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EXECUTIVE SUMMARY 
The Golden State at Risk 
Climate change is already affecting California.   Sea levels have risen by as much as seven inches along 
the California Coast over the last century, increasing erosion and pressure on the state’s infrastructure, 
water supplies, and natural resources.  The state has also seen increased average temperatures, more 
extreme hot days, fewer cold nights, a lengthening of the growing season, shifts in the water cycle with 
less winter precipitation falling as snow, and both snowmelt and rainwater running off sooner in the year.   

These climate driven changes affect resources critical to the health and prosperity of California.  For 
example, forest wildland fires are becoming more frequent and intense due to dry seasons that start 
earlier and end later.  The state’s water supply, already stressed under current demands and expected 
population growth, will shrink under even the most conservative climate change scenario.  Almost half a 
million Californians, many without the means to adjust to expected impacts, will be at risk from sea level 
rise along bay and coastal areas.  California’s infrastructure is already stressed and will face additional 
burdens from climate risks.  And as the Central Valley becomes more urbanized, more people will be at 
risk from intense heat waves. 

If the state were to take no action to 
reduce or minimize expected impacts 
from future climate change, the costs 
could be severe.  A 2008 report by the 
University of California, Berkeley and 
the non-profit organization Next 10 
estimates that if no action is taken in 
California, damages across sectors 
would result in “tens of billions of 
dollars per year in direct costs” and 
“expose trillions of dollars of assets to 
collateral risk.”  More specifically, the 
report suggests that of the state’s $4 
trillion in real estate assets “$2.5 trillion 
is at risk from extreme weather events, 
sea level rise, and wildfires“ with a 
projected annual price tag of up to $3.9 
billion over this century depending on 
climate scenarios 
(www.next10.org/research/ 
research_ccrr.html).  The figure at 
right, from a study by the Pacific 
Institute, shows coastal property at r
from projected sea level rise by county 
with replacement values as high as $
billion in San Mateo County. 

Figure 2: Replacement value of buildings and contents vulnerable to a 
100 year coastal flood with 1.4 meters of sea level rise  

Source: Pacific Institute, 2009 

 http://www.pacinst.org/reports/sea_level_rise/maps/ 
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California understands the importance of addressing climate impacts today. The state strengthened its 
commitment to managing the impacts from sea level rise, increased temperatures, shifting precipitation 
and extreme weather events when Governor Arnold Schwarzenegger signed Executive Order (EO) S-13-
08 on November 14, 2008.  The order called on state agencies to develop California’s first strategy to 
identify and prepare for these expected climate impacts.  

The 2009 California Climate Adaptation Strategy Discussion Draft report summarizes the best known 
science on climate change impacts in the state to assess vulnerability and outline possible solutions that 
can be implemented within and across state agencies to promote resiliency.  This is the first step in an 
ongoing, evolving process to reduce California’s vulnerability to climate impacts. 

The California Natural Resources Agency (CNRA) has taken the lead in developing this draft adaptation 
strategy, working through the Climate Action Team (CAT).  Seven sector-specific working groups led by 
12 state agencies, boards and commissions, and numerous stakeholders were convened for this effort.  
The strategy proposes a comprehensive set of recommendations designed to inform and guide California 
decision makers as they begin to develop policies that will protect the state, its residents and its 
resources from a range of climate change impacts.  The CNRA will revise this draft adaptation strategy 
based on public input gathered over the next 45 days.  

 
California’s Climate Adaptation Strategy 
As the climate changes, so must California. To effectively address the challenges that a changing climate 
will bring, climate adaptation and mitigation (i.e., reducing state greenhouse gas (GHG) emissions) 
policies must complement each other, and efforts within and across sectors must be coordinated.  For 
years, the two approaches have been viewed as alternatives, rather than as complementary and equally 
necessary approaches.   

Adaptation is a relatively new concept in California policy. The term generally refers to efforts to respond 
to the impacts of climate change – adjustments in natural or human systems to actual or expected climate 
changes to minimize harm or take advantage of beneficial opportunities. 

California’s ability to manage its climate risks through adaptation depends on a number of critical factors 
including its baseline and projected economic resources, technologies, infrastructure, institutional support 
and effective governance, public awareness, access to the best available scientific information, 
sustainably-managed natural resources, and equity in access to these resources.  

As the 2009 California Climate Adaptation Strategy Discussion Draft illustrates, the state has the ability to 
strengthen its capacity in all of these areas.  In December 2008, the California Air Resources Board 
released the state’s Climate Change Scoping Plan, which outlines a range of strategies necessary for the 
state to reduce its GHG emissions to 1990 levels by 2020.  Many climate mitigation strategies, like 
promoting water and energy efficiency, are also climate adaptation strategies.  By building an adaptation 
strategy on existing climate science and frameworks like the Scoping Plan, California has begun to 
effectively anticipate future challenges and change our actions that will ultimately reduce the vulnerability 
of residents, resources and industries to the consequences of a variable and changing climate.   

To ensure a coordinated effort in adapting to the unavoidable impacts of climate change, the 2009 
California Climate Adaptation Strategy Discussion Draft was developed using a set of guiding principles: 
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• Use the best available science in identifying climate change risks and adaptation strategies.  

• Understand that data continues to be collected and our knowledge about climate change is still 
evolving.  As such, an effective adaptation strategy is “living” and will itself be adapted to account for 
new science. 

• Involve all relevant stakeholders in identifying, reviewing, and refining the state’s adaptation strategy. 

• Establish and retain strong partnerships with federal, state, and local governments, tribes, private 
business and landowners, and non-governmental organizations to develop and implement adaptation 
strategy recommendations over time. 

• Give priority to adaptation strategies that initiate, foster, and enhance existing efforts that improve 
economic and social well-being, public safety and security, public health, environmental justice, 
species and habitat protection, and ecological function.  

• When possible, give priority to adaptation strategies that modify and enhance existing policies rather 
than solutions that require new funding and new staffing. 

• Understand the need for adaptation policies that are effective and flexible enough for circumstances 
that may not yet be fully predictable. 

• Ensure that climate change adaptation strategies are coordinated with the California Air Resources 
Board’s AB 32 Scoping Plan process when appropriate, as well as with other local, state, national and 
international efforts to reduce GHG emissions.  

The 2009 California Climate Adaptation Strategy Discussion Draft takes into account the long-term, 
complex, and uncertain nature of climate change and establishes a proactive foundation for an ongoing 
adaptation process.  Rather than address the detailed impacts, vulnerabilities, and adaptation needs of 
every sector, those determined to be at greatest risk are prioritized.   

The development of the adaptation strategies presented within this report was spearheaded by the state’s 
resource management agencies.  CNRA staff worked with seven sector-based Climate Adaptation 
Working Groups (CAWGs) focused on the following areas: public health; ocean and coastal resources; 
water supply and flood protection; agriculture; forestry; biodiversity and habitat; and transportation and 
energy infrastructure. 

Working group experts have an intimate knowledge of California’s resources, environments, and 
communities, and also of the state’s existing policy framework and management capabilities.  This 
understanding informs the draft adaptation strategy and ensures a realistic assessment of adaptive 
capacities, current limitations, and future needs.   

 

A Collaborative Approach 
This draft adaptation strategy could not have been developed without the involvement of numerous 
stakeholders.  Converging missions, common interests, inherent needs for cooperation, and the fact that 
climate change impacts cut across jurisdictional boundaries will require governments, businesses, non-
governmental organizations, and individuals to minimize risks and take advantage of potential planning 
opportunities.   
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Throughout the development of this report, it became increasingly clear that overlapping missions and 
goals will require agencies and organizations at all levels to work together to develop close partnerships 
with regard to climate adaptation.  This is the only means by which the far reaching effects of climate 
impacts can be addressed efficiently and effectively while avoiding potential conflicts.  The 
Comprehensive State Adaptation Strategies chapter underscores the need for collaboration and identifies 
where cross-sector relationships are necessary. 

To further enhance stakeholder participation, seven Climate Adaptation Working Groups (CAWGs) 
initiated a process that allowed for consultation with stakeholders through public workshops and review 
opportunities.  This input has considerably shaped the content and refinement of this draft report.  
However, future updates of the draft adaptation strategy will require ongoing input through active 
stakeholder engagement and an even closer integration of state agency efforts.  Public comment 
gathered during the next 45 days will be incorporated into recommendations and a final version of the 
report (see www.climatechange.ca.gov/adaptation). 

In order to best analyze climate change risks, the 2009 California Climate Adaptation Strategy Discussion 
Draft draws on years of state-specific science and impacts research, largely funded through the California 
Energy Commission’s Public Interest Energy Research (PIER) Program and an engaged research 
community. The research provides for an understanding of the climate-related risks California will face 
and has significantly contributed to greater public awareness of climate change.  As data continues to be 
developed and collected, the state’s adaptation strategy will be updated to reflect current findings.   

 

Preliminary Recommendations 
The preliminary recommendations outlined in this draft adaptation strategy were developed by CNRA 
staff, CAWGs, the CAT, and from public comments.  The public comment period will collect input from 
stakeholders about how these draft recommendations should be modified, if necessary.  It is recognized 
the implementation of the following strategies will require significant collaboration among multiple 
stakeholders to ensure they are carried out in a rational, yet progressive manner over the long term. 
These strategies distinguish between near-term actions that will be completed by the end of 2010 and 
long-term actions to be developed over time, and are covered in more detail in the sector chapters in Part 
II of this report. i 

Key recommendations include: 

1. A Climate Adaptation Advisory Panel (CAAP) will be appointed to assess the greatest risks to 
California from Climate Change and recommend strategies to reduce those risks building on 
California’s Climate Adaptation Strategy.  This Panel will be convened by the California Natural 
Resources Agency, in coordination with the Governor’s Climate Action Team, to complete a report by 

 
i Each of the twelve Executive Summary strategies is drawn from multiple strategies within the subsequent sector specific and 
cross-sector adaptation strategy chapters.  The recommendations here may not reflect exact wording of individual sector 
recommendations but relate to their core message.  Each Executive Summary recommendation here lists the sector and 
recommendation number using the following acronyms to identify the sector: Public Health (PH), Biodiversity and Habitat (BH), 
Ocean and Coastal Resources (OCR), Water Management (W), Agriculture (A), Forestry (F), Transportation and Energy 
Infrastructure (TEI), and Cross-Sector (CS). 
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December 2010.  The CNRA will continue to act as the lead Climate Adaptation Office until 
subsequent guidance is provided by the CAAP.   

2. California must change its water management and uses because climate change will likely create 
greater competition for limited water supplies needed by the environment, agriculture, and cities.  As 
directed by the Governor, state agencies must implement strategies to achieve a statewide 20 
percent reduction in per capita water use by 2020, expand surface and groundwater storage, 
implement the Delta Vision Cabinet Group recommendations to fix Delta water supply, quality, and 
ecosystem conditions, support agricultural water use efficiency, and improve state-wide water quality.  
Improve Delta ecosystem conditions and stabilize water supplies as developed in the Bay Delta 
Conservation Plan. (BH-2, W-3, 6, and 7; A-3; TEI-3).   

3. Consider project alternatives that avoid significant new development in areas that cannot be 
adequately protected (planning, permitting, development, and building) from flooding due to climate 
change.  The most risk-averse approach for minimizing the adverse effects of sea level rise and 
storm activities is to carefully consider new development within areas vulnerable to inundation.  State 
agencies should generally not plan, develop, or build any new significant structure in a place where 
that structure will require significant protection from sea-level rise, storm surges, or coastal erosion 
during the expected life of the structure.  However, vulnerable shoreline areas containing existing and 
proposed development that have regionally significant economic, cultural, or social value may have to 
be protected, and in-fill development in these areas should be accommodated.  State agencies 
should incorporate this policy into their decisions, and other levels of government are also 
encouraged to do so.  (CS-2; OCR-1 and 2; W-4; TEI -1).  

4. All state agencies responsible for the management and regulation of public health, infrastructure or 
habitat subject to significant climate change should prepare as appropriate agency-specific 
adaptation plans, guidance, or  criteria by September 2010. (PH-8; BH-1, 2, and 6; OCR-3; F-1 and 2; 
TEI-2 and 5). 

5. All significant state projects, including infrastructure projects, must consider climate change impacts, 
as currently required under CEQA Guidelines Section 15126.2.  (BH-2). 

6. The California Emergency Management Agency (Cal EMA) will collaborate with CNRA and the seven 
sector-based Climate Adaptation Working Groups (CAWGs) to assess California's vulnerability to 
climate change, identify impacts to State assets, and promote climate adaptation/mitigation 
awareness through the Hazard Mitigation Web Portal and My Hazards website as well as other 
appropriate sites.  The transportation sector CAWG, led by Caltrans, will specifically assess how 
transportation nodes are vulnerable and the type of information that will be necessary to assist 
response to district emergencies. Climate change impacts were recognized in the 2007 State Hazard 
Mitigation Plan (SHMP) as having an effect on primary hazards such as flooding and wildfires and 
secondary hazards such as levee failure and landslides.  Special attention will be paid to the most 
vulnerable communities impacted by climate change.  (CS-3 and 5; PH-4 and 5; OCR-5; W-4; F-2 
and 3; TEI-5, 6 and 8).  

7. The State should identify key California land and aquatic habitats from existing research that could 
change significantly this century due to climate change.  Based on this identification the state should 
develop a plan for expanding existing protected areas or altering land and water management 
practices to minimize adverse effects from climate change induced phenomena. (BH-1; W-5; F-5). 
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8. The California Department of Public Health will develop guidance by September 2010 for use by local 
health departments and other agencies to assess mitigation and adaptation strategies, which include 
impacts on vulnerable populations and communities and assessment of cumulative health impacts.  
This includes assessments of land use, housing and transportation proposals that could impact 
health, GHG emissions, and community resilience for climate change, such as in the 2008 Senate Bill 
375 regarding Sustainable Communities.  The best long-term strategy to avoid increased health 
impacts from climate change is to ensure communities are healthy to build resilience to increased 
spread of disease and temperature increases.  (PH-3). 

9. Communities with General Plans and Local Coastal Plans should begin when possible to amend their 
Plans to assess climate change impacts, identify areas most vulnerable to these impacts, and to 
develop reasonable and rational risk reduction strategies using the Draft California Adaptation 
Strategy as guidance.  Every effort will be made to provide tools to assist in these efforts.  (BH-1; 
OCR– 2 and 4; CS-2). 

10. State fire fighting agencies should begin immediately to include climate change impact information 
into fire program planning to inform future planning efforts.  Enhanced wildfire risk from climate 
change will likely increase public health and safety risks, property damage, fire suppression and 
emergency response costs to government, watershed and water quality impacts, and vegetation 
conversions and habitat fragmentation.  (PH-4 and 5; F-1; TEI-3). 

11. State agencies should meet projected population growth and increased energy demand with greater 
energy conservation and increased use of renewable energy.  Renewable energy supplies should be 
enhanced through the Desert Renewable Energy Conservation Plan that will protect sensitive habitat 
that will help reach the state goal of having 33 percent of the state’s energy supply from renewable 
energy by 2020.  (TEI-2). 

12. Existing and planned climate change research can and should be used for state planning and public 
outreach purposes; new climate change impact research should be broadened and funded.  By 
September 2010, a user friendly web-based map and interactive website will be developed and 
regularly updated by the California Energy Commission to synthesize existing California climate 
change scenario and climate impact research and to encourage its use in a way that is useful for local 
decision-makers.  Every effort will be made to increase funding for climate change research.  (CS-4 
and 6; PH-7; BH-4; OCR-6; W-8, 9, and 10; A – 8; F-4 and 5; TEI-3 and 9). 
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PART I: PLANNING FOR 

CLIMATE CHANGE 
 
 
 
 
 
 
 
 
 



I. INTRODUCTION 
Recognizing the Need to Adapt 
With the growing recognition that climate change is already underway and science that suggests 
additional impacts are inevitable despite mitigation efforts, adaptation planning is rapidly becoming an 
important policy focus in the United States and internationally.   

In many states, efforts are beginning in nearly every sector of society, ranging from coastal planning for 
higher sea levels and reviews of water and drought management strategies, to climate-cognizant species 
preservation and habitat conservation planning, to adjustments in the financial sector.  

Historically, California state agencies and private entities have adjusted their practices to account for 
climate impacts.  For example, reservoirs and levees have been built to protect against common winter 
and springtime floods and periods of summer drought.  In agriculture, improvements in irrigation efficiency 
have been made to better guarantee water reliability and supply.  For public safety, local health 
departments have opened cooling centers 
during heat emergencies. 

To expand upon these efforts based on the most 
current science, Governor Schwarzenegger’s 
Executive Order S-13-08 provides clear 
direction on developing California’s first 
statewide climate adaptation effort. This report 
focuses on Article 7 of the order, which goes on 
to (1) request that the National Academy of 
Science (NAS) establish an expert panel to 
report on sea level rise impacts in California to 
inform state planning and development efforts 
(Articles 1-3); (2) review the NAS assessment 
every two years or as necessary (Article 4); (3) 
issue interim guidance to state agencies about 
how to plan for sea level rise in designated coastal and floodplain areas for new projects (Article 5); and 
(4) initiate a report on critical existing and planned infrastructure projects vulnerable to sea level rise 
(Articles 6 and 8). 

Figure 3: Governor Schwarzenegger assesses the site of a 
recent wildfire  

Article 7 states: 

  

 “By June 30, 2009, the California Resources Agency, through the Climate Action Team, 
shall coordinate with local, regional, state and federal public and private entities to develop a 
state Climate Adaptation Strategy.  The strategy will summarize the best known science on 
climate change impacts to California (led by the Energy Commission's PIER program), assess 
California's vulnerability to the identified impacts and then outline solutions that can be 
implemented within and across state agencies to promote resiliency.  A water adaptation strategy 
will be coordinated by DWR with input from the State Water Resources Control Board, an ocean 
and coastal resources adaptation strategy will be coordinated by the OPC, an infrastructure 
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adaptation strategy will be coordinated by the California Department of Transportation, a 
biodiversity adaptation strategy will be jointly coordinated by the California Department of Fish 
and Game and California State Parks, a working landscapes adaptation strategy will be jointly 
coordinated by the California Department of Forestry and Fire Protection and the California 
Department of Food and Agriculture, and a public health adaptation strategy will be jointly 
coordinated by the California Department of Public Health and the California Air Resources 
Board, all as part of the larger strategy.  This strategy will be facilitated through the Climate Action 
Team and will be coordinated with California's climate change mitigation efforts.” 

 

Climate Modeling 
For California to ensure coping capacity and long-term resiliency, researchers have previously developed 
two distinct approaches: (1) projecting the amount of climate change that may occur and (2) assessing 
the natural or human system’s ability to cope with and adapt to change.  In recent years, these 
approaches have been seen as complementary and as such, both are needed to understand climate 
risks, vulnerabilities, and interventions that can help society and ecosystems adapt successfully.  

(1) Hazards-Based Approach 

In the hazards-based approach, emissions scenarios are identified that allow scientists to evaluate the 
degree of climate change projected.  Typically, these climate changes are projected for decades or 
centuries using increasingly sophisticated, computer-based global climate models.  These projections are 
used to assess the physical, ecological, or economic consequences for specific sectors and 
environments.  

In this approach, any changes identified outside of the historical norm would then require adaptation.  For 
example, if the impact is estimated to be substantial, then substantial adaptation is required; if the impact 
is determined to be gradual, there is time to engage in adaptation planning.  In a hazards-based 
approach, various non-climatic factors are not addressed; nor are specific adaptation plans identified.  

(2) Vulnerability-Based Approach 

Conversely, the vulnerability-based approach is focused on the socioeconomic and ecological factors that 
determine a system’s vulnerability and ability to cope with and adapt to climate change.  Typically, such 
an assessment also explicitly examines past experience with climate variability and extremes to see how 
systems have responded.  The conditions that influence vulnerability for a given area can provide a 
baseline that, when combined with existing conditions, communities may use to determine what actions 
are needed to respond to climate impacts.  It is also important to understand how existing conditions will 
react to the additional influence of climate change.  A good example is how existing drought cycles could 
be exacerbated by changing weather patterns from climate change. 

Both the hazards-based and the vulnerability-based approaches are ultimately needed for any long-term 
and iterative process of climate change adaptation.  They will allow California to identify the most 
important climate risks, establish priorities, assess options and barriers, and evaluate the effectiveness of 
adaptive responses in a place-based context given the stresses and demands on resources.  Adaptation 
planning requires an understanding of climate impacts and substantial input from the social, economic, 
engineering, and ecological sciences on those factors that affect vulnerability and adaptation.  
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Drawing on currently available science, this report includes the most recent climate projections and 
related impacts studies identified as part of a hazards-based approach.  What are needed now are future 
vulnerability-based assessments. 

 
Adaptation Strategy Vision, Objectives and Principles 
The basic purpose and overarching goal of the 2009 California Climate Adaptation Strategy Discussion 
Draft is to begin a statewide, ongoing, and committed process of adapting to a changing climate in the 
context of other changes in the environment, the economy, and society.   

To achieve this goal, the draft adaptation strategy pursues the following specific objectives: 

Analyze climate change risks.  Synthesize to the greatest extent possible, how temperature rise, 
extreme weather events, precipitation changes, seasonal shifts, and sea level rise will exacerbate existing 
fire, flood, water supply and quality, air quality, habitat loss, and human health risks.  Assess how these 
changes will impact the state’s economy, infrastructure, human populations, and environment. 

Identify sector-specific, and to the extent possible, cross-sectoral adaptation strategies that help 
reduce vulnerabilities and build climate resilience.  Attention should be given to strategies that help 
(a) avoid, prevent, or minimize climate change impacts to public health, biodiversity, working landscapes, 
and infrastructure, (b) improve preparedness for climate change impacts and extreme events, (c) 
enhance the state’s response capacity in case of extremes, and (d) facilitate recovery from impacts and 
extremes in order to enhance the state’s resilience. 

Explore cross-cutting supportive strategies.  Identify governance efforts (such as leadership, policy or 
rule changes, procedural adjustments, etc.) and resources needed to enable the development and 
implementation of identified adaptation strategies. 

Formalize criteria for prioritizing identified adaptation strategies.  The applicability of these criteria 
may vary across sectors, and should ideally include but not be limited to social, environmental, equity, 
technical, staffing, institutional, policy, and financial/economic considerations.  

Specify future direction.  Indicate areas where further work will be required to increase the existing 
understanding of climate risks (including the possibility of catastrophic climate change), environmental 
and societal vulnerabilities, and adaptation options and barriers. Identify additional cross-cutting, 
supportive strategies such as public engagement, networking, decision support, monitoring, periodic 
review of adaptation effectiveness, and fundamental policy changes.  Establish feedback mechanisms 
that provide for the modification of strategies when needed.   

Provide recommendations for immediate and near-term priorities for implementing identified 
adaptation strategies.  This may include management actions and policy changes based on the 
information developed in other stated objectives. 

Inform and engage the California public about climate risks and adaptation strategies.  Californians 
must be informed of existing and future climate change risks and of the need for a comprehensive 
approach to managing climate change risks through mitigation and adaptation. They must be provided 
with guidance about what actions they can initiate to adapt to climate change, or reduce their 
consumption of energy and resources. This information is critical, and will serve as the foundation for 



residents to actively engage in discussion, refinement, and implementation of those actions needed to 
build a climate-resilient California. 

 

Adaptation and Mitigation: Both Needed to Manage Risks 
While this effort focuses on climate adaptation, it is clear that managing impending climate risks 
(adaptation) must be a co-equal and integrated approach to avoiding climate extremes through reduction 
of GHG emissions (mitigation).  While adaptation and mitigation measures are often complementary and 
overlapping, there may be unintended negative consequences without coordinated efforts (see Figure 4). 
 
The changes in climate observed to date are the result of the emissions released into the atmosphere 
over the past several decades. Likewise, climatic conditions that will manifest 30 to 40 years from now will 
be the result of today’s emissions.  The reduction of GHG emissions is thus a priority required to minimize 
the long-term climate change and concomitant impacts on California’s environment and society. While 
many GHG emission reduction efforts can produce immediate air quality improvements and cost savings, 
long-term climate benefits of these mitigation efforts will take several decades to become apparent. 
Accordingly, it is imperative to begin adaptation responses to climate change already set in motion to 
maintain productivity of the state’s ecosystems and economy, and the well-being of all Californians.   
 
Part II of this report examines the potential impacts on seven climate-sensitive sectors that may result 
from the climate changes described in this chapter.  Strategies that have been proposed by CAWGs to 
reduce these risks and adapt to the inevitable changes are also outlined.  Some strategies are applicable 
to multiple sectors and require cross-sector collaboration.  Others require a long-term commitment.  
 
 

Figure 4: Examples of complementary and conflicting actions between adaptation and mitigation efforts. 
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II. CALIFORNIA’S CLIMATE FUTURE 
The 2009 Climate Change Projection Emissions Scenarios  
 
To begin to assess climate change risks that Californians may be facing, it is important to first examine 
the changes that have already occurred.  
 
California can draw on substantial scientific research conducted by experts at various state universities 
and research institutions.  With more than a decade of concerted research, scientists have established 
that the early signs of climate change are already evident in the state – as shown, for example, in 
increased average temperatures, changes in temperature extremes, reduced snowpack in the Sierra 
Nevada, sea-level rise, and ecological shifts.1 
 
Many of these changes are accelerating – locally, across the country, and around the globe.  As a result 
of emissions already released into the atmosphere, California will face intensifying climate changes in 
coming decades.  The state’s 2009 Climate Change Impacts Assessment (the 2009 Scenarios Project) 
provides the scientific basis from which statewide climate impacts were synthesized for this draft 
adaptation strategy.  The 2009 Scenarios Project examined future projections for changes in average 
temperatures, precipitation patterns, sea-level rise, and extreme events, as well as resulting impacts on 
particularly climate-sensitive sectors.2  These scientific findings are summarized in resulting chapters to 
set the stage for expected impacts and California’s adaptation strategies.  
 
Generally, research indicates that California should expect overall hotter and drier conditions with a 
continued reduction in winter snow (with concurrent increases in winter rains), as well as increased 
average temperatures, and accelerating sea-level rise.3  In addition to changes in average temperatures, 
sea level, and precipitation patterns, the intensity of extreme weather events is also changing.  The 
impacts assessment indicates that extreme weather events, such as 
heat waves, wildfires, droughts, and floods are likely to be some of 
the earliest climate impacts experienced.4  As a result, dealing with a 
growing number of extreme climatic events will be an important 
aspect of the state’s adaptation to climate change.   
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For the 2009 Scenarios Project, a set of six global climate models 
were run using two emissions scenarios.  These emissions 
scenarios are part of a family of common scenarios used by the 
Intergovernmental Panel on Climate Change (IPCC) in its 2007 
assessment.5  The scenarios signify plausible pathways of how 
global emissions may change as a result of economic, technological, 
and population changes over the 21st century.  One scenario depicts 
a higher-emissions scenario (A2), the other a lower-emissions 
scenario (B1).6  The A2 scenario represents a more competitive 
world that lacks cooperation in development and portrays a future in 
which economic growth is uneven, leading to a growing income gap 
between developed and developing parts of the world.  The B1 scenario denotes a future that reflects a 
high level of environmental and social consciousness combined with global cooperation for sustainable 
development.  

Anticipated Climate 
Changes 

Temperature: 
↑ 2 - 5 °F by 2050 
↑ 4 - 9 °F by 2100 

Precipitation: 
↓ 12 - 35% by 2050 

Sea Level: 
↑ 12 – 18 inches by 2050 
↑ 21 - 55 inches by 2100 

 
It is important to note that these two scenarios do not bracket the entire range of possible future 
emissions and resulting climatic changes, as even higher emissions or lower emissions futures are 
possible.  Moreover, it is impossible to say with scientific confidence which of the two scenarios is more 
likely.  Thus, the IPCC has not offered probabilities (likelihood statements) attached to either of the 
emissions pathways.  Since the IPCC’s release of these two scenarios, the world has followed a 
“business as usual” emissions pathway, which most closely resembles the A2 scenario.7  
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While neither scenario assumes explicit climate change policies, many researchers view the B1 scenario 
as a “quasi-policy scenario” as it results in significantly lower GHG emissions than the “business as usual” 
pathway.  A considerable difference emerges between A2 and B1 in the ultimate atmospheric GHG 
concentrations, and consequently in the degree of climate warming by the end of the 21st century (Figure 
3.1).   
 
To put these projections in historical perspective, one should consider that pre-industrial8 concentrations 
of carbon dioxide in the atmosphere were about 280 parts per million by volume (ppmv).  By 1960, carbon 
dioxide concentrations had crept up slowly to about 315 ppmv – an increase of just over 10 percent in 
about 200 years.  The warming effect of those GHG concentrations is currently being felt.  In the five 
intervening decades, with considerable economic growth worldwide that is fueled by the burning of 
carbon-based fossil fuels such as coal, gas, and oil, and extensive land use changes, there has been a 
staggering increase in atmospheric carbon dioxide.  Recent measurements indicate global carbon dioxide 
concentrations in the atmosphere of 386 ppmv, a 38 percent increase over pre-industrial times.9  The rate 
of annual increase of CO2 continues to accelerate, largely determining future warming for the next few 
decades.  In addition, other GHGs such as methane, nitrous oxide, and other gases, have dramatically 
increased over the last 200 years, adding to the heat-trapping effect of the atmosphere.  
 
As Figure 3.1 illustrates, there is considerable uncertainty regarding future levels of GHG emissions due 
to the difficulty of predicting societal choices.  It is compounded by scientific uncertainty over how the 
climate will respond to a given amount of GHG emissions.  Global climate models also differ to some 
extent in how they treat atmospheric, terrestrial and hydrological processes, resulting in different levels of 
warming, and sometimes divergent patterns of precipitation.  In the absence of better tools or methods to 
project future climate, the best approach is to use several climate models, driven by the same emissions 
scenarios, to produce a large set of model simulations.  The range of simulations can then be averaged to 
obtain a general trend, with the spread among simulations giving a sense of the uncertainty associated 
with a given emissions scenario.  In short, the models provide a coarse but plausible set of projections of 
the future, as opposed to detailed predictions.10  For the 2009 Scenarios Project, these California-specific 
projections have been “downscaled” to produce regional and small-scale projections that are useful for 
impacts studies.  
 
 
Temperature Projections 
Climate change temperature projections generated for the 2009 Scenarios Project suggest the 
following11: 

 
• Average temperature increase is expected to be more pronounced in the summer than in the winter 

season. 
• Inland areas are likely to experience more pronounced warming than coastal regions. 
• Heat waves are expected to increase in frequency, with individual heat waves also showing a 

tendency toward becoming longer, and extending over a larger area, thus more likely to encompass 
multiple population centers in California at the same time. 

• As GHGs remain in the atmosphere for decades, temperature changes over the next 30 to 40 years 
are already largely determined by past emissions.  By 2050, temperatures are projected to increase 
by an additional 1.8 to 5.4 °F; similar for both the A2 and B1 scenarios (an increase one to three 
times as large as that which occurred over the entire 20th century). 

• After the middle of the century, temperature projections clearly diverge for the A2 and B1 scenarios 
(as a result of emissions choices made in the early part of the 21st century), with A2 projections 
leading to significantly greater warming.  By 2100, the models project temperature increases between 
3.6 to 9 °F.  

 



All model projections for California suggest increased temperatures, with the level of emissions 
representing the biggest uncertainty: temperature levels will rise faster and higher by the end of this 
century in the A2 scenario as compared with the B1 scenario (Figure 5).  These graphs starkly illustrate 
the dual imperative to begin adaptation now to address the impacts already set in motion, and to achieve 
GHG emissions reductions through global cooperation to avoid the more dramatic impacts of climate 
change later in the century.  Stringent emission reductions now could limit climate changes and therefore 
allow society and ecosystems to be able to adapt more easily at a future date. 

 
 
 Figure 5: Historical/Projected Annual Average Temperature for California  

Using three GCM’s (A2 and B1 Emissions Scenarios)  
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Source: Moser et al 2009, The Future is Now 

 

Precipitation Projections 
Current climate change projections suggest that California will continue to enjoy a Mediterranean climate 
with the typical seasonal pattern of relatively cool and wet winters and hot, dry summers.  While 
precipitation levels are expected to change over the 21st century, models differ in determining where and 
how much rain and snowfall patterns will change under different emissions scenarios.  Figure 6 shows the 
projected changes in northern California precipitation (the source of much of the state’s water supply) 
relative to 1961-1990 average precipitation using six climate models with both A2 and B1 emissions 
scenarios.  While the precipitation results vary more than the temperature projections, 11 out of 12 
precipitation models run by the Scripps Institution of Oceanography suggest a small to significant (12-35 
percent) overall decrease in precipitation levels by mid-century.  In addition, higher temperatures increase 
evaporation and make for a generally drier climate, as higher temperatures hasten snowmelt and 
increase evaporation and make for a generally drier climate.  Moreover, the 2009 Scenarios Project 
concludes that more precipitation will fall as rain rather than as snow, with important implications for water 
management in the state.  California communities have largely depended on runoff from yearly 
established snowpack to provide the water supplies during the warmer, drier months of late spring, 
summer, and early autumn.  With rainfall and meltwater running off earlier in the year, the state will face 
increasing challenges of storing the water for the dry season while protecting Californians downstream 
from floodwaters during the wet season. 
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 Figure 6: Predicted Changes in Northern California. Precipitation 
levels show generally drier future. 

 

 

 

 

 

 

 

 

 

 

 

 Models used:                                                                                                     

1: CNRM CM3 – 2: GFDL CM2.1 – 3: MIROC3.2 (med)                              

4: MPI ECHAMS – 5: NCAR CCSM3 – 6: NCAR PCM1 

Source: Cayan, et al. 2009. 

 

 

Sea-Level Rise Projections 

Over the 20th century, sea level has risen by about seven inches along the California coast.  Replacing 
previous projections of relatively modest increases of sea-level rise for the 21st century, the 2009 
Scenarios Project built on scientific findings that became available in the last two years to produce 
estimates of up to 55 inches (1.4 meters) of sea-level rise under the A2 emissions scenario by the end of 
this century (Figure 7).  This projection accounts for the global growth of dams and reservoirs and how 
they can affect surface runoff into the oceans, but it does not account for the possibility of substantial ice 
melting from Greenland or the West Antarctic Ice Sheet, which would drive sea levels along the California 
coast even higher.  Projections of sea level rise under the B1 scenario are still several times the rate of 
historical sea-level rise, and would barely differ under a stringent “policy scenario” in which global 
emissions would be drastically reduced.  This suggests that while mitigation will be important to minimize 
many climatic and ecological impacts, adaptation is the only way to deal with the impacts of sea-level rise 
during the 21st century.12  In short, even on a lower emissions trajectory and without the addition of 
meltwater from the major continental ice sheets, sea levels in the 21st century can be expected to be 
much higher than sea levels in the 20th century. 
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Figure 7: Projected Changes in Sea Level over the 21st Century 

 
 
 
 
 
 

 

 

 

 

 

 

 

 
Rahmstorf (2007) from six models  500‐2009‐014‐D. 

Source: Cayan, et al. 2009. 

 
Projection of Extreme Events  
Changes in average temperature, precipitation and sea level are significant, especially under the higher 
emissions (A2) scenario.  Yet gradual changes in average conditions are not all for which California must 
prepare.  In the next few decades, it is likely that the state will face a growing number of climate change-
related extreme events such as heat waves, wildfires, droughts, and floods.  Because communities, 
infrastructure, and other assets are at risk, such events can cause significant damages and are already 
responsible for a large fraction of near-term climate-related impacts every year.13 
 
One recent study, conducted as part of the 2009 Scenarios Project, synthesized existing research to 
characterize the direct impacts of extreme events across different sectors of California’s economy, 
including public health, energy, agriculture, and natural ecosystems.  It also analyzed how impacts from 
extreme events “spill over” from one sector into other sectors and produced new projections of the future 
frequency and intensity of extreme events for all counties in California.14  
 
Consistent with other studies, researchers found that significant increases in the frequency and 
magnitude of both maximum and minimum temperature extremes are possible in many areas across the 
state.  For example, in many regions of California, the study projected at least a tenfold increase in the 
frequency of extreme temperatures currently estimated to occur once every 100 years, even under the 
moderate B1 emissions scenario.  Under the A2 emissions scenario, these 100-year temperature 
extremes are projected to occur close to annually in most regions.  Projections of precipitation extremes 
vary by model and downscaling method used, and expected changes tend to vary across the state.  In 
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general, however, it appears longer dry spells will become more common over the 21st century, 
interspersed with the occasional intense rainfall event.15  
 
The July 2006 heat wave and the December 1998 freezing spell represent rather memorable extreme 
events in recent California history.  Researchers in the 2009 Scenarios Project asked how the frequency 
of similar events may change with climate warming.  Not surprisingly, they found that heat waves similar 
in length and intensity to those experienced in 2006 may become more frequent all across the state in the 
21st century, with some simulations using the higher emissions scenario suggesting that such events 
could become annual occurrences by the end of this century.  
 
In contrast, freezing spells such as that in 1998 are projected to become less frequent across the state 
even in locations where they are currently a yearly event.  Over large portions of the state, freezing 
events may occur once every ten years or less by the end of the 21st century. 
 
According to the 2009 Scenarios Project, the frequency of large coastal storms and heavy precipitation 
events do not appear to change significantly over the 21st century.16  However, even if storm intensity or 
frequency were not to change, storms will impact the California coast more severely due to higher 
average sea levels that can result in higher storm surges, more extensive inland flooding, and increased 
erosion along the state’s coastline.  Future research should improve our understanding of these extreme 
precipitation events and their potential impacts on coastal erosion and floods.  
 
 
Abrupt Climate Changes 
Most climate projections developed to date, including those used in this report, produce gradual if 
sometimes substantial changes for a given climate variable.  In the past, rapid climate changes have 
been observed and scientists are increasingly concerned about additional abrupt changes that could push 
natural systems past thresholds beyond which they could not recover.  Such events have been recorded 
in paleoclimatological records but current global climate models cannot predict when they may occur 
again.  Such abrupt changes have been shown to occur over very short periods of time (a few years to 
decades) and thus represent the most challenging situations to which society and ecosystems would 
need to adapt.17 
 
Short of being able to predict such abrupt changes, scientists are focusing their attention on aspects of 
the climate and Earth system called “tipping elements” that can rapidly bring about abrupt changes.  
Tipping elements refer to thresholds where increases in temperature cause a chain reaction of mutually 
reinforcing physical processes in the Earth’s dynamic cycles.  The most dangerous of these include the 
following: 
 

• A reduction in Arctic sea ice, which allows the (darker) polar oceans to absorb more sunlight, thereby 
increasing regional warming, accelerating sea ice melting even further, and enhancing Arctic warming 
over neighboring (currently frozen) land areas. 

• The release of methane (a potent GHG), which is currently trapped in frozen ground (permafrost) in 
the Arctic tundra, will increase with regional warming and melting of the ground, leading to further and 
more rapid warming and resulting in increased permafrost melting. 

• Continued warming in the Amazon could cause significant rainfall loss and large scale dying of forest 
vegetation, which will further release CO2. 

• The accelerated melting of Greenland and West Antarctic Ice Sheets observed in recent times, 
together with regional warming over land and in the oceans, involves mechanisms that can reinforce 
the loss of ice and increase the rate of global sea-level rise. 
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The temperature increases that could trigger these chain reaction events are still the subject of research, 
but estimates range from 1 to 3 °F of additional warming for widespread, rapid (10 year) Arctic sea ice 
melt; 2 to 4 °F for irreversible melting of the Greenland Ice Sheet (over the next 300 years or more); 5 to 9 
°F for the irreversible melting of the West Antarctic Ice Sheet (also over 300 or more years), and 5 to 7 °F 
for Amazon forest die-back.  Should these thresholds be crossed in the coming decades, the Earth’s sea 
level would be on an irreversible course destined to rise 7-12 meters (as much as 23-40 feet) over the 
course of several centuries—a rate not seen in human history.18  
 
Another tipping element that could have a significant effect on California’s long-term climate variability is 
the potential intensification of the El Niño Southern Oscillation (ENSO) cycles over the Pacific Ocean.  
ENSO is one key factor in California’s wet year and drought year cycles and intensification would mean 
stormier wet years and even drier (or extended periods of) drought years.  It would also mean more 
severe coastal storms during the winter months and hence more erosion and coastal flooding.  Current 
research indicates that a tipping point of 6 to 11 °F could trigger this intensification of ENSO cycles.19  
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III. COMPREHENSIVE STATE ADAPTATION 
STRATEGIES 

 

Cross Sector Collaboration 
Navigating the complex science and policy needs related to reducing California’s vulnerability to future 
climate impacts will require an unprecedented level of collaboration and leadership.  Most state sectors 
and departments leading climate adaptation strategy development share management responsibilities, 
have overlapping jurisdictions, and in many instances, depend upon one another to accomplish their 
organizational mandates.  Through the development of the 2009 California Climate Adaptation Strategy 
Discussion Draft, the primary need identified by all sectors and most stakeholders is to improve 
coordination within state government.   

Reducing sea level rise risks provides one example of the need for cross-sector collaboration.  The state, 
recognizing this as a global issue, prefers that all agencies work together from an agreed upon reference 
point from which to coordinate their approaches to sea level rise impacts.  Currently, various state 
agencies have different policies and regulations requiring consideration of and adaptation to sea-level 
rise.  These agencies are working with best available scientific information to continue executing their 
ongoing responsibilities, but the lack of coordinated state-wide estimates of future sea-level rise can 
create confusion and uncertainty among stakeholders, waste money through duplicative efforts, and 
potentially reduce attention toward more vulnerable locations.  Ongoing agency work related to climate 
change and adaptation cannot come to a standstill until there is an agreement on all climate science or 
adaptation measures, however, it makes sense to work towards a central location in state government 
responsible for developing broad-based state policies for adaptation based on peer reviewed science and 
impact assessments of sea level rise, identifying areas most vulnerable, and developing policies to 
reduce these vulnerabilities.  Coordinated efforts for sea level rise, and all climate impacts, could increase 
overall awareness of climate change, develop shared stewardship concerns, prioritize the efficient use of 
resources and expertise, streamline interagency permitting processes and prevent or reduce the 
possibility of unintended consequences.  

Figure 8 highlights the inherent need to approach climate adaptation through exposing how climate 
dependent circumstances integrate across sectors.  Accordingly, the state will need to work across all 
levels of government and sectors to address the interconnected nature of these issues to accomplish 
many of the large scale strategies.  For example the protection of migratory habitat corridors for species 
adaptability between ecosystems will need to be coordinated across all level of governments with the help 
of private property owners.  Also, assistance from every sector is needed in fixing and sustainably 
managing the state’s future water supply and demand, and to improve our understanding of how climate 
change will alter this delicate balance.   

California’s efforts to develop a statewide strategy are part of a dynamic state, national, and federal policy 
environment that is progressing in a largely independent manner.  Concurrent, uncoordinated planning is 
inevitable as climate change impacts are felt locally but state actions that begin to coordinate climate 
adaptation efforts can help minimize short and long term financial costs, threats to humans, and reduction 
of habitat and species.  

This chapter identifies comprehensive state adaptation planning strategies based on their ability to bridge 
efforts across state strategies. Strategies are prioritized based on their ability to reduce financial and 
resource inefficiencies through collective action and on the level of importance to individual sectors.  
Subsequent chapters of this report focus on sector specific strategies.   
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Figure 8: Extreme Climate Drivers and Inter-Sector Interactions 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

1) Promote Comprehensive State Agency Adaptation Planning  
The Draft Climate Adaptation Strategy was developed under direction from Governor Schwarzenegger 
within Executive Order S-13-08 to complete the state’s first comprehensive strategy.  To continue the 
implementation of this strategy over time, climate adaptation needs to be institutionalized into state 
planning processes, budgets, and policy development.  This will require continued state leadership with a 
central coordinating body.  Currently, the CNRA has been coordinating climate adaptation efforts, as 
stated in the Governor’s order and instituted within the CAT.   

Implementing the strategies within this report will require resources for each department and agency 
leading strategy efforts to implement sector-specific and comprehensive state agency planning efforts.  
This leadership and commitment is necessary to ensure collective state resources are not wasted on 
uncoordinated adaptation strategy efforts, and to ensure policy-makers are focused on using the latest 
scientific understanding to inform climate adaptation policy development.   

State coordination should also ensure linkages and collaboration among scientists and decision-makers 
to ensure the best research is utilized, and key research gaps are identified.1  This is already taking place 
through the Energy Commission’s Climate Change Center.  This should also occur as part of a university 
system-wide Climate Change Adaptation Research Center, all coordinated under the CAT effort to 
facilitate decision support that could fill research gaps and offer sectors the opportunity to utilize the 
expertise concentrated at university campuses.  For example, adaptation centers have already begun at 
Stanford University; the University of California, San Diego; the University of California, Berkeley; and 
many others within California.  Using the information and processes identified in this report, these centers 
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should coordinate to rapidly build the state’s scientific foundation in vulnerability and adaptation.  These 
centers should also focus on providing this information to local governments and the private sector, 
thereby providing effective guidance and decision-support tools for adaptation implementation. 

Climate adaptation strategies are beginning to be mainstreamed into relevant planning (i.e., 
environmental impact assessments), budgeting and operations management, but more work is needed.  
Many agencies have already made climate change a central focus of their policies and plans, while others 
have just begun to implement plans or actions.  For example, water agencies are required to plan for 
climate variability inherent in California’s Mediterranean, semi-arid and drought-prone precipitation 
patterns.  Coastal agencies consider sea level rise in their planning processes but are now grappling with 
ways to address the accelerating rates of climate change and uncertainty of future conditions that are 
now anticipated.  All agencies responsible for the management of California’s natural resources have an 
opportunity to mainstream adaptation given current climate-related hazards and the sensitivities that they 
currently face.  The state should eventually provide support and funding for comprehensive adaptation 
planning by all state agencies where significant vulnerabilities and hazards are identified. 

In these times of budget challenges in California, it should be noted that new responsibilities will be 
required of state agencies to implement an effective adaptation strategy and many will need additional 
resources for full implementation.  Local communities will also be challenged in implementing many 
adaptation measures where most of the implementation work for adaptation will take place at the county 
and city level.  Communities will likely also need additional funding and resources to update general plans 
and incorporate new policies related to climate change. 
 
STRATEGY 1: Establish a centralized entity for coordinating and developing all state climate 
adaptation policies, vulnerability analysis, research, and public outreach in coordination under 
the Climate Action Team. 
Given the current state budget situation, these efforts will need to be continued with existing agency staff 
resources.  As these efforts become more comprehensive, however, development of a California Climate 
Adaptation Office is recommended to complete the following: (a) develop coordinated state-wide climate 
adaptation policies in coordination with all state agencies; (b) coordinate climate change adaptation-
specific research and collaborate with the CAT  in applying and receiving state federal research funding; 
(c) be responsible for coordinating, developing, maintaining and updating a State Climate Change 
Vulnerability Report summarizing California’s vulnerability to climate change; (d) develop a public 
outreach campaign around climate change adaptation; and (e) be responsible for developing adaptation 
tools to help public and private stakeholders reduce their climate risks.  The California Natural Resources 
Agency will continue to coordinate state adaptation efforts with all state agencies and Departments 
involved in the development of the CAS, but a coordinated office will require multi-agency commitments 
and dedicated staff and resources linked to a central office.  

 
2) Integrate Land Use Planning and Climate Adaptation Planning 
Land use decisions are a central component of preparing for and minimizing climate change impacts.  In 
order for California to succeed with its adaptation strategies, local and regional governments and local 
and regional planning efforts must be integral parts of the adaptation process.  

Many, if not most, land use decisions in California are made at the local level and increasingly at the 
regional level.  Decisions made by cities and counties through general plan and local planning processes 
direct local land uses.  Given the long-range view of general plans, cities and counties should consider 
how a changing climate and environment will affect nearly all aspects of general plans and long-term 
development.   

Through the implementation of Senate Bill 375 (Steinberg; Chapter 728, Statutes 2008) Metropolitan 
Planning Organizations (MPOs) will have greater influence on planning efforts and outcomes at the 
regional and local level.  Regional Transportation Plans developed through a “Sustainable Communities 
Strategy” will have to take into account GHG reduction measures related to land use and transportation, 
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identify the general location of uses, residential densities, and building intensities within the region and 
identify areas within the region sufficient to house all the population of the region.  The state plays a role 
in local development patterns through the development and funding of the state transportation system, 
the siting requirements for school facilities and other infrastructure projects, and funding mechanisms.   

Decisions made by water districts, resource management districts, flood control districts, school districts 
and many others will also need to take into account the probable impacts associated with climate change.  
Local Agency Formation Commissions, Metropolitan Planning Organizations and Councils of 
Governments will all need to consider the impacts of climate change when making decisions that impact 
land use and development patterns.   

Community development decisions can affect all sectors.  Development decisions along the coast, in 
floodplains or at the wildland-urban interface will impact the ability of the state to adapt to climate change 
impacts.  Decisions related to urban forestry, the connectivity of biological reserves, and the routing of 
roads and other infrastructure also play a role in implementing state adaptation strategies.  Local land use 
planning should be cognizant of the growing risks from climate change as well as the land-use related 
needs to implement effective adaptation strategies.  To the extent local land use is coordinated with 
regional, state and federal adaptation strategies, impacts from climate change are likely to be minimized, 
and in turn have less significant effects on local communities.  The long-term vision and development 
goals of general plans should therefore address climate change as soon as possible.  Coordination and 
consultation mechanisms need to be established or strengthened to ensure local, state, and other 
jurisdictions do not work at cross-purposes (see cross-jurisdictional coordination above).   

Many local development decisions (ex: type and location of development in key areas) can negatively or 
positively affect the success of climate adaptation efforts.  Accordingly, the state will need to work across 
all levels of government to accomplish many of the large scale strategies.  Local plans, ordinances, 
regulations, and the siting of structures will need to take into account the probability of increased events 
such as wildfires and floods.  Communities on the coast should consider the impact sea level rise will 
have on infrastructure, housing, natural resources, and public safety.  General plans can take this into 
account as part of the land use, safety, conservation and open-space elements.  In order to accurately 
address the vulnerability, resilience, and future growth of areas prone to climate change impacts, a city or 
county should take three distinct steps: 

First, cities and counties should use information provided by state and federal agencies about where 
climate change could impact the human and natural systems including risks affecting public safety and 
emergency response.  These could be used to focus local planning on areas vulnerable to climate 
change impacts such as floodplains, coastal areas, and fire hazard areas.  Critical infrastructure such as 
roads, power lines, and water/wastewater pipelines that may be affected by climate change should be 
identified.  Second, planning organizations should recognize climate impacts that may affect federal, state 
or local parks, as these systems offer valuable recreational opportunities critical to the well being of all 
communities.  Third, sources of water that may be reduced by increased temperatures should be 
identified. 

Once these potential areas have been identified, cities and counties should focus, when appropriate, on 
areas that are particularly vulnerable to climate change.  Using the best available resources, local 
governments should note which areas can or cannot withstand changes in sea level, water use, 
temperature, and other climate change impacts.  Areas that cannot withstand changes can be prioritized 
by potential safety risks, potential biological or natural impacts, or other factors.  The local government 
should determine which areas will need the most attention to avert these risks.  The 2009 California 
Climate Adaptation Strategy Discussion Draft can be a valuable resource in making these determinations 
if effective adaptation planning tools are continually developed. 

There are a number of ways to address climate change impacts.  For future land use decisions, general 
plan amendments may be needed.  Safety risks may be outlined and mitigated in a Local Hazard 
Mitigation Plan.  To address public infrastructure, a public works plan may be needed.  A climate action 
plan may be used to prioritize actions that are immediately needed and which actions can be 
implemented over time. 
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One tool that has been successful in helping to bring together many levels of government to look at long 
range planning on the regional and local scale is the California Regional Blueprints Program.  Through 
the development of scenario-based integrated plans, regions and local governments can develop different 
planning scenarios that achieve a variety of objectives and goals, including GHG reduction and climate 
change adaptation.  The blueprint planning process is an important tool MPOs can use to meet SB 375 
requirements and develop their Sustainable Communities Strategies.  Further, the blueprint planning 
process can help identify areas vulnerable to climate change and identify ways to address those 
vulnerabilities in an integrated and comprehensive manner.          

As the state works to meet its GHG reduction goals, adapt and plan for climate change impacts, and 
restore the economy, the entire state, including all levels of government, non-profits, businesses, private 
property owners and the general population, should, when appropriate, evaluate how and where critical 
infrastructure is developed, what types of structures are allowed to be built in certain locations, and how 
to best protect natural resources.  

 
STRATEGY 2: To improve links between land-use planning and climate adaptation planning, cities 
and communities should address climate change impact risks in their General Plans (i.e., identify 
climate change impacts, identify areas most vulnerable to these impacts, and to develop risk 
reduction strategies using the State strategy as guidance) and the state should use the California 
Regional Blueprint Program to better integrate adaptation strategies into blueprint plans.     

 
3) Improve Emergency Preparedness and Response Capacity for 
Climate Change Impacts 
Even with the best adaptation efforts, not all risks are preventable.  As climate change is likely to increase 
the frequency and in some instances the intensity of extreme events (i.e. heat, drought, flooding, or fires), 
agencies must periodically review their changing capacity needs.  As catastrophic events become more 
frequent and each draws heavily on private and public resources, every effort must be made to avoid or 
minimize exposure to these extremes, so as not to overwhelm emergency response capacity.   

While it is more effective and less costly to engage in anticipatory planning (prevention and preparation), 
it is also important to limit the consequences of unforeseen yet inevitable extremes (response, hazard 
mitigation).  Additionally, all sectors with resources or operational processes at risk from climatic extremes 
will need to build their level of preparedness, emergency response capacity, and ability to facilitate rapid 
and climate-cognizant recovery.  

Contingency and emergency planning provides an enhanced capacity to respond to the immediate 
impacts of extreme weather events at an accelerated rate.  When coupled with long-term planning, 
enhanced emergency preparedness can build adaptive capacity.  Further, a sustained hazard mitigation 
effort will reduce the impacts of these climate change impacts.  This constitutes a proactive strategy for 
addressing impacts and forms a strong foundation for all phases of adaptation planning (mitigate, 
prepare, respond, recover). 

Effective emergency response to climate impacts will require unprecedented coordination across all 
service levels.  Strategic planning efforts will need to include contingencies for tiered responses to a given 
impact, depending on level of severity.  A flood or heat wave with only local impacts, for example, would 
be handled by municipal emergency response services.  Responses to more serious events would trigger 
county, state or even federal-level assistance.  While emergency systems are already coordinated under 
the Standardized Emergency Management System (SEMS), there are no comprehensive emergency 
response planning efforts that consider the widespread and recurring nature of climate-driven impacts.    

An equally important component needed to support this level of coordination during emergencies is 
access to easily accessible information required for inter-organizational real-time planning.  With the 
potential scale of impacts resulting from climate change, informational tools for immediate, accurate and 
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accessible situational awareness will be essential.  This requires improving information systems as well 
as developing planning tools to better manage the increased frequency of emergencies under climate 
change. 

The need to plan for climate impacts before they happen is important; not only with effective and 
coordinated response, but also proactively when making land use planning decisions.  Examples include 
avoiding development in potential flood zones, core habitat reserve areas, and areas prone to wildfires 
that will occur as a result of these climate changes.  The increase in hazard areas due to climate change 
will put a strain on emergency services as the impacts become more commonplace in these expanded 
hazard areas. 

To address these issues, OPR in cooperation with the CNRA and its constituent departments will link with 
efforts to update the State Emergency Plan, and the State Hazard Mitigation Plan, to strengthen 
consideration of climate impacts to hazard assessment planning, implementation priorities, and 
emergency response.  This is important in the potential to qualify the state for additional federal funds that 
would be needed given the shorter duration between impacts under climate change.  The CNRA and 
OPR will attempt to build on existing information tools as they relate to climate impacts and on required 
public safety plans, such as the State Fire Plan, through coordination with CERES at the state level, and 
FEMA at the federal level.  Potential funding of these efforts through FEMA will be explored. 

 
STRATEGY 3: The California Emergency Management Agency (Cal EMA) will collaborate with 
CNRA and the seven sector-based Climate Adaptation Working Groups (CAWGs) to assess 
California's vulnerability, identify impacts to State assets, and promote climate 
adaptation/mitigation awareness through the Hazard Mitigation Web Portal and My Hazards 
website as well as other appropriate sites.  Climate change impacts were recognized in the 2007 State 
Hazard Mitigation Plan (SHMP) as having an effect on primary hazards such as flooding and wildfires and 
secondary hazards such as levee failure and landslides.  A more refined understanding of the impacts of 
climate change will be forthcoming during the next three-year SHMP update cycle in 2010.  Special 
attention will be paid in the overall assessment on the most vulnerable communities impacted by climate 
change.   
 

4) Expand Research and Monitoring for State Climate Change Risks 
and Regularly Assess Progress on Actions to Reduce Risks      
The most critical challenge in managing climate change risks is the need for new and expanded climate 
research and monitoring that can drive policy decisions in a timely way.  As planners, land managers and 
conservation practitioners need results from climate change research to make effective decisions, state 
conservation agencies should work with the research community to identify methods of making research 
results more timely.  Research and monitoring are needed at all levels of government to allow policy-
makers to identify what impacts will happen where and in what timeframe.   However, even as research 
continues to expand, decision-makers will have to make decisions in a world with increasing uncertainty 
regarding climate changes.  Establishing systems that monitor these changes, such as through regular 
climate adaptation efforts, will allow pubic and private sector entities to better incorporate these changes 
into decision-making and financial decisions.  

 

California has already initiated an esteemed research effort through the Energy Commission’s Public 
Interest Energy Research (PIER) Program, highlighted in Chapter 2, that serves as the scientific 
foundation for this draft adaptation strategy.  As climate science improves, more questions are being 
raised, requiring further detail and analysis.  Figure 9 provides a list of climate adaptation research 
questions raised by the state climate research coordination committee outlined in the 2009 CAT report 
and show the depth of information needed to better inform policy efforts.  Other issues not specifically 
addressed in this table include the need to better coordinate future “top down” climate change scenario 
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work, with “bottom up” studies showing sector specific changes as was done recently by the Department 
of Water Resources for the water sector.  In addition, more detailed economic analysis is needed to show 
the long-term costs and benefits from both taking action and doing nothing to slow the state’s vulnerability 
to climate change.  The economic studies should be merged with the climate mitigation economic studies 
currently being developed by the California Air Resources Board. 

Figure 9: Sample Climate Adaptation Research Needs (2009 CAT Report) 
 

• Heat Waves and Public Health 
o The relationship between temperature, air pollution episodes, and health endpoints, to protect 

vulnerable subgroups; 
o Changes in atmospheric chemistry that change human pollution exposure; 
o Differential risk to populations vulnerable due to physiological, socioeconomic, or occupational factors. 

• Energy supply, demand, and delivery 
o Availability of energy resources and fuels 

• Wildfires 
o The increased risk of wildfire impacts on natural resources, sensitive species and habitat  
o The types of human health conditions and priority interventions for sensitive populations 

• Sea level rise 
o Analytical techniques to evaluating coastal storm surge and flooding.  
o Development and evaluation of effective sea level rise adaptation strategies to minimize impacts to 

coastal development and ecosystems. 
• Ecosystem Impacts 

o Development of tools to forecast species’ responses to climate change 
o Identification of critical connections/corridors taking into account alterations due to climate change 
o Forest management techniques to promote ecosystem health and resiliency 
o Establishing adaptation measures designed to reduce at-risk species and protect biodiversity; 

• Floods and Droughts 
o Prediction of storm events with the potential to generate major regional flooding; 
o Increases in risk of flooding and repeated drought/flooding cycles due to extreme variability in rainfall 

patterns and more-rapid spring snowmelt,  
• Air quality/respiratory health 

o The relationship between predicted ecological shifts and the potential for increased pollen production. 
• Community design and land use 

o Assessment of how land-use decisions influence the amount of GHGs generated by a community and 
affect local climate;  

• Health behaviors/communication 
o The policies/incentives that encourage more walking, bicycling, and use of public transportation; 
o Ways to incorporate health impact assessments into land use planning. 

• Surveillance 
o Determining key environmental and health indicators that need to be monitored on an ongoing basis 

for trends in the effects of climate change on human and ecosystem health. 
• Mapping 

o GIS mapping capability to identify regions and populations most vulnerable to climate change impacts  
o High resolution mapping in coastal and bay regions to support sea level rise vulnerability assessments 

and evaluation of adaptation options 
o Vegetation mapping to track changes in distribution and condition, including pest and disease trends 

• Market development and commerce 
o Ways to fund and incentivize adaptation mitigation efforts for protecting biodiversity and maintaining 

ecosystem services 
o Adaptation measures that promote economic well-being co-benefits 

Monitoring existing climate changes is as important as modelling future changes.  Unfortunately, 
California’s existing monitoring network was not established with climate change in mind.  Temperature 
monitoring states are based on areas where people and resources exist instead of locations that could 
act as an “early warning system” of greater climate change to social, environmental and economic 

systems.  For example, expanded surveillance of pests, invasive species, or disease vectors could 
identify where crops or populations that are most vulnerable and provide lead times to develop new 
pesticides or vaccines.   
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Data management is also a key component of improving climate risk information.  Centralized data banks 
with easily accessible formats that synthesize data for land and resource managers and other officials 
would greatly enhance the usability of this information.  For example, myhazards.calema.ca.gov is a great 
example of how synthesizing research, monitoring, maps, and policy tools provides the public with 
comprehensive information on natural disaster risks, and tools to reduce these risks, in their area.  The 
integration of information collected from state, federal, local, academic, and non-governmental 
organizations (NGO) sources could rapidly expand available data bases, fill data gaps, and increase 
efficiencies when it is shared and not proprietarily protected.  This need for a centralized, comprehensive 
online resource for locating the latest climate research and monitoring has been identified but not yet fully 
realized due to budget and resource constraints.  The CAT climate research coordinating sub-group 
should follow through to augment the existing California Climate Change Portal to centrally manage this 
information. 

Finally, it is critical to measure the success and effectiveness of adaptation strategies.  The assignment of 
specific performance measures to each strategy and sub-strategy within the 2009 California Climate 
Adaptation Strategy Discussion Draft should be developed by January 1, 2011.  Scientifically verifiable 
and broadly agreed-upon performance measures will support agencies to make defensible budget 
requests supported by past achievements. 

 
STRATEGY 4: Expand Research and Monitoring for State Climate Change Risks and Regularly 
Assess Progress on Actions to Reduce Risks - The State Climate Change Action Team Research 
Sub-Group will develop a strategic plan by September 2010 that will identify:  priority state climate 
adaptation research and monitoring needs; proposed resources and timeframes to implement the plan; 
and potential for research co-funding and collaboration with local, state, and national agencies, 
universities and other research institutions.  The CAT Sub-Group should develop a comprehensive 
research project catalog and continue to biannually publish key state sponsored climate research on the 
California Climate Change web-portal.   

 

5) Develop a Climate Change Vulnerability Assessment   
California’s current climate impact vulnerability information is based on peer reviewed science that is 
continually improving and being refined to scales that will be more informative and useful for planners and 
managers.  This draft adaptation strategy was developed using the “hazard-based assessment approach” 
(explained in Chapter 2), which is useful, but limited in the information it can provide to inform policy 
direction.  Now, California should move toward developing a “vulnerability assessment approach” that 
quantifies the probability that certain consequences under different future climate scenarios will occur, 
and identifies the resulting vulnerabilities.  A vulnerability assessment integrates the risk (i.e., the 
probability of certain consequences occurring) with the likely sensitivity and response capacity of natural 
and human systems that are at risk of experiencing these consequences.  This requires several steps 
beyond what is presented in this report including: (1) further research to identify the probability and 
resulting risks of the existing climate scenarios and resulting consequences; (2) link policy-makers with 
climate scientists to identify adaptation policy options and barriers, along with costs and benefits, to best 
reduce and manage the identified risks; and (3) a broad pubic stakeholder process to communicate the 
options available to reduce climate risks and to work toward a prioritization of where the state should 
focus its limited resources in implementing priority strategies. 

A key motivation for completing a vulnerability assessment is to identify and help the most vulnerable 
communities, populations, sectors, and natural systems.  For example, Gleick et al. (2008) reports that up 
to 500,000 low–income individuals in “communities of color” are vulnerable to future sea level rise in the 
San Francisco Bay Area.  This raises important political and economic questions regarding how the state 
plans to mitigate future climate change impacts.  Answers will require difficult trade-offs and require 
significant input stakeholders ensuring environmental justice concerns are adequately addressed. 
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All sectors engaged in the development of the 2009 California Climate Adaptation Strategy Discussion 
Draft recognize their obligation to work closely with all stakeholders and that environmental justice 
concerns should be incorporated and mainstreamed into all strategies where it is possible.  It is also 
necessary to ensure climate adaptation strategies can assist toward the greater goal of ensuring all 
California residents have the opportunity to live, learn, and work without regard to race, age, culture, 
income, or geographic locations.  

State agencies should interact with California Indian Tribes respectfully and on a government-to-
government basis.  Because traditional knowledge will have a role in combating climate change, 
indigenous communities should be involved in climate change adaptation actions that will directly impact 
their people, waterways, cultural resources, or lands; all of which are intimately associated. 

In the near term, state agencies should continue working together within the CAT Research Sub-Group to 
coordinate policy responses based on the Energy Commission’s climate scenarios research, and to build 
upon sector-specific research and monitoring activities.  At a minimum, each sector and responsible 
agency and department should use this research to assess how climate changes will impact their mission 
and what steps will be needed to adapt policies and procedures to meet those challenges.   

STRATEGY 5: Develop a statewide and sector specific California Climate Vulnerability 
Assessment (CCVA) to ensure the best available and comprehensive science informs climate 
adaptation decision making.  State agencies will work through the CNRA initially, and eventually 
through the State Climate Change Adaptation Office, to develop the state’s first CCVA focused on sharing 
information, providing opportunities for public discussion on climate risk research and policies, and 
developing cross-sector strategies.  The CNRA with assistance from the Energy Commission, the 
California Emergency Management Agency (CalEMA), the CAT research group, and other affected 
agencies will secure funding and develop a scientific framework for the CCVA. The development of a 
CCVA will include public outreach to prioritize risk reduction strategies and will be completed by January 
1, 2011 (depending on contracting and funding this study by January 1, 2010).  The final CCVA will allow 
policy-makers the ability to develop a more systematic approach to funding risk reduction efforts.  Every 
effort will be paid to identify and assist those communities expected to be most at risk from future climate 
change. 

 
6) Develop a Climate Change Impact and Adaptation Strategy 
Outreach Campaign  
There is growing understanding that climate change is happening now and that human induced GHG 
emissions are to blame.  Unfortunately, there is less public knowledge of current and projected climate 
impacts, who and what systems are at greatest risk, and the actions necessary to reduce these risks.  
This is partly due to the rapidly changing information, but also about the lack of a state-coordinated public 
outreach effort to inform the public about how to reduce climate-related risks.   

A public outreach and educational campaign is needed to communicate information about climate change 
impacts and risk reduction strategies.  A well-developed campaign could not only work to ensure 
transparency in decision-making, but can potentially change behavior.  For example, improved 
information and tools regarding future sea level rise risks could better inform vulnerable coastal 
communities to reduce development and/or build sea walls around vulnerable areas based on the best 
available climate research saving the community (and the state) future emergency management capital 
outlays.   

The CNRA has taken steps throughout the adaptation planning process to increase public outreach and 
stakeholder participation with regard to climate adaptation strategies.  The California Climate Change 
Portal (www.climatechange.ca.gov/adaptation) provides a readily accessible tool for communicating the 
state’s work to tackle climate change.  California will increase use of this site as it develops this draft 
adaptation strategy so that stakeholders have the ability to track development and integration of climate 
policies.  

http://www.climatechange.ca.gov/adaptation
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The ultimate success of an outreach campaign is based on providing information and tools to the public 
that can be used to reduce the state’s vulnerability to climate change.  California is in the process of 
developing two tools as part of this report including a Web-based map that will show climate impacts 
based on PIER research efforts, and a climate adaptation protocol that will allow communities to follow a 
simple process to understand where they are most vulnerable to climate change and how to reduce 
potential risks. 

The interactive climate change impact Web-based map is in development and will use a popular Web 
portal to communicate climate change impact information in a user-friendly format.  If successful, 
individuals will be able to view regional temperature, sea level and precipitation projections.  Ideally, this 
information will be linked with the state natural hazard interactive map (myhazards.calema.ca.gov) with 
the goal of localizing all natural hazard information. 

Similarly, local communities need a state-sponsored method for assessing their vulnerability to climate 
change and simple list of climate impact mitigation measures to reduce these risks.  A climate adaptation 
protocol would link existing, or develop new, simplified climate vulnerability assessment tools similar to 
the Local Government Protocol adopted by the Air Resources Board in partnership with the California 
Climate Action Registry, the Climate Registry and Local Governments for Sustainability (ICLEI).  This will 
be dependent on securing additional support to implement this measure with stakeholders. 

Finally, training state and public stakeholders on both climate impacts and risk reduction strategies will be 
necessary to implement an effective adaptation strategy.  State agencies and other institutions must 
develop internal subject expertise as the need for adaptation increases.  Personnel should be 
encouraged by managers to learn about climate change, vulnerability and adaptation, and become more 
proficient in integrating knowledge from different sectors and disciplines.  This requires ongoing support 
to participate in training, education and networking opportunities.  Internal capacity building should 
enhance staff’s understanding related to climate change in terms of understanding vulnerabilities, 
identifying and implementing adaptation strategies, and developing indicators to assess the efficacy of 
chosen policies and management actions.  Other proactive efforts should include in-house training, 
conference trainings, recruitment of employees with climate-related expertise, climate-specific job 
classifications, revised duty statements, assessments of organizational climate policies, and increased 
access to researchers and consultants that provide greater climate understanding, modeling analysis and 
improved scientific knowledge.  This will fundamentally enhance the internal professional capacity for staff 
and managers at all state agencies. 

Climate change awareness will aid in the mobilization of Californians to begin planning for impacts, 
thereby increasing resiliency and reducing potential harm.  It will also serve to encourage communities to 
prepare for climate change; and provide resources to California’s residents to enable them to better 
prepare at home and in the workplace.  This is a very important component of adaptation planning 
because all Californians must participate for adaptation to succeed.   

 
STRATEGY 6: Develop a Climate Change Impact and Adaptation Strategy Outreach Campaign - 
Develop a coordinated climate change adaptation outreach effort building on the existing California 
Climate Change Portal (climatechange.ca.gov) that will communicate climate change science and impact 
information, clearly communicate how State strategies and all stakeholders can take action, and develop 
a series of tools to reduce the state’s vulnerability to climate change.  Tools will include the development 
of a Web-based map that will allow any individual to assess climate impacts and strategies for their 
region, and a climate adaptation protocol (depending on available resources) to allow communities to 
initiate a preliminary screening for climate risks. 

 

 

 

http://www.climatechange.ca.gov/
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PART II: 

 

CLIMATE CHANGE - IMPACTS, 
RISKS AND STRATEGIES BY 
SECTOR 

 

In this first effort to develop an approach for statewide climate adaptation planning, state agencies were 
organized into resource-based sector working groups.  These working groups were tasked with assessing 
climate impacts to their respective resource areas based on the PIER research-based statewide impacts 
(see “California’s Future Climate”), and identifying preliminary adaptation strategies organized by the 
necessity and/or ability to implement short term (by January 2011) and longer term.  As these working 
groups stem from differing resource management issues, there is variability in the applied long-term 
climate adaptation planning horizon (50, 75, 100 years).  The following sections focus on each sector, 
respectively: 
 

• Public Health 
• Biodiversity and Habitat 
• Oceans and Coastal Resources  
• Water Supply 
• Agriculture 
• Forestry 
• Transportation and Energy Infrastructure 
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IV. PUBLIC HEALTH  
Introduction 
 
Climate change can potentially threaten the health and well-being of all Californians through a variety of 
exposures and environmental changes.  For example, more severe extreme weather events, a decline in 
air quality, increases in allergenic plant pollen, more frequent wildfires, and altered environmental 
conditions that foster the spread of communicable and vector-borne diseases.  Climate change also 
threatens the basic life supports on which humans depend – our water, food, shelter and security.  
Among the segments of the population that are at greatest risk include the elderly, infants, individuals 
suffering from chronic heart or lung disease, persons with mental disabilities, the socially and/or 
economically disadvantaged, and those who work outdoors. 
 
 Figure 10: Flow diagram showing inter-relationships of climate impacts to conditions affecting public health. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Climate adaptation offers opportunities to find strategies with co-benefits for public health and mitigation.  
For example, reducing vehicle miles traveled will increase physical activity and reduce obesity and 
chronic disease. Five chronic diseases - cancer, diabetes, cardiovascular disease, stroke, and chronic 
obstructive pulmonary disease - account for two-thirds of all deaths in the United States.2  By 2020, 50 
percent of Americans will be living with a chronic illness.3  California’s aging population will require more 
care for chronic illnesses. It is estimated that 87 percent of Medicare beneficiaries have at least one 
chronic illness.4  By 2030, it is expected that 20 percent of Californians will be age 65 and older; the large 
majority of which will have one or more chronic diseases. Older adults, even those without diagnosed 
chronic disease, appear to be especially susceptible to many of the health challenges posed by climate 
change.  
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Future Climate Change Impacts to 
Public Health 

A. Increased Temperature and 
Extreme Weather Events 

Climate change is expected to lead to an increase in 
ambient (i.e., outdoor) average air temperature, with 
greater increases expected in summer than in winter 
months.  Larger temperature increases are anticipated in 
inland communities as compared to the California coast.  
The potential health impacts from sustained and 
significantly higher than average temperatures include 
heat stroke, heat exhaustion, and the exacerbation of 
existing medical conditions such as cardiovascular and 
respiratory diseases, diabetes, nervous system 
disorders, emphysema, and epilepsy.5  Numerous 
studies have indicated that there are generally more 
deaths during periods of sustained higher temperatures, and these are due to cardiovascular causes and 
other chronic diseases.6   The elderly, infants, and socially-isolated people with pre-existing illnesses who 
lack access to air conditioning or cooling spaces are among the most at risk during heat waves.7  

PUBLIC HEALTH AND 
ENVIRONMENT AL  
IMPACTS DUE TO WARMING  

• Higher Rates of Mortality & Morbidity  

• Increased Air Pollution 

• Seasonal Changes & Increases in 
Allergens 

• Changes in Prevalence & Spread of 
Disease Vectors 

• Possible Decrease in Food Quality & 
Security  

• Reduction in Water Availability 

• Increased Pesticide Use 

 

 
ADAPT ATION -  COUNTY OF SONOMA  
HEAT WAVE GUIDELINES:   

• Drink - Drink plenty of cool fluids. 

• Dress - Wear lightweight, light-colored, loose-
fitting clothing. If outdoors, wear a wide-
brimmed hat, sunglasses and sunscreen. 
Decrease - Limit physical activity and stay 
indoors in an air-conditioned space (home, 
library or shopping mall). If an extreme heat 
event, listen to the radio for the location of 
emergency cooling centers. 

• Defend - If working outside, monitor your 
coworkers. Check on elderly friends and 
family at least twice a day. Check infants and 
children frequently. Check on those who are 
overweight or in poor health.  

• Demonstrate - Avoid hot foods and heavy 
meals. Make sure animals and pets have 
plenty of fresh water and shade. Consider 
bringing pets inside and wet down outside 
animals.  

• Don’t - Do not leave children, adults or pets in 
a parked car for any length of time.  

Extreme Heat Events 
There is no universal definition of an extreme heat 
event (i.e., heat wave) since it depends on the locale, 
but in most parts of the U.S., three days over 90 
degrees Fahrenheit is considered a heat wave.  
Various other useful meteorologically-defined 
indicators of a heat wave have been developed.  For 
example, extreme heat events can be defined as 
temperatures that rise to the highest 10 percent of all 
temperatures that were recorded during the summer 
months from 1961-90 in a given locale.8  Climate 
change is expected to lead to increases in the 
frequency, intensity, and duration of extreme heat 
events and heat waves in California.9  Heat waves 
can be characterized by above-normal averages, or 
maximum daily temperatures, which may be 
accompanied by higher nighttime minimum 
temperatures.10  There is evidence for a trend in heat 
waves in California to have higher nighttime (i.e., 
higher minimum) temperatures as compared with the 
historical record, with daytime maximum 
temperatures being more similar to past heat 
waves.11 This has important implications as there is 
less chance for people to physiologically recover and 
cool off, and for the built environment (indoors or 
outdoor) to cool, contributing both to continued heat 
stress overnight and compounding the effects of 
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daytime temperatures the following day. In 2006, a ten-day heat wave set multiple records, including 
maximum daily and minimum overnight temperatures.  This extreme event reflected an all-time record for 
statewide energy consumption on July 24, 2006 utilizing 50,270 Megawatts.12  Most importantly, there 
were 140 deaths attributed by county coroners to heat exposure from this event.13   Similar in length and 
intensity, it is expected that more heat waves will occur on an annual basis by the end of the century if the 
world follows a higher GHG- emissions pathway.14   Absent significant adaptation measures, the impacts 
will be severe for public health and other climate-sensitive sectors.  
 
The increase in heat waves is expected to increase mortality in California, although the actual number of 
potential deaths has not been fully assessed. 
Over the past 15 years, heat waves have 
claimed more lives in the state than all other 
declared disaster events combined.15  This 
trend is likely to continue as the number of 
heat waves increase, and thereby lead to 
potentially hundreds of climate-related 
fatalities every year. Even though coastal 
areas will not see the greatest increases in 
average temperature, the largest increases 
in mortality rates are expected to occur in 
coastal cities, such as Los Angeles and San 
Francisco since these populations are 
relatively unaccustomed to extreme heat and 
thus less acclimatized when such events 
occur (e.g., less adequate access to air 
conditioning).16  

Adaptation - County of Fresno 
How to Reduce the Effects of Heat 

Seasonal Readiness: 
•  Educate the public on the greatest risks of heat; 

•  Identify and prepare cooling centers; 

•  Identify resources to transport citizens to cooling 
centers; 

•  Coordinate community resources  

•  Encourage residents to check on family and 
friends at risk.  

•  Initiate data collection on heat related deaths and 
illnesses by the Community Health Department 
Epidemiologist. 

 
Heat Emergency Responses: 

•  Open cooling centers; 

•  Releasing heat response information to the media, 
local organizations and community groups; 

•  Provide transportation resources for people unable 
to reach cooling centers; 

• Coordinate local heat-related resources, donations 
and volunteers; 

•  Monitor the health of vulnerable populations by 
county agencies and community groups; 

•  Monitor medical reports of heat-related illnesses 
and deaths; and 

•  Provide information to the public regarding 
available utility bill (air conditioning) assistance 
resources. 

 
Beyond mortality, increased heat waves can 
exacerbate higher occurrences of chronic 
disease or heat-related illness.  Compared to 
baseline conditions, there were 16,166 
excess emergency room visits and 1,182 
extra hospitalizations linked to the July 2006 
heat wave throughout California.17   As 
record-breaking heat waves occur more 
frequently in California, excess morbidity will 
also increase during the summer months.  
This will require greater preparedness by 
health care providers and facilities, and will 
place a strain on California’s health care 
system.  Heat waves also necessitate an 
increase in energy use for cooling and air 
conditioning which can lead to electricity 
shortages and blackouts.  A reduction in 
energy availability can further impact public 
health by limiting access to air conditioning 
and refrigeration which can increase the risk 
of food-borne illnesses.  
 
The expected increase in ambient temperatures is predicted to exacerbate existing air quality problems in 
the state if the necessary measures to reduce secondary air pollutants and their precursors are not 
implemented.  Higher temperatures and increased ultraviolet radiation associated with global warming 
facilitate the chemical formation of ozone and other secondary air pollutants from precursor chemicals 
emitted from combustion sources such as vehicles and power plants.  Air pollutants are responsible for 
health effects such as aggravation and development of respiratory and cardiovascular diseases.18   Thus, 
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 not die off.   

ses 

these adaptation strategies should address both immediate needs and long-term impacts as warming 
increases the frequency and duration of extreme heat events. 

 
Fewer Freezing Spells 
Currently, freezing events occur on an annual basis in many areas of California.  While freezing 
temperatures are important to agriculture and other sectors, freezing spells can be directly linked to public 
health and subsequent emergency room visits.  Whenever temperatures drop below freezing, heat is lost 
from the body more rapidly and can bring on health emergencies in susceptible individuals, such as those 
without shelter, or who live in a poorly insulated home or lack a source of heat.  As with extreme heat, 
children and the elderly are particularly at risk from hypothermia. 
 
One of the few beneficial impacts of climate change is that freezing spells like the one experienced in 
December 1998 are likely to become less frequent across California as climate change progresses.  
Following the higher (A2) emissions pathway, freezing events could occur only once per decade in a 
sizable portion of the state by the second half of the 21st century.19  As the number of freezing spells 
falls, Californians are likely to benefit from the decrease in these cold-related health effects.  Conversely,
too few freezing temperature events can lead to increased incidence of disease as vectors and 
pathogens do
 
Changes in Air Quality 
Many Californians living in or near urban areas currently experience the worst air quality in the nation, 
with associated economic costs reaching tens of billions every year.20   Research indicates that climate 
change influences on atmospheric processes will promote formation of ground-level pollutants, such as 
ozone and secondary aerosols (particulate matter), and that these increases could offset much of the 
potential gains achieved through air pollution control measures, a phenomenon referred to as the “climate 
penalty”.21 
 
Short-term effects of air pollution include irritation to the eyes, nose and throat, as well as increased 
incidence of upper respiratory inflammation, headaches, nausea, and allergic reactions.  In addition, 
short-term air pollution tends to aggravate the medical conditions of individuals with asthma and 
emphysema.  Similar to heat waves, public health impacts from particulate matter are highest among the 
elderly, followed by infants and young children.22  Recent evidence shows that increased ozone levels 
also impact overall mortality due to cardiovascular and lung disease; particulate matter also increa
cardiovascular and respiratory illness and deaths. 
 
A sustained increase in temperature may also play a role in human exposure to airborne allergens.  Plant 
species are sensitive to weather and rising CO2 levels, and warmer temperatures have been found to 
enhance pollen production and alter the geographic distribution of allergen-producing plant species such 
as trees, grasses, and especially ragweed.  As a result, climate change can lead to an increase in the 
occurrence and severity of asthma and affect the timing and/or duration of seasonal allergies such as hay 
fever.23 

 
 
B. Precipitation Changes and Extreme Events  
Changes in precipitation patterns will affect public health primarily through extreme events such as floods, 
droughts and wildfires.  In addition, higher temperatures combined with changes in precipitation patterns 
create conditions that are more conducive to the occurrence and spread of infectious diseases.  
 
 



  

Page |   

 

37

Floods and Droughts 
The impacts of flooding can be significant.  Results may include population displacement, severe 
psychosocial stress with resulting mental health impacts, exacerbation of pre-existing chronic conditions, 
and infectious disease.24   
 
Additionally, impacts can include a loss of personal belongings, and the emotional ramifications from such 
loss, to direct injury and/or mortality.  Preparation and emergency response plans are therefore needed to 
address anticipated flooding, especially in urban areas with high population densities which can 
potentially overwhelm emergency services and medical facilities.   
 
Drinking water contamination outbreaks in the U.S. are associated with extreme precipitation events.25 
Runoff from rainfall is also associated with coastal contamination that can lead to contamination of 
shellfish and contribute to food-borne illness.26 
 
Drought impacts develop more slowly over time, allowing institutions to ramp up the needed response 
systems as conditions require.  Risks to public health that Californians may face from drought include 
impacts on water supply and quality, food production, and risks of waterborne illness.  Drought may lead 
to increases in the concentration of contaminants in drinking water supplies.  Additionally, the state’s 
agricultural sector is almost completely reliant upon irrigation and the constant supply of water from the 
annual precipitation received in high-mountain areas.  Few, if any, studies exist which assess the impact 
of weather extremes on California’s food security.  
 

Fire Threat

Figure 11: Increasing Wildfire Risk 
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Wildfires 
Drought also results in increased frequency 
and duration of wildfires; another significant 
risk to public health.  Wildfire frequency and 
intensity is expected to grow as 
temperatures increase and vegetation dries 
due to longer dry seasons.27   In addition to 
the associated direct risk of fatalities, 
wildfires can lead to immediate and long-
term adverse public health problems due to 
exposure to smoke.  Smoke from wildfires 
is a mixture of carbon dioxide, water vapor, 
carbon monoxide, hydrocarbons and other 
organic chemicals, nitrogen oxides, trace 
metals, and fine particulate matter from 
burning trees, plants, and built structures.  
During wildfires, large populations can be 
exposed to a complex mixture of pollutant 
gases and particles, which can have both 
acute and chronic health impacts.  Smoke 
can irritate the eyes, harm the respiratory 
system, and worsen chronic heart and lung 
diseases, including asthma.28   People with 
existing cardiopulmonary diseases are 
generally at the greatest risk from smoke 
inhalation, with age being a complicating 
risk factor for the exposed population.  
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C. Sea-level rise 
As sea level rises, the flood risks public health faces 
will be exacerbated in coastal areas as higher storm 
surges cause greater tidal damage and flooding, and 
reach into inland areas that have been historically 
untouched by sea waters.  Salt water intrusion into 
estuaries poses potential risks to water and supplies 
for drinking and agriculture.  Potential impacts 
include physical injury, loss of property and 
belongings, and emotional trauma from such events.  
In one study conducted for the 2008 Climate Change 
Impacts Assessment, researchers assessed the 
areas, population, and assets at risk from inundation 
during a coastal storm after sea level had risen by ~5 
feet (1.4 m).  In the face of the encroaching ocean, 
up to 480,000 people and their residential assets 
(homes and property) are at risk (70 percent of all at-
risk assets) by the end of the century from such 
flooding events.29  In short, much of California’s prime real estate will be affected in coming decades by 
accelerating sea-level rise.   

PUBLIC HEALTH IMP ACTS DUE TO 
SEA-LEVEL RISE  

• Wastewater issues with flooding 
of septic systems near coastline 

• Salt water intrusion – risks to 
drinking water 

• Threats of injury and even death 
during coastal storms 

• Emotional impacts related to 
more coastal flooding and 
erosion 

• Emotional impacts related to 
internal displacement and 

 
Sea-level rise also increases the likelihood of saline intrusion into drinking water sources.  Such events 
have already occurred along the Los Angeles and Orange county coastal areas since the 1950’s.  In 
response, sea water intrusion barriers were built and operated to protect these aquifers.  As sea levels 
rise, more effort will be needed to protect these and other coastal communities from salt water intrusion 
into the water supply. 
 

Infectious Diseases 
Available studies and historical experience suggest that climate change could affect the range, incidence 
and spread of infectious diseases, including vector-borne diseases, zoonotic diseases, (i.e., animal 
diseases that are transmissible to humans), water-and food-borne diseases, and disease with 
environmental reservoirs (e.g., endemic fungal diseases).30  In California, predictions for more frequent 
wildfires, droughts and heat waves are associated with possibilities for forced migration of communities 
which could enhance transmission of disease due to crowding, homelessness, poverty and scarce 
resources – here at home and abroad.  Large scale migrations have been associated with surges in 
communicable disease and emergence of novel infections throughout recorded history.  Moreover, CDPH 
must prepare for these new demands in an environment of funding deficits, global travel, emerging novel 
viruses, multiple drug resistance, current HIV/AIDS epidemic and its associated infections (e.g., 
tuberculosis). 
 

Vector-Borne Diseases 
In California, three main vector-borne diseases of concern that climate change may impact include 
human hantavirus cardiopulmonary syndrome, Lyme disease, and West Nile virus.  Transmission to 
humans occurs through insects, ticks, and mites.  These diseases vary in their response to climate-
related factors such as temperature, humidity, and rainfall.31   Climate change may impact the distribution 
of these vectors as humid areas become drier and less suitable habitats, while other areas may become 
wetter, allowing for the vectors to exist where they previously did not.  Abundance of small mammal 
reservoirs may similarly be affected. 
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In California, the adult or sub-adult (nymph) western black-legged tick can transmit a Lyme disease agent 
to humans.  The risk of acquiring Lyme disease is highly correlated with exposure to habitats where 
certain ticks live.32  Lyme disease-carrying ticks are found in patchy distribution patterns in moist, humid 
environments such as coastal redwood or hardwood forests.  The tick feeds on small mammals, lizards 
and, as an adult, on larger mammals such as deer.  Exposure to the western black-legged tick in 
California is most often through recreation or occupation where ticks are prevalent.  Exposure to ticks 
living in or near human habitations may also occur, as increased development in previously wild areas 
continues.  Climate change may impact the distribution of the vector tick as wet, humid areas become 
drier and less suitable tick habitat while other areas may become wetter, allowing for the disease-carrying 
vector to exist where it previously did not.  Abundance of small mammal reservoirs may similarly be 
affected. 

 
Though increased rainfall may temporarily provide increased mosquito breeding sites, in fact, rainfall has 
little effect on West Nile virus (WNV) transmission since urban mosquitoes breeding in municipal water 
systems may benefit from below-normal rainfall.  However, an increase in summer rainfall could make 
California more at risk for the introduction and establishment of exotic vectors such as the principle 
mosquito vectors of dengue and yellow fever.  Each of these climate-related variables – along with 
unrelated changes in land use and land cover – can modify the geographic range of vectors, thereby 
raising the possibility that some of these vector-borne diseases may become more common in California.  
The first West Nile virus infection was detected in California in 2002, with explosive rates of incidence in 
the years since.33 
 
Climate change may affect rodent populations through the availability or increase in food supplies.34   
Prolonged rainfall and/or flood can increase the food supply for rodents, thereby increasing the risk that 
human populations will become infected by diseases carried by rodents.  Wild rodents can also act as 
hosts to ticks and fleas that can transmit diseases such as Lyme disease, plague, tularemia, and 
rickettsial infections.  Humans can also contract hantavirus cardiopulmonary syndrome when they come 
into contact with infected rodents or their urine and droppings. 
 

Water- and Food-Borne Diseases 
The risk of water- and food-borne diseases such as mild gastrointestinal illnesses could increase as 
California’s drinking, irrigation, and recreational waters are impacted by climate change.  Such infections 
and illnesses can become chronic and even fatal in infants, the elderly, pregnant women, and people with 
weakened immune systems.  

 
Historically, outbreaks of water-borne diseases have been linked to heavy rainfall and subsequent runoff, 
which results in a decline in the quality of surface water arriving at water treatment plants.35   In California, 
the expected increase in the intensity of rainfall could result in periodic deterioration of the quality of 
drinking water, and require not only more careful monitoring, but also additional water treatment to 
maintain adequate water quality.  People can contract water- and food-borne diseases by drinking 
contaminated water, eating seafood from contaminated water, and eating produce irrigated with 
contaminated water.  They can also be exposed to water-borne infectious illnesses while fishing or 
swimming in affected waters.  Higher water temperatures, as a result of warming, can accelerate the 
spread of water-borne diseases.  
 
Harmful algae blooms, which produce nerve and liver toxins, have been noted to be of longer duration 
and larger intensity, and are suspected to be tied both to increased temperatures due to climate change 
and nutrient runoff.  Exposure to marine life has resulted in death and poisonings of California sea lions.  
Human exposure is of concern both through drinking water contamination and recreational exposure.  
Human exposure to these blooms can cause eye and skin irritation, vomiting and stomach cramps, 
diarrhea, fever, headache, pains in muscles and joints, and weakness.  Chronic exposure in drinking 
water supplies is suspected to have links with liver damage and cancer.36  
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D. Risks to Public Health 
To summarize the changing public health risks that Californians may be facing from climate change, the 
likelihood of occurrence of the projected consequences was qualitatively assessed.  The risk profile for 
public health can be characterized as follows: 
 
Climate change is expected to lead to increases in the frequency, intensity, and duration of extreme heat 
events and heat waves in California, which is likely to increase the risk of mortality and morbidity due to 
heat-related illness and complications of existing health conditions.  Those most at risk and vulnerable to 
climate-related illness are the elderly, individuals with chronic conditions such as heart and lung disease, 
diabetes, as well as mental illnesses, infants, the socially or economically disadvantaged, and those who 
work outdoors. 
 
The expected increase in extremely high temperatures and increased ultraviolet radiation due to climate 
change is likely to exacerbate existing air quality problems unless measures are taken to reduce GHG as 
well as air pollutants and their precursors.  Climate change can lead to an increase in the occurrence and 
severity of respiratory illnesses as a result of declining air quality combined with higher temperatures.  It 
can also alter the timing and/or duration of seasonal allergies. 
 
Changes in precipitation patterns affect public health primarily through potential for altered water supplies, 
and extreme events such as floods, droughts, and wildfires.  These extreme events are likely to increase, 
thereby exposing the population to the risk of direct injury and/or mortality, loss of property and 
belongings and the emotional trauma associated with them.  Adequate preparation is needed to provide 
sufficient emergency services and access to medical facilities.  The direct risk of injury and fatalities from 
a combination of wildfires, higher temperatures, and longer dry seasons will contribute to an increase in 
poor air quality and related respiratory illnesses. 
 
Wide ranging and unpredictable communicable disease impacts that are likely to result from climate 
change highlight the need to strengthen public health infrastructure related to electronic disease 
surveillance, food and water safety, control of insect vectors, control of animal reservoirs of diseases, and 
increasing the capacity of infectious disease outbreak response.37   
 

Public Health Adaptation Strategies 

Introduction 
The state agencies that participated in the Public Health Climate Adaptation Working Group (led by the 
California Department of Public Health, with assistance from the Air Resources Board) developed the 
following strategies and shall be responsible for and will spearhead strategy implementation.  Public 
Health adaptation strategies are driven by the desire to minimize the negative health impacts of climate 
change.  The strategies are designed to increase awareness about potential climate change-related 
public health impacts; improve overall public health and resilience to prepare for future changes; protect 
those who are vulnerable; and support research and resources that allow for ongoing strategy 
improvements. 
 
These adaptation strategies provide guidance on steps that California’s public agencies can take to 
prevent and prepare for the impacts of extreme events.  For example, recommended measures include 
improvements in health preparedness and emergency response, proper surveillance of climate-related 
illness, and the means to promote community resilience while reducing vulnerability. Several strategies 
may help prevent impacts from both extreme events and gradual changes. Urban forests, for example, 
have the potential to reduce heat island effects; especially when used in combination with cool roofs or 
other building standard modifications. 
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Steps to reducing community vulnerability to climate change include enhancing public health 
infrastructure, promoting sustainable local food systems, and promoting strong social support networks.  
Improving public health preparedness and emergency response will be addressed by improving public 
education, coordination among emergency personnel, and development of enhanced heat warning 
systems.  The means to improve surveillance of climate-related illness include identification and tracking 
of health conditions that increase vulnerability to climate-related illness and deaths (e.g., chronic 
diseases), real-time electronic tracking of climate-related illness and death, conducting post-disaster 
surveillance, and tracking of environmental conditions that provide early warning systems of climate-
related health risks. 
 
Public health and the resulting effects of climate change on human populations in California are of 
significant concern.  Due to the complex links between climate variables and public health, and the 
corresponding challenges associated with ongoing research, substantial efforts and resources are 
needed to clearly understand how this sector can best adapt to a changing climate. 
 
Furthermore, the impacts of adaptation strategies intended to protect public health may have detrimental 
effects on natural ecosystems.  For example, control and abatement actions on pests and disease-
carrying organisms could result in contamination of natural environments; many of which provide 
resources such as clean and safe drinking water for human populations.   
 

Adaptation Strategies and Actions  
The Public Health Climate Change Adaptation Work Group, in concert with the Department of Public 
Health, has identified the following priorities in addressing climate adaptation for California state 
agencies.  The near-term actions referenced below are those actions that have been identified which can 
be initiated by 2010 (contingent on sustained funding).  The long-term actions include those 
recommended actions that will require support from the state and collaboration with multiple state 
agencies and are identified as cross-sectors strategies. 

 
Strategy 1: Promote Community Resilience to Reduce Vulnerability to Climate Change. 
Communities which have lower baseline rates of disease and are changing their 
infrastructures to combat obesity and chronic disease will be more resilient to climate change 
threats to health.  

Near-Term Actions:   

a. Integrate Climate Resiliency – CDPH should continue to conduct public health programs 
that work to support climate resilient communities (e.g., walkable communities, Safe Routes 
to Schools, Public Health and the Built Environment, the Landscaping and Health Workgroup, 
Storm Water Drainage System, and “Fight the Bite” campaign for personal protection from 
mosquitoes, etc).  

b. Putting Health Considerations in Land Use and Transportation – CDPH should form a 
working group to improve community planning and design to promote healthy living and 
balance and integration of social, economic and environmental concerns.  This can be done, 
for example, by promoting access to healthy foods and ability to walk or bicycle on a daily 
basis into land use plans and by including health considerations, both co-benefits and 
negative consequences of land use, into transportation and housing planning and decisions. 

 
c. Food Security and Quality – CDPH should build partnerships with the Prevention Institute 

and other NGOs who are interested in improving access to healthy foods in low-income 
communities.  CDPH should maintain its commitment to its healthy foods programs (e.g., 
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WIC (Women, Infants, and Children Nutrition Program), Supplemental Nutrition Assistance 
Program Education, programs that promote farm-to-consumer). 

Long -Term Actions:   

d. Health Access – CDPH should promote increased access to health care, in order to ensure 
that at risk populations are prepared for gradual and extreme climate change events.  CDPH 
should especially support policies which focus on health care access in communities with 
current high burden of disease. 
 

e. Food Transport/Mitigation – CDPH should promote sustainable local food systems to 
reduce reliance on food that requires a high amount of “vehicle miles traveled”.  This could be 
done through supporting projects with mutual partners and/or through media/outreach 
campaigns. 
 

f. Reduce Heat Islands – CDPH should partner with academia, state and federal agencies, 
and other climate change experts to identify urban heat islands, and work with state and 
federal agencies such as CAL FIRE, USFS Urban Forestry Program and DPR (Department 
of Parks and Recreation), and community partners to increase ground cover and shading by 
expanding urban forests, community gardens, parks, and native vegetation-covered, as well 
as open spaces.  

 
 

Strategy 2: Educate, Empower and Engage California Citizens, Organizations and Businesses 
to Take Actions to Reduce Individual and Community Vulnerability to Climate Changes 
through Mitigation and Adaptation. 

Near -Term Actions:   

 
a. Educational Outreach Campaign – Initiate the development of diverse education materials 

based upon social marketing concepts for diverse populations (general population, vulnerable 
communities, school-age children, business, and labor) that focus on the impacts of climate 
change and subsequent actions can be taken to mitigate and adapt to climate change.  
Utilize existing resources such as the bepreparedcalifornia.ca.gov website to post 
information.   

 
b. Reduce Exposure to Risk – Educate communities on the reduction of exposure to climate 

impacts, air quality and other toxic exposures (e.g., Mold Hotline, blue-green algae and 
human exposures in recreational environments). 

 

c. Mitigation and Adaptation Education – Disseminate information specific to vulnerable 
populations (e.g., outdoor workers and their employers, residents in urban heat islands, 
asthmatics, immigrants with literacy/language needs). 

 
d. Occupational Safety Standards – Advise and revise occupational health and safety 

standards to identify occupations at risk due to climate change. 
 

Long-Term Actions: 
 

e. Institutional Capacity – CDPH should expand training and education of health and social 
services providers, identify and integrate mental health services into post-disaster recovery or 
other dislocating or disruptive climate related changes. 
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Strategy 3: Identify and Promote Mitigation and Adaptation Strategies with Public Health Co-
benefits. 

Near -Term Actions:   

a. Mitigation and Adaptation Benefits – CDPH should identify public health strategies that 
offer concomitant climate change mitigation and adaptation benefits (e.g., Promote “smart 
growth” that reduces the need for automobile use while promoting physical activity and 
enhancing access to essential services). 
 

b. Health Impact Assessments – CDPH should develop guidelines for health impact 
assessment, for use by local health departments and other agencies.  CDPH should conduct 
health impact assessments of proposed mitigation and adaptation strategies, which include 
impacts on vulnerable populations and communities and assessment of cumulative health 
impacts.  Conduct health impact assessments of land use, housing and transportation 
proposals that could impact health, GHG emissions, and community resilience for climate 
change and strive to ensure that these proposals and planning includes participation and 
collaboration by public health professionals in addressing mitigation and adaptation (e.g., SB 
375 – Sustainable Communities). 

 
 
Strategy 4: Establish, Improve and Maintain Mechanisms for Robust Rapid Surveillance of 
Environmental Conditions, Climate-related Illness, Vulnerabilities, Protective factors and 
Adaptive Capacities. 

Near -Term Actions:  

a. Monitor Outcomes – CDPH should increase its capacity to monitor the climate related 
deaths and illnesses associated with heat-related and other events, including recommended 
indicators by the Council of State and Territorial Epidemiologists, and help to develop 
capacity for local health departments. 
 

b. Environmental Contaminant Biomonitoring – CDPH and Cal/EPA (California 
Environmental Protection Agency) should encourage the development of the existing 
California Environmental Contaminant Biomonitoring Program to determine the level of 
contaminants in California residents to help reduce baseline illness and increase community 
resiliency.   

 
c. Vulnerability Assessments – CDPH should conduct detailed vulnerability assessments for 

all the leading climate-change health outcomes (e.g., heat morbidity, valley fever, flooding, 
wild fires) utilizing locally scaled-down emergency and environmental shift scenarios.  
Ecological shifts and other environmental changes associated with climate change have 
longer-term implications for health (e.g., increased occurrence of communicable diseases, 
reduced water supplies and degradation of drinking water quality, and contributions to chronic 
disease development and progression). 

d. Electronic Surveillance Systems – The CDPH should continue actions to improve disease 
reporting, management and surveillance by replacing the current paper based system with a 
secure electronic system (California Reportable Disease Information Exchange - Cal-REDIE 
or WebCMR (Web Portal for the Confidential Morbidity Report)). Actions should be taken to 
consider mandatory reporting of climate-sensitive morbidity and mortality. 

e. Health Information Systems – The CDPH should maintain and upgrade the existing Rapid 
Response Registry (which provides health information services and tracks participant contact 



  

Page |   

 

44

information) for individuals exposed or potentially exposed to an emergency event.  
Additionally, maintain operating the California Environmental Tracking Program which 
conducts surveillance of environmentally-related chronic disease.  The CDPH should 
consider creating a clearinghouse of climate-related health outcome data for access and 
distribution to local health departments and community organizations. 

f. Water Accessibility Information – Maintain and upgrade the existing Safe Drinking Water 
Information System, which provides information about public water systems and their 
violations of EPA's drinking water regulations regarding maximum contaminant levels, 
treatment techniques, and monitoring and reporting requirements, in order to ensure safe and 
reliable public water resources. 

g. Infectious Disease Monitoring – Continue to monitor the frequency of occurrence of 
environmental infectious diseases, including Valley fever and vector-borne diseases, such as 
West Nile virus, Lyme disease, and hantavirus cardiopulmonary syndrome.  

h. Electronic Surveillance Systems – Expand the Electronic Death Reporting System for the 
continuous monitoring of abnormal death patterns, pneumonia, asthma, and heat deaths.  
Also, expand the usage and coverage of Cal-REDIE to allow seamless sharing of information 
across California to identify and manage multi-jurisdictional outbreaks effectively.  This will 
ensure a comprehensive central data repository. 

 
Long -Term Actions:   

i. Emergency (Event) Monitoring – Build a real-time data collection system for the daily 
monitoring of emergencies based on daily hospitalizations data, emergency department care, 
and diagnostic, laboratory, and prescription information.   

j. Health Information Exchange – Identify strategies and resources to integrate all California 
Emergency Rooms into electronic health records systems, and ensure local and state public 
health access to that data for purposes of surveillance and emergency response.  Integrate 
Cal-REDIE with all appropriate Health Information Exchange applications. 

 
Strategy 5:  Improve Public Health Preparedness and Emergency Response 
 
Near -Term Actions:   

 
a. Public Health Advisories – Maintain distribution of public health advisories in response to 

climate change impacts (e.g., prevent heat illness, vector-borne or food borne disease) while 
targeting vulnerable populations (e.g., outdoor workers and their employers, residents in 
urban heat islands, asthmatics, immigrants with literacy/language needs). 

 
b. Preparedness Response – CDPH should refine existing emergency preparedness plans for 

common current scenarios (e.g., heat waves, wildfires, floods) and maintain and build 
capacity to respond to future climate change impacts (e.g., sea-level rise, flooding, heat-
waves etc.) by enhancing emergency preparedness and response activities in collaboration 
with local agencies. 
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Strategy 6: Work in Partnership with Multiple Agencies (e.g., Environmental, Agricultural, 
Transportation, and Education at Local, State and Federal levels, as well as Business, Labor, 
Schools and Community-based Organizations. 
 
Near -Term Actions:   

a. Collaboration/Stakeholders – CDPH should maintain leadership in the Public Health 
Working Group for the iterative development of the Climate Adaptation Strategy.  CDPH 
should encourage ongoing participation with Public Health stakeholders (local government, 
health care providers, mental health and social service providers, non-governmental 
organizations and the private sector, as well as state, federal agencies) to develop local 
adaptation strategies that serve to mitigate and adapt to future climate change impacts. 
 

b. Encourage Participation – CDPH should establish and maintain linkages between climate 
change and the public health community while demonstrating and encouraging further 
development of public health strategies at federal, state, and local level meetings to educate 
and inform participants and stakeholders. 

 
 

Strategy 7: Conduct Research to Enable Enhanced Promotion and Protection of Human Health 
in Light of Climate Change. 
 
Near -Term Actions:   

 
a. Research Vulnerable Populations – Initiate efforts that will aid in determining the impacts of 

mitigation and adaptation strategies on vulnerable populations. 
 
b. Collaboration/Research – Develop a closer working relationship with the University of 

California and other universities and NGO’s involved with climate change analysis and 
impacts.   
 

c. Collaboration/Government – Provide input to agencies conducting climate change research 
and releasing public health impact reports on climate change such as the U.S. Center of 
Disease Control and Prevention, the World Health Organization, the U.S. Environmental 
Protection Agency, and the U.S. Climate Science Research Program. 

 
 

Long -Term Actions:   
 

d. Local Research & Analysis – Engage in research to determine local climate change 
impacts. 

 
 
Strategy 8: Implement Policy Changes at Local, Regional and National Levels. 
 
Near -Term Actions:   

 
a. Policy Integration – Work with local and state agencies to ensure that public health is 

considered in all policy development and work with stakeholders to develop federal and state 
policies to implement adaptation strategies. 
 

b. Policy Tracking – Monitor global, national and other state policy trends to emulate in 
California. 

 
Long -Term Actions:   
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c. Model Policies & Training – Identify model adaptation policies for local communities, and 

provide supportive training and technical assistance to facilitate implementation. 
 

d. Public Engagement – Initiate the engagement of all sectors of government, thereby 
including public health issues in all climate change policies they that offer possible co-
benefits for climate change adaptation. 

 
 
Strategy 9: Identify, Develop and Maintain Adequate Funding for Implementation of Public 
Health Climate Adaptation Strategy. 
 
Near -Term Actions:   

 
a. Funding Mechanisms – Develop a comprehensive funding strategy for public health 

adaptation strategies that utilize a broad range of funding strategies including fees, taxes and 
grants.  
 

b. Existing Funding – Identify existing resources that can be utilized for public health 
adaptation activities. 
 

c. Collaboration/Federal Agencies – Formally request the U.S. Department of Homeland 
Security and the Centers for Disease Control and Prevention to incorporate climate change 
response and preparedness as an acceptable use of federal funds for public health 
preparedness. 

 
Long -Term Actions:   

 
d. Funding Mechanisms/AB32 – Develop proportional funding proposal for public health 

research, adaptation and climate resiliency education that addresses Environmental Justice, 
and is based upon market mechanisms such as carbon auctions and carbon trading. 

 
 
Strategy 10: Lead by Example - Encourage Active Participation of Public Health and Health 
Organizations in Individual, Organizational, and Institutional Efforts to Mitigate and Adapt to 
Climate Change. 
 
Near -Term Actions:   

 
a. Foster Mitigation through Public Health Action – Initiate mitigation and adaptation 

considerations in all public health policies and programs, thereby reducing negative impacts 
of program operations and create co-benefits (e.g., videoconferencing versus carbon 
producing travel). 
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V. BIODIVERSITY AND HABITAT 
Introduction  
 
California is one of the most biologically diverse regions of the world and its vast array of species and 
habitats make it one of the 25 biodiversity “hotspots” on earth.1  Hot spots are areas where at least 1,500 
species of vascular plants (> 0.5 percent of the world’s total) are endemics and where at least 70 percent 
of the original habitat has been lost.  Of all 50 states, California has the most unique plant and animal 
species, as well as the greatest number of endangered species.2  The state’s diverse biodiversity stems 
from its varied climate and assorted landscapes which have resulted in numerous habitats where species 
have evolved and adapted over time.  The state’s ecological communities include coastal mountain 
ranges, coastal dunes, wetlands, rivers, lakes, streams, deserts, grasslands, and inland forested 
mountains. The vast number of species found in much of California makes it a “hotspot” for biodiversity 
(Figure 12).3   

 
 Figure 12: California’s variety of species and habitats makes it a biodiversity hotspot  
 

 
 
California is one of only five regions in the world with a Mediterranean climate.  Habitats in these climatic 
regions are considered to be more threatened by climate change than tropical forests, since over 40 
percent of these lands worldwide have been converted to other uses and less than five percent are 
protected worldwide.4  According to some estimates, more than 20 percent of the naturally occurring 
species of amphibians, reptiles, birds, and mammals in California are classified as either endangered, 
threatened, or "of special concern" to state and federal agencies.5  Therefore, the preservation of 
California’s unique biological heritage is of ever-increasing importance given the forecasted impacts 
associated with climate change.   
 
The economy and the natural resources that sustain human life are dependent upon the state’s 
biodiversity.  These species and ecosystems provide numerous goods and services, including 
provisioning services (e.g., food and timber production, medicines, water and fuels), regulating services 
(e.g., water purification and carbon sequestration), supporting services (e.g., climate regulation and 
nutrient cycling) and cultural services (e.g., aesthetic values, and sense of place).6   Not only do these 
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goods and services support California’s economy but they support numerous recreational activities for 
residents.  
 
 
Future Climate Change Impacts to Biodiversity and Habitat 

A. Increased Temperature  
Every species has a temperature range in which it thrives and can survive.  Brief exposures to extreme 
temperature events or repeated occurrences of temperatures outside of the range will stress plants and 
animals, and will exacerbate environmental pressures exerted by competitors, predators, pests and 
invasive species, habitat change, varying food and water supplies, diseases, and other anthropogenic 
stressors such as contaminants and habitat fragmentation.  As average temperatures rise, plant and 
animal species will increasingly be confronted by thermal stress that is out of their ability to adapt.  This 
will force terrestrial plants and animal species to either adapt to these changing conditions, shift to new 
habitats to avoid them if possible, or be extirpated (Figure 5.2). 

 
Species that cannot adapt in their existing communities may, over time, shift in their ranges if appropriate 
habitat is available, accessible, and if their behavioral characteristics allow.  If they are unable to shift 
their ranges, they face the threat of local extirpation, if not extinction.  The amount of future warming 
expected in California may likely exceed the tolerance of endemic species (i.e., those that are native to a 
specific location and that occur only there) given their 
limited distribution and microclimate.   
 
Species that have the capacity to shift their ranges will 
require movement corridors that are not blocked by 
natural landscape features or human development.  
Planning to maintain natural corridors in anticipation of 
predicted climate changes should be factored into 
future local and regional habitat conservation planning 
efforts.  
 
If the past is any indication of the future, we can 
assume that species occurring together in 
communities will move independently from each other, 
not as groups.  As a result, species will likely 
reorganize into communities made up of different 
species.  For example, cores of fossil pollen from 
dozens of sites around North America show that in the 
last Ice Age, boreal tree pollen, which today occurs in 
the boreal zone in Northern Canada, was common in 
the Corn Belt of the United States and in areas where 
mixed hardwood forests exist today.  Pollen cores 
show us that different tree species that were living 
together then are no longer found together.7  

 
Similar stresses and barriers apply to aquatic species 
whose migratory/movement limitations may be even 
more limited.  Vernal pool and freshwater lake species are likely to be more susceptible to extirpation 
because their habitats may disappear entirely or if they are unable to emigrate to a new aquatic 
environment.  For example, fish and amphibian species will experience increased stream and lake 
temperatures that will affect their food supply and fitness.  Warmer air and water conditions could also 
influence the introduction and spread of undesirable species or diseases.  

BIODIVERSITY AND HABITAT 
IMPACTS DUE TO WARMING 

• Barriers to Species Migration and 
Movement 

• Temperature Rise - Lakes, 
Streams, and Oceans  

• Increase in Invasive Species 
Potential 

• Changes in Natural Community 
Structure 

• Threats to Rare, Threatened, or 
Endangered Species  

• Altered Timing of Phenological 
Events 

• Timing Disruptions Between 
Predators and Prey and Pollinators 
and Plants 

• Loss of Ecosystem Goods and 
Services
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Invasive Species 
As climate change related impacts increase, the ranges occupied by certain species will change.  Species 
attributes that facilitate this change include broad environmental tolerances, animals that don’t have 
specialized diets, a relatively rapid rate of reproduction and the ability to disperse to new locations.  Under 
future climate conditions grassland habitats and deserts are expected to expand, resulting in species in 
those habitats having suitable habitat in larger regions, while in comparison slower-growing vegetation 
communities with limited dispersal capabilities may be outpaced by climatic change.  As a result, even 
species that are native to certain California regions may disrupt ecosystem balance as they spread into 
other regions.  Disturbance events generally benefit invasive species given their tolerance to a wide 
range of environmental conditions.  Invasive species often have greater flexibility and can survive under 
variable and extreme conditions, such as flood events or drought.  Invasive species also tend to produce 
large numbers of seeds or young and are capable of long distance dispersal; or have the ability to 
outcompete native species (especially plants that requires no pollination or seed development).  

Californians have benefited from the introduction of plant and animal species necessary for food or other 
human pursuits; however, there are many other introduced species that can wreak havoc on the state’s 
environment and economy.  Invasive species threaten the diversity or abundance of native species 
through competition for resources, predation, parasitism, interbreeding with native populations, 
transmitting diseases, or causing physical or chemical changes to the invaded habitat.  Through their 
impacts on natural ecosystems, agricultural and other developed lands, water delivery and flood 
protection systems, invasive species may also negatively affect human health and/or the economy.  
Examples of direct impact to human activities include the clogging of navigable waterways and water 
delivery systems, weakening flood control structures, damaging crops, introducing diseases to animals 
that are raised or harvested commercially, and diminishing sport fish populations. 

Ecosystem Services: Community Composition and Interactions 
The impact of warming has already affected the timing of biological events such as flowering, leafing out, 
breeding, and migration and will continue to do so.  This change in composition can disrupt biological 
interactions and impact ecosystem dynamics by displacing existing biological interactions and replacing it 
with another.  For example, an earlier occurrence of flowering may result in futile reproduction efforts for 
pollinators if they are unable to adjust quickly to the change in availability of resources.  Changes in 
pollinator activity will affect dependent species throughout the natural and human food chain. 

Carbon sequestration which helps to regulate the Earth’s climate is an ecosystem service that greatly 
benefits humans.  Indeed, California’s ecosystems, including forests, open spaces, and wetlands provide 
co-benefits such as carbon sequestration and managing them effectively will be among California's most 
important tools in the fight to reduce GHG emissions.  In addition, these habitats are also home to 
thousands of native plant and animal species.  Historically, these landscape types and others have used 
natural processes to regulate the majority of atmospheric carbon.  When properly managed, public and 
private forests, open spaces, and wetlands may have the potential to provide significant capture and 
sequestration of greenhouse gases while simultaneously providing habitats necessary for the long-term 
conservation of California's biodiversity.   

  

B. Precipitation Changes and Extreme Events 

Changes in Stream Flow 
Current projections for California suggest that precipitation and temperature events will be more extreme.  
For example, more frequent and intense heat waves can impact heat-sensitive species, reducing fitness 
and increasing mortality.  With more precipitation falling as rain (less snow pack), river flows during the 
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winter and spring seasons will be greater; while reduced snowfall in the winter will result in reduced 
snowmelt and subsequently lower stream flows during summer months.  
 
One of the first species groups impacted by stream flow change will be fish.  Fish reproduction is affected 
by stream flows in several ways.  Increases in winter runoff and earlier spring peak flows are likely to lead 
to increases in the number of flooding events during these seasons.  Early-spring, high-runoff periods or 
flooding may occur during egg incubation periods for many fish species, thus impacting reproduction.  
High stream flow could additionally shift streambed gravel, and heighten the risk of damage to incubating 
eggs; while the emergence of juveniles can be displaced, undermining the reproductive success of 
species.8   
 
Mosquitoes will proliferate in areas where flooding combines with higher springtime temperatures.  If 
these areas are chemically treated to protect human health, non-target invertebrates that feed fish and 
other aquatic species will be affected.  Introduced toxins will have unintended consequences for the entire 
food chain. (See also Public Health chapter for additional information on climate change impacts to public 
health.) 
 
As a result of a decrease in snow pack and earlier snowmelt, stream flows are expected to be lower 
during the summer months and extending into the fall.  In addition, reduced stream water depth and 
higher air temperatures will increase stream water temperatures, to levels that are potentially unhealthy 
for coldwater fish.  Salmonids are temperature-sensitive and rely on precipitation and snow melt.  The 
projected changes in inland water temperatures with changing seasonal flows is projected to place 
additional stress on these species (Figure 5.3), contributing to the need for increased resources for 
monitoring and restoration efforts.  It is common for 
adult fish migrating to spawning grounds to encounter 
obstacles that require high flow conditions in order to 
pass.  If climate change results in reduced stream 
flows this could impede or halt their progress.  A delay 
in the arrival to spawning grounds may decrease 
reproductive success and increase fish mortality.  
Repeated low stream flows during spawning migration 
periods may naturally select against large adult body 
sizes.9  

BIODIVERSITY AND HABIT AT 
IMPACTS DUE TO PRECIPITATION 
CHANGES 

• Stream Flows - Impact to Fish Passage 

• Distribution/Longevity of Surface Water, 
Impact to Wildlife  

• Changes in Riparian Communities and 
Structure  

• Decreased Water Availability - Fish and 
Wildlife 

• Water Temperature, Pollution and 
Sediment Load Changes 

• Impacts to Water Dependent Species  

• Surface Water Allocations - Impact All 
Water Users (humans & wildlife) 

• Increased Susceptibility to Pests, Disease, 
Wildfires & Invasive Species 

• Habitat Conversions - Changes in 
Biodiversity 

 
The projected changes in temperature and 
precipitation patterns will also affect the distribution 
and longevity of available surface water.  Changes in 
the composition and structure of riparian communities 
may result from changes in precipitation and flow and 
could contribute to increased management conflicts as 
the needs of humans and wildlife compete for limited 
resources.  Changes in temperature and precipitation 
associated with climate change may lead to less 
stored water and will have a direct effect on the 
survival of aquatic species and the preservation of 
wetland habitats.10   
 
Other factors impacting aquatic species may be 
exacerbated by changes in precipitation including the 
timing and amount of river and stream diversions, 
temperature changes and pollution or sediment load. 
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Floods and Droughts  
Aside from the impacts of high-runoff events and flooding on stream habitats and fish populations, 
periodic floods have always been a part of the formation of landscapes and ecosystem processes.  
Species and ecosystems in riparian habitats are largely adapted to such events.  Many California land 
use decisions, however, have created conditions that have separated streams and rivers from their 
historical floodplains through either construction of levees, development on floodplains, or both.  These 
activities reduce the adaptive capacity of remnant riparian ecosystems, especially if flooding is projected 
to increase in late winter and spring as a result of climate change.  When riparian habitats are adjacent to 
urbanized areas, increased flooding can burden these pristine ecosystems with heavier and sometimes 
more toxic sediment deposits.  In the highly developed coastal floodplains, where storm-related coastal 
flooding may coincide with high tides and stream runoff, ecosystems will face great challenges.  Likewise, 
the projected increase in drought conditions will further impact stream and terrestrial habitat quality as 
well as the adaptive capacity of ecosystems to continue to provide their goods and services.  
 
Prolonged periods of drought can make ecosystems vulnerable to pests, non-native species invasions 
and frequent and intense wildfires.  Moreover, reduced rainfall and snowmelt will lead to less water 
infiltrating the soil, stressing plants and animals.  This reduced infiltration rate will also diminish 
groundwater recharge.  Lowered levels of groundwater, combined in coastal areas with saltwater 
intrusion, will exacerbate dry conditions and further stress species and habitats.  Together, all these 
changes in water availability can cause landscape transformations as conditions select for species that 
require less water.   (See the Water chapter for more discussion on climate change impacts on freshwater 
ecosystems and species.) 
 

Wildfires 
Fire plays an important role in the condition, function, and distribution of many of California’s natural 
habitats and has done prior to and since human settlement.  Aspects of fire regime, frequency, intensity, 
severity, magnitude, and pattern, have fluctuated over time.  Since the 1980s, the state seems to be 
experiencing changes in the frequency, intensity, and duration of wildfires.  Land-use and land 
management policies, particularly in conifer forest and chaparral communities, are thought to have 
affected attributes of fire regimes throughout human history.  In recent years, researchers have 
determined that changes in climate have had an important role in altering fire regimes.  Current 
information suggested an extension of the fire season and increasing the number of large wildfires, as 
well as wildfire intensity.  Particularly, higher spring and summer temperatures and earlier spring 
snowmelt are thought to have contributed to these changes.11  
 
In one climate change scenario, potential fire fuels can build up during wet years when plant production is 
high.  Preconditions for catastrophic wildfires will occur if ensuing weather conditions include decreased 
precipitation or drought that dries out the accumulated fuel.  Large scale and intense wildfires could result 
in vegetation and habitat alterations, resulting in displacement of local species for variable amounts of 
time, sometimes years.  Fire in conjunction with other stressors such as fragmentation, urban 
developments, etc could promote the establishment of invasive species, which may contribute to 
displacement of native species, ecosystem services, and commercial products.  The recruitment of 
invasive grass species in fire-disturbed areas can increase fine fuel loads, resulting in greater fuel 
continuity, frequency, and rate of spread.12   
 
Due to changes in temperature and precipitation associated with climate change, researchers expect the 
frequency of wildfires to increase over and beyond the recently experienced trends.  Depending on which 
emissions and population growth scenario is used, and what land use and vegetation assumptions are 
made, projections vary and uncertainty increases with time.  The number of wildfires associated with the 
higher emissions pathway (A2) is substantial, with statewide increases ranging from 37 to 94 percent by 
2085.13   
 



  

Page |   

 

52

                                                                

Most California plant systems depend on fire.  Exclusion of fire or altering its regional fire regime 
attributes will alter the systems and both eliminate animal species and change, if not decrease, existing 
biodiversity.  Some of the wildlife benefits of wildfire include the (1) recycling of dead and downed 
vegetation and creation of new deadwood and snags,ii  (2) cycling of soil nutrients, (3) removal of excess, 
woody vegetation which provides for herbaceous plants and younger plants to grow and new and 
palatable vegetation for herbivores, (4) opening up of the under story for browsing for larger wildlife 
species, and (5) creation of tree holes utilized by cavity-nesting birds, bats, and arboreal mammals.  
These benefits are typically derived from low- to moderate intensity fires, and in some cases, depending 
on the vegetation community, infrequent, high-intensity fires.  However, benefits are not derived from the 
more frequent, high intensity wildfires that California has experienced in recent years, especially in conifer 
systems in the western Sierra Nevada and chaparral systems in southern California.   
 
Destructive impacts from wildfires can be reduced through prescribed burning in forests and shrublands 
in some areas of California.  State and federal land management agencies regularly conduct prescribed 
burns for ecological purposes and to reduce fuel loads in critical areas.  However, these efforts do not 
come close to meeting the need for fire on areas identified for prescribed burning.  For example, state 
parks burn under controlled conditions about five percent of what they deem necessary.  Prescribed 
burning in many forested areas, including old growth, is not possible until heavy understory fuel 
accumulations have been reduced requiring intensive effort before burning takes place.  Regulatory 
requirements, e.g., air quality and listed species protection, can also impact or reduce prescribed burning 
activities.  In appropriate locations the ability to increase prescribed fire activities will contribute to healthy, 
more natural forest conditions and reduce the risks of catastrophic wildfire.  On the other hand, many 
shrubland areas, especially in Southern California, burn more frequently than the natural fire cycle 
dictates.  Understanding the complete fire history in different vegetation areas is important before 
prescribed burning occurs.  
 
Fire prevention and natural resource managers across the state must work together to support key fuels 
management measures to find a balance between protecting the public, existing infrastructure, and the 
essential ecological role that fires play in ecosystems. (See the Forestry chapter for additional information 
on climate change impacts on forests and wildfire.) 
 

C. Sea-level rise 

California’s coastal areas include a variety of habitats that range in their characteristics from purely 
aquatic, to semi-aquatic, to terrestrial.  All habitats are influenced by periodic flooding by tidal waters, 
rainfall, or runoff.  These wetlands, dunes, and rocky habitats are home to a vast number of organisms, 
including many endangered species.  During certain periods, wetlands harbor juveniles of numerous 
aquatic species including fish and shellfish.  Wetland habitats from the Sacramento Valley southward to 
the Salton Sea and the tidal marshes of San Francisco Bay also provide essential wintering habitat for 
hundreds of thousands of birds as they migrate north and south along the Pacific Flyway.  Humans 
additionally benefit from the ability of healthy wetlands to buffer storm impacts, reduce shoreline erosion, 
improve water quality, and provide beautiful areas for recreation.14  

 
Located between sea and land, coastal habitats have adapted to dynamic changes over time.  
Accelerating sea-level rise may overwhelm their natural capacity to adapt due to concurrent stresses and 
pressures from human development and coastal land use decisions.  Existing stresses include ongoing 
discharge of organic wastes fostering eutrophication, legacy of organic pollutants and other toxic 
substances, pathogen loading, sediment and freshwater delivery alteration, thermal pollution, direct 
wetland infill and destruction with subsequent habitat loss, bottom disturbance from fishing practices and 
recreational boating, extraction of living and non-living material and influx of invasive species.15   Thus, 

 
ii One of the most crucial habitat elements for woodland and forest invertebrates, vertebrates, and fungi. 
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the biodiversity and habitats of coastal areas may be particularly impacted by sea-level rise and other 
climatic changes.  
 
Some coastal habitats, such as wetlands and dune habitats can become permanently inundated and 
eroded if sea level rises faster than these ecosystems can move inland.  Moreover, inland migration is 
frequently hindered by development such as bulkheads, seawalls, roads, and buildings.  Continued 
growth and development in coastal areas will only increase the direct pressure on remaining habitats and 
make inland migration more difficult.  Sea-level rise, especially at the increasing rates projected for the 
21st century, may result in the loss of substantial areas of critical habitat for a variety of coastal species.16  
 
The degradation of sensitive ecosystems can be brought about not just by higher sea levels but also by 
other climate changes, including higher temperatures and changes in precipitation patterns, which 
together can facilitate the establishment of invasive species such as European beach grass.  Both aquatic 
and terrestrial coastal ecosystems may thus see further increases in problems with invasive species.17  
 
Sea-level rise will also result in salt water intrusion into fresh water resources near the coast, reducing the 
amount of fresh water available for plants, wildlife, and competing agricultural and metropolitan uses.  
Species with greater salt tolerances may have a selection advantage where habitats can naturally 
transform, without human interference.  Sea-level rise, in conjunction with coastal storms, may also lead to 
coastal flooding that extends further inland, thus increasing the risk of pollution, runoff, and sedimentation in 
fresh water sources of previously unaffected areas.  This degradation of fresh water in near-coastal areas 
may aggravate conflicts over water for human uses versus ecosystem and species needs.  
 
There will also be shifts in the type and location of agriculture as saltwater intrudes into coastal aquifers 
and natural recharge of groundwater resources decreases with the drying climate.  Water transfer and 
management impacts may become increasingly complex, as there may be impacts to hydropower and 
hatchery project operations as well as water diversion projects.   
 
Changes to the timing and intensity of freshwater input may impact marine and near shore populations 
through increased runoff resulting in pollution and sedimentation contamination and shifts in urban growth 
and development will place new or increased pressure on existing coastal resources and available 
habitat.  Inundation of coastal infrastructure could cause widespread pollution and contamination further 
jeopardizing marine and near-marine environments.  Changes in ocean circulation and ocean warming 
will impact pelagic species distribution and community structure.  In addition, ocean acidification could 
impact shellfish species as well as their prey base.  Protected areas such as ecological reserves, wildlife 
areas, undesignated lands, mitigation sites and easements could also be affected, and require 
management decisions that protect California’s natural resources.  These challenges and many more will 
require close coordination with those entities implementing the oceans and coastal adaptation strategies.  
Please refer to the Oceans and Coastal Resources chapter for additional information. 
 
Monitoring and Adaptive Management 
Natural communities, ecosystems, species population dynamics, and the effects of stressors on the 
environment are inherently complex.  Wildlife and resource managers often are called upon to implement 
conservation strategies or actions based upon limited scientific information and despite considerable 
uncertainties.  Adaptive management is a key element of implementing effective conservation programs 
especially in light of some of the uncertainties associated with climate change.  Adaptive management 
combines data from monitoring species and natural systems with new information from management and 
targeted studies to continually assess the effectiveness of, and adjust and improve, conservation actions. 
 
California’s Wildlife Action Plan summarizes current monitoring programs and addresses the steps and 
considerations needed to design a monitoring program in an adaptive management context. 18  It also 
provides a process for establishing monitoring programs and will be an important resource and framework 
for the implementation of some of the specific climate change adaptation strategies detailed in this 
document.   
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D. Risks for Biodiversity and Habitats 
In summary, some of the current and future climate change impacts to biodiversity expected in California 
include: 

 

BIODIVERSITY & HABITAT 
IMPACTS DUE TO SEA-LEVEL RISE 

• Inundation of Permanent Coastal Habitat 

o Alteration of Dune Habitat & Coastal 
Wetlands  

o Coastal Habitat Loss of Migratory Birds, 
Shellfish & Endangered Plants  

• Reduction of Fresh Water Resources Due to 
Salt Water Intrusion  

• Sedimentation Increases May Increase Pollution 
and Run Off 

• Degradation of Aquatic Ecosystem  

• Increase in Invasive Species  

• Competition for Coastal Land Areas 

o Shifts in Urban Growth and Development  

o Agricultural Relocation  

o Alterations of Ecological Reserves, Wildlife 
Areas, Undesignated Lands, Mitigations 
Sites & Easements 

• Groundwater Recharge & Overdrafting 

• Water Management & Water Transfer Conflicts 

• Reduction in Wetland Habitat on Commercial 
and Sport Fisheries  

• Temperature-sensitive terrestrial plant and animal species must adapt to warmer temperatures either 
within their existing ranges or move to 
new habitats at higher altitudes or 
latitudes if possible.  

 
• The amount of additional warming 

expected in California in the future may 
exceed the tolerance of some species, 
particularly endemic ones.  Where 
relocation access is blocked off by 
natural landscape features or human 
development, species will need 
corridors to establish habitat 
connectivity or face a growing risk of 
extinction (Figure 5.6). 

 
• Similar stresses and barriers apply to 

aquatic species, but their migratory 
limitations may be greater.   

 
• The problem of invasive species is 

likely to become even more challenging 
in the future, as invasive species are 
typically more competitive than native 
species especially in 
damaged/degraded environments.  
 

• Species migration/movement and 
invasions along with changes in 
behavior of temperature-sensitive 
species will cause imbalances and 
disruptions to current ecosystem 
dynamics. 
 

• Changes in precipitation patterns will 
alter stream flow and severely affect 
fish populations during their life cycle.  
Low-flow conditions and higher stream 
flow temperatures are particularly threatening to coldwater fish. 
 

• Human activities across the state have reduced the ecological integrity of many areas as well as the 
levels of biodiversity.  Climate change will act synergistically with existing stressors to have an even 
greater impact on already stressed ecosystems.  
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• Longer fire season trends over the last three decades and increased numbers of large, intense 
wildfires are projected to continue, increasing the risk of vegetation and habitat conversion, spread of 
invasive species and losses in biodiversity, and ecosystem goods and services. 

 
• Accelerating sea-level rise, especially at the increasing rates projected for the 21st century, may 

result in the loss of substantial areas of critical habitat for a variety of coastal species.  Both aquatic 
and terrestrial coastal ecosystems may see growing problems with invasive species. 

 
• Sea-level rise will result in salt water intrusion into fresh water resources near the coast and reduce 

the amount of fresh water available for plants, wildlife, and competing agricultural and metropolitan 
uses. 

 
• The preservation of healthy, resilient ecosystems with a rich plant and animal biodiversity is critical to 

the health, safety, and welfare of human populations.  Human development has already reduced, 
degraded, and fragmented natural communities.  This alone threatens the survival of individual 
species and some rare ecosystems.  

 

Biodiversity and Habitat Adaptation Strategies 

Introduction 
The impacts of climate change will be 
significant and far reaching; requiring 
coordinated and targeted efforts to protect 
California’s biodiversity.  The adaptation 
strategies developed for this document provide 
a roadmap of actions that help maintain and 
restore processes that enhance ecosystem 
function and protect California’s rich 
biodiversity.  Existing stressors such as growth 
and development, water management conflicts, 
invasive species, and other widespread 
stressors identified in California’s Wildlife 
Action Plan will act synergistically with climate 
change.19  Investing and implementing these 
strategies will increase the capacity to deal with 
uncertainty and ensure that California’s natural 
resources are maintained for generations to 
come.  The state agencies that participated in 
the Biodiversity Sector Working Group 
(Department of Fish and Game and State 
Parks) developed the following strategies and 
are committed to implementing these strategies 
as capacity and resources allow.  The 
strategies detailed in this document are part of 
a more detailed effort that can be reviewed on 
the Department of Fish and Game’s climate 
change web page.20  Please note that the 
strategies developed for this document 
generally address all natural areas above high 
tide.  The continuum of habitat below high tide 
includes bays, estuaries, coastal wetlands and 

Climate Change Adaptation Strategies to 
Conserve California’s Biodiversity 

• Create a large scale well connected, 
sustainable system of protected areas 
across the State. 

• Manage for restoring and enhancing 
ecosystem function to conserve both 
species and habitats in a changing 
climate. 

• Adjust management actions as 
appropriate for threatened and 
endangered species 

• Prioritize research needs and pursue 
collaborative partnerships with the 
research community to ensure that the 
best available science is informing 
management actions.  

• Re-evaluate existing policies and 
programs to incorporate climate change 
and seek regulatory changes as 
appropriate 

• Pursue endeavors that will support 
implementation of the strategies including 
funding, capacity building, collaborative 
partnerships, and education and outreach. 
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open ocean waters were not included (for additional information see the Oceans and Coastal Resources 
chapter). 

The Biodiversity/Habitat adaptation strategies provide a range of goals and objectives to help conserve 
biodiversity in the face of a changing climate.  Detailed planning and subsequent actions are needed to 
implement these strategies.  Before meaningful action can be undertaken, the Departments under the 
Natural Resources Agency should evaluate existing programs and projects that might contribute to the 
overall goals detailed in the following strategies and actions and carefully examine adaptation strategies 
in other sectors that may enhance or detract from the facilitation of biodiversity adaptation.  Examples 
include long-term collaborative efforts that will help the state reach its goal of preserving and sustaining 
the largest possible array of biological diversity and habitat in all ecological regions of California.  In the 
face of a changing climate it is imperative that Departments work to maintain healthy, connected, 
genetically diverse populations; improve and enhance ecosystem function of existing habitats; reduce 
non-climate stressors on ecosystems; develop adaptive management models for game and commercial 
species management; and adopt adaptation approaches that reduce risks to species and habitats while 
providing adequate time for species evolution and development if appropriate. 

At the heart of these strategies is the need to create and maintain a network of reserve areas across the 
state that builds on existing conservation investments (e.g., acquisitions, easements), and provides 
refuge areas, and aids the movement of species within reserve areas as they adjust to changing 
conditions associated with climate change.  Establishing a system of priority sustainable habitat reserves 
should provide for protection of habitat in all nine ecological bioregions identified in California’s Wildlife 
Action Plan.  Reserves should represent to the extent practical all aspects of ecosystem structure, 
composition, and function within aquatic, terrestrial, and near-shore marine habitats.  In addition, any 
effort to establish a system of priority reserve areas should follow the basic principles of reserve design 
that will provide protection for species in the interim before species migration/movement due to climate 
change is wholly understood.  In the future, a reexamination of the reserve system and species 
movement must take place and modifications for future protected areas identified. 
 
The reserve system is intended to provide connectivity for species movement between current and future 
suitable habitats, while also accommodating range shifts of regionally-limited native plant species, and 
offering protection from catastrophic loss (e.g., through fire, flood, disease, invasive species).  
Management and restoration efforts on the network of reserve areas should be elevated in priority and 
focus on reducing the environmental stressors on plant and animal species and habitats.   

Reserve system areas should be identified in the near-term for use in current and future land use 
planning efforts.  It is important to acquire and protect habitat linkages found within and around 
designated reserve areas.  Other important acquisitions may include acquiring fee title or conservation 
easements that focus on but are not limited to the following parameters: (1) increase soil, latitudinal and 
elevational gradients, (2) accommodate movement and migration of multiple endemic species, (3) reduce 
outside threats by improving reserve boundary configuration, and (4) protect evolutionary hotspots.  
Individually or collectively all these measures increase the overall protected area and provide for greater 
heterogeneity. 
 
Identifying, improving, and connecting these reserve areas will help maintain and increase ecological 
integrity and provide healthy, resilient habitat and refuge areas to help species persist in a changing 
climate.  For some species these areas may allow them to adapt to new conditions associated with 
climate change.  Adapting to climate change through evolutionary change is an important factor affecting 
the fate of many plant and animal species.  The success of the strategies identified in this document will 
be in part driven by when and how species may adapt or adjust to their surroundings.  A better 
understanding of natural rates of adaptation through evolutionary change may permit effective 
management strategies that will help species persist and guide future conservation activities and 
investments.  Species are pushed more rapidly to change where strong natural selection is working in a 
single direction.  However, it is unknown if a single climate change factor will be strong enough to push 
rapid adaptation.  For example, higher temperatures and drought stress may not exert similar selection 
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pressures.  Rapid evolutionary change provides a greater chance of species survival and is an important 
factor in establishing strategies for adaptation of biodiversity and habitat. 
 
Adaptation Strategies and Actions 
Over the last year the Department of Fish and Game and California State Parks have made climate 
change a priority in addressing the complex and large scale challenges needed for conserving 
biodiversity and habitat.  Both of these Departments are an important part of the climate change solution 
and are working collaboratively with stakeholders to create strategies for addressing climate change 
impacts while responding to public needs.  Initial planning efforts will lay the ground work for achieving 
the goals of these strategies as efforts are made to help species persist in a changing environment.  As a 
first step, the Department of Fish and Game and California State Parks are committed to building upon 
the existing frameworks and programs, addressing internal policies related to regulatory responsibilities, 
and communicating openly with our partners and the public.   

To this end, the Department of Fish and Game has created a new climate change advisor position to 
coordinate the Department’s activities.  Efforts are also underway at California State Parks (pending 
available funding) to develop a similar staff position.  To meet the growing activities surrounding climate 
change, existing staff have been tasked with new climate change responsibilities and in some cases have 
been redirected to work on climate change issues. 

The following climate adaptation strategies include both near-term actions which have been either 
identified, proposed, initiated, or can be completed by 2010.  The long-term actions include those 
recommendations that will require additional collaborative efforts with multiple state agencies, as well as 
sustainable funding and long-term state support.  

 

Adaptation Strategies and Actions  
 
Strategy 1: Establish a System of Sustainable Habitat Reserves  
 
The intent of this strategy is to identify and improve a statewide landscape reserve system to protect the 
maximum number of representative plant and animal species in California.  The system should include 
relatively large (e.g., 150,000 plus acres), if possible, reserves in all ecological regions.  This size should 
be adequate to sustain most species populations.  Reserves should include federal, state, local and 
nonprofit protected habitat areas and matrix lands consisting of working landscapes (i.e., industrial 
timberland, agricultural lands, and rangelands) conservation easements, and mitigation lands.  Each 
reserve should include a core area(s) of protected, heterogeneous habitat, including representative 
aquatic and terrestrial environments, owned and managed by a land managing entity.   

 
Near -Term Actions:   
 

a. Organization of Collaborating Entities – Initiate the development of a working structure 
that would include a facilitator and key entities (including a scientific panel) that will work 
together to identify a statewide reserve system and provide scientific expertise.  Participants 
should be from the major land management and acquisition entities around the state, and 
include but not be limited to the State Department of Fish and Game, State Parks, State 
Coastal Conservancy, the National Park Service, U.S. Forest Service, U.S. Fish and Wildlife 
Service, academia, the Nature Conservancy and other conservation partners. (See Strategy 
4.a)  
i. Incorporate Latest Science – Participants identified in strategy 1a should establish 

policies, priorities, and actions based upon the best available science and incorporate new 
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scientific information into adaptive strategies (iterative approach) when available.  Give 
research priority to monitoring keystone and other selected species and their adaptation or 
movement relative to reserves and other protected lands  

ii. Incentives for Private Conservation – Participants identified in strategy 1a should 
provide, where feasible, incentives for the conservation of private lands and working 
landscapes to prioritize those at greatest risk. 
 

b. Best use of California’s Wildlife Action Plan (Action Plan) – The Action Plan is already 
proving to be an important blueprint for how the Department of Fish and Game will address 
future and current climate change challenges and will play a significant role in identifying a 
course of action.  

 
c. Setting Priorities for Conservation – The Department of Fish and Game’s Areas of 

Conservation Emphasis (ACE) mapping effort involved a statewide prioritization of areas 
considered to be of highest conservation value.  The ACE effort is still in its preliminary 
mapping phase but is intended as a tool to directly support efforts to create a system of 
priority sustainable habitat reserves across California.  In addition, the ACE can be used in 
conjunction with other mapping efforts to identify areas overlooked within biological 
subregions to ensure representative examples of every ecotype have been accounted for.  
This effort will also help identify linkages and corridors that will help aid species movement 
and migration.  The Department of Fish and Game is committed to continuing coordination 
with our conservation partners as the final ACE maps are developed and informing all levels 
of government to better build collaboration and focus resources to the highest priorities. 

 
Long -Term Actions: 
 

d. Update Existing Statewide Priorities – Each entity in the above strategy should consider 
updating existing statewide planning priorities as appropriate to contribute to the design of a 
state reserve system.  Statewide planning efforts include California’s Wildlife Action Plan, 
Areas of Conservation Emphasis mapping effort (Department of Fish and Game), Natural 
Communities Conservation Planning (Department of Fish and Game), key and representative 
large natural parks (DPR), and statewide portfolio areas (TNC (The Nature Conservancy)). 
  

e. Design Reserve – Collaborating entities should use public ownership and other protected 
area maps and priority areas in efforts to design reserves in all ecological regions. 

 
f. State Agency Review – Review of draft reserves and the connectivity corridors should take 

place with key state agencies and their associated departments such as the California 
Natural Resources Agency, the Department of Transportation, the Department of Food and 
Agriculture, CAL FIRE, and the Department of Water Resources to ensure the adaptation 
plans from each department are complementary.  Where synergies exist, focus would be on 
utilizing resources efficiently.  Where potential conflicts in plans and their implementation 
exist, solutions should be negotiated to provide maximum flexibility for adaptive responses. 

 
g. Regional Review – Review of draft plans for location of reserve areas should take place with 

key regional conservation planning groups in all regions.  In addition, for each reserve 
participants should assess risk of habitat conversion, general condition and integrity, methods 
for land protection, and public access. 
 

h. Ratification – Final design should be adopted by state and federal land management and 
acquisition agencies of the California Biodiversity Council.  In order to better facilitate 
improvement and focus of the reserves over time, lead agencies should be identified for each 
reserve. 
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i. Develop implementation incentives for participation by private landowners and local 
land use agencies – Pursue incentives to increase participation in implementation by private 
landowners and regional and local land use authorities. 
 

j. Improve Reserve System Functionality – Support research that indicates how to improve 
ecological integrity in reserve areas through acquisition or other forms of land protection that 
do the following: provide internal and external connectivity, increase soil elevational or 
latitudinal gradients, protect private lands from habitat conversions, enlarge the reserve 
consistent with endemic species movement, improve configuration of protected lands, and 
protect evolutionary hot spots. 
 

k. Adaptive Management-Review of Reserve System – Periodically over the next 50-100 
years the state will need to evaluate and review the long-term success of the Statewide 
Reserve System in preserving species and new habitat configurations associated with 
climate change.  Determine degree of success of reserves and their improvements in light of 
keystone species movement, and adopt new strategies, e.g., modifications to reserve system 
as appropriate. 
 

l. Remove Federal Barriers – Pursue modifications to laws, regulations and practices that 
provide barriers to linking protected areas especially those that impede the National Park 
Service, U.S. Forest Service and U.S. Fish and Wildlife Service from land acquisition that 
creates important landscape linkages and improves the reserve system beyond 
Congressional boundaries and encourages federal assistance that would strengthen the 
landscape reserve system. 

 
 

Strategy 2: Management of Watersheds, Habitat, and Ecosystem Restoration  
 
Enhance ecosystem function and adaptive capacity of California’s natural resource lands.  These actions 
should include, but are not limited to restoration of ecosystem functions and the reduction of 
environmental stressors on plants, animals, and habitats.  

 
Near -Term Actions:   

 
a. Integrate Climate Change into Field Management – Each land managing entity in the state 

should commit to reviewing and modifying current land and resource management objectives 
and practices to reduce environmental stressors and improve watershed conditions and 
ecosystem services on major holdings. 
 

b. California Wildlife Action Plan (Action Plan) – Local, regional, and state wide land use and 
conservation plans should incorporate important regional actions to improve habitat and 
animal populations identified in the Action Plan.  These actions should be considered 
priorities for implementation of stewardship efforts. 
 

c. Use and Improve Existing Conservation Efforts – Department of Fish and Game’s Natural 
Communities Conservation Program, Areas of Conservation Emphasis and mitigation 
banking should be continually supported as effective methods of identifying and protecting 
priority habitat areas.  With appropriate resources these programs could use dynamic habitat-
based models to improve identification of conservation areas. 
 

d. Field Restoration and Improved Protection – Managers of conservation lands, including 
working landscapes, should continue restoration and other land stewardship practices.  State 
and federal agencies should seek resources and expertise that will help them expand 
capacity to reduce environmental stressors, improve watershed conditions and restore 
ecosystem services on priority lands  Reducing stressors includes but is not limited to: 
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i. Eliminating or controlling invasive species 
ii. Restoring natural processes as appropriate  
iii. Maintaining natural disturbance regimes 
iv. Reduce unnatural sediment flows by improving drainage and maintenance of unpaved 

roads 
v. Remove barriers to terrestrial and aquatic species movement 
vi. Reduce risks of catastrophic wildfire 
vii. Reduce and/or control pollution from runoff and flooding. 
 

e. Restore Aquatic Habitat – With appropriate resources prioritize conservation and 
management actions on aquatic systems (including but not limited to associated floodplains, 
riparian zones, springs, and marshes) for monitoring and restoration efforts that will reduce 
stress on species resulting from events associated with climate change (i.e., increased 
sedimentation from flooding events).  Management actions to assist in the reduction of 
existing stressors include, but are not limited to: 
i. Maintain and increase genetic diversity of all native anadromous spawning runs  
ii. Protect cold water resources 
iii. Maintain habitat complexity 
iv. Connect river/streams and floodplains 
v. Protect high elevation alpine meadows, springs, and riparian areas 
vi. To the extent possible limit interaction between wild and hatchery fish 
vii. Temper unusual high and low flows 
viii. Restore estuaries, sloughs and marshes 

 
Long-Term Actions:   

 
f. Restoration Cost/Benefit Assessment and Climate Change – Develop guidance for 

restoration practitioners to determine whether the objectives of large-scale restoration project 
take into account climate change scenarios and encourage the use of risk analysis to inform 
project planning and implementation. 
 

g. Managing Endemic and Other Priority Species – Identify movement patterns of key 
species, especially latitudinal and elevational movement patterns in order to inform 
restoration and other stewardship activities that will aid in the conservation and management 
of species and habitats.   
 

h. Minimizing catastrophic events and habitat conversions – Develop management 
recommendations that minimize habitat conversions and other large scale losses from 
catastrophic events, including crown fire, flooding, invasive species, diseases, pests and 
pathogens. 
 

i. Establishing Priorities – Develop criteria for determining where limited conservation 
resources should be placed in order to have the most benefit. 
 

j. Water: Enhance and Sustain Ecosystems (see also Water Management Chapter) 
i. Water management systems should protect and reestablish contiguous habitat and 

migration and movement corridors for plant and animal species related to rivers and 
riparian or wetland ecosystems. 

ii. Flood management systems should seek to reestablish natural hydrologic connectivity 
between rivers and their historic floodplains.   

iii. The state should work with dam owners and operators, federal resource management 
agencies, and other stakeholders to evaluate opportunities to introduce or reintroduce 
anadromous fish to upper watersheds.  
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iv. The state should identify and strategically prioritize for protection lands at the boundaries 
of the San Francisco Bay and Sacramento-San Joaquin Delta that will provide the habitat 
range for tidal wetlands to adapt to sea-level rise.  

v. The state should prioritize and expand Delta island subsidence reversal and land 
accretion projects to create equilibrium between land and estuary elevations along select 
Delta fringes and islands.  

vi. The state should consider actions to protect, enhance and restore upper watershed 
forests and meadow systems that act as natural water and snow storage.  

 
 

Strategy 3 - Regulatory Requirements  
 
Near-Term Actions:   

 
a. CEQA Review/Wildlife – The Departments within the Natural Resources Agency will 

continue to use the California Environmental Quality Act (CEQA) process to address the 
climate change impacts from projects on wildlife, including cumulative impacts.  
 

b. CEQA Review/Department Guidance – The Department of Fish and Game will initiate the 
development of  internal guidance for staff to help address climate adaptation and to ensure 
climate change impacts are appropriately addressed in CEQA documents 

 
Long-Term Actions:   

 
c. Adaptive Capacity/CEQA Thresholds – Based on climate change scenarios, the 

Department of Fish and Game should work to develop thresholds of significance for the 
adaptive capacity of species related to any direct, indirect and cumulative impacts of projects. 
 

d. Local Government Collaboration – State Agencies that have regulatory authority and the 
Governor’s Office of Planning and Research (OPR) should work with local land use planners 
and encourage local governments to adopt climate change adaptation actions for 
conservation, land use, research and regulatory measures. 
 

e. Sustainable Funding Mechanisms – Achieve consistency in state and local regulations, 
general plans, and ordinances and develop sustainable funding mechanisms to support 
climate change planning efforts that focus on biodiversity conservation. 
i. The Natural Resources Agency and appropriate Departments should review and make 

recommendations to amend regulations to achieve consistency.  This could be done 
through the Strategic Growth Council (SGC). 

ii. The state could work with local governments to develop consistency between state goals 
and local general plans and ordinances. 

iii. The SGC could develop funding programs to institute sustainable funding mechanisms to 
support climate change planning.  The SGC may need to propose legislation to institute 
those funding mechanisms. 

 
f. Climate Change Models – The state should continue to support climate change research 

and modeling efforts that support conservation and management of biodiversity in a changing 
climate.  These kinds of modeling activities might include but are not limited to flow 
requirements for fish bearing streams that will help the Department of Fish and Game 
dedicate new instream flow requirements and develop new policies to address variances. 

 
 
Strategy 4 - Research and Guidelines  

 
Long-Term Actions:   
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a. Establish a Permanent Biodiversity Research Team – Appoint a permanent team of 

researchers and land managers to ensure that the best available science is used in 
management, restoration, and species protection.  This team will be responsible for ensuring 
that state funded research is properly reviewed, annotated, and made publicly available to 
the conservation community and land use planners.  Team activities and associated 
deliverables shall incorporate an open and transparent process that encourages stakeholder 
participation.  
i. Develop a technical Scientific Panel to facilitate credible use of climate, ecosystem 

and species data to inform planning – Developing a new approach to reserve design 
for adaptation to climate change will require increased sophistication of the use of data.  
A Science Panel should be formed to determine data and criteria for the use of data as 
inputs into the planning process.  The Science Panel would be formed of scientists from 
academia, state and federal agencies and non-profit organizations. This team will 
determine selected plant and animal species for long-term monitoring and help identify 
and establish monitoring protocols with objectives of determining rapid evolution if 
appropriate, range shifts that will inform adaptation efforts, or other key information that 
will inform management actions. 
 

b. Climate Change Monitoring – With appropriate resources, Department of Fish and Game 
along with other sister state agencies should work together to develop a statewide, long-term 
monitoring effort that evaluates climate related changes affecting indicator species, 
populations, communities and ecosystems. 

 
c. Link Climate Change Science to Climate Adaptation – Save the Redwoods League and 

the CA Natural Resources Agency should track and monitor old growth forest responses to 
climate change and use the information to establish baseline records for potential landscape-
level impacts. 
 

d. Prioritize Reserve System Related Research   
 
e. Evolutionary Development – While climate change and its impact on species are taking 

place rapidly, evolutionary change is generally unable to keep pace.  However, recent 
research on genetics and evolution, illustrate examples where rapid change within 
generations is enabling species to adapt to new conditions.  For example, commercial takings 
of larger, older individuals within populations have led to rapidly developed new survival 
characteristics in snakes and ocean fishes.  Recent studies in the field of evolutionary biology 
have demonstrated rapid change during embryonic development of some fish and snakes.  
Research in the field of evolutionary biology will provide significant information to aid 
adaptation strategies in the future and should be integrated and funded to the extent 
possible. 

 
 
Strategy 5 - Education and Outreach 

 
Near-Term and Long-Term Actions:   

 
a. Public Outreach – Given climate change and its associated impacts a commitment to 

ongoing public communication and outreach is essential, and should articulate the role of 
organizations in the protection of biodiversity. 
 

b. Public Interpretation and Classroom Education – A public education campaign on 
interpretation and climate change, developed by California State Parks includes ten priority 
components, and will help the 85 million visitors each year understand climate change.  
Elementary schools will be offered three programs that teach climate change, given the 
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availability of funding.  The Department of Fish and Game should pursue similar outreach 
and education initiatives to inform the public regarding the effects of climate change on 
natural environments and species.  

 
 
Strategy 6 – Implementation of Adaptation Strategies  

 
Near-Term and Long-Term Actions:   

 
a. Policy Development – All state agencies should review existing policies, criteria, and 

directives to initiate adaptation measures in response to climate change impacts.   
 
b. Capacity and Continuity – In order to accomplish and maintain actions associated with the 

adaptation strategies, new funding sources should be identified to support new full time 
permanent civil servant positions that are dedicated to climate change adaptation.   

 
c. Success Measurements – Establish quantifiable and qualitative near-term targets, mid-term 

and long-term milestones to measure success. 
 

d. Implementation Timing – The Natural Resources Agency should convene a group of 
stakeholders and state agency staff to identify sustainable funding for climate change 
adaptation, prioritize recommendations and opportunities for securing funding.  

 
e. Adaptive Management – Adaptive management is a key element of implementing effective 

conservation programs especially in light of the uncertainties associated with climate change 
related impacts on natural resources. 

 
f. Cross Sector Cooperation – Interagency cooperation and collaboration are critical to the 

implementation and long term success of the strategies particularly in regards to the overlap 
between biodiversity and habitat concerns and all other sectors of this report.  In addition, this 
same spirit of collaboration needs to be extended to other partners and stakeholders that can 
provide the data, research, and support to help achieve these goals. 
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VI. OCEAN AND COASTAL RESOURCES 
Introduction 
 
Approximately 85 percent of California’s residents live and work in coastal counties; these populations will 
be at risk from a range of climate impacts that are specific to these regions.1  California’s coastal areas 
are home to unique and threatened ecosystems that offer unmatched recreation and tourism 
opportunities for people, provide invaluable habitat for rare species, and buffer coastal communities from 
flood and erosion.  Yet, between 1980 and 2003, California’s coastal population grew more than any 
other state’s coastal population, increasing by a total of 9.9 million people, or 1,179 persons every day.2  
By 2025, the coastal population is expected to grow – albeit at a slower rate – to over 32 million people.3  
Along with people, infrastructure and assets are also concentrated along the coast.  According to recent 
estimates developed for the 2009 California climate change impacts assessment, a 100-year flood event 
after a 1.4 meter (55 inches) sea-level rise will put 480,000 people at risk and nearly $100 billion in 
property.4  In addition, California residents and out-of-state visitors make well over 500 million visits to the 
state’s ocean beaches every year.  People go to the coast to enjoy sun and sand, the vistas, and the 
unrivaled diversity of plants and animals that inhabit the region.  All of these visits contribute greatly to 
California’s ocean-dependent economy, which is estimated to be $46 billion per year.5  
 
In 2006, the California Climate Change Center reported a historic sea-level rise of 7 inches in the last 
century and projected an additional rise of 22–35 inches by the end of this century.  Since that time 
numerous other studies have published projected ranges of 7–23 inches,6 20–55 inches,7 and 32–79 
inches8 of sea-level rise for this same period, with the differences in these projections attributable to 
different methodologies used and how well or whether glacier ice melt is included in the calculations.  
This report uses the 20-55 inch projection, as it was the best available science at the time of the 2009 
impacts assessment.  Future sea-level rise estimates will vary based on future GHG emissions.  Much of 
the damage from this accelerated sea-level rise will likely be caused by an increase in the frequency and 
intensity of coastal flooding and erosion associated with extreme weather events and storm surges.  In 
addition to sea-level rise, California’s coastal and ocean resources are expected to experience additional 
dramatic changes.  These include more severe atmospheric events (e.g., El Niño events); changes in 
ocean chemistry (e.g., temperature and pH) and estuarine chemistry (e.g., temperature, pH, and salinity); 
and changes in ecosystem processes (e.g., nutrient upwelling).  
 
While the exact future of the coast is uncertain, one thing is clear: we’re going to have to change the way 
we think about managing our natural assets and our human development.  Existing laws (such as the 
California Coastal Act) provide state and local governments with tools for addressing the effects of 
climate change, but also impose some significant limitations.  Laws written in and designed for the 20th 
century will need to be updated to reflect new ideas about climate change in the 21st century.  
 
Californians will need to make tough decisions about which critical assets we want to protect, which ones 
can be relocated, which ones will have to be removed, and what is economically reasonable.  
Development and land-use is already putting stress on coastal ecosystems and resources, constraining 
their natural ability to adapt to a highly dynamic environment.  New development along the coast should 
be designed and sited to anticipate expected sea-level rise, minimize future hazards, and maintain the 
biological productivity of the coastal environment.  Yet, it will not always be possible to achieve the 
multiple goals of continued development, protection of critical infrastructure, sustained coastal recreation, 
and ecosystem protection.  For example, shoreline protection structures negatively impact beach access, 
beach size, shoreline processes, recreation, tourism, and coastal habitats.  Ultimately, when these goals 
are in conflict there will likely be winners and losers.  We need to recognize this fact and develop priorities 
and the regulatory authorities that will allow decisions to be made in a reasonable manner that takes into 
account numerous factors and interests. 
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 change.    

change.    

Future Climate Impacts to Oceans and Coastal Resources 

A. Increased Temperature and Extreme Events 
Air temperatures are expected to rise in coastal California at a slower pace than inland areas due to the 
cooling influence of the Pacific Ocean.9  This may draw greater numbers of Californians to the coast.  The 
implications of this possible migration for the economy, housing market, transportation infrastructure, 
coastal ecosystems, and quality of life have not been assessed to date but could be significant.   
 
Ocean water temperatures will rise as air temperatures rise, causing changes in marine and coastal 
species behavior and distribution.  Species within California’s coastal and ocean environments are 
adapted for life within a particular range of temperatures.10  An increase in water temperature can affect 
the metabolism, growth, and reproduction of stressed aquatic species.11  Temperatures above or below 
optimal range can be lethal or affect an organism’s metabolism, growth, and reproduction.12  As such, 
temperature is one of the primary environmental factors that determine the geographic range of a 
species.13  More shallow coastal waters (e.g., bays and estuaries) will warm sooner than the deeper parts 
of the oceans, thus warming temperatures should have a direct impact first in the coastal ocean, including 
bays, estuaries, lagoons, and wetlands.  One direct impact of changing water temperatures is a change in 
coastal water quality because warmer water holds less oxygen.  In addition, changes in upwelling will 
alter nutrient cycling; and absorption of atmospheric CO2 by the surface waters will alter the acidity 
(measured in pH).  
 
Increases in water temperatures off the coast of 
California have already led to a shift in the geographic 
range of species.  As atmospheric and ocean 
temperatures continue to rise, species that currently 
have a geographic range from Point Conception south 
to the Mexican border will begin to shift their 
geographic range northward up the coast to find 
ocean temperatures within their physiological range.  
This has already been observed with the Humboldt 
squid that used to be an occasional visitor and is now 
a permanent resident in central California’s coastal 
waters.14  Just as on land, non-native/invasive 
species will migrate from more southern areas adding
further displacement pressure on native species and 
taking hold in ocean and coastal ecosystems 
disturbed by climate 15

 

 
Warming can also affect the ocean food web in 
indirect ways.   El Niño patterns or Santa Ana winter 
wind intensity could significantly alter the nutrient 
cycling that underpins the marine food web and 
current species assemblages.16  Santa Ana winds coincide with cool sea surface temperatures, 
upwelling, and a spike in biological activity.  These winds are projected to decline in intensity, but it is not 
known how marine nutrient availability and food webs will 17

OCEAN AND COAST AL RESOURCES 
IMPACTS DUE TO WARMING  

• Population Changes in Coastal 
Areas Anticipated 

• Public Health Education and 
Planning Needed for Extreme Heat  

• Relocation of Marine Species and 
Southern and Exotic Species May 
Become Invasive  

• Changes in Marine Food Systems 
(Upwelling and Nutrient Availability)  

• Changes in Commercial and 
Recreational Ocean Fishery and 
Economic Impacts 

 
Warmer ocean temperatures together with changed nutrient availability could result in a decrease in fish 
populations or a shift in the geographic range of harvested species.18  During the 1997-1998 El Niño, 
California’s commercial squid industry realized the vulnerability of the fishing industry to water conditions.  
Squid landings (the number or poundage of fish brought to shore by fishermen) decreased from 110,000 
metric tons in 1996-1997 to just 1,000 metric tons over the course of the El Niño season.19  Together with 
expected changes in coastal estuaries and wetland habitat resulting from sea-level rise (see below), 
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commercial and recreational fish species may experience lower reproductive success and population 
decline. 
 
While climate change may reduce or shift the habitable range of current fishery species, it may also allow 
new fish populations to move north.  Some of these new species may become economically significant 
commercial or recreational fish populations (e.g., the Humboldt squid).  The net effect upon the marine 
fishing industry is currently unknown and should be a subject of future study.  Transitional costs (e.g., 
harvesting gear, marketing activity) to adapt to any new fishery would be expected.  The health of 
California’s fisheries will depend on each species’ adaptive capabilities, the rate and complexity of 
interactions in the marine food web as a result of climate change, and the state’s ability to implement 
measures to limit catches to sustainable levels and protect coastal habitats.  
 

B. Precipitation Changes and Extreme Events  
In California’s coastal areas precipitation falls almost exclusively as rain, even in winter.  Coastal fog also 
plays a large role in providing the moisture required for the maintenance of terrestrial coastal ecosystems; 
changes in coastal fog density will impact coastal forest types.  A general pattern of a drying climate over 
the 21st century could result in rainstorms that are fewer in number, but greater in intensity; and less 
coastal fog.  Changes to the timing and intensity of freshwater input from rainstorms could impact marine 
and near shore species.   
 
Changing precipitation patterns will potentially increase the occurrences of flooding in coastal drainages.  
In coastal floodplain areas, runoff from land may coincide with the coastal storm surge (also higher due to 
sea-level rise) and lead to greater flooding risks in the immediate coastal zone.20 
 
Less frequent but more intense rainfall patterns could have serious consequences on water quality.  With 
an increase in frequency and intensity of wildfires,21 increased runoff and flooding will remain a 
considerable risk and may also result in higher levels of pollution and sedimentation.  The first flush of 
runoff during storm events is frequently heavily 
contaminated with toxins deposited on roads, driveways, 
parking lots and rooftops.  Heavy runoff also offers a 
medium for infectious disease vectors to multiply and 
spread.  Large amounts of runoff may overwhelm the 
capacity of sewers and sewage treatment plants to absorb 
and adequately cleanse waters before they reach coastal 
waters and beaches.  Thus, both coastal and marine 
species and human health are at greater risk in the period 
following heavy storms (see the Public Health chapter).  
Infectious diseases in coastal waters and seafood may 
spread, and invasive species well-suited to more extreme 
conditions may flourish.22  If the intensity of such extreme 
events increases, both human populations and natural 
habitats will be exposed to increased stresses and have 
less time to recover between occurrences.23   

OCEAN AND COAST AL 
RESOURCES IMPACTS DUE TO 
PRECIPITAT ION CHANGES  

• Higher Runoff and Flooding 

• Flood Risks from Inland and 
Coastal Flooding 

• Contamination from Sewage 
Distribution and Treatment 
Systems 

• Health Risks from 
Contaminated Runoff 

 
Potentially the most damaging extreme events in coastal California will be winter ocean storms.  Past El 
Niño events have resulted in significant financial damages and exposed large numbers of people to 
flooding hazards.  Climate change will likely exacerbate these impacts with larger waves and higher water 
levels.  These storms will also affect coastal erosion and sediment transport patterns – larger and longer 
period winter waves have already been observed and may be a growing trend.24  Additionally, there is the 
increased potential for extratropical storms (storms generated in the middle or high latitudes) in California 
as storm tracks move poleward with changing atmospheric conditions.25  
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C. Sea-level rise 

Coastal Flooding and Permanent Inundation 
California’s coast is home to major population centers, many of which are situated in low-lying floodplains.  
Large numbers of people and important assets will be increasingly at risk from inundation during coastal 
storms as higher sea levels, high tides, storm surges, and inland flooding coincide.26  Some low-lying 
areas will also be permanently inundated unless they are protected.  Increasing rates of coastal erosion, 
beach loss, salinity intrusion into estuaries, and saltwater intrusion into groundwater will need to be 
addressed in future coastal land management decisions.   
 
 

Figure 13: Vulnerability of California Coastal Areas to Sea Level Rise   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Given the extent of high-value development already located in at-risk flood zones, California’s coastal 
cities are not only at risk from storm-related inundation and flood-related damages, but also permanent 
property loss where land is eroded or permanently inundated.  Currently, over 260,000 Californians live in 
areas designated as at-risk in a 100-year flood event (a one percent chance of occurring every year).27  
Coastal areas, and therefore the number of people exposed to risks from 100-year floods, will increase 
substantially as a result of sea-level rise in coming decades. Furthermore, what we currently define to be 
the 100-year flood today will occur much more frequently as sea level rises.28   
 
Studies indicate that a 1.4 m (~5 feet) rise in the level of the San Francisco Bay by 2100 would place 33 
percent more land at risk from flood-related inundation than is at risk from flooding today.29  Without 
accounting for future growth and land use change, the amount of developed land at risk in the Bay area 
could more than double from current levels by the end of the century.30  A majority of the structures at risk 
in that region are designated as residential property.  The initial estimates of infrastructure in San 
Francisco Bay in 2100 indicate that over $62 billion worth of building and contents could be at risk.31   
 
On the open ocean coast, challenges are similarly daunting.  For example, the City of Santa Cruz has a 
levee system that protects some low-lying parts of the city against a 100-year flood.  With a sea-level rise 
of approximately one foot, the anticipated 100-year flood event in Santa Cruz is expected to occur every 
10 years, increasing the likelihood of storm-related inundation.32  Over the entire California coast, over 
$100 billion worth of assets (buildings and contents) would be at risk from a 100-year flood in 2100 
assuming a 1.4m (~5 feet) rise in sea level.33 
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Providing insurance coverage for coastal development under even a moderate sea-level rise scenario will 
be costly.  One study estimated that the National Flood Insurance Program (NFIP), which provides 
backing for flood insurance in participating U.S. communities, will be confronted with an increase in 
insured property by 36 to 58 percent for a one-foot rise in sea level; and by 102 to 200 percent for a 
three-foot rise.34  Not accounting for development and growth, this older study is indicative of the growing 
flood risk due to sea-level rise alone.  The Federal Emergency Management Agency (FEMA) and the 
national treasury will more often be tapped to deal with growing flood damages in coastal areas unless 
insurance rates are increased to keep the program actuarially sound.   
 
In addition to private property at risk, 
infrastructure is also at great risk from coastal 
flooding and erosion (see the Infrastructure 
chapter).  A complex network of highways and 
roads, large ports, numerous airports, water 
supply canals, wastewater treatment facilities, 
and power plants are located in coastal areas, 
sometimes directly in floodplains, to support the 
region’s and the state’s economy and growing 
population.  This coastal infrastructure is 
vulnerable to increased heat and flood events, 
potentially limiting the ability to deliver vital 
public services.  
 
Impacts on transportation systems will include 
flooding of roads, railways, transit systems, and 
airport runways in coastal areas because of 
rising sea levels and higher storm surges.  A 
substantial amount of ground transportation 
infrastructure is predicted to be at risk from 
sea-level rise by 2100, including 2,500 miles of 
roads and rails.35  Such infrastructure is vital to 
the state’s economy for both the movement of 
commercial freight and the ability of 
Californians to get to work and school.  In the 
San Francisco Bay, the major airports of San 
Francisco and Oakland are near sea level and 
would require additional elevation, protection, 
or relocation to remain functional.   
 
Municipal and industrial infrastructure would be 
directly and indirectly at risk from alteration of coastal resources due to climate change.  Accelerated sea-
level rise and storm-related flooding (from the coastal and the inland side) could threaten California’s vital 
but aging levee and water transport system.36  Additionally, water backflow could impair coastal water 
sanitary sewage systems during flood events.37  Inundation of coastal infrastructure can also cause 
widespread pollution and contamination, jeopardizing marine and near-marine environments. 

OCEAN AND COAST AL RESOURCES 
IMPACTS DUE TO SEA-LEVEL RISE 

• Increased Risks of Coastal Flooding in 
Low-Lying Areas 

o More People and Assets - At Risk 

o Public Infrastructure - Increased Risk of 
Inundation 

o Levees and Structures - Require Retrofit  

o Coastal Wetlands - Potential Loss 

• Increased Erosion of Beaches, Cliffs and 
Dunes 

o Private Property and Structures - At Risk 

o Beach Recreation and Tourism - May 
Decrease in Select Areas 

o Greater Expenditures for Beach 
Maintenance 

• Increased Saltwater Intrusion into Coastal 
Groundwater Resources 

o Agricultural Land - Degraded by 
Saltwater  

 

Wetland Loss 
Increasing sea levels will submerge many low-lying portions of California’s coastal wetlands.  Of particular 
concern are coastal salt marshes, which have already been decreased by 91 percent from historical 
levels.38  If vegetation and sediment accretion occurs rapidly, wetlands could maintain their present 
location and the wetland footprint would not decline.  However, this scale of vertical accretion is not likely.  
For example, the average annual sediment deposition in the San Francisco Bay-Delta region is 
approximately 1 mm per year, which is insufficient given the projected sea-level rise of 2-3 mm (or more) 
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per year.39  The high degree of development and infrastructure placed in near-shore areas restricts the 
inland migration of wetlands in many locations, thus more coastal wetlands are likely to be lost.40  
 
If wetlands are submerged by rising water levels, one consequence would be that wave energy would be 
less attenuated and erosional forces against upland levees, such as within San Francisco Bay, would 
increase.41   
 
Additional potential impacts to wetlands due to sea-level rise include: changes to estuarine mixing, water 
quality, and carbon cycling; changes to upland habitats and sediment loads into downstream wetlands; 
and changes to wetland biological habitat, diversity, and changes in biological distribution which will 
potentially impact foraging opportunities and rearing habitats for key ocean species.42  
 

Increased Coastal Erosion 
In addition to coastal flooding, the rate of coastal erosion will likely also increase as a result of sea-level 
rise, which is suggested to accelerate over the 21st Century as the global climate warms.  Loss or 
movement of beach sand and increased cliff and bluff erosion would jeopardize the stability of many 
coastal developments and recreation areas.  The extent of this impact on California’s coastline will vary 
by the type of coast, the width of the beach, and the presence or absence of protective structures.  
Damage to coastal infrastructure will be more severe where extreme wave conditions combine with 
elevated sea levels to impact unprotected and/or erodible coastal areas.  
 
The U.S. Geological Survey (USGS) has developed a preliminary map in 2000 classifying areas of the 
U.S. Pacific coast based on their physical vulnerability to coastal change due to sea-level rise.  Areas 
classified as “very high” risk are those that have already experienced significant erosion problems, and 
are concentrated mainly around the state’s major bays including the Humboldt, San Francisco, and 
Monterey Bays as well as Los Angeles and San Diego.43 
 
Increased coastal erosion will impact private property owners and beach-dependent sectors of the state’s 
economy.  Beach recreation and tourism generate the largest economic value of all economic sectors in 
the California coastal zone.44  The economic value of beach recreation and tourism is of particular 
importance in southern California, as expenditures in just three counties in southern California accounted 
for 44 percent of the state’s total tourism-related spending in 2007.45  Many of the state’s intensively used 
beaches are backed by seawalls, bulkheads, roads, parking lots, or other infrastructure, which prevents 
landward migration.  These beaches will gradually be inundated or will be reduced in width as sea level 
rises, translating into a reduction on beach area.  These physical effects of climate change could 
significantly decrease the viability and attractiveness of coastal tourism locations, including a shift in 
tourist attendance patterns among local beaches.46  Such changes would generate either direct or 
transitional costs for the expanse of tourism-related businesses within the service economy of coastal 
California.  The incidence of beach erosion and accretion at individual California beaches indicates a net 
negative effect from both gradual sea-level rise and extreme events on the order of an $8.6 million loss in 
total annual expenditures, and a $36.7 million decline in consumer surplus.  However, these impacts will 
vary regionally. 
 
According to one recent study for southern California, erosion rates are expected to accelerate by 20 
percent for a sea-level rise of 39.4 inches (100 cm).47  Several alternatives exist to deal with rising sea 
level and the issues of coastal erosion and inundation: armor, nourishment, and a planned retreat.  Each 
will have tradeoffs in terms of impacts and costs, dictated by the magnitude of sea-level rise that is 
expected and the amount of property, infrastructure, or public resources threatened.  Ten percent (or 110 
miles) of the entire coast of California is now armored, and 33 percent of the shoreline of the four most 
southerly California counties has been hardened.  We can expect more applications and pressure on 
permitting agencies (local governments as well as the Coastal Commission) to approve additional 
hardened structures in the future as sea level continues to rise.    
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Saltwater Intrusion 
Sea-level rise and changes in the intensity of storm events could impact low lying coastal areas and result 
in the loss or inundation of coastal wetlands and dune habitat resulting in salt water intrusion and loss of 
fresh water resources for fish and wildlife.  Sea-level rise will also adversely affect coastal water supplies 
through saltwater intrusion into coastal aquifers, potentially increasing the need for other water sources 
(such as desalination) to address coastal water shortages and impact groundwater resources tapped for 
irrigation.48  Compounding the problem, low-lying farmland such as the Oxnard Plain and the Bay-Delta 
region may also be inundated with salt water.49   
 

Ocean Acidification 
Coastal ecosystems and the industries that depend upon them are being significantly impacted by 
increased acidification of the ocean due to increases in atmospheric CO2 concentrations.  Globally, the 
ocean absorbs 30-50 percent of the annual emissions of CO2.50  Higher CO2 concentrations result in a 
reduction in the availability of the carbonate ion, a necessary precursor for the formation of calcium 
carbonate.  This also results in a slight lowering of the pH of the water, making it more acidic.   
 
Acidification has many impacts on marine life; it limits the growth and survival of species such as crabs, 
sea urchins, abalones, oysters and significant plankton species that have calcium carbonate shells and 
skeletons.  The decreased survival of these calcifying organisms has rippling impacts on species that 
feed upon them (e.g., the loss of key plankton species will negatively impact the salmonids, seabirds and 
other species that feed on them).  Commercially important shellfish species are likely to be negatively 
affected: under a moderate emissions scenario (750 ppm CO2 by 2100), calcification rates of mussel and 
oyster species are predicted to decline by 25 and 10 percent, respectively, by the end of the century.51  
The declining pH levels also impact fertilization, development and metabolic function of many marine 
species, including kelp, which is an essential component of productive coastal ecosystems and a 
commercially harvested species.  Acidification also affects the toxicity of a variety of substances and the 
biological availability of important nutrients and other compounds.   
 

D. Risks for Ocean and Coastal Resources 
To summarize the changing risks that California’s ocean and coastal resources may be facing from 
climate change, the likelihood of occurrence of the projected consequences was qualitatively assessed.  
The resulting risk profile for California’s oceans and coastal areas can be characterized as follows: 

• Sea-level rise will increase the risks of coastal flooding in low-lying areas, inundating private property 
more frequently and exposing more people and more assets to flooding risks.  Infrastructure, public 
facilities and industrial sites will also experience growing flooding risks.  Levees, protective structures, 
and development may need to be elevated and flood-proofed to maintain protection.  

• Threats to coastal wetlands are increasing.  If wetlands cannot migrate inland due to man-made or 
natural barriers, wetland habitat will be lost. 

• Sea-level rise will increase erosion of beaches, cliffs and bluffs in some areas, threatening private 
property and structures and causing economic losses to coastal recreation and tourism through 
reduction in beach area.    

• Loss of wetland, beach, and other coastal habitat will negatively impact many fish, bird, and other 
species, and diminish biodiversity. 

• Californians are likely to experience a more moderate increase in average temperatures in coastal 
areas than in inland areas due to the cooling effect of the ocean, yet may suffer disproportionately 
from extreme heat waves. 
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• Warmer water temperatures will cause shifts in the distribution of coastal and marine species; 
southern species may extend their range northward.  Additionally, exotic species may become 
invasive in new areas and new pathogens may appear.  Together with other climate-driven changes 
in wind patterns, upwelling, nutrient availability, and hard-to-predict changes in the marine food web, 
warmer water temperatures may cause recreational and commercial fishing species to decline in 
abundance or shift their range, leading to widespread economic impacts on these fisheries. 

• Fewer, but possibly more intense, rainstorm events will produce high runoff and flooding.  In the 
immediate coastal areas, such inland flooding may coincide with coastal flooding, posing particularly 
high risks to communities and structures in coastal floodplains. 

• High runoff may overwhelm storm drains and sewage treatment plants, potentially contaminating 
coastal ecosystems and beaches.   

• Sea-level rise will increase saltwater intrusion into coastal aquifers (groundwater resources), 
degrading agricultural land and coastal groundwater resources. 
 
 

Ocean and Coastal Resources Adaptation Strategies 

Introduction 
The state agencies in the Climate Adaptation Working Groups (Ocean Protection Council, California 
Coastal Conservancy, California Coastal Commission, State Lands Commission, Department of Fish and 
Game, State Parks, and the Bay Conservation and Development Commission) contributed to the 
development of the following strategies and will be essential to the successful implementation of the 
strategies.  Given the extent of the threats predicted by current climate models, sea level projections, and 
the considerable value of California’s coastal lands, resources and developments, coastal planning in 
California must address adaptation to a variety of potentially significant outcomes of climate change.  
Preparing California’s coastal infrastructure, industries and ecosystems for the impacts of climate 
changes will be an expensive endeavor.  Decision-makers will need to make short- and long-term 
decisions to address future impacts that will include maintaining existing natural and human 
developments by protecting, rehabilitating, retrofitting, supplementing, and constructing these systems.  
 
These decisions should be made using the following principles for guidance: 
• California must protect public health and safety and critical infrastructure.  
• California must protect, restore, and enhance ocean and coastal ecosystems, on which our economy 

and well being depend. 
• California must ensure public access to coastal areas. 
• New development and communities must be planned and designed for long-term sustainability in the 

face of climate change.  
• California must look for ways to facilitate adaptation of existing development and communities to 

reduce their vulnerability to climate change impacts over time. 
• California must begin now to adapt to the impacts of climate change. We can no longer act as if 

nothing is changing. 
 
Adaptation to sea-level rise drives most of the Ocean and Coastal Resources adaptation strategies 
presented in this report.  The priority strategy is for state agencies to avoid establishing or permitting new 
development inside future hazard zones in most cases if new protective structures would be necessary 
(strategy 1a).  Additional strategies include (1) directives to promote innovative approaches to 
redesigning coastal structures, where feasible, that are resilient to the impacts of climate change and can 
serve to protect existing development in low-lying areas (strategy 1b), and (2) creation of guidance to 
local jurisdictions to help update local plans and make planning decisions in light of sea-level rise 
(strategy 2a). 
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All levels of government are encouraged to consider: 
• Incentive programs to encourage property owners in high-risk areas to relocate or limit future 

development.  
• Clustering new development in areas considered to have a low vulnerability to sea-level rise.  
• Creating additional buffers and setbacks for new construction to minimize risks to people and 

property and to protect coastal resources such as natural habitat and recreational areas (see strategy 
4c). 

 
Critical coastal and ocean habitats and recreational areas should be protected and maintained to the 
extent feasible.  The state should identify priority conservation areas and recommend lands that should 
be considered for acquisition and preservation.  Future sea-level rise estimates should be considered 
during restoration efforts (i.e., grading levels for wetland restorations), and natural shoreline 
enhancements (e.g., species such as native oysters, eelgrass) should be designed to promote 
sedimentation and protect against shoreline erosion.   
 

ADAPTATION ACTIONS 

Adaptation Strategies and Actions  
The Coastal Adaptation Working Group has identified the following priorities in addressing climate 
adaptation for California state agencies.  The near-term actions referenced below are those actions that 
have been identified and which can be initiated or completed by 2010, if, in some cases, related statutory 
or regulatory changes are made.  The long-term actions include those that will require support from that 
state and collaboration with multiple state agencies or that require significant legal or regulatory changes.  
 
Strategy 1: Establish State Policy to Avoid Future Hazards and Protect Critical Habitat. 
 
Near -Term Actions:   
 

a.  Hazard Avoidance Policy – State agencies should consider project alternatives that avoid 
significant new development in areas that cannot be adequately protected (planning, 
permitting, development, and building) from flooding due to climate change.  The most risk-
averse approach for minimizing the adverse effects of sea level rise and storm activities is to 
carefully consider new development within areas vulnerable to inundation.  State agencies 
should generally not plan, develop, or build any new significant structure in a place where 
that structure will require significant protection from sea-level rise, storm surges, or coastal 
erosion during the expected life of the structure.  However, vulnerable shoreline areas 
containing existing and proposed development that have regionally significant economic, 
cultural, or social value may have to be protected, and in-fill development in these areas 
should be accommodated.  State agencies should incorporate this policy into their decisions, 
and other levels of government are also encouraged to do so. 

   
b.  Innovative Designs – If agencies do plan, permit, develop or build any new structures in 

hazard zones, agencies should employ or encourage innovative engineering and design 
solutions so that the structures are resilient to potential flood events or can be easily 
relocated or removed.   

   
c. Habitat Protection – State agencies should identify key habitats that may require more 

protection as a result of climate change impacts and should plan additional buffer areas 
where necessary to allow for climate change induced phenomena, such as wetland migrating 
upland as sea level rises.  
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Long -Term Actions:   
 

d. Coordinate Policy Implementation – State agencies should use outreach and incentive 
programs to promote hazard avoidance policies and sound management decisions for 
coastal habitat protection and development to all levels of government. 
 

 
Strategy 2: Provide Statewide Guidance for Protecting Existing Critical Ecosystems, Existing 
Coastal Development, and Future Investments 
 
Significant and valuable development has been built along the California coast for over a century.  Some 
of that development is currently threatened by sea-level rise or will be threatened in the near future.  
Similarly, the coastal zone is home to many threatened or endangered species and sensitive habitats.  
We must acknowledge that the high financial, ecological, social and cultural costs of protecting everything 
may prove to be impossible; in the long run, protection of everything may be both futile and 
environmentally destructive.  
 
Near -Term Actions:   
 

a. Establish Decision Guidance – The OPC in close coordination with other state resource 
agencies should develop a statewide framework that can be used by state and local agencies 
as guidance in preparation of adaptation plans.  This guidance should discuss current and 
potential regulatory frameworks and consider three key questions for helping to design and 
locate proposed or existing structures that may be threatened by sea-level rise: 

 
1. Is the existing or proposed structure either necessary for the health, safety, or welfare of 

an entire region, or is it located within a hazard area for which protection will be provided 
because of surrounding high-value development? 

2.  Is it infeasible to relocate an existing structure or site a new structure outside the hazard 
area and still provide this health, safety, or welfare function? 

3.  Will relocating an existing or proposed structure provide environmental protection or 
recreational opportunities that may be otherwise lost if that structure is built or is 
protected along the coast?  

 
Additional questions that should be considered in the preparation of the framework include: 
• Is there a feasible "soft" protection solution (i.e., can a barrier beach or wetland be used 

instead of a seawall)?   
• Will the protection approach, retrofit, or new design:  

i. Be necessary to protect an existing structure threatened by erosion? 
ii. Allow continuation of important natural processes, such as littoral drift, and avoid any 

impacts to neighboring habitats or structures? 
iii. Provide a long-term solution to the threats caused by sea-level rise? 
iv. Be resilient over a range of sea-level rise possibilities? 
v. Provide broad protection to existing developed areas? 
vi. Protect structures of high cultural or social value? 
vii. Provide for a natural shoreline (i.e., can seawalls be designed to include habitat)? 
viii. Be coordinated with proposed actions for other infrastructure in the same flood 

hazard area?  
ix. Cost less than the value of the structure to be protected? 
x. Provide mitigation for adverse impacts that cannot be avoided? 

 
Long -Term Actions:   
 

b. Pilot Studies – Develop pilot studies in cooperation with specific cities/state agencies that 
will examine the efficacy and utility of the framework highlighted above. 
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Strategy 3: State Agencies Should Prepare Sea-Level Rise and Climate Adaptation Plans  

 
Near -Term Actions:   

 
a. Adaptation Planning – By September 2010 state agencies responsible for the management 

and regulation of resources and infrastructure subject to potential sea-level rise should 
prepare agency-specific adaptation plans, guidance, and criteria, as appropriate. 
i. The Coastal Commission, the San Francisco Bay Conservation and Development 

Commission, the state and Regional Water Quality Control Boards, California State 
Parks, and the State Lands Commission should continue to develop adaptation strategies 
that can be implemented through their existing planning and regulatory programs. 

ii. The Coastal Conservancy, the Ocean Protection Council, and the Wildlife Conservation 
Board should continue to develop criteria to guide their financial decisions and ensure 
that projects are designed to consider a range of climate change scenarios. 

iii. The California Department of Transportation, State Parks, the Department of Water 
Resources, the Department of Fish and Game, the State Lands Commission, and other 
state agencies that own land and facilities along the coast should develop policies to 
guide them in land-use projects and the development of infrastructure in vulnerable areas 
in the future.  

iv. The aforementioned agencies should: 
a. Consider requiring applicants to address how sea-level rise will affect their project, 

include design features that will ensure that the project objectives are feasible and 
that the project will not be rendered unusable or inoperable over its lifespan, and that 
public access is provided, where appropriate.  

b. Prepare climate strategies, indicators, and thresholds that respond to changing 
ocean temperatures, air temperatures, and ocean acidification impacts.  These 
strategies should include alternative management strategies that could be employed 
(i.e., aquaculture and fishing practices may change under lower pH conditions.) 

v. The Department of Insurance should develop regulatory policies to guide private insurers 
in dealing with properties in vulnerable areas. 

 
Long -Term Actions:   
 

b. Adaptation Plan Updates – State agencies should regularly update, modify, and refine 
these adaptation guidance documents and plans based on new information. 

 
 

Strategy 4: Support Local Planning for Addressing Sea-Level Rise Impacts  
 
Near -Term Actions:   

 
a. Public Outreach – The Ocean Protection Council (OPC) in close coordination with other 

state ocean resource agencies should (beginning in Fall 2009) conduct public meetings 
within coastal communities to examine adaptive strategies available to state and local 
agencies to prepare for potential sea-level rise impacts.  Strategies, tools, and information will 
be compiled and made publically available for use by local governments when updating their 
local and general plans.   
 

b. Funding Mechanisms – The OPC should collaborate with state agencies to identify potential 
funding sources (i.e., AB32 or an amendment to Prop 218) for state agencies and local 
governments to undertake revisions to local plans. 
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c. Local Government Guidance – All relevant state agencies should collaborate with local 
jurisdictions to encourage them to consider the following strategies when updating plans: 
i. Setbacks – Mandatory construction setbacks can be imposed to prohibit construction 

and significant redevelopment in areas that will likely be impacted by sea-level rise within 
the life of the structure. 

ii. Additional Buffer Areas – Additional buffer areas can be established in some places to 
protect important cultural and natural resource assets. 

iii. Clustered Coastal Development – Coastal development can be concentrated in areas 
of low vulnerability and may reduce carbon emissions from transportation. 

iv. Rebuilding Restrictions – Rebuilding can be restricted when structures are damaged by 
sea-level rise and coastal storms. 

v. New Development Techniques – Building codes can be amended to require that 
coastal development incorporate features that are resilient to sea-level rise (e.g., require 
that development begin on the second floor). 

vi. Relocation Incentives – Federal, state and local funding or tax incentives to relocate out 
of hazard areas. 

vii. Rolling Easements – Policies and funding to facilitate easements to a) relocate 
developments further inland, b) remove development as hazards encroach into 
developed areas, or c) facilitate landward movement of coastal ecosystems subject to 
dislocation by sea-level rise and other climate change impacts. 

viii. Engineering Solutions – New engineering approaches will need to be applied to ports, 
marinas and other infrastructure that must be located on the shoreline to maintain their 
function as the sea level rises. 

The Governor’s Office of Planning and Research will provide a guidance document in 2009 to 
address state land use planning. 
 

d. Amend Local Coastal Plans and General Plans to Address Climate Change Adaptation 
– By 2011, or within one year after development of the tools or guidance necessary to 
support such amendments and if funding is secured, all coastal jurisdictions, in coordination 
with the Coastal Commission, should begin to develop amended LCPs that include climate 
change impacts; and local jurisdictions around San Francisco Bay should begin to update 
their general plans, in coordination with BCDC.  
 

 
Strategy 5: Complete a Statewide Sea-Level Rise Vulnerability Assessment Every Five Years 
 
Long -Term Actions:   

 
a. Vulnerability Assessment – In coordination with all relevant state agencies, OPC should 

produce a coastal and ocean vulnerability assessment every five years that consolidates and 
builds upon existing efforts by the California Energy Commission and other agencies.  Each 
new assessment will discuss the most recent knowledge about climate impacts to ocean and 
coastal resources, inventory coastal natural and man-made assets, and assess what is at risk 
(including an economic valuation). 

 
 
Strategy 6: Support Essential Data Collection and Information Sharing 
 
Research and data are needed to perform and update vulnerability assessments.  Agencies should work 
in cooperation with federal partners to seek funding for the collection of essential data.  The state should 
continue to establish baseline climate change data and common modeling assumptions so that planning 
actions in the different agencies are based on common information to the greatest extent possible. 
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Near -Term Actions:  
 

a. High-Resolution Mapping – The state, in cooperation with federal partners, should 
immediately fund the collection of high-resolution topography and bathymetry mapping (i.e., 
LiDAR) to provide elevation information needed as a baseline for monitoring change, for the 
modeling of flood hazards, and to help identify and document habitats and ecosystems.  
 

b. Tidal Datum – Monitoring on tidal datums should be maintained and expanded, including 
establishing additional tide gage stations.  Tidal datums are used to measure local water 
levels and can project how global sea-level rise will be experienced at the local scale.  These 
data are needed to determine the mean high tide and other reference points used in 
regulatory and legal settings. 
 

c. Ecosystem Research – Research should be conducted on potential changes to ocean and 
coastal ecosystems, and species ranges, which are already changing - resulting in 
divergence in breeding and feeding behavior.  Understanding ecosystem changes will be 
essential to future management decisions related to fisheries, species protection, and 
restoration projects. 
 

d. Coastal and Wetland Process Studies – Research should be conducted to understand and 
model coastal, estuarine, and wetland circulation and sediment distribution and transport.  
This information is essential to successful wetland and beach maintenance, restoration, and 
nourishment projects. 

 
Long -Term Actions: 

 
e. Decision Support – The OPC should work with state ocean resource agencies and other 

appropriate partners (such as academia and nongovernmental organizations) to help provide 
the necessary data and tools to state and local agencies for decision support to protect 
development and habitat from sea-level rise.  
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VII. WATER MANAGEMENT 
Introduction 
 
Water is the lifeblood of California’s natural and human systems.  For more than 200 years, California 
water and flood management systems have provided the foundation for the state’s economic vitality, 
providing water supply, sanitation, electricity, recreation, and flood protection.  However, the climate 
patterns that these systems were based upon are different now and may continue to change at an 
accelerated pace.  These changes collectively result in significant uncertainty and peril to water supplies 
and quality, ecosystems, and flood protection. 
 
Nearly 75 percent of California’s available water supply originates in the northern third of the state (north 
of Sacramento), mainly from water stored in the Sierra Nevada snowpack.  At the same time, 80 percent 
of the demand occurs in the southern two-thirds of the state.1  California has been able to bridge the 
geographic distance between water supply and demand by building one of the most complex water 
storage and transport systems in the world to convey large quantities of water throughout the state.   
 
However, drought conditions are likely to become more frequent and persistent over the 21st century due 
to climate change.  Today, the effects of hydrologic droughts are increasingly being exacerbated by 
additional regulatory requirements to protect listed fish species, especially regarding water diversion from 
the Bay-Delta.  For example, the hydrologic severity of California’s present three-year drought is not 
remarkable in comparison to past three-year droughts, but drought impacts in the Delta export area are 
such that a statewide drought emergency has been proclaimed for the first time in California. 
 
Population growth expected over the next few decades will lead to additional demand.  Even without 
higher air temperatures and changing precipitation patterns over the next few decades, California’s water 
supply problems would already be challenging.  A portfolio of measures implemented at the local and 
regional level will be needed to meet these growing challenges. 
 
 Figure 14: Using Mid-Century Climate Projections to Support 

Water Resources Decision Making in California   
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Future Climate Change Impacts to Water Management 
The state’s water supply system already faces challenges to provide water for California’s growing 
population.  Climate change is expected to exacerbate these challenges through increased temperatures 
and possible changes in precipitation patterns.  The trends of the last century – especially increases in 
hydrologic variability – will likely intensify in this century.  We can expect to experience more frequent and 
larger floods and deeper droughts.  Rising sea level 
will threaten the Delta water conveyance system and 
increase salinity in near-coastal groundwater 
supplies.  Planning for and adapting to these 
simultaneous changes, particularly their impacts on 
public safety and long-term water supply reliability, 
will be among the most significant challenges facing 
water and flood managers this century.  
 
 
A. Increased Temperature and 
Extreme Events 
Increasing average temperatures may have several 
impacts on water supply and demand, affecting 
California’s farms, municipalities, and ecosystems.  
 
First, increasing winter and early spring temperatures 
will cause earlier melting of the Sierra Nevada 
snowpack – the most important seasonal surface 
reservoir of water in California.  Historically this 
snowpack has released about 15 million acre-feet 
slowly over the warming spring and summer months 
(one acre-foot provides the annual water needs of 
one to two families).2  California’s water storage and 
conveyance infrastructure gathers this melting snow 
in the spring and delivers it for use during the drier summer and fall months.  This same infrastructure is 
also used for flood control in the winter and early spring by keeping lower reservoir levels.  With earlier 
snowmelt and heavy winter/spring rains possibly coinciding, difficult tradeoffs may need to be made 
between water storage and flood protection.   

WATER MAN AGEMENT   
IMPACTS DUE TO WARMING  

• Reduced Water Supply from the 
Sierra Snowpack 

• Changes in Water Quality 

• Increased Evapotranspiration Rates 
from Plants, Soils and Open Water 
Surfaces 

• Moisture Deficits in Non-irrigated 
Agriculture, Landscaped Areas and 
Natural Systems 

• Increased Irrigation Needs 

• Increased Agricultural Water 
Demands Due to a Longer Growing 
Season. 

• Increased Urban Water Use, at 
Possible Expense of Agriculture 
Water.

 
 Figure 15: California Historical and Projected Decrease in April Snowpack (1961-2099) 
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Increased underground storage of surface waters and increased groundwater withdrawal may potentially 
be used to ensure that future water supplies meet growing demands.  However, groundwater balances in 
California are generally not well documented, with many aquifers contaminated, necessitating further 
study to assess the more widespread feasibility of groundwater storage. 
 
In addition, climate change may make preservation and restoration of habitat more difficult.  The 
ecological requirements of cold-water fishes provide an example.  Climate change may warm rivers and 
streams, with less water available for ecosystem flow and temperature needs in spring and summer.  In 
many low- and middle-elevation streams today, summer temperatures often approach the upper 
tolerance limits for salmon and trout; higher air and water temperatures will exacerbate this problem.  
Thus, climate change might require dedication of more water, especially cold water stored behind 
reservoirs, to simply maintain existing fish habitat.  Climate change is also expected to raise sea level.  As 
this happens, the brackish and fresh aquatic habitats of the Sacramento-San Joaquin estuary that are 
critical to many at-risk species will shift upstream and inland.  Growing urbanization on the eastern edge 
of the Delta will limit opportunities to acquire or restore lands that would provide suitable habitat.  
Threatened and endangered species could be increasingly squeezed between the inland sea and the 
encroaching cities.  Higher water temperatures also can accelerate biological and chemical processes 
that increase growth of algae and microorganisms, thereby creating an additional demand for oxygen in 
the water.3   
 
Higher temperatures – especially in the summer growing season – increase evapotranspiration rates from 
plants, soils and open water surfaces.  In a study conducted for the 2008 California climate impacts 
assessment, net evaporation from reservoirs was projected to increase by 37 percent in a warmer-drier 
climate, but only by 15 percent in a warmer-only scenario, reducing available supplies accordingly.4   
 
While higher temperatures increase the water demand and use by plants, soil moisture decreases and 
reservoirs and/or groundwater reserves are reduced.  Non-irrigated agriculture and landscaped areas, as 
well as natural systems, will suffer moisture deficits if natural water supplies are limited, and the risk of 
wildfires will increase.  Elsewhere, irrigation will need to be increased if crop losses are to be avoided.5  
During extreme heat events livestock will require more water for drinking and cooling. 
 
Finally, higher average temperatures extending over longer periods of the year will lengthen the growing 
season, thereby increasing the amount of water needed for non-irrigated plant growth, environmental 
water needs, and for the irrigation of crops and landscaped areas.6  A recent study on water demand in 
California estimated agricultural and urban water demands under both a warmer-only and a warmer-drier 
climate change scenario using the CALVIN (California Value Integrated Network) model – a statewide 
model of the economic and engineering aspects of California’s interconnected water supply system.  
Using these scenarios, the study found that agricultural water use would decrease by nearly 15 percent 
(4,070 thousand acre feet [TAF]/year) between 2020 and 2050 as urban demand increases and overall 
supply decreases by 7 percent.7  Even assuming the implementation of water conservation and water 
efficiency measures to partially compensate for the expected reduction in supply, urban water demand is 
expected to increase by more than 10 percent (1,606 TAF/year) between 2020 and 2050.8  The study 
also concluded that the agricultural sector is more vulnerable to water shortages than the urban sector; 
thus, water supplies to agriculture may be 20 percent below demand targets under the warmer-only 
climate scenario and 23 percent below demand under the warmer-drier scenario.9 
 
 
B. Precipitation Changes and Extreme Events 
Climate change can potentially alter California’s historical precipitation patterns.  While the state is 
expected to retain its Mediterranean pattern of dry summers and wet winters, along with significant year-
to-year variability in total precipitation, some projections of the future involve worrisome changes for the 
state’s water supplies.  
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Global climate models vary considerably in projecting precipitation patterns into the future.  For planning 
purposes, eleven of the twelve simulations selected for the 2008 California Climate Change Impacts 
Assessment deliberately project a future marginally to considerably drier by mid-century, while only one 
simulation projects a slightly wetter future.  In addition to the warming trend and the snowline moving 
higher, scientists expect that a growing proportion of winter 
precipitation to fall as rain instead of as snow, significantly 
reducing snow accumulation on April 1 (an important date 
in the hydrological calendar).10   

WATER MANAGEMENT  
IMPACTS DUE TO SEA-LEVEL 
RISE  
• Increased Stress on Sacramento-

San Joaquin Delta Levees 

• Saltwater Intrusion into Estuaries, 
Bays, and Coastal Groundwater: 

o Change Water Quality  

o Transform Ecosystems  

o Reduce Freshwater Supplies 

 
The expected reduction in the Sierra snowpack is 
particularly troublesome for California water supplies, as it 
essentially functions as California’s largest surface water 
reservoir.  The state’s agriculture, industrial and municipal 
users, and a wide variety of ecosystem functions, depend 
heavily on the stored water being released in the early dry 
months of the year.   
 
Existing storage and conveyance facilities have been built 
and operated based on historical patterns of rain and 
snowfall.  Over the last century, the average early spring 
snowpack runoff has decreased by about 10 
percent, a loss of 1.5 million acre-feet of water.  
Using historical data in conjunction with climate 
and hydrologic models, the Department of 
Water Resources projects that the Sierra 
Nevada snowpack may be further reduced from 
its mid-20th century average by 25 to 40 percent 
by 2050.11   
 
Water supplies originating from outside of the 
state are also important.  Rising temperatures 
and drier conditions have led to projections of 
decreasing volumes of water in another one of 
California’s water sources, the Colorado River 
basin.  Studies underway by the Western Water 
Assessment of the University of Colorado are 
seeking to reconcile the wide range of 
estimates in possible decreases – from -6 
percent to -50 percent - in Colorado River flow 
by mid-century or later.12  In late 2007, the 
Secretary of the Interior signed an historic 
Record of Decision for Colorado River Interim 
Guidelines for Lower Basin Shortages and 
Coordinated Operations for Lake Powell and 
Lake Mead that allows for more efficient operation of the reservoir system to reduce the potential 
frequency and magnitude of shortages.  Through 2025, the period covered in the interim guidelines, the 
estimated risk of shortage to California is very small, thanks to the large volume of storage in the river 
basin, the high elevation of the runoff generating region of the upper basin, and the relative seniority of 
California water rights.  Estimating the risk of shortages beyond that date is complicated by the 
uncertainties of future reservoir operations strategies and the disparate projections of runoff impacts.13 

WATER MANAGEMENT IMPACTS DUE 
TO PRECIPITATION CHANGES 

• Possible Precipitation Decreases - From 
12-35 Percent Compared to Historical 
Annual Averages 

• More Winter Precipitation  Falling as Rain 
Instead of Snow 

• Intense Rainfall Events - More Frequent 
and/or More Extensive Flooding 

• Droughts - More Frequent and Persistent 

• Possible Decreasing Water Quality: 

o Longer Low-flow Conditions 

o Higher Water Temperatures 

o Higher Contaminant Concentrations 
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Figure 16: View of Lake Oroville in 2005 (left) and November 2008 (right)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Finally, California’s hydroelectricity production relies on predictable water reserves.  In 2007, nearly 12 
percent of California’s electricity was produced from large hydroelectric power plants, presently the state’s 
largest source of renewable energy.14  With snow falling at higher elevations, creating less snowpack, 
and melting earlier in the year less water is available for this source of power generation when it is m
needed, during the warmer summer months.  When several dry years create drought conditions, reservoir 
levels can be reduced to levels lower than those required for hydroelectric power generation.

ost 

15 
 

Extreme Rainfall and Flooding 
California’s current water systems are designed and operated to strike a balance between water storage 
for the dry months and flood protection during the winter and spring, when heavy rainstorms, runoff, and 
snowmelt can cause downstream flooding.  While some climate models predict an overall drying of 
California’s climate, at the same time there are also continued risks from intense rainfall events that can 
generate more frequent and/or more extensive runoff and flooding.16  Additionally, periodic larger than 
historical floods are expected to occur, especially in the southern parts of the Sierra Nevada, where a 
transition from snow to more rainfall will occur.17  
 
Flood peaks can increase erosion rates that results in greater sediment loads and turbidity while runoff 
from streets and farms can increase concentrations of pollutants.18  Changes in temperature and 
precipitation could alter existing fresh water systems and an overall reduced availability of water for fish 
and wildlife.  An increase in floods may amplify movement of pollutants and contaminants into previously 
pristine areas.  Temperature and precipitation changes will affect a variety of aquatic species and may 
result in loss and degradation of sensitive aquatic ecosystems and potentially increase invasive species 
challenges.  In addition, these changes will affect groundwater recharge and over drafting as well as 
hydropower and hatchery project operations, fish passage issues, and water diversion projects.  Changes 
in composition and structure from precipitation and flow changes for riparian communities and conflicts 
over allocation of surface water could result in increased management conflicts between people and 
wildlife and will require communication and collaboration among managers. 
 

C. Sea-Level Rise 
The higher mean water levels from sea-level rise can exacerbate existing factors that threaten critical 
portions of the Sacramento and San Joaquin Delta levee system. This system extends over more than 
700,000 acres and consists of a myriad of small natural and man-made channels bounded by levees to 
protect land and key infrastructure from floods.19  If levees fail, water from San Francisco Bay would 

http://en.wikipedia.org/wiki/Levee
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inundate agricultural land and some communities, damage infrastructure, affect ecosystems, enter 
California’s freshwater supply, and change water quality.   
 
Warmer storms and snowmelt may coincide and produce higher winter runoff from the watersheds, while 
accelerating sea-level rise will produce higher storm surges during coastal storms.  Together, they 
increase the probability of Delta levee failures, breaking a critical link between water supply in the north 
and water users in the southern portions of the state.  
 
Additionally, a drop in summer stream flows could affect the Sacramento-San Joaquin Delta water supply 
and ecosystems, both directly through low-flow conditions and higher stream water temperatures, and 
indirectly as saltwater intrudes further upstream from the Pacific Ocean.  An increase in the penetration of 
seawater into the Delta will thus further degrade drinking and agricultural water quality and alter 
ecosystem conditions.20  Holding back this salinity intrusion will require more freshwater releases from 
upstream reservoirs to maintain fresh water levels for municipal, industrial and agricultural uses, which in 
turn will further increase pressure on already scarce water resources.  
 

D. Risks for Water Management 
Higher temperatures, changes in precipitation patterns and sea-level rise all combine to exacerbate 
California’s existing water supply challenges.  Expected population growth alone would make it more 
difficult to meet growing water demands.  With climate change the state’s water crisis will worsen, overall 
increasing the risk of water shortages and flooding.  To summarize the changing risks that California’s 
water supply will face from climate change, the likelihood of occurrence of the projected consequences 
was qualitatively assessed.  The resulting risk profile for California’s water supply can be characterized as 
follows: 

 

• Higher temperatures will melt the Sierra snowpack earlier and drive the snowline higher, resulting in 
less snowpack to supply water to California users.  In addition, a growing proportion of winter 
precipitation will fall as rain instead of as snow.  Snow accumulation on April 1 will be significantly 
reduced, and snowmelt will run off earlier, leaving less water stored for the dry months. 

• By mid-century, most climate simulations used by the 2009 CAT report project marginally to 
considerably drier conditions in California.  Water supplies originating from outside of the state (e.g., 
the Colorado River Basin and the Klamath River Basin) are also decreasing. 

• Intense rainfall events, periodically ones with larger than historical runoff, will continue to affect 
California with more frequent and/or more extensive flooding. 

• Droughts are likely to become more frequent and persistent in the 21st century. 

• Streams may experience longer low-flow conditions with higher temperatures and higher 
concentrations of contaminants. 

• Higher temperatures – especially in the summer and over a longer growing season – increase 
evapotranspiration rates from plants, soils and open water surfaces, including water reservoirs. 

• Non-irrigated agriculture and landscaped areas, as well as natural systems will suffer moisture 
deficits if natural water supplies are limited, and irrigation will need to be increased if crop losses are 
to be avoided.  Even with conservation and efficiency measures, urban water use is expected to 
increase. 

• Storms and snowmelt may coincide and produce higher winter runoff from the landward side, while 
accelerating sea-level rise will produce higher storm surges during coastal storms.  Together, they 
increase the probability of levee failures in the Sacramento-San Joaquin Delta. 

• Saltwater intrusion into estuaries, bays, and coastal groundwater resources will diminish water 
quality, transform ecosystems and reduce freshwater supplies. 
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Water Management Adaptation Strategies 

Introduction 
Concerns over the availability, quality, and distribution of water are not new to California, but these 
concerns are growing and solutions are becoming more complex as water managers navigate competing 
interests and regulations to reliably provide quality water to farms, businesses, and homes, while also 
protecting the environment and complying with legal and regulatory requirements.  Water adaptation 
strategies are primarily driven by the possibility of reduced future water supplies and increased flood 
threat brought about by climate change.  While we are unlikely to know the full scope of climate change 
for many decades, we do know enough now to begin taking action strategically to adapt California’s water 
management systems.   
 
The Department of Water Resources (DWR), in 
collaboration with the State Water Resources Control 
Board, other state agencies, and numerous 
stakeholders, has initiated a number of projects to 
begin climate change adaptation planning for the water 
sector.  For instance, the recent incorporation of 
climate change impacts into the California Water Plan 
Update is an essential step in ensuring that all future 
decisions regarding water resources management 
address climate change.  As part of the Update, in 
October 2009 DWR released the U.S.’s first state-level 
climate change adaptation strategy for water 
resources, and the first adaptation strategy for any 
sector in California.  Entitled Managing an Uncertain 
Future: Climate Change Adaptation Strategies for 
California’s Water, the report details how climate 
change is already affecting the state’s water supplies 
and sets forth ten adaptation strategies to help avoid or 
reduce climate change impacts to water resources.  
Because of the large role of local and regional water 
management, central to these adaptation efforts will be 
the full implementation of Integrated Regional Water 
Management (IRWM) plans, which address regionally 
appropriate management practices that incorporate 
climate change adaptation.  These plans will evaluate 
and provide a comprehensive, economical and sustainable water use strategy at the watershed level for 
California.   

North Coast Integrated Regional 
Water Management Plan (NCIRWMP): 

Stakeholders on the North Coast are 
incorporating climate change into the 
NCIRWMP in many ways, including 
evaluating options for carbon sequestration, 
GHG emission reduction via large scale 
alternative energy generation and by 
reducing the risk of catastrophic wildfire, 
incorporating adaptation into local planning, 
water infrastructure and watershed 
restoration activities, and educating the 
public regarding the need for climate 
adaptation.  In particular, there are 
substantial opportunities to incorporate 
climate adaptation into the NCIRWMP 
framework, many of which address multiple 
objectives of the IRWM program such as 
flood and stormwater management, water 
conservation, local planning, floodplain and 
habitat enhancement, and water supply 
reliability. 

 
Another key adaptation approach is to aggressively increase water use efficiency.  Implementing this 
approach will require the adoption of urban best management practices and other measures.  Agricultural 
entities will be encouraged to apply Efficient Water Management Practices (EWMPs) to reduce water 
demand and improve the quality of drainage and return flows.  In regions where recycled water may 
represent a relatively energy efficient and drought-proof water management strategy, local water 
agencies will be encouraged to adopt policies that promote the use of recycled water for appropriate, 
cost-effective uses while still protecting public health.  However, not all water use efficiency activities are 
equally effective responses to climate change.  For example, efficiencies that reduce evaporative (e.g., 
landscape and crop evapotranspiration), other consumptive uses, and flows to saline sinks (e.g., the 
ocean) are the most effective. 
 
Statewide, adaptation strategies aim to fundamentally improve water and flood management systems and 
enhance and sustain ecosystems.  Reliable water supplies and resilient flood protection depend upon 
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ecosystem sustainability.  Building adaptive capacity for both public safety and ecosystems requires that 
water and flood management projects maintain and enhance biological diversity and natural ecosystem 
processes.  Water supply and flood management systems are significantly more sustainable and 
economical over time when they preserve, enhance and restore ecosystem functions, thereby creating 
integrated systems that suffer less damage from, and recover more quickly after, severe natural 
disruptions.  By reducing existing, non-climate stressors on the environment, ecosystems will have more 
capacity to adapt to new stressors and uncertainties brought by climate change.  Flood management will 
be improved by increased coordination among existing water and flood management systems.  
Ecosystem enhancement will include actions to restore previous connections between rivers and their 
historical floodplains, creating seasonal aquatic habitats and facilitating the growth of native riparian 
forests.   
 
A strategy for improving management and decision-making capacity focuses on planning for and adapting 
to sea-level rise.  This will require the establishment of an interim range of sea-level rise projections for 
short-term planning purposes for local, regional, and statewide projects and activities.  A scientific panel 
of the National Research Council (NRC) will provide expert guidance regarding official long-range sea-
level rise estimates and their application to specific California planning issues.  The DWR, in collaboration 
with other state agencies and under guidance from the NRC, will develop long-range sea-level rise 
scenarios and response strategies for the California Water Plan Update 2013.   
 
As climate change continues to unfold in the coming decades, institutions, along with infrastructure, may 
need to also adapt, which may require reconsidering existing agency missions, policies, regulations, and 
other responsibilities, as well as changes to existing resources legislation.  The California Water Plan 
Update is one example of where such adaptation has already occurred. 
 

Adaptation Strategies and Actions 
Climate change is already affecting California’s water resources as evidenced by changes in snowpack, 
river flows and sea levels.  Impacts and vulnerability will vary by region, as will the resources available to 
respond to climate change, necessitating regional solutions to adaptation rather than an easily 
administered but comparably ineffective “one-size-fits-all” approaches.  An array of adaptive water 
management strategies must be implemented to better address the risks and uncertainties of changing 
climate patterns.  Fortunately, as one water stakeholder has observed, California has far more 
knowledge, expertise, and financial capacity to adapt its water management systems to climate change 
than our society had in the 1850’s, when an east-coast American society abruptly found itself in a 
Mediterranean climate upon settlement in the West.  The strategies listed below are from Managing an 
Uncertain Future: Climate Change Adaptation Strategies for California’s Water and the California Water 
Plan Update; they are cross-referenced with other sectors for contextual efficacy:21 

 
Strategy 1: Provide Sustainable Funding for Statewide and Integrated Regional Water 
Management 
 
Long-Term Actions: 

 
a. Financing Mechanisms – A formal assessment of state and local financing mechanisms 

should be conducted by the state Legislature in order to provide a continuous and stable 
source of revenue to sustain proposed climate resiliency programs.  Activities include 
regional water planning, inspection, maintenance, repair, and rehabilitation of flood 
management facilities, observational networks and water-related climate change adaptation 
research. 
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Strategy 2: Fully Develop the Potential of Integrated Regional Water Management 
 
Near-Term Actions: 
 

a. Integrated Water Management Plans (IRWM) – By 2011, all IRWM plans should identify 
strategies that can improve the coordination of local groundwater storage and banking with 
local surface storage along with other water supplies including recycled municipal water, 
surface runoff, flood flows, urban runoff, storm water, imported water, water transfers and 
desalinated groundwater and seawater. 
 

b. Adaptation Component – By 2011, all IRWM plans should include specific elements for 
climate change adaptation. 

 
 
Strategy 3: Aggressively Increase Water Use Efficiency 
 
Near-Term Actions: 

 
a. Statewide Reduction in Water Use – As directed by Governor Schwarzenegger, 

Department of Water Resources (DWR) in collaboration with the Water Boards, the California 
Energy Commission, the California Public Utilities Commission, the California Department of 
Public Health (CDPH), and other agencies will implement strategies to achieve a statewide 
20 percent reduction in per capita water use by 2020. 
 

b. Water Efficiency – Agricultural entities should apply all feasible Efficient Water Management 
Practices (EWMPs) to reduce water demand and improve the quality of drainage and return 
flows, and report on implementation in their water management plans. 
 

c. Energy Efficiency – Recycled water is a drought-proof water management strategy that may 
also be an energy efficient option in some regions. 
 

d. Water Conservation – The State Water Resources Control Board (SWRCB) and the 
California Public Utilities Commission may impose water conservation measures in permitting 
and other proceedings to ensure water conservation efforts.  It is recommended that the 
Legislature authorize and fund new incentive-based programs to promote the mainstream 
adoption of aggressive water conservation by urban and agricultural water systems and their 
users. 

 
 
Strategy 4:  Practice and Promote Integrated Flood Management 
 
Near-Term Actions:  

 
a. Flood Management Improvements – To reduce flood peaks, reduce sedimentation, 

temporarily store floodwaters, recharge aquifers and restore environmental flows, flood 
management should be integrated with watershed management on open space, agricultural, 
wildlife areas, and other low-density lands. 
 

b. System Reoperation Task Force – The improved performance of existing water 
infrastructure cannot be achieved by any single agency, and will require the explicit 
cooperation of many.  Moreover, system-wide operational coordination and cooperation must 
be streamlined to respond to extreme events that may result from climate change. Successful 
system re-operation will also require that the benefits of such actions are evident to federal 
and local partners. To achieve these goals, the State will establish a System Re-operation 
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Task Force comprised of state personnel, federal agency representatives, and appropriate 
stakeholders. 
 

c. Support Decision Making – To successfully meet the challenges posed by climate change, 
the federal-state Joint Operations Center (JOC) capacity should be expanded to improve 
tools and observations that better support decision-making for individual events, seasonal 
and inter-annual operations and water transfers.  The JOC should be enhanced to further 
improve communications and coordination during emergencies such as floods and droughts. 
 

d. Central Valley Flood Protection Plan – By January 1, 2012, DWR will collaboratively 
develop a Central Valley Flood Protection Plan that includes actions to improve integrated 
flood management and consider the potential impacts of climate change. 
 

e. Emergency Flood Preparedness – All at-risk communities should develop, adopt, practice 
and regularly evaluate formal flood emergency preparedness, response, evacuation and 
recovery plans. 
 

f. Land Use Policies – Local governments should implement land use policies that decrease 
flood risk. 

 
 

Strategy 5: Enhance and Sustain Ecosystems 
 
Long-Term and Near-Term Actions: 

 
a. Species Migration and Movement Corridors – Water management systems should protect 

and reestablish contiguous habitat and migration and movement corridors for plant and 
animal species related to rivers and riparian or wetland ecosystems.  IRWM and regional 
flood management plans should incorporate corridor connectivity and restoration of native 
aquatic and terrestrial habitats to support increased biodiversity and resilience for adapting to 
a changing climate. 
 

b. Floodplain Corridors – Flood management systems should seek to reestablish natural 
hydrologic connectivity between rivers and their historic floodplains.  Setback levees and 
bypasses help to retain and slowly release floodwater, facilitate groundwater recharge, 
provide seasonal aquatic habitat, support corridors of native riparian forests and create 
shaded riverine and terrestrial habitats.  Carbon sequestration within large, vegetated 
floodplain corridors may also assist the state in meeting GHG emissions reductions 
mandated by AB 32. 
 

c. Anadromous Fish – The state should work with dam owners and operators, federal 
resource management agencies, and other stakeholders to evaluate opportunities to 
introduce or reintroduce anadromous fish to upper watersheds.  Reestablishing anadromous 
fish, such as salmon, upstream of dams may provide flexibility in providing cold water 
conditions downstream, and thereby help inform system reoperation.  Candidate watersheds 
should have sufficient habitat to support spawning and rearing of self-sustaining populations. 
 

d. Tidal Wetlands as Buffers – The state should identify and strategically prioritize for 
protection lands at the boundaries of the San Francisco Bay and Sacramento-San Joaquin 
Delta that will provide the habitat range for tidal wetlands to adapt to sea-level rise.  Such 
lands help maintain estuarine ecosystem functions and create natural land features that act 
as storm buffers, protecting people and property from flood damages related to sea-level rise 
and storm surges. 
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e. Reversal of Delta Island Subsidence – The state should prioritize and expand Delta island 
subsidence reversal and land accretion projects to create equilibrium between land and 
estuary elevations along select Delta fringes and islands.  Sediment-soil accretion is a cost-
effective, natural process that can help sustain the Delta ecosystem and protect Delta 
communities from inundation. 
 

f. Upper Watershed Services – The state should consider actions to protect, enhance and 
restore upper watershed forests and meadow systems that act as natural water and snow 
storage.  This measure not only improves water supply reliability and protects water quality, 
but also safeguards significant high elevation habitats and migratory corridors. 

 
 
Strategy 6: Expand Water Storage and Conjunctive Management of Surface and Groundwater 
Resources 
 
Near-Term Actions: 

 
a. Expand Water Storage – California should expand its available water storage for both 

surface and groundwater supplies. 
 

b. Surface Storage Feasibility Studies – DWR will incorporate climate change considerations 
as it works with the U.S. Bureau of Reclamation (Reclamation) and local agencies to 
complete surface storage feasibility studies. 
 

c. Conjunctive Use Management Plans – State, federal, and local agencies should develop 
conjunctive use management plans that integrate floodplain management, groundwater 
banking and surface storage. 
 

d. Groundwater Management Plans – Local agencies will be encouraged to develop and 
implement AB 3030 Groundwater Management Plans as a fundamental component of their 
IRWM plans. 
 

e. Local Ordinances – Cities and counties will be encouraged to adopt local ordinances that 
protect the natural functioning of groundwater recharge areas. 

 
 
Strategy 7: Fix Delta Water Supply, Quality and Ecosystem Conditions 
 
Near-Term Actions: 

 
a. Delta Adaptation Planning – The legislature, state agencies, and stakeholders should 

support the implementation Delta Vision Committee recommendations,iii and encourage the 
incorporation of adaptive responses to climate change in the Bay-Delta Conservation Plan 
and the Delta Regional Ecosystem Implementation Plan. 
 

b. Sustainable Delta Goals – By June 2009, DWR will initiate a coordinated state agency effort 
to invest in Delta ecosystems, water conveyance improvements, flood protection and 
community sustainability in order to achieve a sustainable Delta. 

 
 

                                                                 
iii The recommendations of the Delta Vision Committee are available at:  
http://www.deltavision.ca.gov/DV_Committee/Jan2009/081231_Delta_Vision_Committee_Implementation_Report.pdf  

http://www.deltavision.ca.gov/DV_Committee/Jan2009/081231_Delta_Vision_Committee_Implementation_Report.pdf
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Strategy 8: Preserve, Upgrade and Increase Monitoring, Data Analysis and Management 
 
Long-Term Actions: 

 
a. Climate Monitoring – Critical for the projection of future water supply, climate change 

detection and consistent monitoring of critical variables such as temperature, precipitation, 
evapotranspiration, wind, snow level, vegetative cover, soil moisture and stream flow will be 
expanded at high elevations and wilderness areas to observe and track changes in the rain 
and snow transition zone. 
 

b. Atmospheric Observations – To better project future rain and snow patterns on a regional 
scale, atmospheric observations are needed to define and understand the mechanisms 
underlying atmospheric processes that lead to California’s seasonal and geographic 
distribution of precipitation. 
 

c. Water Use Feasibility Study – The accurate measurement of water use can facilitate better 
water planning and management.  By 2009, DWR, the state and regional Water Boards, the 
Department of Public Health, and the California Bay-Delta Authority will complete a feasibility 
study for a water use measurement database and reporting system. 

 
 
Strategy 9: Plan for and Adapt to Sea-Level Rise 
 
Long-Term Actions: 

 
a. Sea-Level Rise Projections – The state will establish an interim range of sea-level rise 

projections for short-term planning purposes for local, regional and statewide projects and 
activities. 
 

b. National Research Council study –The Resources Agency, in coordination with DWR and 
other state agencies will convene and support a scientific panel from the National Research 
Council (NRC) to provide expert guidance regarding long-range sea-level rise estimates and 
their application to specific California planning issues. 
 

c. California Water Plan Update – Based upon guidance from the NRC, DWR, in collaboration 
with other state agencies will develop long-range sea-level rise scenarios and response 
strategies to be included in the California Water Plan Update 2013. 

 
 
Strategy 10: Identify and Fund Focused Climate Change Impacts and Adaptation Research and 
Analysis 
 
Long-Term Actions: 

 
a. Research Planning and Partnerships – In association with research institutions such as the 

Regional Integrated Sciences and Assessment centers, Lawrence Livermore and Berkeley 
National Laboratories, and the University of California, state agencies will identify research 
needs that provide guidance on activities to reduce California’s vulnerability to climate 
change.  The state will also explore partnerships with the federal government, other western 
states, and research institutions on climate change adaptation. 
 

b. Sensitivity Analysis – The state’s water supply and flood management agencies will 
perform a sensitivity analysis of preliminary planning studies, along with risk-based analyses 
for more advanced planning studies.  For flooding, sensitivity and risk-based analyses an 
appropriate risk tolerance and planning horizon for each individual situation is under 
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consideration.  Selection of climate change scenarios for these analyses can be guided by 
recommendations of the Governor’s Climate Action Team. 
 

c. Pilot Projects – The sponsorship of science-based pilot projects for watershed adaptation 
research is needed to address climate change adaptation for water management and 
ecosystems.  Funding for pilot projects should only be granted in those regions that have 
adopted IRWM plans that meet DWR’s plan standards and have broad stakeholder support. 
 

d. California Water Plan Update – Every five years DWR will provide revised estimates of 
changes to sea level, droughts, and flooding that can be expected over the following 25 
years, this will be included in future versions of the California Water Plan Update. 
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VIII. AGRICULTURE  
 

Introduction 
“Conservation is ethically sound.  It is rooted in our love of the land, our respect for the rights of others, and our 
devotion to the rule of law.”  -Lyndon Baines Johnson 
 
California has been the most productive agricultural state in the union for more than 50 years.1  From 
1974 to 2004, the value of California’s agricultural commodity gross cash receipts more than quadrupled 
while the total acreage devoted to agriculture declined by 15 percent.  This growth in production gross 
sales value is due largely to technological improvements in crop production and more intensive use of 
farmland, including the shift to higher value crops.  Today, with 88,000 farms and ranches, California 
agriculture is a $37 billion a year industry.2  California has become the nation’s leading producer of nearly 
80 different crop and livestock commodities.  In fact, the state supplies more than half of all domestic fruit 
and vegetables and is responsible for more than 90 percent of the nation’s production of almonds, 
apricots, raisin grapes, olives, pistachios and walnuts.  
 
The diversity and size of California’s agricultural sector creates unique opportunities and challenges with 
regard to climate change.  Climate change alters both average and extreme temperatures and 
precipitation patterns, which in turn influence crop yields, pest and weed ranges and introduction, and the 
length of the growing season.  Extreme events, such as heat waves, floods, and droughts, may be among 
the most challenging impacts of climate change for agriculture since they can lead to large losses in crop 
yields and livestock productivity.  Since California plays a critical role in feeding not only state residents, 
but those of the U.S. and other countries, these large production declines and losses would translate to 
not only food shortages but financial and economic shifts that could disrupt local, regional, and national 
commodities systems.  In the Delta region, saltwater intrusion from sea level rise may make production of 
certain crops increasingly challenging.  Traditional water delivery systems may face challenges due to 
generally drier conditions and the reduction of the Sierra snowpack concurrent with urban demand 
increases.   
 
Understanding the implications of climate change on the agricultural sector not only underscores the 
importance of California’s leadership in reducing GHG emissions, but can also provide invaluable 
guidance to growers and policymakers on how to prepare for and adapt to changes that may occur.  
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 Figure 17: California Perennial Crops in a Changing Climate 
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yields (right) for four perennial crops. Yield changes are expressed as percentage 
difference between average yields in 2030–2050 and those in 1995–2005  
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Future Climate Change Impacts to Agriculture 
 
A. Increased Temperature and Extreme Events 

Figure 

California’s agriculture could be severely affected by the warming projected by the latest climate change 
models.3  Some crop yields may increase with warming, while others may decrease.  According to these 
models, many of today’s top annual field crops such as wheat, cotton, maize, sunflower, and rice show 
declining yields later in the century due to rising temperatures (see Figure 18).4   

 18: Modeled Crop Yields by 2100, Shown 
in 25 Year Increments Conversely, the production of high-

quality wine grapes is expected to 
benefit from a warmer climate 
because of a longer growing season 
and more favorable growing 
conditions in the short-term.  At some 
point, however, the magnitude of the 
warming may become too large for 
certain grape varieties. 

(2000, 2025, 2050, 2075, 2100) 

 
Agriculture may benefit from higher 
levels of atmospheric CO2 (which 
functions as a fertilizer and increases 
the efficiency of the plants’ water use) 
as well as from the lengthening of the 
growing season as freezing 
temperatures may become less 
common over the course of the 21st 
century.  Yet these temperature 
changes not only affect desirable 

crops, but also undesirable pests.  Weeds and other invasive 
species are likely to migrate north due to temperature 
increases, while disease and pest pressures will increase 
with earlier spring arrival and warmer winters.  In addition, 
crop-pollinator timing can also be affected by climate change, 
leading to a need for modifications in crop production.  

PREDICTED AGRICULTUR AL 
IMPACTS OF WARMING 

• Crop Yield Changes 
• Changes in Crop Types and Cultivars 
• New Weed Invasions/Expanded Ranges 

of Existing Weeds 
• New Disease & Pest 

Invasions/Expanded Ranges of Existing 
Diseases & Pests 

• Flooding and Crop Pollination Changes 
• Heat Waves and Stress 

 Loss of Crop Quality and Yields 
 Increased Vulnerability to Pests  
 Increased Animal Vulnerability to 

Disease 
 Increased Mortality of Animals  
 Less Production from Animals  

 
Higher average temperatures can cause increases in 
mortality and/or decreases in productivity of livestock, leading 
to decreases in meat, egg, and dairy production and 
reproductive success of cattle.5  Greater proliferation and 
survival of pathogens and pests will affect both crops and 
livestock.6  
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Temperature and precipitation changes can also disrupt the critical link between agriculture and 
biodiversity.  In California a large number of wildlife species are dependent on privately owned agricultural 
lands for habitat.  As temperature and precipitation patterns change it is likely that there will be a shift in 
the intensity and location of agriculture that could impact fish and wildlife resources.  Agricultural lands 
can provide significant habitat and connectivity between protected reserves, but can also compete with 
fish and wildlife for resources that may become limited due to climate change.  Predictions of higher 
proportion of precipitation in the form of rain with concomitant loss of snow pack suggests more frequent 
summer droughts, thereby creating conflicts between beneficial uses of water.  Further impact to fish and 
wildlife may result from the management of pests and pathogens that may proliferate within agricultural 
settings with warming temperatures. 

 
Reduction of Chill Hours 
While many crops benefit from the increase in average temperatures and the lengthening of the growing 
season, not all do.  Some of California’s most valuable crops, such as fruits and nuts, require a certain 
number of chill hours in the winter.  Chill hours are the number of hours below a certain temperature that 
a plant requires for dormancy before springtime growth.  The temperature threshold and duration of 
dormancy needed are species-dependent, yet without the required period in dormancy, blooming, the 
setting of fruit, fruit quality, and therefore crop yields are negatively affected.7   
 
The number of winter chill hours has already declined since 1950 with the greatest rates of change 
occurring in the Bay Delta region and the mid-Sacramento Valley.  Grapes and almonds, which are grown 
in these regions, may need to be replaced with new cultivars that require fewer chill hours or alternative 
crops that do not require as many winter chill hours in order to avoid substantial losses.  
 
For many high-value crops, a reduction of chill hours could be harmful.  In one study, researchers 
examined the effects of climate change on the 20 most valuable perennial crops grown in California.  
They found that cherries, the 18th most valuable perennial crop in the state, are likely to be the most 
negatively affected by warming in coming decades.  This finding is likely related to a loss of chilling hours.  
A second robust finding of the study was that almonds, the most valuable perennial crop in California, will 
be harmed by increasing February temperatures.  None of the crops studied showed any clear benefits 
from projected warming.8 

 
Changing Temperature Extremes 
Understanding how climate change affects the occurrence of temperature extremes is crucial for 
California’s agriculture.  The costliest extreme event to California’s agriculture in recent years was the 
freeze of December 1998.  Various crops, including oranges, lemons, olives and cotton, experienced 
major losses.  The second costliest individual extreme event was the heat wave of July 2006, which was 
especially damaging to the livestock industry.9  Such events are predicted to be more common with 
climate change. 
 
In recent decades, cold extremes have already become less frequent, and are projected to become even 
less frequent across the state in the future.10  Heat waves, by contrast, are very likely to become more 
frequent due to climate change.11,12  Climate scenarios using the higher emissions scenario suggest that 
heat waves similar in length and intensity to the one experienced in July 2006 may become as frequent 
as once a year in many parts of California by the end of the century.13  
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The heat stress caused by extremely high temperatures can increase livestock vulnerability to disease, 
infection, and mortality; and can decrease livestock production.  For crops, heat stress can lead to losses 
in quality and yields; and can increase plant vulnerability to pests.  Extreme heat can also indirectly affect 
irrigated agriculture by generating short-term disruptions of the water supply, as well as increased water 
needs due to higher rates of water loss from plant evapotranspiration.14 

 

B. Precipitation Changes and Extreme Events 
Most climate change projections show a general drying trend over California, resulting in reduced water 
deliveries from a decreasing Sierra Nevada snowpack.  This would lead to a water supply and supply 
reliability risk for agriculture, with more competition among all water users.  A decrease in water supply 
reliability will direct crop selection to crops, such as row/field crops, that are not dependent on a steady 
long-term supply of water.  Also, with less reliability, comes greater risk, which affects the availability of 
operating credit from lending institutions.  One study found that under any projected climate scenario, 
agriculture would consistently be most vulnerable to water shortages.  Researchers also estimated that 
annual costs of approximately $200 million would be incurred by agriculture if water availability was more 
than 20 percent lower than demand. 15  
 
Droughts and legal constraints on water delivery have in some years led to losses in excess of $1 billion 
annually to Central Valley agriculture, translating to tens of thousands of lost jobs.  Thus, short of 
significant adaptations, water supply reductions will adversely affect agricultural crop yields.  One 
modeling study combining future crop yield predictions with future water supply stresses indicated notable 
declines in overall crop acreage and production by 2050.16 
 
Non-irrigated lands, despite their lack of dependence on water delivery systems, can also be impacted by 
altered precipitation patterns.205  For example, low rainfall results 
in less forage on California rangelands, which can result in lower 
livestock productivity and increased soil erosion and water 
quality degradation.  

AGRICULTURE- PREDICTED 
IMPACTS OF PRECIPITATION 
CHANGES 
• Loss of Water Supply and 

Reliability 
• Loss of Food Security as Water 

Supply Diminishes, is Less Reliable 
• Loss of Irrigated Lands, Crop 

Production and Food Security 
• Lack of Water for Agriculture and 

Livestock 
• Drier Conditions May Affect 

Agricultural Crop Yields 
• Increased Fire Risk to Rangeland 
• Dry Steep Terrain - Increased soil 

erosion and sedimentation from 
Agricultural Lands 

• Changes in Pests, Diseases and 
Invasive Species 

• Changes in ozone and air quality - 
likely adverse affects on crop 
production 

 
Agricultural impacts can differ geographically under Delta water 
system shortages.  For example, water shortages may be more 
acutely felt in the western San Joaquin Valley and Tulare 
Basin.17  The San Joaquin Valley is projected to have potentially 
greater irrigation demands and evapotranspiration than the 
Sacramento Valley, leading to more risk for agriculture in the 
southern Central Valley counties by the end of the century.18  
Some of these shortages may be managed by changes in 
technology and agricultural practices.  For example, if additional 
water conservation measures and new technology becomes 
available in the next few decades in San Diego County, 
agricultural demand for water could actually decrease, shrinking 
from 13 percent of total county demand in 2005 to six percent in 
2030.19  
 
Drought can produce severe lack of water for crops and 
livestock, increase the risk of fire on rangeland, and ultimately 
reduce food security.  Historically, irrigation has helped to 
minimize the impact of droughts, but climate projections suggest 
that long-lasting droughts may become more common under the 
higher emissions scenario later in the 21st century.  Such severe 
decreases in water availability may well limit the types and 
amounts of crops grown in California.20  
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The ultimate impact of changing water supplies will depend on the degree to which farmers switch to 
crops and livestock that are better adapted to the new climate conditions as well as to potentially lower 
water supplies, market value changes in crops and livestock, and usage of water efficiency and 
conservation measures.  According to DWR, most new water that derives from conservation will come 
from urban water use efficiency; most readily-adopted agricultural water conservation measures have 
already been implemented.21  The gains in water use efficiency by agriculture over the past forty years 
was documented in a recent preliminary draft paper, which documented a doubling in inflation-adjusted 
dollars of agricultural gross revenue between 1967 and 2007, while during the same period total crop 
applied water fell by 14 percent.22  
 

Heavy Rainfall and Flooding Events 
The agricultural sector is also challenged in wet conditions.  
For example, some farmlands in or near floodplains could be 
inundated when winter and spring rainfall combine with rapid 
snow melt (due to higher temperatures over the Sierras) and 
generate larger runoff than streams and soils can absorb.23 
 
Flooding during the planting season is known to be 
particularly damaging for crops.  A study of the impacts of 
extreme events on California agriculture, using disaster and 
insurance loss data over the years 1993-2007, showed that 
excess moisture related to heavy rainfall events and 
subsequent flooding led to the greatest overall economic losses during these years.24  Specifically, heavy 
rainfall in the spring and winter months accounted for the 3rd, 4th and 5th costliest individual extreme 
events.  While the number of storms is not expected to increase in the future, heavy rainfall events will 
continue to play a significant role in California’s future climate.  Especially in the Delta region, increases in 
winter flooding can be expected due to the coincidence of rainfall events and earlier runoff with higher sea 
levels.  This may necessitate additional levee maintenance to protect farmland.  

AGRICULTURE 
IMPACTS OF SEA LEVEL RISE 

• Saltwater Intrusion onto Coastal 
Farmland Soils 

• Seawater Flooding of Low-lying 
Farmland 

• Increases in Soil, Surface Water, and 
Ground Water Salinity 

• Increased Upstream Flooding

 
C. Sea Level Rise 
Sea level rise impacts include saltwater intrusion onto farmlands and an increased risk of coastal flooding 
of low-land agriculture.  Both will raise soil salinity to a point which most crops currently grown are not 
adapted.  Increases in surface and groundwater salinity, as well as decreases in irrigation water quality 
near the coast, will negatively impact coastal agriculture. 
 
Sea level rise impacts may also constrain farmers’ abilities to adapt to changing water supplies and 
temperatures as some management practices, irrigation methods, and crop switching may not be 
possible in areas near sea level increases.  Livestock operations and croplands may need to be relocated 
onto more productive lands.  Investments in technology, plant breeding and cropping system research will 
help minimize some of the projected climate change-related agricultural impacts.25  
 

D. Risks for Agriculture 
To summarize the changing risks that California’s agricultural sector may be facing from climate change, 
the likelihood of occurrence of the projected consequences was qualitatively assessed.  The emerging 
risk profile for the agricultural sector can be characterized as follows: 

• Climate change is likely to alter precipitation amounts and patterns, average as well as maximums 
and minimum temperatures, pest and weed ranges, the length of the growing season, sea level, and 
other factors.  The resulting critical changes in water availability, temperatures, sea level rise and 
extreme events will all affect crop and livestock productivity.  
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• Extreme events may be among the greatest challenges, as they can lead to large losses of crops, 
impose stress on livestock, and be most difficult to manage. 

• Perennial crops such as grapes, fruits, and nuts will experience varying risks, with moderate warming 
potentially benefiting some crops such as table grapes and almonds, but mostly negatively impacting 
other perennial crops, such as cherries. 

• Yields of some annual crops such as cotton, maize, sunflower, and wheat are expected to slightly 
decrease by mid-century, while rice and tomato yields remain more or less unchanged.  By the end of 
the century there is a growing risk of declining yields of all examined crops except alfalfa; that risk is 
significantly higher under the higher emissions scenario.  

• Livestock is particularly at risk from heat extremes, which can lead to increased risk of mortality, lower 
productivity, and lower reproductive success. 

• Sea level rise and increased winter run-off together with meltwater will increase low-land flooding 
risks.  Sea level rise together with higher moisture loss from soil and water table drawdown will 
increase the risk of high salinity in coastal soils, thereby negatively impacting salt-sensitive crops. 

• Disruptions in temperature and precipitation patterns can disrupt the link between agriculture and 
biodiversity. 

 
Agriculture Adaptation Strategies 
 

Introduction 
The state agencies that participated in the 
Climate Adaptation Working Groups (California 
Department of Food and Agriculture and 
California Department of Conservation) 
developed the following strategies and shall be 
responsible for and will spearhead strategy 
implementation.  California’s agricultural sector 
plays a large role in the state’s economy and 
rural culture; as a result, climate change will 
have countless impacts on the cultivation of 
crops and livestock.  California agriculture has 
been successful in large part due to its capacity 
to adapt from year to year and over the long 
haul to changing growing conditions, such as 
pests and disease, labor availability, weather 
and market demands.  To adapt to changes in 
temperature and precipitation, a number of 
approaches are proposed or in development to 
assist in increasing the diversity of California’s 
agricultural commodities thereby fostering 
resilience within the industry.  The identification 
and development of crops and animals found to be resistant or better suited to the myriad of climate 
change variables is central when planning for adaptation and will ultimately support California farmers 
and preserve their ongoing operations.   

Local Government Example: 

Yolo County is completing the update of its 
general plan.  The update places a strong 
emphasis on responding to climate change, 
including policies to help agriculture adapt.  
Among the policies are those that aim to keep as 
much agricultural land free from the constraints of 
urbanization, thus broadening the landscape 
flexibility for adaptation; protect water supplies 
through such measures as protecting groundwater 
recharge basins and supporting improvements in 
water use efficiencies; assist farmers to anticipate 
and respond to opportunities and adversities 
resulting from climate change; promote practices 
that sequester carbon long-term to help growers 
qualify for carbon credits; support the production 
and use of agricultural bio-fuels for economic 
sustainability; and, promote local market outlets to 
reduce transportation energy costs. 

 
Increased research into development of crops which exhibit an increased tolerance to heat waves, high 
average temperatures, drought, pests and disease should be encouraged.  Strategies are also being 
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developed that support the research of crop rotations that maximize efficient water usage.  Improvements 
in irrigation systems will further the reliability of water supplies through water conservation.  Management 
practices that address adaptive flood control will also serve to benefit existing levees and adjacent 
floodplains; while incentives will allow for the cultivation of floodplain compatible crops introduced in the 
areas prone to regular flooding.   
 
To protect against agricultural weeds, pests and diseases, additional investments should be made in the 
detection, prevention and eradication of invasive species that originate from outside of the state or have 
relocated from other regions within the state.  Further research is needed in the development of best 
management practices that enable adaptation, or can help predict and respond to the spreading of 
weeds, pests, and disease.  Resilience to harmful pests and associated diseases may be optimized by 
providing growers with the most favorable management techniques possible, ones that will sustain 
planting, thinning, and harvest timing.  
 
In concert with adaptation, mitigation protocols favor low carbon emission strategies such as renewable 
energy production on farms, and the development of a carbon and carbon equivalent credit mechanism 
that can facilitate the sustainability of California farming in the future.  Research is also needed to develop 
low-carbon, non-petroleum crop protection tools.   
 
Agriculture is part of the existing environment and to ensure that agriculture has room to adapt to a 
warming climate by moving onto lands in cooler climate further north or in higher altitudes, local general 
plans will need to zone for and protect such lands for future agricultural growth.  Incorporating climate 
change model results in general plan updates that recognize the value of these lands will need to be 
encouraged through strategies that provide information as well as incentives to local governments. 
 
 

Adaptation Strategies and Actions: 
California’s agricultural sector plays a large role in the state’s economy and culture and is thus vital to 
sustain. To adapt to the expected changes described earlier in this chapter, the sector has a wide range 
of options.  Those which are consistent with the activities of DOC (Department of Conservation) and 
CDFA (California Department of Food and Agriculture) include, but are not limited to the following: 
 
 
Strategy 1 – Promote Agrobiodiversity 

 

Near Term Actions:  

a. Technical Assistance and Outreach - Use new and existing technical and financial 
assistance programs, and informational outreach to increase the diversification of the 
agricultural landscape.  For example, hedgerows, riparian restoration and wetlands can 
provide grower opportunities for diversification of income from carbon sequestration and 
other environmental services credits; create opportunities for pest predator and pollinator 
habitat; and enhance resilience against climate change. 

b. Bio-Energy – The University of California Cooperative Extension (UCCE), along with the 
California Energy Commission (Energy Commission) and the California Department of Food 
and Agriculture (CDFA) should encourage the development of sustainable agricultural 
feedstocks for bio-energy that use marginal land and avoid competing with both plant and 
animal food production. 

c. Livestock/Rangeland Best Management Practices – State agencies should support 
economically viable best management practices that reduce heat stress on livestock, such as 
water-cooling, increased shade canopy (e.g., increased planting of trees for shade on 
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rangeland to facilitate carbon capture and sequestration) and the improvement of diets and 
breeds for heat tolerance and to maximize weight gain. 

Long Term Actions: 

d. Climate Resistant Crops - Support identification, research and development of crop 
varieties and cultivars capable of adapting to expected climate change (e.g. with respect to 
changes in temperature, precipitation, pest and disease resistance, air quality and drought 
tolerance) in order to assist growers in the selection of crop and livestock most likely to 
succeed.  

 
e. Crop Diversification – The University of California, in partnership with the Energy 

Commission and the CDFA should support the identification, agronomic and economic 
analysis of second-generation (cellulosic) energy crops for use by growers to diversify their 
production options, improve their ability to adapt to climate change, and create long-term 
opportunities for recycled water reuse. 

 
f. Cultural/Economic Diversification – The University of California, in partnership with the 

Energy Commission and the CDFA will support the identification, agronomic and economic 
analysis of evolving markets, organic systems, ecotourism, new types of markets, or 
improved transportation of commodities to markets. 

 
Strategy 2 - Farm and Land Management 

Near Term Actions: 

a. Permit Streamlining – The State Environmental Protection Agency (CalEPA) and CDFA will 
promote and facilitate permit streamlining coordination of dairy digester technologies.  
Provide technical and financial assistance for these regional and on-farm sources of 
renewable, low carbon energy, and encourage the economic and environmental sustainability 
of California dairies and rural lands. 

Long Term Actions: 

b. Sustainable Product Development – California Department of Food and Agriculture and the 
University of California Cooperative Extension should support new and existing markets for 
sustainable agricultural products that will support agronomic practices that increase both the 
use of renewable inputs and the carbon content of agricultural soils. 

c. Technical Assistance & Funding - Complement federal financial and technical assistance 
programs for farmers under the leadership of the Department of Conservation (DOC) to 
collaboratively encourage improved farm management practices involving tillage, rotations, 
manure management, fallowing, use of cover crops, and fertilizer-use efficiency, which result 
in net environmental benefits including reduction of soil erosion, increased soil fertility, water-
holding capacity, and reduced on and off-site contamination of water resources.  

d. Grower Outreach – State agencies should provide information on the benefits of crop 
management (e.g., manipulation of planting, thinning and harvesting dates) in order to adapt 
to climate change impacts resulting in the increase of crop pests and disease, as well as 
increases in temperature and changes in precipitation. 

e. High-Carbon Crop Cultivation – State agencies should incentivize the use of crop options, 
encourage economic sustainability and the development of carbon credit protocols for the 
cultivation of high-carbon annual crops and woody plants in appropriate natural areas (e.g., 
riparian forests, hedgerows and windbreaks.)  Relevant state agencies, including DFG 
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(Department of Fish and Game), should be consulted on certain technical issues related to 
energy crop cultivation. 

f. Research – State agencies should invest in research and development to determine nitrous 
oxide generation from soil, irrigation, carbon and nitrogen input.  Identify peer-reviewed 
scientific methodologies on an industry-wide basis that will reduce greenhouse gases.  
Develop protocols where appropriate and feasible that provide incentives to growers (e.g., 
GHG credits) to improve fertilizer and manure crop delivery technology. 

 
 

Strategy 3 - Water Supply and Conservation 

Near Term Actions: 

a. Improve Water Quality Compliance – Support regional water board efforts to streamline 
regulatory compliance when it furthers the goals of climate change adaptation and mitigation 
(e.g., the State Water Resources Control Board’s Irrigated Lands Regulatory Program and 
Central Valley Regional Water Quality Control Board’s General Waste Discharge Order for 
existing dairies).  Collaborate with agricultural stakeholders to develop best management 
practices that encourage and support profitable farming systems; and when possible develop 
collaborative water quality partnerships and programs that can be co-funded by beneficiaries.  

b. Water Conservation - Continue to exchange water conservation activities at the farm and 
district level by initiating incentives, distributing information and introducing other strategies 
that encourage the development of diverse farm and irrigation district water sources. 

i. California Irrigation Management Information System - Expand the collection and 
dissemination of local weather information for irrigation planning and expand the 
California Irrigation Management Information System (CIMIS).  

ii. Mobile Irrigation Labs - Encourage the revitalization of the Mobile Irrigation lab program 
with the assistance of the Water and Resource Conservation Districts.  

iii. California Agricultural Water Management - Support expansion and development of 
voluntary district-level water conservation plans for all agricultural water districts; and 
encourage the implementation of approved district conservation plan actions (e.g., 
tailwater return ponds).  

iv. Collaboration & Partnerships - DOC will collaborate with the USDA Natural Resources 
Conservation Service to prioritize and expand technical and financial cost-share 
assistance programs (e.g., farm conservation planning, water use efficiency, micro-
irrigation, low energy precision application drip systems, and land-leveling) for growers.  

v. Energy Efficient Water Recycling - Invest in new uses for saline drainage water, using 
renewable solar and on-farm bio-fuels energy sources to treat saline water.  This is 
partially mitigation, but should focus on re-use of saline drainage to expand supplies 
through treatment.  

vi. Water Pricing Incentives – Incentivize water pricing systems that reward conservation, 
accounting for regional differences in growing conditions, crops, and other agronomic 
needs.  

vii. Urban Conservation Programs - Invest in urban water conservation programs that 
result in increased local sources of agricultural irrigation water available for future use. 

viii. Water and energy use efficiency on farms - DOC shall implement statewide expansion 
of the Watershed programs which support adaptive management through watershed 
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stewardship and project implementation grant awards, including practices that increase 
water and energy use efficiency on farms. 

c. Floodplain Easements - Work with willing sellers to identify voluntary floodplain corridor 
protection (flowage) easements on agricultural lands to maintain agricultural production that 
is compatible with flood conveyance.  These actions will also enhance economic 
sustainability and protect urban residents from flooding, while protecting agricultural lands for 
the continued production of food and fiber.  

Long Term Actions: 

d. Drought Tolerant Research - Support research and development for more drought-tolerant 
cultivars and crop rotations.  

e. Improve Water Reliability - Initiate reliability of irrigation water delivery to facilitate farm and 
district-scale crop and farm management to better adapt to climate change. 

i. Water Projects - Continue to improve the coordination of the State Water Project, 
Central Valley Project, and Colorado River Project operation.   

ii. Water Conveyance - Improve state and regional water conveyance systems to move 
more wet-year flows to off-stream and groundwater storage and to facilitate intra-regional 
water transfers.  

iii. Increase Storage Capacity - Expand and improve the use of existing surface and 
groundwater storage capacity while developing new surface and groundwater storage.  

iv. Integrated Regional Water Management Planning - Increase regional reliance of water 
supplies through continued support for integrated regional water management planning.  

v. Increase Recycled Water Use - Consistent with state policy, supplement existing 
agricultural water supplies by encouraging the increased agricultural use of recycled 
urban water. 

f. Flood Response - Initiate actions to reduce the harmful effects on agricultural lands from 
increased flooding likely from more intense storms and sea level rise. 

i. Levee Improvements - Improve levees to protect the state’s most productive farmland 
and reduce damage to investments, such as agricultural infrastructure and irrigation 
systems (e.g., land leveling and irrigation ditches, etc)  

g. Develop Severe Drought Response Strategies – Support research and development 
of emergency response plans for agriculture in severe drought. 

 

Strategy 4 - Agricultural Invaders, Pests, and Diseases 

The California Invasive Species Council (CISC) will coordinate invasive species response for the 
State.  The CISC mission is to provide policy level direction and planning for mitigating harmful 
invasive species infestations throughout the state and for preventing the introduction of others that 
may be potentially harmful; and to foster coordinated, streamlined approaches that support initiatives 
for the prevention and control of invasive species, avoiding program duplication by building upon the 
core competencies of member organizations.  The CISC is chaired by CDFA Secretary Kawamura 
and vice-chaired by CNRA Secretary Mike Chrisman.  Also serving on the council will be Secretary 
Linda Adams of California’s Environmental Protection Agency; Secretary Dale Bonner from the 
Business, Transportation and Housing Agency; Secretary Kim Belshe from the California Health and 
Human Services Agency; and Matt Bettenhausen, Acting Secretary of the California Emergency 
Management Agency.   
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Near Term Actions: 

a. Inspection Stations – Increase vigilance at the state’s port-of-entry inspection stations to 
prevent entry of new diseases, pests and weeds.  

b. Statewide Detection - Increase the effectiveness of statewide detection system in order to 
detect newly introduced pest species. 

c. Agency Coordination - Improve coordination among agencies to improve detection and 
eradication of diseases, pests and weeds in targeted areas given ecosystem disturbances.   

d. Warning Systems - Develop disease warning systems to improve the response to detected 
infestations.  

e. Pollinator Technical and Financial Assistance - Provide technical and financial assistance 
and incentives for the conservation of “bee pastures” and the use of on-farm planting 
beneficial to pollinators, all with consideration given to crop compatibility (i.e. seedless crop 
varieties). 

f. Pest Control and Pollinators.  Balance increased pest control measures with the need to 
maximize pollinators and beneficial insects and microorganisms. 

g. Information Distribution - Provide information to the agricultural community to enable 
growers to modify farm management practices and adapt to new pests and diseases. 

Long Term Actions: 

h. Prevention and Detection - Invest in the prevention, detection and eradication of noxious 
invaders due to climate change that come from outside California, and native California 
species that move into new regions of California. 

i. Collaboration and Information Sharing - Increase interstate and statewide cooperation 
in the sharing of databases, modeling, detection, warning systems and eradication.  

ii. Field Experiments - Initiate field experiments for climate gradients that represent the 
range of future climates (e.g., landscape surveys) providing data on predictors, potential 
invasions and expansions of pests, weeds and diseases.  

iii. Identify Risks - Identify pests and pathogens that may potentially place California at risk. 
Conduct analysis of previously developed scenarios from regions with similar climatic 
conditions.   

i. Sustained Research and Extension - Invest in research and development of control strategies 
and chemicals that add to the toolbox of Integrated Pest Management in anticipation of 
climate change.  Distribute research results through University of California Cooperative 
Extension programs. 

i. Adaptative Strategies - Support research into management strategies that assist grower 
adaptation to increased pest and disease pressures, such as changes in planting, 
thinning and harvesting timing.   

ii. Resiliency Development - Safeguard farm and regional crops and livestock against 
uncertain pests and disease exposure by developing more resilient cultivars and breeds 
(i.e., develop more stone fruit varieties with fewer chill hours required for good harvests).  

iii. Disease and Pest Resistance – Support research and development on the identification 
of plant cultivars and livestock breeds that are resistant to predicted disease and pest 
pressures.   

iv. Bee Colony Collapse - Support research on the causes of bee colony collapse and the 
effects of climate change and adaptation strategies on healthy pollinator populations  
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v. Modeling - Support research on impacts of climate change that improves our 
understanding through the development of better scientific models on temperature and 
precipitation patterns to predict the spread of disease, noxious weeds and pests.  

 
 

Strategy 5 - Land Use 

Near Term Actions: 

a. Policy Integration - CDFA should provide guidance for cities and counties to help develop 
and adopt sustainable agricultureiv policies. 

i. Adaptable Farmlands – Encourage the conservation of the most productive and 
adaptable farmland by supporting smart growth (e.g., urban growth boundaries, in-fill, 
redirection and redevelopment of existing urban areas)  

ii. Community Land Use – CDFA will encourage community land use planning to support 
sustainable agriculture at the urban interface, helping to give a level of certainty to 
growers of the future use of their lands for agriculture. 

iii. Local and Regional Markets – Encourage and support the development of local and 
regional markets to reduce vehicle miles traveled in transport of food.   

iv. Co-Locate Agricultural Industries - Appropriate state agencies should work with local 
jurisdictions to promote land use planning that facilitates the co-location of agricultural 
support industries (i.e., processing, input suppliers and farm labor) in close proximity to 
farms to reduce the cost of transportation and energy use.  

v. Protection of Farmland - Under the leadership of the DOC, ensure the continuation of 
the Land Conservation Act (1965) and the California Land Conservancy Program, as well 
as other local and state agency programs to permanently protect farmland.  Use the Land 
Conservation Act in combination with the Farmland Mapping and Monitoring Program 
and the California Farmland Conservancy Program to identify and secure lands that offer 
future productivity potential against climate impacts (e.g., lacustrine and alluvial soils at 
higher elevations, or northern climates.)  

vi. Mapping Collaboration - Develop and employ methods to update existing soil 
classification maps based on climate change scenarios in collaboration with the Natural 
Resources Conservation Service. 

b. Flood Mitigation - Protect farmland from flooding impacts and recommend incentive 
programs to support floodplain compatible agriculture in floodplain corridors. 

i. Wetland Easements – Pursuant to DWR Water Plan 2009, continue purchase of 
wetland easements on marginal, flood-prone, agricultural lands to diversify grower 
income and buffer productive lands from flood events and improve the environmental 
services provided by these lands.  These efforts may include DWR, DFG, NRCS (Natural 
Resource Conservation Service), WCB (Wildlife Conservation Board) or other funding 
sources and incentivize private investment in the establishment and preservation of 
wetlands. 

                                                                 
iv Per the 1990 "Farm Bill," sustainable agricultural policies consist of an  integrated system of plant and animal 
production practices having a site-specific application that will, over the long term: satisfy human food and fiber 
needs; enhance environmental quality and the natural resource base upon which the agricultural economy 
depends; make the most efficient use of nonrenewable resources and on-farm resources and integrate, where 
appropriate, natural biological cycles and controls; sustain the economic viability of farm operations; and 
enhance the quality of life for farmers and society as a whole. 



  

Page |   

 

103

c. Reduce Transportation Energy Costs. Increase the economic sustainability of the 
agricultural industry by assisting the industry reduce energy costs (and emissions) associated 
with the movement of agricultural products to markets.   

Long Term Actions: The near term actions, as they are comprehensive, are expected to continue long 
term.  Additional long term land use actions for consideration include the following: 

d. Reduce Greenhouse Gas - CDFA and the Resources Agency will work with the Climate 
Action Team and the Air Resources Board to identify opportunities to include farm carbon 
sequestration as an offset credit.  Examples include promotion of offset credits for GHG 
emissions trading that includes the carbon sequestration by soils and other GHG reduction 
measures, as well as supporting research and development of protocols for agricultural 
practices that can potentially reduce GHG emissions. CDFA shall have a major role in 
developing the mechanisms for offset credits. 

i. Credits and Offsets - Promote the integration of carbon offset markets with 
environmental market credits (i.e., water quality and wildlife habitat improvements) to 
reduce greenhouse gases, and improve the economic and environmental sustainability of 
agricultural operations. 

 
 

Strategy 6 - Institutional Support 

Near and Long Term Actions: 

a. Build Institutional Capacity – Initiate the budgeting for, and recruitment and training of staff 
within the California Department of Food and Agriculture (CDFA) in order to provide long term 
climate adaptation strategies, particularly with respect to invasive species, agricultural 
diseases and pests; agrobiodiversity; and, farm and land management. 

b. Information Clearinghouse - Establish information clearinghouse(s) for growers that provide 
information and guidance on adaptive management of crops and cultivars, air quality, 
precipitation, pests and diseases, climate change scenarios, annual planning, disease and 
pest invasions, control strategies, water conservation technology, technical and financial 
assistance, crop failure insurance and general information pertinent to climate change 
adaptation. 

 
 

Strategy 7 - State-Agency Collaboration 

Near and Long Term Actions: 

a. Collaboration - Maintain statewide collaboration to address climate adaptation issues, 
policies, joint research and the efficient use of interagency funding mechanisms.  

 
 
Strategy 8 - Adaptation and Mitigation Coordination 

Near and Long Term Actions: 

a. The CDFA has identified the following efforts that co-benefit mitigation and adaptation: 

i. Energy Crop Research - An Interagency agreement is planned for initiation by the 
Summer of 2009 between the California Energy Commission and CDFA to undertake 
field research on potential energy crops that use less energy, water and chemical 
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inputs; and will offer options for adaptable crops while creating new sources of low 
carbon fuels. 

ii. Renewable Energy - CDFA is working with the San Joaquin Valley Partnership and 
the SJV Clean Energy Organization to remove barriers and promote the adoption of 
clean, farm-based energy technologies such as biogas, biofuels and biomass 
technologies. 

iii. Impacts Research - Using federal and state funds, CDFA is currently supporting 
research to assess the potential impacts of climate change on walnuts; and to explore 
best management practices that increase the efficiencies and reduce the use of 
nitrogen fertilizers, thereby maintaining crop yields while reducing the emissions of 
nitrous oxide. 

iv. Digester Technology - CDFA is working with stakeholders, researchers and 
regulators to remove barriers to the installment of digester technology on dairy farms 
and rural areas; this source of renewable energy will generate revenues, reduce 
manure disposal and regulatory costs, and help the dairy industry adapt to climate 
change as its energy costs for measures such as livestock cooling increase. 

v. Invasives Control – The California Invasive Species Council was recently established, 
chaired by CDFA Secretary Kawamura and Vice-chaired by Natural Resources Agency 
Secretary Chrisman.  The purpose of the Council is to assist in minimizing the negative 
effects of non-native species on the state’s agricultural and other environments. 
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IX. FORESTRY  
 
Introduction 
Forestlands and rangelands occupy over 80 percent of California’s 100 million acres.  Forests and 
woodlands, which cover about 31 million acres, have at least 10 percent tree canopy and include 
coniferous and hardwood habitats.  About half of this area consists of timberland, land capable of growing 
20 cubic feet of wood per acre annually.  The most recent timber yield data shows that over 1.6 billion 
board feet of timber, valued at about $474 million dollars, was harvested from private and public 
timberlands in 2007.  Rangelands are native or naturalized grasslands, shrublands, deserts and open 
woodlands which have primarily been used for livestock grazing.  They cover about 47 million acres of 
California’s wildlands.  For the purposes of this chapter, climate impact discussion and adaptation 
strategies focus mostly on ecosystems supporting tree cover, i.e., forests and oak woodlands (hardwood 
range).  In addition to traditional economic uses of these working landscapes, California’s forests and 
rangelands provide important environmental and economic benefits such as watershed protection, carbon 
sequestration and storage, biomass for energy production, recreation, and wildlife habitat for wildlife.   
 
Climate change in California forests may affect tree survival and growth, forest composition, forest health 
and productivity, and will likely increase the intensity of ecosystem disturbances from wildfire, insects and 
pathogens.  Population growth and land use change may create additional stresses that increase 
vulnerability to impacts from climate change.  The interaction of these forces may reduce or change the 
range of ecosystem goods and services available for wildlife and watersheds, citizens, communities, and 
businesses. 
 

Future Climate Impacts to  
Forest and Rangeland Resources 
 

A. Increased Temperature and Extreme Events 
Temperature rise affects plant species behavior, including seed production, seedling establishment, 
growth and vigor.  It also reduces moisture availability for plants, increases the risk of wildfire, and is likely 
to enhance the survival and spread of insects and possibly pathogens.  These effects could change the 
survival, distribution and composition of rangeland and forest habitats.  A recent analysis of tree mortality 
information collected over the last five decades in the Western United States, including older established 
Sierran forests, determined that trees have been dying at a faster rate in recent decades as a result of 
increasing regional temperatures and climate change.1   
 
With warmer temperatures, tree species in California may respond by migrating both northward and to 
higher altitudes.2  Recent research concluded that upslope movement of pine forests and oak woodland 
conversions to grassland have already occurred due to climate change.3  As the rate of climate change 
increases some tree species may not be able to adapt to changed conditions.  Species with currently 
restricted ranges will probably be most vulnerable, while species with broader climate tolerances may be 
able to adapt more easily.  Alpine forests and associated plant species are particularly vulnerable 
because they have little room to expand.  Ecologists also no longer assume that plant communities will 
migrate intact, so forest and range communities may change in species composition as they move.  
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The scenarios reviewed for the 2009 Scenarios Assessment show – inconclusively at this time –potential 
increases and decreases in forest productivity due to temperature and climate change.4  Other 
researchers modeled interactions of temperature, wildfire, CO2, and other climate effects.  The results 
have been in predicted declines in conifer forests, oak woodland savanna and chaparral but increases in 
hardwood forests and grasslands.5   
 
In areas where water availability is adequate for growth, warmer 
average temperatures will potentially extend the growing 
season and allow forests to expand.  A wetter climate model 
predicted that woody biomass would increase over the next 
century, while a drier climate model predicted a decrease in 
woody biomass.6  A study modelling ponoderosa pine 
plantation growth showed 9 to 28 percent increases in tree 
volume by the end of the century, primarily due to higher 
temperatures.7  Ponderosa pine is an important commercial 
species, thus climate change could be economically beneficial 
in some areas.  

st 

 

pine 
eetle to complete its life cycle in one year versus two.9  

 

invasive species, and 

 

reduced moisture for plant use.  These factors have also been implicated in earlier and longer fire 

FORESTRY IMPACTS DUE TO 
WARMING 

• Enhanced and/or Decreased Forest 
Productivity 
 

• Tree Mortality  
 

• Species Migration Barriers  
 

• Invasive Species Increases 
 

• Changes in Natural Community 
tructure S  

• pread of Diseases & Insects S  

• Reduction in Ecosystem Goods and 
Services 

 
Higher daily and seasonal temperatures will affect insect pe
and disease life cycles and processes as winters become 
milder.  Pests such as the mountain pine beetle have already 
expanded their range and have increased overall fecundity due
to warmer average temperatures (Figures 19 and 20).8  A 2 °F 
increase in annual average temperature allows mountain 
b
 
 Figures 19 and 20  decades as tree-

dama
: Bark Beetle Damage- Forest mortality has increased in recent 

ging pests expand their range with warmer temperatures  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Many invasive plant, insect and disease species are successful at colonizing new areas precisely 
because they have a broad tolerance of physical conditions.  As such, warmer average temperatures may
make California rangelands and forests more hospitable for species that are new to the area.  This could 
compound the loss of California’s native species, increase costs for removal of 
potentially bring new species of commercial value to California’s timberlands.  
Temperature rise also reduces moisture availability for vegetation.  Warmer, shorter winters result in
earlier snowmelt and spring runoff, which can mean longer dry periods in the summer months and 
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seasons.10  Some models suggest that these snowpack losses are likely to occur more quickly in milder 
climates and at lower elevations; while slower losses are predicted at higher elevations.11 

 
B. Precipitation Changes and Extreme Events 
Climate change may affect precipitation and hydrology, which are critical drivers in forest and range 
ecosystems, in several ways.  Recent winters have been warmer and snowmelt has begun earlier.12  In 
addition, a greater percentage of precipitation is already falling, and will continue to fall, in the form of rain 
rather than snow.13  Less snowpack and the temporal changes in snowmelt and spring runoff can lead to 
longer dry periods in summer months, reducing available moisture for forest plants.  Moisture deficits 
may, however, be somewhat offset by increases of atmospheric carbon dioxide which generally cause 
plants to increase their water use efficiency.14   Earlier snowmelt will also affect wildlife behavior, and this 
could affect forests.  For example, the early emergence of denning bears could result in greater localized 
tree damage, tree stress and lower forest health.   

 
While the results of precipitation models vary, recent models lean toward predictions of a drier future for 
California.15   Declines in precipitation and drier cycles will increase the risk of drought.  The effects of a 
prolonged drought on forests will depend on the 
species present, their life stages, soil texture and 
depth, and the duration and severity of the drought.16   
 
A lack of consistently available moisture can impact 
forest health, although some regions and forest types 
will be impacted more than others.  For example, 
declines in precipitation may have significant impact 
on those inland forests that are drier as compared to 
coastal forests which receive moisture through coastal 
fog.  Climate change may, however, also result in 
decreased fog regimes.17  
 
In the short-term, forest trees will respond to 
increased drought by limiting growth and reducing 
water use.  While adult trees, with their deeper root 
system and stored nutrients and carbohydrates, will 
be able to survive short-term droughts, new seedlings 
and saplings may be unable to establish.  Under 
prolonged drought conditions trees and shrubs may 
weaken and become more susceptible to pests, 
disease and wildfires, and some plant communities 
may be more vulnerable to invasive species.  
Reforestation success may be improved by 
management practices that use more drought tolerant 
species or genotypes, by changes in stocking, and other silvicultural practices. 

FORESTRY IMPACTS DUE TO 
PRECIPITAT ION CH ANGES 

 
• Longer Dry Periods and Moisture 

Deficits  
 

• Potential for Increased Growth from 
CO2 
 

• Competitive Species Interaction  
 

• Increased Flooding & Runoff - 
Increases Erosion and Nutrient Loss 
 

• Drought Conditions  
o Limits Seedling and Sapling 

Growth 
o Increase Wildfire Risk 
o Economic Losses  

 
Climate change may result in other precipitation extremes.  While total average annual rainfall may 
decrease only slightly, rainfall is predicted to occur in fewer, more intense precipitation events.  More 
intense weather events may result in high runoff and flooding, which can cause soil erosion and 
landslides.  These events can impact watersheds, habitats, structures and public safety, integrity of road 
systems and other infrastructure and forest site productivity.  Effects can be devastating when they follow 
wildfires that denude and destabilized slopes, as seen in “fire/flood” sequences in southern California.   
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Wildfires 
 
Wildfires are an intrinsic part of California’s forest and rangeland ecosystems.  Our native habitats have 
evolved with and adapted to periodic wildfire disturbance.  Predicting future change requires a basic 
understanding of the complexity of fire regimes and responses endemic to the natural systems of 
California.  Fires are intrinsically variable events.  While one fire may produce a negative impact in a 
particular area, a different fire might prove beneficial.  Thus, only by understanding how natural regimes 
impact specific ecosystems can we understand and respond to the demands that climate change places 
on managing forests.  In simple terms, we must try to emphasize “good” fires, and limit “bad” fires in the 
context of different ecosystems.  While many species such as lodgepole, Coulter, knobcone and Bishop 
pines actually require fire of moderate to high severity disturbance for seed dispersal, other systems (e.g., 
ponderosa pine and oak woodland) exhibit undesirably high mortality rates when burned at high severity.  
Many chaparral brush species also regenerate readily by seed and vegetative re-sprouting after fires.  By 
matching the treatments to the natural regime effects, managers can best capture the beneficial effects of 
wildfires.  For example, low-intensity wildfires consume dead and downed vegetation (surface fuels) 
restore soil nutrients, clear underbrush, and thin out tree canopies, thus allowing new growth.  Often, 
post-fire environments support better wildlife forage due to increases in palatable new growth.   
 
In recent decades, however, the wildfire season appears to be starting sooner, lasting longer, and 
increasing in intensity.18  Fuel buildup from years of fire suppression and past management practices, in 
concert with changing climate, contribute to increasing fire hazards that threaten life and property, air 
quality, watersheds and water quality, terrestrial and aquatic habitats, recreation and tourism, timber 
resources and other goods and services.  Over 48 million acres, or nearly half of the state, is at a high to 
extreme level of fire threat.19  Climate change will greatly influence the size, severity, duration, and 
frequency of fires. Rising temperatures will produce drier fuel conditions and increase moisture stress, 
likely impacting forest health and increasing susceptibility to pathogens and insects.  These stressors, in 
turn, will further increase fire hazard.  

 
Figure 21: Increasing Probability of Large Wildfires in California  
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n 

Research suggests that large fires and burned acreage will increase throughout the century.  A recent 
study found that wildfire occurrence statewide could increase by as much as 37 to 94 percent by 2085 
under the A2 (higher) emissions scenario.20   Increased wildfire has been identified as one of the most 
potentially significant climate change impacts to forested ecosystems.  Also, following recently identified 
trends, fire severity is predicted to increase as a result of climate change manifesting more frequent 
severe fire weather.21 
 
Increases in the frequency and intensity of wildfires will make forests more susceptible to vegetation 
conversions from trees to brush or grasslands.22  In order for trees to reestablish after wildfires, patches 
of living trees must be left to provide seeds for the recruitment of new seedlings.  As wildfires increase i
size, they can result in “stand replacing” burns that are too big for natural regeneration.  More frequent 
fires may also result in vegetation conversion by repeatedly killing regeneration.  Vegetation conversions 
can impact biodiversity, habitats, watershed conditions, timber resources and other goods and services.   
 
On rangelands, climate change induced wildfire increases are predicted to increase grassland acreage, 
while decreasing brush and oak woodlands.23  Wildfires may increase invasion by annual and brush 
nonnative species, which are generally less palatable to livestock and wildlife than native grass and brush 
species.  Annual grasses also increase fire risk and hazard by producing “flashy fuels” that ignite easily 
and carry fire quickly across the landscape.   
 
Larger and more frequent wildfires will impact California’s economy by increasing fire suppression and 
emergency response costs, damages to homes and structures, interagency post-fire recovery costs, and 
damage to timber, water supplies, recreation use and tourism.  The California Department of Forestry and 
Fire Protection (Cal/Fire) spent over $500 million on fire suppression during fiscal year 2007/2008.  As 
climate change continues these costs are expected to increase.   
 
Proper fuel management, strategically placed, can effectively reduce hazard and risk and help restore 
vegetation conditions that are more resistant to wildfire damage.  Fuel reduction also mitigates climate 
change by reducing GHG wildfire emissions and providing biomass for energy production as a fossil fuel 
alternative.  Fuels management to restore more fire resistant forest conditions can be accomplished 
through prescribed fire, manual and mechanical treatments, or a combination of methods.   
 
Over 200,000 acres of fuel management is conducted annually by federal and state agencies with natural 
resource protection responsibilities (i.e., US Forest Service, BLM (Bureau of Land Management), BIA 
(Bureau of Indian Affairs), NPS (National Park Service), NFW (National Fish and Wildlife Foundation), 
CAL FIRE, DPR (Department of Parks and Recreation)), The USFS conducts fuel management and 
forest health improvement on about 100,000 acres of their lands per year.24  Prescribed fire is used on 
about 40 percent of the area and mechanical or other treatments on 60 percent.  CAL FIRE has been 
treating about 16,500 acres per year on private lands (about 10,000 acres through prescribed burning 
and 6,500 with manual and mechanical treatments).25  Federal grants are also been provided for 
community fire hazard reduction through the California Fire Safe Council.  These efforts typically treat 
only a fraction of the area now at risk for high intensity fire. 
 
Based on the area of ecosystems that historically supported frequent low-severity fire regimes, the 
potential need for prescribed burning or other treatments that restore fire resistant ecosystem conditions 
may be estimated at over a million acres per year.  While prescribed burning treatments can be less 
expensive to conduct, in many cases, reintroduction of fire is not prudent until heavy understory and 
ladder fuel hazards have been treated through alternative means (e.g., mechanical treatments).  Air 
quality impacts and public safety concerns about fire escapes can also impact the feasibility and costs of 
using prescribed fire. (See the Biodiversity and Habit chapter for more discussion of ecological concerns.)  
 

C. Sea-Level Rise 
Sea-level rise poses minimal threats to forest stands.  The convergence of sea-level rise and 
storm surges may, however, damage road systems in low lying forested areas right along the 
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coast.  This will impact residential access, timber management, recreation, and tourism uses of 
the landscape.  
 

D. Risks for Forestry 
The changing risks faced by California’s forestry sector have been qualitatively assessed and the 
projected consequences for California’s forests and woodlands are characterized as follows: 

 

• The most significant climate change risk facing California is associated with an increase in wildfire 
activity.  Warmer weather, reduced snowpack and earlier snowmelt can be expected to increase fuel 
hazards and ignition risks.  It can also increase plant moisture stress and insect populations, both of 
which impact forest health and reduce forest resilience to wildfires.  An increase in wildfire intensity 
and extent will increase public safety risks, property damage, fire suppression and emergency 
response costs to government, watershed and water quality impacts, vegetation conversions and 
habitat fragmentation.  

 
• Climate change may dramatically change forested and range landscapes, resulting in expansions of 

some forest and woodland types, contraction of others, and conversions to brush and grassland 
habitats.  These will affect biodiversity and may impact habitat availability, quality and connectivity.  It 
may also affect economic uses, such as timber harvest, though net interactions of growth, wildfire, 
lumber markets and other effects are hard to predict.   

 
• Temperature rise may enhance and expand insect populations, resulting in increased mortality.  This 

would impact timber resources and reduce habitat quality for some species.  It also increases fuel 
hazards and the likelihood for more intense, stand replacing fires that impact timber resources, 
fragment habitats, threaten life and property and damage watersheds.   

 
• Climate change may result in increased establishment of non-native species, particularly in 

rangelands where invasive species are already a problem.  These species may be able to exploit 
temperature or precipitation changes, or to quickly occupy areas denuded by fire, insect mortality or 
other climate change effects on the vegetation. 

 
 

Forestry Adaptation Strategies 
Introduction 
The state agency that participated in the Climate Adaptation Working Group (CAL FIRE) 
developed the following strategies and shall be responsible for and will spearhead strategy 
implementation for the state.  Developing a successful comprehensive forestry adaptation 
strategy will, however, require working across agencies and with public and private landowners.  
Collaboration among federal and state resource protection agencies, landowning agencies, 
industry and non-industrial forest landowners, and other stakeholders is essential.  The U.S. 
Forest Service, which owns over 13 million acres of forests and woodlands, will be an important 
partner in this effort.  
 
Recent research has focused on the nature of successful adaptation strategies for minimizing the 
threats to forests resulting from climate change.  Following the findings of some researchers, 
adaptation can be thought of in terms of three broad strategy constructs, from which a variety of 
specific actions can follow.26  Resistance refers to either forestalling or protecting key areas from 
harm, and is generally considered a near-term strategy to highlight high-vulnerability/high-value 
resources and to target actions that defend those resources against change.  An example would 
be a particularly sensitive habitat that fires are expected to destroy.  The resistance adaptation 
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would be to put in place fire prevention and hazard reduction projects to reduce the risk from 
future wildfires by making fire in the habitat area less likely. 
 
Resilience strategies emphasize transforming currently vulnerable systems into less vulnerable 
ones, much like how preventative health care is designed to mitigate future medical problems.  
This is a more mid-term level approach that requires systematic understanding of how fires 
impact key assets, and how the fire environment can be modified to reduce damage.  The classic 
example is treating high hazard mixed-confer forests through fuel modifications to make future 
fires in low-severity systems low severity events, rather than the high severity events that might 
be expected under current fuel conditions.  This approach has the added benefit of also being a 
climate change mitigation strategy in that it promotes carbon sequestration and limits CO2 flux 
from future wildfires.   
 
Finally, a Response strategy refers to pushing system effects in a beneficial way, and is typically 
viewed as a long-term strategy, in that ecological response is required to be conducted through 
successional time.  As such, this strategy does not avoid change, it accommodates it.   
 
Treatments in this strategy would try to mimic or expand on natural adaptive processes that allow 
natural systems to respond to changing environmental conditions as all systems have developed 
over ecological time.  Thus, treatments designed to improve dispersal, colonization, migration, 
etc. all can be viewed as promoting response.  By encouraging gradual adaptation to a changing 
climate, the idea is to avoid rapid and often catastrophic conversions that might otherwise occur.  

 
Adaptation Strategies and Actions 
Assessment and planning  
While forests inherently contain the ability to adapt to a changing climate, rapid climate change may result 
in significant disruptions of existing forest and range habitat structure and the goods and services we 
receive from them.  Management actions, therefore, should enhance the resiliency of existing forests 
where possible, and facilitate the establishment of future stands that are more tolerant or able to exploit 
future climate conditions.  Planning should include short and long term strategies, monitoring for 
unanticipated climate effects and for effectiveness of adaptation strategies, and flexibility to manage 
adaptively and make adjustments as we go.  
 
CAL FIRE will continue to refine its understanding of wildland vulnerability to climate change.  The Fire 
and Resource Assessment Program (FRAP) is updating a chapter on climate change in its Forest and 
Rangeland Resources Assessment.  The climate change chapter will incorporate information on Fire 
Hazard Severity Zone mapping, recent revisions to CAL FIRE’s Vegetation Management Program EIR, 
and climate research conducted by FRAP personnel.  The assessment, which will be finished in 2010, will 
inform climate policy development, strategic planning, and implementation of the AB 32 Scoping Plan’s 
Sustainable Forests target by the Board of Forestry and Fire Protection (BOF).   
 
In order to meet the threat of increasing wildfires, CAL FIRE will focus adaptation activities on pre-fire 
management and fire suppression.  It will work with the BOF to revise the State Fire Plan by January 
2010.  The plan will consider policies and programs for defensible space (fuels treatments and fire safe 
development standards), land use planning (timberland conversions, development projects, and fire 
protection responsibility), ignition resistant building standards, fire suppression deployment based on 
hazard/risk rating, and restoration and rehabilitation.  By 2009, CAL FIRE will also have made 
recommendations for Very High Fire Hazard Severity Zone classification of over 200 cities in Local 
Responsibility Areas, which can be used to implement adaptation activities for increasing fuel reduction 
and improving structural resistance to wildfire.  CAL FIRE will also encourage local entities to reduce fire 
risks and hazards and to enhance disaster readiness planning for escape routes and evacuation. 
 



  

Page |   

 

112

Fire Hazard Reduction and Fire Suppression 
 
CAL FIRE has several programs that support vegetation management and fuel hazard reduction activities 
(mechanical treatments and prescribed burning).  These can be used to increase forest health and 
resilience to climate impacts.  Although state funding for the Proposition 40 Sierra Nevada Fuels 
Reduction Program expires this year, CAL FIRE is anticipating a $13.5 million-dollar, one-time federal 
fuels management grant and is actively pursuing other potential funding sources.   

In recent years, both state and federal fuel reduction priorities have focused on the wildland urban 
interface (WUI), the area where at-risk forests and rangelands meet structure and human development.  
The WUI’s proximity to communities makes mechanical treatments often more acceptable than 
prescribed fire, due to concerns about fire escape, life and property damage, and smoke impacts.  In 
2001, federal agencies and the Western Governors’ Association approved “A Collaborative Approach for 
Reducing Wildland Fire Risks to Communities and the Environment,” a 10-year strategy to improve fire 
suppression, prevention, fuels reduction and recovery, and to restore fire adapted ecosystems through 
collaboration among states, federal agencies and stakeholders.  The plan includes the use of prescribed 
fire, mechanical treatments and wildland fire use, and seeks to reduce barriers to treatments through 
policies and incentives. 27 

Biomass utilization can help offset the cost of vegetation management and fuels reduction activities to 
reduce fire risk and create healthier, more resilient forests.  In addition to promoting healthy forests and 
defensible communities, biomass utilization of these materials reduces landfill waste, provides net air 
quality benefits over open slash burning, and contributes to economic and job development.  Sustainable 
biomass utilization for energy production will reduce GHG emissions because emissions are carbon 
neutral.  CAL FIRE is partnering with agencies, academia and other organizations to address technical 
and policy challenges to increased forest biomass utilization.  CAL FIRE is developing a plan for a small 
demonstration biomass-to-electricity plant in Mendocino County which will be completed by December 
2010.  It is also working with the California Biomass Collaborative (CBC) and the California Energy 
Commission to inventory available forest biomass and to evaluate the potential for “Biomass 
Management Zones” (report due December 2009).   
 
Ignition resistant building construction is also critical to reducing fire hazard and risk to life and property in 
wildland-urban interface (WUI) fires.  These conflagrations, though not necessarily large (e.g., 1991 
Oakland Tunnel Fire, at 1,600 acres), can overwhelm fire suppression and result in 80 to 90 percent 
destruction of ignited buildings.  The State Fire Marshal has begun a revision of the California Building 
Code Chapter 7A, “Materials and Construction Methods for Exterior Wildfire Exposure” to develop more 
comprehensive hazard mitigation measures.  The revision will be completed January 2010.   
 
CAL FIRE has already increased fire suppression readiness to meet changing climate conditions.  A year 
round fire season was established and staffed in southern California, and recommendations from the 
Governor’s Blue Ribbon Commission are being implemented to replace aging fire engines and to provide 
a higher level of firefighter safety.  Emerging remote sensing technologies are being tested on major fires 
to provide real time planning tools to incident commanders and fire managers, and new air tanker 
platforms, including the DC-10, are being evaluated for large and remote fires.  Recent Governor 
Executive Orders have also provided increased staffing, additional aircraft availability and other support 
for periods of critical fuel and weather conditions. 
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Reforestation, Urban Forestry and Forestland Conservation 
 
Adaptive approaches to forest regeneration can increase resilience in the short and long-term by 
adjusting silvicultural practices to establish forests that are more tolerant of future climate conditions.  This 
includes planting genetically appropriate species that will be better adapted to changed climate conditions 
than the genotypes currently on site.  CAL FIRE’s L.A. Moran Reforestation Center seedbank catalogues 
and stores approximately 42,000 pounds of primarily native conifer seeds which are available for 
replanting forest stands after fires, insect or disease outbreaks, or other catastrophic events.  Its 
greenhouse facilities have capacity for up to 400,000 container seedlings per year, but have gone unused 
for seven years due to inadequate funding.  CAL FIRE’s Magalia Reforestation Center has the capacity to 
produce up to 2.5 million bare-root seedlings and 40-50,000 container seedlings per year.  These facilities 
could be brought back on line relatively quickly and inexpensively if funds for operating and staffing were 
provided.   
 
Urban forestry has a significant role in adaptation to rising temperature and precipitation runoff events.  
Increased street tree cover provides shade relief to pedestrians and other residents, absorbs pollutants 
including ozone and CO2 which may increase with climate change, and reduces stormwater pollution and 
flooding.  A ten percent increase in vegetation cover can reduce ambient temperatures by 1 to 2 degrees.  
Urban forests also provide significant co-benefits, reducing habitat fragmentation and mitigating GHG 
emissions through sequestration and by reducing energy use for buildings.  CAL FIRE urban forestry 
activities, funded through state bonds authorized under Propositions 40 and 84, help plant trees and 
support local agencies and non-profits in planning, implementing and monitoring urban forestry programs.  
CAL FIRE helped develop urban forestry carbon protocols to provide incentives for increased urban forest 
development, and will continue to work with local and federal agencies, private and non-profit sector to 
expand and enhance urban forests.  
 
Development pressures on forestlands are increasing due to declining profitability from timber 
management and demand for rural subdivisions and vineyards.  Forestland conversion fragments 
forested ecosystems, reducing forest health and capacity for carbon sequestration, degrading and 
eliminating wildlife habitat and isolating populations of forest species , increasing wildfire risk, and 
complicating wildland fire suppression efforts.  CAL FIRE is proposing revisions to the CEQA guidelines 
to incorporate more protection for forestland and will work with the Board of Forestry and Fire Protection 
over the next 18 months to improve review and permitting for forest, timberland and Timberland 
Production Zone (TPZ) conversions.   

Strategies and Actions 
The following list of strategies and actions by the Department of Fire and Forestry (CAL FIRE) elaborates 
on the discussion above and identifies additional activities for addressing climate adaptation.  The 
strategies include both near term actions - those recommendations that have been identified, proposed, 
initiated, or can be completed by 2010.  The long term actions identified include those recommendations 
that will require additional collaborative efforts with multiple state agencies, as well as sustainable funding 
and long-term state support.  

 
Strategy 1: Incorporate Existing Climate Information into Policy Development and Program 
Planning.  
 
Near-Term Actions: 

 
a. Comprehensive Program Integration – Integrate climate risk information into existing CAL 

FIRE program planning to address forest and range adaptation.  CAL FIRE program 
managers should identify key climate effects or uncertainties that may affect implementation 
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of a broad range of programs including: Forestry Assistance, State Forests, Forest Practices 
Regulations, Fire Protection, Fire Prevention, Unit Fire Plans, and Capital Outlay.  
 

b. Identify and Engage Stakeholders – CAL FIRE will fully engage Forest Sector and cross-
sector stakeholders in identifying key impact and adaptation concerns and questions as they 
relate to agency responsibilities and services. [e.g., U.S. Forest Service (USFS), Bureau of 
Land Management (BLM), National Park Service, National Marine Fisheries Service, U.S. 
Fish and Wildlife Service, State Department of Fish and Game (DFG), State Parks, regional 
air boards, regional water quality boards and other state agencies, local governments, private 
landowners, community groups and Non-Government Organizations (NGO)]. 

c. Forest and Rangeland Resource Assessment – CAL FIRE is required by statute to 
periodically assess the condition and availability of the state’s forest and rangeland natural 
resources.  The update will expand upon the previous climate change chapter to inform the 
Board of Forestry and Fire Protection’s (BOF) climate policy, strategic plan and climate change 
actions.  The draft plan will be developed, reviewed by the public, and considered for BOF 
approval by the end of 2009, and finalized in 2010. 

d. Timber harvest planning under the Forest Practices Act - Provide guidance for project 
proponents and CAL FIRE staff to address climate impacts and adaptation actions within 
existing maximum sustained timber yield production plans required by the California Forest 
Practices Act. 

 
 
Long-Term Actions: 

 
e. Build Institutional Capacity Update policies and CAL FIRE Handbook and activity guidelines. 

 
 
Strategy 2:  Improve Institutional Capacity for Data Development and Analysis, Assess Climate 
Effects and Forest Vulnerabilities, and Recommend Strategic and Tactical Responses.   
 
Near-Term Actions: 

 
a. Vulnerability & Risk Assessment – CAL FIRE will conduct strategic risk analyses and 

vulnerability assessments to identify and prioritize planning and tactical actions to address 
adaptation needs.  Included in this is the deliberate development of quantitative risk modeling of 
fire impacts on key assets and resources in a spatially explicit framework.  A major portion of this 
work involves projecting future fire probabilities and future vegetation/fuel conditions across the 
state.   

b. Policy Actions – Begin to develop policy, management and funding recommendations for 
actions by Board of Forestry and Fire Protection, CAL FIRE, other agencies (including USFS) 
and private sector to increase resilience of forest lands and resources. 

 
Long-Term Actions: 

 
c. Improve Data and Modeling Capabilities – Fill major data gaps for strategic planning and 

assessment by CAL FIRE and other programs. 

d. Improve Scientific Knowledge Base – CAL FIRE programs, such as the Fire and Resource 
Assessment Program, will work with Scripps, UC, USFS, Energy Commission and others to 
refine climate models for CAL FIRE Fire Protection and Resource Management Programs. 
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Strategy 3 - Actions to Address Climate Vulnerabilities (Sector Preparedness Action Plan) 
 
Near-Term Actions: 
 

a. Management of Forest and Range Lands for Resilience – In cooperation with federal, 
state and local agencies, CAL FIRE plans to reduce the vulnerability of forests to 
disturbances from climate change impacts. Specific actions include:  

 

i. Expand Landowner Assistance and Technology Transfer – CAL FIRE’s Forest 
Improvement Program will work with the US Forest Service, University of California 
Extension, Resource Conservation Districts (RCDs), Natural Resource Conservation 
Service and others to prevent and minimize catastrophic wildfire and restore fire resistant 
conditions in fire adapted vegetation types through mechanical and prescribed fire 
treatments, and to assist with post-fire recovery. 

ii. Review Regulatory Framework – The Board of Forestry and CAL FIRE’s Forest 
Practices, Fire Protection and State Fire Marshal programs will review and consider the 
need for regulatory and related improvements as well as revisions to CAL FIRE 
Handbook.   

iii. Support Urban Forestry – Funded through Propositions 40 and 84, CAL FIRE’s Urban 
Forestry Program will continue to assist local entities with tree planting and urban forest 
management.  This will help protect and expand urban forests that serve to buffer the 
impacts of local wildland forests, and provide sequestration, watershed, water quality and 
habitat co-benefits. 

 
b. Department established as “Trustee” agency in CEQA – Establishing the Department as 

a Trustee agency in CEQA will provide assurance that new projects and development provide 
mitigation that is consistent with adaptation goals, including fire safety and forestland 
conservation and maintenance. 

 
Long-Term Actions: 

 
c. Reduce Fire Risk, Hazards and Emissions – CAL FIRE will work with state agencies such 

as Fish and Game, Parks and Recreation, Sierra Nevada Conservancy, Tahoe Conservancy 
and Dept. of Water Resources, with landowners and local government, and with federal 
agencies, including USFS and others, to identify high value and high risk natural resource 
areas (e.g., habitats and corridors, watersheds, parks, timberlands) and to increase fuels 
management and restore fire resistant forest conditions where appropriate through 
mechanical and prescribed fire fuel treatments. 

d. Support Restoration Activities – CFIP and Nurseries will work with state agencies such as 
DFG and DPR, USFS, landowners, and others to develop technical assistance and guidance 
materials. 

e. Seedbank and Nursery Support – CAL FIRE will work with the USFS and private sector to 
improve long-term seedbanks and nurseries in order to secure genetically appropriate 
varieties for future plantings and to preserve genetic legacies. 

f. Rangeland Adaptation – CAL FIRE will cooperate with the Board of Forestry and Fire 
Protection and its Range Management Advisory Committee, state agencies, the University, 
and the private sector to promote research on carbon cycling benefits and rangeland 
management climate benefits. 

g. Promote Adaptation in Land Use, Public Safety and Economic Infrastructure – Promote 
an active response by communities and other institutions to improve land use planning and 
implementation to reduce conversion and wildfire risks.  Specific actions needed include:  
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i. Determine Regional Readiness to Respond to Disasters – CAL FIRE’s Fire Protection 
Program should work with governmental agencies and others to examine the climate 
impacts resulting from more frequent extreme natural events such as floods and wildfire 
and the ability of regional or statewide resources to respond. 

ii. Improve Local Land Use Planning Support – CAL FIRE’s Fire Protection Program and 
State Fire Marshall (SFM) will work with local agencies and groups to decrease risk and 
hazards and increase public safety options. 

iii. Factor Climate Change into Planning for Fire Protection Services – CAL FIRE will 
encourage other state agencies, cities, counties, special districts and community-based 
non-profits such as Fire Safe Councils to develop local fire management plans that 
explicitly evaluate climate change impacts as part of the planning process.  Fire 
management plans should identify risks, vulnerabilities, and preventative measures to 
cope with climate change. 

iv. Minimize impacts of Development – CAL FIRE will work with other agencies to 
incorporate adaptation concerns into environmental review and permitting (e.g., 
timberland conversion, County General Plans, subdivision development review and 
individual development projects). 

v. Improve Utilization of Forest Carbon Stocks –CAL FIRE and Board of Forestry and 
Fire Protection will work with state agencies, industry, the Legislature and others to 
ensure adequate infrastructure for biomass utilization and traditional wood products. 

vi. Improve Opportunities for Rangeland Management Adaptation – CAL FIRE will 
cooperate with the Board of Forestry and Fire Protection, the Range Management 
Advisory Committee, and the Dept. of Food and Agriculture to support private sector 
efforts to identify economic opportunities for climate adaptation, including invasive weed 
control, fire hazard reduction, watershed restoration and livestock management. 

vii. Post fire vegetation management - The Department will strengthen the efforts following 
large damaging fire in guiding management of the vegetation regrowth or restoration.  By 
investing in vegetation management following a fire the conditions under which the next 
fire will burn are changed.  Smaller investments of resources are needed to manage 
vegetation following a fire than when applied to dense pre-fire vegetation. 

  
h. Identify Investment Options and Other Strategies to Address Climate Adaptation – The 

state, CAL FIRE and the Board of Forestry and Fire Protection will initiate efforts to build 
public support for long term investments in public and private forestlands and develop a robust 
set of options to address adaptation needs for the protection of forest and range land 
resources.  

 
Near-Term Actions: 
 

i. Explore Cross Agency and Sector  Synergies – The state, though the Climate Action 
Team and the California Natural Resources Agency should promote coordination among 
state planning processes, grant and assistance programs, and management activities on 
climate actions with high co-benefits.  CAL FIRE will collaborate with other agencies on 
their adaptation strategies and with programs that increase forest resilience (e.g., with 
ARB to explore funding opportunities from cap and trade markets for activities with both 
mitigation and adaptation benefits; with WCB on Prop 84 forest conservation; with DWR, 
DFG, and the California Department of Conservation to implement upper watershed 
protection and riparian reforestation; with DFG to identify, protect and improve the 
resilience of critical habitats at wildfire risk; with Energy Commission and others on 
Renewable Portfolio Standard (RPS) implementation to increase funding for fuels 
reduction; with OPR on CEQA and land use planning tools; and with Sierra Nevada 
Conservancy Prop 84 fuels reduction and forest restoration). 
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ii. Demonstration Project – CAL FIRE will develop a biomass-to-electricity plant at 
Mendocino County Conservation Camp to demonstrate the value of small power plants.  
Planning and funding commitments will be completed by December 2010.   

iii. Maintain Current Wood Product Utilization Capacity – The Board of Forestry and Fire 
Protection and CAL FIRE will work with other agencies and the private sector as 
appropriate to encourage policies and strategies that help maintain utilization 
infrastructure (sawmills, pulp mills, veneer plants, etc.) and that encourage modernization 
of existing facilities or development of new facilities. 

iv. Provide Regulatory Certainty – The Board of Forestry and Fire Protection and CAL 
FIRE will consider the need for additional incentives, or the removal of disincentives, to  
encourage landowners to actively manage their lands for adaptation, e.g., cap and trade 
markets, protocols and RPS implementation. 

 
Long-Term Actions: 

 
v. Adequately Fund Programs – Consider development of stable funding sources such as 

carbon fees, Carbon Trust, and public goods charges. 
vi. Encourage Market Development – The Board of Forestry and Fire Protection is 

collaborating with the U.S. Forest Service to encourage investment in bio-energy 
facilities. The Board will consider the role of biomass utilization in the California Fire Plan 
revision by January, 2010. 

 
 
Strategy 4 - Implement Priority Research Agenda 
 
CAL FIRE will work with California Energy Commission’s PIER Program (Climate Action Team), Air 
Resources Board, University of California and other research entities to identify and fill knowledge gaps 
related to climate adaptation and evaluate the most effective strategies. Potential research options 
include:  
 
Long-Term Actions: 
 

a. Fill research gaps, including, but not restricted to, the following topics: 

i. Urban Forests and Climate Change: Comprehensive Cost and Benefit Analysis 

ii. Predictive Tree Biomass Model Evaluation and Improvement 

iii. Wildfire GHG Emission Analysis: Standardized Estimation Methodologies 

iv. Life-Cycle Characterization of Forest Carbon Pools and Wood Products in California 

v. Forest Landowner Profile Development: Current and Projected Forest Conditions and 
Landowner Participation in Programs and Markets 

vi. Improved Forest Research and Management Tools: Climate Smart Forest Projections and 
Risk Assessments for Pests and Fire 

vii. Forest Bioenergy and Biofuel GHG Profile Characterization 

viii. Climate Change and Forests Research and Monitoring Infrastructure Development: Joint 
Strategic Planning 

ix. Quantification of managed fire versus wild fire GHG emissions in California forests. 

x. Risk and prevention analysis of catastrophic tree mortality in California forests and 
woodlands from parasitic and exotic insects and disease. 
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xi. A comprehensive monitoring and adaptive management program to quantify the effects on 
climate change and the effectiveness of adaptation strategies. 

xii. Improved analysis of timberland conversion trends and effects. 

xiii. Economic analysis of cross sector effects of investments, e.g. looking at feed-in tariff for 
biomass based electricity on the cost of fire suppression.  

 
 
Strategy 5 - Implement Forest Health Monitoring in an Adaptive Management Context 
 
Monitoring programs for detecting climate change, effects on vegetation and management results are 
needed to support adaptation planning and management. CAL FIRE will work with the California Natural 
Resources Agency and others to determine and implement key monitoring needs, including forest health 
trends, land use and management change, and effectiveness of adaptation actions. 

 
Long Term Actions: 

 
a. Define Indicators – Development of ecosystem and other climate related indicators that 

show or measure trends. 

b. Establish Monitoring Criteria – Establish a network of long term monitoring plots that are 
implemented across both longitudinal and elevation gradients to detect climate change 
impacts 

c. Continue and Expand Pest Detection – Support existing programs that can provide early 
detection of insects, disease, and drought in forest and range lands. 

d. Establish Adaptive Management Criteria – Identify feedback process to inform and, as 
necessary, adjust policy, strategies, and regulatory approaches. 

e. Monitor Changes in Land Use – Acres of growth and loss of forest cover as well as 
resulting carbon stock effects. 

f. Interagency Cooperation – Collaborate with other state agencies to leverage limited 
monitoring resources. 
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X. TRANSPORTATION AND ENERGY 
INFRASTRUCTURE 

 

Introduction 
 
California’s economy and population relies on one of the most extensive and costly infrastructure systems 
in the world.  This includes thousands of miles of roads, highways and railroads, nearly 200 large water 
reservoirs of varying capacity, miles of canals, the second largest hydropower production in the United 
States, over 12 of the nation’s largest oil reservoirs, hundreds of airports, thousands of bridges, and sea 
ports that deal in over $200 billion in trade a year.  Without this infrastructure, the state would not function 
as the eighth largest economy in the world.  
 
California’s infrastructure was developed to accommodate its highly variable climatic conditions, but it is 
frequently disrupted by natural disasters such as earthquakes, storms, and floods.  Future climate change 
can directly and indirectly exacerbate these disasters, and add new ones, to California’s infrastructure 
resulting in increased maintenance and repair expenditures, disrupting economic activity, interrupting 
critical lifelines, and ultimately reducing the overall quality of life for Californians.   
 
To date, there are very few studies providing thorough, comprehensive economic or physical 
assessments of where California is most vulnerable from future climate change when, and from what 
specific climate change impacts.  More are needed.  However, several recent studies shine light on the 
potential scale of the economic and social impacts from climate change.  One recent study from the 
Pacific Institute estimates that a 1.4 meter sea-level rise over the next century will “put 480,000 people at 
risk of [what is considered today] a 100 year flood” which would become a common event and cost $100 
billion to replace flooded property assuming current levels of development.  Another study by researchers 
at UC Merced and RAND Corporation estimated that by the next 15 to 20 years the cost of wildfires to 
residential properties could escalate to more than two billion dollars a year and to more than $10 billion a 
year by the end of this century.1  Finally, a study by Next10 and U.C. Berkeley estimates that over $2.5 
trillion of the state’s real estate assets (of $4 trillion) are “at risk from extreme weather events, sea-level 
rise, and wildfires, with a projected annual price tag of $300 million to $3.9 billion.”   
 
In this chapter, infrastructure refers largely to transportation and energy-related infrastructure.  Other 
chapters address water and coastal infrastructure strategies and impacts.  Future climate adaptation 
strategy efforts will require a broader look at all infrastructure across California including the private sector 
and federal and local jurisdictions.   

Future Climate Change Impacts to Infrastructure 
The most significant climate impacts to California’s infrastructure are predicted to be from higher 
temperatures and extreme weather events across the state, reduced and shifting precipitation patterns in 
Northern California, and sea-level rise.  Higher air temperatures are expected to increase the demand for 
electricity in the Central Valley and Southern California, especially during hotter summer months, 
reducing energy production and transmission efficiency while increasing the risk of outages.  Potential 
reductions on precipitation levels could significantly reduce hydropower production which currently 
accounts for up to 20 percent of the state’s electricity supply.  Heavy precipitation and increased runoff 
during winter months are likely to increase the incidence of floods damaging housing, transportation, 
wastewater, and energy infrastructure.  The largest projected damages will come from sea-level rise 
threatening large portions of California’s coastal transportation, housing, and energy-related 
infrastructure. 
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Figure 22: Projected Increase in Household Electricity Consumption (from 
1980–1999 Simulated Consumption) 

(a) 2020–2039, (b) 2040–2059, (c) 2060–2079, and (d) 2080–2099 
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reduction is likely to be far outweighed by summertime 
demand increases.2  Over the past few decades, 
California’s per capita electricity consumption has 
remained relatively steady due in large part to cost-
effective building and appliance efficiency standards 
and other energy efficiency programs.3  The total 
consumption, however, has increased substantially 
along with California’s rapidly growing population.  
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Figure 23: Peak Electricity Demand June- September 2004 
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Higher temperatures also decrease the efficiency 
of fossil fuel-burning power plants and energy 
transmission lines, thus requiring either increased 
production or improvements in the efficiency of 
power generation and transmission.8    
 
Extreme heat events could cause significant 
impacts to the energy and transportation sectors.  
A recent study on extreme heat events and energy 
demand in California concluded that by 2070-2099 
extreme heat events under the IPCC’s highest 
emissions scenario (A1fi) are 20 to 30 percent 
higher than under the lower scenario (B1) due to 
temperature differences.  The study concluded 
extreme heat days could double in inland cities like 
Sacramento and quadruple in coastal cities such 
as San Diego.  Regarding energy supplies, the 
researchers found California has a 17 percent 
probability of facing electricity deficits during high-
temperature (top 10 percent of historic temperatures) summer electricity demand periods, assuming 
constant technology and population growth.9  However, this negative effect could be averted or at least 
minimized adding more electricity generating units. 

POTENTIAL INFR ASTRUCTURE 
IMPACTS DUE TO PRECIPITATION 
CHANGES    

• Climate Changes - Decrease of 
Hydropower Generation 

• Shrinking Snowpack - Affects High 
Elevation Hydropower Systems with 
Less Storage Capacity 

• Lower River Flows - Requires Increase 
Release of Water 
o Causing Spills and 
o Reducing Water in Dry Months 

• Winter Storms and High Runoff 
Snowmelt - Results in Flooding and 
Damage to Transmission Lines 

• Extreme Rainfall and Flooding - 
Causes Wastewater System Overload 
and Damage to Culverts, Canals and 
Treatment Facilities 

• Increased Flood Damage of 
Transportation Infrastructure 

• More Drought, Fires and Intense Rainfall 
- Results in Landslides and Disrupt 
Roadways and Rail Lines 

 
Higher temperatures and heat waves will impact peak electricity demand in California.  Figure 23 
illustrates how peak temperatures correlate with state electricity load during a peak summer day.   
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Temperature extremes are also relevant to the transportation sector.  It is expected less extreme cold 
days will reduce frost heave and road damage,10 but extreme hot days (including prolonged periods of 
very hot days), are likely to become more frequent, increasing the risk of buckling of highways and 
railroad tracks and premature deterioration or failure of transportation infrastructure (Figure 24).11 
 
 

Figure 24: Trains can derail due to extreme heat warping railroad tracks. 
 

 

 

B. Precipitation Changes and Extreme Events 
Fluctuations, and possible total reductions, in California’s precipitation patterns will impact several key 
energy and transportation infrastructure components; primarily hydropower production and all 
manufacturing and processing operations requiring large volumes of readily available water.  In addition, 
roads, tunnels, airport runways and railroad tracks are likely to be affected by changes in precipitation 
patterns.  
 
In the energy sector, changes in hydrological patterns will affect the reliability of the region’s hydropower 
generation, which accounts for 12 to 20 percent of the state’s total annual electricity generation.  A 
warmer and drier future climate could reduce hydroelectric generation by 19 percent, whereas a wetter 
future climate could increase hydroelectric generation by 5 percent.12  Of the 12 climate projections used 
in the 2008 California Climate Impacts Assessment, only one simulation produced slightly wetter 
conditions by 2050, and none did so for the end of the century (see Water chapter). 
Hydropower production is a significant contributor of energy for electricity suppliers Pacific Gas and 
Electric Company (PG&E) and the Sacramento Municipal Utility District (SMUD) among many others.  
SMUD is particularly vulnerable, as hydropower can account for up to 50 percent of its annual power 
generation.13  
 
The economic impact of climate change due to the loss in hydropower generation and the increase in 
electricity demand during late spring and summer is estimated to be approximately $2.7 billion annually in 
a lower-warming scenario and $6.3 billion annually in a high-warming scenario, with roughly $21 billion in 
energy assets at risk.14 
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The extent to which climate change will actually affect hydropower generation in California depends both 
on how precipitation patterns and the amount of warming in different regions end up changing reservoir 
storage and the flexibility of the systems.  Hydropower generation capacity in high-elevation systems 
peaks in the summer, whereas capacity in lower-elevation systems peaks in winter.15   
 
A decreasing Sierra Nevada snowpack (due to a higher snowline and increased temperatures, making 
more precipitation fall as rain rather than as snow) will also reduce the amount of water available for 
hydropower generation during late spring and summer when energy demand is higher.  The shrinking 
snowpack will particularly affect high-elevation hydropower systems (higher than 1,000 feet above sea 
level) that have less storage capacity.  This type of system accounts for half of the state’s hydropower 
generation and relies on melting snowpack for operations.16  In addition, more winter precipitation falling 
as rain instead of snow will result in extreme flows that will require reservoir operators to release more 
water, causing undesired spills and retaining less water for the dry months.17 

 
Winter storm activities, especially if coinciding with earlier snowmelt and high runoff, can cause flooding 
which, in turn, can cause damage to transmission lines and lead to power outages.  Further research is 
needed in this area to determine the overall vulnerability of the power grid in coastal and delta areas 
subject to increased flooding in addition to what recommendations should be implemented.   
 
Lower-elevation hydropower units such as the Central Valley Project (CVP) and the State Water Project 
(SWP) are expected to generate less power under current climate scenarios, but also require less 
electricity to pump water to Central and Southern California.  When the SWP and CVP power supply and 
power consumption estimates are combined, the water projects require more energy to operate than they 
generate.  By the end of the century, the amount of supplemental power that the combined projects will 
need decreases by 500-600 GWh/yr.18  Both could see reductions in energy production of three percent 
by mid-century and 6 percent by end of the century.19   
 
Changes in precipitation patterns can also be expected to affect other types of infrastructure.  For 
example, sewers and wastewater treatment facilities could see growing strains as climate change 
proceeds.  Expected changes in precipitation patterns include a continued risk of intense rainfall events 
and associated flooding, with the occasional greater-than-historical flooding events.  Such extreme rainfall 
events and flooding can cause overloading of wastewater systems, as well as physical damage to 
culverts, canals, and water treatment facilities.   
 
Researchers and the California Department of Transportation also expect increased damage of 
transportation infrastructure as a result of flooding of tunnels, coastal highways, runways, and railways, 
and associated business interruptions.  The combination of a generally drier climate in the future, which 
will increase the chance of drought and wildfires, and the occasional extreme downpour, is likely to cause 
more mud- and landslides which can disrupt major roadways and rail lines.  The related debris impacts 
are historically well known to California, but if they become more frequent, will create greater costs for the 
state and require more frequent repair.20 
 

C. Sea-Level Rise and Extreme Events 
Accelerating sea-level rise is likely to cause some of the greatest impacts on California’s infrastructure, 
including vital lines of coastal transportation, possibly some of the power plants located along the coast, a 
densely developed urban landscape, wastewater treatment facilities, ports, airports, and any other 
lifelines.  
 
Port infrastructure and airports located near sea level are particularly vulnerable.  The San Francisco Bay 
area for example, is home to three major airports – San Francisco, Oakland, and San Jose – which are all 
near sea level (Figure 25).  Unless these exposed assets are raised and/or protected by seawalls, they 
will be inundated and will experience increasing flooding as storm surges reach higher and farther inland.  
Similarly vulnerable are California’s seaports, which account for 40 percent of total U.S. shipping 
volume21 and have extensive docking facilities at risk.  The total value of at-risk air and seaport 
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infrastructure is estimated to total in the multi-billions of dollars.22  Furthermore, a substantial amount of 
ground transportation infrastructure, including 2,500 miles of roads and railroads, is projected to be at 
growing risk from storm-related coastal flooding, elevated due to accelerated sea-level rise.23  This 
infrastructure is vital to the residents of California as they commute to work and school, is needed for the 
movement of commercial freight and thus is integral to the functioning of the overall state economy.   

 Figure 25: Projected Sea Level Rise around San 
Francisco Airport (SFO) 

 
The economic cost associated with the required 
alteration, fortification, or relocation of existing 
infrastructure is likely to be substantial.  One 
example is the proposal by the California 
Department of Transportation to move three 
miles of Highway 1 in Big Sur as far as 475 feet 
inland in order to protect against expected cliff 
erosion underneath the current stretch of 
highway.24  Other infrastructure components 
that may require modifications include rais
bridges to ensure marine vessel clearance, 
fortification of petroleum facilities with ocean 
exposure, and gravity-assisted outfalls of 
wastewater discharge.

ing 

25 
 
Certain types of infrastructure may also be at 
risk from indirect impacts of climate change and 
coastal inundation, such as the potential for sea 
water backflow to impair coastal water sanitation 
drainage systems during flood events,26 or the 
collapse of cliffs, due to increased erosion, that 
underlie housing developments, roadways, and 
sewers placed on coastal bluffs.  Further, 
substantial sea-level rise may necessitate 
entirely new drainage systems in low-lying cities 
with drainage that is pump-driven rather than 
gravity-driven.27 
 
The extent of needed upgrades to existing 
infrastructure and the construction of new 

protective infrastructure will also be influenced by the scope of climate change-induced damage to natural 
coastal protective barriers, i.e., the degree of erosion of beaches, cliffs, and wetlands.28  Additionally, 
studies find that protective infrastructure in particular areas may be at risk of heightened dual-sided stress 
as the incidence and intensity of both of sea-based and land-based waters increasingly act upon these 
barriers.  The Bay-Delta levee system, for example, is exposed to increases in the intensity and 
coincidence of river flooding-related forces combined with increased sea-level rise-related bayside 
stress.29  
 
As discussed in the Ocean and Coastal Resources chapter, California has already begun to protect its 
low-lying developments from the sea with construction of many miles of levees, sea walls, bluff-protective 
structures, and other hard structures.  Hardening of the coastline, however, is restricted by coastal law to 
older structures and to certain emergency situations where essential structures or infrastructure is at risk 
from immediate loss.  However, as sea level continues to rise at a faster pace and coastal storms become 
more intense due to higher storm surges, existing fortifications will be increasingly inadequate.  Not only 
will existing barriers need to be raised, but new, previously not at-risk sections of coastal and bay-side 
lands and ecosystems will become at risk.30  Moreover, both new and old infrastructure will likely require 
more frequent and costly maintenance should the intensity and duration of water and wind forces 
increase as projected.   
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One study conducted for the 2009 California Impacts Assessment found that about $100 billion in 
structures, contents, and infrastructure along the California coast and San Francisco Bay and Delta may 
be at risk of storm-related inundation by 2100 due to projected increases in mean sea level.  This 
estimate may be conservative as population growth, development and any contribution to sea level from 
Greenland and West Antarctic ice sheet melting have not been included (see Chapter 3 on sea-level rise 
projections).31  Nearly 300,000 acres of Bay-Delta lands are already below sea level, sit upon 
continuously subsiding land and rely upon an aging levee system that was built upon soft peat soils.32  
Furthermore, the amount of at-risk development in the Bay area, without accounting for any future 
development, could more than double from current levels by 2100.33  
 
Costs associated with constructing the necessary 
fortifications of natural barriers and new protective 
infrastructures are likely to be substantial.  A 2008 study 
estimating the cost of coastal protection structures necessary 
to safeguard existing development against rising sea levels 
found that 1,070 miles of new or upgraded protective levees 
and seawalls will be needed by 2100 to protect the Bay and 
open coastline against inundation under a scenario of ~5 feet 
(1.4 meter) sea-level rise.34  Such coastal protection could 
conservatively involve a capital cost of over $14 billion and 
will require ongoing maintenance, which may add an 
additional annual cost of 10 percent of the capital cost.35  
These estimated costs, however, do not consider potential 
ecological impacts and unintended consequences or 
armoring coastal areas and legal restrictions for such actions. 
Therefore, actual adaptation costs could be much higher.  
The study also found that the burden of construction costs 
will be disproportionate along California’s coast, as Southern 
California will need the greatest investment, with 20 percent 
of the capital investment required in Los Angeles County 
alone.36  It would be necessary to fortify existing protective 
infrastructure by 0.1-0.2 feet per year for the next few 
decades in order to merely keep pace with rising waters and 
to maintain the same relative risk of flood-related inundation 
those lands have had in recent years.37  

POTENTI AL INFR ASTRUCTURE 
IMPACTS DUE TO SEA-LEVEL RISE  

• Seaside Airports - Vulnerable to 
Storm-related Inundation 

• Seaports and Docks - Inundation 
and Flooding (Impedes Business) 

• Roads and Railroads - Risk of 
Storms and Coastal Flooding 

• Sea-Level Rise and Coastal Surges 
Requires Increased Fortifications. 

• Economic Costs of Fortifications or 
Relocation is Considerable 

• Sea Water - Floods Can Damage 
Coastal Water Sanitation Systems 
Requiring Costly Upgrades 

• Sea-Level Rise and river Flooding 
will Impact Bay-Delta Levee System  

 

D. Changing Risks for Infrastructure 
To summarize the changing risks that California’s transportation and energy infrastructure may be facing 
from climate change, the likelihood of occurrence of the projected consequences was qualitatively 
assessed.  The resulting risk profile for California’s infrastructure can be characterized as follows: 

• Higher average temperatures and higher summer peaks will greatly affect energy production, 
distribution (transmission), and demand with increased cooling demand likely to far outpace 
reductions in heating demand in the winter. 
 

• Higher temperatures, together with a drying climate and less snowpack, will decrease the amount of 
water available for hydropower generation, especially high-elevation systems.  In addition, 
transmission of electricity is less efficient during hotter periods, leading to electricity deficits especially 
during peak demand times.  The risk of outages is likely to increase. 
 

• Temperature extremes can increase the risk of road and railroad tracks buckling, decreasing 
transportation safety and creating higher maintenance costs. 
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• More winter precipitation falling as rain instead of snow will result in extreme flows that will require 
reservoir operators to release more water, causing undesired spills and retaining less water for the 
dry months. 
 

• Winter storms, especially if coinciding with earlier snowmelt and high runoff, can cause flooding and 
damage to transmission lines, overloading and damage of wastewater treatment facilities, as well as 
physical damage to culverts, canals, tunnels, coastal highways, runways, and railways, and 
associated business interruptions. 
 

• More drought, fires and intense rainfall events will produce more mud- and landslides which can 
disrupt major roadways and rail lines. 
 

 Sea-level rise is likely to cause the greatest impacts on California’s infrastructure, including more 
frequent storm-related flooding of airports, seaports, roads, and railways in floodplains due to higher 
sea levels. 
 

 As sea level rises at a faster pace and coastal storm surges increase, existing fortifications will be 
increasingly inadequate and need to be raised, and areas previously not at-risk will become at risk. 
 

• The economic cost associated with the required alteration, fortification, or relocation of existing 
infrastructure is likely to be in the tens of billions. 
 

• Sea water backflow will impair coastal water sanitation drainage systems during flood events, 
requiring costly upgrades and alterations. 
 

• The Bay-Delta levee system, for example, is exposed to increases in the intensity and coincidence of 
river flooding-related forces combined with increased sea-level rise-related bayside stress. 

 

Infrastructure Adaptation Strategies 
 

Introduction 
The state agencies that participated in the Climate Adaptation Working Group (California Energy 
Commission and California Department of Transportation) developed the following strategies and shall be 
responsible for and will spearhead strategy implementation.  Climate is already changing in California and 
its impacts are going to be felt in all sectors of the state’s economy.  The impacts of climate change on 
infrastructure will vary at the local level, but it is certain they will be widespread and costly in human and 
economic terms, and will require significant changes in the planning, design, construction, operation, and 
maintenance of California’s infrastructure.  Infrastructure adaptation strategies developed thus far pertain 
to two aspects of development: transportation and energy.   
 
Transportation routes and infrastructure will be dramatically affected by sea-level rise.  Therefore, 
adaptation strategies focus on this effect of climate change.  Adaptation plans will be developed for the 
long-term with estimations of future growth, demand, and vulnerability issues.  A 50-year planning horizon 
will be used to parallel the time period of current model predictions.  Predicted sea-level rise and storm 
surges will be guarded against by increasing the elevation of streets, bridges, and rail lines, while some 
at-risk sections of roads and rail lines will be relocated farther inland.  Flood zones will be re-mapped to 
account for different sea-level rise projections. As a result of these updated maps, areas may be identified 
that will need to be returned to a natural state.  
 
Energy infrastructure will be tested by higher temperatures and intense storm events.  Adaptation 
strategies focus on reducing the increase of peak energy demand by developing energy efficiency 
programs.  These programs will promote the use of more efficient air conditioning equipment and lighting 
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systems.  They will work to increase the level of insulation (ceiling, floor and walls) and window glazing 
used in new and existing homes.  The planting of trees will be used to shade homes and buildings, and 
the use of roof materials that reflect the heat to reduce the “heat island effect” will be promoted in new 
construction.  Energy strategies such as smart grid technologies also aim to improve the ability of the 
electricity system to respond to peak demands.  Additionally, they will implement modern techniques for 
the integrated management of water reservoirs in Northern California to improve their management, and 
include information regarding changing hydrological patterns in that management. 
 
The impacts of climate change on California’s infrastructure are varied and far-reaching.  Infrastructure 
adaptations to climate change will be costly, but it will be more expensive if the state does not begin 
planning and adapting before the predicted changes alter the physical landscape.  California’s 
infrastructure is the conduit through which economic activity flows.  The production and movement of 
goods and services relies on existing infrastructure.  Disruption of these deliveries will be detrimental to 
California’s economy.  Protection of infrastructure will help ensure California’s future as a leading 
economic player.   
 

Adaptation Strategies and Actions  
The California Energy Commission (Energy Commission) and the California Department of Transportation 
(CalTrans) have identified the following priorities in addressing climate adaptation for California state 
agencies.  The near term actions referenced below are those actions that have been identified and which 
can be initiated or completed by 2010.  The long term actions include those recommended actions that 
will require support from that state, and collaboration with multiple state agencies. 

 
Climate is already changing in California and its impacts are going to be felt in all sectors of the state’s 
economy.  The impacts of climate change on infrastructure will vary at the local level, but it is certain they 
will be widespread and costly in human and economic terms, and will require significant changes in the 
planning, design, construction, operation, and maintenance of California’s infrastructure.  Infrastructure 
adaptation strategies developed thus far pertain to two aspects of development: transportation and 
energy.   
 
 
Strategy 1 - ENERGY 
Increase Energy Efficiency Efforts in Climate Vulnerable Areas  
 
Near -Term and Long-Term Actions:   

 
a. Meet the Energy Efficiency Goals Outlined in AB32 Scoping Plan – The Air Resources 

Board’s (ARB) Scoping Plan has identified 26.3 MMTCO2e that will be reduced by 2020 
through increased use of building and appliance efficiency standards, increased combined 
heat and power generation and through increased solar water heating improvements 
(AB1470).  Ensuring these measures are met, while increasing these efforts over time, will 
help ease projected energy demand increases and possible supply disruptions from climate 
change. 

b. Facilitate Access to Local, Decentralized Renewable Resources – The Energy 
Commission should consider policies and incentives to maximize and to encourage de-
centralized (local and near demand) generation and on-site renewable energy generation 
systems where feasible and appropriate.  This deployment of additional renewable 
generation would reduce GHG gas emissions and help meet the expected increase in 
electrical demand due to climate change. 
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Strategy 2 - ENERGY 
Assess environmental impacts from climate change in siting and re-licensing of new energy 
facilities. 
 
Near -Term and Long-Term Actions:   

 
a. Assess Power Plants Vulnerable to Climate Impacts, and Recommend Reasonable 

Adaptation Measures – The Energy Commission will assess GHG impacts for power plant 
siting cases through its Integrated Energy Policy Report, and consider the potential impact of 
sea-level rise, temperature increases, precipitation changes and extreme events, where 
relevant. 

b. Encourage Expansion of Renewable Energy Resources – The Energy Commission 
should assess long-term benefits of renewable energy generation in reducing GHG 
emissions that provide environmental benefits.  The state shall encourage additional 
development of the most suitable and efficient renewable technologies to maximize the 
amount of electrical generation from renewable sources.  The Energy Commission and DFG 
should encourage renewable energy generation in the least sensitive environmental areas to 
maintain natural habitats and healthy forests that will further buffer the environmental impacts 
of climate change.   

c. Assess the Impacts of Climate Change on Energy Infrastructure – Use the Energy 
Commission’s PIER regional climate modeling and related study efforts to assess the 
potential impacts of climate change on energy infrastructure from sea-level rise, precipitation, 
and temperature changes and other impacts.  The Energy Commission will determine 
additional actions on its siting and planning programs based on this work.  

d. Identify the Most Vulnerable Communities – Develop an energy-use “hot-spot” map to 
identify areas in the state where increases in temperature, population, and energy-use will 
make communities most vulnerable to climate change impacts.  The Energy Commission will 
include in this analysis how the lowest-income communities in hot spot areas will be 
impacted.   

 
 
Strategy 3 - ENERGY 
Develop Hydropower Decision-Support Tools to Better Assess and Manage Climate Change Variability  
 
Near -Term and Long-Term Actions:    

a. Expand Scientific Climate Research – The Energy Commission and the DWR will continue 
to support and develop enhancements and demonstration of modern decision support 
systems for the management of existing major water reservoirs in California to adapt to 
current levels of climate variability and increase our resilience to increased levels of climate 
variability and change in the future.   

b. Public Interest Energy Research – The Energy Commission’s PIER program will sponsor 
research on climate change factors influencing hydropower generation – for example, how 
hydropower generation would be affected by requirements to release additional water to 
attenuate increased water temperatures in rivers and streams for environmental purposes.  

c. Develop Partnerships –Partner with hydropower generators particularly vulnerable to 
climate change to identify how public-private partnerships could reduce long-term risks to 
hydropower generation. 
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Strategy 4 - ENERGY 
Identify how state renewable energy goals could be impacted from future climate impacts. 
 
Near -Term and Long-Term Actions:    

 
a. Assess Climate Impacts on Energy – The Energy Commission’s PIER program will 

research how climate change impacts could influence the goals of AB32, AB118, and EO S-
13-08 goals.  For example, climate change will influence wind speeds and patterns, 
temperature density, etc. that will affect power levels from wind turbines, photovoltaics, etc.  
In addition, biomass feedstocks could be reduced due to decreased water levels and 
increased wildfire.  It is unclear how this will impact long-term projections for meeting our 
2020 and 2050 renewable energy goals.  

 
The near term actions referenced below are those actions that have been identified and which can be 
initiated by 2010, subject to availability of necessary information to ensure credibility of the analysis and 
authority of the information, and will require collaboration with multiple state, regional and local agencies.  
The long term actions include those recommended actions that will require support from the state and 
collaboration with multiple state, regional, and local agencies. 
 
 
Strategy 5 - TRANSPORTATION  
Develop a detailed climate vulnerability assessment and adaptation plan for California’s 
transportation infrastructure. 
 
 
Near -Term and Long-Term Actions:    

 
a. Vulnerability and Adaptation Planning – BTH (Business, Transportation and Housing 

Agency) and CALTRANS will develop a climate vulnerability plan that will assess how 
California’s transportation infrastructure facilities are vulnerable to future climate impacts, 
assess climate adaptation options, prioritize for implementation, and select adaptation 
strategies to adopt in coordination with stakeholders.  This plan will be coordinated with an 
updated climate mitigation plan that will act as BTH’s and Caltrans’ overall transportation 
climate policy. 

i. Develop a transportation use “hot-spot” map – Caltrans will research and identify 
transportation “hot spots” to identify across the state where the mixture of climate change 
impacts, population increases, and transportation demand increases will make 
communities most vulnerable to climate change impacts.  Caltrans will include in this 
analysis how the lowest-income communities in hot spot areas will be impacted. 

b. Economic Impacts Assessment – Complete an overall economic assessment for projected 
climate impacts on the state’s infrastructure under a ”do nothing” scenario and under climate 
policy scenarios identified by BTH/Caltrans. 

i. Prepare a list of transportation adaptation measures/projects to do another economic 
analysis either project by project or collectively for programming purposes.  This also 
allows cost/benefit analysis to be used alongside other evaluation criteria when 
prioritizing adaptation measures and projects. 

 
 
Strategy 6 - TRANSPORTATION 
Incorporate climate change vulnerability assessment planning tools, policies, and strategies into 
existing transportation and investment decisions. 
 
Near -Term and Long-Term Actions:    
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a. Integrate Mitigation and Adaptation System-wide –Caltrans will develop and incorporate 

climate change mitigation and adaptation policies and strategies throughout state strategic, 
system and regional planning efforts.  These will be included in key phases of the following 
planning and project development phases when appropriate: 

i. Strategic Planning (Governor’s Strategic Growth Plan and  California Transportation 
Plan) 

ii. System Planning (i.e., District System Management Plan, Inter-regional Strategic Plan,  
Corridor System Management Plan, and Transportation Concept Report) 

iii. Regional Transportation Planning (Regional Transportation Plan Guidelines and Regional 
Blueprint Planning) 

iv. Project planning (Project Development Procedures Manual, Project Initiation Document,  
Project Report, Environmental Guidelines) 

v. Programming (State Transportation Improvement Program, State Highway Operations 
and Protection Program, California Transportation Commission State Transportation 
Improvement Program Guidelines) 

 
 
Strategy 7 - TRANSPORTATION  
Develop transportation design and engineering standards to minimize climate change risks to 
vulnerable transportation infrastructure.  
 
Near-Term and Long Term Actions: 

a. Transportation infrastructure assessment - Caltrans will assess existing transportation 
design standards as to their adequacy to withstand climate forces from sea level rise and 
extreme weather events beyond those considered. 

b. Buffer zone guidelines - Develop guidelines to establish buffer areas and set backs to avoid 
risks to structures within projected “high” future sea level rise or flooding inundation zones. 

c. Stormwater quality - Assess how climate changes could alter size and design requirements 
for stormwater quality BMP’s. 

 
 
Strategy 8 - TRANSPORTATION 
Assess environmental impacts from climate change in rehabilitating the transportation system 
and siting of new transportation projects. 
 
Near -Term and Long Term Actions: 
 

a.   Vulnerability Assessment – Assess new transportation project’s vulnerability to climate 
impacts, and recommend reasonable adaptation measures - CALTRANS will assess climate 
change impacts on system rehabilitation and new, significant siting cases.  

b. Impacts Assessment – Use updated NAS and other appropriate study efforts to assess the 
potential impacts of climate change on transportation infrastructure. .  
 

 
Strategy 9 - TRANSPORTATION 
Incorporate climate change impact considerations into disaster preparedness planning for all 
transportation modes. 
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Near -Term and Long Term Actions:   
 

a. Emergency Preparedness – CALTRANS provides significant emergency preparedness 
abilities for all transportation modes across the state.  The transportation system is sensitive 
to rapid increases in precipitation, storm severity, wave run-up and other extreme weather 
events.  CALTRANS will assess the type of climate-induced impact information necessary to 
respond to district emergencies.  Results will be incorporated into existing operations 
management plans. 
 

b. Decision Support – CALTRANS will identify how climate impact information can be integrated 
into existing Intelligent Transportation Systems and Transportation Management Center 
operations. 
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Appendix A: 
 

EXECUTIVE ORDER S-13-08 
by the Governor of the State of California 

 
WHEREAS climate change in California during the next century is expected to shift precipitation patterns, 
accelerate sea level rise and increase temperatures, thereby posing a serious threat to California's 
economy, to the health and welfare of its population and to its natural resources; and 
 
WHEREAS California is a leader in mitigating and reducing its greenhouse gas emissions with the 2006 
Global Warming Solutions Act (Assembly Bill 32), the Low Carbon Fuel Standard (Executive Order S-01-
07), the 2008 Senate Bill 375 and the Renewable Portfolio Standard; and 
 
WHEREAS these efforts, coupled with others around the world, will slow, but not stop all long-term 
climate impacts to California; and  
 
WHEREAS California must begin now to adapt and build our resiliency to coming climate changes 
through a thoughtful and sensible approach with local, regional, state and federal government using the 
best available science; and 
 
WHEREAS there is a need for statewide consistency in planning for sea level rise; and  
 
WHEREAS California's water supply and coastal resources, including valuable natural habitat areas, are 
particularly vulnerable to sea level rise over the next century and could suffer devastating consequences 
if adaptive measures are not taken; and   
 
WHEREAS the country's longest continuously operating gauge of sea level, at Fort Point in San 
Francisco Bay, recorded a seven-inch rise in sea level over the 20th century thereby demonstrating the 
vulnerability of infrastructure and resources within the Bay; and  
 
WHEREAS global sea level rise for the next century is projected to rise faster than historical levels with 
the Intergovernmental Panel on Climate Change predicting that global sea levels will rise by between 
seven to 23 inches this century and some experts predicting even higher rises; and  
 
WHEREAS while climate models predicting global sea level rise are generally understood and improving, 
less information is available for sea level rise projections specific to California that accounts for 
California's topography, coastal erosion rates, varying land subsidence levels and tidal variations; and 
 
WHEREAS billions of dollars in state funding for infrastructure and resource management projects are 
currently being encumbered in areas that are potentially vulnerable to future sea level rise; and  
 
WHEREAS safety, maintenance and operational efforts on existing infrastructure projects are critical to 
public safety and the economy of the state; and  
 
WHEREAS the longer that California delays planning and adapting to sea level rise the more expensive 
and difficult adaptation will be; and 
 
WHEREAS the California Resources Agency is a member of the California Climate Action Team and is 
leading efforts to develop and implement policy solutions related to climate change adaptation regarding 
current and projected effects of climate change; and 
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WHEREAS the Department of Water Resources (DWR) is responsible for managing the state's water 
resources to benefit the people of California, and to protect, restore and enhance the natural and human 
environments; and 
 
WHEREAS California's coastal management agencies such as the California Coastal Commission, the 
California Ocean Protection Council (OPC) and California State Parks are charged with managing and 
protecting the ocean and coastal resources of the state; and 
 
 
WHEREAS the California Energy Commission's (CEC) Public Interest Energy Research Program has 
funded research on climate change since 2001 including funding the development of preliminary sea level 
rise projections for the San Francisco Bay area by the Scripps Institution of Oceanography/University of 
California at San Diego.  
 
NOW, THEREFORE, I, ARNOLD SCHWARZENEGGER, Governor of the State of California, by virtue of 
the power vested in me by the Constitution and statutes of the State of California, do hereby order 
effective immediately:  
 
1.    The California Resources Agency, in cooperation with DWR, CEC, California's coastal management 
agencies, and the OPC, shall request that the National Academy of Sciences (NAS) convene an 
independent panel to complete the first California Sea Level Rise Assessment Report and initiate, within 
60 days after the signing of this Order, an independent sea level rise science and policy committee made 
up of state, national and international experts. 
 
2.    By March 31, 2009, the OPC, DWR and the CEC, in coordination with other state agencies, shall 
hold a public workshop to gather policy-relevant information specific to California for use in preparing the 
Sea Level Rise Assessment Report and to raise state awareness of sea level rise impacts. 
 
3.    The California Resources Agency shall request that the final Sea Level Rise Assessment Report be 
completed as soon as possible but no later than December 1, 2010.  The final Sea Level Rise 
Assessment Report will advise how California should plan for future sea level rise.  The report should 
include: (1) relative sea level rise projections specific to California, taking into account issues such as 
coastal erosion rates, tidal impacts, El Niño and La Niña events, storm surge and land subsidence rates; 
(2) the range of uncertainty in selected sea level rise projections; (3) a synthesis of existing information on 
projected sea level rise impacts to state infrastructure (such as roads, public facilities and beaches), 
natural areas, and coastal and marine ecosystems; and (4) a discussion of future research needs 
regarding sea level rise for California. 
 
4.    The OPC shall work with DWR, the CEC, California's coastal management agencies and the State 
Water Resources Control Board to conduct a review of the NAS assessment every two years or as 
necessary.  
 
5.    I direct that, prior to release of the final Sea Level Rise Assessment Report from the NAS, all state 
agencies within my administration that are planning construction projects in areas vulnerable to future sea 
level rise shall, for the purposes of planning, consider a range of sea level rise scenarios for the years 
2050 and 2100 in order to assess project vulnerability and, to the extent feasible, reduce expected risks 
and increase resiliency to sea level rise.  However, all projects that have filed a Notice of Preparation, 
and/or are programmed for construction funding the next five years, or are routine maintenance projects 
as of the date of this Order may, but are not required to, account for these planning guidelines.  Sea level 
rise estimates should also be used in conjunction with appropriate local information regarding local uplift 
and subsidence, coastal erosion rates, predicted higher high water levels, storm surge and storm wave 
data.   
 
6.    The Business, Transportation, and Housing Agency shall work with the California Resources Agency 
and the Governor's Office of Planning and Research (OPR) to prepare a report within 90 days of release 



  

Page |   

 

134

of this Order to assess vulnerability of transportation systems to sea level rise that will include provisions 
for investment critical to safety, maintenance and operational improvements of the system and economy 
of the state.   
 
7.    By June 30, 2009, the California Resources Agency, through the Climate Action Team, shall 
coordinate with local, regional, state and federal public and private entities to develop a state Climate 
Adaptation Strategy.  The strategy will summarize the best known science on climate change impacts to 
California (led by CEC's PIER program), assess California's vulnerability to the identified impacts and 
then outline solutions that can be implemented within and across state agencies to promote resiliency.  A 
water adaptation strategy will be coordinated by DWR with input from the State Water Resources Control 
Board, an ocean and coastal resources adaptation strategy will be coordinated by the OPC, an 
infrastructure adaptation strategy will be coordinated by the California Department of Transportation, a 
biodiversity adaptation strategy will be jointly coordinated by the California Department of Fish and Game 
and California State Parks, a working landscapes adaptation strategy will be jointly coordinated by the 
California Department of Forestry and Fire Protection and the California Department of Food and 
Agriculture, and a public health adaptation strategy will be jointly coordinated by the California 
Department of Public Health and the California Air Resources Board, all as part of the larger strategy.  
This strategy will be facilitated through the Climate Action Team and will be coordinated with California's 
climate change mitigation efforts.  
 
8.    By May 30, 2009, OPR, in cooperation with the California Resources Agency, shall provide state 
land-use planning guidance related to sea level rise and other climate change impacts.  
 
This Order is not intended to, and does not, create any rights or benefits, substantive or procedural, 
enforceable at law or in equity, against the State of California, its agencies, departments, entities, officers, 
employees, or any other person. 
 
I FURTHER DIRECT that as soon as hereafter possible, this Order shall be filed with the Office of the 
Secretary of State and that widespread publicity and notice be given to this Order. 
 
IN WITNESS WHEREOF I have hereunto set my hand and caused the Great Seal of the State of 
California to be affixed this 14th day of November 2008. 
 
  
ARNOLD SCHWARZENEGGER 
Governor of California 
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Appendix B: Glossary 
 
Key Climate Change Adaptation Concepts and Terms 

The following terms were collected from the Intergovernmental Panel on Climate Change Third 
Assessment Report (2001), unless otherwise noted. 

Adaptation – Adjustment in natural or human systems in response to actual or expected climatic stimuli 
or their effects, which minimizes harm or takes advantage of beneficial opportunities. 

Adaptation Assessment – The practice of identifying options to adapt to climate change and evaluating 
them in terms of criteria such as availability, benefits, costs, effectiveness, efficiency, and feasibility. 

Adaptation Benefits – The avoided damages (measured in monetary terms or otherwise) or the accrued 
benefits following the adoption and implementation of adaptation measures. 

Adaptation Costs – Costs of planning, preparing for, facilitating, and implementing adaptation measures, 
including transition costs and unavoidable negative side effects. 

Adaptive Capacity – The ability of a system to respond to climate change (including climate variability 
and extremes), to moderate potential damages, to take advantage of opportunities, and to cope with the 
consequences.3 

Adaptation Policy Framework – is a structural process for developing adaptation strategies, policies, 
and measures to enhance and ensure human development in the face of climate change, including 
climate variability.  It consists of five basic components: assessing current vulnerability, characterizing 
future climate risks, developing an adaptation strategy, scoping and designing individual adaptation 
projects to implement the strategy, monitoring results, adjustments, and continuing the adaptation 
process.4 

Baseline/Reference – The baseline (or reference) is any datum against which change is measured. It 
might be a “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 (e.g., how would a sector evolve without climate warming).  It is critical to be aware of what 
change is measured against which baseline to ensure proper interpretation.  Alternative interpretations of 
the reference conditions can give rise to multiple baselines.6 

Climate Change – Climate change refers to any long-term change in average climate conditions in a 
place or region, whether due to natural causes or as a result of human activity. 

(Climate) Impacts Assessment – The practice of identifying and evaluating the detrimental and 
beneficial consequences of climate change on natural and human systems. 

(Climate Change) Impacts – Consequences of climate change on natural and human systems. 
Depending on the consideration of adaptation, one can distinguish between potential impacts and 
residual impacts. 

Climate Variability – Climate variability refers to variations in the mean state of the climate and other 
statistics (such as standard deviations, the occurrence of extremes, etc.) on all temporal and spatial 
scales beyond that of individual weather events.  
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Co-benefits – The benefits of policies that are implemented for various reasons at the same time—
including climate change mitigation—acknowledging that most policies designed to address greenhouse 
gas mitigation also have other, often at least equally important, rationales (e.g., related to objectives of 
development, sustainability, and equity). 

Impact – An effect of climate change on the structure or function of a system.2  

Integrated Assessment – A method of analysis that combines results and models from the physical, 
biological, economic, and social sciences, and the interactions between these components, in a 
consistent framework to evaluate the status and the consequences of environmental change and the 
policy responses to it. 

Mitigation – A human intervention to reduce the sources or improve the uptake (sinks) of greenhouse 
gases. 

No-regrets policy – A policy that would generate net social benefits whether or not there is climate 
change. 

Policies and Measures – Usually addressed together, respond to the need for climate adaptation in 
distinct, but sometimes overlapping ways. Policies, generally speaking, refer to objectives, together with 
the means of implementation. Measures can be individual interventions or they consist of packages of 
related measures.4 

Potential Impacts – All impacts that may occur given a projected change in climate, without considering 
adaptation. 

Residual Impacts –The impacts of climate change that would occur after adaptation. 

Resilience – The ability of a system to absorb some amount of change, including shocks from extreme 
events, bounce back and recover from them, and, if necessary, transform itself in order to continue to be 
able to function and provide essential services and amenities that it has evolved or been designed to 
provide.* 

*It is important to note that resilience, as the term applies to ecosystems, is being used as a way to 
measure a systems ability to recover from stress or disturbance without undergoing a fundamental 
change in process or structure with the recognition that climate change will likely not allow for the return 
to a pre-existing equilibrium as the definition of resilience implies7. 

Risk (climate-related) – is the possibility of interaction of physically defined hazards with the exposed 
systems. Risk is commonly considered to be the combination of the likelihood of an event and its 
consequences – i.e., risk equals the probability of climate hazard occurring multiplied the consequences a 
given system may experience.4 

Sensitivity – The degree to which a system is affected, either adversely or beneficially, by climate-related 
stimuli. The effect may be direct (e.g., a change in crop yield in response to a change in the mean, range, 
or variability of temperature) or indirect (e.g., climatic or non-climatic stressors may cause people to be 
more sensitive to additional extreme conditions from climate change than they would be in the absence of 
these stressors). 

System – A human population or ecosystem; or a group of natural resources, species, infrastructure, or 
other assets. 
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Vulnerability – In the most general sense, a susceptibility to harm or change. More specifically, the 
degree to which a system is exposed to, susceptible to, and unable to cope with, the adverse effects of 
climate change, including climate variability and extremes. Vulnerability is a function of the character, 
magnitude, and rate of climate variation to which a system is exposed, as well as of non-climatic 
characteristics of the system, including its sensitivity, and its coping and adaptive capacity. 

Vulnerability Assessment – A practice that identifies who and what is exposed and sensitive to change 
and how able a given system is to cope with extremes and change. A vulnerability assessment considers 
the factors that expose and make people or the environment susceptible to harm and accesses to natural 
and financial resources available to cope and adapt, including the ability to self-protect, external coping 
mechanisms, support networks, and so on.5 
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Vulnerability. IPCC Third Assessment Report, Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA. 

2. Pew Center on Global Climate Change. Glossary of Terms. 2007.  In:  Climate Change 101: 
Understanding and Responding to Global Climate Change, published by the Pew Center on 
Global Climate Change and the Pew Center on the States. 

3. UK CIP (2003). Climate Adaptation: Risk, Uncertainty and Decision-making. UKCIP Technical 
Report, Oxford, Willows, R. I. and R. K. Cornell (eds.) 

4. UNDP (2005). Adaptation Policy Frameworks for Climate Change. Developing Strategies, 
Policies and Measures, Ed. Bo Lim, Erika Spanger-Siegfried, Co-authors Ian Burton, Elizabeth 
Malone, Saleemul Huq 

5. E.Tompkins et al. (2005). Surviving Climate Change in Small Islands – A Guidebook, Tyndall 
center for Climate Change Research, UK 

6. Moser, Susanne C. (2008). Resilience in the Face of Global Environmental Change.  CARRI 
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Appendix C: Acronyms 
Acronyms used in the California Climate Adaptation Strategy  

ACE- Areas of Conservation Emphasis (defined by the Department of Fish and Game) 

ARB- Air Resources Board 

BLM- Bureau of Land Management 

BIA- Bureau of Indian Affairs 

BMPs- Best Management Practices 

BOF- Board of Forestry and Fire Protection 

BTH- Business, Transportation and Housing Agency 

CalEMA- California Emergency Management Agency 

Cal/EPA- California Environmental Protection Agency 

Cal/Fire, CAL FIRE - California Department of Forestry and Fire Protection 

Cal-REDIE- California Reportable Disease Information Exchange 

CalTrans- California Department of Transportation 

CALVIN- California Value Integrated Network 

CAS- California Climate Adaptation Strategy 

CAT- Climate Action Team 

CAWGS- Climate Adaptation Working Groups 

CBC- California Biomass Collaborative 

CCAPA- California Chapter of the American Planning Association CCVA- California Climate Vulnerability 
Assessment 

CCVA- California Climate Vulnerability Assessment 

CDFA- California Department of Food and Agriculture 

CDPH- California Department of Public Health 

CEC- California Energy Commission 

CERES- California Environmental Resources Evaluation System 

CEQA- California Environmental Quality Act 

CFIP- California Forest Improvement Program 

CIMIS- California Irrigation Management Information System 
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CISC- California Invasive Species Council  

CNRA- California Natural Resources Agency 

COGs- Councils of Government 

CSMP - Corridor System Management Plan 

CTC STIP guidelines - California Transportation Commission State Transportation Improvement Program 
guidelines  

CVP- Central Valley Project 

DFG- Department of Fish and Game 

DOC- Department of Conservation 

DPR-Department of Parks and Recreation 

DSMP - District System Management Plan 

DWR- Department of Water Resources 

EIR- Environmental Impact Report 

ENSO- El Niño Southern Oscillation  

EO- Executive Order 

EPA- Environmental Protection Agency 

EWMPs- Efficient Water Management Practices  

FEMA- Federal Emergency Management Agency 

FRAP- Fire and Resource Assessment Program 

GHG- Green House Gases 

ICLEI- Local Governments for Sustainability 

IPCC- Intergovernmental Panel on Climate Change 

IRWM- Integrated Regional Water Management  

ITSP - Interregional Transportation Strategic Plan 

JOC- Joint Operations Center 

LCP- Local Coastal Plan 

MPOs- Metropolitan Planning Organizations 

NAS- National Academy of Science  

NFIP- National Flood Insurance Program 

NFW- National Fish and Wildlife Foundation 
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NGO- Non-Governmental Organizations 

NPS- National Park Service 

NRC- National Research Council 

NRCS- Natural Resource Conservation Service 

OPC- Ocean Protection Council  

OPR- Governor’s Office of Planning and Research 

PDPM - Project Development Procedures Manual  

PID - Project Initiation Document 

PIER- Public Interest Environmental Research Program (run through the California Energy Commission) 

PR - Project Report 

RCD- Resource Conservation District 

RPS- Renewable Portfolio Standard 

SEMS- Standardized Emergency Management System 

SFM- State Fire Marshall 

SGC- Strategic Growth Council 

SHOPP - State Highway Operations and Protection Program 

SMUD- Sacramento Municipal Utility District 

STIP - State Transportation Improvement Program 

SWRCB- State Water Resources Control Board 

SWP- State Water Project 

TCR - Transportation Concept Report 

TNC- The Nature Conservancy  

TPZ- Timberland Production Zone, UC- University of California 

UCCE- University of California Cooperative Extension 

USDA- United States Department of Agriculture  

USFS- United States Forest Service 

USGS- United States Geological Survey 

WCB- Wildlife Conservation Board  

WebCMR- Web Portal for the Confidential Morbidity Report  
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WIC- Women, Infants, and Children Nutrition Program 

WNV- West Nile Virus 

WUI- Wildland Urban Interface 
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