts aimed at ensuring compliance with RPS, utilities
serving Santa Clara County have also taken other actions specifically to address the
unpredictability of hydro-electric systems. For example, CPAU manages hydro-electricity
generation uncertainty by building up a cash reserve during high-precipitation years to purchase
electricity during dry years.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: PG&E, CPAU, SVP, CPUC
• Documentation of efforts:
o PG&E: 2012 Preliminary Annual 33% RPS Compliance Report of Pacific gas and Electric
Company, 2013, https://www.pge.com/regulation/RenewablePortfolioStdsOIRIV/Reports/PGE/2013/RenewablePortfolioStdsOIRIV_Report_PGE_20130801_282881.pdf.
o CPAU: City of Palo Alto Electric Utility’s Renewable Energy Resources Procurement Plan,
2012, http://www.energy.ca.gov/portfolio/pous/paloalto/Palo_AltoRPS_Procurement_Compliance_Plan.pdf.
o CPAU: Approval of the Long-Term Energy Acquisition Plan,
3/7/2011, http://www.cityofpaloalto.org/civicax/filebank/documents/17006.
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SVP: The City of Santa Clara Renewable Energy Sources Procurement Plan,
2011, http://www.energy.ca.gov/portfolio/pous/silicon_valley_power/2011-1222_RPS_Procurement_Plan_Resolutions.pdf.

Efforts Addressing More Extreme and Frequent Heat Events
Description of Energy Supply and Peak Demand Vulnerability
The energy sector in Santa Clara County faces a rise in electricity demand due to increasing
temperatures resulting from climate change. Specifically, summer-time extreme heat events are
expected to become more frequent and intense in the Santa Clara region in addition to an increase in
average temperatures. Given that air conditioning is the primary driver of increased peak electricity
demand in the region during the summer, a rise in the frequency, intensity and duration of extreme heat
events will directly result in a significant increase in peak summer-time electricity demand. A sudden
increase in electricity demand for air conditioning as a result of extreme temperatures can overload
electric lines, transformers, and other equipment, leading to potential power outages. 11
In summary, an increase in the frequency, intensity and duration of extreme heat events in Santa Clara
County may lead to significant increases in peak electricity demand, and possibly result in reduced
power reliability, including outages.
Existing Climate Change Preparedness Efforts
During the preparation of this Gap Analysis, no specific initiatives were identified that explicitly address
preparing energy supply for a climate-change related increase in extreme heat events.
Parallel Efforts with Climate Change Preparedness Benefits
While no climate-change explicit initiatives were identified, the utilities have put in place policies,
procedures, and actions to minimize the power outages resulting from peak electricity demand resulting
from existing extreme heat events. These efforts include focus on outreach, demand reduction, and
supply diversification/augmentation.
Education/Communication/Outreach
• Description: PG&E closely monitors Flex Alerts – warnings issued by the California Independent
System Operator (ISO) to conserve energy – and in turn, communicates these alerts with
customers through various means such as PG&E currents, newsletters, and social media outlets
such as Twitter, Facebook, and YouTube. 12 Additionally, PG&E offers guidance to customers on
reducing energy consumption and managing costs during periods of extreme heat. 13 This
11

Heat Outages, Pacific Gas and Electric Company, 2013,
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/heatoutage/
12
PG&E Currents, 2013, http://www.pgecurrents.com/tag/flex-alert/
13
Keeping Things Cool, Pacific Gas and Electric Company, 2013,
http://www.pge.com/myhome/saveenergymoney/savingstips/seasonaltips/summer/?WT.mc_id=CEE_summerhea
t_media_en_summer.
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guidance includes suggestions for no-cost actions and low-cost actions to reduce energy
consumption, as well as payment options to manage the cost of increased energy consumption.
Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: PG&E, CAL-ISO
Documentation of efforts:
o Cal-ISO Flex Alert Notices,
2013, http://www.caiso.com/informed/Pages/Notifications/Flex-Alerts.aspx.
o PG&E Currents, 2013, http://www.pgecurrents.com/tag/flex-alert/.
o PG&E Guidance to Customers on Keeping Things Cool, Pacific Gas and Electric Company,
2013, http://www.pge.com/myhome/saveenergymoney/savingstips/seasonaltips/sum
mer/?WT.mc_id=CEE_summerheat_media_en_summer.

Energy Demand Reduction: Demand Response Programs
• Description: PG&E’s Demand Response programs offer financial incentives to businesses to
reduce the energy use of their facilities during times of peak demand.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: PG&E, Business Owners in Santa Clara County
• Documentation of efforts: Demand Response, Pacific Gas and Electric Company,
2013, http://www.pge.com/en/mybusiness/save/energymanagement/index.page.

Energy Demand Reduction: Energy Efficiency Programs
• Description: While energy efficiency programs have historically focused on overall reduction in
energy consumption, and not on peak load management, studies confirm that such programs
have also achieved significant peak demand reductions. 14 Therefore, any energy efficiency
programs run by utilities serving Santa Clara County are also an indicator of their efforts to
reduce peak demand. PG&E has partnered with the City of San Jose and Ecology Action to form
the Silicon Valley Energy Watch, a program that offers resources on energy efficiency, including
free audits, retrofits, technical assistance, education, training, and other forms of assistance for
community-wide residential, commercial, and industrial sectors. 15 The Bay Regional Energy
Network (BayREN), a local government coalition of the Bay Area counties, has been approved
and funded by the CPUC to offer residential and commercial energy efficiency programs
throughout the region, as well as Codes and Standards and Energy Efficiency Financing
subprograms. The County of Santa Clara is a member of the BayREN, representing 25% of the
population and the largest share of energy customers (25% of the residential and 24% of the
commercial) from the total of all 9 Bay Area counties. 16 Also, the County of Santa Clara
14

York, D., Kushler, M., & Witte, P. (2007). Examining the Peak Demand Impacts of Energy Efficiency: A Review of
Program Experience and Industry Practices. Washington, DC: American Council for an Energy-Efficient Economy.
<http://www.epa.gov/statelocalclimate/documents/pdf/york_paper_ee_peak_demand_4-12-2007.pdf>
15

Silicon Valley Energy Watch, 2013, http://www.sanjoseca.gov/index.aspx?NID=1501.
The BayREN was formed among the following 9 counties: Alameda, Contra Costa, Marin, Napa, San Francisco,
San Mateo, Santa Clara, Solano and Sonoma; and also covers 101 cities.
16
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implements a comprehensive energy renewables and efficiency program, as well as a waterenergy nexus program for water conservation and efficiency measures, throughout its
government facilities and sites.
Similarly, CPAU’s 10-Year Energy Efficiency Plan for 2011-2020 aims to reduce energy
consumption by 7.2% 17 by 2020 through a variety of demand management strategies. These
include home energy diagnostic reports for residential customers, 18 and rebates for energy
efficient appliances. Lastly, SVP also offers various financial and technical energy efficiency
incentives to residents and businesses in the City of Santa Clara, which include rebates on
energy efficient appliances, and energy audits.
Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: PG&E, CPAU, SVP, Santa Clara County Residents and Business Owners
Documentation of efforts:
o Silicon Valley Energy Watch, 2013, http://www.sanjoseca.gov/index.aspx?NID=1501.
o Bay Regional Energy Network, www.bayren.org
o County Climate and Sustainability Annual Report 2013:
http://www.sccgov.org/sites/osp/Pages/Office-of-Sustainability-Home-Page.aspx
o Update of 10-Year Energy Efficiency Goals,
11/14/2012, http://www.cityofpaloalto.org/civicax/filebank/documents/14684, p. 3
o Home Energy Reports, City of Palo Alto,
2013, http://www.cityofpaloalto.org/news/displaynews.asp?NewsID=1702&TargetID=1
0.
o Residential Rebates, CPAU,
2013, http://www.cityofpaloalto.org/gov/depts/utl/residents/resrebate/default.asp
o Residential Rebates, Silicon Valley Power,
2013, http://siliconvalleypower.com/index.aspx?page=1910
o Business Rebates, Silicon Valley Power,
2013, http://siliconvalleypower.com/index.aspx?page=1929

17

Update of 10-Year Energy Efficiency Goals, 11/14/2012,
http://www.cityofpaloalto.org/civicax/filebank/documents/14684, p. 3
18
http://www.cityofpaloalto.org/news/displaynews.asp?NewsID=1702&TargetID=10
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Energy Supply Diversification/Augmentation/Decentralization
• Description: Utilities serving Santa Clara County offer numerous ratepayer-funded programs to
residential, commercial, and industrial customers to increase the use of decentralized energy
sources. 19
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: PG&E, CPAU, SVP, Santa Clara County Residents and Business Owners
• Documentation of efforts: Table 2 lists various programs offered by utilities in Santa Clara County,
which promote distributed energy generation.

19

Incentives and Financial Resources, Pacific Gas and Electric Company, 2013,
http://www.pge.com/en/mybusiness/save/solar/incentives/index.page.
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Table 2: Utility Programs Promoting Energy Supply Diversification, Augmentation, and Decentralization

Utility

Program Name

Description

PG&E

California Solar
Initiative Program

This program provides financial incentives for the installation of
solar photovoltaic panels on existing homes or businesses

PG&E

Multifamily Affordable
Solar Housing Program

This program provides incentives to offset the costs of installing
solar systems on multi-family affordable housing buildings in
California such as apartment buildings.

PG&E

New Solar Housing
Partnership

This program offers financial incentives and other support to
builders, developers, and home-owners encouraging the
construction of new energy efficient, solar homes.

PG&E

Single Family
Affordable Solar
Housing Program

This program provides incentives to offset the costs of installing
solar systems on low-income single family homes in California.

PG&E

Self-Generation
Incentive Program

This program provides financial incentives to large customers for
the installation of new, qualifying self-generation equipment
using both renewable as well as non-renewable energy sources.

PG&E

Emerging Renewables
Program

This program provides financial incentives to customers who
purchase and install small wind systems and fuel cells for on-site
generation.

CPAU

Photovoltaic Partners
Program

This program offers rebates and technical assistance to
residential CPAU customers on photovoltaic installation

CPAU

Palo Alto Green

This program offers CPAU residential and commercial customers
the option to match up to 100% of their electricity consumption
with renewable energy a slight premium.

SVP

SVP Residential Solar
Electric Rebate Program

This program offers rebates to residential SVP customers on
photovoltaic installation

SVP

SVP Commercial Solar
Electric Rebate Program

This program offers rebates to commercial SVP customers on
photovoltaic installation

SVP

Santa Clara Green
Power

This program offers SVP residential and commercial customers
the option to match up to 100% of their electricity consumption
with renewable energy a slight premium.

SVP

SVP Neighborhood
Solar Program

This program uses individual and corporate sponsorships to
install solar systems at non-profit facilities.

Description of Energy Infrastructure Vulnerability
In addition to the expected increase in electricity demand, higher temperatures may also cause
equipment damage/failure, or reduced efficiency in the operation of equipment, which in turn, leads to
power outages 20. For example, during extreme heat events, transformers may not have adequate time
to cool down overnight, causing them to damage electrical equipment 21. Similarly, if the insulation
covering underground electric lines expands from heat, it can cause a short circuit. 22 Overloaded above20

PG&E Corporation Report, Carbon Disclosure Project, 2013.
Heat Outages, Pacific Gas and Electric Company, 2013,
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/heatoutage/
22
Ibid.
21
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ground lines may sag into tree branches from the heat, also causing a short circuit. Sometimes, PG&E
may deliberately shut down power supply using circuit breakers or other protective equipment to
prevent further damage to equipment from extreme heat events 23.
Existing Climate Change Preparedness Efforts
PG&E has implemented infrastructure improvements, to make its transmission and distribution
infrastructure more resilient to current and future climate change induced extreme heat events. While
these initiatives were originally implemented to address current extreme heat events, they improve
preparedness for future increases in average and peak temperatures resulting from climate change.
Infrastructure Improvements
• Description: In recognition of its aging infrastructure, PG&E has proposed a $20.1 billion dollar
plan over the next three years to expand and upgrade the generation and distribution
infrastructure that provides gas and electric services in its territory, including Santa Clara
County. The details of this plan are described in PG&E’s General Rate Case for the period 2014 –
2016. 24 PG&E has determined these infrastructure improvements will contribute to meeting the
expected increase in energy demand as a result of extreme heat events, and protect
infrastructure from physical damage caused by extreme heat as well as other climate change
variables such as storm surge or flooding. The proposed investments include:
o A capital investment of $11.9 billion to upgrade and expand electric and gas facilities
Operations and Maintenance (O&M) to maintain existing power generation, electricity
and natural gas distribution systems, safety systems, customer care and computer
systems.
• Implementation level: Adaptation Strategy Implementation
• Relevant agencies: PG&E, CPUC
• Documentation of efforts:
o Economic Impacts of Proposed PG&E Utility Spending on California Economy, Economic
Development Research Group, 2013, http://www.edrgroup.com/library/energyenvironment/economic-impacts-of-proposed-pgae-utility-spending-on-californiaeconomy.html.
Parallel Efforts with Climate Change Preparedness Benefits
Utilities operating in Santa Clara County have put in place operations frameworks in order to make
transmission and distribution infrastructure more resilient to extreme heat events. While these
initiatives were implemented to address current extreme heat events, they may set the stage for
preparedness for future increases in average and peak temperatures resulting from climate change.

23

Ibid.
Economic Impacts of Proposed PG&E Utility Spending on California Economy, Economic Development Research
Group, 2013, http://www.edrgroup.com/library/energy-environment/economic-impacts-of-proposed-pgae-utilityspending-on-california-economy.html.
24
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Emergency Response
• Description: Since power outages are a common cascading impact affecting the energy sector as
a result of higher temperatures and extreme heat, PG&E, CPAU, and SVP have in an existing
framework for power restoration, which consists of standard policies, procedures, and a team of
trained PG&E field staff 25. PG&E has a company-wide Emergency Preparedness and Response
organization that is working to strengthen emergency processes and procedures. While the
focus is on catastrophic hazards like earthquakes, the processes and procedures are designed to
enable PG&E to respond to a full range of emergencies, regardless of their nature. 26
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: PG&E, CPAU, SVP
• Documentation of efforts:
o Heat Outages, Pacific Gas and Electric Company,
2013, http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/h
eatoutage/
o Power Outage Response, Silicon Valley Power,
2013, http://siliconvalleypower.com/index.aspx?page=1961.
o Utility Service Disruptions, City of Palo Alto Utilities,
2013, http://www.cityofpaloalto.org/gov/depts/utl/residents/outages/default.asp.

Efforts Addressing Sea Level Rise and Accompanying Storm Surge
Description of Energy Infrastructure Vulnerability
Utilities serving the Santa Clara County region own and operate various types of energy infrastructure in
the county, which includes electrical sub-stations, electrical transmission and distribution lines, power
generation facilities, and natural gas distribution lines. Some of this infrastructure (particularly substations, transmission lines, and distribution lines) is located in low-elevation and coastal zones in the
County 27 and is physically and functionally vulnerable to flooding from sea level rise as well as storm
surge accompanying sea level rise. For example, equipment in power plants and sub-stations is sensitive
to water. Salt water, in particular, may cause corrosion, especially if the plant or station has not been
shut down in advance of flooding. Underground electrical or mechanical equipment may be sensitive to
groundwater intrusion. The force of strong currents can knock down power poles and lines. All of these
factors can lead to wide-spread power outages.
Existing Climate Change Preparedness Efforts
Utilities serving Santa Clara County have recognized the need for regional collaboration to prepare for
sea level rise and increased storm surge.

25

Heat Outages, Pacific Gas and Electric Company, 2013,
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/heatoutage/
26
Based on consultation with PG&E
27
Solar Photovoltaic and Renewable Auction Mechanism Program Map, Pacific Gas and Electric Company, 2013,
https://www.pge.com/b2b/energysupply/wholesaleelectricsuppliersolicitation/PVRFO/PVRAMMap/index.shtml
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Regional Collaboration
• Description: Utilities in Santa Clara County agree that certain impacts of climate change need to
be addressed on a regional scale, and in the short term, continue to participate in regional
planning processes focusing on climate change adaptation. For example, PG&E has actively
participated in the Adapting to Rising Tides project led by the San Francisco Bay Conservation
and Development Commission (BCDC) and the National Oceanic and Atmospheric
Administration’s Coastal Services Center (NOA CSC), which is exploring adaptation to sea level
rise in a portion of Alameda County in California. Additionally, PG&E has been an engaged
stakeholder in the Silicon Valley 2.0 project, and serves on the Technical Advisory Committee for
this project. Similarly, SVP and CPAU have also been active participants in the Silicon Valley 2.0
stakeholder meetings and sector-based working group efforts.
• Implementation level: Overall Climate Change Adaptation Planning
• Relevant agencies: PG&E, SVP, CPAU
• Documentation of efforts:
o PG&E Corporation Report, Carbon Disclosure Project, 2013.
Parallel Efforts with Climate Change Preparedness Benefits
Santa Clara County has a history of periodic coastal flooding, and as a result, utilities in the region have
an existing framework to address flooding-related impacts. This framework is primarily focused on
emergency response actions, which aim to restore power after outages from flooding. Other efforts
initiated by utilities include proposed upgrades to infrastructure that will provide an opportunity to
increase their resilience against natural disasters including storm surge.
Emergency Response
• Description: Since power outages are a common cascading impact affecting the energy sector in
the aftermath of coastal flooding, PG&E, CPAU, and SVP have in place an existing framework for
power restoration, which consists of standard policies, procedures, and a team of trained PG&E
field staff. 28
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: PG&E, CPAU, SVP
• Documentation of efforts:
o Storms, Outages, and Safety, Pacific Gas and Electric Company,
2013, http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/.
o Power Outage Response, Silicon Valley Power,
2013, http://siliconvalleypower.com/index.aspx?page=1961.
o Utility Service Disruptions, City of Palo Alto Utilities,
2013, http://www.cityofpaloalto.org/gov/depts/utl/residents/outages/default.asp.

28

Storms, Outages, and Safety, Pacific Gas and Electric Company, 2013,
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/
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Infrastructure Improvements
• Description: In recognition of its aging infrastructure, PG&E has proposed a $20.1 billion dollar
plan over the next three years to expand and upgrade the generation and distribution
infrastructure that provides gas and electric services in its territory, including Santa Clara
County. The details of this plan are described in PG&E’s General Rate Case for the period 2014 –
2016. 29 PG&E has determined these infrastructure improvements will contribute to meeting the
expected increase in energy demand as a result of extreme heat events, and protect
infrastructure from physical damage caused by extreme heat as well as other climate change
variables such as storm surge or flooding. The proposed investments include:
o A capital investment of $11.9 billion to upgrade and expand electric and gas facilities
Operations and maintenance (O&M) to maintain existing power generation, electricity
and natural gas distribution systems, safety systems, customer care and computer
systems.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: PG&E, CPUC
• Documentation of efforts:
o Economic Impacts of Proposed PG&E Utility Spending on California Economy, Economic
Development Research Group, 2013, http://www.edrgroup.com/library/energyenvironment/economic-impacts-of-proposed-pgae-utility-spending-on-californiaeconomy.html.

Efforts Addressing Wildfires
Description of Energy Infrastructure Vulnerability
Wildfires in Santa Clara County are expected to increase in frequency and intensity, and the duration of
the fire season is expected to lengthen. This can impact the energy sector in several ways. 30 Wildfires
can cause physical damage to transmission and distribution infrastructure. For example, they can burn
down wooden transmission poles. Moreover, the associated heat, smoke, and particulate matter can
reduce the capacity of transmission infrastructure. Soot from wildfires can accumulate on insulators
that attach transmission lines to towers, causing leaked currents and subsequent power outages.
Additionally, ionized air from wildfire smoke can cause electric arcing between lines, which can also lead
to power outages. Even fire suppression activities can cause damage to energy infrastructure. For
example, fire suppressants can foul transmission lines.
Existing Climate Change Preparedness Efforts
No specific initiatives were identified that prepare the sector for climate change-related increases in
wildfire frequency or extent.
29

Economic Impacts of Proposed PG&E Utility Spending on California Economy, Economic Development Research
Group, 2013, http://www.edrgroup.com/library/energy-environment/economic-impacts-of-proposed-pgae-utilityspending-on-california-economy.html.
30
U.S. Energy Sector Vulnerabilities to Climate Change and Extreme Weather, 2013,
http://energy.gov/sites/prod/files/2013/07/f2/20130716-Energy%20Sector%20Vulnerabilities%20Report.pdf, p.
13.
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Parallel Efforts with Climate Change Preparedness Benefits
While no climate change explicit initiatives where identified, utilities serving Santa Clara County have in
place, an existing framework for addressing current wildfire risk. This includes a combination of
preventive measures, emergency response measures, and proposed upgrades to infrastructure.
Vegetation Management
• Description: PG&E’s existing Vegetation Management program is responsible for minimizing
wildfire risks via periodic inspections of vegetation in close proximity with PG&E
transmission/distribution lines, pruning/removal of vegetation, and maintaining adequate
clearance around transmission poles. 31 These activities are carried out in compliance with
various State and National laws 32 and regulations governing vegetation management, which are
briefly described below, in Table 3:
Table 3: Laws and Regulations Governing Utilities on Wildfire Prevention

Name of Regulation

Description

Public Resource Code 4292: Firebreak Clearing

Requires maintenance of firebreaks around poles
located in wild land areas during fire season that have
equipment with the potential to emit sparks when
operating properly.

Public Resource Code 4293: State Responsibility

Requires maintenance of clearance between vegetation
and high voltage power lines during fire season in wild
land areas to prevent wild fires. Also requires removal
of dead, diseased or dying trees that could fall into
power lines.

General Order 95: Utility Vegetation Management
Requirements

Requires maintenance of clearance between vegetation
and high voltage power lines at all times in all areas for
public safety and electric system reliability.

North American Electric Reliability Council (NERC)
Standard FAC-003-1: Transmission Vegetation
Management Standard

Requires preventative action to reduce widespread
outages caused by vegetation conflicts on high voltage
electric transmission lines.
Requires the development and implementation of a
formal vegetation management program

Since 2007, PG&E’s vegetation management program has incorporated a Public Safety and
Reliability (PS&R) element, which takes a more proactive and strategic approach to vegetation
inspection, pruning, and removal based on historical occurrences of wildfires in PG&E territory.
Under the Vegetation Management program, PG&E started a pilot project in 2011 called the
Outage Risk Reduction (ORR) project, which focuses on fire-risk-reduction by using specific
vegetation management techniques employed by specialists in the industry. Another pilot
31

PG&E Tree Crews Work to Prevent Power Outages and Wild Land Fires, July 2, 2013,
http://www.pgecurrents.com/2013/07/02/video-pge-tree-crews-work-to-prevent-power-outages-and-wild-landfires/
32
Vegetation Management, Pacific Gas and Electric Company, 2013,
http://www.pge.com/en/myhome/customerservice/other/treetrimming/index.page
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project introduced by the company employs livestock grazing as a mechanism to reduce
vegetation in order to minimize wildfire risks. 33
•
•
•

Implementation level: Parallel Effort with Climate Change Preparedness Benefits
Relevant agencies: PG&E, CPUC, Cal-FIRE
Documentation of efforts:
o Vegetation Management, Pacific Gas and Electric Company,
2013, http://www.pge.com/en/myhome/customerservice/other/treetrimming/index.pa
ge
o PG&E Tree Crews Work to Prevent Power Outages and Wild Land Fires, July 2,
2013, http://www.pgecurrents.com/2013/07/02/video-pge-tree-crews-work-toprevent-power-outages-and-wild-land-fires/
o PG&E Reduces Fires Risks near Auburn with Grazing Goats, September 4,
2013, http://www.pgecurrents.com/video/pge-reduces-fire-risks-near-auburn-withgrazing-goats/

Fire Risk Modeling
• Description: PG&E is piloting a new fire risk computer model, which determines fires risks near
PG&E owned infrastructure based on factors such as weather, winds, slope, and fuel load. 34
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: PG&E
• Documentation of efforts:
o Pacific Gas and Electric Company 2014 General Rate Case, November 12,
2012, https://www.pge.com/regulation/GRC2014-Ph-I/Testimony/PGE/2012/GRC2014Ph-I_Test_PGE_20121115_254321.pdf
Emergency Response
• Description: Since power outages are a common cascading impact affecting the energy sector in
the aftermath of wildfires, PG&E, CPAU, and SVP have in an existing framework for power
restoration, which consists of standard policies, procedures, and a team of trained PG&E field
staff. 35
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: PG&E, CPAU, SVP
• Documentation of efforts:
o Storms, Outages, and Safety, Pacific Gas and Electric Company,
2013, http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/.
33

PG&E Reduces Fires Risks near Auburn with Grazing Goats, September 4, 2013,
http://www.pgecurrents.com/video/pge-reduces-fire-risks-near-auburn-with-grazing-goats/
34
Pacific Gas and Electric Company 2014 General Rate Case, November 12, 2012,
https://www.pge.com/regulation/GRC2014-Ph-I/Testimony/PGE/2012/GRC2014-PhI_Test_PGE_20121115_254321.pdf
35
Storms, Outages, and Safety, Pacific Gas and Electric Company, 2013,
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/
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o
o

Power Outage Response, Silicon Valley Power,
2013, http://siliconvalleypower.com/index.aspx?page=1961.
Utility Service Disruptions, City of Palo Alto Utilities,
2013, http://www.cityofpaloalto.org/gov/depts/utl/residents/outages/default.asp.

Infrastructure Improvements
• Description: In recognition of its aging infrastructure, PG&E has proposed a $20.1 billion dollar
plan over the next three years to expand and upgrade the generation and distribution
infrastructure that provides gas and electric services in its territory, including Santa Clara
County. The details of this plan are described in PG&E’s General Rate Case for the period 2014 –
2016. 36 PG&E has determined these infrastructure improvements will contribute to meeting the
expected increase in energy demand as a result of extreme heat events, and protect
infrastructure from physical damage caused by extreme heat as well as other climate change
variables such as wildfires. The proposed investments include:
o A capital investment of $11.9 billion to upgrade and expand electric and gas facilities
Operations and maintenance (O&M) to maintain existing power generation, electricity
and natural gas distribution systems, safety systems, customer care and computer
systems.
• Implementation level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: PG&E, CPUC
• Documentation of efforts:
o Economic Impacts of Proposed PG&E Utility Spending on California Economy, Economic
Development Research Group, 2013, http://www.edrgroup.com/library/energyenvironment/economic-impacts-of-proposed-pgae-utility-spending-on-californiaeconomy.html.

Efforts Addressing Multiple Climate Change Variables
While the previous sections of this chapter discuss efforts to address impacts from individual climate
variables, overall integration of climate change preparedness planning into utility operations and
planning processes is required. One existing effort to do this is described below.
Institutionalization of Climate Change Considerations into Operations
• Description: PG&E has taken steps to evaluate and address the wide variety of impacts climate
change could have on its operations and finances. In 2006, PG&E identified climate change as a
top company risk and it was assessed through PG&E’s enterprise risk management process. 37 In
2008, PG&E created a cross-departmental Climate Change Operational Impact Team to more
specifically identify the potential physical risks of climate change to PG&E assets and to facilitate

36

Economic Impacts of Proposed PG&E Utility Spending on California Economy, Economic Development Research
Group, 2013, http://www.edrgroup.com/library/energy-environment/economic-impacts-of-proposed-pgae-utilityspending-on-california-economy.html.
37
PG&E Corporation Report, Carbon Disclosure Project, 2013.
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•
•
•

development of appropriate adaptation strategies. 38 The Team has since conducted bi-annual
reviews of the most relevant scientific literature on climate change variables such as sea level
rise, temperature changes, rainfall and runoff patterns, and storm frequency and intensity
affecting the company’s territory in California. The Team communicates the results of these
reviews to affected business units so that the units can re-evaluate the risks and impacts to their
facilities, and develop the necessary adaptation strategies. 39
Implementation level: Overall climate change adaptation planning
Relevant agencies: PG&E
Documentation of efforts: PG&E Corporation Report, Carbon Disclosure Project, 2013.

Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
The energy sector consists of a complex network of public and private agencies, each of which will have
key roles to play in advancing climate change preparedness planning. These agencies are identified
below, along with a description of their roles.
Federal Regulatory Agencies:
• Federal Energy Regulatory Commission (FERC): This agency regulates the interstate transmission
of electricity, natural gas, and oil. FERC oversees the North American Electric Reliability
Corporation (NERC), an agency whose mission is to ensure the reliability of bulk power systems
in North America. While much of FERC’s regulatory authority applies to interstate transmission
services and infrastructure, this agency will play a particularly critical role in the future
adaptability of hydro-power generation to climate change. FERC is responsible for licensing and
inspecting private, municipal, and State hydro-electric projects, and may need to consider the
impacts of climate change on hydro-electricity generation potential in its licensing criteria.
State Regulatory Agencies
• The California Public Utilities Commission (CPUC): This agency regulates privately owned energy
utilities in California. Its responsibilities include ensuring energy safety and reliability, setting
aggressive renewable energy and energy efficiency goals, advancing climate change response
strategies, setting fair energy rates, and inspecting/auditing utility infrastructure. With regards
to unplanned outages, the CPUC has standards for operation, reliability, and safety during
emergencies and disasters to ensure that utilities are prepared in order to minimize damage and
inconvenience to the public resulting from an electric system failure. Utilities must submit an
annual report to the CPUC regarding their reliability and preparedness. The CPUC also reviews
utility performance following every major outage. 40 The CPUC can levy penalties if these
emergency standards are not met.

38

Ibid.
Ibid.
40
Emergency Standards, CPUC, http://www.cpuc.ca.gov/PUC/energy/ElectricSR/Reliability/emer_stand.htm,2014.
39
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•

The California Energy Commission (CEC): This agency develops and implements California’s
energy policy. It is responsible for forecasting statewide energy needs, energy source
acquisition planning, supporting energy related research, siting and licensing of power
generation facilities, promoting energy efficiency through building and compliance codes,
developing renewable energy resources, and developing state responses to energy
emergencies. Additionally, many of the CEC’s responsibilities listed above can indirectly support
climate change adaptation planning and implementation in the energy sector. For example, the
CEC can incorporate climate change considerations in its siting and licensing criteria for power
generation facilities to incentivize climate change preparedness in existing and proposed
facilities. Lastly, the CEC’s role in facilitating state responses to energy emergencies is also
extremely relevant to climate change adaptation planning, given that power outages are a
common cascading impact of natural disasters like storm surge, flooding, wildfires, and extreme
heat events – all of which are likely to become more frequent and intense as a result of climate
change.

•

California Department of Water Resources (DWR): This agency is responsible for the
conservation, management, development, and sustainability of California’s watersheds, and
water resources. DWR also partners with other agencies to prevent and respond to waterrelated natural disasters such as floods and droughts. DWR plays in important role in advancing
climate change adaptation in the energy sector. As discussed previously in this chapter, DWR
has been partnering with utilities and federal agencies to understand the potential impacts of
mountain snowpack loss on watersheds in Northern California, which directly impacts hydroelectricity generation. Additionally, DWR’s collaboration with the CEC and the CPUC on reducing
the energy intensity of water use assists the energy sector in reducing energy demand, which
also contributes to the energy sector’s climate preparedness efforts.

•

California Independent System Operator (CAISO): This organization manages the flow of
electricity across the high voltage electric grid in California and operates the wholesale power
market that determines when and which power plants input electricity on the grid. CAISO also
conducts an annual transmission planning process that identifies grid expansions needed to
maintain reliability, lower costs, or meet future infrastructure needs. The long-term
comprehensive transmission plan takes into account wide-ranging scenarios, such as high
demand days coupled with wildfire and future growth in electricity demand. Lastly, CAISO
provides warnings of possible electricity outages, which allow the public to better prepare for
interruptions and encourages conservation that may help prevent the blackout from occurring.

Utilities
• As described in the introduction, Santa Clara County receives electricity and natural gas services
from three utilities:
o Pacific Gas and Electric Company (PG&E)
o City of Palo Alto Utilities (CPAU)
o Silicon Valley Power (SVP)
Energy Sector
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Local Governments
• Local governments have the ability to advance climate change adaptation planning at the
community scale, and a majority of the municipalities as well as the County itself, have existing
climate action plans. Local governments also incorporate climate change considerations into
their locally enforceable general plans. Specifically with regard to the energy sector, local
governments can influence energy use in their communities by making revisions to building
codes and zoning codes, and by adopting specific ordinances that encourage renewable energy
installation. Along with Santa Clara County, the cities in the County will play a crucial role in the
implementation of local level adaptation strategies that will be identified as part of the Silicon
Valley 2.0 process.

Summary of Existing Efforts to address Vulnerabilities
Table 4 summarizes existing energy sector efforts to address anticipated impacts from climate change in
the region. Efforts to address climate change impacts vary across the different energy providers in Santa
Clara County, which include PG&E, CPAU, and SVP. To date, PG&E has made the most robust climate
change preparedness efforts. While CPAU and SVP have also implemented parallel efforts that will
benefit climate change preparedness, these utilities have not made explicit efforts to address additional
threat of climate change.
Table 4: Existing Efforts to Address Energy Sector Climate Change Vulnerabilities

Climate
Change
Variable
Changes in
Precipitation

Changes in
Precipitation

Asset
Hydroelectricity
systems

Hydroelectricity
systems

Macro-category
of Effort

Description of Effort

Monitoring/
Measuring

Standardized procedure to track
snowmelt runoff in watersheds

Education/
Communication/
Outreach

Publication of scientific papers on
climate change impacts on
watersheds
Outreach to local communities in
Northern California to increase
awareness of decreasing water
flows

Climate
Change
Preparedness
Category

Implementa
tion Lead

Climate Variable
Data Collection
and Analysis

PG&E

Adaptation
Strategy
Implementation

PG&E

Adaptation
Strategy
Implementation

PG&E

Adaptation
Strategy
Implementation

PG&E

Maintenance of higher winter
carryover reservoir storage levels
Changes in
Precipitation

Hydroelectricity
systems

Increased Storage
of Water in
Reservoirs

Reductions in conveyance flows in
canals and flumes in response to
increased portion of precipitation
falling as rain.
Reduction in discretionary
reservoir water releases during the
late spring and summer.

Changes in
Precipitation
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Hydroelectricity
systems

Land-based Cloud
Seeding

Increase precipitation by seeding
clouds with chemical products
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Changes in
Precipitation

Extreme Heat

Extreme Heat

Power supply

Diversification of
Energy Sources

Addition of renewable as well as
non –renewable energy sources to
fuel mix

Parallel Effort
with Climate
Preparedness
Benefits

PG&E, CPAU,
SVP

Customers

Education/
Communication/
Outreach

Communication of extreme heat
alerts through multiple modes of
communication

Parallel Effort
with Climate
Preparedness
Benefits

PG&E

Power supply

Energy Demand
Reduction

Parallel Effort
with Climate
Preparedness
Benefits

PG&E, CPAU,
SVP

Demand response programs
Energy efficiency programs

Extreme Heat

Power supply

Energy Supply
Diversification/
Augmentation/
Decentralization

Extreme Heat

Physical
infrastructure

Infrastructure
Improvements

Proposed capital investments and
operations/maintenance
investments to upgrade and
expand energy infrastructure

Adaptation
Strategy
Implementation

PG&E

Emergency
response plans and
procedures

Standardized plans and procedures
to respond to power outages and
conduct repairs

Parallel Effort
with Climate
Preparedness
Benefits

PG&E, CPAU,
SVP

Regional
Collaboration

Active participation in regional
efforts to understand and adapt to
anticipated sea level rise

Overall climate
change
preparedness
planning

PG&E, CPAU,
SVP

Emergency
response plans and
procedures

Standardized plans and procedures
to respond to power outages and
conduct repairs

Parallel Effort
with Climate
Change
Preparedness
Benefits

PG&E, CPAU,
SVP

Infrastructure
improvement

Proposed capital investments and
operations/maintenance
investments to upgrade and
expand energy infrastructure

Parallel Effort
with Climate
Change
Preparedness
Benefits

PG&E

Vegetation
management

Periodic inspections and pruning
of vegetation

Parallel Effort
with Climate
Change
Preparedness
Benefits

PG&E

Fire risk modelling

Identification of high risk zones
based on historical occurrences of
wildfires in PG&E territory

Parallel Effort
with Climate
Change
Preparedness
Benefits

PG&E

Policy/Planning/
Operations

Inclusion of climate change as a
risk in enterprise risk management
process; Creation of a climate
change operational impact team;
Periodic review of scientific
literature on climate variables

Overall Climate
Change
Preparedness
Planning

PG&E

Power supply
Extreme Heat

Sea Level Rise

Physical
infrastructure
Coastal
infrastructure
Power supply

Storm Surge

Storm Surge

Physical
infrastructure
Physical
infrastructure

Addition of renewable as well as
non –renewable energy sources to
fuel mix

Parallel Effort
with Climate
Preparedness
Benefits

PG&E, CPAU,
SVP

Power Supply
Wildfires

Physical
Infrastructure
Power Supply

Wildfires

Multiple
Climate
Variables

Energy Sector
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Summary of Gaps in Energy Sector Climate Change Preparedness Efforts
Table 5 provides a summary of existing gaps in energy sector climate change preparedness efforts. The
level of preparedness varies between the utilities and per climate variable and asset type. PG&E has
initiated substantial efforts related to anticipated changes in precipitation and impact on power supply
and changes in extreme heat and transmission infrastructure. For the other utilities and other variables
there is a need for additional planning.

Table 5: Level of Climate Change Preparedness Efforts in the Energy Sector

Existing
Climate Change
Preparedness
Efforts?

Level of
Climate Change
Preparedness
Efforts

Climate Change
Variable

Assets/Services
Affected

Changes in
precipitation patterns

Hydro-electricity
generation

- Potential losses in hydroelectric
power generation due to reduced
snow-pack in the Sierra Nevada
region

Yes

Medium

Extreme and frequent
heat events

Overall electricity
supply

- Increased average electricity
demand due to air conditioning
load

No

None, but Parallel
Efforts Exist

- Power outages due to excessive
peak load

No

None, but Parallel
Efforts Exist

Electric transmission
and distribution lines

- Reduced efficiency and reliability
of equipment

Yes

Medium (PG&E)

Sea Level Rise

Sub-stations, electric
transmission and
distribution lines,
power generation
facilities

- Permanent inundation of coastal
and low-elevation infrastructure

Yes

Low

Storm Surge

Sub-stations, electric
transmission and
distribution lines,
power generation
facilities

- Loss of function of coastal and low
elevation infrastructure due to
temporary inundation and/or
physical damage, resulting in power
outage

No

None, but Parallel
Efforts Exist

Wildfires

Electric transmission
and distribution lines

- Loss of function of electric
transmission and distribution lines
due to physical damage, resulting in
power outage

No

None, but Parallel
Efforts Exist

Nature of Impact

N/A (CPAU,SVP)*

* CPAU and SVP are municipal utilities and do not own electric transmission and distribution lines, rather they use
PG&E’s equipment.
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Public Health Sector Introduction:
The basic organizational structure and policy framework necessary to prepare for and respond to
human health threats from climate change exists in Santa Clara County. The County has already adopted
a plan to address the implications of natural hazards for human health (Santa Clara County Local Hazard
Mitigation Plan), an emergency operations and guidance procedures plan (Santa Clara County
Operational Area Emergency Operations Plan), and guidance for specific threats to health expected to
worsen as a result of climate change (Heat Emergency Plan and the Santa Clara County Mosquito-Bourne
Virus Response and Operations Plan), among others. Climate change and its future variability will impact
all of these organizational structures and plans.
The threats to human health associated with climate change in Santa Clara County include an increase in
extreme heat events, an increase in the intensity and frequency of wildfires and the worsening air
quality associated with fires, rising sea levels and flooding, a potential increase in ozone levels, the
spread of vector-borne diseases, and food insecurity.
The Silicon Valley 2.0 Regional Climate Preparedness Plan will provide guidance on specific strategies the
County can take to reduce the impact of climate change on human health. These strategies will build on
the structures and guidance already in place. In some cases, the Regional Plan may simply reference
adopted plans or policy. In other cases, the Regional Plan will provide additional specificity, such as
prioritization of specific hazards, approaches to assessing hazard vulnerability, or guidance on specific
heat thresholds.
Subsequent sections in this section describe the various vulnerabilities faced by populations as a result
of climate change, and the extent to which these vulnerabilities have been addressed within the County.

Climate Change Vulnerabilities in Public Health
Climate change is expected to impact many facets of human health in Santa Clara County as a result of
more extreme weather, worsened air quality, increased transmission of infectious disease, and exposure
to increased levels of allergens. These impacts will affect human health, health behaviors, and the socioeconomic factors that influence health outcomes. The following table highlights some of the potential
impacts of climate change on health, examples of populations vulnerable to the impacts, and the
relative level of confidence in the impact occurring based on the existing literature.

Existing Efforts to Address Public Health Sector Vulnerabilities to
Climate Change
This section provides an overview of efforts to prepare for the potential consequences of climate change
and variability on public health. The section is organized by climate change variable. An overview of the
asset vulnerability is provided, followed by descriptions of the existing effort(s), the level of
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implementation (i.e., vulnerability assessment, risk assessment, strategy development, or strategy
implementation), and the relevant organizations.
Table 1: Climate Change Impacts to Human Health

Change in Climate
Confidence
Variable and Type of
Based on
Examples of Vulnerable
1
Health Effect
Evidence
Populations
Direct Impacts from Extreme Weather Events and Sea Level Rise
Extreme heat days and
Very high
Infants and children; seniors;
heat waves
individuals with cardiovascular
disease, diabetes, and mental
illness; neighborhoods with high
levels of impervious surfaces and
minimal tree cover; no vehicle
access; race and ethnicity;
education level; poverty;
immigration status; profession
Flooding and sea level
Very high
Low income individuals living
rise
adjacent to waterways and the
Bay; uninsured
Indirect Impacts from Changes in Temperature and Precipitation
Air pollution –
Very high
Children; individuals with lung
increased ozone levels
disease, cardiopulmonary
disease, and asthma; African
Americans; women
Allergens
High
Individuals with asthma,
respiratory disease, or
cardiovascular disease; pregnant
women; smokers
Wildfires
Very high
Firefighters and first responders,
households in the wildland urban
interface zone, individuals with
asthma, allergic rhinitis, or atopic
eczema; children; seniors; the
immunocompromised; uninsured
Vector-borne infectious High
Children; seniors;
disease
immunocompromised individuals;
pregnant women
Food- and waterborne
Medium
Children; seniors;
disease
immunocompromised individuals;
pregnant women
Food insecurity
High
Children; families with lowerincomes; children of immigrants;
farmworkers

1

Examples of the Potential
Impacts on Health
Increased heat-related mortality
and morbidity including,
cardiovascular-related mortality,
respiratory mortality, heart
attacks, and renal disease. Lower
birth weight infants.

Increased injuries, illnesses, or
death associated with flooding,
higher emotional stress
Diminished lung function,
increased frequencies of asthma
attacks, sensitivity to allergens,
and premature mortality
Increased allergic sensitivity and
asthma episodes
Increased respiratory and
cardiovascular hospital emissions,
asthma attacks

Increased incidences of specific
diseases such as Lyme disease and
West Nile Virus
Contaminated drinking water,
food-borne illness
Greater micronutrient
malnutrition, obesity, and mental
health problems

The levels of confidence are drawn from the National Climate Assessment.
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Efforts Addressing Extreme Heat
Description of the Effects of Extreme Heat on Public Health
The effects of extreme heat on human health are well documented. 2 Increased temperature or
extended periods of elevated temperatures can increase heat-related mortality, 3 cardiovascular-related
mortality, 4 respiratory mortality, 5 and heart attacks, 6 while increasing hospital admissions 7 and
emergency department visits. 8 Extreme heat can also affect a person’s ability to thermo-regulate,
causing heat stress and sometimes leading to death. 9 Exposure to extreme heat during pregnancy is
related to lower birth weight, especially in the second and third trimesters. 10 Higher temperatures may
also impact human health by reducing outdoor physical activity. There is a very high level of confidence
that a range of health conditions will be exacerbated by extreme heat events. 11
A number of factors contribute to the vulnerability of an individual to extreme heat. Intrinsic factors that
contribute to heat-related risk include age (over 65 and infants and children) 12, 13 and medical conditions
(cardiovascular disease, diabetes, and mental illness). 14, 15 Extrinsic factors, or those external to an
individual, include neighborhoods with high levels of impervious surfaces and low tree cover, 16 housing

2

Duffy, P.B. and Tebaldi, C. (2012). Increasing Prevalence of Extreme Summer Temperatures in the U.S. Climate
Change, 111: pp. 487-495.
3
Chestnut, L.G., et. al. (1998). Analysis of Differences in Hot-Weather-Related Mortality Across 44 U.S.
Metropolitan Areas. Environmental Science Policy, 1(1): pp. 59-70.
4
Medina-Ramon, M.; Zanobetti, A.; Cavanagh, D.P.; and Schwartz, J. (2006). Extreme Temperatures and Mortality:
Assessing Effect Modification by Personal Characteristics and Specific Cause of Death in a Multi-City Case-Only
Analysis. Environmental Health Perspectives, 114: pp. 1331-1336.
5
Mastrangelo, G., et. al. (2007). Pattern and Determinants of Hospitalization During Heat Waves: An Ecologic
Study. BMC Public Health, 7: p. 200.
6
Braga, A.; Zanobetti, A.; and Schwartz, J. (2002). The Effect of Weather on Respiratory and Cardiovascular Deaths
in 12 U.S. Cities. Environmental Health Perspectives, 110: pp. 859-863.
7
Ostro, B.D., et. al. (2009). Estimating the Mortality Effect of the July 2006 California Heat Wave. Environmental
Research, 109: pp. 106-112.
8
Dolney, T., and Sheridan, S. (2007). The Relationship between Extreme Heat and Ambulance Response Calls for
the City of Toronto, Ontario, Canada. Environmental Resources, 101(1): pp. 94-103.
9
Luber, G.; Sanchez, C.; and Conklin, L. (2006). Heat-Related Deaths—United States, 1999–2003. Morbidity and
Mortality Weekly Report, 55(29): pp. 796-798.
10
Deschênes, O.; Greenstone, M., and Guryan, J. (2009). Climate Change and Birth Weight. American Economic
Review, 99: pp. 211–217.
11
Luber, G., et. al. (2013). Human Health. Chapter for the National Climate Assessment.
12
Knowlton, K., et. al. (2009). The 2006 California Heat Wave: Impacts on Hospitalizations and Emergency
Department Visits. Environmental Health Perspectives, 117(1): pp. 61-67.
13
Basu, R. and Ostro, B. (2009). A Multi-County Analysis Identifying the Vulnerable Populations for Mortality
Associated with High Ambient Temperatures in California. White Paper for the California Climate Change Center.
14
Reid, C., et. al. (2009). Mapping Community Determinants of Heat Vulnerability. Environmental Health
Perspectives, 117(11): pp. 1730-1736.
15
Poumadere, M., et. al. (2005). The 2003 Heat Wave in France: Dangerous Climate Change Here and Now. Risk
Analysis, 25(6): pp. 1483-1493.
16
Shonkoff, S., et. al. (2009). Minding the Climate Gap: Environmental Health and Equity Implications of Climate
Change Mitigation Policies in California. Environmental Justice, 2(4), pp. 173-177.
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units that lack of air conditioning, 17 or household access to a vehicle. 18 Along with this intrinsic and
extrinsic factors such as race and ethnicity, education level, poverty, immigration status, and profession
(particularly individuals who work outside, such as farm and construction workers) may contribute to an
individual’s vulnerability to heat events. 19, 20, 21
People living in milder climates are often less prepared for the effects of extreme heat. California
experienced a ten-day heat wave during July 2006, which broke temperature records around the state,
causing at least 140 deaths and resulting in an estimated 16,166 excess emergency department visits
and 1,182 excess hospitalizations (compared to a reference period). 22 The Central Coast region, which
includes Santa Clara County, contributed 28% of all excess emergency department visits (4,588) and 47%
of all excess hospitalizations (550) for the state. This far exceeds the number and proportion of cases
that would be expected for a region that houses 18% of the state’s population. 23
However, the number of heat wave deaths, which are tabulated by county coroners, likely
underestimate the full impact of heat waves. Reasons why underestimates occur include: deaths such as
cardiovascular disease and respiratory disease that are exacerbated by heat may not be classified as
heat-related; the coroner may not be alerted to consider heat-related deaths; and the coroner has to
make some judgment as to the cause of death. As compared to a reference period, modeled estimates
suggest the 2006 California heat wave may have contributed to between 215 to 505 heat wave deaths,
significantly higher than the death certificates indicate. 24
An increase in the frequency of extreme heat events is likely to cause power failures around the county,
endangering the health of vulnerable residents. More extreme events and higher average temperatures
in Santa Clara are expected to result in an increase in electricity demand. Air conditioning can increase
peak demand for energy, and a sudden increase in electricity demand for air conditioning can overload
electric lines, transformers, and other equipment, leading to potential power outages and leaving

17

Reid, C., et. al. (2009). Mapping Community Determinants of Heat Vulnerability. Environmental Health
Perspectives, 117(11): pp. 1730-1736.
18
Shonkoff, S., et. al. (2009). Minding the Climate Gap: Environmental Health and Equity Implications of Climate
Change Mitigation Policies in California. Environmental Justice, 2(4), pp. 173-177.
19
Reid, C., et. al. (2009). Mapping Community Determinants of Heat Vulnerability. Environmental Health
Perspectives, 117(11): pp. 1730-1736.
20
Poumadere, M., et. al. (2005). The 2003 Heat Wave in France: Dangerous Climate Change Here and Now. Risk
Analysis, 25(6): pp. 1483-1493.
21
Shonkoff, S., et. al. (2009). Minding the Climate Gap: Environmental Health and Equity Implications of Climate
Change Mitigation Policies in California. Environmental Justice, 2(4), pp. 173-177.
22
Knowlton, K., et al. (2009). The 2006 California Heat Wave: Impacts on Hospitalizations and Emergency
Department Visits. Environmental Health Perspectives: Volume 117, Number 1.
23
Knowlton, K., et al. (2009). The 2006 California Heat Wave: Impacts on Hospitalizations and Emergency
Department Visits. Environmental Health Perspectives: Volume 117, Number 1.
24
Ostro, B.D., et. al. (2009). Estimating the Mortality Effect of the July 2006 California Heat Wave. Environmental
Research, 109: pp. 106-112.
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people exposed to higher temperatures. 25 During the 2006 heat wave, over 300,000 PG&E customers
lost power in San Jose alone. 26
Existing Climate Change Preparedness Efforts
The Santa Clara County Local Hazard Mitigation Plan addresses the likely increase in climate changerelated extreme heat and the associated impacts on public health in Santa Clara County.
Hazard Planning
• Description: Lead by the Santa Clara County Office of Emergency Services, a review draft of the
Santa Clara County Local Hazard Mitigation Plan (LHMP) was completed in 2011. The LHMP
planning team identified climate change as an “amplifier” of existing hazards, such as extreme
weather events, coastal flooding, and heat waves. Where appropriate, the LHMP includes a
discussion of how climate change might impact the frequency, intensity, and distribution of
natural hazards. The LHMP planning team also recognized that climate change could be used as
a parameter in prioritizing hazards in future updates of the plan (although it has yet to do so).
The LHMP analyzes 20 natural and man-made hazards (profiles) and identifies mitigation
priorities and actions shared across jurisdictional boundaries. Climate change considerations
were incorporated directly into the flood, drought, and heat profiles, all of which would be
expected to affect human health. These three hazards were ranked as moderate priorities for
the County. No high ranking mitigation actions were identified for heat.
• Implementation level: Adaptation Strategy Development
• Relevant agencies: Lead by Santa Clara County Office of Emergency Services; County agencies;
all cities except the Cities of Los Altos Hills and Milpitas; state and regional agencies; businesses.
• Documentation:
o Santa Clara County Local Hazard Mitigation Plan (2011),
http://www.sccgov.org/sites/oes/PlansPublications/Pages/LHMP.aspx
Parallel Efforts with Climate Change Preparedness Benefits
While not explicitly focused on addressing climate change-related extreme heat, the following plans,
policies, and programs are in place to address existing extreme heat events and their impacts on public
health and could contribute to climate preparedness efforts.
Heat and Health Warning System
• Description: NOAA has an established Heat/Health Watch Warning System, and Santa Clara
County is using this system as guidance for issuing excessive heat watches, excessive heat
warnings, and heat advisories. The alert system notifies state OES and local governments of
forecasted extreme heat periods allowing for the activation of appropriate plans.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: County; cities.

25

Pacific Gas and Electric Company (2013). Heat Outages. Retrieved from
http://www.pge.com/myhome/edusafety/naturaldisaster/stormsoutagessafety/heatoutage/
26
City of San Jose. (2006). Study Session on July 2006 Heat Storm and Related Power Failures. Retrieved from
http://www3.sanjoseca.gov/clerk/Agenda/101006/101006e_1.pdf
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•

Documentation:
o Santa Clara County Operational Area Emergency Operations Plan (2008),
http://www.sccgov.org/sites/oes/Documents/EOP_Complete.pdf
o NOAA Press Release (2007),
http://www.publicaffairs.noaa.gov/releases2007/jun07/noaa07-r214.html

Communication and Outreach
• Description: Santa Clara County creates media advisories, offers tips for hot weather safety, and
publishes fact sheets on how to prevent/respond to heat-related illness. The information is
published in three languages: English, Spanish, and Vietnamese.
Health officials in Santa Clara County can also activate the reverse 911 emergency alert system
for heat-related emergencies. The system was activated in 2013 by the Santa Clara County
Office of Emergency Services, contacting half a million homes with advice on how to stay cool.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County Emergency Medical Services (EMS) System, Santa Clara
County Fire Chiefs Association, and the Public Health Department.
• Documentation:
o Heat Prevention Packet (2013),
http://www.sccgov.org/sites/ems/Documents/Heat%20Prevention%20Packet%20June
%202013.pdf
Emergency Operations
• Description: The Santa Clara County Operational Area Emergency Operations Plan (EOP) is an all
hazards document describing the County’s Emergency Operations organization, guidelines, and
critical components of the Emergency Response System. The EOP is activated during
extraordinary emergency situations associated with large-scale disasters. The EOP establishes a
County emergency management organizations, operational concepts, and flexible framework
for planning and response for a variety of emergencies expected to be affected by climate
change and variability, such as wildfires, floods, and heat waves. The EOP is currently in the
update process.
The EOP does not currently address the impacts of climate change on specific threats facing
Santa Clara County. However, the organizational structure and procedures may be sufficient
under changing conditions.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County Office of Emergency Services; County agencies; cities
• Documentation:
o Santa Clara County Operational Area Emergency Operations Plan (2008),
http://www.sccgov.org/sites/oes/Documents/EOP_Complete.pdf
o Santa Clara Operational Area Emergency Operations Plan Project. (2013),
http://www.sccgov.org/sites/oes/Documents/EOP_Project_Information.pdf
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Cooling Centers
• Description: The County and local partners operate cooling centers in response to excess heat
watches issued by the National Weather Service. The location of cooling centers are publicized
through the County’s website, press releases, social media, and other sources. The County does
not offer special transportation services to these cooling centers. However, most cooling centers
are relatively close to public transit services.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County Office of Emergency Services; County agencies; cities
• Documentation:
o For more information on countywide cooling centers, visit
http://sccfd.org/pub_ed/heat.html

Efforts Addressing Climate Change-Exacerbated Air Pollution
Description of the Effects of Climate Change Induced Air Pollution on Public Health
Climate change is expected to exacerbate some forms of air pollution, which can lead to a number of
health impacts. In particular, climate change is expected to increase ground-level ozone concentrations,
the incidence of airborne allergens, and particulate matter from wildfire smoke.
Increases in Ozone
Warmer temperatures are projected to increase ozone concentrations, 27 resulting in a significant
increase in the number of days that exceed the 8-hour regulatory standard for ozone concentrations. 28
Additional modeling of higher temperatures related to climate change showed that Bay Area maximum
8-hour ozone levels would increase by 8 ppb during ozone exceedance days, offsetting 10 years of ozone
emissions control efforts in the Bay Area. 29
Between 2008 and 2010, Santa Clara County had 19 days with ozone levels that were unhealthy for
sensitive groups and 1 day with ozone levels that were unhealthy for all people, earning an F grade from
the American Lung Association. 30 Ozone concentrations have been shown to increase by as much as 10%
in Santa Clara County without implementation of measures to mitigate pollutant emissions. 31 High levels
of ozone are associated with diminished lung function, increased frequencies of asthma attacks,

27

EPA. (2009). Assessment of the Impacts of Global Change on Regional U.S. Air Quality: A Synthesis of Climate
Change Impacts on Ground-Level Ozone. An Interim Report of the U.S. EPA Global Change Research Program.
28
Bell, M.L., et. al. (2007). Climate Change, Ambient Ozone, and Health in 50 U.S. Cities. Climatic Change, 82: pp.
61-76
29
Bay Area Air Quality Management District. (2010). Bay Area 2010 Clean Air Plan. Retrieved from
http://www.baaqmd.gov/Divisions/Planning-and-Research/Plans/Clean-Air-Plans.aspx
30
American Lung Association. (2012). State of the Air. Retrieved from
http://www.stateoftheair.org/2012/states/california/santa-clara-06085.html
31
Steiner, A., et. al. (2006). Influence of Future Climate and Emissions on Regional Air Quality in California. Journal
of Geophysical Research, 111: pp. 1-22.
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sensitivity to allergens, and premature mortality. 32 33 34 There is a very high level of confidence that a
range of health conditions will be exacerbated by ozone concentrations. 35
Changes in Allergens
Changes in temperature and humidity related to climate change are expected to affect the timing and
severity of the allergens. Warmer temperatures and increased precipitation is linked to increased pollen
production for many types of tree and grass species. 36 For example, pollen counts from oak trees in the
San Francisco Bay Area are related to precipitation in the previous year, 37 and ragweed pollen counts
rise with increasing temperature and carbon dioxide. 38 39
Rising pollen levels and longer pollen seasons increase allergic sensitivity and asthma episodes, 40 41
decreasing economic productivity, and increasing the number of school days missed each year. 42 Rising
pollen concentrations may also increase the number of individuals who have allergic asthma, which is
triggered by a reaction to pollen or other allergens. Exposure to increased levels of air pollution also
increases the risk and severity of asthma attacks. 43 Extreme precipitation events and higher
temperatures may also encourage growth of indoor mold and fungi, which may increase respiratory and
asthma issues. 44 There is a high level of confidence that climate change will affect allergens, resulting in
a range of health issues. 45
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The population most vulnerable to allergic illnesses are those with asthma, allergic rhinitis, or atopic
eczema. These groups are already sensitized to allergic illness and are more likely to be affected by
increased concentrations of allergens in the air. Children, seniors, the immunocompromised, and the
uninsured are also vulnerable to the impacts of climate change on allergens. 46
Increases in Wildfire Frequency and Extent
Regional wildfire frequency and extent is also projected increase under changing climate conditions.
Along with the risk of fatalities and injuries to those living in the wild-urban interface zone and to
firefighters and first responders dealing with a fire, smoke from wildfires may reduce air quality and
exacerbate chronic public health problems. 47, 48 Smoke contains particulate matter, PM 2.5- PM 10,
which can increase respiratory and cardiovascular hospital emissions. 49 , 50 There is a very high level of
confidence that a range of health conditions will be exacerbated by climate change. 51
A range of factors contribute to the vulnerability of an individual to ozone. Children, 52 individuals with
existing medical conditions, such as lung disease, 53 cardiopulmonary disease, 54 and asthma 55 are
particularly vulnerable to ozone. African Americans and women have also been shown to be more
vulnerable to ozone. 56 Those vulnerable to wildfire smoke include individuals with asthma, respiratory
disease, or cardiovascular disease, pregnant women, and smokers. 57
Existing Climate Change Preparedness Efforts
No explicit climate change preparedness initiatives relevant to public health and climate changeexacerbated air pollution have been identified.

46

Reid, C., and Gamble, J. (2009). Aeroallergens, Allergic Disease, and Climate Change: Impacts and Adaptation.
EcoHealth, 6(3): pp. 458–470.
47
Jaffe, D., et. al. (2008b). Interannual variations in PM2. 5 due to wildfires in the western United States.
Environmental Science & Technology, 12(42): pp. 2812-2818.
48
Dennekamp, M. and M.J. Abramson. (2011). The Effects of Bushfire Smoke on Respiratory Health. Respirology,
16: pp. 198-209.
49
Delfino, R., et. al. (2009). The Relationship of Respiratory and Cardiovascular Hospital Admissions to the
Southern California Wildfires of 2003.Occupational Environment Medicine, 66(3): pp. 189-97.
50
Lipsett, M. and Materna, B. (2008). Wildfire Smoke: A Guide for Public Health Officials. Retrieved from
http://oehha.ca.gov/air/risk_assess/wildfirev8.pdf
51
Luber, G., et. al. (2013). Human Health. Chapter for the National Climate Assessment.
52
EPA. (2013). Ground-level Ozone Standards Designations. Retrieved from
http://www.epa.gov/ozonedesignations/
53
EPA. (2013). Ground-level Ozone Standards Designations. Retrieved from
http://www.epa.gov/ozonedesignations/
54
Jerrett, M., et. al. (2009). Long-Term Ozone Exposure and Mortality. The New England Journal of Medicine, 360:
pp. 1085-1095
55
EPA. (2013). Ground-level Ozone Standards Designations. Retrieved from
http://www.epa.gov/ozonedesignations/
56
Medina-Ramón, M., and Schwartz, J. (2008). Who is more vulnerable to die from ozone air pollution?
Epidemiology, 19(5): pp. 672-9
57
Lipsett, M. and Materna, B. (2008). Wildfire Smoke: A Guide for Public Health Officials. Retrieved from
http://oehha.ca.gov/air/risk_assess/wildfirev8.pdf

Public Health Sector

97

Silicon Valley 2.0 - Climate Preparedness Gap Analysis
Parallel Efforts with Climate Change Preparedness Benefits
While not explicitly focused on addressing climate change-exacerbated air pollution issues, the following
plans, policies, and programs in place to address the effects of worsening air quality on public health and
can contribute to climate preparedness efforts.
Air Quality Monitoring and Forecasts
• Description: Using the Air Quality Index developed by the U.S. EPA to give information about
air pollution levels, the Bay Area Air District issues air quality forecasts each day. The
forecasts divide Santa Clara into two reporting zones: South Central Bay and Santa Clara
Valley. The Bay Area Air Quality Management District also established Spare the Air program
to reduce air pollution and provide advance notices when the air quality is forecast to be
unhealthy.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Bay Area Air District; County agencies; cities
• Documentation:
o Air Quality Forecasts (2013), http://sparetheair.org/Stay-Informed/Todays-AirQuality/Five-Day-Forecast.aspx
o Air Quality Forecast Reporting Zones (2013), http://sparetheair.org/StayInformed/Todays-Air-Quality/Reporting-Zones.aspx
o Spare the Air Every Day (2013), http://sparetheair.org/Make-a-Difference/Sparethe-Air-Every-Day.aspx
Education and Communication
• Description: Santa Clara residents can receive information about air quality from local
newspapers, radio, TV, and the internet. Residents can receive AirAlerts via email. The alerts
inform the public the day before a Spare the Air Alert is declared. The alerts also encourage
individuals to modify their behavior to reduce air pollution and gives advance notice to
people with respiratory sensitivities. The Bay Air Area District also provides tools and
resources to local employers to introduce Spare the Air concepts in the work place.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Bay Area Air District; County agencies; cities
• Documentation:
o Spare the Air Notifications (2013), http://sparetheair.org/Stay-Informed/Subscribeand-Share/Air-Alerts.aspx
o Employer Program (2013), http://sparetheair.org/Get-Involved/For-Employers.aspx
Regional Air Quality Planning and Regulation
• Description: The Bay Air 2010 Clean Air Plan provides a comprehensive plan to improve air
quality and protect public health. The plan outlines a control strategy to reduce emissions
and decrease ambient concentrations of pollutants, protect public health, and reduce
greenhouse gas emissions. The plan recognizes the potential impacts of climate change on
ozone levels and particulate matter emissions from wildfires.
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The Bay Area Air Quality Management District prepared an Ozone Strategy for the region.
The strategy shows how the region will achieve compliance with the California one-hour air
quality standard for ozone. The strategy articulates how higher temperatures increase
precursor volatile organic compound (VOC) emissions and how air pollution control
regulations may results in co-benefits.
Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: Bay Area Air Quality Management District; regional agencies; County
agencies; cities
Documentation:
o Bay Area 2010 Clean Air Plan (2010), http://www.baaqmd.gov/Divisions/Planningand-Research/Plans/Clean-Air-Plans.aspx
o Bay Area 2005 Ozone Strategy (2006),
http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/Plans/2005
%20Ozone%20Strategy/adoptedfinal_vol1.ashx
o Spare the Air Every Day (2013), http://sparetheair.org/Make-a-Difference/Sparethe-Air-Every-Day.aspx

Emergency Operations for Wildfires
• Description: The Santa Clara County Operational Area Emergency Operations Plan (EOP) is an all
hazards document describing the County’s Emergency Operations organization, guidelines, and
critical components of the Emergency Response System. The EOP establishes a County
emergency management organizations, operational concepts, and flexible framework for
planning and response for a variety of emergencies including wildfires. The EOP is currently in
the update process.
Santa Clara County also has a mutual aid plan in place. The plan provides guidelines on fire
dispatch, available resources, fire station locations, and multiple patient management plans,
among other things.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County Fire Department; Santa Clara County Office of Emergency
Services; County agencies; cities
• Documentation:
o Santa Clara County Operational Area Emergency Operations Plan (2008),
http://www.sccgov.org/sites/oes/Documents/EOP_Complete.pdf
o Santa Clara Operational Area Emergency Operations Plan Project. (2013),
http://www.sccgov.org/sites/oes/Documents/EOP_Project_Information.pdf
o Santa Clara County Mutual Aid Plan (2013), http://santaclaracountyxsc.org/map/index.php
Education and Communication
• Description: The Bay Area Air Quality Management District releases smoke advisories during
wildfires. AlterSCC sends emergency warnings directly to cell phone, mobile device, email,
or landline for residents in Santa Clara County during wildfires.
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Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: Bay Area Air District; County agencies; cities
Documentation:
o AltertSCC (2013), http://www.sccgov.org/sites/alertscc/Pages/home.aspx

Efforts Addressing Climate Change-Exacerbated Spread of Infectious Disease
Description of the Effects of Climate Change on the Spread of Infectious Disease
An indirect effect of climate change may be an increased incidence of infectious disease, particularly
related to vector-, water-, and food-borne illness. While uncertainty still exists about the influence of
climate change on the distribution of diseases carried by insects and rodents, 58 climate change and
variability may result in changes to the geographic range of some insects or pathogens, 59 which can
increase the incidences of specific diseases. 60 This includes risk from Lyme disease and West Nile Virus, 61
62
both of which are tracked by the Santa Clara County Vector Control District. There is a high level of
confidence that climate change will affect vector-borne diseases. 63
Water-borne disease may also present an increased risk in the future. Extreme precipitation events may
affect human health by contaminating drinking water. Heavy rainfall can carry household, industrial,
transportation, and agricultural chemicals, sewage, and animal waste into drinking water supplies. This
runoff may also contaminant shellfish and contributes to food-borne illness. 64
Children and seniors are vulnerable to the spread of infectious disease, particularly viral encephalitis,
which may by carried by ticks and mosquitos, among other agents. 65 Other vulnerable populations
include immunocompromised individuals and pregnant women. 66
Existing Climate Change Preparedness Efforts
No explicit climate change preparedness initiatives relevant to public health and climate changeexacerbated infectious disease were identified.
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Parallel Efforts with Climate Change Preparedness Benefits
While not explicitly focused on addressing climate change-exacerbated infectious disease, the following
plans, policies, and programs are in place to address existing risks and could contribute to climate
preparedness efforts.
Vector-Borne Diseases & Disease Surveillance Programs
• Description: The Santa Clara County Vector Control District conducts disease surveillance
activities and vector studies for such vector-borne diseases. Lyme disease and West Nile Virus
are the two main vector-borne diseases in Santa Clara County. Annual reports are published
with information on sentinel species.
The Mosquito-Bourne Virus Response and Operations Plan provides a list of procedures and
strategies for surveillance and operational response to mosquito-borne virus in the county. The
plan also outlines the roles and responsibilities of the agencies involved in virus surveillance and
response. The current plan does not discussion the impact of climate change on mosquito-borne
viruses, but it does provide the organization and surveillance structures to address future
change.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County Vector Control District
• Documentation:
o Vector-Borne Diseases & Disease Surveillance Programs (2012),
http://www.sccgov.org/sites/vector/Vector-Borne%20Diseases%20%20Disease%20Surveillance%20Programs/Pages/Vector-Borne-Diseases---DiseaseSurveillance-Programs.aspx
o Annual Report (2012), http://www.sccgov.org/sites/vector/VectorBorne%20Diseases%20-%20Disease%20Surveillance%20Programs/Documents/2011Santa-Clara-County-Vector-Control-District---Surveillance-Report.pdf
o Mosquito-Bourne Virus Response and Operations Plan (2011),
http://www.sccgov.org/sites/vector/West%20Nile%20Virus/The%20District's%20Mosqu
itoborne%20Virus%20Response%20and%20Operations%20Plan%20(MVROP)/Documents/
Approved-WNV-Response-Plan.pdf
o Action Plan for Ground Fogging in Santa Clara County (2012),
o http://www.sccgov.org/sites/vector/West%20Nile%20Virus/The%20District%27s%20M
osquitoborne%20Virus%20Response%20and%20Operations%20Plan%20(MVROP)/Documents/
Action-Plan-For-Ground-Fogging.pdf
Infectious Disease Surveillance
• Description: The Public Health Department monitors various areas of infectious disease and
publishes data and statistics and quarterly bulletins on conditions in Santa Clara County. This
documentation includes diseases such as West Nile Virus and environmental testing on
water quality.
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Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: Santa Clara County Public Health Department
Documentation:
o Infectious Disease Statistics (2013), http://www.sccgov.org/sites/sccphd/enus/Partners/Data/Pages/Infectious-Diseases.aspx
o Infectious Disease Bulletins (2013), http://www.sccgov.org/sites/sccphd/enus/HealthProviders/DiseaseReporting/Pages/QuaterlyReports.aspx

Communication
• Description: Santa Clara residents can receive information on infectious diseases through
AlertSCC. The system sends emergency warnings directly to cell phone, mobile device,
email, or landline for residents in Santa Clara County during wildfires.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County
• Documentation:
o AltertSCC (2013), http://www.sccgov.org/sites/alertscc/Pages/home.aspx

Efforts Addressing Sea Level Rise and Climate Change-Exacerbated Flooding
Description of the Effects of Sea Level Rise and Flooding on the Public Health
The impacts of flooding on public health can be significant. Businesses may be destroyed and people
may be displaced from their homes. These events may result in injury, illness, or death, while also
causing severe emotional stress. The frequency of extreme precipitation events has been increasing and
is expected in increase in the future. There is a very high level of confidence that a range of health
conditions will be exacerbated by extreme weather events.
Storm surges (which will be exacerbated by sea level rise) and flooding, often related to extreme
weather events, have the potential to cause injury and loss of life. Estimates suggest that over 14,000
acres of land in Santa Clara County will be at risk to inundation in 2100, placing 31,000 people at risk to
flood during a 100- year storm event.
The combination of sea level rise and coastal flooding are likely to place a range of different types of
infrastructure at risk, which may affect human health. Two health care facilities are located in areas
likely to be inundated by sea level. Furthermore, there were already 41 sites containing hazardous
materials at risk of flooding during a 100-year storm event. This number increases to 53 with 1.4 meters
of sea level rise. Similarly, three wastewater treatment plants, processing a total of 145 million gallons
each day, are at risk to rising sea level in Santa Clara County. Flooding at these facilities may result in
hazardous materials entering the water supply and contaminating drinking water.
Extreme weather events can affect mental health in a number of ways. After disasters, mental health
issues are common, and individuals have been found to have increased levels of anxiety and posttraumatic stress disorder following floods, extreme heat events, and wildfires. All of which are likely to
increase in frequency in the future.
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Existing Climate Change Preparedness Efforts
No explicit climate change preparedness initiatives relevant to public health and climate changeexacerbated flooding were identified.
Parallel Efforts with Climate Change Preparedness Benefits
While not explicitly focused on addressing climate change-exacerbated flooding, the following plans,
policies, and programs are in place to address existing risks and could contribute to climate
preparedness efforts.
Flood Hazard Planning
• Description: Lead by the Santa Clara County Office of Emergency Services, a review draft of the
Santa Clara County Local Hazard Mitigation Plan (LHMP) was completed in 2011. The LHMP
planning team identified climate change as an “amplifier” of existing hazards, including flood.
The plan ranked floods as a moderate risk for the County and recommended that the County
build a GIS layer of localized flooding “hot spots” throughout the County. Note this document is
also mentioned under ‘hazard planning’.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Lead by Santa Clara County Office of Emergency Services; County agencies;
all cities except the Cities of Los Altos Hills and Milpitas; state and regional agencies; businesses.
• Documentation:
o Santa Clara County Local Hazard Mitigation Plan (2011),
http://www.sccgov.org/sites/oes/PlansPublications/Pages/LHMP.aspx
Emergency Operations
• Description: The Santa Clara County Operational Area Emergency Operations Plan (EOP) is an all
hazards document describing the County’s Emergency Operations organization, guidelines, and
critical components of the Emergency Response System. The EOP is activated during
extraordinary emergency situations associated with large-scale disasters. The EOP establishes a
County emergency management organizations, operational concepts, and flexible framework
for planning and response for a variety of emergencies expected to be affected by climate
change and variability, such as wildfires, floods, and heat waves. The EOP is currently in the
update process. The EOP does not currently address the impacts of climate change on specific
threats facing Santa Clara County. However, the organizational structure and procedures may be
sufficient under changing conditions. Note this document is also mentioned under ‘hazard
planning’.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County Office of Emergency Services; County agencies; cities
• Documentation:
o Santa Clara County Operational Area Emergency Operations Plan (2008),
http://www.sccgov.org/sites/oes/Documents/EOP_Complete.pdf
o Santa Clara Operational Area Emergency Operations Plan Project. (2013),
http://www.sccgov.org/sites/oes/Documents/EOP_Project_Information.pdf
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Flood Warnings and Watches
• Description: The National Weather Service issues flash flood watches and warnings. A flash
flood watch is issued when flash flooding is possible within the designated watch area but
the occurrence location, and/or timing is still uncertain, indicating all persons should be
alert. A flash flood warning indicating all persons should take necessary precautions is issued
when a flash flood has been reported, is in progress, is imminent, or highly likely.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: County Emergency Management Agencies
Communication
• Description: Santa Clara residents can receive information infectious disease through
AlertSCC. The system sends emergency warnings directly to cell phone, mobile device,
email, or landline for residents in Santa Clara County during flooding and evacuations. Santa
Clara Valley Water District also provides notifications about heavy storms and flooding.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County
• Documentation:
o AltertSCC (2013), http://www.sccgov.org/sites/alertscc/Pages/home.aspx
o Text alerts for heavy storms and flooding (2013),
http://www.valleywater.org/Services/SMSalert.aspx
Reporting
• Description: Flood reports are prepared after severe storms in Santa Clara County. The
reports analyze the circumstances behind the flood and summary of the damages associated
with the flooding, which can provide valuable information about planning for potential
future flood events.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District
• Documentation:
o Flood Reports (2013), http://www.valleywater.org/Services/FloodReports.aspx

Other Efforts to Address Multiple Climate Change Variables Related to Public
Health
The following section lists programs currently underway in Santa Clara County which are likely to
increase community and public health resiliency to the impacts of climate change. These programs
include:
Santa Clara Department of Public Health Strategic Plan
• Description: The Santa Clara Department of Public Health Department’s Strategic Plan
represents a roadmap for the Department. The Strategic Plan includes six goals and associated
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objectives to address health priorities affecting County residents and to expand capacities of the
Department.
Goal 3 of the Strategic Plan “Establish[es] a Departmental focus on environmental health issues
related to climate change and sustainability.” The Department calls for increasing community
awareness and preparedness for the public health effects of climate change and global warming,
providing a broad umbrella to pursue implementation across a broad range of climate variables
and exposures.
Currently, the Department is undergoing a process to update the climate change goals and
objectives for next iteration of the Strategic Plan. Draft goals include:
o Inform larger community and public health partners about the health effects of climate
change and actions that can be taken to reduce greenhouse gas emissions
o Establish assessment, surveillance, investigation, and monitoring activities to inform
climate change mitigation and adaptation efforts
o Partner with county agencies and local jurisdictions on local planning, transportation,
housing, water, and energy policies that reduce greenhouse gas emissions and support
the design of healthy, sustainable, resilient communities
o Expand disaster response plans to address health impacts of climate change with a
specific focus on extreme heat and air quality
o Develop public health department knowledge and expertise relating to the health
impacts of climate change
After refining the goals, objectives will be developed for each goal and a Departmental
implementation plan will be developed. The implementation plan will outline the necessary
steps to achieve these goals and objectives. These documents will provide a blueprint for
Departmental action during the next three years.
Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: Santa Clara County Public Health Department
Documentation:
o Roadmap to a Healthier Future: A Strategic Plan 2012 - 2015 (2012),
http://www.sccgov.org/sites/sccphd/enus/AboutUs/Documents/SCCPHD_StrategicPlan.pdf

County General Plan
• Description: In conjunction with the Santa Clara County Public Health Department, the County
Planning Department is developing a new chapter or element of its General Plan. 67 The Health
Element will address a wide range of topics related to health and wellness affecting County
residents, including greenhouse gas emissions and climate change impacts. The Health Element
will likely address the direct and indirect health impacts to humans and the environment,
impacts on the health care system, and adaptive actions. The Health Element is expected to be
complete by the end of 2014.
67

To learn more about the Health Element, visit
http://www.sccgov.org/sites/planning/PlansPrograms/GeneralPlan/Health/Pages/HealthElement.aspx
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Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: Santa Clara County Planning and Public Health
Documentation:
o County Health Element (2013),
http://www.sccgov.org/sites/planning/PlansPrograms/GeneralPlan/Health/Pages/Healt
hElement.aspx

Neighborhood Profiles/Assessment
• Description: The Santa Clara Department of Public Health’s Assessment, Planning, and Health
Policy Division develops data, conducts analysis and reporting, and creates policy, among other
things. Currently, the PHD is developing a series of neighborhood profiles that summarize health
and demographic conditions at the sub-city level (aggregations of census tracts). The
neighborhood profiles are expected to include several types of morbidity and mortality
associated with the health impacts of climate change. These include cardiovascular and
respiratory disease mortality; cardiovascular disease, respiratory disease, heat stress, and renal
disease morbidity. The County also plans to monitor vulnerable populations, such as children,
the elderly, and low-income households. The Epidemiology and Data Management Unit will
continue working to better understand the health impacts of climate change.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: Santa Clara County Public Health Department

Summary of Existing Efforts to address Vulnerabilities
Santa Clara County has a strong disaster planning system even without addressing climate change.
Guidance documents such as the LHMP provide a strong technical assessment and prioritization of
disasters for the County while the EOP provides guidance for multiple agencies on their roles and
responsibilities in a disaster. While climate change and the effects of climate change on public health
will need to be incorporated into these documents, these plans will not need to be created from scratch.
Modifying existing documents, prioritizing natural hazards impacted by climate change, or clarifying
existing organizational structures for extreme heat events will begin to address these future challenges.
The following list provides a summary of gaps in the existing policy and operational framework to adapt
to the potential impacts of climate change and variability.
•

•

106

Knowledge and capacity: In order to begin addressing the public health impacts of climate
change, the County must build knowledge and capacity among public health, emergency
services, and planning professionals. The County Public Health Department has begun to do this
and continuing to build internal capacity over time will allow practitioners to identify the most
effective and efficient ways to incorporate climate change into existing planning and emergency
operations.
Disease monitoring and surveillance: The Public Health Department maintains an active disease
and environmental factor surveillance system. The Public Health Department should begin to
monitor specific health outcomes impacted by climate change as well as changes in the
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populations vulnerable to climate change. These monitoring and surveillance efforts can help
inform future policy and planning changes to better address changing climate conditions.
Climate change in all hazards planning and emergency management documents: While the
County has incorporated a discussion of climate change into some planning documents, e.g.
LHMP, the County should begin to incorporate the potential impacts of climate change into all
documents. Over time, climate change, as an amplifier of existing hazards, should be
incorporated in to the discussion of existing hazards and into the prioritization of policies and
actions.
Vulnerable communities and health equity: Within the public health field and Santa Clara
County, there is recognition that social and economic inequities that persist in our society and
that these inequities contribute to poor health outcomes. Climate change is expected to have a
disproportionate and unequal impact on individuals who are least able to anticipate, cope with,
and recover from natural hazards. Future planning and program implementation needs to
address these persist inequities that contribute to poor health and target implementation in
those communities. Most policies and programs reviewed during this gap analysis do not
explicitly make this connection.
Program evaluation: As noted, Santa Clara County has an extensive disaster management
framework, which will aid in the County’s adaptation efforts. However, the County, along with
regional partners, need to continuously evaluate the efficiency and effectiveness of existing
emergency management programs. For example, an increase in wildfires, both regionally and
around the California, may tax emergency response efforts, including the allocation of
firefighters, resulting in the need for additional funding and resources for state and regional
wildfire protection. The dynamic nature of climate change, and its somewhat uncertain
amplification properties, will make this program evaluation and assessment critical to the longterm success of emergency management, disaster preparedness, and mass care programs.
What is known versus what is written down: The County maintains a strong institutional
structure for disaster preparedness and planning. However, much of the knowledge is not
written down. Rather, it resides with key emergency managers and public health professionals.
Developing and recording clear structures, trigger points, and roles and responsibilities will aid
future planning and preparedness.
Public health fact sheets: The County already publishes several fact sheets for heat-related
events. The County should consider preparing additional fact sheets to address the health
related impacts of change
Triggers for alert levels: The County should review, monitor, and revise as necessary the heat
and air quality alert levels to make the triggers reflect important thresholds for County
residents. In the U.S., the NOAA Heat Index is a commonly used for communicating heat-health
risks. However, the Heat Index does not account for air pollution or other environmental
variables. The California Department of Public Health is in the process of developing alert
thresholds which combine heat and air quality, and a combined index may provide some
addition health benefits.
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Extreme heat communications plan: The County should develop a communications plan with a
consistent message and talking points for each use during extreme heat / heat watch days.
Messages should be targeted to specific groups: the elderly, children, and people with chronic
diseases, among others.
Heat island reductions: To prevent urban heat islands, the County should work with local
jurisdictions to prioritize tree planning, cool roofs and other measures in areas with the highest
heat vulnerabilities.
Air quality programs: As the County monitors short- to long-term changes in air quality, it
should consider working with the Bay Area Air District to tighten air quality regulations and
implement local programs to reduce emissions. The County already supports numerous regional
and local initiatives to reduce driving and increase active transportation, and these efforts may
need to be expanded as climate change impacts regional air quality.
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SOLID AND HAZARDOUS WASTE ASSET SECTOR
Introduction
The Solid and Hazardous Waste Asset Sector offers recycling, composting, and waste disposal services to
communities in Santa Clara County. This sector is comprised of stationary assets such as solid waste
facilities (landfills, recycling facilities, transfer stations, composting), contaminated land, and hazardous
waste sites. Additionally, the Solid and Hazardous Waste Asset Sector relies on a network of vehicles for
regular collection of waste from households and businesses, and the transportation of this waste to the
stationary facilities. While all of these assets are vulnerable in various ways to climate change, this gap
analysis focuses specifically on the vulnerability of the solid waste facilities, contaminated land
(including Superfund Sites), and hazardous waste sites.
Santa Clara County has a total of 69 solid waste facilities of various kinds, which include those for
municipal solid waste disposal, composting, construction/demolition/inert waste disposal, chipping and
grinding, and transferring/processing. Of these, 27 are solid waste landfills, out of which 4 are active,
and the rest are either closing or closed. Additionally, Santa Clara County has 72 facilities for storage of
hazardous waste (see Figure 1), of which 7 are active, and the rest are either closed or undergoing
closure. As shown in Figure 2, the County also has approximately 721 cleanup sites, of which 23 are
designated as Superfund sites, and 56 as State Response sites. 1 The rest are categorized as voluntary
cleanup sites, school cleanup sites, corrective action sites, 2 tiered CA permit sites, 3 and
evaluation/investigation sites. 4
Subsequent sections in this chapter describe the various vulnerabilities faced by the Solid and Hazardous
Waste Sector as a result of climate change, and the extent to which these vulnerabilities have been, or
are being, addressed in Santa Clara County.

1

Identifies confirmed release sites where DTSC is involved in remediation, either in a lead or oversight capacity.
These confirmed release sites are generally high-priority and high potential risk.
2
Investigation or cleanup activities at Resource Conservation and Recovery Act (RCRA) or state-only hazardous
waste sites (that were required to obtain a permit or have received a hazardous waste facility permit from DTSC or
U.S. EPA) are called “corrective action.”
3
These facilities manage waste not regulated under RCRA, but regulated as a hazardous waste by the State of
California. These facilities include, but are not limited to recyclers, oil transfer stations, and precious metals
recyclers.
4
Includes schools, military, and other locations that are being investigated for suspected, but unconfirmed,
contamination. If a site is found to have confirmed contamination, it will change from Evaluation to either a State
Response or Voluntary Cleanup site. http://www.envirostor.dtsc.ca.gov/public/Default.asp?cmd=cleanupinfo
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Climate Change Vulnerabilities:
The Solid and Hazardous Waste Asset Sector in Santa Clara County is primarily vulnerable to three
climate change variables 5:
•
•
•

sea level rise
storm surge
changes in precipitation patterns (riverine flooding)

For more information on the nature and projected trends in these variables, refer to the Silicon Valley
2.0 Climate Variables Memorandum (Appendix A). The assets and services of the Solid and Hazardous
Waste Asset Sector that are affected by these climate change variables, and the nature of impacts on
the assets and services, are summarized below in Table 1. Figure 1 shows hazardous waste sites and
Figure 2 shows contaminated land in the county as of 2013.
Table 1: Climate Change Variables and Impacts Relevant to the Solid and Hazardous Waste Asset Sector in Santa Clara County

Climate Change Variable

Assets/Services Affected

Nature of Impact

Changes in precipitation
(riverine and localized
flooding)

Solid and hazardous waste sites,
Superfund sites, State Response
sites

Sea Level Rise

Solid and hazardous waste sites,
Superfund sites, State Response
sites

Coastal Storm Surge

Solid and hazardous waste sites,
Superfund sites, State Response
sites

– Loss of function due to
temporary inundation (open sites
only)
– Deteriorated water quality due to
leaked contaminants from sites
(all sites)
– Loss of function due to
permanent inundation (open
sites only)
– Deteriorated water quality due to
leaked contaminants from sites
(all sites)
– Loss of function due to
temporary inundation (open sites
only)
– Deteriorated water quality due to
leaked contaminants from sites
(all sites)

5

AECOM Sensitivity Analysis, 2013.
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Figure 2: Hazardous Waste Sites in Santa Clara County
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Figure 2: Contaminated Land in Santa Clara County
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Existing Efforts to Address Vulnerabilities to Climate Change:
This section provides an overview of existing climate change preparedness efforts in the Solid and
Hazardous Waste Asset Sector in Santa Clara County. The section is organized by climate change variable
and specific type of asset vulnerability. An overview of the asset vulnerability (e.g. loss of function) is
provided, followed by descriptions of the existing effort(s), the level of implementation (i.e.,
vulnerability assessment, risk assessment, strategy development, or strategy implementation), and the
responsible agencies.

Efforts Addressing Changes in Precipitation Patterns
Description of Solid/Hazardous waste sites and Cleanup Sites Vulnerability
The Santa Clara County region is expected to experience changes in seasonal precipitation patterns and
the intensity of individual rain events in the future as a result of climate change, despite no change in
overall annual precipitation. In particular, winter precipitation is projected to increase by mid-century,
with more precipitation falling during winter in the form of more frequent and intense storm events.
These high-intensity storm events can potentially cause flooding at solid/hazardous waste sites and
cleanup sites. In addition to the loss of functionality at these sites, flooding can also lead to leaching of
contaminants at these sites, thereby polluting groundwater and runoff.
Existing Climate Change Preparedness Efforts
The gap analysis did not identify any initiatives that explicitly prepare solid and hazardous waste sites
and cleanup sites for climate-change related changes in precipitation.
Parallel Efforts with Climate Change Preparedness Benefits
While no explicit climate change-related initiatives were identified, a variety of existing policies,
procedures, and actions could be utilized to help prepare the sector for the future changes in
precipitation and riverine flooding.
Climate Monitoring and Reporting Requirements via Permitting
• Description: In order to receive an operating permit, proposed or active land-based solid waste
disposal facilities in California are required to estimate, and to report estimated maximum and
minimum annual precipitation, as well as the maximum estimated 24-hour precipitation at the
facility. Additionally, facilities are required to report estimates of the volume and pattern of
runoff occurring at or near the site, including peak stream discharges.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: CalRecycle, State Water Resources Control Board (SWRCB), Facility
owners/operators
• Documentation of efforts: Title 27, California Code of Regulations, Section
21750, http://www.calrecycle.ca.gov/Laws/Regulations/title27/ch4sb3c.htm#Article4.
Exposure Analysis Requirements via Permitting
• Description: In order to receive an operating permit, proposed or active land-based solid waste
disposal facilities and hazardous waste sites in California are required to identify whether the
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•
•
•

facilities are located within a 100-year floodplain, per the guidance of the California Code of
Regulations. This identification must indicate the source of data for such determination and
include a copy of the relevant Federal Emergency Management Agency (FEMA) flood maps, if
used, or the calculations and maps used where a FEMA map is not available. The submittal shall
also identify the 100-year floodplain and any other special flooding factors (e.g. wave action) to
which the facilities might be exposed. In addition, facilities are required to submit an
engineering analysis to indicate the various hydrodynamic and hydrostatic forces expected to
result at the site as a result of 100-year flooding events.
Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: CalRecycle, SWRCB, California Department of Toxic Substances Control (CA
DTSC), Facility owners/operators
Documentation of efforts:
o Title 27, California Code of Regulations, Section 21750
o Permit Applicant Handbook for Full RCRA Equivalent Hazardous Waste Facility Permits,
2001, http://www.dtsc.ca.gov/HazardousWaste/upload/PermitApplicantHandbook.pdf.

Flood Protection Requirements via Permitting
• Description: In order to receive operating permits, new or existing land-based solid waste
disposal facilities and hazardous waste sites in California located in 100-year floodplains are
required to be designed, constructed, operated, and maintained to prevent inundation or
washout due to 100-year flood events. This is per the guidance of the California Code of
Regulations. As a part of this requirement, facilities must provide structural or other engineering
studies showing how flooding will be prevented at the site. Options for flood prevention may
include the use of flood protection systems such as flood walls or dikes at the facilities. If
floodplain or siting requirements from the State Water Resources Control Board (SWRCB) are
more stringent than the ones in the California Code of Regulations, they supersede.
• Implementation level: Parallel Effort with Climate Preparedness Benefits
• Relevant agencies: CalRecycle, SWRCB, CA DTSC, Facility owners/operators
• Documentation of efforts:
o Title 27, California Code of Regulations, Sections 20250 and
20260, http://www.calrecycle.ca.gov/Laws/Regulations/title27/ch3sb2b.htm#Ar
ticle3.
o Title 27, California Code of Regulations, Section 21750
o Permit Applicant Handbook for Full RCRA Equivalent Hazardous Waste Facility
Permits, 2001
Waste Relocation Planning Requirements via Permitting
• Description: If hazardous waste sites in California located in 100-year floodplains do not have
flood protection elements incorporated into their design, construction, operations, and
maintenance criteria, they are required to provide a detailed description of procedures to be
followed to remove hazardous waste to safety before facility is flooded, per the requirements of
the California Code of Regulations.
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Implementation level: Parallel Effort with Climate Preparedness Benefits
Relevant agencies: CA DTSC
Documentation of efforts:
o Permit Applicant Handbook for Full RCRA Equivalent Hazardous Waste Facility
Permits, 2001

Periodic Monitoring/Measuring of Flooding
• Description: Permitting agencies, such as the U.S. Environmental Protection Agency (EPA), Cal
Recycle, and SWRCB have monitoring/measuring requirements of varying frequencies, which are
in place for solid and hazardous waste sites, as well as cleanup sites in the County. For example,
as part of their daily operations, solid and hazardous waste facility operators are required by the
California Code of Regulations to maintain a daily log book to document details of unusual
occurrences including flooding. This documentation can inform the kinds of improvements that
need to be made to operations to prevent or minimize the impacts of flooding in the future.

•
•

•

Another example of a periodic monitoring requirement is the Comprehensive Five-Year Review
issued by the EPA for Superfund Sites. Specifically, Superfund sites are required to undergo a fiveyear review process, the purpose of which is to evaluate the implementation and performance of
the remedial action recommended for that site, and determine if the remedial action is or will
continue to be protective of human health and the environment. One of the components of the
five-year review process is a Technical Assessment, which includes natural disaster impacts as
one of the criteria and may call into question the level of protection offered by existing actions.
As more information becomes available on how climate change may alter the magnitude and/or
frequency of natural disasters in Santa Clara County, the EPA or local regulators could require
that this information be incorporated in the technical assessment of each Superfund site during
the five-year review.
Implementation level: Strategy Planning
Relevant agencies: CalRecycle, SWRCB, Solid waste Facility Operators, CA DTSC, EPA, Potentially
Responsible Parties, as described under the California Environmental Response, Compensation,
and Liability Act (CERCLA)
Documentation of efforts:
o Title 27, California Code of Regulations, Section 20510
o Comprehensive Five-Year Review Guidance, U.S. EPA, June
2001, http://www.epa.gov/superfund/accomp/5year/guidance.pdf
o EPA Superfund Site Overview,
2013, http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/WSOState!OpenView&St
art=1&Count=1000&Expand=2.30#2.30.

Emergency Response
• Description: Facility operators are required to maintain a written emergency response plan, which
identifies occurrences that may exceed the design of the site and endanger public health or the
environment. Examples of such occurrences include flooding from heavy rainstorms, surface
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•
•
•

drainage problems, or the failure of flood protection infrastructure such as dikes, levees or dams.
The plan shall describe specific procedures that minimize the impacts of flooding on-site to
protect public health and safety. Additionally, there is also a requirement to update the
emergency response plan, based on new information, or if the plan was found to be inadequate
during past emergency responses.
Implementation level: Adaptation Planning
Relevant agencies: CalRecycle, SWRCB, DTSC, Facility owners/operators
Documentation of efforts:
o Title 27, California Code of Regulations, Section 20510
o Permit Applicant Handbook for Full RCRA Equivalent Hazardous Waste Facility
Permits, 2001

Impact Assessment on Water Quality
• Description: If hazardous waste sites in California located in 100-year floodplains do not have
flood protection measures in place (as described above in Flood Protection Requirement in
Permitting), nor a waste relocation plan, they are required to provide a detailed analysis
demonstrating that no adverse impacts on water quality can or will occur in the event that the
facility is exposed to a flooding event. This analysis will include information on the volume and
physical/chemical characteristics of the hazardous waste, and minimum waste concentrations that
would impact water and soil quality through leakage and/or seepage. These requirements are
based on guidance from the California Code of Regulations.
• Implementation level: Vulnerability Assessment
• Relevant agencies: CA DTSC, Facility Operators
• Documentation of efforts:
o Permit Applicant Handbook for Full RCRA Equivalent Hazardous Waste Facility
Permits, 2001
Baseline Soil and Groundwater Characteristics Delineation
• Description: In order to receive an operating permit, proposed or active land-based solid waste
disposal facilities in California are required to document information on various soil and
groundwater characteristics for zones underlying and surrounding the facility. Examples of
characteristics include hydraulic conductivity of soil, groundwater quality, groundwater flow
direction, groundwater consumption, capillary rise, and locations of springs. This information can
be used as a baseline against which conditions should be compared following flooding events that
may lead to contaminant releases at the facility.
• Implementation level: Vulnerability Assessment
• Relevant agencies: CalRecycle, SWRCB, and facility owners/operators
• Documentation of efforts: Title 27, California Code of Regulations, Section 21750
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Efforts Addressing Sea Level Rise and Storm Surge
Description of Flood Protection Systems Vulnerability
It is estimated that the San Francisco Bay Area will experience sea level rise amounting to 4-24 inches by
mid-century, and 16-66 inches by the end of the century 6. Rising sea levels will be accompanied by more
frequent and intense storm surge, which will significantly affect solid/hazardous waste sites and cleanup
sites. Sea level rise may render these sites non-functional due to permanent inundation. Additionally,
coastal storm surge accompanying sea level rise can cause temporary flooding at these sites and
damage their structural integrity, resulting in leakage of contaminants and thereby increasing the
potential for groundwater pollution. Many of the measures that solid/hazardous waste sites and
cleanup sites have in place to address flooding from rainstorms may also serve to protect these facilities
from coastal storm surges, but they would need to be reviewed to determine whether they would
accommodate the new projected levels. While the sector has general flood protection measures in place
(described below), it is unclear if these currently adequately take into account the increasing risks
associated with sea level rise and climate change related increases in storm surge.
Existing Climate Change Preparedness Efforts
The gap analysis did not identify any initiatives that explicitly prepare solid and hazardous waste sites
and cleanup sites for sea level rise or anticipated climate-change related increases in storm surge.
Parallel Efforts with Climate Change Preparedness Benefits
While no explicit climate change-related initiatives were identified, two existing regulations are likely to
help prepare the sector for the sea level rise and increased storm surge.
Coastal Storm Surge Protection via Permitting
• Description: In order to receive operating permits, new or existing land-based solid waste
disposal facilities located in coastal zones are required to be designed, constructed, operated,
and maintained to preclude failure due to events such as coastal storm surges and tidal wave
action.
• Implementation level: Strategy Implementation
• Relevant agencies: CalRecycle, SWRCB, Facility owners/operators
• Documentation of efforts: Title 27, California Code of Regulations, Sections
20250, http://www.calrecycle.ca.gov/Laws/Regulations/title27/ch3sb2b.htm#Article3.
Climate Change Adaptation Planning per California Environmental Quality Act (CEQA)
Guidelines
• Description: Proposed solid waste facilities or existing facilities with proposed modifications are
required to conduct environmental impact assessments per CEQA guidelines in order to evaluate
the impacts of the proposed project on the environment, and to ensure that mitigation measures
are put in place if the impacts are found to be significant. CEQA guidelines include climate change
as one of the factors that must be considered in the decision-making process. These guidelines
require an assessment of the proposed project’s impacts on climate change (i.e. the project’s
6

http://scc.ca.gov/files/2013/04/2013_SLR_Guidance_Update_FINAL.pdf
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•
•
•

contribution to greenhouse gas (GHG) emissions, as well as the impacts of climate change on the
proposed project (i.e. the vulnerability of the proposed project to climate change variables such as
sea level rise, extreme heat, etc.). There is evidence that facility owners/operators and Local
Enforcement Agencies (LEAs) are taking actions in compliance with these requirements. For
example, the Draft Environmental Impact Report for the Newby Island Sanitary Landfill and
Recycling Rezoning Project prepared by the City of San Jose includes an analysis of the effects of
climate change on the proposed project. Specifically, the report concludes that the project would
be adversely affected by sea level rise combined with a 100-year storm event by the end of the
century, and these adverse effects can be mitigated by raising the height of the levee currently
protecting the project site.
Implementation level: Adaptation Planning
Relevant agencies: CalRecycle, Project Proponents, Local Enforcement Agencies
Documentation of efforts: Newby Island Sanitary Landfill and Recycling Rezoning Project Draft
Environmental Impact Report, 2009, http://www.sanjoseca.gov/DocumentCenter/View/2172.

Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
The Solid and Hazardous Waste Asset Sector consists of facility operators and various federal, State, and
local regulating agencies, each of which will have a critical role to play in advancing climate change
adaptation planning. These agencies are identified below, along with a description of their roles.
Federal Agencies:
• USEPA: This agency oversees the Superfund Program, the purpose of which is to clean up
uncontrolled hazardous sites. As the impacts of climate change on Superfund sites become
clearer, the EPA will play a key role in providing guidance on how site cleanup processes should
be modified to account for climate change.
State Agencies
• CalRecycle: This agency serves as the keeper of state regulations pertaining to land-based solid
waste disposal facilities and all other non-hazardous waste management facilities. This agency
has the ability to propose new regulation or modify existing regulations in a way that can
mainstream climate change considerations into the operations of the facilities over which it has
jurisdiction.
• CA DTSC: This agency is responsible for issuing permits to hazardous waste sites, and therefore
has the authority to ensure that climate change considerations are incorporated into the
operations of hazardous waste sites via the permitting process.
• California Governor’s Office of Planning and Research (CA OPR) and California Natural Resources
Agency (CA NRA): These state agencies are responsible for periodically updating CEQA
guidelines, which provide direction to project proponents on accounting for potential project
impacts on climate change, and vice versa. These agencies play a critical role in mainstreaming
climate change considerations into the operations of the Solid and Hazardous Waste Asset
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Sector through the environmental impact review process. It is anticipated that the guidelines
will be revised over time to address projected climate impacts as more data is available.
Individual Operators and Owners of Solid and Hazardous waste sites and Cleanup Sites
• Individual operators/owners of waste facilities and potentially responsible parties for cleanup
sites are ultimately responsible for implementing measures at the facilities which will make
them resilient to the anticipated impacts of climate change. However, these stakeholders rely
heavily on local, state and federal agencies for guidance on climate preparedness.
Local Governments (Lead Enforcement Agencies)
• Local governments play a critical role in the enforcement of regulations affecting the solid waste
sector. They often serve as Lead Enforcement Agencies, and are therefore directly responsible
for issuing operating permits to solid waste facilities. Local governments can use this authority
to ensure that climate change considerations are incorporated into existing and future solid
waste facilities.

Summary of Existing Efforts to Address Vulnerabilities
Table 3 summarizes existing efforts in the Solid and Hazardous Waste Asset Sector to address
anticipated impacts from climate change. While none of the initiatives are explicitly climate changerelated, many could contribute to climate change preparedness efforts. In all categories, local host cities
may be engaged as stakeholders.
Table 3: Existing Efforts to Address Solid and Hazardous Waste Asset Sector Climate Change Vulnerabilities

Climate
Change
Variable
Changes in
precipitation
+
Coastal storm
surge
Changes in
precipitation
+
Coastal storm
surge
Changes in
precipitation
+
Coastal storm
surge

Climate Change
Preparedness
Category

Asset

Macro-category
of Effort

Solid waste
facilities

Policy/Planning/
Operations

Climate change variables
identification and reporting
requirements via permitting
process

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle,
SWRCB, facility
owners/operators

Solid and
hazardous
waste sites,
Superfund
sites, State
response sites

Policy/Planning/
Operations

Exposure analysis
requirements via permitting
process

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle,
SWRCB, CA DTSC,
facility
owners/operators

Flood protection
requirements via permitting
process

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle,
SWRCB, CA DTSC,
facility
owners/operators

Solid and
hazardous
waste sites,
Superfund
sites, State
response sites

Policy/Planning/
Operations

Flood Protection
Infrastructure

Solid + Hazardous Waste Asset Sector

Description of Effort

Stakeholder
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Construction
Changes in
precipitation
+
Coastal storm
surge
Changes in
precipitation
+
Coastal storm
surge

Changes in
Precipitation

Changes in
precipitation
+
Coastal storm
surge
Changes in
precipitation
+
Coastal storm
surge
Changes in
precipitation
+
Coastal storm
surge
Changes in
precipitation
+

Waste relocation planning
requirements via permitting
process

Parallel Effort
with Climate
Change
Preparedness
Benefits

Restrictions on Siting of
Facilities

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle, facility
owners/operators

Solid waste
facilities

Monitoring/
Measuring/
Maintenance

Record-keeping of flooding
instances on-site

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle,
SWRCB, facility
owners/operators

Superfund
sites, State
response sites

Monitoring/
Measuring/
Maintenance

Periodic review of Superfund
sites to account for possible
changing conditions

Parallel Effort
with Climate
Change
Preparedness
Benefits

DTSC, EPA,
Potentially
responsible
parties for
Superfund sites

Solid and
hazardous
waste sites,
Superfund
sites, State
response sites

Emergency
Response

Development of and updates
to emergency response plans

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle,
SWRCB, DTSC,
facility
owners/operators

Hazardous
waste sites

Policy/Planning/
Operations

Assessment of potential
impacts on water quality as a
result of flooding exposure

Parallel Effort
with Climate
Change
Preparedness
Benefits

DTSC, facility
owners/operators

Solid waste
facilities

Policy/Planning/
Operations

Baseline Soil and
Groundwater Characteristics
Delineation

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle,
SWRCB, facility
owners/operators

Solid waste
facilities

Monitoring/
Measuring/
Maintenance

Water quality monitoring and
emergency response

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle,
SWRCB, facility
owners/operators

Tidal flooding prevention
requirements via permitting

Adaptation
Strategy Planning

CalRecycle,
SWRCB, facility
owners/operators

Hazardous
waste sites

Policy/Planning/
Operations

Solid waste
facilities

Policy/Planning/
Operations

Coastal storm
surge
Changes in
precipitation
+
Coastal storm
surge
Costal storm
surge
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processes
Sea level rise
+ Storm surge

Solid waste
facilities

Policy/Planning/
Operations

Climate change adaptation
planning per CEQA
requirements

Parallel Effort
with Climate
Change
Preparedness
Benefits

CalRecycle, Project
Proponents,
regional
enforcement
agencies

Summary of Existing Gaps in Climate Change Preparedness Efforts
Table 4 provides a summary of existing efforts and gaps in climate change preparedness efforts for the
Solid and Hazardous Waste Asset Sector. The Table lists the existing vulnerabilities of various assets in
the sector to climate change variables, along with an identification of whether climate change
preparedness efforts are in place to address these vulnerabilities, as well as a qualitative rating of the
level of those climate change preparedness efforts.
While the sector contains many policies and procedures to prepare for and respond to existing flooding
threats and other natural disasters, these efforts are primarily informed by historical trends. Overall, it
appears that this sector has not yet taken into account the projected trends in sea level rise and other
forms of climate change-related flooding. While existing policies could be adapted to require new
facilities to incorporate climate change considerations into their designs and operations, there appears
to be a lack of existing mechanisms to deal with the threat of climate change to older facilities.
Table 4: Level of Climate Change Preparedness Efforts in the Solid and Hazardous Waste Asset Sector

Climate Change
Variable
Changes in
precipitation
patterns

Sea Level Rise

Coastal Storm
Surge

Assets/Services
Affected
Solid and hazardous
waste sites,
Superfund sites,
State response sites
Solid and hazardous
waste sites,
Superfund sites,
State response sites
Solid and hazardous
waste sites,
Superfund sites,
State response sites

Solid + Hazardous Waste Asset Sector

Nature of Impact
- Loss of function due to
temporary inundation

Existing Climate
Change
Preparedness
Efforts?

Level of Climate
Change
Preparedness
Efforts

No

None, but parallel
efforts exist

No

None, but parallel
efforts exist

No

None, but parallel
efforts exist

- Deteriorated water quality
due to leaked contaminants
from sites
- Loss of function due to
permanent inundation
- Deteriorated water quality
due to leaked contaminants
from sites
- Loss of function due to
temporary inundation
- Deteriorated water quality
due to leaked contaminants
from sites
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Transportation Sector Introduction:
Transportation infrastructure and assets in Santa Clara County are susceptible to varying degrees of
damage by many climate variables. Roads, bridges, pedestrian and bike paths, airports, and rail lines are
particularly susceptible to climate variables such as sea level rise, storm events, and landslides. Such
events could either damage or completely destroy many transportation assets. Various climate change
adaptation plans, policies, and projects exist throughout the county that either explicitly or tangentially
relate to transportation assets. This memorandum analyzes gaps in those existing policies by the most
pertinent climate variables.
Subsequent sections in this chapter describe the various vulnerabilities faced by the transportation
sector as a result of climate change, and the extent to which these vulnerabilities have been addressed
by the Transportation Sector in the region.

Climate Change Vulnerabilities in the Transportation Sector:
The Transportation Sector in Santa Clara County is vulnerable to five climate change variables:
•

Sea Level Rise

•

Storm Surge

•

Changes in Precipitation (Riverine Flooding)

•

Storm Events (Wind)

• Extreme Temperature Events
For more information on the nature and projected trends in these variables, refer to Silicon Valley 2.0
Climate Variable Memorandum. The assets and services of the transportation sector that are affected by
these climate change variables, the nature of impacts on the assets and services, as well as the utilities
affected by the impacts are summarized in Table 1.
Table 1: Climate Change Variables and Impacts relevant to the Transportation Sector in Santa Clara County

Sea Level Rise

Assets/ Services
Affected
All

Storm Surge

All

Changes in Precipitation
(Riverine Flooding)
Storm Events (Wind)

All

Extreme Temperature
Events

All

Climate Change Variable
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All

Nature of Impact
Loss of function of multiple assets due to inundation, physical
damage to multiple assets, corrosion/scouring of bridges,
erosion of roads
Loss of function of multiple assets due to inundation, physical
damage to multiple assets, corrosion/scouring of bridges,
erosion of roads
Physical damage to multiple assets, erosion of roads,
temporary loss of function of bridges
Temporary closure of roads, bridges, pedestrian/bike paths,
airports, and rail services due to damage from debris and other
hazards
Buckling of rails, failure of electronic equipment, softening of
road asphalt
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Existing Efforts to Address Transportation Sector Vulnerabilities to
Climate Change:
This section provides an overview of existing transportation sector climate change preparedness efforts
in the county. The section is organized by climate change variable and specific type of asset
vulnerability. An overview of the asset vulnerability is provided, followed by descriptions of the existing
effort(s), the level of implementation (i.e., vulnerability assessment, risk assessment, strategy
development, or strategy implementation), and the relevant organizations.

Efforts Addressing Sea Level Rise and Accompanying Storm Surge
Description of Transportation Sector Vulnerability
Sea level rise can either temporarily or permanently render transportation assets unusable. More
specifically:
•

Roads: While roads cannot be used if permanently inundated, they can be used during shallow
flooding and can withstand periodic inundation and erosion damage.

•

Bridges: Access to bridges will likely to be impacted by flooding, and scouring and erosion damage
is likely. Low-lying secondary bridges may be washed away by a storm surge, or permanently
flooded by sea level rise.

•

Pedestrian and Bike Paths: Paths cannot be used if flooded. The impact of storm surge events
could cause damage or destroy infrastructure, but paths can withstand periodic inundation and
erosion damage.

•

Airports: Airports cannot be used if flooded. The impact of storm surge events could cause
damage to or destroy infrastructure.

•

Rail: Rail lines cannot be used if flooded. The impact of storm surge events could cause damage to
or destroy rail infrastructure.

Existing Climate Change Preparedness Efforts
Various existing plans and studies within Santa Clara County pertain to sea level rise. Plans vary from
local emergency management plans, to more regional analyses of needed infrastructure improvements
under various sea level rise scenarios. Many of these other efforts are described in the Shoreline and
Riverine Flood Protection Infrastructure Chapter of this document. While these regional plans will be
relevant to the transportation sector, the gap analysis identified four sea level rise-relevant ,
transportation asset-specific initiatives in the county. Note however that one of those listed is statewide
guidance and one is region wide. These initiatives are described below.
State Transportation Planning Guidance
• Description: Caltrans produced guidance on incorporating sea level rise into planning and
decision making with respect to transportation projects in May 2011. This will be relevant for
any Caltrans project occurring in Santa Clara County. The guidance recommends first
determining if sea level should be incorporated into project planning, based on the project
location and level of risk. A screening process guides the assessment of whether to incorporate
sea level rise using the following 10 criteria: design life, redundancy/ alternative route(s),
anticipated travel delays, evacuations/ emergencies, traveler safety, expenditure of public
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•
•
•

funds, scope of project, effect on non-state highways, and environmental constraints. If the
screening determines that sea level rise should be incorporated into project planning, the next
step is to estimate the degree of potential impact and assess alternatives for preventing,
mitigating and/or absorbing the impact. Caltrans uses the statewide sea level rise estimates
presented in the California Sea Level Rise Interim Guidance Document for different years (2030
through 2100) to determine target sea level rise values. Projects that have a life that will not
extend beyond 2030 do not have to take sea level rise into account. The guidance includes
implementation steps, including conducting more technical studies of inundation and
subsidence and determining any adverse effects on facility functions and operations (e.g., from
erosion, exposure to salt water), necessary adaptation measures, and the costs of mitigation.
Implementation level: Overall Climate Change Adaptation Planning
Relevant agencies: Caltrans
Documentation of efforts:
Caltrans Sea level Rise Guidance
<www.dot.ca.gov/ser/downloads/sealevel/guide_incorp_slr.pdf>

Region-wide exposure analysis
• Description: Plan Bay Area is a long-range integrated transportation and land-use/housing
strategy through 2040 for the San Francisco Bay Area. The Plan includes the region’s Sustainable
Communities Strategy and the 2040 Regional Transportation Plan. Plan Bay Area’s
transportation element specifies how some $292 billion in anticipated federal, state and local
funds will be spent through 2040. Under the California Environmental Quality Act (CEQA), MTC
and ABAG prepared an Environmental Impact Report (EIR) to inform citizens and decision
makers of potential environmental impacts that could result from implementing Plan Bay Area.
The EIR included a review of a sea level rise of 24 inches on the proposed transportation
projects. This extent of inundation was used as a surrogate for 12 inches of sea level rise at midcentury, coupled with a King Tide event. The proposed transportation projects – in particular the
transit priority project eligible areas – were analyzed based on their location relative to
inundation areas. For linear transportation projects, such as highway improvements, the length
of the projects within the inundated area is calculated relative to the total length of the projects
(presented as the percent within the inundation zone). For non-linear projects (such as facility
improvements), it was assumed that the project is 100 percent within the inundation zone. Nine
of the proposed transportation projects in Santa Clara County are within the mid-century sea
level rise inundation zone. Four of those projects are less than 5% inundated, but the rest are
between 50 and 100% inundated. Table 2 shows a list of these projects. The full list of projects is
in the EIR document.
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Table 2: Proposed transportation projects within mid-century sea level rise inundation zone in Santa Clara County,
including percentage inundation and the type of existing shoreline structures currently in place.

There are also three projects in Santa Clara County that are within the mid-century low-lying
hydraulically disconnected zone (these are areas with ground elevations below the projected future
sea level rise water surface elevations, but they are not inundated as they do not have a direct
hydraulic connection to the Bay.) Two of these projects were less than 5% inundated and one was
15% inundated. Table 3 shows a list of these projects. The full list of projects is in the EIR document.
The EIR provides examples of potential adaptation strategies that could be employed at the
individual project level.
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Table 3: Proposed transportation projects within mid-century low-lying hydraulically disconnected zone in Santa Clara
County, including percentage inundation and the type of existing shoreline structures currently in place.

•
•
•

Implementation level: Vulnerability Assessment
Relevant agencies: MTC, VTA, BART, Caltrans
Documentation of efforts:
Plan Bay Area EIR Climate Change Chapter:
http://onebayarea.org/pdf/Draft_EIR_Chapters/2.5_Climate_Change.pdf

Climate Change Adaptation Strategy Development
• Description: Some regional transportation agencies currently serving, or anticipated to serve Santa
Clara County have developed high-level climate change adaptation plans. For example, BART’s
Climate Change Adaptation Assessment Pilot, currently in draft form, outlines various adaptation
strategies, both system-wide and asset-specific, to address climate change impacts on BART
assets. It should be noted that none of the case study locations they studied in the pilot were in
Santa Clara County. Strategies under consideration are ranked using a cost/benefit analysis, and
include:
o Flood barriers
o Location of new/replacement structures above 500-year flood elevation
o Elevation/relocation of equipment
o Increasing storm drain capacity
o Increasing pump capacity/redundancy
o Tunnel flood protection
o Waterproofing and corrosion retrofits

•
•
•
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Similarly, Capital Corridor is another regional agency serving Santa Clara County, which has
developed a high-level climate adaptation plan that includes adaptation options such as raising
track-beds, or relocating alignments.
Implementation level: Overall Climate Change Adaptation Planning
Relevant agencies: BART, Capitol Corridor
Documentation of efforts:
Transportation Infrastructure Sector
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BART Climate Change Adaptation Assessment <http://www.fta.dot.gov/documents/Feng.pdf >
Transit Asset Vulnerability Assessment
• Description: Regional transportation agencies are investing resources in monitoring the impacts
of climate change on variables such as sea level rise, precipitation, temperature, etc. For
example, Capitol Corridor is conducting a vulnerability assessment of its assets to sea level rise.
The goal of this review will be to develop an understanding of what objectives should be
adopted and which partners the agency will need to work with to adapt to sea level rise.
Similarly, Caltrain is also conducting a vulnerability assessment of its trains and shuttles focused
on multiple climate change variables.
• Implementation level: Vulnerability Assessment
• Relevant agencies: Capitol Corridor, Caltrain
• Documentation of efforts: Not available

Efforts Addressing Storm Events (Riverine Flooding)
Description of Transportation Sector Vulnerability
Riverine flooding can adversely affect transportation assets to varying degrees, necessitating repairs, or
at times complete asset replacement. More specifically:
•

Roads: Roads may be used during shallow flooding and can withstand periodic inundation, but
may suffer damage from erosion.

•

Bridges: Access to bridges will likely to be impacted by riverine flooding, and scouring and
erosion is likely. Low-lying bridges may be washed away by floods.

•

Pedestrian and Bike Paths: Floods may damage path infrastructure, though bicycle and
pedestrian paths may be used during shallow flooding and can withstand periodic inundation
and erosion damage.

•

Airports: Floods may damage or destroy airport infrastructure.

•

Rail: Floods may damage or destroy rail infrastructure.

Existing Climate Change Preparedness Efforts
Given that riverine flooding has the ability to impact multiple sectors, most existing flood protection
efforts are not specific to transportation sector assets. Within this document, climate-change related
riverine flood protection efforts are described in the Shoreline and Riverine Flood Protection
Infrastructure Chapter. While these efforts will be relevant to the transportation sector, the gap analysis
did not identify any initiative specific to transportation assets and the projected increase in riverine
flood from climate change.

Efforts Addressing More Extreme and Frequent Heat Events
Description of Transportation Sector Vulnerability
Extreme temperature events can adversely affect transportation assets, necessitating closure and/or
repairs. More specifically:


114

Roads: Only under extreme temperatures (i.e., over 108 degrees Fahrenheit) will tar roads be
softened.
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Bridges: Only under extreme temperatures will bridge infrastructure be compromised.
Pedestrian and Bike Paths: Only under extreme temperatures will asphalt be softened.
Airports: Only under extreme temperatures will asphalt be softened. Planes need longer
runways to take off at higher temperatures, particularly for large long haul planes.
Rail: Rails may buckle at extremes exceeding the track’s designed thresholds (e.g., greater than
104 degrees Fahrenheit). Failure of rolling stock air conditioning can occur at high temperatures.
High temperature may disable electronic components for signaling.
Operations – Since VTA and BART’s systems use electricity, electrical grid failures during
extreme heat events can have major impacts on operations, such as signaling and
communication equipment.

Existing Climate Change Preparedness Efforts
Other than the Caltrain and Capitol Corridor assessments of vulnerability to temperature changes
described above in the sea level rise discussion (see Transit Asset Vulnerability Assessment), the gaps
analysis did not identify any other initiatives specific to transportation assets and climate-change
induced extreme heat events.

Efforts Addressing Storm Events (Wind)
Description of Transportation Sector Infrastructure Vulnerability
High winds from increased storm events can adversely affect transportation assets, necessitating closure
and at times repairs. More specifically:
•

Roads: Temporary closures are possible due to falling trees and other debris, and infrastructure
such as traffic signals may be damaged or destroyed.

•

Bridges: Bridge closures are possible during high wind events, and bridge infrastructure such as
lighting may be damaged.

•

Pedestrian and Bike Paths: Temporary closures are possible due to falling trees and other
debris, and infrastructure such as lighting may be damaged or destroyed.

•

Airports: Temporary closures are possible due to high winds, and infrastructure such as
terminals and hangars may be damaged or destroyed.
Rail: Temporary closures are possible due to falling trees and other debris, and infrastructure
such as overhead power lines and signals may be damaged or destroyed.

•

Existing Climate Change Preparedness Efforts
The gap analysis did not identify any explicit climate change preparedness initiatives relevant to
transportation assets and increased wind from storm events.

Efforts Addressing Multiple Climate Change Variables
Previous sections in this chapter have shown how the transportation sector in Santa Clara County has
benefited from existing efforts in the region to address specific impacts of climate change. This section
describes plans, policies, and actions put in place by various agencies that are aimed at providing an
overarching framework for addressing multiple impacts of climate change.
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Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
The Transportation Sector consists of a complex network of public and private agencies, each of which
will have a critical role to play in advancing climate change adaptation planning. These agencies are
identified below, along with a description of their roles.
Federal Regulatory Agencies:
• USACE: This is a federal agency under the Department of Defense, which provides engineering
services to strengthen national security, energize the economy, and reduce risks from disasters.
USACE’s mission areas directly support coastal resilience through the construction and
maintenance of engineered flood protection systems, as well as the restoration of natural flood
protection systems such as wetlands. USACE recognizes that climate change variables such as
sea level rise, storm surge, and changes in precipitation directly affect their mission areas, and is
actively engaged in a variety of projects aimed at building coastal resilience in Santa Clara
County, which are described in Table 2 and Table 3.
State Regulatory Agencies
• California Coastal Conservancy: The California Coastal Conservancy is a state agency that uses
entrepreneurial techniques to purchase, protect, restore, and enhance coastal resources, and to
provide access to the shore. This agency is a partner in ongoing adaptation-related studies in
Santa Clara County, which include the South Bay Salt Pond Restoration project and the South
San Francisco Bay Shoreline Study.
Regional Agencies
• SCVWD: The district manages an integrated water resources system that includes water supply,
flood protection and stewardship of streams in Santa Clara County. One of the districts core
responsibilities is to protect the County from flooding via ongoing stream maintenance and
construction of flood protection projects.
• BCDC: BCDC is the federally-designated state coastal management agency dedicated to the
protection and enhancement of San Francisco Bay and to the encouragement of the Bay's
responsible use. BCDC’s climate change program is responsible for promoting research on
climate change impacts, mitigation, and adaptation. The program is also responsible for
developing and implementing adaptation policies in coordination with regional partners, and
building the region’s institutional capacity to adapt to climate change. BCDC has jurisdiction over
a 100-foot shoreline band (i.e. an area that extends up to 100 feet from the bay), and in turn,
has permitting authority over existing and proposed land-use changes and structures within this
jurisdiction. BCDC plays a critical role in decision-making related to shoreline protection
infrastructure located in its jurisdiction.
• Metropolitan Transportation Commission (MTC): MTC is the transportation planning,
coordinating and financing agency for the nine-county San Francisco Bay Area, including Santa
Clara County. MTC functions as both the regional transportation planning agency (a State
designation) and the region's metropolitan planning organization (a federal designation). As

116

Transportation Infrastructure Sector

Silicon Valley 2.0 - Climate Preparedness Gap Analysis

•

•

such, it is responsible for regularly updating the Regional Transportation Plan, a comprehensive
blueprint for the development of mass transit, highway, airport, seaport, railroad, bicycle and
pedestrian facilities. MTC will play in important role in developing the Bay Area’s long-term
planning efforts on climate change adaptation.
Association of Bay Area Governments (ABAG): ABAG is a joint powers agency representing local
governments in the San Francisco Bay Area, including Santa Clara County. ABAG serves several
regional and sub-regional planning functions, and operates a variety of service programs for
local governments in areas where economies of scale are an important factor in reducing costs.
ABAG coordinates periodic updates to Santa Clara County’s Local Hazard Mitigation Plan per the
directive of the Disaster Mitigation Act of 2000. ABAG’s most recent update to this plan includes
an assessment of the vulnerability of Santa Clara County to various climatic changes. ABAG’s
Local Hazard Mitigation Plan sets the stage for regional adaptation planning in Santa Clara
County.
San Francisco Creek Joint Powers Authority (SFCJPA): SFCJPA is a regional joint powers authority
comprised of the cities of Palo Alto, Menlo Park, and East Palo Alto, the County of San Mateo,
and the Santa Clara Valley Water District. The goal of SFCJPA is to design and implement
projects that bring environmental benefits to the San Francisquito Creek watershed, and
therefore, this agency will play a key role in any flood-protection efforts along the San
Francisquito Creek.

Regional Transportation Service Providers
• Altamont Corridor Express (ACE): a commuter rail service in California connecting Stockton and
San Jose.
• BART: BART is a rapid transit system serving the northern part of the San Francisco Bay Area.
BART is currently in the process of expanding its network to Santa Clara County. Given that the
service territory of BART will include Santa Clara County in the future, BART infrastructure and
assets will be an important component of the transportation sector in the County, and any
efforts to reduce the vulnerabilities of this sector must include BART.
• Caltrain: Caltrain provides commuter rail service along the San Francisco Peninsula, through the
South Bay to San Jose and Gilroy. Given that Caltrain serves thousands of commuters in the
Silicon Valley, it plays a critical role in supporting the regional economy, and therefore, must be
included in efforts to build the resilience of the transportation sector against climate change.
• VTA: Santa Clara Valley Transportation Authority (VTA) is an independent special district
provides bus, light rail, and para-transit services to Santa Clara County. VTA is responsible for
countywide transportation planning, including congestion management, design and
construction of specific highway, pedestrian, and bicycle improvement projects, as well as
promotion of transit oriented development. VTA is a vital player in developing and
implementing strategies to reduce the vulnerability of the sector to climate change.
• Capitol Corridor Joint Powers Authority: CCJPA is a partnership among the six local transit
agencies in Northern California which shares the administration and management of the Capitol
Corridor, a passenger train system provides service to 16 stations in Northern California
including Santa Clara County.
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ACTransit: Alameda-Contra Costa Transit District is the third-largest public bus system in
California, serving 13 cities and adjacent unincorporated areas in Alameda and Contra Costa
counties.
SamTrans: SamTrans is a bus service in San Mateo County.
Santa Cruz Metro: provides bus services throughout Santa Cruz County and operates the Amtrak
Thruway Motorcoach Highway 17 Express service between Santa Cruz and San Jose Amtrak
Station.
Monterey Salinas Transit: A bus service for the Monterey Peninsula and the city of Salinas, as
well as other parts of northern Monterey County.

Local Governments
• Local governments have the ability to advance climate change adaptation planning at the
community scale. Local governments can incorporate climate change considerations into their
locally enforceable general plans. Along with Santa Clara County, the cities in the County will
play a crucial role in the implementation of local level adaptation strategies that will be
identified as part of the Silicon Valley 2.0 process.
Partnerships
• San Francisco Estuary Project (SFEP): SFEP is a coalition of resource agencies, non-profits,
citizens, and scientists working to protect, restore, and enhance water quality and fish and
wildlife habitat in and around the San Francisco Bay Delta Estuary. SFEP is one of the core
partnerships involved in creek restoration projects in Santa Clara County, one of the intended
goals of which is to enhance flood protection.
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Summary of Existing Efforts to address Vulnerabilities
Table 4 summarizes the existing efforts in the transportation sector to address anticipated impacts from
climate change. The analysis identified only two climate change-focused, transportation sector-specific
initiatives in the region. It should be noted that general sea level rise and flooding related initiatives
exist that would benefit transportation climate change preparedness. These initiatives are described in
the Shoreline and Riverine Flooding Protection Infrastructure chapter.
Table 4: Existing Efforts to Address Transportation Sector Climate Change Vulnerabilities

Climate
Change
Variable

Asset

Macro-category
of Effort

Description of Effort

Climate
Change
Preparedness
Category

Stakeholder

Multiple

Rail Transit

Assessment and
Monitoring

Vulnerability assessments for rail
transit agency assets

Vulnerability
Assessment

Capital
Corridor,
Caltrain

Multiple

Rail Transit

Policy/Planning/
Operations

Climate change adaptation plans
for rail transit agency assets

Adaptation
Strategy
Development

BART,
Capital
Corridor

Sea level rise

Roadways,
Rail Transit

Vulnerability
(exposure)
assessment

Exposure analysis of transportation
projects in Plan Bay Area

Vulnerability
Assessment

MTC, VTA,
Caltrans,
BART

Sea level rise

Roadways

Vulnerability
assessment and
adaptation strategy
development

Guidance on incorporating sea
level rise into planning project
initiation

Adaptation
Planning

Caltrans,
VTA

Summary of Existing Gaps in Climate Change Preparedness Efforts in the
Transportation Sector
Table 5 provides a summary of existing efforts and gaps in the transportation sector climate change
preparedness efforts. It lists the existing vulnerabilities of various assets in the transportation sector to
climate change variables, along with an identification of whether climate change preparedness efforts
are in place to address these vulnerabilities, as well as a qualitative rating of the level of those climate
change preparedness efforts.
Both local and regional efforts are underway to help protect areas in the county from existing coastal
and riverine flooding and prevent the temporary or permanent loss of transportation infrastructure.
However, these efforts do not yet appear to add up to a full, complete and coordinated plan that
addresses the increase in flooding risk due to climate change. In the absence of a complete,
coordinated, and fully-funded regional plan, various smaller, local-level projects may have limited
impact. The apparent absence of a coordinated strategy for all of the municipalities and counties in the
South Bay could have adverse effects on transportation assets within Santa Clara County.
There appear to be no substantial initiatives that address the impacts to the transportation sector from
the other (non-flooding-related) climate change variables. In particular, we were unable to identify
specific climate adaptation strategies to mitigate the potential effects of increased extreme temperature

119

Transportation Infrastructure Sector

Silicon Valley 2.0 - Climate Preparedness Gap Analysis
events or wind storm events due to climate change on transportation assets in the region. While BART
and the Capitol Corridor are currently conducting asset vulnerability assessments, it is not known if
extreme heat mitigation measures have been considered.
Moving forward, a coordinated effort to address the impacts of sea level rise and storm surge, would
further strengthen the adaptive capacity of the transportation sector. Additionally, regional adaptation
strategies that address the potential impacts of climate change-exacerbated riverine flooding, wind, and
extreme heat events will be needed to secure the sector.
Table 5: Level of Climate Change Preparedness Efforts in the Transportation Sector

Climate Change
Variable
Sea Level Rise

Assets/Services
Affected
Multiple

Existing
Climate
Change
Preparedness
Efforts?

Nature of Impact

Loss of function of multiple assets due to
inundation, physical damage to multiple
assets, corrosion/scouring of bridges, erosion
of roads

Yes (for some
Rail Transit)

Level of Climate
Change
Preparedness
Efforts
Medium (for
some Rail
Transit)
Low (for all
transportation
types)

Storm Surge

Multiple

Loss of function of multiple assets due to
inundation, physical damage to multiple
assets, corrosion/scouring of bridges, erosion
of roads

No

None

Changes in
Precipitation
(Riverine Flooding)

Multiple

Physical damage to multiple assets, erosion
of roads, temporary loss of function of
bridges

No

None, but Parallel
Efforts Exist

Storm Events
(Wind)

Multiple

Temporary closure of roads, bridges,
pedestrian/bike paths, airports, and rail
services

No

None

Extreme
Temperature Events

Multiple

Buckling of rails, failure of electronic
equipment, softening of road asphalt

Yes (for some
Rail Transit)

Low
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Water and Wastewater Sector Introduction
Climate change can have significant effects on the reliability and operation of water and wastewater
infrastructure, including water supply resources, treatment infrastructure, and conveyance mechanisms.
Given the critical importance of the water and wastewater sector, utilities, regulatory agencies and local
governments will need to implement effective climate preparedness actions for related infrastructure.
This gap analysis identifies the programs and initiatives that are currently in place or planned to help
reduce the potential impacts of climate change on water and wastewater assets (i.e. treatment plants,
sewer pipes, storm drain pipes, distribution pipes, pumps, and groundwater aquifers) within Santa Clara
County.
The major water provider in Santa Clara County is the Santa Clara Valley Water District (SCVWD), which
manages wholesale water and sells to municipal and private retailers. SCVWD manages 10 dams and
surface water reservoirs, 400 acres of recharge ponds, 275 miles of streams and waterways, and three
water treatment plants. City-owned utilities, such as the City of Palo Alto Utilities (CPAU) and the Santa
Clara Water and Sewer Utilities, provide water distribution and sewage collection services, as well as
investor-owned public utilities, such as the San Jose Water Company. The San Jose–Santa Clara Regional
Wastewater Facility provides the majority of wastewater treatment, serving 1.4 million residents of
eight cities in Santa Clara County (San Jose, Santa Clara, Milpitas, Campbell, Cupertino, Los Gatos, Monte
Sereno, and Saratoga). The Regional Water Quality Control Plant is owned and operated by the City of
Palo Alto for the communities of Los Altos, Los Altos Hills, Mountain View, Palo Alto, Stanford University
and the East Palo Alto Sanitary District. South County Regional Wastewater Authority (SCRWA) manages
the treatment of wastewater for Gilroy and Morgan Hill. The Donald M. Somers Water Pollution Control
Plant services the city of Sunnyvale.
Subsequent sections in this chapter describe the various vulnerabilities faced by the water and
wastewater sector as a result of climate change, and the extent to which these vulnerabilities have been
addressed in the region.

Climate Change Vulnerabilities in the Water and Wastewater Sector
The water and wastewater sector in Santa Clara County is vulnerable to the following climate change
variables:
•
•
•
•
•

Sea level rise
Storm surge
Annual temperature pattern change, and extreme temperature events (heatwaves)
Seasonal precipitation change - drought and extreme rainfall resulting in riverine flooding
Wildfires

For more information on the nature and projected trends in these variables, refer to the Silicon Valley
2.0 Climate Variables Memorandum. The assets and services of the energy sector that are affected by
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these climate change variables, the nature of impacts on the assets and services, as well as the utilities
affected by the impacts are summarized below in Table 1.
Table 1: Climate Change Variables and Impacts relevant to the Water and Wastewater Sector in Santa Clara County
Climate Change
Variable
Sea Level Rise and
Storm Surge

Storm events –
localized flooding from
extreme rainfall

Warmer Average
Temperatures, Extreme
Heat Events, and
Precipitation Changes
(Annual and Seasonal)

Wildfires
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Assets/Services Affected

Nature of Impact

Relevant Utilities

Wastewater treatment plant
and collection infrastructure;
water supply plant and delivery
infrastructure (e.g. pumps,
pipes)

- Permanent inundation or temporary flooding of
coastal, low-lying treatment plants causing
contamination leading to potential health and
safety risks

Cities of
Sunnyvale, Palo
Alto, and San
Jose

Stormwater infrastructure

- Loss of stormwater infrastructure capacity near
the coast (impairment of gravity-fed systems)

City governments
(Palo Alto,
Mountain View,
Sunnyvale, Santa
Clara, San Jose)

Groundwater Aquifers

- Saltwater intrusion into freshwater coastal
aquifers

SCVWD; private
entities

Stormwater infrastructure

- Increased wear and/or damage to stormwater
infrastructure from more turbidity / debris in
floodwater

City governments

Wastewater treatment plant
and collection infrastructure;
water supply plant and delivery
infrastructure (e.g. pumps,
pipes)

- Temporary flooding of wastewater treatment
plants causing contamination leading to potential
health and safety risks

Cities of
Sunnyvale, Palo
Alto, and San
Jose

Wastewater treatment plant
and collection infrastructure

- Lower water volumes from warmer
temperatures and decreases in precipitation
means an effective increase in pollutant and
waste concentrations

SCVWD; City
governments

Water supply plant and delivery
infrastructure (e.g. pumps,
pipes)

- Drier conditions as a result of warmer
temperatures and decreases in precipitation
mean increased demand at the same time as a
reduction in supply

SCVWD; City
governments

Reservoirs

- Increased temperature and evaporation causes
greater net loss of stored water, coupled with
lower supply / in-flow volumes

SCVWD

Groundwater Aquifers

- Drier conditions as a result of warmer
temperatures and decreases in precipitation
mean increased groundwater pumping and
decreased recharge volumes, potentially resulting
in land subsidence

SCVWD

Reservoirs

- Potential water quality contamination from
increased erosion and sedimentation

SCVWD

- Inundation of below-ground pipes with
corrosive saltwater
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Existing Efforts to Address Water and Wastewater Sector Vulnerabilities
to Climate Change Water and Wastewater Infrastructure
This section provides an overview of existing water and wastewater sector climate change preparedness
efforts in the county. This section is organized by climate change variable and specific type of asset
vulnerability. An overview of the asset vulnerability is provided, followed by descriptions of the existing
effort(s), the level of implementation (i.e., vulnerability assessment, risk assessment, strategy
development, or strategy implementation), and the relevant organizations.

Efforts Addressing Sea Level Rise and Accompanying Storm Surge
Sea level rise and increased storm surges, can impact water and wastewater plants and delivery
systems, stormwater infrastructure, and groundwater aquifers.
Description of Water and Wastewater Plant and Delivery System Vulnerability
Wastewater treatment plants are often located in low-lying coastal areas, to optimize gravity
transmission, which also makes them more vulnerable to flooding, and subsequent shutdowns and
water damage. In Santa Clara County, three of the four wastewater treatment plants (Palo Alto
Wastewater Treatment Plant; Sunnyvale Industrial Wastewater Treatment Plant; San Jose / Santa Clara
Regional Wastewater Facility) are coastal and vulnerable to sea level rise. Santa Clara County also has an
advanced water purification plant called the Silicon Valley Advanced Water Purification Center, which
treats the effluent from the San Jose / Santa Clara Regional Wastewater Facility for variety of nondrinking purposes such as landscaping, agriculture and industrial uses. This plant is located on the Bay
Shore and vulnerable to sea level rise and storm surge. Higher sea levels could cause permanent
inundation of water and wastewater treatment plants; and storm surges could temporarily flood plants,
damage facilities, and interrupt operations. The inundation and flood risks of sea level rise are
exacerbated by land subsidence.
Sea level rise affects not only plants, but also pipes, pumps, and other conveyance infrastructure.
Underground delivery infrastructure will be affected by sea level rise, where areas become inundated
and pipes become submerged in saltwater. Salty water can cause corrosion of pipes and other
underground infrastructure. Submerged outfalls cannot be easily inspected or maintained. 1There is also
the risk of salt water intrusion into potable water suppliers and reservoirs from rising sea levels.
Existing Climate Change Preparedness Efforts
To date, sea level rise climate preparedness efforts for water and wastewater plant and delivery systems
in the region have focused on planning-level vulnerability assessments and strategy development. The
primary effort is described below.
Integrated Regional Water Management Plan (IRWMP) – Climate Change Chapter
• Description: The Integrated Regional Water Management Coordinating Committee (IRWMCC)
developed the guiding document, the Integrated Regional Water Management Plan (IRWMP),
which includes a chapter on climate change, cataloging climate change vulnerabilities in the water
1

th

Ann-Ariel Vecchio 2013, oral communication, 8 November.
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and wastewater sector and strategies to address these vulnerabilities. The nine-county effort aims
to coordinate regional water and wastewater issues, one of which is adapting and mitigating
climate change. Regarding sea level rise, the document recommends, as a climate preparedness
strategy, considering the relocation of critical infrastructure out of inundation and flooding hazard
zones, increasing the resiliency of existing infrastructure by retrofitting with waterproof or
corrosion-resistant materials, and elevating sensitive components.
Implementation Level: Vulnerability Assessment; Adaptation Strategy Development (high-level)
Relevant agencies: SCVWD as lead agency, with other stakeholders (Santa Clara County, City
governments, water agencies, other Special Districts, watershed groups, NGPs, private entities,
and others).
Documentation of efforts: 2013 San Francisco Bay Area Integrated Regional Water Management
Plan (IRWMP) 2.

Description of Stormwater Infrastructure Vulnerability
Higher sea levels near the coast, where outfalls are typically located, can reduce elevation differences
along pipe networks, impairing gravity-fed systems. Gravity-operated stormwater systems would
experience poor drainage, backflow, and maintenance challenges. Backflow of saltwater can cause
corrosion of pipes. Even concrete pipes are susceptible to saltwater corrosion, especially where pipes
are not permanently submerged, but rather repeatedly in contact with saltwater. 3 Submerged
stormwater outfalls present a maintenance challenge, because they cannot be visually inspected.
Pumping mechanisms to enforce drainage are expensive to install.
Aside from pipe flow dynamics, violent storm surges can also pull much debris and trash into
floodwaters that accelerate deterioration of stormwater drainage systems through wear-and-tear and
incidental damage.
Existing Climate Change Preparedness Efforts
The gap analysis did not identify any efforts to mitigate the effects of sea level rise on stormwater
infrastructure.
Description of Groundwater Aquifer and Reservoir Vulnerability
Sea level rise, and the subsequent saltwater intrusion, can result in saltwater penetrating freshwater
coastal aquifers and reservoirs. The amount of saltwater intrusion into an aquifer can vary, from
rendering the water source mildly briny to completely transforming a freshwater source into saltwater.

2

Available online at http://bairwmp.org/docs/2013-bairwm-plan-update/2013-finalplan/San%20Francisco%20Bay%20Area%20IRWMP%20Final_September%202013.pdf
3
Concrete exposed to saltwater in a tidal zone will deteriorate as a result of chemical processes (reactions
between salts and cement hydration products), as well as mechanical processes (erosion). Permanently submerged
concrete structures often develop a protective crust of brucite that slows chemical degradation and are subjected
to less erosive force. See Mishra, Gopal. “Concrete in Seawater.” The Constructor Civil Engineering Home, n.d.
Web. 11 Nov. 2013.
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Existing Climate Change Preparedness Efforts
The gap analysis did not identify any efforts to mitigate future climate change-related salt water
intrusion impacts on freshwater aquifers.
Parallel Efforts with Climate Change Preparedness Benefits
While no climate change-focused initiatives were identified, existing efforts have been in place for
decades to prevent saltwater intrusion of freshwater aquifers.
Saltwater Intrusion Prevention Program
• Description: Improperly constructed groundwater wells in coastal areas can act as conduits,
allowing saltwater to infiltrate fresh groundwater reserves. In the 1980s, SCVWD instituted a
Saltwater Intrusion Prevention Program that identified and subsequently decommissioned a list of
45 potentially problematic wells. Strict well construction and decommissioning ordinances were
established to ensure that all future groundwater wells do not become saltwater conduits. While
all improper wells have been destroyed, SCVWD continues to monitor saltwater intrusion through
monitoring wells, and to rigidly enforce well construction and destruction ordinances.
• Implementation Level: Strategy implementation
• Relevant agencies: SCVWD
• Documentation of efforts: Santa Clara Valley Water District Groundwater Management Plan 4

Efforts Addressing Storm Events (More Intense and Longer Duration Rain
Events)
Storm events, with the associated localized flooding from heavy rain, can impact stormwater
infrastructure.
Description of Stormwater Infrastructure Vulnerability
Intense storms can result in high volumes of fast-moving stormwater. The speed and energy of the
stormwater runoff picks up sediment, debris, and trash, resulting in turbid water. High volumes of fastmoving stormwater carrying debris, trash and/or sediments can wear and/or damage stormwater
infrastructure, as debris and sediments pass through drainage pipes and abrade them.
Existing Climate Change Preparedness Efforts
No existing climate preparedness efforts have been identified to mitigate the effects of storm events on
stormwater infrastructure.
Parallel Efforts with Climate Change Preparedness Benefits
Updates to flood maps
• Description: SCVWD is currently revising flood maps to update hydrology and hydraulics
characteristics of the watersheds in the county. This effort could potentially be leveraged to
incorporate projected changes in climate.
4

Available online at
http://www.water.ca.gov/urbanwatermanagement/2010uwmps/Ca%20Water%20Service%20Co%20%20Los%20Altos%20Suburban%20District/CWSC%20LA%20Appendix_H_-_GWMP.pdf
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Implementation Level: Vulnerability Assessment
Relevant agencies: SCVWD and FEMA
Documentation of efforts: Based on consultation with SCVWD staff.

Efforts Addressing Warmer Average Temperatures, Extreme Heat Events, and
Precipitation Changes (Annual and Seasonal)
As described in the Climate Variables Memo, studies indicate that, while annual precipitation is
anticipated to change very little, seasonal precipitation patterns may change significantly. Winter
precipitation is projected to increase by mid-century, with more precipitation falling during winter storm
events; and less precipitation is projected in the spring and fall. A shift of precipitation timing away from
the warmer seasons, coupled with warmer temperatures, could result in substantial impacts to the
wastewater treatment plants and water supply plant and delivery services.
Description of Wastewater Treatment Plant and Collection Infrastructure Vulnerability
Lower flows, as a result of precipitation changes and warmer temperatures, mean the concentration of
any water pollutant will be higher given lower water volumes. Water with higher pollutant
concentrations will need additional treatment processes in treatment plants. Operating treatment
facilities with less water, but the same waste load taxes the treatment machinery and can increase
cleaning needs and system corrosion.
Existing Climate Change Preparedness Efforts
No existing climate preparedness efforts have been identified to mitigate the effects of warmer
temperatures and precipitation changes on wastewater treatment plant and collection infrastructure.
Description of Water Treatment Plant and Delivery Infrastructure (e.g. Pipes, Pumps)
Vulnerability
The vulnerability of water treatment plant and delivery infrastructure is not hardscape infrastructure
vulnerability, but rather resource vulnerability. The supply of water (to be treated and delivered by
treatment and delivery infrastructure) is vulnerable to climate change variables.
Warmer air and water temperatures result in overall drier conditions, due to increased evaporation
rates. Warmer temperatures also decrease the amount of snowpack in the Sierra Nevada Mountains
and the subsequent runoff to the Hetch-Hetchy water supply system, which supplies approximately half
of the water for Santa Clara County.
Precipitation changes exacerbate dry conditions, with less rainfall and longer dry periods. With less
rainfall, there is less groundwater recharge, which decreases the groundwater supply from aquifers.
Existing usage records show that water use typically varies significantly seasonally between the summer
(dry season) and the winter (wet season). During dry weather, water usage is much higher, primarily due
to increased outdoor use for lawn and landscape watering. The spike in summer water use can be two
to four times more water than the remainder of the year.
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Given these supply and demand patterns, higher quantities of water will be demanded while water
supplies are low: while warmer temperatures and longer dry periods are increasing evaporation
(including reservoir evaporation), reducing imported supplies (Sierra snowmelt), and decreasing
groundwater recharge, warmer temperatures and longer dry periods are causing people to demand
larger quantities of water. As a result, the vulnerability to temperature and precipitation change is not
infrastructure vulnerability, but rather a supply and demand vulnerability. As such, climate preparedness
efforts focus on supply and demand management.
Existing Climate Change Preparedness Efforts
No explicit climate preparedness efforts to mitigate the effects of warmer temperatures and
precipitation changes on water treatment plant and delivery infrastructure were identified within the
analysis.
Parallel Efforts with Climate Change Preparedness Benefits
While not explicitly initiated as a climate change-related effort, the following efficiency and conservation
initiatives could help mitigate the anticipated effects of warmer temperatures and precipitation
changes.
Water-Wise House Call Program
• Description: Free home water use survey that helps identify conservation opportunities &
educate users on calculating water use and reading water meters, specifically:
 Replace leaking toilet flapper valves if needed/requested
 Measure showerhead flow rates & install free showerheads if needed/requested
 Measure faucet flow rates & provide faucet aerators for kitchens & bathrooms
 Evaluate irrigation system efficiency, and provide personalized irrigation schedule
 Identify irrigation leaks, broken/mismatched sprinkler heads, high water pressure &
other common irrigation problems
 Prioritize water use efficiency measures
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Information is available at
http://www.valleywater.org/programs/rebates.aspx
Water Conservation Rebates
• Description: Rebates are offered for the following water conservation efforts:
- High-Efficiency Clothes Washer Rebates (residential and commercial)
- High-Efficiency Toilet Rebates (residential and commercial)
- Landscape Rebates (residential and commercial)
- Submeter Rebates (condominium buildings and mobile home parks)
- Commercial Rebates (miscellaneous other commercial appliances such as ice machines)
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Unavailable.
Water and Wastewater Infrastructure Sector
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Free Water Conservation Devices
• Description: Program that offers educational materials and free devices, including:
-Showerheads
-Bathroom aerators
-Kitchen aerators
-Leak detection dye tablets
-Toilet flappers
-Shower timers
-Water efficient landscaping and plumbing literature
-Posters, flyers, signs, stickers, table tents, door hangers and bookmarks
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Information is available at
http://www.valleywater.org/programs/FreeConservationItems.aspx
Water Efficient Landscape Ordinance (WELO)
• Description: All Californian cities are obligated to notify the California Department of Water
Resources (DWR) as to whether the City has adopted its own water-efficient landscape
ordinance. In Santa Clara County, Sunnyvale, Palo Alto, Morgan Hill, Milpitas, Lynwood, Los
Altos, Cupertino, and Campbell have adopted WELO's, which include restrictions on
watering method, watering duration, lawn square footage, and so on.
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Department of Water Resources (DWR); City governments
• Documentation of efforts: Model Water Efficient Landscape Ordinance 5.
Landscape Survey Program
• Description: Free irrigation surveys for 5,000+ square feet of irrigated landscape - evaluates
site specific water efficiency recommendations
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Information is available at
http://www.valleywater.org/Programs/LandscapeSurveyInformation.aspx
Landscape Conversion Rebate Program
• Description: Rebates for replacing high water-using landscape (i.e. irrigated grass) with a
minimum of 50% plant coverage consisting of low water-using plants from an Approved
Plant List
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
5

Available online at http://www.water.ca.gov/wateruseefficiency/docs/MWELO09-10-09.pdf; WELOs for
6
individual cities also available online (links not included). Available online at
http://www.cityofgilroy.org/cityofgilroy_files/city_hall/community_development/engineering/master_plans/Sout
hCountyRecWatMP.pdf
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Relevant agencies: Santa Clara Valley Water District (SCVWD)
Documentation of efforts: Information is available at
http://www.valleywater.org/Programs/LandscapeReplacementRebates.aspx

Irrigation Equipment Upgrade Rebates
• Description: Rebates available for residents, businesses, or institutions for upgrading
irrigation hardware to more water-efficient hardware
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Information is available at
http://valleywater.org/Programs/IrrigationEquipmentUpgradeRebates.aspx
Agricultural Water Use Efficiency
• Description: Encourages efficient irrigation methods and scheduling to manage water
supply/pumping costs and minimize fertilizer use by providing:
-Irrigation system evaluations and calculators
-California Information Management Irrigation System (CIMIS) Hotline
-Mobile lab testing program
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Information is available at
www.valleywater.org/programs/agriculture.aspx.
Silicon Valley Advanced Water Purification Center
• Description: District approved two agreements with City of San Jose to build an advanced
water treatment facility (to be completed in early 2013) that will produce up to 10 MGD of
highly purified recycled water to expand use for irrigation and industrial purposes
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Information is available online at
www.valleywater.org/SVAWPC.aspx
South County Recycled Water Master Plan
• Description: SCVWD and the South County Regional Wastewater Authority (SCRWA)
partnered to develop the South County Recycled Water Master Plan to expand the use of
recycled water to meet long-term water supply and wastewater needs in south Santa Clara
County, specifically in and near the cities of Morgan Hill and Gilroy. The plan defines
immediate-term, short-term, and long-term capital improvement programs
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: SCVWD; SCRWA
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Documentation of efforts: 2004 South County Recycled Water Master Plan 6

Recycled Water Facility Plan
• Description: Study that identified recommended projects for recycled water use, including a
funding strategy and an implementation plan.
• Implementation Level: Strategy development
• Relevant agencies: City of Palo Alto Utilities (CPAU)
• Documentation of efforts: City of Palo Alto Recycled Water Facility Plan 7
Drought management planning in local Urban Water Management Plans
• Description: Each city within Santa Clara County prepares an Urban Water Management
Plan (UWMP). Each UWMP includes drought planning and drought management measures
(e.g. mandatory water use prohibitions at given drought levels; tiered water pricing to
discourage excessive water consumption).
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: cities in Santa Clara County
• Documentation of efforts: All City UWMPs are available online via the individual City
websites.
Water Saving Hero Campaign
• Description: SCVWD and other Bay Area and state water agencies launched a media
campaign in 2007 to encourage and educate residents about simple by effective steps to
conserve water in daily residential use. The campaign was re-launched in 2008 and 2009.
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: SCVWD
• Documentation of efforts: Campaign website is www.watersavinghero.com
Description of Groundwater Aquifer and Reservoir Vulnerability
As described in the previous section, warmer temperatures, coupled with shifts in seasonal
precipitation, may result in lower flows with simultaneous increases in water demand. Greater demand,
while supplies are depressed, may result in increasing withdrawal from groundwater aquifers. Lower
flows in both local and imported water supplies may result in decreased groundwater recharge. The
combination of increased pumping and decreased recharge can result in land subsidence.
Existing Climate Change Preparedness Efforts
No explicit initiatives were identified that prepare the sector for climate change-related increases in
average temperatures, extreme heat events, and precipitation changes.

6

Available online at
http://www.cityofgilroy.org/cityofgilroy_files/city_hall/community_development/engineering/master_plans/Sout
hCountyRecWatMP.pdf
7
Available online at http://www.cityofpaloalto.org/civicax/filebank/documents/15103
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Parallel Efforts with Climate Change Preparedness Benefits
Existing efforts to mitigate aquifer overdraft and the subsequent land subsidence include water
conversation measures and incentives (discussed in the previous section) and concerted recharge
programs.
Groundwater Recharge
• Description: Under SCVWD’s management, approximately one quarter of all imported water
(from the South Bay Aqueduct and the Santa Clara Conduit) is devoted to groundwater
recharge. The current recharge program includes 10 reservoirs, 393 acres of percolation
ponds, and 159 miles of conduits and pipelines. Groundwater levels are monitored and
maintained above specified thresholds, even during drought times. SCVWD surveys
hundreds of benchmarks annually and collects data from two 1,000-foot deep compaction
wells to help monitor land subsidence. Subsidence has been essentially arrested since 1969.
• Implementation Level: Parallel Effort with Climate Change Preparedness Benefits
• Relevant agencies: Santa Clara Valley Water District (SCVWD)
• Documentation of efforts: Information is available
at http://pubs.usgs.gov/circ/circ1182/pdf/05SantaClaraValley.pdf

Efforts Addressing Wildfires
Wildfires can potentially cause water quality contamination from increased erosion and sedimentation,
leading safety and health risks.
Description of Groundwater Aquifer and Reservoir Vulnerability
The gap analysis did not identify efforts to mitigate future climate change-related wildfire impacts on
groundwater aquifers and reservoirs.
Existing Climate Change Preparedness Efforts
No explicit initiatives were identified that prepare the sector for climate change-related increases in
wildfires.
Parallel Efforts with Climate Change Preparedness Benefits
While no climate change-focused initiatives were identified, existing efforts have been in place for
decades to manage wildfires in the county.

Key Actors and Decision Makers for Climate Change Adaptation Planning
and Implementation
The water and wastewater sector consists of a network of public and private agencies, each of which has
a role to play in advancing climate change adaptation planning. These agencies are identified below,
along with a description of their roles.
State Regulatory Agencies
• California Department of Water Resources (DWR): This agency is responsible for the
conservation, management, development, and sustainability of California’s watersheds, and
Water and Wastewater Infrastructure Sector
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water resources. DWR also partners with other agencies to prevent and respond to waterrelated natural disasters such as floods and droughts. DWR plays in important role in advancing
climate change adaptation.
California State Water Resources Control Board (SWRCB): As one arm of the California
Environmental Protection Agency (CEPA), the SWRCB is entrusted with a broad mandate to
preserve and enhance the state water resources. Working jointly with DWR, the SWRCB
administers the Integrated Regional Water Management Coordination Committee (IRWMCC).
The IRWMCC is a nine-county effort to manage water resources in the Bay Area, including a
consideration of climate change impacts.

Municipal Governments
• Local governments have the ability to advance climate change adaptation planning at the
community scale. Local governments can incorporate climate change considerations into their
locally enforceable general plans. Specifically with regard to the water and wastewater sector,
local governments can influence water use in their communities by making revisions to City
policies and codes to encourage water conservation. Along with Santa Clara County, the cities in
the County will play a crucial role in the implementation of local level adaptation strategies that
will be identified as part of this project.
Utilities
Santa Clara County receives water and wastewater services primarily from municipal public utilities,
both City-owned and investor-owned (San Jose Water Company). Municipal utilities can incorporate
climate change considerations into their operations.
Stakeholder Agencies
Other stakeholder agencies that help manage and direct the water and wastewater sector in Santa Clara
County include:
• Santa Clara Valley Water District (SCVWD): SCVWD is a Special District, responsible for wholesale
water provision and water resource management in Santa Clara County. SCVWD works to
understand the risks posed by climate change to water supplies and water resources, and
addresses these risks in planning processes. As the primary (wholesale) water provider,
responsible for dams, reservoirs, recharge ponds, and water treatment plants, SCVWD has the
ability to advance climate change adaptation planning through infrastructure adaptation
projects and voluntary water conservation incentive programs.
• South County Regional Wastewater Authority (SCRWA): SCRWA is a joint powers authority (JPA)
established to manage wastewater treatment in the Cities of Gilroy and Morgan Hill. Together
with SCVWD, the SCRWA operates a wastewater treatment plant and a recycled water facility.
• Joint Powers Authority (JPA) between San Jose and Santa Clara: the JPA operates the San
Jose/Santa Clara Water Pollution Control Plant, a wastewater treatment plant that services the
Cities of San Jose, Santa Clara, Milpitas, Campbell, Cupertino, Los Gatos, Monte Sereno, and
Saratoga.
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Summary of Existing Efforts to Address Vulnerabilities
Table 2 summarizes existing efforts in the water and wastewater sector to address anticipated impacts
from climate change in the region. In terms of mitigating vulnerabilities, the most developed measures
relate to threats to water supply. Warmer air temperatures and changes in precipitation patterns, such
as longer dry periods and seasonal shifts in precipitation timing, could result in water supply challenges,
where flows are lower, water demand is high, and storage reserves are diminished. To combat these
water supply challenges, a number of programs exist to encourage water conservation. Rebate
programs for water efficient fixtures, sub-meters, and landscape types are all ongoing efforts by SCVWD
to reduce water demand, especially in residential, agricultural, and landscape uses. Several supply-side
initiatives are underway regarding recycled water, including the construction of a recycled water plan,
and several implementation projects and funding studies for recycled water facilities. While not yet at
construction or operation stages, these plans indicate a real, near-term commitment to expanding
recycled water infrastructure, which would alleviate some water supply concerns by increasing water
supply. A third mitigation effort is the comprehensive drought response plans included in the city-scale
urban water management plans (UWMPs). Each city in Santa Clara County has a UWMP with a
mandated drought response plan that outlines water use restrictions, conservation campaigns, and
pricing for various drought scenarios. A detailed framework, with thresholds and directions, for dealing
with drought conditions represents a valuable adaptation resource in the event of drought emergencies.
The potential for land subsidence during dry times (where aquifers are overdrawn and recharge is
constrained) is well-managed by SCVWD, with a concerted recharge program and regular monitoring of
land and water levels.
These water conservation programs, planning efforts for recycled water, and recharge efforts represent
the climate change preparedness strengths in the water and wastewater sector, in particular to mitigate
water supply challenges. Informational tools, media campaigns, and rebate programs exist, in wellestablished ways, to moderate water usage and decrease water demand. Implemented, operational
programs inform residents and businesses about water conversation and supply them with devices (or
rebates for devices) for water-efficiency. The commitment (of funds) to detailed studies and planning
work for recycled water (as well as the ongoing construction and commissioning of the Silicon Valley
Advanced Water Purification Center in San Jose) paves the way for future implementation of recycled
water supply infrastructure. The well-established groundwater recharge program has essentially held
land subsidence in check for the past several decades.
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Table 2: Existing Efforts to Address Water and Wastewater Sector Climate Change Vulnerabilities
Climate
Change
Variable

Sea Level Rise
and Storm
Surge

Sea Level Rise
(Saltwater
intrusion)

Asset
Water and
Wastewater Plant
and Delivery
System (Pipes;
Pumps)

Groundwater
Aquifers

Macro-category
of Effort

Extreme
rainfall events

Warmer
Temperatures;
Precipitation
Changes

Water Supply
Plant and
Delivery Systems
(Pipes; Pumps)

Warmer
Temperatures;
Precipitation
Changes

Water Supply
Plant and
Delivery Systems
(Pipes; Pumps)

Warmer
Temperatures;
Precipitation
Changes

Water Supply
Plant and
Delivery Systems
(Pipes; Pumps)

Warmer
Temperatures;
Precipitation
Changes

All
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Groundwater
Aquifers

Multiple

Stakeholder

Vulnerability assessment of water
and wastewater sector assets;
development of high-level
strategies to address these
vulnerabilities; and coordination of
regional water and wastewater
issues

Vulnerability
Assessment;
Adaptation
Strategy
Development
(high-level)

SCVWD

Saltwater Intrusion Prevention
Program operated to shut down
high-risk wells that could act as
conduits for saltwater intrusion.
Subsequent monitoring and
commissioning/decommissioning
ordinances are still in effect.

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD

Programmed
Effort
Monitoring/
Measuring

Revision of flood maps to update
hydrology and hydraulics
characteristics of the watersheds
in the county.

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD

Education/Com
munication/Out
reach

Numerous rebate and
conservation / efficiency programs
for water use conversation in
residential, commercial, and
agricultural arenas

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD

Policy/Planning

Inclusion in all City UWMPs of
drought response and
management plans

Parallel Effort
with Climate
Change
Preparedness
Benefits

Municipal
Governments

Policy/Planning

Planning efforts to increase the
consumption and production
capacity of recycled water

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD;
SCRWA; CPAU

Network of conduits, reservoirs,
and percolation ponds, fed by
imported water, to recharge
groundwater aquifers; continual
monitoring of benchmark points,
compaction wells, and
groundwater levels

Parallel Effort
with Climate
Change
Preparedness
Benefits

SCVWD

Inclusion of climate change
discussion in high-level planning
document (IRWMP) for water /
wastewater resources

Overall climate
change
adaptation
planning

SCVWD and
others

Policy/Planning

Programmed
Effort
Monitoring/
Measuring
Policy/Planning

Water and
Wastewater Plant
and Delivery
System (Pipes;
Pumps)

Description of Effort

Climate Change
Preparedness
Category

Water Demand
Reduction

Programmed
Efforts
Monitoring/Me
asuring

Policy/Planning
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Summary of Existing Gaps in Climate Change Preparedness Efforts in the
Water and Wastewater Sector
Table 3 provides a summary of existing efforts and gaps in the water and wastewater sector climate
change preparedness efforts. The table lists the existing vulnerabilities of various assets in the energy
sector to climate change variables, along with an identification of whether climate change preparedness
efforts are in place to address these vulnerabilities, as well as a qualitative rating of the level of those
climate change preparedness efforts.
The major gap lies in considering climate change impacts in water and wastewater infrastructure
upgrades. Treatment plants, as an infrastructure unit, will be more and more subject to flooding as sea
level rises. Conveyance structures will experience increased wear and tear from more frequent and
intense storms and storm surges. Underground pipes in coastal areas will be subjected to corrosive
saltwater and backflow. Gravity-fed networks may require new or increased pumping mechanisms, as
sea level rises. These infrastructure “hardware” concerns are largely unaddressed by policy and
programmed efforts, representing the major gap in the sector’s regional climate change preparedness.
Table 3: Level of Climate Change Preparedness Efforts in the Water and Wastewater Sector

Climate Change
Variable

Level of
Regional

Existing
Climate
Change
Preparedness
Efforts?

Climate
Change
Preparedness

Yes

Medium

Assets/Services Affected

Nature of Impact

Wastewater treatment plant
and collection infrastructure;
water supply plant and delivery
infrastructure (e.g. pumps,
pipes)

- Permanent or temporary inundation of
coastal, low-lying treatment plants

Freshwater Aquifers

- Sea level rise-induced saltwater intrusion
into coastal freshwater aquifers

No

None, but
Parallel Efforts
Exist

Stormwater infrastructure

- Loss of stormwater infrastructure capacity
near the coast (impairment of gravity-fed
systems)

No

None

Storm events

Stormwater infrastructure

- Increased turbidity and debris can tax
and/or damage stormwater infrastructure

No

None, but
Parallel Efforts
Exist

Warmer Average
Temperatures, Extreme
Heat Events, and
Precipitation Changes
(Annual and Seasonal)

Wastewater treatment systems

- Lower flows, and higher concentrations of
water pollutants will require additional
treatment processes in treatment plants

No

None

Water treatment systems

- Overall drier conditions, due to increased
evaporation rates will increase demand for
water and require additional water
treatment

No

None, but
Parallel Efforts
Exist

Groundwater Aquifers

- Warmer temperatures and shifts in
seasonal precipitation, may result in lower
flows, increased water demand and
increased withdrawal from aquifers

No

None, but
Parallel Efforts
Exist

Sea Level Rise and
Storm Surge

Water and Wastewater Infrastructure Sector

- Inundation of below-ground pipes with
corrosive saltwater
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ECONOMIC CONSEQUENCES
METHODOLOGY (DETAILED)

Silicon Valley 2.0 Climate Adaptation Guidebook

Economic Consequences Detailed Methodology
The economic consequences analysis for the SV2.0 Guidebook estimates the economic impacts
associated with the temporary or permanent loss or impairment of assets due to climate change in
Santa Clara County. The analysis estimates the economic consequences in order of magnitude under a
mid-century (2050) climate change scenario in which no adaptive measures have been taken. This
appendix explains the data sources and assumptions used for estimating the economic consequences of
climate variables for the Silicon Valley 2.0 assets. The economic consequences criteria for this analysis
include replacement cost, loss of fiscal revenue, change in operational cost, and interruption of
economic activity for select assets. For more information on the framework of the analysis, please see
Chapter 2.

REPLACEMENT COSTS
Replacement cost is the economic loss of the asset itself represented by the cost to replace the asset or
parts of an asset. Replacement costs were estimated using the best available data. For information on
the data sources used, please see the asset-specific sections below. Once a replacement cost was
identified, a sensitivity factor of 1 or 0 was applied to the asset’s replacement cost based on its
sensitivity rating. If an asset was rated with no or low sensitivity to a climate variable, even if it is
exposed to that variable, it is unlikely to experience damage or impairment. In that case, it was given a
sensitivity factor of 0 and thus does not have any replacement costs. If an asset has moderate or high
sensitivity to a climate variable, it is more likely to experience impairment if exposed. In that case, a
sensitivity factor of 1 is applied to the replacement cost. Please see Appendix C for full description of
asset sensitivity rating.
Then, a damage factor for each climate variable was applied to the replacement cost to approximate the
extent of damage from a given climate variable. For example, in general, a wildfire results in more
extensive damage to a building than low velocity storm surge. As such, in this analysis, the damage
factor for wildfire is higher than storm surge. With a damage factor of 1, it is assumed that the asset is
damaged enough to require full replacement. With a damage factor of 0.5, it is assumed that the asset is
damaged such that repairs will cost half of the asset’s replacement value, and so on. The damage factors
are rough order of magnitude estimates and are not intended to be precise due to wide variance in
potential damage sustained according to particular characteristics of an asset, site, and climate event. In
general, this analysis based damage factor on a worst case scenario assessment (i.e. very hot and fast
moving wildfire as opposed to a slow moving fire) when generating damage factors.

Buildings + Properties
The replacement cost of buildings is based on the improved value as assessed from the Santa Clara
County Assessors Database. For sea level rise, the replacement value also includes the assessed value of
the land (i.e. property), since it is permanently inundated. There is a limitation to using assessed value to
estimate replacement costs. Proposition 13 (1978) restricts annual increases in the assessed value of
property to an inflation factor, not to exceed 2% per year. In short, Proposition 13 results in an
underestimate of assessed value, especially when a given property has not been sold for a long period of
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time. As a result, total assessed value is likely lower than actual replacement costs. Decision makers may
prefer to use the square footages of vulnerable land uses provided in the Decision Support Tool to
generate estimates of replacement costs based on local knowledge of the given jurisdiction’s real estate
market.
Table 1 shows the sensitivity and damage factors applied to buildings replacement costs. A damage
factor of .75 was applied for buildings exposed to storm surge with the assumption that a low velocity
storm surge, as most likely to be experienced in the South Bay, would likely not result in complete
damage of the building.
Table 1: Buildings Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

High

Moderate

Sensitivity Factor

1

1

1

1

1

Damage Factor

1

0.75

1

1

0

Table 2 shows the sensitivity and damage factors applied to properties. As previously described, it was
assumed that permanent inundation from sea level rise could result in full loss of a property. It should
be noted, that in some cases, severe erosion from riverine flooding or landslides following wildfire and
heavy precipitation, could also result in some loss of property. This is especially the case when the given
property is identified in a revised flood plain and can no longer obtain flood insurance. The result would
be limited access to traditional financing (e.g. 30-year mortgage). However, those secondary impacts
from climate variables were not included in this analysis.
Table 2: Properties Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

Moderate

Not sensitive

Not sensitive

Sensitivity Factor

1

1

1

0

0

Damage Factor

1

0

0

0

0

Roads (Highways)
Highway replacement costs were provided by AECOM transportation planners according to highway
size.
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Table 2: Roads (Highways) Replacement Costs
HIGHWAY SIZE

APPROXIMATE COST PER MILE

12 lane freeway

$23,000,000

10 lane freeway

$20,000,000

8 lane freeway

$18,000,000

6 lane freeway

$15,900,000

4 lane freeway

$12,700,000

Highway

$12,700,000

4-Lane Separated Arterial

$7,500,000

4-Lane Unseparated Arterial

$5,000,000

Sources: AECOM project database; Caltrans 2009 unit cost information updated to 2013

Table 3 shows the sensitivity and damage factors applied to roads (highways). It was assumed that a low
velocity storm surge as experienced in the South Bay would result in minor damage to roadways.
However, it was assumed that riverine flooding could result in significant road damage due to ground
instability and erosion. Permanent inundation from sea level rise would also result in complete loss of
the asset.
Table 3: Roads (Highways) Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

Low

Low/Moderate

Sensitivity Factor

1

1

1

0

0

Damage Factor

1

0.1

1

0

0

Local Roads, Pathways, and Bikeways
Costs for roads were provided by AECOM transportation planners. Cost for pathways and bikeways were
obtained from the Pedestrian and Bicycle Information Center. 1

1

http://katana.hsrc.unc.edu/cms/downloads/Countermeasure_Costs_Summary_Oct2013.pdf
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Table 4: Replacement Costs for Roads, Pathways, and Bikeways
ROAD, PATHWAY, BIKEWAY
TYPE

APPROXIMATE COST PER MILE

Local

$3,000,000

Class 1

$650,000

Class 2

$70,000

Class 3

$10,000

Paved Pathway

$480,000

Paved Pathways

$480,000

Paved Road

$480,000

Paved Trail

$480,000

Service Road

$480,000

Unpaved Road

$120,000

Unpaved Trail

$120,000

Sources: Pedestrian and Bicycle Center, 2013; http://www.ci.dublin.ca.us/DocumentCenter/Home/View/433

Table 5 shows the sensitivity and damage factors applied to road, bikeways, and pathways. Like
highways, it was assumed that a low velocity storm surge as experienced in the South Bay would result
in minor damage to roadways. However, it was assumed that riverine flooding could result in significant
road damage due to ground instability and erosion. This is based on flooding precedents where the
riverine flooding result in major damage to transportation infrastructure, such as flooding in Boulder
County, Colorado in 2013 and flooding from Hurricane Irene in Vermont in 2011. Even in Santa Clara
County, there is a history of road damage from flooding, such as the flooding of Calabazas Creek in 1998
that resulting in $750,000 of road and bridge damage. 2 Permanent inundation from sea level rise would
also result in complete loss of the road asset.

Table 5: Local Roads, Pathways, and Bikeways Sensitivity and Damage Factors

2

SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

Low

Low/Moderate

Sensitivity Factor

1

1

1

0

0

Damage Factor

1

0.1

1

0

0

http://www.scvwd.dst.ca.us/Services/Flood_Protection/Flood_Reports/1998_Flood_Report.aspx
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Heavy Rail and Light Rail (Tracks)
Replacement costs for heavy rail were estimated at $15 million per mile 3 and light rail tracks were
estimated at $50 million per mile. 4
Table 6 shows the sensitivity and damage factors for heavy and light rail. It was assumed that sea level
rise would result in full loss of the asset due to permanent inundation. For riverine flooding, it was
assumed that high velocity water flow and ground instability could result in full loss of the asset. For a
low velocity storm surge, it was assumed that only electrical switches would be damaged, but rails and
foundation would remain intact. For extreme heat, it was assumed that rails would be damaged due to
buckling (‘sun kinks’), but the foundation would not be damaged.
Table 6: Heavy and Light Rail (Tracks) Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

Low

High/low

Sensitivity Factor

1

1

1

0

1

Damage Factor

1

0.1

1

0

0.5

Airport Runway
Replacement costs at commercial airports (San Jose and Moffett) were estimated at $22 per square
foot. Replacement costs for general aviation airports (Palo Alto and County) were estimated at $18 per
square foot. 5
Table 7 shows the sensitivity and damage factors for heavy and light rail. It was assumed that sea level
rise would result in full loss of the asset due to permanent inundation. For riverine flooding, it was
assumed that high velocity water flow and ground instability could result in full loss of the asset. For a
low velocity storm surge, it was assumed that the runway would remain intact.
Table 7: Airport Runway Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

Low

Moderate/Not
sensitive

Sensitivity Factor

1

1

1

0

0

Damage Factor

1

0.1

1

0

0

3

Source: State Rail Plan
AECOM Transportation, Tasman Drive VTA Project
5
http://www.dot.state.fl.us/planning/policy/costs/Airports.pdf
4
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Energy Generation Station
Energy generation station replacement costs were estimated at $973,000 per MW based on natural gas
conventional combustion turbine cost estimates from the Energy Information Administration. 6 This
turbine type was selected because it is a common technology in Santa Clara County.
Table 8 shows the sensitivity and damage factors for generation stations. It was assumed that
permanent inundation from sea level rise would require full replacement/relocation of the asset due to
extensive damage and lack of access. The replacement cost assessment assumed that riverine flooding
and storm surge could cause enough damage to require full replacement. Although generation stations
are sensitive to extreme heat, it was assumed that plant operators would shut down operations before
high temperatures would damage components.
Table 8: Generation Station Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

Not
sensitive

High/Low depending
on threshold

Sensitivity Factor

1

1

1

0

1

Damage Factor

1

1

1

0

0

Substation
Substation replacement costs were estimated at $14.7 million per unit based on PG&E’s 2014 Per Unit
Cost Guide submitted to the California Independent System Operator (CAISO). 7 This estimate was
calculated by averaging the costs of PG&E’s various distribution station sizes. It is assumed that the
substations owned by other utilities in the County have similar values.
Table 9 shows sensitivity and damage factors for substations. It was assumed that sea level rise, storm
surge, and riverine flooding could damage electrical components enough to require full replacement.
Although substations are sensitive to extreme heat, it was assumed that plant operators would shut
down operations before high temperatures would damage components. As such, extreme heat could
result in operational costs rather than replacement costs.

6
7

http://www.eia.gov/forecasts/capitalcost/
http://www.caiso.com/Documents/PGE-2014ProposedPerUnitCostGuide.xls
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Table 9: Substation Sensitivity and Damage Factors
SEA LEVEL RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

High

High/Low
depending on
threshold

Sensitivity Factor

1

1

1

1

1

Damage Factor

1

1

1

1

0

Transmission Infrastructure
Transmission infrastructure replacement costs were estimated at $2.5 million per mile based on PG&E’s
2014 Per Unit Cost Guide submitted to CAISO. 8 As a conservative approach, the cost was calculated
with low impact factors for population density and line length, and a medium impact factor for terrain
(hilly) given that transmission infrastructure that is vulnerable to wildfire is likely located in hilly terrain.
Table 10 shows sensitivity and damage factors for transmission infrastructure. It was assumed that aerial
transmission lines are not sensitive to flooding from sea level rise, storm surge, or riverine flooding, but
the towers could sustain minor damage. Unlike communication towers, transmission towers do not have
ground-level equipment. For extreme heat, although transmission lines are sensitive, it was assumed
that the system operator could reduce or re-route power transmission to avoid physical damage to the
lines. As a result of those actions, extreme heat could result in brownouts/blackouts leading to
interruption of economic activity costs rather than replacement costs.
Table 10: Transmission Infrastructure Sensitivity and Damage Factors
SEA LEVEL RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

Low

Low

Moderate

High

Low/Moderate
depending on
threshold

Sensitivity Factor

1

1

1

1

1

Damage Factor

0.1

0.1

0.1

1

0

8

Ibid.
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Communication Towers
Communication towers replacement costs were estimated at $385,000 per unit based on PGE’s 2014 Per
Unit Cost Guide submitted to CAISO. 9 This cost was estimated by averaging the costs of a 100 foot
tower and a 120 foot tower.
Table 11 shows sensitivity and damage factors for communication towers. It was assumed that storm
surge and riverine flooding would result in damage to electrical equipment located at ground level. It
was assumed that permanent inundation from sea level rise would result in not only damage to ground
level equipment, but loss of access for personnel, thus requiring relocation of the tower. 10 It should be
noted that currently there are no communication towers located in areas potentially exposed to sea
level rise or storm surge.
Table 11: Communication Tower Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

Moderate

Moderate

Moderate

High

Low

Sensitivity Factor

1

1

1

1

0

Damage Factor

1

.25

.25

1

0

Wastewater Treatment Plants
Wastewater treatment plant replacement costs were provided by AECOM Water engineers. This analysis
conservatively used replacement costs for new site construction for sea level rise under the assumption
that relocation would be necessary due to permanent inundation. However, this estimate is
conservative (low) because it does not include the cost of acquiring land and any new pumping and
conveyance facilities need to reach the new site. This analysis uses replacement costs for existing site
construction for riverine flooding and storm surge. Replacement at an existing site can be more
expensive due to demolition and construction while wastewater remains treated at the site. Unit costs
were based on typical plants in the San Francisco Bay Area, including regional construction costs and
technologies deployed.

9

Ibid.
http://www.unisonsite.com/pdf/resource-center/How%20Towers%20Work.pdf

10
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Table 12: Estimates for Wastewater Treatment Plant Replacement Costs
PLANT
CAPACITY
IN MGD

PER UNIT
REPLACEMENT
COST, NEW
SITE, $/MGD

APPROXIMATE
REPLACEMENT
COSTS, NEW
SITE (SLR)

PLANT NAME
Gilroy Wastewater
Treatment Plant

7.5

$11,000,000

$82,500,000

San Jose-Santa Clara
Water Pollution
Control Plant

110

$7,000,000

Sunnyvale Industrial
Wastewater
Treatment Plant

29.5

Regional Water
Quality Control Plant
(City of Palo Alto)

22

PER UNIT
REPLACEMENT
COST WITH
DEMOLITION
AND
TEMPORARY
CONSTRUCTION,
$/MGD

APPROXIMATE
REPLACEMENT
COSTS,
EXISTING SITE
(RIVERINE
FLOODING AND
STORM SURGE)

14,000,000

$105,000,000

$770,000,000

9,000,000

$990,000,000

$8,000,000

$236,000,000

10,000,000

$295,000,000

$ 9,000,000

$198,000,000

11,000,000

$242,000,000

Source: AECOM Water, 2014

Table 13 shows sensitivity and damage factors for Wastewater Treatment Plants. It was assumed that
permanent inundation from sea level rise would require full replacement and relocation of the plant. It
was assumed that riverine flooding and storm surge could result in extensive damage of up to 0.5 times
the full replacement cost.
Table 13: Wastewater Treatment Plant Sensitivity and Damage Factors
SEA LEVEL
RISE

STORM SURGE
(ONLY)

RIVERINE
FLOODING

WILDFIRE

EXTREME HEAT

Sensitivity Rating

High

High

High

Not
Sensitive

Low

Sensitivity Factor

1

1

1

0

0

Damage Factor

1

0.5

0.5

0

0

OPERATIONAL COSTS
Building energy use calculation
The increase in residential building energy costs was calculated using a methodology described within
the "Climate-Driven Increases in Residential Electricity Demand" study published by the California
Energy Commission. The Study provides estimates of the increase in household cooling energy
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consumption per square foot for different locations within the county. Estimates are provided for midand late-century and for the A2 and B1 emission scenarios. AECOM identified values for each jurisdiction
in Santa Clara County. These values were multiplied by the base year average residential electricity use
per square foot for homes within the PG&E service area. The base year data was obtained from the
2009 California Residential Appliance Saturation Survey. Next Santa Clara County Assessor data was
used to determine total residential building square footage per jurisdiction. The estimate of increased
energy use per square foot was multiplied by the square footage in each jurisdiction. This provides total
increase in energy use for each jurisdiction in kWh. These values were multiplied by the average cost per
kWh for residential electricity. Aggregating the cost per jurisdiction provides the total countywide cost
for each horizon year and scenario.

LOSS OF FISCAL REVENUE
This analysis only estimated the loss of local property and sales tax revenue and does not include other
revenues that could also be lost through climate change, such as transient occupancy tax (hotel tax),
franchise fee revenue, property transfer tax, and other fees and services that are driven by a local
service population As such, this analysis estimates only a portion of potential fiscal revenue loss to Santa
Clara County and its incorporated cities.

Property Tax
Property is taxed at a 1% basis based on the assessed value of real property. However, the county and
incorporated cities do not receive the full amount of that 1% property tax assessment. Rather, it is
distributed by state law among the school districts, county, cities, and special districts or agencies in the
county from which the tax was collected. According to the Santa Clara County Controllers Office, the
County receives 18% of the 1% property tax assessment (including property tax in-lieu of vehicle license
fees, or VLF) and the cities on average receive 13% (including VLF) of the 1% property tax assessment. 11
For Santa Clara County, property tax revenue loss was estimated at .18% of the improved value of a
parcel impacted by a climate variable. For parcels permanently inundated by sea level rise, a loss of .18%
of the land value was also included, because the land would no longer be usable. For incorporated cities,
property tax loss was estimated at .13% of the improved value of a parcel impacted by a climate
variable. For parcels permanently inundated by sea level rise, a loss of .13% of the land value was also
included.

SALES TAX
The following process was undertaken to estimate sales tax losses:

11

Property Tax System Overview - County of Santa Clara, Santa Clara County Controller- Treasurer’s Office.
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCAQFjAA&url=http%3A%2F%2Fw
ww.sccgov.org%2Fsites%2Ffin%2FControllerTreasurer%2520Department%2FProperty%2520Tax%2520Apportionment%2FDocuments%2FProperty%2520Tax%
2520Refresher%2520Workshop.pptx&ei=Zi6jVMGXPJOeyQTluoGoAw&usg=AFQjCNGTCLAN9jdYLQ4tVmYMQ_-qllFwg&bvm=bv.82001339,d.aWw&cad=rja
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1. An inventory was taken of built area for retail land uses, including store-based retailers, hotel and
entertainment uses, and certain wholesalers (lumber dealers and general wholesalers/ warehouses)
for each city within Santa Clara County.
2. Using 2012 State Board of Equalization (BOE) data, taxable sales was estimated at retail/food outlets
and other establishments associated with the land use categories above for each city within Santa
Clara County. To estimate taxable sales at non-retail and food establishments, the share of nonretail food outlet shares was calculated attributable to the industry categories of entertainment,
accommodation, and wholesale trade. 12
3. The ratio of taxable sales per square meter of retail/wholesale/entertainment built area specific to
each city was calculated.
4. The tax rates of each city were applied to derive the sales tax impact per square foot of built
retail/wholesale/entertainment area.
5. These ratios were incorporated into the tool as a GIS layer. The sales tax impact is calculated by
multiplying the square footage of impacted built assets times the ratio of local sales taxes per
square foot of built space specific to the city where the assets are located.

INTERRUPTION OF ECONOMIC ACTIVITY (IEA)
Highways
The IEA for highways was calculated by adding the cost of passenger delay and the cost of truck delay
due to highway closure resulting from a climate impact. The average daily trips (ADT) of each segment of
highway were provided by the Caltrans STAG database. The ADT was divided into a proportion
passenger vehicles trips (.88) and a proportion of trucks trips (.12) based on the EMFAC Model for Santa
Clara County. 13 The number of passenger vehicles was multiplied by the average vehicle occupancy
(1.55) 14 to arrive at the number of passengers. The additional travel time per passenger was estimated
at 30 minutes based on a review of travel delays after freeway closures after the Northridge
Earthquake. 15 Passenger time was valued at $16.75 per hour, or 50% of the hourly median household
income 16 based on DOT guidance 17, using a conservative assumption that passenger vehicle trips are
personal or commute trips, not business. Truck time was valued at $65.30 per hour based on the hourly
costs for a truck based on study by the American Transportation Research Institute. 18 For passenger
vehicles it was conservatively assumed that 50% would develop alternative schedules or workarounds to
12

Taxable sales at wholesale establishments may occur at establishments designated by additional land uses than those
selected above. A more detailed analysis of where taxable sales occur by land use could improve future iterations of the tool.
Likewise, the tool does not currently calculate the impact of other non-retail taxable sales (for example, taxable sales generated
by manufacturers). While retail and wholesale sales constitute the vast majority of taxable sales in the county, an accounting of
business-to-business taxable retail sales for each industry could later be incorporated into the tool using essentially the same
process described above. The data is available from the California Board of Equalizer; all that is required is to associate these
sales with a particular land use.
13
EMFAC is California’s model for estimating emissions from on road vehicles operating in California.
14
http://nhts.ornl.gov/tables09/fatcat/2009/avo_TRPTRANS_WHYTRP1S.html
15
http://www.uctc.net/papers/341.pdf
16
http://www.bls.gov/regions/west/news-release/occupationalemploymentandwages_sanjose.htm.
17
http://www.dot.gov/sites/dot.gov/files/docs/USDOT%20VOT%20Guidance%202014.pdf
18

http://truckexec.typepad.com/files/atri-operational-costs-of-trucking-2013-final.pdf
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avoid the delay. For trucks, it was assumed that 30% would be able to develop an alternative or
workaround.
It was assumed that the highway would remain closed for one year due to sea level rise, because daily
inundation would make repair impossible. Instead full reconstruction or relocation would be needed.
For storm surge, it was assumed that a low velocity storm surge would cause inundation without
extensive damage, resulting in a closure of seven days. For riverine flooding, it was assumed that for a
100-year event, there would be major damage that would require significant reconstruction, resulting in
closure for 60 days.

Heavy Passenger Rail
Average daily trips per segment of Caltrain, 19 Capital Corridor, 20 and Altamont Corridor Express 21 were
calculated based on the number of passengers boarding and alighting per station. It was assumed that if
a track were damaged by a climate impact, the train operator would set up a shuttle bus replacement
that would add an additional 30 minutes to the travel time. Passenger time was valued at $16.75 per
hour, or 50% of the hourly median household income 22 based on DOT guidance 23, using a conservative
assumption that train trips are personal or commute trips. It was conservatively assumed that 50% of
passengers would be able to develop an alternative schedule or workaround to avoid the delay.
It was assumed that tracks would remain closed for one year due to sea level rise, as daily inundation
would make repair impossible. Instead, the track would need to be fully reconstructed or relocated. It
was assumed that a low velocity storm surge would not cause extensive damage and the tracks would
be closed for one day. It was assumed that 100-year riverine flood would result in major damage that
would require seven days to repair. For buckled rail from extreme heat, it was assumed that the track
would be repaired in one day.

Airport
IEA was only calculated for San Jose Airport. Palo Alto only serves small aircraft that have a limited
impact on economic activity. Insufficient data was available to value Moffett Federal Airfield’s
contribution of economic activity.
The IEA for a closure of San Jose Airport was based on the travel delay for business and personal
travelers. Based on the National Household Travel Survey, it was assumed that of the 24,000 daily
passengers at San Jose Airport, 24 40 percent are business and 60 percent are personal. 25 The value of
time for business travelers was assumed to be $33.5 an hour based on 100% of the hourly median

19

http://www.caltrain.com/Assets/_MarketDevelopment/pdf/2014+Annual+Passenger+Count+Key+Findings.pdf
https://www.sanjoseca.gov/DocumentCenter/View/1619
21
https://www.sanjoseca.gov/DocumentCenter/View/1619
22
http://www.bls.gov/regions/west/news-release/occupationalemploymentandwages_sanjose.htm.
23
http://www.dot.gov/sites/dot.gov/files/docs/USDOT%20VOT%20Guidance%202014.pdf
24
http://www.flysanjose.com/fl/about/newsroom/AirportStats.pdf
25
https://ntl.custhelp.com/app/answers/detail/a_id/252/~/percentage-of-air-travel-for-business-vs-otherpurposes
20
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household income 26 based on DOT guidance. 27 The value of time for personal travelers was assumed to
be $23.5, or 70% of median household income for the region, based on DOT guidance. 28 This value is
different than rail and highway because air travel is a relatively high cost mode and air travelers tend to
have higher incomes than travelers on surface modes. It was conservatively assumed that five percent
of passengers would be able to find an alternative, perhaps flying into SFO or OAK. This calculation does
not account for delays that could ripple out across the air transportation system due to the airport
closure. San Jose Airport is at risk of riverine flooding and it was conservatively assumed that the runway
would remain closed for one day.

Buildings
IEA for buildings is based on an estimation of number of affected employees that work in buildings
damaged by a climate impact. To arrive at the number of affected employees, a ratio of square feet per
employee for different land uses was applied to the square footage of buildings damaged by climate
variables (see table 13). It was assumed that each employee contributes approximately $200,000 to GDP
annually; based on the region’s GDP 29 divided by the region’s total number of jobs. 30 It was
conservatively assumed that buildings would remain closed for six months for rebuilding after being
permanently damaged by sea level rise, riverine flooding, or wildfire. Closure time for repair from storm
surge was assumed to be 4.5 months due to less damage produced by a low velocity storm surge. Many
factors can influence rebuilding time, including the size and complexity of the building, insurance, and
federal aid. This analysis uses only a rough order of magnitude estimate for commercial buildings. It was
also conservatively assumed that during the rebuilding period, 50% of employees would be able to
relocate to another building in the County and continue to work from that alternative location.
Table 13: Employment Density Assumptions
LAND USE

SQUARE FEET PER
EMPLOYEE

Utilities

333

Retail

500

Industrial

1,000

Commercial

333

Institutional

333

Sources: LEHD On the Map, Santa Clara County Assessors Database, City of Santa Clara General Plan

Wastewater Treatment Plants
IEA for wastewater treatment plants was conservatively assumed as the revenue per day (annual user
fee revenue divided by 365) of the wastewater management system. This is a conservative approach
and does not account for environmental damage or fines, which would require engineering site
26

http://www.bls.gov/regions/west/news-release/occupationalemploymentandwages_sanjose.htm.
http://www.dot.gov/sites/dot.gov/files/docs/USDOT%20VOT%20Guidance%202014.pdf
28
Ibid.
29
http://www.bea.gov/iTable/iTable.cfm?reqid=70&step=1&isuri=1&acrdn=2#reqid=70&step=1&isuri=1
30
http://www.labormarketinfo.edd.ca.gov/msa/sjose.html#IND
27
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assessments to estimate. For sea level rise, it was assumed the plant would remain closed for one year,
as daily inundation would be repair impossible. Instead, the plant would need to be reconstructed or
relocated. For storm surge and riverine flooding, based on review of past incidents of flooding and
discussions with AECOM engineers, it was conservatively assumed that it would take seven days to
restore operations of the plant. Due to the criticality of wastewater treatment plants, restoration tends
to be a top priority, around-the-clock effort.
Table 14: Wastewater Treatment Plant Approximate Daily Revenue
PLANT NAME

APPROXIMATE DAILY
REVENUE

Gilroy Wastewater Treatment Plant

$50,000

San Jose-Santa Clara Water Pollution Control Plant

$360,000

Sunnyvale Industrial Wastewater Treatment Plant

$70,000

Palo Alto Regional Water Quality Control Plant

$100,000

31
32

33
34

OVERVIEW OF CASE STUDIES ON ECONOMIC CONSEQUENCES OF EXTEME HEAT EVENTS
A. The City of Melbourne, Australia produced a study on the business impacts of a January 2014 heat
wave. The study estimated that the heat wave results in a loss in business revenue of at least $37 million
with retail and food and beverage sectors being the hardest hit.
City of Melbourne, 2014. “A Quantitative Research Report on: 2014 Heatwaves Business Impacts- Social
Research.” http://www.melbourne.vic.gov.au/Sustainability/AdaptingClimateChange/Documents/Econo
mic_Impacts_Heat_Wave_Businesses_2014.PDF
B. In a study for the City of Melbourne, Australia, AECOM assessed the economic impacts of the urban
heat island effect. The study estimated the total economic cost to the community due to hot weather to
be approximately $1.8 billion in present value terms. Approximately one-third of these impacts are due
to heatwaves. Of the total heat impact, the Urban Heat Island effect contributes approximately $300
million in present value terms. This study also assessed impacts on several sectors, included health,
transport, energy, anti-social behavior, trees and animals, and major events.
AECOM, 2012. “Economic Assessment of the Urban Heat Island Affect.” Prepared for the City of
Melbourne.”

31

Gilroy Sewer User Fees: http://www.cityofgilroy.org/cityofgilroy_files/city_hall/finance/fy1415/UpdatedFinalBudgetBinderDocsFY14-15-4-19-13.pdf and Morgan Hill Sewer User Fees: http://camorganhill.civicplus.com/DocumentCenter/View/12568
32
http://www.sanjoseca.gov/DocumentCenter/View/36415
33
http://sunnyvale.ca.gov/Portals/0/Sunnyvale/FIN/FY%2014-15a%20Vol%20I%20-%20Part%20II__VF.pdf
34
http://www.cityofpaloalto.org/civicax/filebank/documents/43341
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C. The Risky Business Project produced an analysis that includes a chapter on labor productivity. It bases
its analysis on a “time use study” and concludes that heat related losses of labor productivity in 2050
and 2090 in the United States would be the largest actual economic costs of climate change —
amounting to approximately 0.2 percent of GDP in 2050. The cost for the US in 2050 at 0.2 percent of a
GDP — that year estimated at US$ 38 trillion — can be calculated to US$76 billion per year.
Rhodium Group, October 2014, “American Climate Prospectus, Economic Risks in the United States”
Prepared as an input to the Risky Business Project, http://rhg.com/wpcontent/uploads/2014/10/AmericanClimateProspectus_v1.2.pdf

Other resources:
City of Melbourne, 2015.” Heatwaves and days of extreme heat.” Accessed April 10,
2015. http://www.melbourne.vic.gov.au/Sustainability/AdaptingClimateChange/Pages/Heatwaves.aspx
Luckerson, Victor, 2012. “How the Heat Wave’s Affecting Your Wallet, Your Food, and Your Holiday
Weekend.” TIME Magazine. http://business.time.com/2012/07/03/how-the-heat-waves-affecting-yourwallet-your-food-and-your-4th-of-july-plans-2/
UK Environment Agency, “Climate Ready. BACLIAT: Business Areas Climate Impacts Assessment
Tool.” http://climateuk.net/sites/default/files/BACLIAT_0.pdf
PriceWaterhouseCoopers Australia, 2011. “Protecting Human Health and Safety during Severe and
Extreme Heat Events – A National Framework.” Prepared for Commonwealth
Government. http://www.pwc.com.au/industry/government/assets/extreme-heat-events-nov11.pdf
Met Office, 2015. “The heatwave of 2003.” Accessed April 20,
2015. http://www.metoffice.gov.uk/learning/learn-about-the-weather/weather-phenomena/casestudies/heatwave
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Heat-Related Vulnerability Assessment for Santa Clara County
The following memorandum outlines an approach to assess the heat-related vulnerability of residents in
Santa Clara County. The memo proposes a series of variables to include in the vulnerability assessment,
a methodology to combine the variables, a sample of the data output from the model, and number of
suggested uses for the data and information. At the conclusion of the memo, there are additional issues
for discussion.
While this memorandum focuses on heat-related vulnerability, a similar approach may be used to create
a vulnerability index for changes in air quality.

Vulnerability Assessment
Understanding how place contributes to differing levels of climate change vulnerability and risk may
help identify potential areas for interventions and further analysis. This vulnerability assessment draws
on the existing literature on the health impacts of climate change to develop a methodology that
illustrates the geographic distribution of vulnerability in Santa Clara County. Spatial analysis will be
incorporated into the decision-making tool being developed as part of the Silicon Valley 2.0 project.
The proposed assessment is intended to explore the intersection between the susceptibility of different
populations to changes in climate variables and the ability of those populations to adapt to climate
change. Combined, these variables yield a snapshot of vulnerability to climate change. The purpose of
the vulnerability assessment is not to understand climate change risk. It does not incorporate changes in
climate variables to measure exposure or estimate the consequences of that interaction.

Heat Vulnerability Index
The purpose of the heat vulnerability index is to identity areas in Santa Clara County which may
experience greater impacts from climate change. As proposed, the heat vulnerability index would
compare the social, health, and environmental conditions of one place to another. The index would
standardize demographic and socio-economic variables, health conditions, land cover, and housing
characteristics, and then combine them together, with lower values representing the lowest
vulnerability and higher values representing the highest vulnerability. Vulnerability assessment scores
would be re-classified based on the number of standard deviations from the mean.

Data Variables and Methodology
Table 1 lists the proposed vulnerability factors, the data sources, and geographic scales of the datasets
to be included in the analysis. These variables have been demonstrated to have a relationship between
heat and health outcomes, and as a result, they are included in the analysis. The selection of variables
also takes into account the relative availability of datasets.
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Table 1: Heat-related Vulnerability Data

Category

Demographic and Socioeconomic Conditions

Health Conditions

Variable

Source

Geographic Scale

Percentage of the population age
65 and over
Percentage of the population age
5 and under
Population density
Percentage of the population of a
race other than white
Percentage of the population in
linguistically-isolated households
Percentage of the population
with an income less than 200% of
the Federal Poverty Level
Percentage of the population
living alone
Percentage of the population
living alone age 65 and over
Percentage of the population
living alone in a rural area age 65
and over
Percentage of households
without access to an automobile
Percentage of the population
with less than a high school
degree
Rate of hospitalizations for heart
disease per 100,000

U.S. Census (2010), SF1

Census tract

U.S. Census (2010), SF1

Census tract

U.S. Census (2010), SF1
U.S. Census (2010), SF1

Census tract
Census tract

U.S. Census (2009), ACS 5year estimate
U.S. Census (2010), ACS 5year estimate

Census tract

U.S. Census (2010), SF1

Census tract

U.S. Census (2010), SF1

Census tract

U.S. Census (2010), SF1

Census tract

U.S. Census (2010), ACS 5year estimate
U.S. Census (2010), ACS 5year estimate

Census tract

Office of Statewide Health
Planning & Development
(2010)
Office of Statewide Health
Planning & Development
(2007-2010)
Office of Statewide Health
Planning & Development
(2007-2010)
National Land Cover Data
(2007)
Residential Appliance
Saturation Survey (2009)

Zip code

Rate of hospitalizations for
asthma per 100,000
Rate of diabetes hospitalizations
per 100,000
Land Cover

Percentage of a census tract not
covered by vegetation
Percentage of households
without any air conditioning

Air Conditioning

Census tract

Census tract

Zip code
Zip code
Census tract
Zip code

Variables will be standardized by transforming the data into z-scores with a mean of zero and a standard
deviation of one. High z-score values will correspond with higher vulnerability. This data transformation
would be necessary in order to cmpare each value along a relative range of the variable. To calculate the
z-score, the following equation will be used:

where:

•
•

μ is the mean of the variable;
σ is the standard deviation of the variable.
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To some degree, it is expected that most of the variables included in the analysis will correlate with
other variables. A correlation analysis will be performed on the standardized z-scores to determine the
degree of correlation between individual variables in order to remove highly correlated variables.
Principal component analysis (PCA) will then be used to find underlying components that explain the
correlations and variability among the variables chosen for the analysis. The PCA will transform
correlated variables into a smaller number of uncorrelated variables. These components will be added
together to create a composite vulnerability index.
After creating the composite vulnerability index, it is expected that the vulnerability index will be restandardized for ease of use. Each value will be standardized to range from 0 to 100, with 0 representing
the lowest vulnerability and 100 representing the highest vulnerability. The equation (x – min)/(maxmin) would be used to transform values where a higher value equates to higher vulnerability. The
geographic scale of the vulnerability analysis would be the census tract.

Vulnerability Assessment Results
The vulnerability assessment would yield a heat-related vulnerability assessment score classified by the
number of standard deviations from the mean. Population data would be cross-tabulated with the
vulnerability assessment data to understand the number of people, the number of children under age 5,
the number of people age 65 and over, and the non-white population within the highest vulnerability
areas. Table 2 shows the expected vulnerability assessment output for each geography.
Table 2: Demographic and Socio-Economic Characteristics by Vulnerability Score

Vulnerability Score
Classified by Quintile
Percentile (0-20%)
20%-40%
40%-60%
60%-80%
80%-100%

Vulnerability
Rank
1 (very low)
2 (low)
3 (moderate)
4 (high)
5 (very high)

Total
Population

Population Age 5
and Under

Population Age
65 and Over

Other
Variables

Along with an assessment of the demographic and socio-economic characteristics by vulnerability score,
the location of cooling centers and / or public facilities can be overlain on the vulnerability analysis in
order to understand the spatial relationship between vulnerability and cooling centers.
Like the summary illustrated in Table 2, the demographic characteristics and socio-economic conditions
for the areas with high vulnerability can be calculated based on distance from the facilities (walking
distance, 1-mile, and 5-mile).

Uses for the Analysis
The heat-related vulnerability assessment for Santa Clara County can be used in a variety of different
ways. First, the assessment can be used to help key stakeholders gain a better understanding of the
spatial patterns of heat-vulnerability. Second, the vulnerability assessment can contribute to decisionmaking related to the allocation of resources to the most vulnerable neighborhoods. Third, in these
vulnerable neighborhoods, plans to mitigate heat and heat-related morbidity and mortality can be
developed.
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GIS Data Sources
COMMUNICATIONS
Asset

Source

Link

Data Centers

AECOM, 2014 (digitized by AECOM using
information from Data Center Map)
Santa Clara County Planning Office, 2008

http://www.datacentermap.com/

Towers
Lines (fiber optic)

Santa Clara County, 2014 (digitized by Santa
Clara County using information from California
Public Utilities Commission, 2000)

http://www.sccgov.org/sites/gis/GISData/Pa
ges/Available-GIS-Data.aspx
Environmental Science Associates (ESA).
Proponent’s Environmental Assessment for
Metromedia Fiber Network Services’
Application to Modify its Certificate of Public
Convenience and Necessity.
<http://www.cpuc.ca.gov/Environment/info
/saic/metromedia/mnd/4-0.pdf>

ENERGY
Asset

Source

Link

Energy
Substations

AECOM, 2014 (digitized by AECOM using
California Energy Commission Local Reliability
Area Maps)
AECOM, 2014 (digitized by AECOM using
California Energy Commission Local Reliability
Area Maps)
AECOM, 2014 (digitized by AECOM based on
California Energy Commission Energy Maps)

http://www.energy.ca.gov/maps/reliability/
LCR_Enlargement_Area.html

Energy
Generation
Facilities
SOLID AND HAZARDOUS WASTE

http://www.energy.ca.gov/maps/powerplan
ts/power_plant_statewide.html

Asset

Source

Link

Transmission
Infrastructure

Contaminated
Land

http://www.energy.ca.gov/maps/reliability/
LCR_Enlargement_Area.html

AECOM, 2014 (digitized by AECOM based on
California Department of Toxic Substances
Control, Envirostor Database)
Hazardous
AECOM, 2014 (digitized by AECOM based on
Waste Sites
California Department of Toxic Substances
Control, Envirostor Database)
Landfills
CalRecycle Solid Waste Information System,
2014
SHORELINE PROTECTION

http://www.envirostor.dtsc.ca.gov/public/da
ta_download.asp

Asset

Link

Source

http://www.envirostor.dtsc.ca.gov/public/da
ta_download.asp
http://www.calrecycle.ca.gov/SWFacilities/D
irectory/Search.aspx#DOWNLOAD

Shoreline
AECOM, 2014
Protection Assets
BUILDINGS AND LAND USE
Asset

Source

Link

Parcels

Santa Clara County Assessor's Office, 2014

Buildings

Santa Clara County Assessor's Office, 2014

http://www.sccgov.org/sites/gis/GISData/Pa
ges/Available-GIS-Data.aspx
http://www.sccgov.org/sites/gis/GISData/Pa
ges/Available-GIS-Data.aspx
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TRANSPORTATION
Asset

Source

Link

Airports

Caltrans Office of GIS, 2012

http://earth.dot.ca.gov/

Bike Ways

Santa Clara Valley Transportation Authority,
2013
Caltrans Office of GIS, 2010

https://data.vta.org/

Caltrans Office of GIS, 2013

http://earth.dot.ca.gov/

Santa Clara Valley Transportation Authority,
2013
Santa Clara Valley Transportation Authority,
2013
Santa Clara Valley Transportation Authority,
2013
Caltrans Office of GIS, 2008

https://data.vta.org/

Rail Heavy Track
Roads
(Highways)
Rail Light - Track
Pedestrian Way
Roads (Local)
Bridges
Wastewater
Treatment

http://earth.dot.ca.gov/

https://data.vta.org/
https://data.vta.org/
http://earth.dot.ca.gov/

AECOM, 2014 (digitized by AECOM using Aerial
Google Maps Imagery and Santa Clara County
Parcels data)
CLIMATE VARIABLES DATA

http://www.sccgov.org/sites/gis/GISData/Pa
ges/Available-GIS-Data.aspx

Layer

Source

Link

Sea Level Rise

Our Coast our Future, 2014

http://data.prbo.org/apps/ocof/

Storm Surge

Our Coast our Future, 2014

http://data.prbo.org/apps/ocof/

Riverine Flooding

FEMA, 2009

http://msc.fema.gov/portal

Wildfire

AECOM, 2014 (digitized by AECOM based on
guidance provided by CALFIRE and scientific
literature)
Cal-Adapt, 2010

www.cal-adapt.com

Extreme Heat
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