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PROLOGUE 
 

As climate change shifts from a far-off concern to a present-day crisis, Californians are most 

vulnerable precisely where we’re most fortunate. Rising seas and gathering storms threaten our 

justly famous coastlands, home to most of our population. Heat waves and droughts pressure 

farms and ranches that are among the most productive in the world. And our magnificent 

forests are at greater risk from wildfires that worsen in warmer weather.  

Knowing what’s at stake, California has become a global leader in responding to the growing 

climate threat. Our innovative policies are reducing greenhouse gas emissions and accelerating 

the transition to a clean-energy economy. At the same time, we are planning and preparing for 

the unavoidable risks of climate change. Our efforts fit within an integrated, three-R’s strategy: 

 Reducing Emissions – A centerpiece of our efforts is the Global Warming Solutions Act of 

2006, which set the goal of reducing heat-trapping emissions to 1990 levels by 2020, a 

target we are pursuing by various means. The AB 32 Scoping Plan, updated every five 

years, outlines our strategies and defines our priorities for reducing emissions and 

driving the transition to a clean-energy economy. 

 Readiness – While these efforts are essential for reducing the magnitude of climate 

change, they will not prevent it from occurring. Given the risks, investments are needed 

to protect our people, environment and economy from these inevitable impacts. The 

Safeguarding California Plan provides guidance for state and local decision makers in 

their efforts to prepare for climate-related risks and minimize economic losses.  

 Research – Our approach is built on science. Research helps us to identify climate 

change impacts and risks, informs the development of our policies, and helps us 

measure progress toward our goals. Among our most recent scientific assessments are 

Indicators of Climate Change in California (2013) and the Third Climate Change 

Assessment (2012). 

Over the coming decades, confronting climate change will require unprecedented collaboration 

across state government and involve nearly every aspect of the state’s planning and 

investments. In recognition of this, the Governor’s Environmental Goals and Policy Report 

serves as a broad overview for how state efforts work together on a variety of fronts to achieve 

long-term sustainability.  

Climate change represents one of the greatest challenges of our time, but it is a challenge well-

suited to California’s strengths of leadership and innovation.  Our policies are becoming a 

catalyst for further actions around the world. By embracing this role, we can avoid the worst 
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impacts of climate change and forge a cleaner, healthier and more sustainable future for all 

Californians. 
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EXECUTIVE SUMMARY – SAFEGUARDING CALIFORNIA 
 

California and the world’s climate are changing, posing an escalated threat to health, well-

being, nature, and property. Extreme weather, rising sea levels, shifting snowpack, among 

other impacts will touch every part of peoples’ lives in the next century. Planning key actions 

now will help us lessen impacts and cope with changes. Many aspects of the environment face 

historic displacement. In government at every level, we must work together to safeguard our 

state. And ultimately, each and every one of us needs to take steps to reduce our own impacts 

and increase our resilience in the future.  

The Safeguarding California Plan provides policy guidance for state decision makers, and is part 

of continuing efforts to reduce impacts and prepare for climate risks.  This plan, which updates 

the 2009 California Climate Adaptation Strategy, highlights climate risks in nine sectors in 

California, discusses progress to date, and makes realistic sector-specific recommendations.   

California is a leader in the global effort to fight climate change. The state is pursuing a broad, 

integrated strategy to reduce greenhouse gas emissions and build the foundation for a new 

clean energy economy. While these efforts will reduce the magnitude and impact of climate 

change, they will not prevent it from occurring. Given the potential impacts and the long-term 

nature of effective planning, it is only prudent to begin preparing for these impacts. Actions 

needed to meet these challenges will not be cheap, but will cost far less than taking no action.  

Every step that we take today helps save valuable resources in the future. To that end, the plan 

details 11 current efforts already underway. 

Right now, more extreme fires, storms, and heat waves are costing lives and property damage. 

State of the art modeling shows that a single extreme winter storm in California could cost on 

the order of $725 billion – with total direct property losses of nearly $400 billion and 

devastating impacts to California’s people, economy and natural resources. The health and 

fiscal consequences are dire.  Climate change poses a threat not just to lives and health, but the 

financial resources of governments and the insurance industry.  

More broadly – and likely more costly – are rising seas that threaten our coast, while 

disappearing snowpack in the Sierra Nevada presents new challenges for our state’s water 

management. In the near term, we must take practical, affordable steps to maintain our water, 

power, and transportation infrastructure, and plan for longer term actions as well. 

Below are the nine broad areas impacted by climate change, with real-world, realistic 

recommendations for actions that we can take today to ensure a better future. In addition, we 
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have included seven strategies that cut across each one of these nine broad areas that can be 

realistically implemented to help safeguard California. 

Safeguarding our Everyday Lives from Climate Change: 

 

 

 

 

 

 

 

 

 

A Changing Water Future: Develop an urban water use plan that reduces reliance on 

distant, unpredictable sources. 

 Keeping the Lights On: Promote development of smart grids that are connected, but 

localized. 

 Cooling California: Promote strategies to keep Californians cool and guard against 

longer, more frequent heat weaves, which are already responsible for a growing 

number of hospitalizations and deaths. 

 Do Better Today, Live Better Tomorrow: By reducing our carbon output today, we can 

lessen the extent of impacts in the future.  

Safeguarding our Natural World: 

 Nature Moves with the Climate: As climate patterns shift, so will nature. Providing 

habitat connectivity and chances for adaptation will help allow species and habitats to 

survive. 

 Help Nature Protect Herself: Improve forest and other habitat resilience. 

Safeguarding California – What Science and Lawmakers Can Do: 

 Knowing the Real Impacts: Sound science will highlight risks, and help provide a path to 

solutions. 

 Help is on the Way: Assess adequacy of emergency responders. 

 Better Together: Collaborate with federal and local government. 

Seven Strategies to Safeguard California: Cross Sector Themes 

These nine areas touch every part of modern life for people and nature: 1) Agriculture, 2) 

Biodiversity and Habitat, 3) Emergency Management, 4) Energy, 5) Forestry, 6) Ocean and 

Coastal Ecosystems and Resources, 7) Public Health, 8) Transportation, and 9) Water.  For these 

nine areas, common themes were identified during the development of the plan. This 

important identification resulted in identifying seven strategies that cut across all areas that can 

be acted upon.  

 

 

All core functions of government must make the risks Californians face from a changing 

climate an integral part of their activities. 

 Provide risk reduction measures for California’s most vulnerable populations. 
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Identify significant and sustainable funding sources for investments that reduce climate 

risks, human loss, and disaster spending. 

 Support continued climate research and data tools to inform policy and risk reduction 

activities. 

 Maximize returns on investments by prioritizing projects that produce multiple benefits 

and promote sustainable stewardship of California’s resources. 

 Prioritize climate risk communication, education, and outreach efforts to build 

understanding among all Californians. 

 Promote collaborative and iterative processes for crafting and refining climate risk 

management strategies. 

Current Efforts to Prepare California for Climate Risk 

Climate change impacts communities and crosses political and jurisdictional boundaries. 

Cooperation and coordination is essential across a wide variety of factors including: 

government at all levels (state, federal, tribal, local and regional), businesses, insurers, 

investors, non-profit organizations, foundations, community groups, and individuals.  

Fortunately, we already have many examples of progress, including: 

 

 

 

 

 

 

 

 

 

 

Creation of the Cal-Adapt tool allows visualization of local climate impacts in California 

 2012 California Climate Adaptation Planning Guide is designed for local and regional 

governments 

 2013 Climate Change Consortium for Specialty Crops sets out impacts and strategies for 

resilience 

 Desert Renewable Energy Conservation Plan (DRECP) is an effort underway to support 

programmatic development of large-scale renewable energy and the co-equal objective 

of conservation of the California desert; approximately 22.5 million acres of federal and 

non-federal California desert land are in the DRECP plan area. 

 The State Hazard Mitigation Plan has integrated climate risks since 2007 

 Energy efficiency standards have saved Californians more than $74 billion in reduced 

electricity bills since 1975, and have helped to foster greater energy reliability 

 Urban forestry investments reduce heat island effects and provide air and water 

benefits 

 2013 State of California Sea-Level Rise Guidance Document is part of California’s 

response 

 2013 Preparing California for Extreme Heat is another part of the response  

 2013 Addressing Climate Change Adaptation in Regional Transportation Plans provides 

guidance for California’s Municipal Planning Organizations and Regional Transportation 

Planning Agencies 
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 Construction of four coastal observatories in Eureka, Bodega Bay, Big Sur, and Santa 

Barbara will help improve flood watch and flood warning information for local 

emergency responders 

Reducing climate risks protect California’s people, economy, and natural resources.  Investing in 

action now saves lives and provides long term cost savings; one study found that every dollar 

spent on a FEMA hazard mitigation grant produced, on average, four dollars of benefits.  

Implementation of this Safeguarding California Plan will help foster a vibrant and sustainable 

future for California. 
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INTRODUCTION  
 
California is taking important steps to reduce emissions, but no matter how quickly we reduce 
emissions, some amount of climate change will occur due to prior and on-going emissions.  
Many climate impacts are already unfolding in California.  This means that we must take action 
now to safeguard California’s people, economy, infrastructure, and natural environment from 
climate risks.  This report is an update to the state’s 2009 Climate Adaptation Strategy.  Based 
on a series of sector-specific analyses, it identifies key actions that the state needs to undertake 
to advance efforts to address climate risks and to move from planning to implementation.  The 
Safeguarding California Plan is the guiding document for reducing climate risk, which is one of 
the three pillars of the state’s comprehensive climate change policy.   

California’s Comprehensive Approach to Climate Change  
 
Climate change is the defining issue for the state’s future.  The Governor’s draft Environmental 
Goals and Policy Report lays the groundwork for the state’s continued long-term, deep 
greenhouse gas (GHG) emission reductions and provides strong direction on the need to 
prepare for climate impacts and risks already beginning to threaten California.  The state’s 
efforts on climate risk reduction are complemented by the other two pillars of the state’s 
climate change strategy – reducing GHG emissions and supporting research on climate change 
vulnerabilities and strategies to reduce these risks. 
 
California has made significant investments in responding to climate change, including one of 
the world’s most comprehensive programs to reduce greenhouse gas (GHG) emissions.  Based 
on the direction provided by the Global Warming Solutions Act of 2006 (Assembly Bill 32 or AB 
32), the state is well on its way to reducing GHG emissions to 1990 levels by 2020.  These 
efforts are documented in the AB 32 First Update to the Climate Change Scoping Plan (AB32 
Scoping Plan).  The state is already looking at GHG emissions reduction goals past 2020. 
 
California has also invested significant resources and leveraged the intellectual capital of the 
state to maintain a robust research program on the impacts of climate change; technologies to 
reduce emissions; and approaches to preparing for climate risks.  The state’s research agenda is 
directly informed by the state’s policy needs as articulated in the AB 32 Scoping Plan, 
Safeguarding California Plan, and other climate-related documents and processes; for instance, 
many of the research needs outlined in this document have been incorporated into the State’s 
Climate Change Research Plan, which outlines the state’s near-term climate research needs 
across sectors and mitigation and adaptation efforts.1  Through an iterative process, the results 
of the state’s research efforts are directly incorporated into policy guidance and analysis.  The 
state’s Third Climate Assessment was released in July 2012 and provides much of the basis for 
the sector-specific analyses featured in the Safeguarding California Plan.  A Fourth California 
Climate Assessment will provide critical additional information to support decisions that will 
safeguard the people, economy and resources of California. Among other informational gaps 
about climate vulnerabilities, California still lacks critical information regarding expected 
climate impacts from extreme weather events.  California also needs to better understand the 
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scope, timing, cost and feasibility of various management options to address climate risks. 
Accurately understanding climate risks and management options will allow the state to 
prioritize actions and investments to safeguard the people, economy and natural resources of 
California.  In August 2014, three public workshops will be held to solicit public comment and 
input on a proposed scope of work for the Fourth California Climate Assessment 

Planning for Climate Risks in California 
 
California’s 2009 Climate Adaptation Strategy (2009 CAS) was one of the nation’s first multi-
sectoral plans for preparing for the impacts of climate change.  The Safeguarding California 
Plan is an update to the 2009 CAS, incorporating new information on climate vulnerabilities and 
management approaches.  The Safeguarding California Plan is built on the most up-to-date 
science and sector-specific analyses of California climate risks and management strategies.   
 
The Safeguarding California Plan is not meant to replace the 2009 CAS, but to add new 
recommendations and replace portions of the prior document where new information allows 
for updating and revision. Except where revisions and new recommendations supersede, the 
strategies in the 2009 CAS continue to be relevant and are carried forward. 
 
The 2009 CAS was built on several guiding principles.  Many of these principles are still relevant 
and are carried forward as updated here: 
 

• 

 

 

 

 

 

Use the best available science to identify risks and adaptation strategies; 

• Understand that an effective strategy for preparing for climate risks should evolve as 
new information is available; 

• Involve all relevant stakeholders; 

• Establish and maintain strong partnerships across all levels of government, tribes, 
businesses, landowners, and non-governmental organizations; 

• Give priority to strategies that also achieve benefits other than climate risk reduction 
benefits, including additional benefits to public health, the economy, environmental 
justice, and conservation of natural resources; and 

• Ensure that strategies to reduce climate risk are coordinated, to the extent possible, 
with the state’s efforts to reduce GHG emissions and other local, national and 
international efforts. 

 
The Safeguarding California Plan is designed as policy guidance for state decision 
makers.  Climate risks often present cross-sectoral challenges, and may require cross-sectoral 
solutions. As a result, the Safeguarding California Plan identifies cross-sectoral linkages 
throughout.  Each sector chapter features its own recommendations; cross-sectoral strategies 
are presented in the Introduction. 
 
The Safeguarding California Plan is the result of cross-agency collaboration and public input 
that drew on the experiences and knowledge of leaders from each of the sectors represented.  
The sector-specific analyses that follow this introduction provide additional detail on progress 
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to date and challenges and opportunities.  The sector-specific analyses, together with the cross-
sectoral themes discussed below, provide a robust discussion of necessary next steps to further 
safeguard California’s people, economy, infrastructure and natural resources from climate risks.   
 
Future updates of the state’s multisectoral guidance to address climate risks may include 
expanded discussions of risks to business and labor, as well as additional recommendations 
with respect to coordination with local and regional governments.  For more information on 
climate risk and business, please see [Inset 2] below.   

Key Strategies to Advance Efforts to Reduce Climate Risk in California 
 
The sector-specific analyses featured in the Safeguarding California Plan highlight the 
opportunities and challenges for implementing climate risk reduction actions.  Climate impacts 
occur at different scales (global, national, regional and local) and impacts may vary from place 
to place.  Because of this, many strategies to reduce climate risk must be crafted at a regional 
or local scale.  Climate data development and tools must also be tailored to support regional 
and local risk reduction efforts. 
 
Several common themes emerged during the development of the sector-specific materials 
featured in this Safeguarding California Plan.  These common themes point to the need for 
cross-sectoral coordination and collaboration.   Leadership and support are needed to help 
transition from planning for climate risks to taking action to reduce risk.  The state has an 
important role to play in enabling efforts to reduce climate risk, helping climate risks become a 
mainstream policy consideration, and ensuring that all state agencies are taking climate risks 
into account.  State agencies need to consider climate change in their normal day-to-day 
business and operations.  In particular, the state needs to take the following actions: 
 

1. 

 

 

Establish a mandate and guidelines for all state agencies to consider climate risks in 
their policies, planning efforts, and investments 

2. Provide data, tools, and guidance to support efforts to reduce climate risks; and 
3. Build the capacity to plan for and implement actions to reduce climate risk through 

collaboration, education, outreach and funding.  
 
These three actions will improve clarity and direction on how to move ahead on risk reduction 
activities and will help support risk reduction activities across sectors at the state, regional and 
local scales.  Further information on implementing these actions is provided below. 
 
ESTABLISH A MANDATE AND GUIDELINES FOR ALL STATE AGENCIES TO CONSIDER CLIMATE 
RISKS IN THEIR POLICIES, PLANNING EFFORTS, AND INVESTMENTS 

California is already experiencing the effects of a changing climate.  Over the coming decades, 
as global average temperatures continue to increase and sea levels rise, these effects will 
become even more pronounced.  As the state is making plans and investments for the future, 
these risks need to be taken into account.   
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The 2009 CAS recommended that all new development “consider project alternatives that 
avoid significant new development in areas that cannot be adequately protected (planning, 
permitting, development, and building) from flooding, wildfire and erosion due to climate 
change.” 2  To see this implemented, the state needs to take two critical steps: 
 

1. 

 

Require that climate risk considerations be incorporated into state infrastructure 
planning; and  

2. Provide guidelines for state agencies to incorporate climate risk considerations into all 
policies, plans, and investments.   

 
Incorporate Climate Risks into State Infrastructure Planning 
 
State agencies should identify climate risks to existing and new infrastructure projects. For new 
projects, climate risks should be considered in the planning, siting, design, construction, and 
maintenance of infrastructure projects.  Similar risk considerations should be included in the 
maintenance and rehabilitation of existing infrastructure.  All new investments should be made 
to minimize climate risks to the project and long-term risks associated with development 
generated by the infrastructure investment.  In cases where the benefits of the project are 
deemed to outweigh climate risks, adequate risks management provisions must be made.   
 
Full-life cycle cost accounting should be used in all infrastructure planning projects.  This will 
help ensure that the costs of protecting an infrastructure investment from climate risks over 
the lifetime of the investment will be fully accounted for upfront and accounted for in the 
comparison of project alternatives.  However, it is important to note, that such full-life cycle 
accounting for infrastructure projects may not fully capture broader societal costs associated 
with climate risks to development that occurs in response to the infrastructure project.   
 
Develop Guidelines for State Agencies to Incorporate Climate Risks Into Policies, Planning and 
Investments 
 
A cross-agency working group including representation from the Governor’s Office of Planning 
and Research, the California Natural Resources Agency, the California Transportation Agency, 
the California Environmental Protection Agency, the California Department of Public Health, the 
Office of Emergency Services, the Department of Finance, and the California Department of 
Food and Agriculture should develop guidelines for state agencies to follow as they incorporate 
climate considerations into all policies, planning, and investments.  This group should work in 
coordination with the Climate Action Team.  At a minimum, these guidelines should address the 
following critical issues to ensure successful efforts to reduce climate risks.  
 
Encourage Iterative Approaches 
 
Global greenhouse gas emissions will continue to determine the pace and scale of climate 
impacts.  Direct observation of climate impacts will help to refine and improve our modeled 
projections of climate risks.  State programs need to be able to adjust their strategies for 
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reducing climate risks as new information emerges.  Therefore, long-term planning processes 
need to adopt iterative approaches to incorporate the best available climate science.  State 
programs should be required to establish processes for incorporating new climate information 
and updating management practices and goals.   
 
Protect California’s Most Vulnerable Populations 
 
Climate change will have disproportionate impacts on the state’s most vulnerable populations.  
Threats to food security, public health, and water supplies will disproportionately affect the 
poor, elderly and other communities without adequate resources to respond.  Steps need to be 
taken to identify these vulnerable populations and to ensure that California’s most vulnerable 
people have access to information, services and resources to prepare and respond to climate 
risks. 
 
Achieve Multiple Benefits from Efforts to Reduce Climate Risks and Prioritize Green 
Infrastructure Solutions 
 
Steps to increase resilience can provide other types of significant benefits.  Efforts to reduce 
climate risk should also achieve other types of benefits to the extent possible.  Other benefits 
to consider include public health benefits besides those directly associated with climate risk 
reduction, economic benefits, and other environmental benefits besides those directly 
associated with climate risk reduction.   Furthermore, actions that reduce climate risks across 
multiple sectors and actions that address multiple climate risks should be prioritized.  
Significant cross-agency coordination and collaboration will be needed to identify and 
implement risk reduction opportunities with multiple benefits. 
 
One opportunity to achieve broad environmental benefits is through the use of natural 
infrastructure solutions to mitigate climate risk.  Restoration and conservation of natural 
systems such as forests, grasslands and shrublands, agricultural lands, and wetlands can 
provide more resilient natural systems that also offer protection from climate impacts.  For 
example, wetlands can provide protection from flooding, while also providing valuable habitat 
and other hydrological benefits.  Prioritizing these solutions can maximize the benefits of 
investments to reduce climate risks by providing a broad portfolio of benefits across several 
sectors.     
 
Integrate Efforts to Reduce Climate Risk with Efforts to Reduce the Emissions that Cause 
Climate Change to the Fullest Extent Possible 
 
The state’s climate program needs to maximize opportunities to reduce GHG emissions while 
also building resilience.  Examples include energy efficiency measures, which can reduce energy 
demand and greenhouse emissions while at the same time reducing load on the state’s energy 
system. These types of integration efforts can provide opportunities to leverage funding, such 
as revenues from the AB32 cap-and-trade program, to advance efforts to reduce climate risk.   
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Develop Metrics and Indicators to Track Progress on Efforts to Reduce Climate Risk 
 
As the state undertakes more comprehensive efforts to reduce climate risk, it is important that 
metrics and indicators are developed as proxies by which the effectiveness of risk reduction 
activities may be measured.  Such metrics may include tracking of processes undertaken to 
advance risk reduction and measures of the impacts of these policies and programs on changing 
vulnerability.  Data collection on risk reduction actions and outcomes will be needed to support 
such evaluation, and careful consideration must be given to relevant timeframes over which 
progress is monitored.  Disconnects may exist between the timeframes for achieving risk 
reduction and timeframes relevant for evaluation of policies.  The capacity of natural and 
human systems to respond to climate risks and efforts to reduce climate risk may vary, and it is 
important to identify trends and gaps in adaptive response in order to refine strategies for 
addressing climate risk. 
 
The Office of Environmental Health Hazard Assessment’s (OEHHA) Climate Change Indicators 
for California provides valuable information about the changes in the state’s physical and 
natural systems that are already underway. The Governor’s Office of Planning and Research is 
also leading an effort develop an integrated set of indicators to help track progress on the 
state's efforts to reduce GHG emissions and build climate resilience. 
 
PROVIDE DATA, TOOLS AND GUIDANCE TO SUPPORT EFFORTS TO REDUCE CLIMATE RISK 

Climate science lies at the heart of much of the state’s climate policy.  The state’s investment in 
research has played a large role in its leadership on climate change policy.  As the state looks to 
move ahead on efforts to reduce climate risk, there are three critical areas that it must invest 
in: 
 

1. 

 

 

Additional research to fill informational gaps about California’s climate vulnerabilities 
and additional research on the scope, timing, cost and feasibility of management 
options to address climate change; 

2. Tools and guidance to support efforts to plan for climate risks at the state, local, and 
regional level; and 

3. Supporting monitoring to gather direct observations of the changing climate. 
 
Climate Vulnerability Assessments and Research on Management Options 
 
California’s comprehensive climate policy is grounded in the most up-to-date climate science.  
California has completed three California Climate Change Assessments.3  These assessments 
have provided initial information on climate risks, economic impacts, and barriers to efforts to 
prepare for climate risks across different sectors and different regions in California.  The 
information developed through these assessments has served as a strong foundation for the 
state’s policies to reduce the emissions that cause climate change, as well as efforts to reduce 
climate risk.  
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The state has leveraged its research investments through coordination with other partners.  
The state has drawn upon the strong intellectual capacity of California’s universities and 
laboratories.  The state has also worked closely with federal agencies and laboratories, local 
and regional governments and other partners and stakeholders.  
 
Additional research is needed to fill continuing knowledge gaps regarding California’s climate 
vulnerabilities and the scope, timing, cost and feasibility of regionally relevant management 
options to address climate change.  Additional vulnerability assessments for the state’s 
population, natural systems, and infrastructure will be important for allocating limited 
resources to build resilience.  More detailed research needs are discussed in the sector-specific 
discussions contained in this Safeguarding California Plan.  As noted above, scoping for a Fourth 
California Climate Assessment has been initiated in 2014, and will focus on helping to produce 
this needed research.    
 
Tools and Guidance 
 
Investment in tools to make climate data easily accessible and usable by decisionmakers is a 
critical role for the state.  Cal-Adapt [see Inset 1] is an online, interactive, visualization tool that 
enables researchers, decisionmakers, and the general public to explore how climate change will 
impact specific regions in California. Cal-Adapt is specifically directed toward supporting local 
decision-makers and planners in identifying, understanding, and adapting to climate risks. 
 
As further described in the Public Health section of this document, the California Department of 
Public Health (CDPH) has developed a Climate Change Population Vulnerability Screening Tool 
which supplemented an existing environmental justice screening method with metrics 
associated with climate change impacts and adaptive capacity, such as population sensitivities, 
air conditioning ownership, green space, and ecological risks.  An interagency working group 
lead by CDPH is currently exploring further social vulnerability mapping for climate change and 
best practices for social vulnerability assessments.   
 
In addition to providing tools like those described above, the state plays an important role in 
providing guidance on how to use climate data and providing guidance regarding processes for 
planning and implementing actions to reduce climate risk.  The state has already issued a 
number of important guidance documents which are further discussed in this document, 
including the 2011 Climate Change Handbook for Regional Water Planning, the 2012 
Adaptation Planning Guide, the 2013 Ocean Protection Council’s State of California Sea-Level 
Rise Guidance, and the 2013 Preparing for Extreme Heat in California: Guidance and 
Recommendations.  The state should continue to provide guidance on best practices for 
utilizing climate data and preparing for climate risks.  
 
Supporting Monitoring to Gather Direct Observations of the Changing Climate 
 
The state has already invested in some monitoring networks that help provide information 
about the environment in order to support our understanding of changing climate conditions 
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and how to respond to climate risks. These monitoring networks include equipment that 
provides some measurements for air quality, sea level rise, atmospheric rivers, and other 
environmental conditions.  Current monitoring equipment must be maintained and upgraded 
over time, and the Safeguarding California Plan also identifies a number of different areas in 
which additional monitoring efforts are needed.  Monitoring information can help refine 
climate change projections, inform early warning systems, and aid California’s efforts to 
respond and prepare for climate impacts. 
 
BUILD CAPACITY TO PLAN FOR AND IMPLEMENT ACTIONS TO REDUCE CLIMATE RISK 
THROUGH COLLABORATION, EDUCATION, OUTREACH, AND FUNDING 

In addition to incorporating climate risk considerations into state policy, planning, and 
investment decisions and further developing climate data, tools and guidance, it is necessary 
that the state build capacity to advance efforts to plan for and implement actions to reduce 
climate risk.  Capacity building may be achieved in the ways described below. 
 
Foster Collaboration and Innovation Across State Agencies and Across Levels of Government 
 
Climate impacts will span sectoral and jurisdictional boundaries and efforts to respond to 
climate risks will necessarily require coordination between state agencies and across political 
boundaries (international, national, regional, state and local).  For example, the Biodiversity 
chapter of this document identifies more than 14 state entities, as well as federal and local 
agencies, that work on biodiversity issues.  Collaboration across entities is necessary for 
information sharing, can help generate innovative new approaches to addressing climate risk, 
and can help optimize the utilization of the scarce resources available to address climate 
threats.  Collaboration is an integral part of preparing for a changing climate.  
 
Collaborative work on climate challenges is already occurring in California.  This Safeguarding 
California Plan was developed by a large working group of state entities, with important input 
gleaned from tribal leaders, stakeholders, and other partners.  More information about the 
entities and individuals who contributed to the development of the Safeguarding California Plan 
may be found in the acknowledgements in Appendix B of this document.   
 
California is also an active member of the President’s State, Local and Tribal Leaders Task Force 
on Climate Preparedness and Resilience (Task Force).4  The Task Force was established in 
November 2013 to advise the Administration on how the Federal Government can respond to 
the needs of communities nationwide that are dealing with the impacts of climate change. 
 
California has more than 100 federally recognized tribes and the largest Native American 
population of any U.S. State.  The Brown administration renewed its commitment to 
coordination with Native American tribes when Governor Brown signed Executive Order B-10-
11, with the intent of strengthening communications and collaboration between California 
state government and Native American tribes.  The state will continue implementation of this 
direction as it works to foster strong working partnerships with tribal nations and lead efforts to 
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better coordinate with tribes on preparing for climate risks.  Tribes are already experiencing 
climate impacts and working to address climate change.5 
 
Local and regional entities in California are also working on collaborative efforts to address 
climate.  For more information on such efforts, please see [Inset 3] below. 
 
Develop a Comprehensive Climate Education and Outreach Strategy 
 
It is necessary to invest in human capital to build the required expertise to address the new 
challenges presented by climate change.  Providing state employees with access to climate 
training activities can also help build needed human capital.  Some state entities have already 
started to develop these types of programs.6  State agencies and departments should be 
provided with the resources to enable and encourage climate training for staff.  Climate literacy 
programs should provide both general climate information and content specifically related to 
the activities and mission of the hosting agency or department. Training should disseminate 
climate science and climate risk information and empower staff to integrate climate change 
into their professional responsibilities.  The state should develop a standardized curriculum for 
the general climate information portion of its internal climate literacy program.  This 
standardized curriculum should also be made available as a public resource.  The state should 
also work with education providers to integrate climate literacy into school curricula.   
 
A high degree of engagement by governments at all levels, the private sector, communities, and 
individuals is needed in order to effectively prepare for climate risks.  This level of engagement 
is predicated on effective communication of climate risks.  The state should develop and 
maintain a standard set of communication materials regarding climate risks in California, and 
should provide translated materials for non-English speaking communities.  Those materials 
should be made available online and through outreach efforts.  Outreach efforts should be 
focused on increasing public awareness and increasing community engagement in preparing for 
climate risks.  Funding will be needed to support adequate outreach efforts. 
 
Provide Significant and Sustainable Funding for Investments that Reduce Climate Risks, 
Human Loss and Disaster Spending 
 
Making adequate investments to prepare for near- and longer-term climate risks now can help 
protect California’s people, economy and natural resources.  Although needed investments are 
very substantial, these investments will save lives and provide very significant long-term 
savings.  Significant, sustainable funding sources are needed.  In order to achieve the needed 
level of investment, the state will need to work closely with governments at multiple scales 
(federal, tribal, regional and local) as well as a variety of non-governmental partners including 
members of the business community.  Indeed, some important efforts are underway in the 
private sector to better quantify the economic risks of unmitigated climate change in order to 
better understand the nation’s exposure to climate risk and inform decisions about the future.7  
Innovative risk sharing mechanisms will need to be considered and utilized.8  Investments must 
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account for time frames needed to realize benefits, changing climate risks over time, and the 
life expectancy of any capital investments. 

4. Next Steps 
 
The Safeguarding California Plan presents a call to action to address climate risks that threaten 
the state’s people, economy, infrastructure and natural resources.  Climate impacts are already 
manifesting in California, and strong state leadership is critical in order to safeguard our 
communities.  While some of the recommendations in this Safeguarding California Plan may be 
carried out through existing programs and staff, the document more broadly describes needed 
actions to reduce climate risks in California even where current policies, staffing and funding 
capacity do not yet exist. 

 

Inset 1 
 
Cal-Adapt—California’s Easy Access Tool for Visualizing Local Climate Impacts. 
 
With a proliferation of climate research tools and resources over the past five years, it has 
become increasingly difficult to identify definitive sources of aggregated climate data for 
planning purposes.  The state of California plays an important role in helping to develop 
regionally relevant climate research to support policy and planning efforts.  Implementation of 
many actions to enhance community resilience will happen at the local and regional levels, and 
the state is committed to working cooperatively with local and regional governments to 
support their efforts to prepare for climate risks.  Recognizing that climate data must be 
translated into a usable format and that having numerous sources of climate data can be 
difficult to navigate, the state created a tool called Cal-Adapt (http://cal-adapt.org); a web-
based climate planning tool where you can quickly find information to help visualize impacts 
associated with climate change at the local level.   
 
Cal-Adapt addresses one of the major challenges facing planners who are working to enhance 
community resilience in the face of climate risks: a scarcity of tools and definitive sources 
located in one easy access location that can provide regionally relevant information.  Designed 
in response to a recommendation in the 2009 California Climate Adaptation Strategy, Cal-Adapt 
was specifically designed to support planning activities and provide public information on 
climate impacts and risks in the state.  Cal-Adapt provides visualization tools and easy access to 
important data sets specific to California.  The user-friendly platform provides a convenient and 
effective way to explore climate impacts and vulnerabilities.  Since its release, the website is 
being used by local and regional entities to find out how the climate may change in their 
jurisdictions, and these partners have been providing the state with useful feedback about the 
functionality of the tool. 
 
Cal-Adapt was originally developed with funding from the California Energy Commission’s 
Public Interest Energy Research program.  Limited funding has been identified to support a tool 
update in 2014.  The goal of the 2014 update will be to refresh the data sets incorporated in the 

http://cal-adapt.org/
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Cal-Adapt tool and make the tool more responsive to the needs of local decision makers. 
However, as climate change projections and observations continue to evolve, planning efforts 
become increasingly sophisticated, and implementation of local climate plans moves forward, it 
will become increasingly important to continually maintain and enhance this tool to ensure it 
reflects best available knowledge.   
 

 

Inset 2 
 
Climate Risk and California Business 
 
Climate change poses significant risks to businesses including supply chain disruptions, 
destruction of business assets, and interruption of distribution networks.  By taking action to 
reduce climate risks, California can support a resilient and prosperous business community. 
 
Businesses are important partners for the state with respect to preparing for climate impacts.  
For instance, as discussed in the Emergency Management section of this document, the 
insurance industry provides important risk sharing mechanisms that can work in tandem with 
government policies to reduce climate risk.  Institutional investors can adopt investment 
practices that encourage positive climate action.9  Companies help create markets for 
ecosystem services.10 Businesses and industry groups can encourage the development of 
climate policies and raise awareness about climate change issues.11 And, as discussed 
elsewhere in this document, innovative technologies, materials, and design can improve energy 
efficiency, reduce heat island effects, and reduce risks from the changing climate.   
 

 
 

Inset 3 
 
The Alliance of Regional Collaboratives for Climate Adaptation 
 
The Alliance of Regional Collaboratives for Climate Adaptation (ARCCA) was formed in early 
2012 to address the emerging impacts of climate change, including extreme storm events, heat 
waves, droughts, and sea level rise. ARCCA brings together Regional Collaboratives -- from San 
Diego, Los Angeles, the San Francisco Bay Area, and Sacramento -- that are coordinating and 
supporting local climate partners in projects to enhance public health, protect natural systems, 
build economies, and improve the quality of life in all communities. The mission of ARCCA is 
two-fold: to enhance cooperation and best practices sharing between regions and work more 
effectively with the State in its development of climate adaptation plans, policies and programs. 
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AGRICULTURE 
 
INTRODUCTION  
California is the leading agricultural state in the nation in terms of economic value and crop 
diversity.  Farming and ranching are a critical part of our economy and daily lives, providing 
healthy fruits and vegetables, nuts, grains, lean meats and dairy protein that we eat and drink, 
cotton and wool for the clothes we wear, and bio-based energy to power our homes and 
businesses.  In 2012, California agriculture generated $44.7 billion in revenue - representing 
11.3 percent of total U.S. agricultural revenue.12  California produces more than 400 different 
commodities on approximately 80,500 farms employing 800,000 people involved in all stages of 
farming and ranching.13  California has a diversity of farm sizes including many small-scale and 
medium-scale farms.  Agriculture depends on weather and a wide range of ecosystem 
processes that support productivity, so any significant changes in climate present potential 
vulnerabilities for the sector and may have serious implications for the well-being of California’s 
economy and its people.  In fact, California’s agricultural bounty is a function of the fact that we 
are one of only five Mediterranean growing regions in the world; because of our climate 
California’s farmers and ranchers are able to produce a wider diversity of commodities, many of 
them year round.   
 
While California farmers and ranchers have always been affected by the natural variability of 
weather from year to year, the rate and scale of climate change is increasing and is outside the 
realm of experience for the agricultural community.14  Projected climate changes in California 
include:  changes to water quality and availability; changing precipitations patterns; extreme 
weather events including drought, severe storms, and floods; heat stress; decreased chill hours; 
shifts in pollinator lifecycles; increased risks from weeds, pest and disease; and disruptions to 
the transportation and energy infrastructure supporting agricultural production.  The combined 
effect on agriculture from multiple changing climate variables is complex, difficult to predict, 
and can be a mix of positive and negative impacts (e.g. longer growing periods, but more pests); 
but by midcentury and beyond, climate change is projected to have overall detrimental impacts 
on most current crop and livestock production.15  However, the vulnerability of agriculture to 
climatic changes is strongly dependent on the response taken by humans to moderate the 
effects of climate change, and there are many opportunities to minimize climate risks and 
safeguard our agricultural resources and food supply.16 
 
Climate risks to California’s agriculture cannot be fully understood without consideration of its 
national and global context.  California’s agriculture is interconnected to the nation and the 
world in important ways.  The state produces nearly half of U.S.-grown fruits, nuts, and 
vegetables; and across the nation, U.S. consumers regularly purchase several crops produced 
solely in California.17  Additionally, California’s agricultural exports have grown at an exceptional 
pace over the past decade, increasing from $6.51 billion in 2001 to $18.18 billion in 2012.18  
California also imports agricultural products, including commodities not grown in the United 
States such as bananas and coffee, and feed grain to support California livestock.19  Given these 
important interconnections, any climate-related vulnerabilities to agriculture within the state or 
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within trading partner states can have implications for Californians and non-Californians alike. 
 
The risk of significant climate changes is present against a backdrop of other stressors to 
California’s food and agriculture.  Farm and grazing lands in California decreased by more than 
1.3 million acres between 1984 and 2008.  This loss averages about one square mile every four 
days. Urbanization accounts for the vast majority of this loss, more than 1.04 million acres over 
the 1984-2008 timeframe.20  According to the California Department of Finance, California’s 
population will continue to grow and will cross the 50 million mark in 204921, so there will be 
continued pressures for farmland conversion at the same time that food demands are 
increasing and climate impacts are unfolding.  Furthermore, a recent study by the University of 
California Los Angeles (UCLA) also notes that food insecurity has increased significantly over the 
last decade among low-income Californians; with 3.8 million adults struggling to afford food in 
2009, including households with children.22 
 
California’s farmers and ranchers have a demonstrated history of innovation in enhancing 
agricultural resource use efficiency and environmental stewardship while at the same time 
growing more food with limited water and land.  However, climate risks will bring 
unprecedented, new challenges and opportunities.  There is an urgent need to invest in science 
and research efforts to ensure California farmers and ranchers can adapt to climate change 
while increasing their productivity to help feed a global population that is projected to climb to 
more than nine billion people within the next few decades.23  Developing and supporting 
California-specific agricultural research, management options, and appropriate technical and 
financial assistance will help to ensure the resilience of California’s agricultural sector and the 
health of California’s economy and its people. 
 
Several state entities play an important role with respect to food and agriculture in California.  
The state also has important federal, local and private sector partners with respect to food and 
agriculture.  Understanding the role of these various entities is important for a robust discussion 
of efforts to prepare for climate risks.  For more information, see Box 6 California Food and 
Agriculture below. 
 
Climate Risks to California’s Agricultural Resources 
California’s unique Mediterranean climate, and its many microclimates, supports a diversity of 
crops.  California is the nation’s leading agriculture state in gross cash receipts; $44.7 billion in 
2012.  A large portion of the crops grown in the state are “specialty crops”, which are defined 
as fruits and vegetables, tree nuts, dried fruits, horticulture, and nursery crops including 
floriculture.  California is the United States’ sole producer of several crops such as Clingstone 
peaches, olives, pistachios, walnuts, almonds and artichokes.24  Agriculture relies directly on 
climate and natural resources, and is inherently vulnerable to changes in temperature, water 
resources, storm events, shifts in pollinator lifecycles, and other risks associated with climate 
change.25   Risks to agriculture threaten the economic livelihood of California and the food 
security and the well-being of all those who depend on California agriculture.  (For more 
information on food security, please see Box 4 Food Security and Climate Impacts to California 
Agriculture.) 
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Due to the many human and environmental factors influencing agriculture, the complex 
interaction of multiple projected climate changes (e.g. changing water availability coupled with 
changing temperatures and changing insect populations), and increased variability in weather 
over time and across space, climate change impacts are difficult to predict for a specific 
agricultural operation.  Nevertheless, rigorous analysis of California weather data shows that 
climate change is already occurring in the state.  For example, California has already observed a 
reduction in winter chill hours, due to an increase in average winter temperatures.  Winter chill 
hours are the number of hours below 45°F, and are necessary for the flowers of fruits and nuts 
to bloom, and for certain crops to achieve homogeneous and viable yields.  Several studies 
indicate that climate change will negatively impact many specialty crop yields and profits by the 
year 2050 and certainly by the year 2100.26  (For a first person perspective on California’s 
changing climate and its impact on agriculture, please see Box 1 below.) 

 
Box 1 

FIRST PERSON NARRATIVE: John Diener, Red Rock Ranch Inc., Five Points, California 
(Narrative used with permission) 

I’ve been farming in Five Points for more than 30 years, and our family farming history dates 
back to the Great Depression. At Red Rock Ranch Inc., we have about 5,000 acres and grow 
many fruit and vegetable crops including almonds, grapes, wheat, alfalfa, sugar beets, 
tomatoes, and spinach. 

Our farm is located in Fresno County, in the West Side region where water availability has been 
a challenge for many years. Over the past 10 years, I have noticed three trends that are making 
this challenge even greater. First, we are getting less rain, and this causes us to have to use 
more imported water and groundwater to supplement our crops. This puts a stress on the 
whole system.  The inconsistent rains make it hard to plan when to prepare the fields, plant and 
manage crops. 

Second, the snowpack is not lasting as long into the summer as it used to. Our efficient use of 
the developed water within California’s water reservoir system is dependent upon a gradual 
melting of the snowpack in the Sierra and Cascade mountain ranges. As weather patterns have 
changed, the snowpack has melted earlier and faster in the spring, and farmers are not able to 
be as efficient with their water use. This is happening during the same time that the state’s 
population is growing, creating more demand for urban and industrial uses which has grown 
four-fold since the 1970’s, and as more pressure has been building for keeping water in 
ecosystems for environmental purposes. 

Third, as the weather gets warmer with climate change, agricultural demand for water is 
intensifying. For example, in 2012 we had the hottest September on record. We used 
approximately 30 percent more water than we normally would during that month because the 
water was evaporating faster and the plants needed more water moving through their 
circulatory systems to stay cool. 
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Over the past decade, we have had an approximately 50 percent decrease in surface water 
supply availability, and I can directly attribute declines in our crop yields over that time to water 
shortages. This was most obvious in 2009 when we got only 10 percent of our historical water 
allotment, rather than the 25 percent we had expected — and we saw a 50 percent decrease in 
crop yields that year.  

All of this not only makes it challenging for farmers to stay in business, but it has impacts on 
employment (the Central Valley has some of the state’s highest unemployment rates) and the 
economy. Agriculture is a $44.7 billion industry, counting only the actual farm product sales; 
there are also many other related businesses and jobs that depend on it, not to mention the tax 
base it contributes to the state economy. Obviously, there is a food security issue at stake too 
— California produces more than half of the country’s fruits, nuts and vegetables and more 
dairy products than any other state. More than half of that food is grown in the Central Valley. 

Though agriculture gets blamed for using more than its share of water, the fact is that we have 
made huge strides in recent years on irrigation efficiency. But clearly, in the face of intensifying 
climate change impacts on water scarcity, we are going to have to find a way to do even more if 
we want to stay in business and keep feeding so many people. 

The solutions to greenhouse gas reductions will have other benefits for the Valley too. Our air 
quality issues are caused in part by fossil fuel combustion that produces carbon dioxide and 
also particulate matter. While improvements have been made in farming practices, all Valley 
residents and businesses have to do even more to address the serious health impacts on our 
communities and families. We should also remember that plants like clean air too. It is in the 
interests of agriculture, other businesses, and the whole Valley community to keep looking for 
win-win solutions that address both climate change and air quality.  

We all want to have a better life, to be healthy, and to make the world a better place where our 
kids can thrive. We have to figure out solutions that are real, that work, that can be widely 
adopted, and that keep farmers in business. 

John Diener’s Red Rock Ranch consists of approximately 5,000 acres in Fresno County. He farms 
an array of high value row crops, using innovative approaches to land, water, and wildlife 
management.  Mr. Diener was a member of the California Ag Leadership Class XX and received 
the prestigious Profile in Leadership Award in the Environmental and Natural Resources 
Stewardship category. He is the 2009 recipient of Leopold Conservation Award.   

California agriculture faces a myriad of climate risks.  Different crops can vary widely in their 
sensitivity to climate.27  Risks exist for both crops and livestock.  Box 2 provides a summary of 
some of the major climate risks to agriculture.  Some of these risks are discussed in more detail 
below.    Box 2 also provides a summary of ways to prepare for and to manage those risks.  Risk 
management strategies are discussed further below. 
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Box 2 

Climate Risks to Agriculture Include: 

(multiple risks may occur together) 

 

 

 

 

 

 

 

 

 

 

 

Changing air temperatures including 
loss of chill hours (record warm 
temperatures are becoming more 
common) impacting both crops and 
livestock - with increases beyond 
optimal temperatures causing 
declining yield and losses 

 More extreme weather events (more 
frequent and severe drought, more 
intense storms, floods, etc.)  

 Changing water availability and quality 
from: loss of snowpack and natural 
water storage, sea level rise and 
saltwater intrusion, flood events and 
drought 

 Altered precipitation patterns and 
increased soil erosion 

 Changing pressures from weeds, 
diseases and insect pests 

 Changes in timing and coincidence of 
pollinator lifecycles 

 Changing ground level ozone and cloud 
cover 

 Heat impacts on agricultural workers 

 Damage or disruption to energy and 
transportation infrastructure 
supporting agricultural production 

 Increases in prices of agricultural 
inputs (e.g. increased feed prices) 

 Changes to quality of agricultural 
inputs (e.g. decline in forage quality) 

Risk Management Strategies Include: 

(multiple strategies may be used together) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soil conservation practices and building 
soil health 

 Adjusting crop/livestock mix 

 Diversifying crop/livestock mix 

 Housing/shading for livestock to reduce 
heat stress 

 Use of innovative sustainable farm 
operation systems that integrate energy, 
water, and natural resource conservation 

 Avoiding crop and livestock production in 
high risk locations 

 Government provision of insurance, loss 
compensation, incentives and technical 
assistance to promote more resilient and 
sustainable farming and ranching systems 

 Adjusting farm operations and 
management practices to respond to 
changes in seasonal temperature and 
precipitation patterns 

 Technological and scientific innovation 
(e.g. new irrigation technologies, decision 
support tools, enhanced weather 
forecasting, etc.) 

 Enhancing water use efficiency 

 Water recycling 

 Watershed protection 

 Developing flood protection (e.g. through 
restoration or creation of wetlands, etc.) 

 Developing conjunctive underground 
water storage 

 Reduce non-climate stressors such as 
farmland conversion 

 Enhance education of employers, workers 
and labor contractors on the health risks 
of heat and preventative measures 

 Implementing management practices to 
store carbon in soils (e.g., carbon 
sequestration) 



24 
 

 
Temperature 
Climate change is projected to change both average and extreme temperatures, and to change 
the timing of temperature fluctuation (e.g. night and day; seasonal changes).  Overall, warming 
is expected on an annual, seasonal, and even daily basis, with impacts differing by region.  The 
significant, overall outcome of warming is the likely reduction in yield of some of California’s 
most valuable specialty crops.28  For instance, many of California’s fruit and nut crops evolved in 
climates with distinct seasons, and inadequate winter cold can cause late or irregular blooming 
which affects yields.29  
 
Increasing air temperatures can also affect livestock production when temperature exceeds 
optimal levels.  Heat stress in livestock can result in reduced pregnancy rates, longer time 
needed to reach market weight, and reduced milk production.30 

Heat stress in workers may reduce productivity, and may lead to illness, disability, or death in 
extreme exposures. 

Water 
Crops are sensitive to the availability of water, the quality of water, and the timing of water 
application.  California’s different agricultural regions utilize different sources of water; for 
instance there is the snowpack/runoff dependent Central Valley, the groundwater and reservoir 
dependent Coastal areas, and the Colorado River dependent Imperial Valley. In general, and 
regardless of the source, water resources for agricultural irrigation could decrease and become 
more variable with risks of flooding expected to increase.  Impacts will differ greatly by region.  
Risks include reduced precipitation (drought) or increased precipitation (causing flooding and 
soil erosion), decreased winter snowpack, altered timing and quantity of snowmelt and runoff, 
altered reservoir storage regimes, impaired water quality, salt water intrusion, and more 
variability and uncertainty.31  For more information about climate impacts to water resources, 
please see the Water section of this document. 
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Box 3 

 

 

  

 

California Department of Water Resources 
January 1, 2006; Twitchell Island; flood impacts to corn crops 

Invasive Plant Species, Insect Pests, and Pathogens 
A changing climate creates new conditions that may change weed-infestation intensity, insect 
population types and levels, the incidence of pathogens, and the distribution of many of these 
pests.  Such effects can impair agricultural production yields and quality, and may necessitate 
changes to existing management practices.32 Any increased use of pesticides due to increased 
pest and disease pressure may have potential impacts on worker health and safety, community 
exposure, and impacts to ecosystem health. 

Infectious Diseases and Food and Animal Safety  
Some infectious diseases are transmitted to humans or other animals by insects or other 
animals (transmitting insects or animals are called “vectors”); and these types of diseases are 
called “vector-borne” diseases.33   As noted in the Public Health section of this document, 
vector-borne diseases are among the most complex of all infectious diseases to prevent and 
control.34 This complexity is attributable to the many factors that can contribute to the 
transmission, rate of transmission and evolution of such vector-borne diseases, including, but 
not limited to, the vector populations, the disease pathogens carried by the vectors, ecological 
and climate patterns, and human interaction with the vector population.35   
 
Changes in temperature and precipitation associated with climate change may lead to changes 
in the spread of vector-borne diseases.  Climate change may alter the number of disease-
carrying vectors.  For instance, in places where there is increased rainfall, there may be more 
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standing water where mosquitoes can lay eggs.36  A number of vector-borne diseases affect 
animals in California.  For instance, Bluetongue is a vector-borne disease that threatens both 
domestic and wild ruminants in California (e.g. sheep and cattle); and climate change may have 
contributed to a dramatic recent expansion in global distribution of the bluetongue virus, most 
notably in Europe.37  Horses are also susceptible to West Nile virus which is carried by 
mosquitoes.38   
 
Everyone, from the farmer to the consumer, has a role in keeping food safe.  Because of the 
numerous factors governing food safety, a causal link between climate change and increased 
risk of food-borne diseases has not yet been well-established.  However, as noted in the Public 
Health section of this document, Salmonella and Camplyobacter display a distinct seasonal 
pattern that has been associated with climate variability (increased temperatures, heat waves, 
and flooding) and may thus be exacerbated by climate change.39  
 
CDFA is the lead agency on emergency management related to food and feed safety and 
agricultural diseases and pests.  CDFA’s Animal Health and Food Safety Services and Emergency 
Animal Diseases Management Program40 may play increasingly important roles in the era of 
climate change.  For more information on climate and emergency management, please see the 
Emergency Management section of this document. 
 
Compound Impacts and Other Risk Considerations 
It is likely that multiple changing climate variables (temperature, precipitation, wind, cloud 
cover, humidity, etc.) and multiple risks (flooding, extreme heat, pests, weeds, etc.) will occur 
together or in sequence due to unmitigated greenhouse gas emissions.  These compound 
impacts will be added to existing stressors on agriculture such as farmland conversion.  
Predicting and assessing the full impact of climate change on agriculture will require integrated 
studies of multiple factors.  More accurate projections and better understanding of how various 
changes interact will help inform risk management strategies and increase efficient use of 
available resources.41  
 
It should also be noted that catastrophic crop or livestock losses are likely to affect financial 
viability in a fundamentally different way than moderate losses over longer periods of time.42 

In addition to extreme heat and storm events, climate change is also expected to increase the 
frequency and severity of wildfires and such fires may increase soil erosion and otherwise 
impact water supplies.  For more information about wildfire, please see the Forestry section of 
this document. 

Transportation and energy infrastructure supporting agricultural production and food 
distribution systems are also vulnerable to climate disruptions.  For more information about 
such disruptions, please see the Transportation and Energy sections of this document. 

Ground-level ozone is formed primarily from photochemical reactions between two major 
classes of air pollutants, volatile organic compounds and nitrogen oxides (so called ‘ozone 
precursors’); and climate change is expected to result in more days of weather conducive to 
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ozone formation in California.  (For more information on expected impacts of climate change 
on ozone formation, please see the Public Health section of this document.)   Ozone can have 
negative impacts on both crops and livestock.  For instance, studies indicate that elevated 
ozone exposure reduces the yield of some crops and reduces the nutritional content of 
common grassland species used as forage for livestock.43 

California, U.S. and global agricultural markets are highly interconnected.  Therefore, climate 
changes impacting agricultural yield and production worldwide will have an impact in California.  
Changes in relative productivity between regions will matter to both California’s agricultural 
producers and consumers.  For example, if global yield effects are generally negative, this can 
drive global food prices up and may benefit California’s agricultural producers, but may also 
negatively impact California consumer welfare.44 

Risk Management Strategies 
The vulnerability of agriculture to climate risks is strongly dependent on human responses to 
moderate those risks.  Adaptive behavior can significantly reduce the potential negative 
impacts of climate change on food production, farm income, and food security.45  As shown in 
Box 2, there are a variety of strategies for managing climate change risks to agriculture.  
 
Adjustments existing management practices such as building soil quality to manage water and 
nutrient cycles, diversifying crop rotations to manage pest populations, integrating livestock 
with crop production systems to manage resource cycles, and other practices typically 
associated with agriculture help increase the resilience of agricultural systems in the face of 
impacts.  While these management practices with multiple benefits help avoid or reduce 
productivity losses, there may be barriers or challenges with respect to their adoption.  For 
instance, there may be costs associated with transitioning to lower risk areas or installing water 
use efficiency technologies and the extent of financing and credit availability may limit the 
adoption of such adaptive management actions.  Adaptive responses may also be constrained 
by “path dependency” such as technological lock-in (arising from prior capital investments) 
which limits the pace of adoption of innovative technologies.  Current policies are not well-
designed to integrate climate risks into comprehensive planning efforts or to incentivize 
adaptive measures.46 
 
Adequate preparation for climate risks will require continued development of information 
about risks to agriculture, the further development of management tools and strategies, and 
the dissemination of information and technical assistance to both policymakers and farmers 
and ranchers.47 
 
Box 4 

Food Security and Climate Impacts to California Agriculture 
As California faces the twin challenges of climate change and population growth, our ability to 
feed our population will be challenged.  At the current pace of population increase, every day 
our planet has approximately 220,000 new mouths to feed.48  To keep up with the growth in 
human population, food production must double by 2050. More food will have to be produced 
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over the next 50 years than has been during the past 10,000 years combined49. California, with 
its unique climate and production of nearly half of U.S.-grown fruits, nuts, and vegetables, is 
key to helping feed the state, the nation and the world,   
 
California’s goal is food security – access by all people at all times to enough safe and nutritious 
food for an active, healthy life.  Conversely, food insecurity describes both reduced food intake 
as well as reduced quality, variety, or nutritional value of diet.50  Thus, food insecurity can, 
paradoxically, be associated with poverty and obesity.51 Healthy foods like fruits and vegetables 
are more expensive as compared to many other foods that may be high in calories but low in 
nutritional value.   In addition, access to fresh produce may be unavailable in low-income 
neighborhoods.52  An economically stressed family may face limited choices as to their ability to 
purchase sufficient nutritious food.   
 
In 2009, 3.8 million adults in California, especially those with children and low-incomes, could 
not put enough food on the table.  The highest rates of food insecurity across California were 
observed in the San Joaquin Valley, some Bay Area communities, as well as in Shasta, Butte, 
Sutter, Yuba, Ventura, San Bernardino, Orange and Riverside counties.53  

Negative climate impacts on California agriculture may cause price increases in foods that are 
important to food security.54  Price increases for healthy foods may further exacerbate our food 
insecurity issues.   

 
HIGHLIGHTS OF STEPS TAKEN TO DATE AND SUCCESS STORIES 
 
The California Department of Food and Agriculture (CDFA), in partnership with the other state 
agencies, producers, research institutions, local government, non-profit organizations and other 
entities, are developing strategies and programs to prepare for climate risks to California’s 
agricultural resources.55  Some of the initial activities are described below. 
 
California Agricultural Vision 
In 2008, the State Board of Food and Agriculture inaugurated California Agricultural Vision 
(CAV) as a process to develop a strategic plan for the future of the state's agriculture and food 
system. Its motivation was the rapidly growing list of challenges facing agriculture, from 
regulations and water supplies to urbanization and climate change. After holding public 
listening sessions, the State Board adopted a Vision to serve as the framework for the plan. The 
Vision focuses on three basic goals: 

 Better Health and Well-being - Meeting the Nutrition Needs of California's Diverse 
Population; 

 A Healthier Planet - Agricultural Stewardship of the Natural Resource Base upon 
which California and Food Production Depend; and  

 Thriving Communities - Food Production as a Driver of Sustainable California 
Economic Growth. 
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California Agriculture Vision: Strategies for Sustainability (“Ag Vision”) was released in 
December 2010.56  Ag Vision identified 12 major challenges for California agriculture along with 
strategies to address them.  One of the challenges is climate change.  However many of the 
other challenges that are identified directly overlap or relate to climate change  - including 
adequate water supply, curtailing invasive species, farmland and water conservation, 
environmental stewardship, and the promotion of regional markets.   

Since the release of Ag Vision, Ag Vision Advisory Committee has continued progress on the 
strategies and action items within the report to ensure a vibrant future for the state. In April 
2012, CDFA released a report detailing progress to date.57  

Climate Change Consortium for Specialty Crops 
As an extension of Ag Vision, in August 2012, CDFA announced the formation of a Climate 
Change Consortium.58  The Climate Change Consortium met four times during 2012 and 2013 to 
hear from researchers on the impacts of climate change such as increasing temperatures, 
changing precipitation patterns and water availability, increased pest pressures, and pollination 
concerns.  The Consortium made recommendations for climate change adaptation drawing 
from their varied backgrounds as growers, researchers, and representatives from agricultural 
associations.  The Consortium's recommendations fall into five categories: 1) On-farm strategies 
to improve resilience, 2) Planning and Resource Optimization, 3) Research Needs, 4) Outreach 
and Education, and 5) Technology and Innovation. The on-farm strategies are directed toward 
growers and include practical ideas such as diversifying farming operations, utilizing irrigation 
and water conservation plans, and considering best management practices that can help attract 
beneficial predators and pollinators.  

The October 2013 final report, Climate Change Consortium for Specialty Crops - Impacts and 
Strategies for Resilience, is directed toward a large audience, including growers, researchers, 
and agency partners with the purpose of guiding CDFA and its partners in future activities and 
reducing agriculture's vulnerability to climate change.59  Implementation of all the 
recommendations crafted by the Climate Change Consortium will be important; the 
recommendations below in the “Actions Needed to Safeguard Agriculture” section of this 
chapter were adopted from the recommendations made by the Climate Change Consortium. 

CDFA Environmental Science Farming Panel and Ecosystem Services Database 
In August 2011, CDFA convened the Environmental Farming Act Science Advisory Panel. The 
Panel is charged with reviewing and documenting agriculture's positive impacts to the 
environment.  The Panel recognizes the importance of environmental stewardship practices in 
agriculture.  Its current work focuses on incentives and evaluation of ecosystem services 
(defined as the multiple benefits gained from farming and ranching including crop and livestock 
production).60  As part of the Environmental Farming Act, with consultation from the Science 
Advisory Panel, an Ecosystem Services Database has been developed.61  The information 
contained in this database is collected from farm and ranch websites and on-line case studies. 
The database can be queried by key word and categories as well as through an interactive map. 
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The database is designed to communicate, to a wide audience, the many social and 
environmental benefits offered by farms and ranches in California, including food production. 

California-Federal Task Force on Dairy Digesters  
Agriculture has the ability to reduce the sector’s contribution to greenhouse gas emissions (e.g., 
approximately 6 to 7 percent of California’s total emissions are attributed to the agricultural 
sector) that cause climate change in a variety of ways.  For instance, California is the largest 
dairy state in the USA, with approximately 1.7 million cows producing more than 3.6 million dry
tons of manure per year that must be managed to reduce or mitigate environmental impacts.  
One way of reducing greenhouse gases is to process manure in anaerobic digesters to produce 
biogas, a flexible renewable source of energy and fuel.
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In 2011, representatives from USDA NRCS, USEPA and CDFA convened the California-Federal 
Task Force on Dairy Digesters to examine the lack of dairy digesters on California dairies.  The 
three working groups of the task force finalized recommendations to reduce economic, 
technical and regulatory hurdles currently in place in order to make digester systems more 
feasible in California.  The implementation of those recommendations has included, among 
other things, increasing the feed in tariff for biogas and consolidating permitting processes and 
clarifying permitting requirements.63   

California Bioenergy Action Plan 
As noted above, California has enormous potential to create energy from organic by-product
materials.  The 2012 Bioenergy Action Plan outlines strategies, goals, objectives, and actions 
that California state agencies will take to increase bioenergy development in California.  
Pursuant to the 2012 Bioenergy Action Plan, CDFA is, among other things, leading efforts to 
develop and implement actions that will enhance the economic, regulatory and technical 
viability of dairy digesters and co-digestion of other agricultural byproducts.
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Agricultural Offsets and Agriculture in Climate Policy 
In October 2011, the California Air Resources Board (ARB) adopted the nation's first economy-
wide cap-and-trade regulations.  As part of the cap-and-trade program, ARB has adopted a 
Livestock Projects Compliance Offset, recognizing the greenhouse gas benefits of manure 
management systems.65 

CDFA, ARB and other governmental partners are continuing ongoing discussions with 
stakeholders about opportunities for agriculture in climate change policy.  The discussion 
focuses on identifying the role of greenhouse gas emissions from agricultural practices; 
developing strategies on best practices to mitigate climate change; agricultural offsets; and 
pursuing incentives and recognition for best practices to support climate change 
policy.  Incentives may include voluntary carbon market compliance, U.S. Farm Bill 
conservation programs, supply chain initiatives, ecosystem services, and emission reductions 
to support CEQA mitigation.  For more information on federal climate accomplishments 
related to agriculture, please see Box 5: USDA Action to Prepare for Climate Risks to 
Agriculture. 
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Box 5 

USDA Action to Prepare for Climate Risks to Agriculture 

USDA Climate Adaptation Plan 

The U.S. Department of Agriculture (USDA) Climate Change Adaptation Plan presents 
strategies and actions to address the effects of climate change on USDA’s key mission areas 
including agricultural production, food security, rural development, and forestry and natural 
resources conservation.  The USDA Climate Change Adaptation Plan includes input from 
eleven USDA agencies and offices.  It provides a detailed vulnerability assessment, reviews the 
elements of USDA’s mission that are at risk from climate change, and provides specific actions 
and steps being taken to build resilience to climate change.  The plan advances efforts to 
integrate climate change adaptation planning into the actions of the federal government. 66 

Report on Climate Effects and Adaptation Strategies 

In February 2013, USDA released a report synthesizing the scientific literature on climate 
change effects and adaptation strategies for U.S. agriculture.  The report is entitled Climate 
Change and Agriculture: Effects and Adaptation.67 

Research to Prepare for Changing Climate Conditions 

USDA is supporting a variety of climate-related research.  For instance, researchers at the USDA 
Agricultural Research Service (ARS) are developing heat-tolerant varieties of spinach and lettuce 
to ensure California will continue to provide important specialty crops to consumers.68 

USDA is also working to support efforts to reduce the greenhouse gas emissions that cause 
climate change.  In August 2013, USDA released for public comment a new report that outlines 
a set of scientific methods for quantifying greenhouse gas emissions and carbon storage at the
local farm, ranch or forest scale.
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Efforts to Preserve the Genetic Diversity of Crop Species 

As further described in the Biodiversity and Habitat section of this document, a number of 
efforts have begun to systematically collect and preserve genetic material in recognition of the 
risk of biodiversity loss from threats such as climate change.  The mission of the USDA ARS 
National Center for Genetic Resources Preservation (NCGRP) is to acquire, evaluate, preserve 
and provide a national collection of genetic resources to secure the biological diversity that 
underpins a sustainable U.S. agricultural economy through diligent stewardship, research and 
communication.70  For instance, noting that 20% of the world’s livestock breeds are at risk of 
extinction, and that such a contraction limits the flexibility of livestock producers to respond to 
future biological or economic challenges, the USDA Plant and Animal Genetic Resources and 
Preservation Research Unit is continuing the development of germplasm and tissues collections 
for all major livestock species in the U.S., so that industry and the research community can 
access these resources at any time.  Genetic preservation efforts will be important for food 
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security and the economic vitality of the agriculture sector.71 

Climate Hubs 
 
In February 2014, USDA announced the creation of seven regional climate hubs and two sub-
hubs, including a Southwest sub-hub in Davis, California.  The Climate Hubs will build on the 
capacity within USDA to deliver science-based knowledge and practical information to farmers, 
ranchers and  forest landowners to help them adapt to climate change and weather variability. 
The Hubs will build capacity within USDA to provide information and guidance on technologies 
and risk management practices at regional and local scales.72 

 
Invasive Species Preparation and Response 
As noted in the Biodiversity and Habitat section of this document, climate change may result in 
species migration, range shift, and novel combinations of species, and as discussed above 
agriculture may face changing pressures from invasive pests, weeds and diseases.  These 
changes will occur against a backdrop where global trade is increasing over time, and more 
opportunities will arise for the introduction and establishment of invasive species through 
California, the nation’s trading hub.  In 2011, the Invasive Species Council of California (ISCC), 
comprised of six state agencies, approved Stopping the Spread: A Strategic Framework for 
Protecting California from Invasive Species.  The Framework recommends a number of actions, 
including creating and funding a Rapid Response Work Group to guide response to new invasive 
species. The ISCC created the California Invasive Species Advisory Committee (CISAC), a 
stakeholder body, to advise the council and develop recommendations, which included 
developing the Strategic Framework and the 2013 Update and presenting them to the ISCC.  
The ISCC is planning to update the Framework by the end of 2014.73  
 
CDFA is also preparing a Statewide Plant Pest Prevention and Management Program 
Environmental Impact Report (PEIR).  The goal of this statewide program is to create a vehicle
that provides a time-sensitive and efficient framework for evaluating potential environmental 
impacts of invasive pests and the pest management activities implemented by CDFA and its 
partners.

 

74 
 
Agricultural Research  
CDFA, through its Specialty Crop Block Grant Program (a USDA program), is funding research to 
identify risks, develop adaptation measures and provide information to producers in adapting 
to climate change. California’s leading research institutes, enabled in part by CDFA funding, are 
studying crop chilling, heat requirements, crop phenology, and furthering our understanding of 
the effect of agricultural management practices on greenhouse gas emissions.75  CDFA’s 
Fertilizer Research and Education Program is also funding and facilitating research into how to 
reduce nitrous oxide greenhouse gas emissions from nitrogen application fertilizers.76  
CalRecycle and CARB are collaborating on research that includes investigating GHG emissions or 
emissions reductions from the application of finished compost to agricultural soils. 
 
The state’s Climate Change Assessment program has also enabled research specifically focused 

http://www.iscc.ca.gov/cisac.html
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on climate impacts to California agriculture.  The Second Climate Change Assessment included 
six agriculturally-focused studies, and the Third Climate Change Assessment included three 
studies, including initial efforts to examine climate impacts and strategies for specific regions in
California such as Yolo and Fresno County.
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Protecting Agricultural Land  
As noted above, the risk of significant climate changes is present against a backdrop of other 
stressors to California’s food and agriculture, including significant loss and conversion of 
agricultural land.  Farm and grazing lands in California decreased by more than 1.3 million acres 
between 1984 and 2008.  This loss averages about one square mile every four days.78  Farmland 
protection is an important strategy for reducing stressors on agricultural production as climate 
risks escalate.  Furthermore, protecting farmland from conversion can otherwise reduce 
California climate risks by helping to ensure food security, providing habitat and corridors for 
wildlife, and helping with flood mitigation and groundwater recharge.  Protecting farmland can 
also have significant greenhouse gas benefits; one study has indicated that urban land produces 
seventy times more greenhouse gas emissions per acre than cropland.79 

Land use planning in California occurs mostly at the local or regional level, and local and 
regional governments are key partners for the state with respect to farmland protection.  The 
California Land Conservation Act of 1965--commonly referred to as the Williamson Act--enables 
local governments to enter into contracts with private landowners for the purpose of restricting 
specific parcels of land to agricultural or related open space use. In return, landowners receive 
property tax assessments which are much lower than normal because they are based upon 
farming and open space uses as opposed to full market value. The Open Space Subvention Act 
of 1971 provided local governments an annual subvention of forgone property tax revenues 
from the state through the year 2009; however, these payments have been suspended in more 
recent years due to revenue shortfalls.80

The California Farmland Conservancy Program (CFCP), a grant-funding program run by the 
California Department of Conservation, has successfully conserved over 56,000 acres of 
California farmland since 1996.81  The CFCP provides grants to local governments and qualified 
non-profit organizations.  These grants support local efforts and planning projects that protect 
agricultural land resources.  The State of California Wildlife Conservation Board also administers
the Rangeland, Grazing Land and Grassland Protection Program which has supported 
conservation easements intended to prevent rangeland conversion, protect livestock grazing, 
and sustain the related water quality and open-space benefits of grazing practices.

 

82  Funding 
for both the CFCP and Rangeland, Grazing Land and Grassland Protection Program has 
diminished significantly in recent years. 

In April 2012, Fresno City Council voted to support a 2035 General Plan Update that supports 
farmland protection and smart growth principles that contain sprawl.  At the City Council 
meetings on the 2035 General Plan Update, there was a wide and diverse support base for the 
smart growth approach.83  This is a significant step for a large city surrounded by some of the 
state’s best agricultural land.  Smart growth can also reduce the greenhouse gas emissions that 



34 

cause climate change, both by reducing vehicle miles traveled and by preventing conversion of 
agricultural lands to urban lands which have a significantly higher greenhouse gas footprint.84 

Other innovative planning projects that will help protect agricultural land and resources are 
also underway.  For example, the Sacramento Area Council of Governments (SACOG) is 
undertaking the Rural Urban Connection Strategy (RUCS), which is creating an agricultural 
mapping tool that will be integrated into its model used for urban land use analyses.  The 
project is evaluating the greater Sacramento area’s growth and sustainability from a rural 
perspective – and will ultimately be the region’s economic and sustainability strategy.85  The 
San Joaquin Valley Greenprint will compile information describing the lands, waters and living 
resources of the San Joaquin Valley region and the trends affecting them, in order to reinforce 
local efforts and serve as a guide to local, state, federal and private sector decision-makers as 
they make choices about the future of the Valley’s agricultural resources.86 

Heat and Agricultural Worker Safety 
As noted throughout this document, climate change is expected to bring more frequent and 
more severe weather events, including more extreme heat events.  Since 2005, California 
employers have been required to provide services that protect outdoor workers— adequate 
water, shade, rest breaks, training and emergency procedures.  In 2010, the standard was 
strengthened to include a high heat provision that must be implemented by five industries 
(agriculture, construction, landscaping, oil and gas extraction and transportation or delivery of 
agricultural products, construction material or other heavy materials) when temperatures reach 
95° F and above. These enhancements included mandates to remind employees to drink water 
more frequently, to observe employees for signs and symptoms of heat illness, to ensure 
effective communications to summon help if needed, and to provide close supervision of new 
employees.87  For more information on heat and health, please see the Public Health section of 
this document. 

Improving Water Management in California 
As further discussed in the Water chapter of this document, pursuant to SB 7x7, or the Water 
Conservation Act of 200988, DWR, in consultation with the California Agricultural Water 
Management Council, academic experts, and other stakeholders, developed a proposed 
methodology for agricultural irrigators, farmers and ranchers to use in quantifying the 
efficiency of agricultural water use and a plan of implementation that includes estimated 
implementation costs, roles and responsibilities, and types of data that would be needed to 
support the methodology.  “A Proposed Method for Quantifying the Efficiency of Agricultural 
Water Use: A Report to the Legislature” was released in May 2012.89   

In 2009, the Governor and Legislature also enacted SB 7x6, which requires the reporting of 
groundwater levels to DWR.90  Specific recommendations for improving water use efficiency, 
preparing for hotter and drier conditions, supporting regional groundwater management for 
drought resilience, and other water-related recommendations to respond to climate risks are 
discussed in the Water chapter of this document. 
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Resource Conservation Districts – Mobile Irrigation Labs and Mobile Water Labs 
Resource Conservation Districts (RCDs) are “special districts” set up under California state law 
for the control of runoff, the prevention or control of soil erosion, the development and 
distribution of water, and the improvement of land capabilities.91  The lands included in a 
district shall be those generally of value for agricultural purposes, including farm and range land 
useful for the production of agricultural crops or for the pasturing of livestock, but other lands 
may be included in a district if necessary for the control of runoff, the prevention or control of 
soil erosion, the development and distribution of water, or land improvement, and for fully 
accomplishing the purposes for which the district is formed.  Many RCDs offer Mobile Irrigation 
Labs or Mobile Water Labs that perform on-farm water use evaluations to improve irrigation 
efficiency and awareness of water conservation tools.92 
 
ACTIONS NEEDED TO SAFEGUARD AGRICULTURE 
 
As described above, important first steps have been taken to help protect California agriculture 
from climate risks.  Ensuring the sustainability of food production in the face of climate risks will 
require a concerted collaborative effort by farmers and ranchers, government agencies, 
agricultural service organizations, research institutions, and other partners.  Such efforts will be 
important to safeguard California’s agricultural production and economy, and will be important 
to food security in California, the nation, and the world.  Recommended actions are described 
in more detail below. 
 
Developing and promoting adoption of management strategies and systems that reduce 
climate risks to agriculture 
 
Actions to develop and promote adoption of management strategies with multiple benefits that 
reduce climate risks to agriculture will be important, these may include: 
 

 Developing new and adapting existing best management practices that reduce 
climate risks, including, for example, soil conservation practices and practices that 
support pollinator health;  

 Developing incentive programs for sustainable, science-based practices that create
resilience to climate impacts, including pilot-projects to demonstrate proof-of-
concept; 

 

 As further discussed in the Water section of this document, management strategies 
that reduce climate risks to water are needed including, but not limited to, 
enhanced flood management, water use efficiency, and regional groundwater 
management for drought resiliency; 

 Reducing the rate of farmland conversion to buffer against climate risks to food 
production by supporting smart growth and reducing urban sprawl, and supporting
farmland conservation;  

 

 While continuing breeding research as discussed above, also supporting efforts to 
systematically collect and preserve agricultural genetic material in recognition of the
risk of agricultural biodiversity loss from climate change;
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 Investing in and improving agricultural equipment to be adaptable between crops to 
facilitate shifting crop patterns and to optimize capital investments in the face of 
changing climate conditions; and 

 Working with industry to develop new technologies for field-level monitoring of 
climate impacts, including, for example pests. 

 Provide technical assistance and financial incentives to farmers and ranchers 
implementing climate resilience strategies and systems. 

 
Understanding and responding to evolving trends that relate to agriculture 
 
Changing climate risks and emergency management 
CDFA is the lead agency on emergency management related to food and feed safety and 
agricultural diseases and pests.  As noted in the Emergency Management section of this 
document, climate change is likely to require improvements emergency preparedness and 
response capacity.  As discussed above, climate change has implications for infectious diseases 
and food and animal safety.  It will be important to ensure that CDFA has adequate support and 
capacity to respond quickly to emergencies related to food and feed safety and agricultural 
diseases and pests.  
 
Supporting new revenue streams for agriculture that support positive climate action 
Climate change threatens the California agricultural sector with economic losses, and the ability 
to develop new revenue streams may help provide added fiscal resilience for California farmers 
and ranchers.  Activities that generate new revenue streams may themselves help foster 
positive action on reducing the emissions that cause climate change, and help to build 
resilience against climate risks.  For instance, as discussed above, the development of anaerobic
digesters and co-digestion of agricultural by-products can provide flexible, renewable energy 
and help with waste diversion goals.  Developing incentives for agricultural ecosystem services, 
such as beneficial soil practices (for example, cover crops, tillage practices, and the use of 
compost), can provide greenhouse gas and water quality benefits, and such practices can also 
foster greater resilience in the face of climate impacts (for instance by improving soil moisture 
during hotter, drier conditions). 

 

 
Cross-sectoral climate impacts  
Climate risks to other sectors are important to agriculture.   Climate risks to water and 
management strategies to address those risks are obviously important to agriculture. Impacts in 
other sectors are also important, for instance, impacts to the energy system can disrupt 
agricultural production, impacts in the transportation sector can have critical implications for 
agricultural goods movement, and climate impacts to biodiversity and habitat may have 
impacts on species that are beneficial to agricultural production. 
 
Furthermore, impacts to the agricultural sector can have important implications for other 
sectors.  For instance, increasing temperatures, may require increased energy or water 
consumption for agriculture (for instance, to enhance or provide livestock cooling systems).  As 
discussed in this chapter, declining agriculture productivity or price increases related to climate 
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impacts may also have impacts on public health.  Cross-sectoral collaboration and engagement 
will be increasingly important in the era of climate change.  

 
Support risk sharing mechanisms that protect food security and California’s agricultural sector  
 
As discussed in the Emergency Management section of this document, insurance and disaster 
relief are important risk sharing mechanisms that can help foster resilience, especially when 
combined with other efforts to reduce climate risks.  However, federal program spending on 
the types of crops grown in California remains a small fraction of that spent on crops, like corn, 
wheat, soy, and cotton, which are predominantly grown in other parts of the nation.  Climate 
risks to California’s crops and livestock not only threaten California’s agricultural sector and 
economy, climate impacts may cause price increases in healthy foods, like fruits, nuts, and 
vegetables, that are important for food security in California, the nation, and the world.  
 
California should continue to support national policy reforms that would provide crop insurance 
and disaster assistance safety net programs to all commodities, and ensure that California 
farmers and ranchers have access to these types of important risk sharing mechanisms.  
 
Improving Understanding of Climate Impacts on Agriculture 
 
Research, Modeling and Monitoring 
Some important work has been completed with respect to research and modeling projected 
climate impacts to agriculture, but more remains to be done.  Needed actions include, but are 
not limited to:  
 

 Studies of infrastructure and capital associated with relocating crops or shifting 
between crops; and economic studies of crop relocation or crop shifting, including 
comparative cost studies of moving or losing certain crops;   

 Studies that evaluate the climate benefits of organic materials as soil amendments, 
such as compost, biochar, and digestate; 

 Research supporting the beneficial use of agricultural by-products for renewable 
energy and organic fertilizers; 

 Studies to quantify carbon sequestration and water saving potential of compost use 
in agricultural setting such as irrigated croplands and rangelands; 

 Cumulative impact studies: As discussed in this chapter, agriculture faces multiple 
changing climate variables and multiple climate risks, and these threats occur 
against the backdrop of other stressors such as farmland conversion.  More research 
is needed to understand the compound and cumulative impacts of these risks, to 
develop more accurate projections to inform risk management strategies.  Research 
is needed on the cumulative impact of farmland conversion on adaptive capacity 
and food security; 

 More crop-specific and location-specific studies of climate risks, and modeling 
projections of productivity effects and impacts to help facilitate the development of 
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specific, actionable management activities to reduce climate risks (e.g. strategies for 
salt water intrusion for agriculture located in areas susceptible to such risks); 

 Plant and animal breeding research, including research on pest and disease 
resistance, drought resistance, heat and chill resilience, and stress tolerance; 

 Research on changing water needs for agriculture in times of more sustained higher 
temperatures and extreme heat events; 

 Research on climate impacts on vector-borne diseases in animals, along with action 
to preserve and enhance monitoring, testing and reporting capacity for such 
diseases, especially in light of reductions in federal funding from the Centers for 
Disease Control and Prevention for such activities; 

 Research on climate change risks to food safety; 

 Research on temperature changes and other climate stresses on livestock; 

 Further research on temperature changes and other climate stresses on crops; 

 Further studies on barriers to efforts to prepare for climate risks and ensure the 
long-term sustainability of California agriculture, including possible strategies for 
overcoming such barriers; 

 Creating an online “research needs” forum where agricultural stakeholders, 
including farmers, ranchers and industry groups, can share their needs, 
observations, and ideas directly with scientific researchers; and promoting 
cooperative research that involves farmers and ranchers in the research process, 
including “on-farm” research projects;  

 Studies of the economic and social risks of negative climate impacts on California 
agriculture; 

 Further research on climate impacts on weeds and invasive plant species, insect 
pests, and pathogens affecting crops; 

 Further research on climate impacts on pollinators, including native pollinator 
species;  

 Studies of the ability of California’s beneficial species to control new or worsening 
invasive species problems; and 

 Studies of the effectiveness of different cropping practices, e.g. organic, crop 
rotation, fertilization, for addressing climate risks to agriculture. 

 
Visualization Tools 
Climate research and data will need to be translated into tools that can be used by agricultural
producers involved with on-the-ground management of agricultural resources.  Tools may 
include:  

 

 

 An early effort at mapping California agricultural vulnerability was developed as part 
of the Third Climate Change Assessment93, but the mapping effort needs to be 
refined to consider additional variables and more fully assess the vulnerabilities to 
California’s water resources and livestock systems in a spatially explicit manner, and 
to modify the mapping to accommodate future projections of climate, land use, and 
socio-economic variables; 
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 Vulnerability maps showing projected climate risks to California agriculture, should 
be integrated in state visualization tools such as Cal-Adapt and the California 
Geoportal; 

 Climate risk visualization tools tailored more specifically to agricultural producers 
should be developed, supported, maintained, and publicized. 

 
Outreach and Education 
 
It will be important to disseminate information regarding the results of continuing research on 
climate risks to agriculture, the development of best management practices for dealing with 
such risks, and any expanded business, funding, or risk sharing opportunities that can enhance 
resilience.  This information must be shared with farmers and ranchers, decision makers, and 
other partners in a format that is easily accessible and readily usable in order to promote timely 
action to protect agricultural resources from climate risks. 
 
Efforts to foster this type of outreach and educational might include: 
 

 Working collaboratively with partners (such as USDA Climate Hubs, USDA Natural 
Resources Conservation Service, University of California Cooperative Extension, 
Resource Conservation Districts, and the California Agricultural Commissioners and 
Sealers Association) to provide information on climate risks as well as financial and 
technical assistance to farmers and ranchers interested in adopting practices that 
create resilience against climate risk; 

 Establishing an international exchange program to facilitate the learning and 
adoption of new tools and techniques to create resilience in farming and ranching in 
the face of climate risks;  

 Developing a comprehensive list of adaptation strategies that have worked 
throughout the world to reduce climate risks to agriculture, and promote such 
strategies in California if relevant and useful;   

 Hosting a recurring conference focused on preparing for climate risks to agriculture 
for farmers, ranchers, researchers, government agencies, and other partners; 

 Continuing integration of agricultural climate risk considerations into broader state 
efforts to prepare for climate risks; 

 Recognizing and publicizing the efforts of innovative farmers and ranchers who are 
proactive in preparing for climate risks and adopting practices that foster resilience; 
and 

 Providing online materials, in addition to the visualization tools discussed above, 
regarding climate risks to agriculture (such as changing water availability, extreme 
weather events, loss of winter chill and other temperature changes, possible shifts in 
pests and disease, possible shifts in pollinator lifecycles, etc.). 

 



40 
 

Box 6 

California Food and Agriculture 

Several state entities play an important role with respect to food and agricultural in California.  
The state also has important federal, local and private sector partners.  Understanding the role 
of these various entities is important for a robust discussion of efforts to prepare for climate 
risks.   

California Department of Food and Agriculture (CDFA) serves the people of California by 
promoting and protecting a safe, healthy food supply, and enhancing local and global 
agricultural trade, through efficient management, innovation and sound science, with a 
commitment to environmental stewardship. 
 
California Department of Conservation (DOC) among other things, DOC works to safeguard 
farmland and open space resources. 
 
California Department of Forestry and Fire Protection (CAL FIRE) is dedicated to the fire 
protection and stewardship of over 31 million acres of California's privately-owned wildlands.  
The health of forested watersheds is important to California’s water supply and water quality. 
 
California Department of Public Health (CDPH) works with partners to implement outreach for 
CalFresh: California’s Supplemental Nutrition Assistance Program which is funded by the U.S. 
Department of Agriculture.  CDPH also has a number of other nutrition and food safety 
programs. 
 
California Department of Water Resources (DWR) is responsible for managing and protecting 
California’s water resources and supplies. 
 
California Department of Resources Recycling and Recovery (CalRecycle) - part of CalRecycle's 
mission is to increase the diversion of organic materials from landfill disposal for beneficial uses 
such as compost and energy production. 
 
Invasive Species Council of California (ISCC) is an inter-agency council that helps to coordinate 
and ensure complementary, cost-efficient, environmentally sound and effective state activities 
regarding invasive species. The ISCC is chaired by the Secretary of the California Department of 
Food and Agriculture and Vice-Chaired by the Secretary of the Natural Resources Agency; its 
members include the Secretaries from the California Environmental Protection Agency, 
California Business, Transportation and Housing Agency, California Health and Human Services 
Agency, and California Office of Emergency Services. 
 
State Water Resource Control Board (SWRCB) and nine Regional Water Quality Control 
Boards (Water Boards) were created in 1949.  SWCRCB protects water quality by setting 
statewide policy and supporting the pollution control programs administered by the Water 
Boards.   
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Wildlife Conservation Board (WCB) administers the Rangeland, Grazing Land and Grassland 
Protection Program. 
 
 
California has important federal partners with respect to food and agriculture including: the 
U.S. Department of Agriculture (USDA) which provides leadership on food, agriculture, natural 
resources, rural development, nutrition, forest management, and related issues based on 
sound public policy, the best available science, and efficient management, and the Bureau of 
Land Management (BLM) which manages livestock grazing on 155 million acres of public lands 
as guided by Federal law.  California also has many important local government partners, 
including the County Agricultural Commissioners and Sealers (CACASA), as well as private 
partners on food and agriculture.  
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BIODIVERSITY AND HABITAT 
 
INTRODUCTION 
Climate-related changes are adding pressure to ecosystems already stressed by habitat loss and 
fragmentation, pollution, disease, population growth, and other human-related impacts.  This 
added pressure is significantly increasing the risk of biodiversity loss and species extinction. 
Healthy ecosystems and ecological processes provide a variety of benefits including, but not 
limited to, clean air, clean water, carbon storage, crop pollination, and recreational 
opportunities such as hunting, fishing, and wildlife viewing. Biodiversity resources are also an 
important part of the cultural heritage of communities.  These are but a few of the many 
benefits, sometimes referred to as ‘ecosystem goods and services’ that are enjoyed by 
California residents and at risk of being negatively impacted by climate change.   
 
The specific implications of climate change for biodiversity and ecosystem goods and services 
may vary by region, and research is improving our understanding of the potential impacts and 
projected risks in California. Some of the major challenges facing the biodiversity sector that are 
being exacerbated by climate change include the accelerated spread of invasive species that 
negatively impact native species and ecosystem processes, barriers to species migration or 
movement in response to changing climatic conditions, direct impacts to species health, and 
mismatches in timing between seasonal life-cycle events such as species migration and food 
availability. These potential impacts could have serious implications for the ecosystem services 
described above. Timely action is needed to address these risks.   
 
California state agencies and partners have made important progress with respect to preparing 
for risks to biodiversity, including groundbreaking collaborative efforts. California agencies and 
partners have worked together to build a collective vision for how to address climate-related 
risks to biodiversity through national and regional planning efforts. Since 2009, an abundance 
of climate research projects and tools have been developed by numerous organizations to help 
visualize and improve our understanding of climate impacts and the vulnerabilities of fish, 
wildlife, and habitats. Perhaps most importantly, climate change is becoming an integral part of 
on-the-ground restoration and conservation activities. Since California habitats are owned and 
managed by a variety of different entities including federal, state, and private landowners, 
continued collaboration is particularly important to effective efforts to protect California 
habitat and biodiversity in the face of escalating climate-related risks.  More remains to be 
done.   

Some on-going resource management efforts, such as conservation and restoration efforts, 
help reduce stressors on ecosystems.  However, as temperatures and water availability are 
changing in California, new efforts are needed to adequately safeguard California’s natural 
resources.  For instance, one of the primary means by which species are expected to respond to 
climate change is to adjust their geographic ranges to track shifting areas of climatic suitability.  
Therefore, there will be an increasing need to ensure that there are linkages, or ‘connectivity’, 
between habitat areas to facilitate the movement of species.  Additional research is needed to 
support these efforts and to continually improve our understanding of climate impacts and risks 
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to biodiversity. Monitoring of baseline species and habitat conditions and changes on the 
landscape will be necessary to support adaptive management, and education and outreach 
efforts will be key to communicating risks and gaining public support for action. To face these 
risks in a cohesive and effective way, environmental stewardship must be practiced across state 
agencies. 
 
Several state entities play an important role with respect to biodiversity and habitat in 
California. Understanding the jurisdictional scope of these entities is important for a robust 
discussion of continued steps needed to adequately prepare for climate risks.  For more 
information, see Box 15: Entities Responsible for California’s Biodiversity and Habitat at the end 
of the chapter. 
 
Box 7 

Declining snowpack and the loss of a fly fishing dream 
By William Geer [Used with permission] 

The course of my career was pretty well set in July 1958 when I caught my first limit of rainbow 
trout from Pinecrest Lake up on Sonora Pass in the Sierras. My love for fishing culminated in a 
career as a professional fisheries biologist in which I have been able to devote field work and 
research into what makes or breaks good trout waters. I was raised in Salinas far from the 
Sierra trout waters, but dreamed of one day living along a good trout stream in the mountains. 

Now about to retire, I am living my boyhood dream next to a wonderful little trout stream in 
western Montana – Lolo Creek – where I have enjoyed catching rainbow, brown, brook and 
cutthroat trout on flies all summer and fall. I figured I finally arrived at where I wanted to be, at 
least until a few years ago when I walked down to the stream one day in August and found no 
water – and no trout – in the channel. 

The stream had not been drained dry by manmade diversion; it simply ran out of snowmelt. 
The late summer flows in Lolo Creek that had always been sustained by prolonged snowmelt 
from the Bitterroot Mountains were gone, victim to snowpack that has declined 17% over the 
past 50 years due to a changing climate. Even with an increase in spring rains, which do not 
sustain late summer streamflows, I see the damage that a 17% decline in snowpack has done 
for fish and fishing in Lolo Creek. I wonder about the consequences of a predicted 25% 
reduction in snowpack in California. Less snow and more rain have become a west-wide pattern 
in recent years. 

Over the last several years as a fish and wildlife professional, I have focused almost entirely on 
the impacts of climate change on fish and wildlife, its implications for sustainable hunting and 
fishing, and on-the-ground adaptation projects that will help fish and wildlife survive in viable 
populations in the changing environment. I have examined the state-specific impacts of climate 
change in Montana, Washington, Oregon, Colorado and New Mexico. 

In my little neighborhood stream, the reduced snowpack has become evident in both declining 
June runoff and loss of August streamflows. August is often the worst month in western trout 
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streams due to low flows that confine trout populations in reduced habitat areas and higher 
water temperatures that exceed the upper limits of tolerance for cold-adapted native species 
like cutthroat and rainbow trout. A new research study in Wyoming, Montana and Idaho shows 
that the problem of declining August streamflows in trout-supporting streams is widespread. 

I also fish for native Yellowstone cutthroat trout in the fabled Yellowstone River. The larger 
Yellowstone River also suffers from climate-driven lower runoff and August streamflows. The 
warmer water in August has allowed an upstream invasion of nearly 40 miles by warmwater 
smallmouth bass that have displaced native cutthroats that cannot tolerate the warmer water. 
The displacement of coldwater trout by invasive warmwater species like bass has become 
common in rivers and streams throughout the West the last 20 years. 

Observations on climate impacts on western streams and trout populations have been made in 
all western states, and the outlook is not good. New research by fishery scientists in Trout 
Unlimited and state fish and wildlife agencies forecasts the effects of climate-altered 
streamflows and higher water temperatures on four species of trout on nearly 250 million acres 
across the Intermountain West based on fish surveys at 9,890 sites. Projections show a 47% 
decline in total suitable habitat for all trout by the 2080s. Habitat for brook trout and brown 
trout is predicted to decline by 77% and 48%, respectively. Cutthroat trout are predicted to lose 
a further 58% of habitat due to higher temperatures and negative biotic interactions with other 
fish species more tolerant of warming water. 

It is expected that climate impacts on inland California trout streams such as those in the Sierra 
Nevada Range – the waters most immediately affected by less snow, more rain and warmer 
water – will mirror the impacts already observed in Montana, Colorado, New Mexico and 
eastern Washington and Oregon. 

I won’t be the only fly fisher losing a dream because of climate change in California and 
throughout the West. 

Bill Geer worked for the Theodore Roosevelt Conservation Partnership from 2005 until his 
retirement in 2013. Bill served as the Director of Western Lands and Climate Change Initiative 
Manager for the Theodore Roosevelt Conservation Partnership. After earning a B.S. from the 
University of Montana School of Forestry and a M.S. degree in limnology from Montana State 
University, Bill spent 40 years as a professional fish and wildlife conservationist. He served as 
Chief of Fisheries and Director of the Utah Division of Wildlife Resources, Coordinator for the 
North American Waterfowl Management Plan for the National Fish and Wildlife Foundation, 
Vice President for both Field Operations and Conservation Programs for the Rocky Mountain Elk 
Foundation, Inland Northwest Conservation Manager for the Nature Conservancy in Idaho, 
Executive Director of the Outdoor Writers Association of America, and Special wildlife adviser to 
both Senator Jon Tester and to the Wildlife Conservation Society. Bill is from Salinas, California 
and is a well-respected leader in the hunting and fishing community. 

 

Risks, Challenges and Opportunities with Respect to Safeguarding Biodiversity and Habitat  
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Impacts and Risks 
Climatic changes are resulting in changes in biological systems.  Changes to air and water 
temperatures, changes to water quality and availability, sea level rise, ocean acidification, 
aquatic hypoxia, and altered wildfire regimes are some of the changes that are affecting 
biological systems.94  (For more information on ocean acidification and sea level rise, see the 
Ocean and Coastal Ecosystems and Resources section of this document. For more information 
on the impact of temperature, precipitation and other climate changes on tree species, please 
see the Forestry section of this document.)  Recent research since 2009 has revealed that 
climate change related increases in extreme events such as fire, drought, flood, extreme 
temperatures, and storm events could have significant impacts on habitat, species, and human 
communities. 95

Box 8 

Ocean Acidification: Implications for Biodiversity 

Ocean acidification is impacting the biological diversity of our oceans.  As the oceans become 
more acidic, organisms that use calcium carbonate to construct skeletons and protective 
structures are especially at risk since acidic conditions can inhibit shell formation.96 (See also 
Ocean and Coastal Ecosystems and Resources Chapter narrative “Seeing is believing: shellfish 
growers confront ocean acidification”). Ocean acidification can also negatively affect fish 
larvae.97 Ocean acidification threatens to disrupt marine food webs, and may lead to changes
in fish stocks that threaten food security.98

 Photo credit: David Liittschwager/National Geographic Stock. Used with permission. 

The photos above show what happens to a pteropod’s shell when placed in sea water with pH 
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and carbonate levels projected for the year 2100. The shell slowly dissolves after 45 days.   It 
should be noted that this photograph is provided for illustrative purposes; ocean acidification is 
occurring over time and the capacity of species to adapt to the pace and scale of acidification is 
the subject of ongoing research. 

 

Climate changes impact ecosystems and species in a number of ways, and add to pressures on 
ecosystems already stressed by habitat loss, pollution, and other human-related impacts. The 
2009 California Climate Adaptation Strategy99 provides detailed information on projected 
impacts and risks to biodiversity.  Notable impacts and risks include100:  

1) Species migration in response to climatic changes, range shift, and novel combinations 
of species; the population distributions of some North American species are expected to 
move northward in latitude and upward in elevation. While this means a range 
expansion for some species, for others it means a range reduction, movement into less 
hospitable habitat, or increased competition.  For instance, a USGS study indicates that 
temperature increases resulting from climate change in the Southwest will likely 
eliminate Joshua trees from 90 percent of their current range in 60 to 90 years.101  Some 
species have nowhere to go because they are already at the northern or upper limit of 
their habitat or because there are impediments to migration. The collection of species 
making up any community of organisms in a given habitat (the “species assemblage”) 
may change and this may result in changing species interactions and ecological 
processes. 102 

2) Pathogens, Parasites, and Disease: Climate change and shifts in ecological conditions 
could support the spread of pathogens, parasites, and diseases, with potentially serious 
effects on human health, agriculture, and commercial fishing, for example. 

3) Invasive Species: Climate change may aid or accelerate the spread of invasive species 
that pose additional threats and stress to native fish, wildlife, and plants.  

4) Extinction Risks:  Climate changes may favor some species, while disadvantaging others.  
Climate change, along with habitat destruction and pollution and other human-related 
impacts, can act as a stressor that contributes to species loss and extinction. The 
Intergovernmental Panel on Climate Change (IPCC) estimates that 20-30% of the plant 
and animal species evaluated so far in climate change studies are at risk of extinction if 
temperatures reach levels projected to occur by the end of this century.  While natural 
systems have some adaptive capacity to respond to change, many ecosystems may lack 
the ability to survive the rate and scale of environmental change associated with a 
changing climate.  Efforts to reduce the effects of climate and other stressors on habitat 
and species can help alleviate the risk of species loss and extinction and build resiliency.  

5) Changes in the Timing of Seasonal Life-Cycle Events; changes can lead to mismatches in 
the timing of migration, breeding, pollination, and food availability. 

6) Food Web Disruptions: The impact of climate change on a particular species can ripple 
through a food web and affect a wide range of other organisms. 

7) Threshold Effects:  In some cases, ecosystem change occurs rapidly and irreversibly 
because a threshold, or "tipping point," is passed.  Early efforts to prepare for climate 
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risks to biodiversity may help prevent losses from occurring. 

The August 2013 Indicators of Climate Change in California report confirms observation of these 

 

types of changes, including for instance: the range of some conifer-dominated forests in the 
Sierra Nevada are shifting to higher elevations; in Yosemite National Park, distribution shifts of 
some mammal species populations have also been observed and these populations are being 
found at different elevations compared to the early 1900s; butterflies in the Central Valley have
been appearing earlier than usual compared to the past four decades; and warming 
temperatures and reduced upwelling in the oceans negatively affecting the marine food web 
have had impacts on Sacramento fall run Chinook salmon abundance, auklet breeding, and sea 
lion pup mortality. 103 
 
Management Challenges and Opportunities  
Managing natural resources in the face of the highly dynamic and evolving conditions 
presented by climate change requires more integrated, ecosystem-based approaches.  The way 
conservation actions have been carried out in the past, which often focused on the designation 
of important or representative sites supporting key habitats or species, may no longer be 
adequate.  To address climate change, managers will need to act over different spatial and 
temporal scales. The focus of restoration will need to shift from historic species assemblages to 
more dynamic management approaches that are capable of managing risk in the face of 
uncertainties and being modified over time to accommodate evolving climate science.104  State 
information needs related to improving understanding of climate risks to biodiversity and 
improving knowledge with respect to management responses for such risks are further 
described below. 
 
While it will be important to re-examine existing conservation practices to plan for climate risks
to biodiversity, this must be balanced with the continued need to meet regulatory 
responsibilities and work within the confines of existing laws and regulations related to 
individual species management.  Innovative new management approaches and collaborative 
efforts across disciplines and jurisdictional boundaries will be needed to adequately safeguard 
California’s biodiversity.  Important lessons may be gleaned from the study of a variety of 
resource management techniques. Land acquisition and conservation, restoration, and invasive
species removal will continue to be high priority actions that can be taken quickly to increase 
ecosystem resiliency, however some innovative new approaches to conservation will likely be 
important and are already being developed in California. Governance structures that can 
support collaborative decision making are needed, and in some cases must be created. As 
science and information about the effectiveness of management responses continues to 
evolve, efforts to plan for climate risks will need to be refined.105 

 

 

 
Box 9 

Traditional Ecological Knowledge 

For over 10,000 years, Native Americans from diverse tribes have been practicing natural 
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resource management.  Traditional Ecological Knowledge (TEK) is “the knowledge base 
acquired by indigenous and local peoples over hundreds of years through direct experience and 
contact with the environment.”106  This knowledge is place-specific and includes the 
relationships between plants, animals, natural phenomena, landscapes, and phenology that are 
used for regular practices like hunting, fishing, trapping, and forestry.107  Indigenous groups are
projected to be among the communities most heavily affected by climate change.  Many 
American Indian and Alaska Native tribes are identifying and implementing culturally 
appropriate strategies to assess climate impacts and adapt to projected changes.  TEK, as an 
indigenous knowledge system, has the potential to play a central role in both indigenous and 
nonindigenous climate change initiatives. The detection of environmental changes, the 
development of strategies to adapt to these changes, and the implementation of sustainable 
land-management principles are all important climate action items that can be informed by 
TEK.108 

 

 
As environmental and biological changes related to climate change emerge, there will be a 
need to manage for a future that may contain species and habitat configurations unlike any we 
have seen in the past.   As noted above, many North American species may migrate to inhabit 
new locations.  Providing corridors and maintaining “connectivity” to facilitate the movement 
of species between suitable areas and to newly suitable areas over time as climate changes 
(e.g. northward or up in elevation) is the most frequently recommended strategy for conserving 
species.  Given projected future climate change, it is likely species will need to move significant 
distances, and they may encounter substantial barriers to such movement.109   Addressing 
these barriers can be an important part of preparing for climate risks to biodiversity. 
 
Certain areas of refuge (refugia) will be particularly important as climate change impacts 
unfold.  Refugia can be defined as areas that conserve natural elements that may be eliminated
or significantly degraded elsewhere.110  Refugia can help support the persistence of species and 
habitats, even in new assemblages.  For instance, the Southern Sierras may provide areas of 
refugia for climate-stressed species because of its unique elevational and latitudinal gradients; 
a number of efforts are underway to study and protect the Southern Sierra.111  The Southern 
Sierras are further described in the Forestry section of this document. 

 

Technology is enabling new forms of scientific collaboration which may support efforts to 
protect biodiversity resources.  For instance, citizen science can help provide information 
regarding historical conditions and can help monitor changes that may be attributed to climate 
change. For more information on citizen science, see Box 10. 

Box 10 

Citizen Science – Crowdsourcing Climate Monitoring 

Citizen science is a form of scientific research collaboration involving members of the public112, 
which has been greatly enabled through technological advances such as the internet, global 
positioning system technology, digital photography, and mobile phone technologies113.   Citizen 
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science projects that rely on information technologies are often considered a form of 
“crowdsourcing”, where an open call for contributions is made to a large, undefined network of 
people.114   The ways in which citizen scientists can contribute to the scientific endeavors varies, 
and there are a variety of ways in which scientific efforts may be designed to include input from 
citizen scientists.  For instance, citizen scientists with mobile, networked devices can help 
collect data and help with monitoring efforts; and standardized field protocols for collecting 
and visualizing data can improve data quality.   Innovations in the design of citizen science 
projects and continued technological advancements will help contribute to the evolution of 
citizen science and its ability to generate useful scientific data on a large scale.115  

Citizen science can help contribute to efforts to identify threats to ecosystems and to observe 
changes in the range of land and marine based species as the climate changes.    Citizen science 
efforts can also provide unique opportunities for public education and engagement.  For 
instance, the National Park Service and the UCLA Center for Embedded Network Sensing (CENS) 
partnered to design a smartphone application to identify the locations of invasive weeds in the 
Santa Monica Mountains National Recreation Area.   The technology behind the What’s 
Invasive! project was developed by CENS, a National Science Foundation supported research 
center that develops ways to link human interaction with the natural world and technology. 
This application allows users to take a photo with a mobile device and map the location of 
invasive weeds.    Invasive weeds are a significant threat to native plant and animal species in 
the Santa Monica Mountains, and combating invasive weeds requires a significant investment 
of resources. The Santa Monica Mountains National Recreation Area spent $200,000 over a 
three year period to map invasive weeds in the mountains.  Assistance from citizen scientists 
helps keep the map up to date and better equip park staff and volunteers to remove invasive 
weeds.116  The California Academy of Sciences (the Academy) also has a Citizen Science 
program which focuses on how California biodiversity has changed based on historic knowledge 
and the Academy’s specimen collections.117  For an additional example of citizen science, see 
“Imagining California’s Future Coastline – California King Tides Initiative” in the Ocean and 
Coastal section of this document. 

HIGHLIGHTS OF STEPS TAKEN TO DATE AND SUCCESS STORIES 

Planning Efforts

Natural Community Conservation Planning (NCCP): The NCCP program is an unprecedented 
effort by the State of California, and numerous private and public partners that takes a broad-
based ecosystem approach to planning for the protection and perpetuation of biological 
diversity. The primary objective of the NCCP program is to conserve natural communities at the 
ecosystem level while accommodating compatible land use. The program seeks to anticipate 
and prevent the controversies and gridlock caused by species' listings by focusing on the long-
term stability of wildlife and plant communities and including key interests in the process.118  
For more information on California’s innovative land use planning efforts, please see Box 11: 
Innovative land use planning to balance multiple objectives. 
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Regional Advance Mitigation Planning (“RAMP”): In 2008, a coalition of infrastructure and 
natural resource agencies, nongovernmental organizations, and academic researchers launched 
an effort to develop a more comprehensive approach to mitigating unavoidable biological 
resource impacts potentially caused by state infrastructure projects, such as roads and levees. 
This approach, called Regional Advance Mitigation Planning (“RAMP)”, allows for natural 
resources to be protected or restored as compensatory mitigation before infrastructure 
projects are constructed, often years in advance.119  RAMP considers a landscape scale or 
ecosystem approach to mitigation and conservation planning, helps to address climate risks, 
and can be integrated with federal Habitat Conservation Plan requirements and state NCCP 
requirements. A draft RAMP Statewide Framework has been developed and additional efforts 
to develop planning methodology and advancement of mitigation are in progress.   

California’s Wildlife Action Plan: In 2000, Congress enacted the 
State Wildlife Grants Program to support state programs that 
broadly benefit wildlife and habitats but particularly “species 
of greatest conservation need.” As a requirement for receiving 
funding under this program, state wildlife agencies were 
required to submit a Wildlife Action Plan (a comprehensive 
wildlife conservation strategy) to the U.S. Fish and Wildlife Service (Service) no later than 
October 2005.  Wildlife Action Plans must be updated every ten years, and the 2015 update is 
currently being developed.  One of the key objectives of the update is to incorporate climate 
change impacts and adaptation strategies; climate change is already identified as one of four 
primary stressors affecting wildlife.  

 

 

120

Box 11 

Innovative land use planning to balance multiple objectives 

Cooperation between state, federal, and local governments is necessary to optimize land use 
planning to balance multiple state environmental objectives especially in light of projected 
population growth and climate stresses.   

California has already undertaken complex planning processes that may serve as models for 
innovative land use planning efforts that balance multiple objectives.  

 The Bay Delta Conservation Plan 
The Bay Delta Conservation Plan (BDCP) is being developed to support the co-equal 
goals of enhancing state water reliability and the ecological health of the Sacramento-
San Joaquin Delta.121 The Sacramento-San Joaquin Delta is a critical element of the 
state’s water system.  The Bay Delta Conservation Plan seeks to improve the health of 
the ecological system as a whole. The plan also aims to provide for a more reliable water 
supply for California by modifying conveyance facilities to create a more natural flow 
pattern. The BDCP attempts to balance these goals in a way that is feasible given the 
variety of important uses in the Delta including flood protection, agriculture and 
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recreation.  

 The Desert Renewable Energy Conservation Plan 
The Desert Renewable Energy Conservation Plan (DRECP) is being developed to support 
programmatic development of large-scale renewable energy and the co-equal objective 
of conservation of the California desert.122 The primary driver for renewable energy 
development in the DRECP area is the state’s long-term greenhouse gas reduction goals.  
The DRECP will streamline permitting under the California Natural Community 
Conservation Planning Act, the federal Endangered Species Act, and the Federal Land 
Policy Management Act for utility-scale renewable energy development for solar, wind, 
and geothermal generation within development focus areas, while providing for the 
conservation of species and natural communities in a landscape-scale conservation plan. 

 
National Fish, Wildlife, and Plants Climate Adaptation Strategy: CDFW collaborated with 
federal, tribal, and state partners and played a lead role in creating the first National Climate 
Adaptation Strategy for fish, wildlife, and plants. This strategy promotes a nation-wide unified 
approach to climate driven adaptation strategies, reflecting shared principles and science-based 
practices to safeguard the nation’s biodiversity, ecosystem function and sustainable human 
uses of fish, wildlife and plants. The Strategy was released in March 2013. 123  
 
CDFW Vision for Confronting Climate Change in California: The September 2011 report “Unity, 
Integration, and Action: CDFW’s Vision for Confronting Climate Change in California” outlines 
CDFW objectives for responding to climate change.124 
 
Climate Change Adaptation Case Studies: Several organizations have created adaptation case 
studies to provide examples of successful climate preparedness projects. For example, the State 
Coastal Conservancy has developed case studies from various wetland restoration projects, sea 
level rise planning efforts, and vulnerability assessments.125 The Bay Area Ecosystems Climate 
Change Consortium (BAECCC) has compiled case studies that demonstrate climate-smart 
conservation and restoration taking place in the Bay Area.126 CDFW also created a number of 
case studies to highlight existing programs and projects that are helping CDFW to plan for or 
minimize the negative impacts associated with climate change. This series of case studies 
demonstrates that planning for climate change will not always require entirely new or novel 
management approaches; there are many existing management tools in the toolbox that can be 
utilized to address climate risks.127  
 
Building Resilience: Resource Management and Conservation in the Era of Climate Change 
 
First-of-its-kind Statewide Network of Marine Protected Areas: As further described in the 
Oceans and Coastal Ecosystems and Resources section of this document, on December 17, 
2012, 19 Marine Protected Areas (MPAs) became effective in the Northern California coastal
region, completing the nation’s first statewide coastal system of marine protected areas.   
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Regional and Local Wetlands Restoration: Ecoregional planning and on the ground restoration 
projects are taking place along the California coast. In the San Francisco Bay, restoration 
projects are being supported by the Baylands Ecosystem Habitat Goals project, which is 
currently being updated to include climate change considerations.  The Baylands Ecosystem 
Habitat Goals report recommends the types, amounts, and distribution of upland habitats, 
linkages, compatible uses and the ecological processes needed to sustain diverse and healthy 
communities of plant, fish and wildlife resources in the Bay Area128. In southern California, 
restoration efforts in the Southern California Bight are supported by the Wetland Recovery 
Project and its Regional Strategy. The Wetland Recovery Project is an effort chaired by the 
Resources Agency and supported by the State Coastal Conservancy, which has public agencies, 
non-profits, scientists, and local communities working cooperatively to acquire and restore 
rivers, streams, and wetlands in coastal southern California129. 

At the Elkhorn Slough National Estuarine Research Reserve, a CDFW ecological reserve and 
National Estuarine Research Reserve located at the center of the Monterey Bay coastline, 
intensive monitoring of marsh and water level elevation changes combined with modeling have 
revealed that predicted rates of accelerated sea level rise will lead to extensive marsh loss in 
coming decades.  The Reserve’s Tidal Wetland Project is currently initiating a major salt marsh 
restoration project involving beneficial re-use of sediments. Using this sediment, the project 
will create higher salt marshes to make them resilient in the face of sea level rise. The Elkhorn 
Slough and San Francisco Bay National Estuarine Research Reserves are also spear-heading an 
ambitious project to enhance the success of native oyster restoration projects in the face of 
climate change. In addition to restoration activities, Elkhorn Slough staff is undertaking 
numerous other activities to monitor the effects of climate change. The Reserve collects long-
term monitoring data on over two dozen indicators of estuarine health that will eventually be 
used to track changes and identify adaptation strategies in response to climate change impacts 
over the coming decades.  

Preparing for Climate Risks in the Tijuana River Valley: The Tijuana River Valley contains one of 
the largest intact coastal wetland systems in southern California, despite intense pressure 
associated with being situated on an international border between two major metropolitan 
areas - San Diego and Tijuana. The Tijuana River National Estuarine Research Reserve (TRNERR) 
has several collaborative projects underway that will help increase southern California’s 
regional resilience to climate change, including the Climate Understanding & Resilience in the 
River Valley (CURRV) Project. The overarching goal of CURRV is to build upon a regional 
commitment to understand and adapt to climate change. In order to achieve this goal, TRNERR 
is collaborating with a diverse stakeholder group, including various state agencies, to conduct a 
vulnerability assessment that will inform the development of adaptation strategies addressing 
the impacts of climate change, specifically sea level rise and riverine flooding, to both built 
infrastructure and the natural environment. Through the Temporal Investigations of Marsh 
Ecosystems (TIME) Project, results from CURRV are being coupled with perspectives from the 
past (historical ecology) and present (research and monitoring) to inform restoration in the 
River Valley, as a model to steer wetlands recovery in the broader southern California region. 

Incorporating Environmental Stewardship into Integrated Water Management Practices: 
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 Fish Passage Improvement Program:  DWR, in partnership with the local water 
district and land owners, removed two fish passage barriers on the Calaveras 
River/Mormon Slough flood control channel.  Through the Fish Passage Program, 
they have also designed and constructed two fish ladders on lower Butte Creek 
(Weir 2 and Willow Slough Weir) and completed design work for fish passage 
improvement at the Fremont Weir/Yolo Bypass.  The DWR Division of Safety of 
Dams is currently overseeing the removal of San Clemente Dam on the Carmel River.  
This is the largest dam removal to be done in California and will provide access to 
historic coastal steelhead habitat. 

 Meadow Restoration: DWR and the US Forest Service have completed a three-year 
investigation of the hydrologic effects of meadow restoration and how restored 
meadows can contribute to improved water management operation as well as 
ecosystem functioning.  Restored meadows can also provide flood flow attenuation 
benefits and improve baseflows in creeks and rivers.  The final report is expected to 
be released by Summer 2014. 

 Flood Corridor Program: DWR continues to pursue nonstructural flood risk reduction 
projects that are coupled with habitat conservation and agricultural protection 
through the Flood Corridor Program.  The program includes three flood protection 
grant programs that have awarded over $91 million in grant funding covering over 
19,000 acres statewide since 2000. These projects can help restore floodplain 
functions and riparian habitats and enhance wetland development and water table 
recharge while reducing flood risk for people and property. 

 Twitchell Island Wetland Research and the Sherman Island Permanent Wetland 
projects: The Department of Water Resources (DWR) is working collaboratively to 
implement projects that demonstrate subsidence reversal and carbon sequestration 
through wetland restoration in the western Delta (Twitchell Island Wetland 
Research and the Sherman Island Permanent Wetland). Through these 
demonstration projects, DWR will study the costs and benefits of these land use 
management practices to help reduce stress on Delta levees and define the 
potential value in a carbon market.  
 

Research and Tools 

February 2010 Essential Habitat Connectivity Project Report and Tool: CDFW and the California 
Department of Transportation (CalTrans) commissioned a team of consultants to produce a 
statewide assessment of essential habitat connectivity using the best available science, data 
sets, spatial analyses and modeling techniques.  The goal was to identify large remaining blocks 
of intact habitat or natural landscape and model essential connectivity areas between them 
that need to be maintained, particularly as corridors for wildlife. 

Over sixty federal, state, local, tribal and non-governmental organizations collaborated in the 
creation of: 1) a statewide wildlife habitat connectivity map using a Geographic Information 
System (GIS) based modeling approach; 2) an assessment of the biological value of identified 
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connectivity areas; and 3) a strategic plan that helps varied end users interpret and use the 
statewide map and outlines a methodology necessary for completing connectivity analyses at 
finer spatial scales.130 

Third California Climate Change Assessment studies on biodiversity and ecosystems:  The 
California Energy Commission’s PIER program helped fund the following critical studies as part 
of the Third California Climate Assessment released in 2012:  
 

 Projecting Growth in California (2000–2050) Under Six Alternative Policy 
Scenarios and Assessing Impacts to Future Dispersal Corridors, Fire Threats and 
Climate-Sensitive Agriculture;131  

 Climate Change Impacts on California Vegetation: Physiology, Life History, and
Ecosystem Change;132

 
 

 Consequences of Climate Change for Native Plants and Conservation;133 

 Identifying Vulnerable Species and Adaptation Strategies in the Southern Sierra 
of California Using Historical Resurveys;134 

 Fire and Climate Change in California: Changes in the Distribution and Frequency 
of Fire in Climates of the Future and Recent Past (1911–2099);135 

 Decision-Making Under Uncertainty: An Assessment of Adaptation Strategies 
and Scenario Development for Resource Managers;136 

 Projected Effects of Future Climates on Freshwater Fishes of California;137  

 Scenarios to Evaluate Long-Term Wildfire Risk in California: New Methods for 
Considering Links Between Changing Demography, Land Use and Climate;138 and  

 Potential Impacts of Climate Change on Biodiversity and Ecosystem Services in 
The San Francisco Bay Area139. 

 
Landscape Conservation Cooperative (LCC) Funded Conservation Projects:  LCC’s are 
collaborative public-private partnerships that provide shared science to ensure the 
sustainability of land, water, wildlife and cultural resources.  The CA LCC has funded more than 
25 collaborative projects in the past three years and has provided close to $4 million in project 
funding with an additional $4 million from partner contributions. These projects have included 
studies to support and develop decision-support tools and data, monitoring and modeling 
methods, population and habitat assessments, vulnerability assessments, and conservation 
planning and design.140  The North Pacific LCC has also funded over 25 projects, several of which 
were carried out in the California north coast region, a small portion of the LCC’s distribution. 
These projects have ranged from modeling sea level rise to exploring the use of traditional 
ecological knowledge in natural and cultural resource management.141  The Desert and Great 
Basin LCCs have also supported research projects that address issues in the Desert and Great 
Basin regions of the state. 
 
November 2010 “Bridging the Gap: Downscaling Climate Models to Inform Management 
Actions” Workshop sponsored by the CDFW, the US Geological Survey, the US Fish and Wildlife 
Service, and the California LCC. The workshop brought together those working on downscaling 
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climate models with ecologists and land managers to explore the use of climate models to 
inform ecological resource management. 142 

Box 12 

Tools to Support Biodiversity Conservation in the Era of Climate Change 

Since 2009, several tools that support climate adaptation planning have been developed.  In 
addition to the Cal-Adapt and California Essential Habitat Connectivity tools discussed 
elsewhere in this document, the following resources are available: 

CDFW’s Areas of Conservation Emphasis Mapping and Modeling Tool was a CDFW project that 
was begun in 2009 to provide a spatial model that can be used to identify areas of biological or 
conservation interest throughout the state, in order to guide and inform conservation 
priorities.143 

Point Blue Conservation Science Sea-Level Rise Tool: This sea level rise tool was developed to 
improve our understanding of how sea level rise may change the extent of tidal marsh habitat 
and bird species distribution in the San Francisco Bay Estuary.144 

BIOS and Marine BIOS enable the management, visualization, and analysis of biogeographic 
data collected by the California Department of Fish and Wildlife and its partner 
organizations.145 

California Climate Commons: The California Climate Commons  is a project of the California LCC 
and offers an online environment where natural resource managers can quickly find climate 
change and related environmental information they need, communicate with each other and 
with the researchers producing the information, and then share lessons learned. The goal of the 
Climate Commons is to support conservation practitioners in their application of climate 
adaptation science and help guide new research directions by facilitating more effective 
information exchange between the climate change research and conservation communities. 
The Commons is a collaboration of the California Landscape Conservation Cooperative, Sonoma 
Ecology Center, Point Blue Conservation Science, and UC Davis Information Center for the 
Environment.146 
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CalWeedMapper CalWeedMapper provides a dynamic tool for mapping invasive plant 
distribution at the landscape level.  The tool was developed by the California Invasive Plant 
Council (Cal-IPC) and helps support the development of regional invasive plant management 
strategies. 147 
 

Box 13 

Climate Vulnerability Assessments 

Three state-wide climate change vulnerability assessments, specifically for rare and priority 
species populations, were recently conducted in California. These assessments will be used to 
inform conservation planning in California, including management planning efforts within 
CDFW. 

A Climate Change Vulnerability Assessment of California’s At-Risk Birds This study, jointly 
funded by CDFW and PRBO Conservation Science, developed a framework for assessing climate 
change vulnerability of California's at-risk birds and integrating it into the existing California Bird
Species of Special Concern list. Climate vulnerability was defined as the amount of evidence 
that climate change will negatively impact a population.  The research showed that nearly 130 
species of birds are vulnerable to the predicted effects of climate change and that 21 of the 
state’s 29 threatened and endangered bird species (72 percent) will be further impacted by 
climate change, increasing their risk of extinction. Wetland bird species were particularly 
vulnerable to climate change due to their specialized habitat and the risks posed to wetlands by 
sea level rise and other climate-driven factors. The complete list of birds and their climate 
vulnerability scores are available online through the California Avian Data Center.148 

 

Climate Change Vulnerability for Rare Plants CDFW, with support from the California LCC, 
conducted a vulnerability assessment of 156 rare plant species in California to determine which 
will be subject to negative impacts from climate change. This study employed the NatureServe 
Climate Change Vulnerability Index to assess vulnerability. Future habitat suitability was 
examined for these species to assess potential range shifts under various climate change 
scenarios.  The resulting 156 assessments and a refinement of the methodology will be helpful 
to those needing to incorporate rare plants into their resource management plans.149 

Amphibian and Reptile Vulnerability Assessment UC Davis, with support from CDFW, is 
currently undertaking an assessment of the climate impacts to amphibians and reptiles in 
California. This study includes 158 species. 

The Climate Change Vulnerability Assessment Resource Center was created by CDFW to provide 
access to resources for those interested in learning more about climate change vulnerability 
assessment efforts related to wildlife and habitats. The Resource Center contains reports 
generated up to 2012.150 
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Box 14 

New Frontiers in Biodiversity Research and Conservation 

Estimating the vulnerability of biodiversity to climate impacts across broad areas  
Rapid and cost-effective methods to estimate the vulnerability of biodiversity to climate change 
impacts across broad areas are being developed and implemented to help inform conservation 
strategies.  These methods do not replace species-specific vulnerability assessments, however, 
they allow biodiversity managers to identify trends within large geographic areas to support 
timely conservation actions.151  For instance, the Bureau of Land Management has initiated 
fourteen Rapid Ecoregional Assessments (“REA”) throughout the western United States and 
Alaska, and has already completed the Mojave Basin and Range REA and the Central Basin and 
Range REA.  REAs synthesize existing information rather than conduct research or collect new 
data, and are generally completed within 18 months.  REAs look across all lands in an ecoregion 
to identify regionally important habitats and assess the potential of these habitats to be 
affected by climate change, wildfires, invasive species, and development.  REAs identify and 
map key opportunities for resource conservation, while also establishing baseline ecological 
data to gauge the effect and effectiveness of future management actions.152 
 
Adaptive management for climate risks and uncertainty 
The concept of adaptive management of ecosystems for the conservation of biodiversity was 
developed in the 1970s.  Adaptive management involves the following key elements: 1) 
defining management goals 2) development of plausible alternative management strategies to 
achieve the goals, 3) implementation of two or more strategies, 4) monitoring, and 5) iterative 
modification of strategies to improve outcomes.   The capacity of adaptive management to 
accommodate uncertainties is especially useful in light of rapidly changing climate conditions, 
the complexity of ecological systems, and the uncertainties associated with how ecosystems 
react to human interventions.   However, examples of actual implementation of adaptive 
management programs are still scarce; for instance, many conservation programs study only 
one management option at a time which provides ‘trial and error management’.  
Implementation of alternative conservation strategies can provide comparative insights, reduce 
risk of failure, and aid understanding of system responses to management (e.g. separating 
policy effects from other causes of ecological change).153  There is increasing emphasis on 
adaptive management as an approach for conserving biodiversity in the era of climate 
change.154 
 
Managed Relocation 
Managed relocation is the intentional act of moving species, populations, or genotypes to a 
location outside a target’s known historical distribution for the purpose of maintaining 
biological diversity or ecosystem functioning as an adaptation strategy for climate change155. 
The conservation community is exploring how to support the natural migration and movement 
of species as climate changes, while avoiding maladaptive practices and over engineered 
approaches that can lead to negative ecological, social, regulatory, and economic ramifications. 
Connecting and conserving natural corridors will assist natural migration and species 
movement. 
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Genomics research 
Genomics is the study of an organism’s genetic makeup (or its ‘genome’), and the how the 
genome interacts with environmental and other non-genetic factors.156  Scientists are exploring 
how genomics tools and approaches may help inform conservation efforts, especially in an era 
where climatic conditions are rapidly changing.157 
 
Establishing genetic banks 
In recent years, a number of efforts have begun to systematically collect and preserve genetic 
material.  For instance, the National Science Foundation is funding a multi-university “Project 
Baseline” to create a seed bank.  The goal of Project Baseline is to create a resource for 
researchers interested in characterizing the genetic, taxonomic and functional dimensions of 
biodiversity over space and time in an era of rapid climate change. Studies of evolutionary 
responses to accelerated environmental change can shed light on the capacity of organisms to 
adapt to human disturbances.158 
 
The Svalbard Global Seed Vault in Norway is an effort to ensure that the genetic diversity of the 
world’s food crops is preserved for future generations, with the recognition that the loss of 
biological diversity is currently one of the greatest challenges facing the environment and 
sustainable development.159  There are also a number of global efforts to create cryopreserved 
or live gene banks for fish and other species.160 
 
For more information on California seed bank efforts, please the Forestry section of this 
document. 
 

Education, Outreach, and Collaboration 

CDFW Climate College and climate education: In early 2012, CDFW launched a ten-month 
climate literacy program to build staff capacity for incorporating climate considerations into 
existing professional responsibilities.  Although the CDFW Climate College was designed to 
provide a basic foundation of climate literacy to CDFW staff, the course was open to the public.  
The inaugural year of the CDFW Climate College was completed in June 2013.  More than 340 
participants participated in the first year of the CDFW Climate College.   A second iteration of 
the Climate College is currently under development and will be topically focused on climate 
change and marine issues in the state with the inclusion of a tribal component.161  The CDFW 
Climate Science Program also features a variety of online educational materials related to 
biodiversity and climate change including resources for teachers, a collection of relevant 
vulnerability assessment tools and guidance, and information on CDFW projects helping to plan 
for or minimize impacts associated with climate change. 

2010 “Climate Change, Confronting the Challenge” Publication The Fall 2010 issue of CDFW’s 
Outdoor California magazine was dedicated to discussing climate change.  The publication 
articulates how fish, wildlife, and habitat conservation and management play an important role 
in responding to the impacts of climate change and focuses on the importance of a multi-sector 
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approach to adaptation planning and action. The publication received a gold award in the State 
Information Officers Council’s 2010 statewide competition for excellence in government 
communications.162 

Governor’s Conference on Climate Change and Extreme Events: California Governor Edmund G. 
Brown Jr. and environmental, business and public health and safety leaders came together in 
December 2011 at “The Governor’s Conference on Extreme Climate Risks and California’s 
Future.”163 The conference included a presentation and discussion on the "Impacts of Extreme 
Weather and Climate on Terrestrial and Aquatic Biota in California”.  

2013 National Adaptation Forum164 CDFW worked with partners to create, develop, and 
implement the “Inaugural National Adaptation Forum: Action today for a better tomorrow”. 
Over 500 adaptation practitioners from around the country came together to discuss moving 
adaptation planning to adaptation action. Planning is currently underway for the next National 
Adaptation Forum in 2015, and several regionally focused events are under consideration 
including one in California in 2014165. 

CDFW Climate Change Stakeholder Group Since 2008, CDFW has been convening a Climate 
Stakeholder Group to provide input on climate change-related conservation planning and 
implementation efforts.  The group includes a diverse group of partners including federal, state,
and local/regional governmental entities, NGOs, and members of the research and academic 
community.166

ACTIONS NEEDED TO SAFEGUARD BIODIVERSITY AND HABITATS 

The following recommendations build on those made in the 2009 Adaptation Strategy based on 
emerging science and practice of climate adaptation. The recommendations below require 
adequate funding and staffing to be carried out.   

Develop management practices to help safeguard species and ecosystems from climate risks 

1) Improve habitat connectivity and protect climate refugia 
Promoting habitat connectivity and protection of refugia will aid in species migration 
and movement and propagate ecological processes across the landscape. We must 
utilize existing programs such as NCCP and planning documents such as the State 
Wildlife Action Plan to continue improving connectivity between existing terrestrial, 
aquatic, and marine conservation areas in addition to creating new conservation areas 
where applicable. Priorities for creating, maintaining or restoring conservation areas 
should include landscape features that will ease the transition to future climatic 
conditions for species supported by the habitat (e.g., low fragmentation, climatic and 
elevational gradients, groundwater resources, etc.). Coordination should be promoted 
among state, federal, and private landholders to encourage consistency across 
management approaches to maximize biodiversity and promote large-scale 
connectivity.  
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2) Implement adaptive management studies to refine approaches for conserving 
biodiversity, especially for species and communities vulnerable to climate change 

As mentioned in the 2009 CAS, the original CA State Wildlife Action Plan (2005) 
articulated an approach for designing monitoring programs to support adaptive 
management, which is still relevant today. Actual case studies that implement adaptive 
management are needed to further understanding of the relative merits of alternative 
management strategies for conserving biodiversity in the face of rapidly changing 
climate conditions. NCCP plans already incorporate adaptive management and may 
provide opportunities to study and refine approaches for managing biodiversity in the 
era of climate change.  Vulnerability studies should help inform where adaptive 
management studies should be focused and which species and natural communities 
should be included in such studies. 

Enhance biodiversity monitoring in California to detect climate impacts and inform responses   
 
There continue to be gaps in the monitoring of resource conditions that can support effective 
management decisions in the era of climate change.   A comprehensive, statewide approach to 
biodiversity monitoring is needed to help develop baseline ecological information and to detect 
changes in terrestrial and aquatic species and habitat patterns on the landscape.  Monitoring 
and observing changing conditions is critical to refining climate impact and species/habitat 
response models and to informing the development of forward-looking conservation strategies 
and management actions that account for changing conditions. 
 
The CDFW Species and Natural Communities Monitoring and Assessment Program, or simply 
Resource Assessment Program (RAP), was designed to help inventory, monitor, and assess the 
distribution and abundance of priority species, habitats, and natural communities in California.  
As such, RAP provides a basic infrastructure for addressing biodiversity inventory and 
monitoring needs in the state.  With additional support, this program could be expanded to 
meet the need for comprehensive, state-wide biodiversity monitoring to support forward-
looking management actions that are responsive to a changing climate.  Climate considerations 
should be integrated into monitoring strategy design and the development of monitoring 
priorities; and strategic monitoring priorities may be informed by other state efforts including 
CDFW’s State Wildlife Action Plan, DWR’s California Water Plan, CalFire’s Forest and Rangeland 
Assessment Program, State Water Resource Control Board’s (SWRCB) Basin Plan, and the type 
of statewide climate vulnerability assessment discussed above. 
 
Support Environmental Stewardship Across Sectors 
 

1) Promote Nature-Based Solutions for Adapting to Climate Risks 
Nature-based solutions can be a cost-effective means for addressing climate risks, and 
also provide additional benefits including benefits for habitat and biodiversity (see Box 

47: “Wetlands - Nature’s Flood Protection” in the Oceans and Coastal Ecosystems and 
Resources section of this document and Box 35: “Ecosystem Services – Smart Land Use 
to Save Money and Create More Sustainable Communities” in the Forestry section of 
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this document).  The State should encourage and support the consideration of nature-
based approaches for preparing for climate risks where such approaches are available. 
In order to support informed decision making, funding is needed for studies that help 
quantify the benefits of ecosystem services that reduce climate risks. 

2) Create, maintain and support tools that help resource managers determine when 
and where to focus conservation activities that will protect biodiversity in the face of 
climate risks 

Improved modeling of the impacts of climate change on wildlife, fish, and plants will be 
necessary at a scope and scale appropriate for management application. Associated 
predictive and planning tools are also necessary to ensure that resource management 
actions are informed by best available science, and such tools require maintenance over
time and support to encourage user adoption.  As noted above, CDFW developed the 
Areas of Conservation Emphasis (ACE) Mapping and Modeling Tool to provide a spatial 
model that can be used to identify areas of biological or conservation interest to guide 
conservation priorities.  Tools such as ACE should continue to be maintained and 
updated with new biological data developed over time, in order to support biodiversity 
conservation planning and management decisions within CDFW and other state 
agencies. Determining what biodiversity-related information and tools would be useful 
to other agencies in their climate change planning efforts will also be necessary to 
manage the needs of wildlife, habitats, and humans in tandem.

 

  

 Improve Understanding of Climate Risks to Biodiversity and Habitats 

As further described below, continued research is essential to improve understanding of 
climate risks to biodiversity and habitats in order to inform management responses that might 
reduce risks to biodiversity and promote resilience.  One overarching need is to improve 
baseline information; there are still significant data gaps with respect to California’s biological 
resources.  Baseline information provides a reference point against which future changes in 
biodiversity can be assessed.  Continued and enhanced predictive modeling combined with 
monitoring of certain species will be also be needed to guide resource management decisions.  
Further information is also needed regarding the interactions between plants, animals and their
environment, especially as the timing of life cycle events shift in response to climate change.  
Finally, there is a need to continue vulnerability studies and the identification of critical 
connections and corridors. 

 

 
In addition to informational needs around biological resources, it would be useful to 
consolidate and analyze non-habitat baseline information such as current land uses and land 
use policies throughout the state, as well as whether municipalities and permitting agencies 
have incorporated climate change impacts into their land use planning (i.e. General Plans, Local 
Coastal Programs). This information will be an important part of determining the best 
opportunities for habitat restoration and land acquisition as part of a larger effort to create a 
well-connected system of conservation areas, minimize the impacts of climate change to the 
greatest extent possible, and plan appropriate strategies for long term conservation and 
management actions.   
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It is important for the state to coordinate with other research efforts, including the efforts of 
federal, academic and regional collaboratives, in order to benefit from collaborative work and 
optimize resources.  As noted in the introduction to this document, there is also a need to 
ensure consistency in data sets and tools developed and utilized by different state entities. 

Research needs related to climate impacts and risks to biodiversity and habitat are described 
below.  Additional information on these types of needs may be found in the August 2011 CDFW 
Climate Change Research Considerations document167, the February 2012 CDFW Climate 
Change Research Needs document168, the California Climate Research Plan, and the 
forthcoming 2015 update to the State Wildlife Action Plan. 

1) Completing habitat and vegetation mapping 
High-resolution, state-wide vegetation mapping following the National Vegetation 
Standard is needed to identify movement of vegetative communities, detect changes in 
their composition, and identify any new assemblages created throughout time. This 
information may provide insight into how species will move in accordance with changes 
in the location of their required habitat. Vegetation mapping can also be directly tied to 
the California Wildlife Habitat Relationships system, for example, to identify which 
species will likely be impacted most by these environmental changes. Additional funding 
and resources are needed to sustain existing efforts related to vegetation mapping, for 
example through the CDFW Vegetation Mapping and Classification Program.   

 
2) Refining regional connectivity analyses 
The California Essential Habitat Connectivity Project was a state-wide effort to identify
large remaining blocks of intact habitat or natural landscape and model essential 
connectivity areas between them that need to be maintained, particularly as corridors 
for wildlife. Finer-scale, regional corridor modeling and connectivity analyses are 
needed to help prioritize land acquisition and protection. Corridor prioritization 
exercises, for example those currently taking place in the Northern Sierra Nevada 
Foothills and Desert regions of California, should be replicated in other parts of the 
state.  Work to identify critical habitat linkages has also been undertaken along the 
north-central coast of California led by the Science and Collaboration for Connected 
Wildlands in conjunction with many other agencies and organizations

 

169. 
 

3) Additional climate vulnerability analyses  
As described below, more research is needed to understand species and habitat 
vulnerability to climate change.   Vulnerability studies will need to be refined and 
updated periodically to ensure that best available science informs management 
decisions.  Training and tools may need to be developed to help translate vulnerability 
findings into management actions.  Additional funding and resources may be needed to 
support vulnerability studies over time. 

 A comprehensive, statewide climate change vulnerability analysis at the habitat 
scale is needed to better understand climate risks to California’s biodiversity.  
Vulnerability information at this scale will support ecosystem-based conservation 
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planning and management efforts, and can also be used to increase our broader, 
ecoregional understanding of the vulnerabilities of biodiversity to climate change.  
Existing and future species and taxa-specific vulnerability assessments can also be 
compared against habitat assessment results to gain further insight into climate risks 
and inform development of strategies that can help protect biodiversity resources.  

 As mentioned earlier in this chapter, a subset of rare plants in the state have already 
been analyzed for climate vulnerability, however, follow-up coverage of additional 
rare plant species is needed. Species most likely to be at risk from climatic changes, 
such as those found in higher elevations, ephemeral systems, vernal pools, etc., 
should be high priorities for examination. 

 A state-wide vulnerability assessment of mammal species of special concern is also
necessary.  

 

 A state-wide vulnerability assessment is needed for invertebrates. Examining certain
invertebrates will contribute to our knowledge of how some pollinators will be 
impacted by climate change, with implications for agriculture and other ecosystem 
services. These species are already being impacted by changes in phenology that 
have been linked to climate change, and more information is needed on species 
future vulnerability.  

 

 Marine and aquatic habitat climate vulnerability assessments are also needed.  For 
more information on climate and marine habitat, please see the Oceans and Coastal 
Ecosystems and Resources section of this document. 

 
4) Understanding extreme events and disturbance regimes 
Research is needed regarding the risks posed by extreme events or disturbances (e.g. 
fire, flooding, drought, insect outbreaks, invasive species, etc.) to ecosystem function, 
resilience, and services.  This will provide additional insight into how some existing 
stressors or processes may be exacerbated by climate change.  

 

5) Identifying opportunities to address the emissions that contribute to climate change 
As mentioned in the INTRODUCTION section of this chapter, carbon storage can be one
of the benefits provided by healthy ecosystems.  Additional research is needed to 
quantify baseline carbon information associated with natural systems, and to identify 
and prioritize conservation and restoration opportunities with carbon sequestration 
benefits.  Pilot projects can help refine understanding of the greenhouse gas storage 
capacity associated with natural systems. 

 

 
Information Sharing and Education 

1) Create and maintain partnerships that support biodiversity conservation in a 
changing climate 

Collaborating with other agencies and partners supports not only the transfer of data 
and information, but ensures that conservation priorities with respect to climate change 
are clearly communicated within the broader conservation community. Communication 
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is imperative to identifying and promoting common goals, and to support adaptation 
planning and implementation to conserve biodiversity. Collaboration will also promote 
complementary actions across jurisdictions on adjacent landscapes, which is vital to 
achieving our objectives related to habitat connectivity. State agencies should continue 
to pursue national, regional, and local coordination and promote initiatives to conserve 
biodiversity beyond the borders of California such as through the Western Governors’ 
Association, West Coast Governors Alliance on Ocean Health, Association of Fish and 
Wildlife Agencies, the Trilateral Committee for Wildlife and Ecosystem Conservation and 
Management, and the National Fish, Wildlife, and Plants Climate Adaptation Strategy.  
Continued engagement with partners in the CDFW Climate Change Stakeholder Group 
will also be important and should be supported. 

2) Promote public education and outreach on climate change impacts to biodiversity 
Increasing communication with the public and partners on climate change impacts to 
biodiversity will raise awareness of this important issue and help create support for 
state actions that promote biodiversity conservation. State agencies should develop a 
collaborative messaging campaign centered on California’s climate activities to 
safeguard natural resources, while highlighting the importance of nature-based action.  

Many state agencies have staff that interface regularly with the public through 
education or outreach programs, which provide opportunities to engage the public on
this topic. Agencies should work with partners to develop information to be used for 
public interpretation and classroom education related to biodiversity conservation in 
the face of climate change. Opportunities may be available at visitor centers in 
hatcheries, State Parks, wildlife areas, or other facilities run by the state. Helping to 
educate the public on climate change issues may have the additional benefit of 
promoting public involvement in data collection activities across many locations with 
limited costs through citizen science (see Box 10: Citizen Science – Crowdsourcing 
Climate Monitoring in this chapter). 

 

3) Provide support for the continuation of the CDFW Climate College and educational 
outreach efforts and link those efforts to broader state climate literacy programs 

As noted in the Introduction to this document, it is necessary to build internal capacity 
for state entities to operationalize climate risk considerations into their activities.  The 
CDFW Climate College provides a useful template for a departmental climate literacy 
program.  The CDFW Climate College and related educational efforts should continue to 
be supported, and those efforts should be linked to any broader state climate literacy 
efforts. 

Box 15 

California Biodiversity and Habitat 

Several state entities play an important role with respect to biodiversity and habitat in 
California.   The state also has important federal, local and private sector partners. 
Understanding the jurisdictional scope of these entities is important for a robust discussion of 
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continued steps needed to adequately prepare for climate risks.  

California Department of Fish and Wildlife (CDFW) has public trustee authority to manage 
California’s diverse fish, wildlife, and plant resources, and the habitats upon which they depend 
for their ecological values and for their use and enjoyment by the public. This includes habitat 
protection and maintenance through conservation, restoration, and law enforcement to ensure 
the survival of all species and natural communities. The department is also responsible for the 
diversified use of fish and wildlife including recreational, commercial, scientific and educational 
uses. CDFW’s regulatory responsibilities include environmental permitting and review.  

Wildlife Conservation Board (WCB) selects, authorizes and allocates funds for the purchase of 
land and waters suitable for recreation purposes and the preservation, protection and 
restoration of wildlife habitat. WCB approves and funds projects that set aside lands within the 
State for such purposes, through acquisition or other means, to meet these objectives. 

California Fish and Game Commission (FGC), established in 1870, is a Commission comprised of 
five members, appointed by the Governor and confirmed by the Senate.  The Commission 
formulates general policies for the conduct of CDFW, but also has general regulatory powers, 
including deciding seasons, limits and methods of take for sport fish.  The Commission also has 
responsibilities for invasive species; establishing/regulating use of Marine Protected Areas 
(MPAs); listing/delisting threatened and endangered species under the California Endangered 
Species Act; prescribing terms and conditions for issuance of licenses/permits by CDFW; and 
revoking or suspending privileges of those that violate California Fish and Game laws and 
regulations. 

Many other state entities also play important roles with respect to biodiversity and habitat in 
California.  These entities include: 

 
California Department of Conservation (DOC) among other things, DOC works to safeguard 
farmland and open space resources that are important to habitat and connectivity. 

California Department of Food and Agriculture (CDFA) is responsible for protecting and 
promoting California agriculture; CDFA’s work on preparing for climate risks is further discussed
in the Agriculture section of this document. 

 

California Department of Forestry and Fire Protection (CAL FIRE) is dedicated to fire protection 
and stewardship of over 31 million acres of California’s privately-owned forestlands.  
 
California Department of Parks and Recreation California State Parks (CSP) is a trustee agency 
responsible for managing 1.5 million acres of land in 280 park system units. CSP’s mission is to 
provide for the health, inspiration, and education of the people of California by helping to 
preserve the state’s extraordinary biological diversity and its most valued natural and cultural 
resources while also providing opportunities for high-quality outdoor recreation. Park units, 
which constitute about three quarters of the acreage of the system, are protected to “preserve 
outstanding natural, scenic, and cultural values, indigenous aquatic and terrestrial fauna and 
flora, and the most significant examples of ecological regions of California” (Public Resources 
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Code Sec. 5019.53). CSP lands thus protect important habitats and are integral to biodiversity 
protection efforts throughout the state.  

California Department of Water Resources (DWR) is responsible for managing and protecting 
California’s water resources and supplies.  DWR is developing comprehensive conservation 
plans, new Delta habitat enhancement and carbon sequestration projects, Regional Advance 
Mitigation Planning (RAMP), fish passage implementation actions, floodplain ecosystem 
studies, and flood system improvement actions in planning for flood, water supply, and drought
management.  Programs such as the Central Valley Flood Protection Plan Conservation 
Strategy, System Reoperations Studies, Bay Delta Conservation Plan, and the Fish Restoration 
Program Agreement are helping to integrate environmental stewardship into DWR's water 
management practices. 

 

California Ocean Protection Council (OPC) assists with the coordination of ocean-related 
activities carried out by state agencies. They also develop ocean and coastal policies for 
California. 

California Ocean Science Trust (OST) is a nonprofit 501(c)(3) public benefit corporation 
established pursuant to the California Ocean Resources Stewardship Act of 2000 (California 
Public Resources Code Sections 36970-36973). OST's mission is to advance a constructive role 
for science in decision-making by promoting collaboration and mutual understanding among 
scientists, citizens, managers, and policymakers working toward sustained, healthy, and 
productive coastal and ocean ecosystems. 

California State Lands Commission (SLC) provides stewardship of the lands, waterways, and 
resources entrusted to its care through economic development, protection, preservation, and 
restoration.  SLC engages in public land management and resource protection to ensure the 
future quality of the environment and balanced use of the lands and resources entrusted to its 
care. 

Invasive Species Council of California (ISCC) is an inter-agency council that helps to coordinate 
and ensure complementary, cost-efficient, environmentally sound and effective state activities 
regarding invasive species.  The ISCC is chaired by the Secretary of the California Department of 
Food and Agriculture and Vice-Chaired by the Secretary of the Natural Resources Agency; its 
members include the Secretaries from the California Environmental Protection Agency, 
California Business, Transportation and Housing Agency, California Health and Human Services 
Agency, and California Office of Emergency Services. 

State Water Resource Control Board (SWRCB) and nine Regional Water Quality Control Boards 
(Water Boards) were created in 1949.  SWCRCB protects water quality by setting statewide 
policy and supporting the pollution control programs administered by the Water Boards.   

State Conservancies play a big role in habitat conservation and restoration in California 
including work to  enhance habitat and protect important resource lands, including landscape 
corridors. For example, the Coastal Conservancy has conserved more than 300,000 acres and 
restored more than 33,500 acres in some of the most biologically rich ecosystems in the state 
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and the Santa Monica Mountains Conservancy has been a leader in protecting habitat corridors, 
including implementing the South Coast Missing Linkages plan.  

Other Partners In addition to state entities, many tribal nations, federal agencies, local 
governments, non-governmental organizations, non-profit land conservation organizations, and 
private sector partners play a critical role in helping to preserve and protect California’s wildlife. 
For example, the U.S. Fish and Wildlife Service is responsible for reviewing and permitting 
projects that have the potential to affect fish and wildlife protected by federal laws.  The U.S. 
Geological Survey, U.S. Forest Service, National Park Service, and Bureau of Land 
Management also play important roles in providing scientific expertise, research, and 
management of key lands throughout the state. The National Oceanic and Atmospheric 
Administration-National Marine Fisheries Service is responsible for the stewardship of the 
nation's living marine resources and works collaboratively with the state on management, 
conservation and protection of these resources while also providing research important for 
California’s coastal and marine resource managers.  

The pace and scale of climate changes and the attendant threat to biodiversity have required a 
greater degree of collaboration among partners in order to begin crafting relevant management 
responses.  Several important collaborative efforts have emerged in California.  Landscape 
Conservation Cooperatives170 (LCCs) were established by the U.S. Department of the Interior 
and are a network of public-private partnerships that provide shared science to ensure the 
sustainability of America's land, water, wildlife and cultural resources.  The LCCs support efforts 
to reduce the negative impacts of many landscape scale stressors, including but not limited to 
climate change.  California has four LCCs within its borders, the California LCC, Desert LCC, 
North Pacific LCC, and Great Basin LCC.   The LCCs recognize that challenges facing natural and 
cultural resources and landscape transcend political and jurisdictional boundaries and require a 
more networked approach to conservation.  Ecosystem-based regional collaboratives such as 
the Bay Area Ecosystems Climate Change Consortium171 (BAECCC) have also been established. 
BAECCC was formed to assess climate change impacts to the Bay Area and to identify 
management actions that will reduce negative impacts associated with climate change while 
preserving the many services and benefits that are derived from Bay Area ecosystems. Partners 
include state and federal agencies, NGOs, academic institutions, and more.  Collaborative 
efforts are further discussed in the HIGHLIGHTS OF STEPS TAKEN TO DATE AND SUCCESS 
STORIES section above. 
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EMERGENCY MANAGEMENT 
 
INTRODUCTION 
Emergency management includes actions to prepare for, mitigate against, respond to and 
recover from emergencies and disasters that impact our communities, critical infrastructure 
and resources by lessoning the likelihood, severity and duration of the consequences of the 
incident.  Mitigation and preparedness focus on activities we can do every day, not just during a 
disaster.  Hazard mitigation is any action taken to reduce or eliminate the long-term risk to 
human life and property from natural or man-made hazards.  Emergency preparedness refers 
to activities undertaken prior to an emergency to be ready to respond to and recover from any 
emergency.  Emergency response efforts occur during an emergency and flow into actions to 
recover from emergencies. 
 
Disaster risks typically associated with California include earthquake, flood and fire.  However, 
California also faces emergency risks associated with landslides, avalanches, levee failures, train 
derailments, infrastructure failures, toxic releases and other public health threats such as heat 
waves and infectious disease outbreaks. 

Climate impacts, such as more extreme weather events, sea level rise, changing temperature 
and precipitation patterns, and more severe and frequent wildfires, present new risks and 
uncertainties that will affect all phases of emergency management.  Without actions to 
incorporate climate considerations into emergency management efforts, climate change will 
increase risk to public safety, property damage, and emergency response and recovery costs to 
government and taxpayers.  For instance, sea level rise will elevate tsunami risks associated 
with earthquakes in California, and efforts to plan, prepare, respond and recover to such risks 
must be adjusted accordingly.172   
 
In addition to the more traditional disasters that California has face in the past, there is an ever 
increasing acknowledgement that climate changes present a growing peril to the state.  There is 
growing global recognition that experts from the fields of emergency management and experts 
in climate science and policy will benefit from collaborative efforts to share approaches, 
information, goals, viewpoints, and insights.173  Risk reduction is a common goal of efforts to 
prepare for climate change and emergency management activities. 
 
In California, this collaborative work has already begun, and the integration of climate impacts 
into emergency management efforts builds upon strengths and competencies that already exist 
in California’s disaster management agencies.  Further work must be done to incorporate the 
best available climate risk projections and science into emergency management activities.  
Managing emergency risks based on historical trends will no longer be sufficient. 
 
Working together, we can promote and implement risk reduction activities and increase our 
awareness and resilience to threats, hazards, and vulnerabilities, and coordinate the 
development of strategies, actions, and plans to manage risk and create long-term 
sustainability.  Resilience depends on a whole community approach and is a shared 
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responsibility for all levels of government (federal, state, local and regional, and tribal), private 
and nonprofit sectors, and individuals.  Short descriptions of state entities that play an 
important role with respect to emergency management in California are provided in Box 27: 
California Emergency Management at the end of this chapter. 

Integrating Risks of a Changing Climate into Emergency Management Activities 
Emergency Management is a comprehensive system of policies, practices, and procedures 
designed to protect people and property from the effects of emergencies or disasters.  It 
includes programs, resources, and capabilities to mitigate against, prepare for, respond to, and
recover from effects of all hazards.  While the scope, severity, and pace of future climate 
change impacts are difficult to predict, it is clear that potential changes could have impacts on 
emergency management capabilities and increased need for services.  The severity of 
emergencies is determined not only by the occurrence of natural events (that may be 
increasing in magnitude and frequency due to climate change), but also on the level of 
exposure and socio-economic vulnerability to those events.174  For instance, a severe fire in a 
largely uninhabited area may not cause significant property damage or loss of life.  However, a 
less severe or less extensive fire in an area with many homes and businesses may cause 
significant property losses and impacts to public health and safety because of the greater 
degree of exposure.  Also not all communities and not all members of a community are equally
vulnerable to emergency situations; socio-economic conditions may vary and access to 
information, services and resources affects how impacts are experienced in emergency 
situations.175    For instance, in the Los Angeles‐Long Beach Metropolitan Area, a higher 
proportion of African-Americans do not have access to air conditioning compared to the 
general population (59 percent versus 40 percent, respectively). Similar trends hold for Latinos 
(55 percent) and communities living below the poverty line (52 percent).176

 

 

 

Incorporating projected climate impacts into emergency management can help reduce 
exposure and vulnerability and increase the resilience of California communities; working to 
reduce the causes of climate change by reducing greenhouse gases can also significantly reduce 
the risks associated with climate change.177 

Box 16 below illustrates various climate risk adaptation and emergency management 
approaches for addressing climate risk.  Risk sharing and cost transferring systems like 
insurance and disaster relief are tools for managing climate risk.  Working to reduce exposures 
and vulnerabilities by lessening the likelihood, severity, and duration of adverse impacts from a 
changing climate is also important.  Another approach for dealing with climate risks is to 
increase the resilience or ability of communities to anticipate, absorb, and recover from 
hazardous events in a timely and efficient manner that ensures the preservation, restoration or 
improvement of basic structures and functions.  Finally, transformational changes in regulations 
and laws, technologies, financial institutions, land use management approaches, and other 
systems will be a necessary part of effective emergency management in the era of climate 
impacts.178  These various approaches are overlapping and complementary.  These approaches 
to managing climate risk also build upon traditional emergency management competencies and 
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are further discussed below in the context of the four traditional phases of emergency 
management:  hazard mitigation, emergency preparedness, response and recovery. 
 
Box 16 

 

From: IPCC, 2012: Summary for Policymakers. In: Managing the Risks of Extreme Events and Disasters to Advance 

Climate Change Adaptation [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea,K.J. 

Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special Report of Working Groups I and II of 

the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK, and New York, NY, 

USA, pp. 1-19.   

 
Hazard mitigation: 
Hazard mitigation is any action taken to reduce or eliminate the long-term risk to human life 
and property from natural or man-made hazards.  This can include efforts to reduce exposure 
and vulnerabilities to climate impacts. 
 
Climate change will result in new “normal” averages with respect to weather (e.g. new average 
temperatures at given times of year or new average amounts of precipitation in the form of 
rainfall).  Climate change may also result in more ‘extreme’ events (e.g. Superstorm Sandy or 
extreme, prolonged heat events).  Planning for projected new norms and more extremes must 
be part of hazard mitigation planning in the era of climate change.179  Hazard mitigation 
planning based on historical trends will no longer be sufficient.  
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Hazard mitigation in the context of a changing climate can take many different forms including, 
but not limited to: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Education for first responders and emergency managers on climate risks;180 

 Minimizing new development in areas most vulnerable to hazards;181 

 Investing in green infrastructure and other protective structures to address sea
level rise;182

 
 

 Managed shoreline retreat;183 

 Enhanced flood warning instrumentation;184 

 Stabilize river banks and restore and create wetlands; 

 Relocation or retrofits of structures in hazard areas; 

 Climate risk communication and education;185 

 Forest fire risk reduction through the removal of certain forest vegetation (or 
“fuels”);186  

 Defensible space clearance around homes and structures to reduce wildfire 
risk;187 

 Implementing building codes that require use of fire resistant building materials 
in areas prone to wildfire risk;188 

 Promoting sound land use practices;189 

 Urban forestry and urban greening to address heat island effect;190 

 Promoting use of cool pavements to deal with urban heat island effect;191 

 Use of state-of-art materials in new infrastructure to optimize resilience in light 
of expected climate impacts;192 and 

 Mainstreaming climate risk considerations into government, business, and 
individual decisions.193 

 
Attention to the timing and spatial dimensions of hazard mitigation efforts is critical in the era 
of climate change.  Some efforts to reduce risk in the short term may actually increase exposure
and vulnerability over the longer term.  For instance, protective structures built to address sea 
level rise may encourage development patterns that may increase risk in the long term.194  
Therefore, such protective structures should be capable of being augmented over time, and 
adequate funding for long-term maintenance of such structures is needed. 

 

 
Funding for hazard mitigation can be very cost effective.  One study found that every dollar 
spent on a FEMA hazard mitigation grant produced, on average, four dollars of benefits.195   
 
The California Governor’s Office of Emergency Services (CAL OES) leads hazard mitigation 
activities in California.  CAL OES maintains and coordinates the update of the State of California 
Multi-hazard Mitigation Plan (SHMP).  As California's primary hazard mitigation guidance 
document, the SHMP provides a comprehensive description of the state's historical and current 
hazard analysis, mitigation strategies, goals and objectives.  The integration of climate risks, 
such as heat emergencies, prolonged drought, wildfires, flooding, sea level rise and severe 
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storms and erosion, into the SHMP is further described below in the subsection of this chapter 
titled “Highlights of Steps Taken to Date and Success Stories”. 

The State of California is required to review and update its SHMP and resubmit for Federal 
Emergency Management Agency (FEMA) approval at least once every five years to ensure 
continued funding eligibility for certain Stafford Act grant programs. This includes FEMA’s 
hazard mitigation assistance programs: Hazard Mitigation Grant Program (HMGP), Pre-Disaster 
Mitigation Assistance (PDM), Repetitive Flood Claim Program, as well as the Fire Management 
Assistance Grant Program and Public Assistance grants (Categories C-G).  In addition, the state 
remains eligible for the reduced cost share for grants awarded under the Flood Mitigation 
Assistance grant programs.  States which can demonstrate a more comprehensive “Enhanced 
Mitigation Plan” are eligible for an increased amount of mitigation funding following a disaster 
declaration.196  The 2013 SHMP is an Enhanced Mitigation Plan. 

In addition to maintaining and coordinating updates of the SHMP, CAL OES also engages in the 
following hazard mitigation activities: 
 

 

 

CAL OES supports and assists local governments in the development of Local Hazard 
Mitigation Plans (LHMPs) required under DMA 2000.  CAL OES reviews and provides 
information on integrating hazard identification, risk assessments, risk management, 
and loss prevention into a comprehensive approach to hazard mitigation and helps 
local governments identify cost-effective mitigation measures and projects.   

 

 The DMA 2000 introduced reforms to try and move hazard mitigation planning away
from reactive, disaster-driven processes.  DMA 2000 instituted a Pre-Disaster 
Mitigation Grant Program (PDM) which provides funds to states, territories, Indian 
Tribal governments, communities, and universities for hazard mitigation planning 
and the implementation of mitigation projects prior to a disaster event; however, 
funding allocations for the PDM program have declined and there have been 
proposals to eliminate PDM funding altogether.197  CAL OES administers the hazard 
mitigation program for plans and projects through the FEMA Hazard Mitigation 
Grant Program (HMGP), Pre-Disaster Mitigation Grant Program (PDM), and Flood 
Mitigation Assistance Grant Program (FMA).198  The HMGP provides grants to states 

 

and local governments to implement long-term hazard mitigation measures after a 
major disaster declaration.  The FMA provides funds to assist States and 
communities in implementing measures that reduce or eliminate the long-term risk 
of flood damage to buildings, manufactured homes, and other structures insured 
under the National Flood Insurance Program.199  CAL OES maintains a complete 
listing of mitigation grants.200 Hazard mitigation that is based on proactively 
anticipating threats, rather than based on past disasters, will be necessary in the era
of climate change since the magnitude, timing, and frequency of natural disaster risk
is changing, and historical disaster reference points may no longer be accurate 
predictors of future threats. 
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 The CAL OES Dam Safety Program was established by Government Code §8589.5 in 
1972 following a near failure of the Lower San Fernando Dam during the Sylmar 
Earthquake.  The Dam Safety Program provides assistance and guidance to local 
jurisdictions on emergency planning for dam failure events, collects and reviews 
dam failure inundation maps, and evaluates waivers from the inundation mapping 
requirement. The Dam Safety program coordinates with the California Division of 
Safety of Dams and other state and federal agencies in activities to assure effective 
dam incident emergency response procedures and planning. 
 
The Cal OES Dam Program is also the designated repository of the official dam 
failure inundation maps used in California’s Natural Hazard Disclosure statement as 
specified in Civil Code § 1103 for real estate transactions. For information on climate
change and dam safety in California, please see Box 17: California Dam Safety & 
Climate Change.

 

201 
 

 CAL OES developed and maintains the MyHazards online tool that allows 
Californians to identify hazards in their area (earthquake, flood, fire, and tsunami) 
and learn steps to reduce personal risk.202  In 2011, CAL OES also launched the 
MyPlan online tool for hazard mapping to support local planning efforts.  CAL OES 
and the California Natural Resources Agency, partnered with FEMA to develop 
MyPlan as a risk assessment and communication tool.  MyPlan facilitates city, 
county, special district, and Tribal access to federal- and state-produced hazard data 
for use in creating maps for preparing, upgrading and reviewing Local Hazard 
Mitigation Plans (LHMPs), General Plan Safety Elements, Local Coastal Plans (LCPs), 
and hazard mitigation projects. 203  Currently, the MyHazards and MyPlan tools do 
not incorporate climate projection data; however, Cal-Adapt, discussed in Inset 1 in 
the Introduction, does provide climate projections for local areas. 

 
Box 17 

Dam Safety in a Changing Climate  

Climate change can present new conditions that could potentially even exceed historical dam 
design standards, and result in dam overtopping or failure.204  For instance, increases in 
precipitation, changes in precipitation patterns, changes in run-off timing and quantity, and 
obstruction of spillways from increased debris and sediment caused by more frequent 
watershed wildfires can potentially increase the risk of dam overtopping or failure.  However, 
because California dam design standards have been very conservative, climate change is not 
expected to have a significant effect on the near-term safety of California dams under State 
jurisdiction for dam safety.205 

The Division of Safety of Dams (the Division), under the California Department of Water 
Resources, is charged with protecting people against loss of life and property from dam 
failure.206  The Division regulates about 1,250 jurisdictional sized dams in California.207  There 
are roughly 180 Federal dams that are exempt from State regulation as well as hundreds of 
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non-Federal dams that are not subject to Division’s regulation due to their smaller size and/or 
storage.   

The Division requires all jurisdictional dams to have sufficient spillway capacity to safely pass 
the design storm.  Dams with even minimal downstream hazard consequences (i.e., the 
downstream risk associated with a sudden catastrophic failure) are designed for 1,000-year 
return period storms.  As the level of downstream risk increases, the required design storm also 
increases, up to the Probable Maximum Precipitation (PMP) for the larger dams/reservoirs with 
extreme downstream hazard consequences.  The PMP is determined in accordance with federal 
hydro-meteorological reports.208  A “Probable Maximum Precipitation” can be thought of as the 
ceiling of all possible storms and results from the most severe combination of meteorological 
and climatological conditions that are considered reasonably possible from the study area.209 

The Division considers spillway performance to be the greatest threat to dam safety arising 
from climate changes and is therefore continuing to coordinate with the Department of Water 
Resources climate staff to incorporate updated climate considerations into its analyses and 
work.210  Also, as part of the Division’s maintenance and inspection program, dam spillways and 
their inlets are closely monitored to ensure that they are, or will be, clear of debris prior to the 
onset of the wet season.  Wildfires have historically occurred during the warm season when 
watersheds and their reservoirs can be managed to ensure spillways remain clear.   

 
Box 18 

What is a 100-year storm (precipitation) or a 100-year flood? 

A 100-year storm or precipitation refers to a specified depth of rainfall, in inches, for a given 
duration that has a 1 in 100 or 1% chance probability of occurring at least once at a particular 
location in any given year.  Likewise, a 50-year rainfall event has a 1 in 50 or 2% chance of 
occurring in any given year.  Statewide, 100-year precipitation estimates may vary, depending 
on the statistical method or distribution that is followed and the rainfall data set(s) used.  211  

Similarly, a 100-year flood refers to a specified rate or magnitude of water flow, usually 
expressed in cubic feet per second, that has a 1 in 100 or 1% chance probability of occurring in 
any given year. 212  Its flow value is typically estimated by statistically evaluating recorded 
stream flow data from a particular watershed. 

Not every 100-year precipitation corresponds to a 100-year flood since the recorded data set 
for the precipitation and the recorded data set for the flood flow values are different from each
other and at the time of the storm event, the watershed ‘s conditions and characteristics are 
variable.   In practice, in the media, both terms are used interchangeably. 

 

As noted elsewhere in this Safeguarding California Plan, climate change is expected to increase 
the frequency and the magnitude of more severe weather events which will lead to an increase
in the magnitude of the 100-year event.  For example, a previous 100-year estimated event is 
now a 70-year event.  In addition, the Plan noted that climate change is expected to increase 
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the frequency of 100-year storms/floods in any year, resulting in multiple 100-year storms or 
floods that occur in a single year.213 

 
Emergency Preparedness: 
Emergency preparedness is part of emergency management that encompasses preparations to 
be ready for disasters that may strike.  For CAL OES, this includes activities such as supporting 
local efforts in emergency planning, integrating the needs of vulnerable populations in 
emergency planning, and maintaining the State Emergency Plan.214  Cal OES is delegated by the 
Governor to support and enhance all phases of emergency management which include 
Preparedness, Response, Recovery and Mitigation. The Cal OES “Planning and Preparedness 
Division” web site identifies a number of plans, guidance materials, support information, points 
of reference, and other materials to assist in development of a successful all-encompassing 
preparedness program. As further discussed below, many other state entities – including, but 
not limited to, HHS, CDPH, CDFA, CalTrans, Cal/EPA, the Resources Agency, and the CEC, play 
key roles in California’s emergency preparedness.215  The need for emergency preparedness is 
greater than ever given new climate risks, including increasing frequency of disasters, coupled 
with other trends like a growing California population, which may leave more people vulnerable 
to the effects of disasters.  Climate change will likely require improvements to “surge” or 
rapidly increase capacity to ensure the ability to meet increased needs during disasters and 
emergencies – including, for instance, assessing and addressing staffing and equipment needs 
to create a more flexible workforce by increasing employee readiness, cross-training staff, and 
increasing the pool of employees who are qualified and trained to respond to disasters and 
other events.216 

 
The State of California Emergency Plan (SEP) addresses the state’s responses to extraordinary 
emergency situations associated with natural disasters or human-caused emergencies.  The SEP 
provides a consistent, statewide framework to enable state, local, tribal governments, federal 
government and the private sector to work together to mitigate against, prepare for, respond to 
and recover from the effects of emergencies regardless of cause, size, location, or complexity.   
 
The 2009 SEP recognized growing trends such as greater vulnerability to floods and wildland fires, 
and the influence of extreme weather events on emergency management activities.   
The 2009 SEP also established the California Emergency Functions (EF) which consists of 18 
disciplines deemed essential to the emergency management community in California.  The 
California Emergency Functions define state functional capabilities, emergency management 
activities and resources needed in the following areas:   
 

EF 1 – Transportation 
EF 2 - Communications 
EF 3 - Construction and Engineering 
EF 4 - Fire and Rescue 
EF 5 – Management 
EF 6 - Care and Shelter 
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EF 7 – Resources 
EF 8 - Public Health and Medical 
EF 9 – Search and Rescue (USAR merged with EF 4 Fire and Rescue 
and Wildland SAR merged with EF 13 August 2013)EF 10 – Hazardous 
Materials 
EF 11 – Food and Agriculture 
EF 12 – Utilities 
EF 13 – Law Enforcement 
EF 14 – Recovery 
EF 15 – Public Information 
EF 16 – Evacuation (merged with EF 13 Law Enforcement August 2013) 
EF 17 – Volunteers and Donations Management 
EF 18 – Cyber Security 
 

In 2010, CAL OES released a Contingency Plan for Excessive Heat Emergencies, a contingency 
plan supporting the SEP. This plan outlines the actions the State of California will take in 
support of local government when an extreme temperature event is anticipated or has 
occurred. This plan also provides guidance for local government and non-governmental 
organizations in the preparation of their heat emergency response plans and other related 
activities, and is further discussed below under the heading of Highlights of Steps Taken to Date
and Success Stories.217  As noted in the Public Health section of this document, CDPH and 
Cal/EPA have also released “Preparing California for Extreme Heat: Guidance and 
Recommendations”218.  CAL OES also has a Contingency Plan for Extreme Cold/Freeze 
Emergencies.219

 

 
 
The SEP designates lead agencies for each emergency function, and as noted above, many state 
entities play key roles in California’s emergency preparedness.  For instance: 
 

 Pursuant to the State Emergency Plan, HHS is the lead agency for Public 
Health and Medical activities and services statewide in support of local 
jurisdiction resource needs for preparedness, response, and recovery 
from emergencies and disasters.220  As noted in the Public Health section 
of this document, climate change poses risks to public health, including, 
but not limited to, severe heat events and smoke exposure from 
increased wildfires.  HHS includes both the California Department of 
Public Health - Emergency Preparedness Office (CDPH EPO)- the state’s 
lead on health emergencies and the Emergency Medical Services 
Authority (EMSA).  CDPH EPO and EMSA both work closely with CAL OES. 
Among other things, EMSA coordinates statewide activities for 
emergency medical services, assists CAL OES with the emergency 
management component of the State Emergency Plan, and develops the 
California Disaster Medical Response Plan.221  CDPH’s EPO plans and 
executes activities to prepare Californians for public health 
emergencies.222  CDPH EPO also maintains the “Be Prepared” website to 
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provide information on preparing for public health emergencies including 
floods and wildfires.223  

 

 CDFA is the lead agency on emergency management related to food and 
feed safety and agricultural diseases and pests.  As further discussed in 
the Agriculture section of this document, climate change poses a variety 
of risks to food and agriculture, including, but not limited to food and 
feed safety and agricultural diseases and pests; for instance, severe 
drought is a climate-risk, with significant impacts for agriculture (and 
other sectors).  Drought and drought management is discussed further in 
the Water section of this document.  

 The California Utilities Emergency Association (CUEA) serves as a point-of-contact for 
critical infrastructure utilities and CAL OES and other governmental agencies before, 
during and after an event to: 

 

 

Facilitate communications and cooperation between member utilities and public 
agencies; and with non-member utilities (where resources and priorities allow); 

 Provide emergency response support wherever practical for electric, petroleum 
pipeline, telecommunications, gas, water and wastewater utilities and; 

 Support utility emergency planning, mitigation, training, exercises and education. 

 The Energy Commission works with and provides support to CAL OES in 
the form of information gathering, technical expertise, programs, and 
contingency planning with respect to energy.  The principal contingency planning 
programs include the Energy Emergency Response Plan, Petroleum Fuels Set-
Aside Program, Local Government Program, Economic Assistance Program, and 
Demand Reduction Program.  Climate risks to Energy are further discussed in the 
Energy section of this document.224  
 



78 
 

Box 19

 

California Department of Water Resources; 1997 
 
Response: 
As noted in this section and in other sections of this document, climate change is likely to lead 
to more frequent and more severe weather events and climate-related disasters and 
emergencies, such as heat waves, floods, drought and wildfires.  Emergency response capability 
will likely need to be enhanced in order to address these escalating threats. 
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Box 20

 

 
California Department of Water Resources; 1997  

The Standardized Emergency Management System (SEMS) unifies all elements of CA's 
emergency management community into a single integrated system and standardized key 
elements. SEMS continues to be used in California for managing emergencies involving multiple 
jurisdictions and agencies.  

SEMS-NIMS Integration- the CAL OES is responsible for coordinating and monitoring the overall 
statewide integration of the SEMS and the National Incident Management System (NIMS) to 
meet federal NIMS requirements and timeframes. NIMS was developed by the federal 
Department of Homeland Security (DHS) pursuant to Homeland Security Presidential 
Directive/HSPD-5 to ensure that all levels of government across the nation have the capability 
to work efficiently and effectively together, using a national approach to domestic incident 

management. 

CAL OES Response includes Regional and State Operations California State Warning Center, 
Public Safety Communications Office, Fire and Rescue, Law Enforcement, Mutual Aid System, 
Membership in Emergency Management Assistance Compact (EMAC), Catastrophic Response 
Planning, the Joint State/Federal CONOS, and public/private coordination. 

 

http://www.fema.gov/national-incident-management-system
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 When emergencies exceed the capabilities of local resources, CAL 
OES activates the State Operations Center (SOC) in Sacramento and 
the Regional Emergency Operations Centers (REOCs) in impacted 
areas to receive and process local requests for assistance. During 
major emergencies, CAL OES will call upon its own response 
resources, state and local government agencies and public/private 
partners based on their specialized capabilities and expertise to help 
provide support to local government.  

 The California State Warning Center (CSWC) provides emergency communications and is 
staffed 24 hours a day, seven days a week, 365 days a year. Although the system was 
established primarily to provide communications and warning in the event of nuclear 
incident, it serves as a system of communications and notification for all disasters. Upon 
direction of the CAL OES Executive Duty Officer, the CSWC will begin notification of the 
on call CAL OES Operational Readiness Team.  This team’s purpose is to staff the State 
Operations Center as quickly as possible.  The CSWC also begins the notification process 
of the departmental 24 hour points of contact that are required to staff the State 
Operations Center.  

 

 

 

 

Public Safety Communications Office (PSCO) serves the State of 
California by providing public safety communications to the State's 
first responders and oversight of the 9-1-1 system to the People of 
California. The PSCO is dedicated to the preservation and protection 
of human life and public safety by delivering reliable and dependable 
communication services keeping the public connected during times of 
crisis. 

 CAL OES Fire and Rescue coordinates the systematic mobilization, 
organization and operation of necessary fire and rescue resources 
throughout the state and its political subdivisions in an effort to 
mitigate the effects of disasters, whether natural, technological or 
human caused.  For more information about the impacts of climate 
change from the perspective of an emergency services first 
responder, please see Box 22 First Person Narrative - Climate Change
and Wildfire in California by Thom Porter - CAL FIRE Unit Chief San 
Diego. 

 

 CAL OES Law Enforcement works directly with California’s sheriffs and 
police departments.  Law Enforcement deploys assets to disaster 
scenes, provides law enforcement mutual aid guidance, Search and 
Rescue resource deployments, and Coroners and Mass Fatality 
coordination. 

 The Mutual Aid System is an extension of the concept of “neighbor 
helping neighbor.”  As a component of the Standardized Emergency 
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Management System [SEMS], the Mutual Aid System is based on four 
organizational levels: cities, counties, regions and the State.  

 

 

 

California is a member of the Emergency Management Assistance 
Compact (EMAC), a congressionally ratified organization among the 
50 states and territories.  Through EMAC, a disaster impacted state 
can request and receive assistance from other member states quickly 
and efficiently.  

 Catastrophic planning. Through a collaborative effort by CAL OES and 
the Federal Emergency Management Agency (FEMA), the 
Catastrophic Incident Base Plan establishes the Concept of Operations
(CONOP) for the joint Federal and State response to, and recovery 
from, a catastrophic incident in the State of California. The CONOP 
defines the joint State/Federal organization and operations that 
support the affected local governments and other entities in the 
incident area.  

 

 There is a critical need for the organized synchronous exchange of 
information and resources between public and private sector 
organizations. To meet that need, CAL OES has agreements with 
private sector and non-profit organizations which will provide support 
to the state during times of crisis. Together, these organizations form 
the Business and Utility Operations Center (BUOC) - comprised of two 
components: the Business Operations Center (BOC) and Utility 
Operations Center (UOC) - and they serve as a critical component in 
emergency response and addressing the needs of impacted 
communities. 
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Box 21 

 

  
 

 

Harris Fire - San Diego County - October 2007 
Photo: CAL FIRE - Wes Schultz 
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Box 22 

FIRST PERSON NARRATIVE: Climate Change and Wildfire in California 
By Thom Porter CAL FIRE Unit Chief San Diego [used with permission] 

As a fourth generation Southern Californian, I have had a lot of opportunity to hear stories of 
how it used to be. I love the stories and conjecture about the old days.  Recently, I have 
developed an interest in verifying some of the "stories" through research of my family history.  I 
found that I come from a family of outdoorsman/foresters, some of whom helped shape the 
West.  In fact, my great grandfather was one of the first foresters to come to San Diego County 
and the mountains of Southern California in the U.S. Government’s effort to preserve forest 
lands for the public good.  I am honored to follow the family calling and find new challenges 
with similar scope and importance to those of the past. 

In California and much of the West, wildfire is an accepted environmental norm.  However, 
humans cause the vast majority of fires while natural events (lightning, volcanic activity, etc.) 
cause relatively few.  Essentially there are three elements that define wildfire behavior: 
weather, fuels, and topography.  These are the basic components of the wildfire behavior 
triangle  

fuels/vegetation 

The wildfire behavior triangle simply displays the elements that effect wildfire spread.  It is 
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important to note that humans can effect change on only one part of this triangle 
(Fuels/Vegetation).  Topography remains more or less constant, changing on the geologic time 
scale.  Weather is the most variable and excessively difficult to predict.  Weather is the element 
that will most quickly alter as the climate changes.  Firefighters are keenly aware of what 
weather pattern changes can do to fire behavior.  It is more difficult to determine what the long 
term effect will be on the health of watersheds and all of the values they support.   

For over 100 years, we have geared up to fight wildfires on a seasonal basis.  “Fire season” has 
been a staple in our way of planning for and deploying firefighting resources during the late 
spring, summer, and early fall.  The West has had a predictable cycle of wildfire occurrence 
(with a few local exceptions).  The Southwest gets fires early and then the monsoons dampen 
the region and fires start to breakout in the Great Basin as summer takes hold.  In mid- to late 
summer, the Pacific Northwest and Northern California dry out, and fires can easily consume 
the parched vegetation.  Southern California closes the “fire season” with the potential for 
Santa Anna Wind-driven fires.  These are some of the most dangerous due to the large 
population in the region including cities and towns intermixed with wildland vegetation. 

The “fire season” cycle identified above seems to be breaking down.  There is less predictability. 
More and more large and damaging wildfires are occurring outside of fire season, deep into the 
winter or earlier in the spring.  Weather is the primary reason for this change.  Less 
precipitation is coming in the form of snow which slowly charges water supply facilities and 
keeps fire threats in the high country to a minimum until deep into the summer months.  We 
are getting long dry spells sometimes accompanied by winds that drive fires like the Viejas Fire 
in January 2001 (San Diego County), to over 10,000 acres in one active day of burning.  
Southern California has its share of large and damaging wildfires.  It is part of the 
Mediterranean climate that indigenous plants, animals and humans have adapted to over 
millennia.  However, the adaptations are based on a cycle that seems to be changing at a rate 
that can’t be matched.  Scientists have found that many of the species of animals whose habitat 
was consumed by the massive wildfires in 2003 and 2007 are starting to return and some are 
thriving.  Others are gone.  Those requiring woody debris (stumps, logs, and sticks) and thick 
leaf litter have not returned and they may not for decades, or ever.   

 

You may wonder why this matters to a forester turned fire chief.  As a chief in one of the most 
progressive wildland fire agencies, I feel it is my duty to know how fire is likely to affect the 
people and natural resource values of California and beyond.  Informed proactive decision 
making will help me and my colleagues best meet our mission to …serve and safeguard the 
people and protect the property and resources of California.  

Climate change has the potential to shift local and regional weather patterns.  Drought may 
persist in some areas while above average precipitation may occur elsewhere.   It is certain 
however that wildfires will be a permanent issue for Californians.  I often say, "Every acre of 
land can and will burn at some point in time." Where the next large damaging fire will occur is 
not certain.  However, we must expect and prepare for it to come.  Likewise, we must plan for a 
less predictable and longer firefighting season including fires that defy our conventional 
recollections. 
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I am proud of California’s leadership and governmental effort to address climate change.  As a 
senior manager, I look forward to continuing my personal and family’s service to the people 
and natural resources of California.  As the climate changes, there will be tough issues to deal 
with and I am confident California will lead the way with innovative solutions. 

 
Recovery: 
Post-disaster recovery and reconstruction periods provide an opportunity for reducing 
vulnerability to weather- and climate-related risk.  However, an emphasis on rapid rebuilding of 
infrastructure, homes and businesses often leads to recovering in ways that recreate or even 
increase existing vulnerabilities, and preclude longer-term planning that could enhance a 
community’s resilience to climate impacts.225   
 
Risk and cost sharing mechanisms like disaster relief and insurance can help increase resilience 
by providing means to finance recovery of livelihoods and reconstruction, and by providing 
knowledge and incentives for reducing risk.226 FEMA’s National Flood Insurance Program's 
(NFIP) Community Rating System (CRS) is a voluntary incentive program that recognizes and 
encourages community floodplain management activities that exceed the minimum NFIP 
requirements. 

As a result, flood insurance premium rates are discounted to reflect the reduced flood 
risk resulting from the community actions meeting the three goals of the CRS: 

 

 

Reduce flood damage to insurable property; 

 Strengthen and support the insurance aspects of the NFIP, and 
 Encourage a comprehensive approach to floodplain management 

 
Please see Box 23: Climate Change and Insurance below (please also see Box 48: Flood 
Insurance in the Oceans and Coastal Ecosystems and Resources section of this document).  It 
should be noted, however, that in some circumstances, risk and cost sharing mechanisms can 
provide disincentives for reducing disaster risk; see, for example, the discussion of repetitive 
loss and the National Flood Insurance Program in the Oceans and Coastal Ecosystems and 
Resources section of this document.227  
 
CAL OES administers a number of recovery programs including: 
 

 

 

Public Assistance to aid state agencies, local governments, special districts and 
eligible private non-profit organizations that have been impacted by a disaster. 
Through Public Assistance, CAL OES facilitates state and federal support to 
applicants to assist in community recovery from a major disaster or emergency; 

 Individual Assistance involves coordination with federal, state, local, and 
voluntary/non-profit entities to provide recovery assistance following a disaster 
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where individuals and households, businesses, and/or the agricultural community 
are impacted; and  

 

 

 

 

Additional Technical Resources provided through Recovery Programs include post-
disaster Safety Assessments, Debris Management and Environmental/Historic 
assistance to address environmental compliance issues. 
 

 Emergency Function (EF) 14 – Recovery supports and coordinates the state-level 
activities of its stakeholders in the mission to achieve recovery success within 
California. The EF 14 stakeholders work together within their statutory and 
regulatory authorities to effectively and efficiently coordinate recovery operations.  
EF 14 is currently under development. 
 

 The California Disaster Recovery Framework (CDRF), which is under development, is 
organized by the six Recovery Support Functions (RSFs) and the recovery core 
capabilities of public information and organizational coordination (leadership). The 
RSFs outline roles and responsibilities of stakeholders and anticipate and identify the 
significant functions or categories of support.  CDRF is currently under development. 
 

 National Disaster Recovery Framework, updated in 2013, provides context for how 
the whole community works together and how response efforts relate to other parts
of national preparedness. It is one of the five documents in a suite of National 
Planning Frameworks. Each Framework covers one preparedness mission area: 
Prevention, Protection, Mitigation, Response or Recovery. 

 

 
Box 23 

Climate Change and Insurance 
 
The insurance industry is vulnerable to climate change, but can also help society manage 
climate risks.  The insurance industry is the world’s largest industry with 4.6 trillion USD of 
annual revenues.228  Insurance provides a way of pooling risk and facilitating recovery from 
losses and disasters.  Insurance cannot make whole all losses (such as loss of life and the loss of 
other irreplaceable items), however insurance can provide important financial relief. 
 
Generally, insurance companies are required to maintain adequate reserves to cover claims.229  
However, when there is the potential for claims to exceed the amount of reserves an insurance 
company can maintain, insurers look for other instruments to pay claims, including re-
insurance230 and, more recently, catastrophe bonds.  However, the cost of reinsurance can 
decrease the affordability of insurance.231    
 
Reinsurance and global risk sharing are ways of making insurance actuarially viable.  According 
to the Reinsurance Association of America:  

http://www.fema.gov/national-preparedness/whole-community
http://www.fema.gov/national-preparedness/national-planning-frameworks
http://www.fema.gov/national-preparedness/national-planning-frameworks
http://www.fema.gov/mission-areas
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“Reinsurance is best thought of as ‘insurance for insurance companies,’ a way for 
a primary insurer to protect against unforeseen or extraordinary losses…to share 
liability when losses overwhelm the primary insurer's resources…reinsurance 
plays a critically necessary…role in the financial management of natural disaster 
losses. 
 
In a reinsurance contract one insurance company (the reinsurer…) charges a 
premium to indemnify another insurance company…against all or part of the loss 
it may sustain under its policies…Reinsurance is a global business. Its 
international nature reflects a further spreading of risk and access to broader 
capital markets to help cover losses. About 46% of all U.S. property/casualty 
reinsurance premiums, and two-thirds of all U.S. property catastrophe 
reinsurance premiums, are written by foreign reinsurance companies.”232 

 
The re-insurance company Swiss Re published a report in 2013, that notes that a loss like the 
one triggered by Superstorm Sandy should be expected about every five years when looking at 
the U.S. as a whole.233  International insurance and reinsurance companies are expected to 
cover half of total insured losses (in excess of $8 billion USD) from Superstorm Sandy, according 
to the industry Association of Bermuda Insurers and Reinsurers (ABIR).234 
 
The risks can eventually become so extreme, that insurers can decline to underwrite, leaving 
the public without a means to cover losses235.  Then, public insurance mechanisms become 
vital.  This has occurred with flood, crop, wind and earthquake insurance. 
 
Public Insurance Mechanisms 
 
The government does offer some insurance products through the National Flood Insurance 
Program and the Federal Crop Insurance Corporation.  Those programs are further discussed in 
the Oceans and Coastal Ecosystems and Resources section of this document and the Agriculture
section of this document.  It is important to note, that much of California’s agricultural 
production is not eligible for federal crop insurance.  The National Flood Insurance Program’s 
rates have significantly increased due to the Biggert-Waters Flood Insurance Reform Act.  As a 
result, many who are at risk may not be able to afford flood insurance. 236

 

  
 
States offer insurance through public instrumentalities, such as the California Earthquake 
Authority and Florida’s Citizens Property Insurance Corporation.  Because the risk of loss 
remains high, insurance rates from these providers can be expensive and the take up rate can 
be low, leaving many who are at risk without coverage.237 
 
When losses are not covered by insurance, Federal disaster aid is the last resort for disaster 
victims.  In the event of a major disaster, federal funding for response and recovery comes from 
the Disaster Relief Fund managed by FEMA and disaster aid programs of other participating 
federal agencies. These programs are provided with emergency supplemental appropriations to 
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cover the costs of damages. The federal government does not budget for these costs; without a
comprehensive view of overall funding claims and trade-offs, it is difficult for federal decision 
makers to manage such fiscal exposures.  FEMA has obligated over $80 billion in federal 
assistance for disasters declared during fiscal years 2004 through 2011; with a growing number 
of disaster declarations—a record 98 in fiscal year 2011 compared with 65 in 2004.238

 

 
 
Challenges and Opportunities 
 
When risks are too great or undefined, insurers may withdraw from at-risk market segments, 
increase prices, or limit coverage, and this creates undesirable societal vulnerabilities.239

Nontraditional capital in the form of reinsurance backed by hedge funds or insurance-linked 
securities may help bolster insurance capacity in disaster prone areas240, but the threat that 
climate risks pose to insurer solvency is still of concern for insurance regulators.241

In 2005, insurance regulators foresaw the impending threat of climate change on the insurance 
industry and began to address it.  Although insurance is regulated on a state-by-state basis – in 
California, the Department of Insurance, headed by Insurance Commissioner Dave Jones, serves 
this function, insurance regulators actively participate in the National Association of Insurance 
Commissioners (NAIC, the U.S. standard-setting and regulatory support organization created 
and governed by the chief insurance regulators from the 50 states, the District of Columbia and 
five U.S. territories.)242

  

   

  
 
To address the implications of climate change on insurers and insurance consumers, the NAIC 
hosted a public hearing in 2005. Subsequently, the NAIC released The Potential Impact of 
Climate Change on Insurance Regulation white paper in 2008.243 The white paper examined the 
effects of climate change on insurance industry investment decisions, disclosures and 
underwriting practices. The white paper also recommended regulators develop a framework for 
the collection of information related to the impact of climate change on insurers. 244   
 
In response to the white paper, the NAIC adopted the Insurer Climate Risk Disclosure Survey
(“survey”) in 2010. The eight question survey was designed to be an insurer reporting 
mechanism that would provide regulators with information on how insurers incorporate 
climate risks into their mitigation, risk management, and investment plans. Insurers are also 
asked to identify steps taken to engage key constituencies and policyholders on the topic of 
climate change. 245

 

 
 
The survey was modeled after the CDP (formerly named the Carbon Disclosure Project) 
voluntary questionnaire and, as such, cross references its questions. The CDP questionnaire 
asks respondents to disclose their greenhouse gas emissions, water management and climate 
change strategies. Although the CDP holds the largest collection of self-reported climate change
data, insurer participation is low. Insurance regulators developed the survey as a way to fill the 
void of pertinent climate risk information.  According to the CDP, insurers typically disclose such
things as their carbon footprint reduction efforts, modeling, physical risk assessments, liability 
concerns, investment strategies, and underwriting policies. Many also report on climate change 
related innovations and green practices, such as sustainable real estate, catastrophe bonds, 
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renewable energy practices and green reconstruction. 246 
 
Unfortunately, California was one of only a handful of states to actually participate in the 
administration of the survey, and was the only state to do so in 2011, during the second year of 
the survey247. 
 
In 2012, the insurance departments of California, Washington, and New York administered the 
NAIC Insurer Climate Risk Disclosure Survey (“survey”) for the 2011 reporting year as part of a 
multi-state initiative. The multi-state initiative was designed to bolster participation in the 
survey by capturing most of the insurance industry. The survey was required for insurers writing 
more than $300 million in direct premium in these states, covering 68 percent of the U.S. 
insurer market. Approximately 470 company responses were collected in 2012 and made 
publicly available on the California Department of Insurance’s website.248 It should be noted 
uniform responses were permitted for insurers that are part of a group. 249 
 
The multi-state initiative was expanded in 2013 to include the insurance departments of 
Connecticut and Minnesota. Additionally, the required reporting threshold was lowered from 
$300 million to $100 million in direct written premium and applied mandatorily to all individual 
companies that write business in one of these states, regardless of where they are domiciled. 
Assuming full reporting compliance, this change in threshold is expected to double the number 
of reporting companies and should give insurance regulators, investors and policyholders a 
better picture of how insurers are responding to climate change. 250 
 
The California Department of Insurance, which serves as the central filing point and data 
warehouse, now offers companies the ability to submit their data directly online. The move to 
online filing will allow submitted data to feed directly into a database sortable by regulators 
and interested parties, enabling more people to provide analysis. 251 
 
In recognition of the growing need to ensure that insurers are addressing climate related risks, 
the NAIC also adopted revisions to the 2013 Financial Condition Examiners Handbook at the end 
of 2012. These revisions incorporated risk-focused examination questions that provide 
examiners with needed guidance on what questions to ask insurers regarding any potential 
impact of climate change on solvency. They were specifically designed to help examiners 
identify unmitigated risks and to provide a framework for them when examining such risks and 
their impact on how an insurer invests its assets and prices its products. The updates made 
changes to the Handbooks’ Exhibit B – Examination Planning Questionnaire, Glossary, Interview 
of Investment Management, Interview of Chief Risk Officer, Exhibit V – Prospective Risk 
Assessment, Investment Repository, and Underwriting Repository sections. 252 
 
Disclosure of climate risk is important because of the potential impact climate change can have 
on insurer solvency and the availability and affordability of insurance across all major 
categories. Munich Re estimates weather related losses increased nearly fourfold in the United 
States since 1980. According to a study by Munich Re, from the period 1980 to 2011, insurers 
faced losses of $510 billion from extreme weather events such as prolonged droughts, 
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hurricanes, floods, and severe storms.253 Experts predict climate change will continue to 
intensify the frequency and severity of these types of weather related events.  Given these 
trends, it is important for insurers to identify climate-related factors and evaluate how they will
impact their business and the exposures they indemnify. Recognizing the need to ensure 
insurers account for any potential effect these risks might have on the marketplace and the 
availability and affordability of insurance, state insurance regulators and other stakeholders 
have moved forward to administer a climate risk disclosure tool. Disclosures allow regulators a 
window into how insurers are incorporating these changing dynamics into their risk 
management schemes, corporate strategy, and investment plans. Disclosures also benefit 
insurers, providing them with a benchmark from which to assess their own climate change 
strategies and strengthening their ability to identify how climate change impacts their business.
Furthermore, disclosure allows policymakers to gain an insight into needed public policy 
changes. 254 

 

 

Changing Regulation 

Effective insurance regulation must strike a balance between allowing insurers to earn a return 
on their business activities while ensuring their solvency in the event of major losses, and 
maintaining the affordability and availability of insurance for the public.255  Continued 
investments in climate science can help improve data and risk analysis supporting the insurance
industry.  Reducing the emissions that cause climate impacts can help prevent risks from 
becoming actuarially uninsurable, and the insurance industry can help disseminate information 
on emergency management and play an important role in increasing the resiliency of 
communities.256    

 

The difference between the life span of insurance policies and climate risk planning time 
horizons may present challenges.  For instance, when insurance policies are written for one to 
three years, insurers may have little incentive to reward short-term actions by policyholders 
that might reduce losses 50 to 100 years in the future.257 

Government policies to reduce climate risks, such as land use regulation, zoning, and building 
standards, can work in a complementary fashion with private insurance, by helping to manage 
risks that are beyond the control of private insurers.258 

California, as well as other states have enacted laws and regulations that address the impacts of 
climate change and encourage climate change mitigation. 

Florida, for example requires residential property insurance companies to offer premium 
discounts to policyholders who carry out specified actions to reduce their vulnerability to 
hurricane- and tropical storm-force winds.259  This encourages homeowners to mitigate their 
risks of loss.  

In California, the Department of Insurance has facilitated mitigation of carbon emissions by 
enabling insurers to offer new products. 
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In 2009, the Department of Insurance enacted new regulations that enabled insurers to offer 
“pay-as-you drive” automobile insurance, which rewards consumers with reduced rates when 
they reduce miles driven.  Since a reduction in a policyholder’s miles driven corresponds to a 
reduction in an insurers’ risk of loss, reduced rates are justifiable under the Insurance Code.   
Regulations for the product, permits insurers to offer premiums based on distances driven; and 
reducing vehicle miles traveled which helps reduce the greenhouse gas emissions that cause 
climate change. 
 
The California Department of Insurance has also approved policy discounts and other financial 
incentives for green buildings recognizing the reduced risk of loss for buildings with features 
associated with green buildings.  The first commercial green policy was offered by Fireman’s 
Fund Insurance Company in 2006.260 In 2008, the California Department of Insurance approved 
the first green homeowners insurance policy, allowing homeowners with conventional homes 
to rebuild to the latest environmental standards after a loss.261 (For more on green buildings 
and energy efficiency, please see the Energy section of this document.) 
 
The Insurance Commissioner also takes an active role in improving California’s catastrophe 
mitigation efforts related to wildfires.  Every year more than $100 million is spent on fire 
suppression and even more in disaster recovery, but California continues to burn and the losses 
continue to mount.  Eleven (11) of the 20 largest fires in California have occurred in the last 
decade and eight (8) in just the last four and a half (4 ½) years.  In an effort to push mitigation, 
CDI entered into a Memorandum of Understanding with CAL FIRE to mutually promote an 
increased awareness and collaboration among fire officials, the insurance industry and the 
public with the following goals:   
 

 Reduce the risk that wildfires will cause in the loss of life or large-scale property 
damage/loss. 

 Increase awareness of fire officials, the insurance industry and the public on methods 
and ways to prevent and mitigate fire losses. 

 Increase incentives for homeowners, businesses, and insurance companies to actively
prevent and mitigate fire risks. 

 

 
New weather-based products (or weather derivatives) are also being developed.  Although 
these would not be considered insurance because they do not provide coverage directly related 
to losses, they compensate purchasers (often businesses that are weather-dependent) for a 
shortfall in the realization of a particular weather variable (e.g. rain, snow or temperature) 
measured over a certain time period. If the weather variable is sufficiently correlated with the 
policyholder’s profit, the payoff of the weather derivative can offset weather-related 
policyholder losses.262 
 
Investing to address climate change 
 
With $25 trillion in assets—equal to global mutual funds or pension funds—insurers are central 
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players in world financial markets. Recognizing investment opportunities, insurers have 
invested at least $23 billion in emissions-reduction technologies, securities, and financing, plus 
$5 billion environmentally focused funds.263  Using the California Department of Insurance 
Climate Risk Disclosure Survey results, an organization representing public pension funds has 
evaluated insurers’ preparedness for climate change.264 
 
The California Insurance Commissioner has encouraged the insurance industry to make green 
investments, meaning investments that emphasize renewable energy projects, economic 
development, and affordable housing focused on infill sites so as to reduce the degree of 
automobile dependency and promote the use and reuse of existing urbanized lands supplied 
with infrastructure for the purpose of accommodating new growth and jobs.  In fact, insurance 
companies can receive tax credits offered under the California Organized Investment Network 
(COIN) program, administered by CDI for making such investments. 
 
Climate Impacts and Different Market Segments of the Insurance Industry 
 
Worldwide, insured claims for weather catastrophes have more than doubled each decade 
since the 1980s, adjusted for inflation, and average $50 billion USD/year.265  Insurance by 
weather event type may vary, as insurance coverage is often limited to specific causes and 
losses.   For instance, property damage coverage may be available for some losses associated 
with storms, while the same policy may offer no coverage for losses sustained due to heat 
waves. Increased weather catastrophes are also not the only climate-related risk that may 
impact the insurance industry.266  As noted in the Public Health section of this document, 
climate change may have a number of different health-related impacts.  This may have 
significant implications for the life-health segment of the insurance industry.267  The life-health 
segment of the insurance industry represents over half of U.S. insurance premiums.  While 
companies such as Swiss Re have helped sponsor studies on climate change and health issues, 
more attention has been focused on climate risks and property/casualty insurance.268  
 

 
HIGHLIGHTS OF STEPS TAKEN TO DATE AND SUCCESS STORIES 

Research on Climate Exposure and Socio-Economic Vulnerability of California Communities 
Before funding for the CEC Public Interest Energy Research program sunset, it funded a number 
of studies on the exposure and vulnerabilities of California communities to climate impacts.  
These studies included studies of particular communities, like Fresno and San Luis Obispo, and 
the development of a climate vulnerability index to identify the areas of the State most 
vulnerable to climate impacts.269  The climate vulnerability index combined 19 indicators into 
one overall climate vulnerability score and includes factors specifically related to climate 
impacts, such as air conditioner ownership, percentage of tree cover, and workers in outdoor 
occupations. [See Box 24 and Box 25 for State Climate Vulnerability Maps; also see the Public 
Health Chapter of this document for additional efforts to assess climate vulnerability.] 
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Box 24 

 

 

Cooley, H., E. Moore, M. Heberger, and L. Allen (Pacific Institute). 2012. Social Vulnerability to Climate 

Change in California. California Energy Commission. Publication Number: CEC‐500‐2012‐013. 
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Box 25 

 

 

Cooley, H., E. Moore, M. Heberger, and L. Allen (Pacific Institute). 2012. Social Vulnerability to Climate Change in 

California. California Energy Commission. Publication Number: CEC‐500‐2012‐013. 

Climate Change in the State of California Multi-hazard Mitigation Plan  
In 2007, CAL OES began to integrate linkages between hazard mitigation, climate adaptation 
and emergency preparedness into the State of California Multi-Hazard Mitigation Plan (SHMP). 
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The SHMP must be updated and approved by FEMA every five years.  

The 2013 SHMP was approved as an Enhanced State Mitigation Plan; as discussed above, this 
makes California eligible for an increased amount of mitigation funding following a disaster 
declaration.270  The 2013 SHMP continued the work of integrating climate change into the 
state’s hazard mitigation efforts, and expanded climate risks considered in SHMP.  The 2013 
SHMP includes additional consideration of climate risks to public health, agriculture, and 
energy. 
 
Adaptation Planning Guide 
CAL OES in partnership with the California Natural Resources Agency (CNRA), and with technical 
support from California Polytechnic State University – San Luis Obispo (Cal Poly) and funding 
from Federal Emergency Management Agency (FEMA) and California Energy Commission, 
developed an Adaptation Planning Guide (APG).  The APG, released in 2012, provides a 
decision‐making framework intended for use by local and regional stakeholders to assist with 
planning for climate risks.271  The APG implements key actions called for in both the 2010 
California State Hazard Mitigation Plan (SHMP) and the 2009 California Climate Adaptation 
Strategy (CAS).   
 
The APG is comprised of a set of four complementary documents, and provides guidance to 
support communities in addressing the unavoidable consequences of climate change. The 
APG introduces the basis for climate change adaptation planning and details a step‐by‐ step 
process for local and regional climate vulnerability assessment and adaptation strategy 
development. The APG was developed to allow flexibility in the commitment of time, money, 
and scope. 
 
The APG consists of the Planning Guide overview document and three companion documents 
for use in various combinations on an as-needed basis:  
 
APG: Planning for Adaptive Communities This document presents the basis for climate change 
adaptation planning and introduces a step-by-step process for local and regional climate 
vulnerability assessment and adaptation strategy development. All communities seeking 
climate adaptation planning guidance should start with this document.  
 

 APG:  Defining Local and Regional Impacts - This document provides a more in-depth 
understanding of how climate change can affect a community. Seven “impact sectors” 
are included to support communities conducting a climate vulnerability assessment.  
 

 APG: Understanding Regional Characteristics - The impact of climate change varies 
across the state. This document identifies climate impact regions, including their 
environmental and socioeconomic characteristics.  

 
 APG: Identifying Adaptation Strategies - This document explores potential adaptation 

strategies that communities can use to meet adaptation varying needs. Adaptation 
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strategies are categorized into the same impact sectors used in the APG: Defining Local 
and Regional Impacts document. Communities seeking to understand their vulnerability 
to climate change and develop strategies to address the issue should refer to the APG. 
  

Climate Change and Heat Emergencies 
As noted above, in 2010, CAL OES released a Contingency Plan for Excessive Heat Emergencies 
that outlines the actions the State of California will take in support of local government when 
an extreme temperature event is anticipated or has occurred.272  CAL OES is in process of 
updating the Contingency Plan for Excessive Heat Emergencies to reflect climate change 
impacts.  The plan is a supporting document to the State Emergency Plan and although 
primarily designed to guide preparedness and response activities, also identifies mitigation 
actions to prevent life loss, including: 

 Identifying the location of vulnerable populations; 

 Establishing cooling centers; 

 Issuing advisories and warnings; and 

 Conducting pre-season public information campaigns. 

 
As noted in the Public Health section of this document, CDPH and Cal/EPA have also released 
“Preparing California for Extreme Heat: Guidance and Recommendations”.273   

 
CaLEAP Planning Tool 

As described in the Energy section of this document, the California Local Energy Assurance 
Planning (CaLEAP) web-based tool was launched in 2012.274  CaLEAP is a CEC sponsored project 
to help local governments with preparations to make their communities more resilient in the 
face of disaster events that can interrupt energy supplies.  The web-based tool was designed 
with local government end-users in mind.  The tool is structured around CaLEAP methodologies, 
provides links and resources, can be used to identify needed materials, and can also act as a 
virtual office for planning teams in order to foster communication and coordination. 
 
Amendment of California Insurance Code After 2003 Wildfires 
In 2004, the California Insurance Code was amended to provide additional protections to 
victims of catastrophic losses such as those experienced in 2003 wildfires in southern 
California.275  As noted above, despite additional laws that offer protections to insurance 
consumers in the face of natural disasters, the availability and affordability of private insurance 
may decline particularly where risks are too great or undefined, and there may be no viable 
public insurance alternative.276 
 
Senate Bill 1241  
Adopted in 2012, Senate Bill 1241 requires inclusion of additional wildfire safety considerations 
as part of local general plans in all State Responsibility Areas and Very High Fire Hazard Severity 
Zones, together with special findings of fact supporting local approval of new subdivisions in 
such areas.277 
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Box 26 

Forecasting Extreme Events - Multi-Hazards Demonstration Project & Science Application For 
Risk Reduction project 

An effort to integrate science and disaster management at the federal level, the Multi‐ Hazards 
Demonstration Project (MHDP) was initiated by the United States Geological Survey (USGS) 
with a five‐ year, pilot project in 2006.  The project’s goal is to improve California’s resiliency to 
earthquakes floods, wildfires, tsunamis, and other hazards. The project engages emergency 
planners, businesses, universities, government agencies, and others in preparing for major 
natural disasters. The project also helps to set research goals and provides decision-making 
information for loss reduction and improved resiliency.   

The first public product of the MHDP was the ShakeOut Earthquake Scenario published in May 
2008, which detailed a hypothetical magnitude 7.8 earthquake on the San Andreas Fault in 
southern California.  The next major project for MHDP was the ArkStorm scenario - a winter 
storm scenario for the U.S. West Coast for a storm estimated to produce precipitation that in 
many places exceeds levels only experienced on average once every 500 to 1,000 years.278 

The Coastal Storm Modeling System (CoSMoS) was developed for the ARkStorm to incorporate 
atmospheric information (that is, wind and pressure fields) with a suite of state-of-the-art 
physical process models (that is, tide, surge, and wave) to enable detailed prediction of 
currents, wave height, wave runup, and total water levels for mapping the distribution of 
coastal flooding, inundation, erosion, and cliff failure.279  The Coastal Storm Modeling System 
(CoSMoS) was developed by the USGS and a Netherlands-based research institute to predict 
coastal flooding caused by both sea-level rise and storms driven by climate change.  CoSMoS 
modeling begins with feeding the results of the latest global climate models into a global wave 
model to predict wave conditions for the U.S. west coast through 2100.280 

The Google Earth-based product output of CoSMoS is designed to provide emergency planners 
and coastal managers with critical information to increase public safety and mitigate damage 
associated with powerful coastal storms.281  CoSMoS not only can serve as a long-term planning 
tool, but—when extreme storms are approaching—is capable of serving as a real-time warning 
system for emergency managers, lifeline operators, and resource managers.282 

The ARkStorm study showed that an extreme winter storm in California could cost on the order 
of $725 billion - with total direct property losses of nearly $400 billion, of which $20 to $30 
billion would be recoverable through public and commercial insurance, and business 
interruption costs of $325 billion.283  For more information on monitoring and forecasting of 
“atmospheric rivers” (or the powerful winter systems, sometimes called “pineapple express” 
storms) in California, please the Oceans and Coastal Ecosystems and Resources section of this 
document.  For additional information regarding floods, please see the Water section of this 
document. 

In January 2012, the Multi‐ Hazards Demonstration Project evolved into a permanent project 
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known as Science Application for Risk Reduction (SAFRR) that has a similar mission and national 
purview. Under SAFRR's auspices, the USGS, National Oceanic and Atmospheric Administration 
(NOAA), California Geological Survey (CGS), and other entities are collaborating to develop a 
Pacific Basin Tsunami Scenario.  The scenario focuses on ports, harbors and marinas. 

 

ACTIONS NEEDED FOR IMPROVED EMERGENCY MANAGEMENT IN THE FACE OF CLIMATE 
IMPACTS 

Improve Integration of Climate Impacts and Projections into All Phases of Emergency 
Management 
 
Promote the implementation of the Climate Adaptation Planning Guide (APG) and Inclusion of 
Climate Risk Reduction in Hazard Mitigation Planning Efforts  
The State will continue to promote APG implementation and principles of sustainability, 
resilience and hazard mitigation through collaboration with key public and private sector 
organizations through mechanisms including: 
 

 Local hazard mitigation plans encouraged under federal law;  

 Emergency operations plans required under federal law; 

 Local general plan safety elements required by California law; 

 Encouraging LHMP adoption into Local Government General Plan Safety 
Element;   

 Sustainable Communities Strategies of metropolitan planning organizations; 

 Local Coastal Programs under the California Coastal Act; 

 Strategic Fire Plan for California;  

 The Central Valley Flood Protection Plan; 

 California Water Plan and other flood planning documents; and 

 The Energy Assurance Plan. 
 
These mechanisms relating to transportation planning, fire, flood, energy and coastal planning 
are discussed in their respective sections in this document. 
 
Hazard mitigation efforts should consider the vulnerability of these community resources to 
climate risks: 
 

 Essential Facilities – hospitals, medical facilities, police and fire stations, waste 
management facilities, emergency operations centers, shelters, schools, etc.  

 Transportation Systems – airways, bridges, tunnels, roads, railways, waterways, etc.  

 Lifeline Utility Systems - potable water, wastewater, landfills, oil, natural gas, electric 
power, communication systems.  

 High Potential Loss Facilities - nuclear power plants, dams, military installations, etc.  
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Hazardous Material Facilities  

 Facilities Supporting Vulnerable populations  

 Economic elements - major employers, financial centers, etc. 

 Areas of special consideration – high-density residential or commercial development 
resulting in high death tolls/injury if damaged.    

 Historic, cultural, and natural resources areas  
 
Continue to support the integration of climate risks in state and local government emergency 
planning efforts and enhance capacity to respond and recover from climate risk 
Emergency management grants, planning assistance and guidance, mutual aid agreements and 
post-disaster recovery and hazard mitigation, all play key roles in effective emergency 
management efforts.  As California agencies plan for climate change, there may be 
opportunities for joint projects, information sharing, and shared funding opportunities with 
local and regional partners as well as with other States.  Preparing for climate risks may also 
offer additional benefits for overall resilience in emergency situations; for example, increasing 
energy and water security to prepare for climate risks will help California better prepare and 
respond to earthquakes and terrorist attacks and will help to ensure first responders, the 
military and other emergency services can continue to operate during emergencies and 
disasters.  
 
Support Risk Sharing Mechanisms  

As noted above, public and private insurance and disaster relief provide important risk sharing 
mechanisms.  Efforts to reduce climate risks through hazard mitigation activities, including but 
not limited to fire hazard reduction, minimizing new development in areas most vulnerable to 
hazards, and improved flood management, will be important to managing risks and supporting 
sustainable insurance and disaster programs.  Specific recommendations regarding National 
Crop Insurance and the National Flood Insurance Program may be found in the Agriculture and 
Oceans and Coastal Resources sections of this document respectively. 

Better Understanding of Climate Impacts on All Phases of Emergency Management 

Assess adequacy of surge and response capacity in light of climate projections for more 
frequent and more severe weather events 
Climate change is projected to increase the frequency and severity of natural disasters related 
to flooding, fire, drought, extreme heat, extreme cold, and storms (especially coupled when 
coupled with sea-level rise).  This may require preparing for additional emergency surge 
capacity across the various emergency functions identified in the State Emergency Plan and for 
additional emergency response capacity.  The State should assess the adequacy of its current 
emergency surge and response capacities.  Funding for this type of assessment may be needed. 
 
Research and monitoring 
As discussed in this document, the State has already invested significant resources to conduct 
and support initial climate vulnerability and cost assessments in a variety of sectors.  As noted 
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in the various sections of this document, additional research is still needed to continue to 
expand and refine information about the climate vulnerabilities of California’s populations, 
infrastructure, property, food and agriculture, and biodiversity.  Monitoring and research 
related to extreme weather events including flood, drought, heat, fire, and related losses will 
be especially important for emergency management and public safety.  Coordination between 
sectors will help to maximize research and monitoring funding, information sharing, and will 
help facilitate well-integrated actions to build safe and healthy communities. 
 
Climate Risk Communication and Education 
 
Integrate climate projections into the MyHazards and MyPlan tools, and continue to update 

 

and maintain the MyHazards and MyPlan tools 
As noted above, the MyHazards and MyPlan tools provide important information for individuals 
and local and regional governments to plan for hazards.  As the climate changes, it will be 
important to integrate future climate projections into the tools.  The Cal-Adapt tool, discussed 
in the Introduction to this document, is a climate projection visualization tool, and might be 
used to help integrate climate projections into My Hazards and My Plan.  The tools will need to 
continue to be updated and maintained as new information and risk management strategies 
are developed. 
 
Increase outreach efforts to prepare for extreme events 
Increasing outreach efforts can help households and business better understand and prepare 
for climate risks and extreme events such as fires, floods, storms, drought, extreme heat and 
extreme cold.  Funding may be needed for such outreach efforts, but prospective emergency 
planning can help lower emergency response risks and costs.  The state should continue to 
support outreach to encourage emergency preparedness actions including the development of 
evacuation plans and preparedness kits.  These outreach efforts should tailored to be culturally 
and linguistically relevant for California’s diverse populations.   
 
Training for first responders and other emergency managers on climate risks 

First responders and other emergency managers play a key role in emergency management; 
and first responders are directly at risks from increasingly frequent and severe risks such as fire 
and floods.  As noted in the Introduction to this document, state agencies and departments 
should be provided with the resources to enable climate training for staff.  Climate training for 
emergency managers is critically important for both public health and safety and for the safety 
of first responders.  Funding may be needed to support such training. 
 

Box 27 

California Emergency Management 

California Governor’s Office of Emergency Services (CAL OES)284 CAL OES is responsible for the 
coordination of overall state agency response to major disasters in support of local 
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government. The Agency is responsible for assuring the state’s readiness to respond to and 
recover from all hazards and for assisting local governments in their emergency preparedness, 
response, recovery, and hazard mitigation efforts.  CAL OES includes the Public Safety 
Communications Office. 

CAL OES accomplishes its mission of creating a safe and resilient California through leadership 
and collaboration.  That collaboration includes important partnerships with federal, state, tribal 
and local entities, as well as with the private sector and individual citizens. For instance, in 
addition to deploying its own response resources to assist local government during major 
emergencies, CAL OES calls upon state, federal, local and private sector entities to assist based 
on their specialized capabilities and expertise. 

While CAL OES plays a central role in California’s emergency management activities, many other 
state agencies and departments have key roles to play as well.  Some examples include: 

California Department of Forestry and Fire Protection (CAL FIRE) and State of California’s 
Office of the State Fire Marshall (SFM). CAL FIRE’s work in forest fire prevention is further 
discussed in the Forestry section of this document. SFM’s role is also discussed in the 
Transportation section of this document.  The mission of the State Fire Marshal is to protect life 
and property through the development and application of fire prevention engineering, 
education and enforcement.285   

California Department of Housing and Community Development (HCD) was established in 
1965 and works to provide leadership, policies and programs to preserve and expand safe and 
affordable housing opportunities and promote strong communities for all Californians.  HCD 
administers a Disaster Recovery Initiative (DRI) as part of its State Community Development 
Block Grant program.  The DRI was established in early 2010 to distribute federal funds to assist
physical and economic recovery from wildfire disasters in 2008 that affected 14 California 
counties and two Indian tribes.  In late 2010, HUD offered additional funds from the DREF to 
extend and improve the recovery, by offering incentives to eligible jurisdictions to mitigate the 
danger of future disasters (e.g., earthquake, flood, fire) through forward-thinking planning 
measures, such as updated building codes and code enforcement, creation of Local Hazard 
Mitigation Plans (LHMPs) and/or the adoption of Safety Elements of local General Plans.286 

 

California Department of Food and Agriculture (CDFA) among other things, CDFA administers 
the Emergency Animal Diseases Management Program for the prevention, detection, 
immediate containment, and eradication of emergency animal diseases.287 

California Department of Insurance (CDI) - CDI, headed by the Insurance Commissioner, 
licenses and regulates insurance companies, agents, and brokers in California. CDI works to 
foster an insurance market that is fair, competitive and accessible to all Californians.  The CDI 
does this in a variety of ways including regulating insurance rates, ensuring that insurers are 
solvent and able to pay policyholders’ claims, bringing enforcement actions against insurance 
companies, agents and brokers, and unlicensed individuals for violating the law, combating 
insurance fraud, and assisting consumers, including victims of wildfires, with their insurance 
issues.288 
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California Department of Transportation (CalTrans) provides a variety of emergency 
management services including administering the Federal Highway Administration Emergency 
Relief Program in California, providing assessments of transportation infrastructure and traffic 
conditions, establishing route priorities during recovery efforts, developing routing and 
directions for the movement of incident victims out of an impacted area and the delivery of 
necessary personnel and medical supplies to local medical facilities and shelters, preparing road 
information and displays, and helping the California Highway Patrol (CHP) and local traffic 
agencies.289 

California Department of Water Resources (DWR) - DWR’s work on flood detection and 
prevention are further discussed in the Water and Ocean and Coastal Ecosystem and Resources 
sections of this document.  California Division of Dam Safety – works to protect people against 
loss of life and property from dam failure.  The California Water Code entrusts this regulatory 
power to DWR which delegates the program to the Division of Safety of Dams.290 

California Geological Survey (CGS) established in 1860, provides scientific products and 
services about the state's geology, seismology and mineral resources that affect the health, 
safety, and business interests of the people of California.  These products include landslide 
inventory maps and seismic hazard zone maps.291 

California Health and Human Services Agency (HHS) is the lead agency for Public Health and 
Medical activities and services statewide in support of local jurisdiction resource needs for 
preparedness, response, and recovery from emergencies and disasters.292  HHS includes both 
the California Department of Public Health - Emergency Preparedness Office (CDPH EPO)- the 
state’s lead on health emergencies and the Emergency Medical Services Authority (EMSA).   

California Seismic Safety Commission (CSSC) established in 1975 pursuant to the Seismic Safety 
Act, works to investigate earthquakes, research earthquake-related issues and reports, and 
recommend to the Governor and Legislature policies and programs needed to reduce 
earthquake risk.293 

Governor’s Office of Planning and Research (OPR) was created by statute in 1970 and 
constitutes the comprehensive state planning agency.  OPR provides General Plan Guidelines 
(GPG).  The 2013 update to the GPG (GPG 2013) will be a resource for decision-makers, 
planners, and the public for the development and implementation of local general plans.  The 
GPG 2013 will include advice on how general plans can address needed preparation for climate 
impacts.294 

As noted above, CAL OES works closely with a number of federal partners.  These partners 
include the Federal Emergency Management Agency (FEMA), the Center for Disease Control 
and Prevention (CDC), and the U.S. Department of Defense (DOD). 

CAL OES also works closely with tribal and local entities, private sector partners, and individuals.  
For instance, to enhance emergency planning and response, CAL OES has a number of 
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Memoranda of Understanding (MOUs) in place with key private sector partners including an 
agreement with the California Utilities Emergency Association.  During disasters, these 
partners also form the Business and Utility Operations Centers at CAL OES which are a critical 
component in emergency response and addressing the needs of impacted communities.295 
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ENERGY 
INTRODUCTION 
California’s economy and its residents’ quality of life depend on a sufficient supply of safe, 
affordable, and reliable energy services. The energy sector provides these services through a 
complex, integrated system involving production, transmission and distribution, and 
consumption in our homes, businesses, schools, hospitals, vehicles, and other facilities. 
Transformation of the energy sector is an essential component of successful mitigation 
strategies, since energy services account for roughly 85 percent296 of California’s greenhouse 
gas emissions. While the energy sector is a primary contributor to climate change, its supply 
and demand infrastructure is also vulnerable to climate change impacts such as those 
associated with extreme events, sea level rise, and heat waves. Ignoring the potential impacts 
to the energy sector, particularly during peak periods of higher-than-average energy usage, 
could lead to a shortfall in energy supply and potentially even power outages unless we adapt 
our planning processes. 

 Box 28

California Department of Forestry and Fire Protection, 

2008 Humboldt Fire – Butte County 
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This chapter addresses the electricity and natural gas systems as well as other energy sources 
used in buildings. Transportation infrastructure (e.g., highways and bridges) is discussed in the 
Transportation chapter, while vehicles and transportation fuel with its infrastructure (e.g., 
refineries) are covered in more depth in this Energy chapter. 

California’s energy systems are vulnerable to a variety of climate impacts, as reported in the 
2012 California Climate Change Vulnerability and Adaptation Study.297 The primary climate 
impacts to the energy system in California are warmer temperatures, less snowpack, more 
frequent extreme weather events, and sea level rise. Electricity demand increases with rising 
temperatures, while the energy system becomes less efficient. Less snowpack means less 
hydropower during the peak demand period. Extreme events and sea level rise expose parts of 
the energy systems to greater risk of damage and outages.  

Indirect vulnerabilities of energy infrastructure and operations may surface as adaptation 
strategies for other resources are implemented. For instance, meeting non-energy water 
demands in extreme drought years would impact hydroelectric generation and power plant 
cooling. Additionally, the growing interdependencies of infrastructure systems increase risk of 
cascade failure. As an example, sea level rise and flooding add stress on the levee system in the 
Delta (water system), where failure may render natural gas storage and pipelines more 
vulnerable. This in turn would threaten the natural gas supply for electricity generation as well 
as heating and cooking in homes and business and use in industrial processes.  

Several state entities play an important role with respect to energy in California.  The state also 
has important federal, local and private sector partners with respect to energy.  Understanding 
the role of these various entities is important for a robust discussion of efforts to prepare for 
climate risks.  For more information, see Box 34 California Energy below. 
 
Climate Change Impacts on Energy Services: Electricity  
Climate change presents a variety of threats to California’s energy infrastructure, including the 
supply of both conventional and renewable energy resources, electricity generation, fuel 
refining, and transmission and distribution. This section begins with a discussion of 
vulnerabilities in the electricity sector. A brief indication of risks to infrastructure associated 
with transportation fuels and natural gas follows. 
 
Climate change could negatively impact the supply of renewable energy resources, especially 
water for hydroelectric power. Hydropower contributes about 15 percent of California’s in‐
state generation on average and provides low‐cost, low-carbon power in the hottest months of 
the year when electricity demand is at its highest. Mountain snowpack is essential to provide a 
steady flow of snowmelt water to hydroelectric reservoirs. Higher temperatures will mean that 
more precipitation falls as rain instead of snow, with remaining snowpack melting and running 
off earlier in the year. That means in the summer – when air conditioning demand and peak 
electrical loads are the highest – there will be less water in storage to be used to generate 
hydroelectric electricity. Potential reductions in annual precipitation would also reduce the 
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total amount of electricity generated from hydropower units, and alternative generation would 
need to be procured, likely at a higher cost.   

Power plants that generate electricity are vulnerable to higher temperatures wrought by 
climate change. Higher temperatures decrease the capacity of thermal power plants (for 
example, natural gas, solar thermal, nuclear, and geothermal) to generate electricity, because 
power plant cooling is less efficient at higher ambient temperatures and this in turn reduces 
overall efficiency and the net amount of energy generated (Box 29 in this chapter).  

 

Box 29 

 

 

Projected Change to Natural Gas-fired Simple‐cycle Combustion Turbine (CT) and Combined‐
cycle (CC) Power Plant Peak Capacity: Average August loss for the recent past and end of 
century under the higher emissions (A2) scenario. Source: Sathaye et al. (2012).

298

Sea level rise, as discussed more fully in the Ocean and Coastal Ecosystems and Resources 
section of this document, threatens about 20 existing coastal power plants (Box 30 in this 
chapter).  These low-lying power plants face the risk of flooding or partial flooding due to sea 
level rise and increased storm surges. Flood damage could remove these facilities from service 
and require electricity from other, often more expensive, sources. 



 
 

 

  

 

 

           
    

       
          

          
        

    
         

     

Box 30 

Power Plants Potentially at Risk to a 100-year Flood with a 1.4 m Sea Level Rise. Source: 
Sathaye et al. (2012).299 

Similarly, transmission and distribution infrastructure is vulnerable both to increased 
temperatures and to increasing risk of flooding and wildfire. Higher temperatures would result 
in a reduction in transformer and substation capability, an increase in transmission and 
distribution line losses, and a decrease in the capacity of a fully loaded transmission line. For 
example, higher nighttime temperatures impede cooling of transformers, which renders them 
less efficient the next day. In the worst cases they may even fail. Thus, with high temperatures, 
less electricity is available for customers than if climate change had not occurred. Researchers 
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expect the likelihood of wildfires occurring near large transmission lines to increase 
dramatically in parts of California by the end of the century, including along the line that brings 
hydropower generation from the Pacific Northwest to California during peak demand periods 
(Box 31 in this chapter). A power line disabled by a fire can take days or weeks to repair and 
alternate power may need to be procured from other places. 

Box 31 

 
Projected Fire Risk to Transmission Lines for the lower (B1) and higher (A2) emissions 
scenarios with three climate models. Source: Sathaye et al. (2012).300

In addition, about eighty substations are at risk of flooding (or partial flooding) due to sea level 
rise. Natural gas pipelines and storage tanks are also at potential risk from flooding and sea 
level rise in the Sacramento-San Joaquin Delta where fragile, decaying levees are vulnerable to 
breaching. 

Energy customers, the end users, would not only be subject to the costs and inconveniences of 
these potential impacts on the energy supply but also would be exposed to higher 
temperatures that tend to drive demand upward. Increasingly hot and longer summers are 
likely to increase demand for air conditioning, while warmer winters will decrease demand for 
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heating (mostly for natural gas) in the cooler season. Overall demand for electricity will increase 
with more frequent operation of existing air conditioners and as more air conditioners are 
installed in areas of the state, such as the coastal regions, where there are currently few.  For 
example, high temperatures could increase peak demand by up to 1.6 Gigawatts (equivalent to 
two large power plants) in the next ten years. This peak demand will occur at the hottest time 
of day when thermal power plants may not be able to deliver at full capacity. 

 

Box 32 

 

Projected Percent Increases in Household Electricity Consumption 2080–2099 over 1961–1990 
Average Consumption due to a Change in Temperature Increases (GFDLv3 model with SRES 
A2 (high emissions) Scenario. Source: Auffhammer and Aroonruengsawat (2012).301 

Climate Change Impacts on Energy Services: Transportation Fuels and Fueling Infrastructure 
and Natural Gas  
Just as the electrical grid is vulnerable to climate change, the transportation fuel infrastructure 
and associated facilities (e.g., refineries) that support transportation are vulnerable to extreme 
events, sea level rise, and coastal inundation or levee failure. Although electricity may provide a 
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substantial fraction, or even a majority, of transportation fuels by mid- to late century, it is 
imperative that the State evaluate and address vulnerabilities to refineries as well as 
transportation fuel pipelines in the meantime. The infrastructure that provides natural gas to 
our homes, industries, and power plants is also vulnerable to indirect impacts of climate 
change. Vulnerability assessments and adaptation studies for these parts of the energy system, 
however, remain to be examined in more detail. This will change as planned studies supported 
by the State of California are completed.   
 
ELECTRICITY RELIABILITY  
Maintaining a reliable energy system is vital to the health and well-being of California’s 
residents and its economy. Reliable grid operation depends on meeting demand with adequate 
supply and ensuring uninterrupted delivery to customers.  
 
The balance of this chapter focuses on the overarching goal of climate adaptation in the 
electricity sector, which is to ensure that the electrical system is resilient in the face of climate-
induced impacts.  To the extent that our system relies too heavily on any one resource or 
transmission pathway, we increase the likelihood of failure in the event of an extreme climate 
event.  California must continue to increase the use of energy efficiency and demand response, 
renewable energy, microgrids, distributed generation, and other tools to improve the resiliency 
of the system.  The following is a brief discussion of some of these elements. 

Smart Grid 
“Smart grid” generally refers to a class of technology people are using to bring utility electricity 
delivery systems into the 21st century, using computer-based remote control and automation. 
These systems are made possible by two-way communication technology and computer 
processing that has been used for decades in other industries. They are beginning to be used on 
electricity networks, from power plants and wind farms all the way to the consumers of 
electricity in homes and businesses. They offer many benefits to utilities and consumers -- 
mostly seen in improvements in energy efficiency and reliability.  
 
An additional benefit of a smart grid is that the communication and control strategies 
embedded in a smart grid are enablers of transportation electrification. 

Development of a smart grid is a cornerstone of California’s strategy to maintain reliability in 
the electricity sector in the face of extreme weather events, higher peak demand, and other 
challenges posed by a changing climate.  

Updating the aging electrical infrastructure to cope with weather-related and other 
disturbances is a critical and growing need, given that major local power outages in the United 
States increased from two to five per year from 1950 through the 1980s to several dozen per 
year in the past five years. Just as the smart grid in California will help to maintain continuous, 
reliable operations during earthquakes or extreme weather events, it can maintain grid 
reliability when stressed by intermittencies associated with renewable energy. Accordingly, the 
smart grid not only fosters adaptation to extreme weather events, but also helps support 
deployment of renewable energy and mitigation goals. 
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In a smart grid that connects microgrids, the high-voltage grid serves as a flexible backbone, 
linking the electricity system in a manner that enables smart communications and control, 
which in turn enables isolation of disturbances or allows the functioning of a microgrid when 
the rest or parts of the electricity system fails. For example, the University of California, San 
Diego’s microgrid, which supplies 92% of its energy, is able to “island” from the larger grid to 
maintain power supply in an emergency, as in the case of the power blackout that struck parts 
of Southern California, Arizona and Mexico in September 2011. 

Energy-Efficiency and Energy Resilience 
Energy efficiency is a very cost-effective tool to reduce peak demand and total energy use and 
to mitigate greenhouse gas emissions. Accordingly, California needs to continue to support 
deep energy efficiency retrofits as well as new energy efficiency codes for existing and new 
buildings as they will play a significant role in the state’s adaptation efforts. These programs will 
promote the use of more efficient heating, ventilation and air conditioning (HVAC) systems, 
lighting equipment, consumer appliances/electronics, building envelopes, industrial processes, 
and other energy consuming systems.  

For instance, recently approved regulations for new buildings require increased levels of 
insulation (ceiling, floor and walls), increased energy-conserving window glazing to reduce solar 
heat gain, increased roof reflectance requirements for new construction and alterations, 
enhanced lighting controls, and improvements to HVAC systems and controls.302 These 2013 
Standards will use 25% less energy for lighting, heating, cooling, ventilation, and water heating 
than the 2008 Standards and are estimated to annually save 200 million gallons of water and 
avoid 170,500 tons of greenhouse gas emissions.303  Research is underway to continue 
advancements of emerging energy efficiency technologies and tools that can provide for future 
“zero net energy” homes, businesses, communities and highly efficient existing buildings. 
Coupled with other smart-grid enhanced energy strategies such as demand response and 
energy storage, aggressive energy efficiency will improve the ability of the electricity system to 
respond to peak demands by shaving some peak demands. 

Next-Generation Demand Response as a Smart-Grid Enabled Energy Resilience Strategy 
The Federal Energy Regulatory Commission defines demand response (DR) as follows: “Changes 
in electric usage by end-use customers from their normal consumption patterns in response to 
changes in the price of electricity over time, or to incentive payments designed to induce lower 
electricity use at times of high wholesale market prices or when system reliability is 
jeopardized.”  To date, California has made limited use of this tool, but is currently looking at 
ways to expand its use. 

Microgrid 
A microgrid is just as the name implies: a small self-contained electricity system where demand 
is met by onsite generation and dispatch control is at the distribution circuit level. Microgrids 
can be an ideal way to add reliability and resiliency by isolating disturbances and distributing 
generation at the point of consumption. 
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DR provides the ability to aggregate customers capable of reducing their electric demand (load) 
to decease impacts to the grid during times of stress. The use of DR can offer flexibility to adjust 
load in response to market schedules and dispatches. Although DR was not originally designed 
for the purpose of preparing for climate risks, it presents a powerful strategy for reducing peak 
energy demand and thereby boost grid resilience when, for example, extreme heat waves raise 
peak demand. Moreover, the communications associated with a smart grid enable the 
development of automated demand response, which can bring a larger contingent of 
residential, commercial, and industrial participants to DR programs than have been able to 
participate in past DR programs that required manual actions by customers. 

By changing when and how electricity is delivered and consumed, demand response enables 
location of storage at strategic points around the grid to increase reliability, improve efficiency 
and minimize costly improvements to transmission infrastructure. Demand response can 
effectively reduce both overall demand and area-specific demand as needed. 

Energy Storage to Improve and Maintain Grid Reliability 
The smart grid will also enable integration of extensive energy storage, which will be an 
essential feature of California’s future energy infrastructure as the state advances toward 
achieving multiple energy goals related to renewables and climate change. Energy storage will 
boost the stability and flexibility of the electrical grid, so that it can manage peak demand 
surges as well as increased variability in supplies due to an increase in the share of renewable 
energy. The stability and flexibility conferred by energy storage will thus help utilities minimize 
renewable energy curtailments, avoid large investments in transmission and sub-station 
upgrades, reduce reliance on conventional generation, and increase the return on investment 
of renewable energy generation. 
 
The introduction of environmental policies to concurrently lower greenhouse gas emissions and 
increase the security and reliability of energy supplies will heavily influence the market rules 
and drivers for energy storage. Energy storage is an indispensable part of California’s energy 
future, especially for the state to meet the 2020 goal of 33 percent of electricity derived from 
renewable sources. 

HIGHLIGHTS OF STEPS TAKEN TO DATE AND SUCCESS STORIES  

In compliance with the 2009 California Climate Adaptation Strategy, and in response to the 
current and anticipated effects of a changing climate, the State has initiated various adaptation 
measures. Below is a list of actions the Energy Commission, CPUC, and others have already 
implemented to date. 

Incorporating Adaptation Measures into Energy Management Activities 
Energy management supports adaptation by ensuring a reliable supply of energy despite a 
changing climate and during extreme weather-related events, outages, and other catastrophes. 
These activities let energy managers know how much energy demand there will be under these 
new conditions and how to manage energy more efficiently. Key adaptation accomplishments 
include the following:  



113 
 

 Assisted local agencies in preparing for all aspects of emergency situations that impact 
energy via the CEC-sponsored California Local Energy Assurance Planning (CaLEAP) 
project.304 CaLEAP assists local governments throughout the State in preparing plans to 
ensure resilience of key assets to disaster events that impact energy. The CaLEAP 
project covers all aspects of Emergency Management (prepare for, respond to, recover 
from, and mitigate against). 

 Considered higher temperatures due to climate change in the official energy forecasts 
produced by the Energy Commission as part of the Integrated Energy Policy Report 
(IEPR). 

 

 
 

 

Organized public workshops on April 30, 2012 and on June 4, 2013 as part of the IEPR 
proceedings about the vulnerability of the energy system to extreme weather events 
and climate change and about broader climate-related energy sector impacts and 
adaptation responses underway, respectively. The 2013 IEPR includes discussions and 
energy policy recommendations on these topics.  

 Identified communities that are potentially vulnerable to increased electricity demand. 

 Investigated the vulnerability of the hydropower system to climate change and explored 
adaptation options. For example, in collaboration with the Department of Water 
Resources and federal agencies, Energy Commission-funded researchers developed a 
decision support system designed to substantially improve the management of five 
major water reservoirs in Northern California. The researchers also showed that the 
same management system would substantially reduce the impacts of climate change by 
increasing water supply and electricity generation when compared to the performance 
of the same reservoirs under current management practices.    

 Completed field demonstrations of distributed generation resources that manage 
customer energy demand and reduce their reliance on the utility grid. Distributed 
generation allows the utility grid to reduce the need to call on high peak demand 
generation resources, which historically have the highest levels of GHG emissions. 

Support for Energy Efficiency and Demand Response as Climate Adaptation Strategies 
Energy efficiency and demand response have long been a hallmark of California’s energy policy, 
and the state has worked with many partners to promote such policies.  (For more information 
about local efforts on energy efficiency and climate change, please see Box 33: First Person 
Narrative: Climate Action is about Quality of Life By Brendan Reed and Ed Batchelder, City of 
Chula Vista below) Energy efficiency and demand response are California’s first priority energy 
resource, pursued for the economic and environmental benefits they provide, including as a 
mitigation strategy for climate change. However, they also represent a powerful adaptation 
strategy because they facilitate the development of a more sustainable and resilient energy 
system. The energy system and end users are most vulnerable during times of peak electricity 
consumption or emergencies when part of the supply is interrupted. Energy efficient buildings 
and appliances, and demand response, will both reduce demand and therefore reduce the 
likelihood of power outages during hot summer days. Here are some examples of activities in 
this adaptation area:   
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Enhanced the CEC’s Title 24 Building Efficiency Standards305 and Title 20 Appliance 
Efficiency Standards306, which are two of California’s most important efficiency 
programs impacting both new and existing residential and commercial buildings and a 
variety of appliances including the growing use of plug loads. The following are 
examples:  

o 

 

Adopted new building energy efficiency standards in 2012 that are 25 percent 
more energy efficient than previous standards for residential construction and 
30 percent better for nonresidential construction. Over the next 30 years, the 
standards will save the energy output equivalent to six modern natural gas-fired 
power plants. The standards ensure that better windows, insulation, lighting, 
HVAC systems, and other features that reduce energy consumption are installed 
in homes and businesses. 

o Adopted new appliance energy efficiency standards in 2012 that will reduce 
wasted energy by battery chargers commonly used to power cell phones, laptop 
computers, power tools, and other devices, saving nearly 2,200 gigawatt-hours 
each year – enough energy to power nearly 350,000 homes or a city roughly the 
size of Bakersfield. Previous appliance standards for televisions, external single 
volt power supplies, and battery chargers are projected to save Californians 
about $1.2 billion per year by 2020. 

 Developed and implemented the CPUC’s groundbreaking Long-Term Energy Efficiency 
Strategic Plan which presents a single roadmap to achieve maximum energy savings 
across all major groups and sectors. This comprehensive plan for 2009 to 2020 and 
beyond was the state’s first integrated framework of goals and strategies for saving 
electricity and natural gas in government, utility, and private sector actions. The unifying 
objective of the plan is to compel a sustained market transformation that moves 
California beyond its historic reliance on short‐term programs with limited market 
impacts and towards long‐term, deeper savings achievable only through high‐impact 
programs. The CPUC has continued to refine and update this plan through the 
development of action plans for specific high energy using target areas to enhance the 
scope and effectiveness of these programs. 

 Provided energy efficiency research in both electricity and natural gas sectors through 
the Energy Commission’s research programs. Current efficiency research includes 
development of technologies, tools and strategies for advanced HVAC systems 
(including controls), lighting systems, consumer and office electronics (plug loads) and 
controls, building envelopes, water heating and distribution, food service operations, 
zero net energy buildings and sustainable communities, and existing building retrofits 
especially for multi-family and low income.  

 Funded energy efficiency programs through the American Recovery and Reinvestment 
Act (ARRA) stimulus, allowing the state to leverage more dollars and distribute the funds 
throughout the state more effectively in alignment with the intent of the federal 
legislation. The Commission’s Energy Conservation and Assistance Account provides up 
to $3 million dollars at 1 percent to cities, counties, public care institutions, public 
hospitals, public schools & colleges, and special districts to install energy efficiency 
projects.   
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 Supported the development and demonstration of demand response actions that 
reduce peak electricity load during grid emergencies or in response to high energy 
prices during peak demand periods. Automated demand response (ADR) is triggered by 
a signal from a utility or grid operator to automatically reduce a user’s load to a pre-
agreed level. The Energy Commission has supported the development of OpenADR, 
which is a communication standard protocol to increase demand response availability in 
California. ADR substantially increases participation compared to manual systems. 
Implementation at the national level is occurring via the National Institute of Standards 
and Technologies (NIST).    
 

Box 33 

First Person Narrative: Climate Action is about Quality of Life  
 
By Brendan Reed and Ed Batchelder, City of Chula Vista 
 
“The city of Chula Vista is located at the center of one of the richest cultural, economic, and 
environmentally diverse zones in the United States. It is the second largest city in the San Diego 
region, with a population of nearly 250,000 and an area of about 50 square miles that includes 
bay front, canyons, rolling hills, and numerous other natural resources that contribute to a high 
quality of life. 
 
Chula Vista has a long-standing history of being proactive with climate action. Our efforts have 
initial roots in our growth management thresholds from the mid-1980s, one of which pertained 
to air quality. These threshold standards evolved into our Growth Management Element in our 
General Plan update in 1989. We fully incorporated these requirements by ordinance in 1991, 
and the air quality provisions obligated the development community to address what we now 
think of as climate mitigation issues. For example, major development plans were required to 
produce Air Quality Improvement Plans and emission reductions through smart growth 
planning (compact mixed-use development, pedestrian and transit orientation, open space 
preservation, etc.) and other actions. As greenhouse gas emissions became a larger focus of air 
quality regulations, it was a natural progression to integrate climate action measures into our 
planning process. 
 
The city further institutionalized its climate-related activities in 2001 by adopting a formal 
“Climate Action Plan.” The plan has continued to evolve; the plan’s mitigation measures were 
updated in 2008 and climate adaptation strategies were added in 2011. Over the years, our 
climate action planning process has always relied on an extensive community stakeholder 
engagement process; we have not turned anyone away from the table. Critical voices came 
from within our community through residents, civic associations, the business and 
development community with additional input from San Diego Gas & Electric, and other 
regional partners. We have certainly had robust dialogue, but we have always managed to have 
support from the community. Historically, certain voices questioned the ability of projects to 
meaningfully address local air quality improvement in a regional basin or to be economically 
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feasible. Were we disadvantaging ourselves with additional requirements related to outcomes 
that were beyond our control? What about imported air pollution? Do projects become 
financially inviable due to the new requirements? Our community leadership trusted the 
process and input, and saw value in Chula Vista effecting incremental change and looking at 
long-term cost benefit scenarios. Also, community members recognized the numerous co-
benefits from climate-oriented planning such as cleaner air, less traffic, lower consumer utility 
bills, and improvements to human and environmental health. 
 
Another key element of success was, and is, the support of the elected officials, as they see 
climate planning as an important quality of life issue for our community. As such, city 
leadership have made this a priority and ensured that city staff is accountable to these goals. 
Staff must report twice per year to the city council on our progress implementing the Climate 
Action Plan, which keeps our commitment at the forefront of everyone’s mind. Because the 
Climate Action Plan incorporates very discreet tasks, it is also easier for staff to track and 
manage its implementation. In particular, there has been much interest in the implementation 
of our Mitigation Measure #4, which is our Green Building Standard, and our Adaptation 
Strategy #10 Sea Level Rise and Land Development Codes integration. 
 
Mitigation Measure #4 directed staff to adopt regulations requiring new and renovated 
residential and non-residential projects to incorporate green building practices, and to create 
an energy “reach code” that requires projects to be more energy efficient than the 2008 
Building Energy Efficiency Standards of Title 24. In addition, the measure directed city staff to 
implement a green building awareness program and establish regulatory provisions that 
incorporate sustainable practices at a community-scale. 
 
Our green building efforts started with the early adoption of the state’s Department of Housing 
and Community Development’s California Green Building Standards Code, known as 
“CalGreen.” Early adoption of the CalGreen standard was the result of community discussion 
that addressed a few approaches to accelerating green building in our community. We 
investigated the possibility of creating our own standard, or the possibility of using a third party 
standard such as the U.S. Green Building Council’s Leadership in Energy and Environmental 
Design (LEED) green building rating system. The decision was made to move early on CalGreen 
for commercial, residential and tenant improvements with specific requirements that made 
sense for our location and development patterns. We also felt it was important to link the 
design and construction process to ongoing building operations and maintenance. 
 
Over the coming decades, local sea levels are expected to increase 12 to 18 inches higher than 
their current levels. Higher sea levels can result in increased erosion, more frequent flooding 
from storm surges and increased property damage. Additionally, loss of wetland habitats, 
ecosystem services and reduced waterfront public access options is also anticipated. 
Adaptation Strategy #10 Sea Level Rise and Land Development Codes direct staff to amend our 
land development codes and California Environmental Quality Act (CEQA) guidelines to 
incorporate climate change-related sea level rise into future development and municipal 
infrastructure projects. Specifically, the components of this adaptation strategy include revising 
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the grading ordinance to consider a project’s vulnerability to future sea level rise and flooding 
events, modifying the Subdivision Manual to ensure that storm water/drainage infrastructure 
can address future sea level rise and flooding impacts, and ensuring that environmental review 
and CEQA procedures are consistent with these changes. 
 
Linking land development and climate change is especially important in the planning of the 
Chula Vista Bayfront project on the South San Diego Bay. This redevelopment project, in 
partnership with the Port of San Diego, represents a significant waterfront development 
opportunity in Southern California. As this project re-connects our community to our 
waterfront, we want to ensure that the project will serve our residents and businesses for many 
future generations. To that end, the Chula Vista Bayfront Master Plan EIR was one of the first in 
the state to incorporate an analysis of sea level rise, and the project approvals incorporate 
extremely progressive energy conservation and pollution reduction requirements. For example, 
new buildings along the bay front will be designed to be resilient to 50 years of projected sea 
levels and to have 50 percent higher energy performance than traditional structures by 
extensively incorporating efficiency and renewable energy technologies. The new Chula Vista 
Bayfront will be another on-the-ground example of Chula Vista’s Climate Action Plan positively 
contributing to the community’s long-term sustainability and high quality of life.” 
 
Brendan Reed is the environmental resource manager for the city of Chula Vista where he is 
responsible for the development of sustainability programs and policies dealing with energy 
management, water conservation, and global climate change. As part of these efforts, Reed 
coordinates a multi- department team tasked with implementing the city’s Climate Action Plan 
to help lower greenhouse gas emissions and to reduce future risks from climate change impacts. 
 
Ed Batchelder currently serves as the advance planning manager for the city of Chula Vista 
overseeing long-range planning operations. Batchelder is also responsible for administering 
environmental and resource planning efforts and the development of energy conserving and 
carbon reducing community and site design provisions as part of the city’s Climate Action Plan. 

 
Support for a Diversified Energy Supply and Demand Response to Reduce Vulnerability to 
Extreme Weather Related Events and Climate Change 
A more diversified energy system will reduce the negative impacts of climate-related events. 
For example, hydropower generation is a key source of electricity during peak demand periods 
in the hot months of the year. However, because climate change is expected to reduce 
electricity generation from hydropower units during the summer, this shortfall could impact 
electricity supply reliability. A diversified portfolio of electricity generating units, including 
photovoltaic (PV), thermal solar power plants, wind energy, geothermal units, biomass, and 
conventional power plants will be able to cover for the expected shortfall. Here are some 
examples of actions taken so far: 

 

 California is aggressively procuring renewable generation to ensure that 33% of total 
procurement comes from renewable energy resources by 2020, one of the most 
ambitious renewable standards in the country. California is currently on track to meet 
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its interim requirements of 20% renewables by 2013 and of 25% renewables by 2016, 
and is well positioned to meet 33% by 2020.  

Over 7,000 megawatts (MW, nameplate) of renewable generation capacity have been 
awarded a contract of 10 years or more with a California Investor Owned Utility and 
achieved commercial operation under the RPS program between 2003 and 2013.307 
More than 790 MW of renewable capacity came online in the first and second quarters 
of 2013, and another 2,385 MW of capacity is forecasted to reach commercial operation 
by the end of the year. The 3,175 MW of renewable generation capacity forecasted to 
come online in 2013 would represent the largest year-to-year increase in capacity since 
the beginning of the program. 

 The California Solar Initiative (CSI) is overseen by the CPUC and provides incentives for 
solar system installations to customers of the state’s three investor-owned utilities 
(IOUs): Pacific Gas and Electric Company (PG&E), Southern California Edison (SCE) and 
San Diego Gas and Electric (SDG&E). The CSI Program provides upfront incentives for 
solar systems installed on existing residential homes, as well as existing and new 
commercial, industrial, government, non-profit, and agricultural properties within the 
service territories of the IOUs.308  In July 2013, the CPUC issued its annual report on the 
progress of the CSI, showing that the program has installed 66 percent of its total goal, 
with another 19 percent reserved in pending projects. This equals an estimated 1,629 
megawatts (MW) of installed solar capacity at 167,878 customer sites in the investor-
owned utility territories through the end of the first quarter of 2013, enough to power 
approximately 150,000 homes and avoid building three power plants. 
 
CSI highlights include: 

o A record 391 MW were installed statewide in 2012, a growth of 26 percent from 
2011.  

o Pacific Gas and Electric Company achieved the most installations in the non-
residential sector of any investor-owned utility, having met 70 percent of their 
non-residential installation goal.   

o Applicants to the low income portion of CSI, known as the Single-Family 
Affordable Solar Homes program, have received $64 million in support for their 
residential solar systems while the Multifamily Affordable Solar Housing (MASH) 
program has completed 287 projects representing a total capacity of 18.4 MW.  
There are an additional 83 MASH projects in process, for a total capacity of 11.3 
MW. Virtual Net Metering309 has allowed thousands of tenants to receive the 
direct benefits of solar as reductions in their monthly electric bills.  

o In just over three years of operation, the CSI-Thermal program has received 
1,215 applications for $56.3 million in incentives.  

o All but 92 MW, or 6 percent, of solar capacity in the state is signed up for Net 
Energy Metering (NEM) tariffs. Pursuant to Assembly Bill 2514 (Bradford, 2012) 
and CPUC Decision 12-05-036, the CPUC has initiated a study on the costs and 
benefits of NEM to ratepayers. 



119 
 

 

 The CPUC’s Self-Generation Incentive Program (SGIP)310 - with 544 completed projects 
for a total capacity of 252 megawatts - is one of the longest-running and most successful 
distributed generation incentive programs in the country. In 2011 alone, these facilities 
provided over 760,000 MWh of electricity to the California, enough electricity to meet 
the needs of over 116,000 homes. The program continues to make strides towards a 
cleaner, distributed-energy future. 
 
The SGIP was initially conceived of as a peak-load reduction program in response to the 
energy crisis of 2001. Assembly Bill 970 (Ducheny, 2000) designed the Program as a 
complement to the California Energy Commissions’ Emerging Renewables Program, 
which focused on smaller systems than the SGIP. Since 2001, the SGIP has evolved 
significantly. It no longer supports solar photovoltaic technologies, which were moved 
under the purview of the California Solar Initiative after its launch in 2006. It has also 
been modified to include energy storage technologies, to support larger projects, and to 
provide an additional 20% bonus for California-supplied products.  
 

 Created the first Desert Renewable Energy Conservation Plan (DRECP).311 The DRECP 
working group – consisting of the Energy Commission, California Department of Fish and 
Wildlife, U.S. Bureau of Land Management, and U.S. Fish and Wildlife Service – is 
developing guidelines to identify areas suitable for renewable energy projects and 
transmission corridors, while developing long-term natural resource conservation areas 
that protect fragile desert ecosystems. (See also Box 11: Innovative Land Use Planning to 
Balance Multiple Objectives in the Biodiversity and Habitat section of this document.) 

 

 Implemented several programs and planning activities that support policies and 
incentives and that will help spur distributed generation and on-site renewable energy 
generation systems.  

o The Renewables Program in the Energy Commission’s research program 
successfully implemented the Renewable Energy Secure Communities (RESCO) 
program312, which is supporting community-scale renewable energy projects at 
three stages of development: exploratory, pilot, and implementation.  

o The Community Renewable Energy Deployment (CRED) program with a similar 
goal is a cost-share program with the Department of Energy under the American 
Recovery and Reinvestment Act of 2009.  

o Another program supports renewable-based decentralized advanced power 
generation and combined heat and power.  

o The Energy Commission released a follow-up research program for community-
scale renewable energy development, deployment, and integration projects that 
demonstrate optimized community-specific renewable energy systems and 
develop tools and models to quantify impacts and benefits of increasing local 
renewable energy penetrations in California. 

 

http://www.cpuc.ca.gov/PUC/energy/Solar/


120 
 

 Provided web-based tools on planning and permitting resources for renewable energy 
systems that will help streamline permitting of renewable energy projects. Also, the 
Energy Commission worked with other state agencies, stakeholders, and local 
governments to develop a model ordinance to help streamline permitting for 
distributed generation solar photovoltaic systems in California, which was adopted by 
the California County Planning Director Association in 2012.   
 

 Published an Energy Commission staff report in April 2011 (Developing Renewable 
Generation on State Property: Installing Renewable Energy on State Buildings and Other 
State-Owned Property) to encourage expansion of such development. The report 
recommended a goal of 2,500 MW of renewable energy on state properties.  

 

 Published the Renewable Power in California: Status and Issues report in 2011, which, 
along with the recent IEPR, recommended overarching strategies for achieving the 
Renewable Portfolio Standard requirement of 33 percent renewable energy by 2020, 
achieving the Governor’s goal for 12,000 MW of localized renewable energy resources 
and increasing investment in renewable energy in California.      
 

 The Energy Commission’s research program has funded projects designed to develop 
tools for improved environmental (ecological) evaluations and for the identification of 
sites that would minimize environmental impacts in order to streamline renewable 
energy permitting. Some of the research data and siting tools are already in use and 
additional research is on-going or will start in the near future.  

 

 Demand Response continues to grow with over 2,300 megawatts of available load 
reduction capacity created by state utility reliability and price-responsive programs.  

 

 The Energy Commission, California Public Utilities Commission and California 
Independent System Operator have been collaborating on efforts to significantly 
increase the amount of DR available to offset the need for additional fossil generation.  
This collaboration has resulted in a number of targeted efforts to achieve this goal: 

 
o The Energy Commission, in the 2013 IEPR313, builds on prior policy direction on 

DR that reduces peak load to focus near-term efforts that expand “fast-
response” DR that can provide additional ramping and ancillary services capacity 
that will be needed as more renewable resources come online. 

o The CPUC released a new Demand Response OIR (R.13-09-011)314 that is 
intended to review and rethink the current utility DR program designs and 
coordinate CPUC direction on procurement rules and program design with 
emerging system needs and CAISO market products as they are developed 

o The CAISO has released a “Roadmap” for expanding DR and EE participation and 
is has initiated a number of working groups to develop market products that are 
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more aligned with customer load reduction capabilities and emerging system 
needs.315 
 

 In February 2013, CPUC released “A Review of Current Issues with Long-Term Resource 
Adequacy”.316 
 

 Under direction of the CPUC, SCE is developing and executing a resource plan and 
regulatory strategy to meet reliability needs in the Los Angeles basin resulting from the 
retirements of existing generators with once through cooling systems (“OTC”) and the 
San Onofre Nuclear Generating Station (“SONGS”). The plan includes developing a 
framework for integrating preferred resources, such as Energy Efficiency, Demand 
Response, and Distributed Generation along with Energy Storage, transmission and 
conventional generation into local reliability planning. This effort to replace the lost 
generating capacity from SONGs with preferred resources is their “Living Pilot 
Program”.317 
 
SCE’s plan involves a collaborative effort with the California Public Utilities Commission 
(“CPUC”), Energy Commission, California Independent System Operator (“CAISO”) and 
other stakeholders to develop and implement the “Living Pilot Program” to procure up 
to 400 MW of additional, competitively priced preferred resources, including demand 
response, to meet local reliability needs in the areas impacted by the retirement of the 
region’s coastal plants. The pilot will include CAISO determined performance attributes 
to support reliability needs; metrics, measurement, and evaluation protocols to report 
the efficacy of the various preferred resources; and methods for applying lessons 
learned for future improvements.  
 

 The California Public Utilities Commission (CPUC) has been implementing the provisions 
of Assembly Bill 2514 (AB 2514)318 to continue momentum for energy storage by 
Adopting a 1,325 MW Energy Storage Procurement Target by 2020 which is 
approximately 2 percent of statewide peak demand. The Decision continues a number 
of legal, regulatory and policy efforts in California to encourage the development and 
growth of energy storage technologies and markets. In 2009, the CPUC added advanced 
energy storage projects to the technologies eligible for Self-Generation Incentive 
Program payments. AB 2514 also requires the state’s publicly owned utilities to consider 
adoption of energy storage procurement targets. Gov. Brown’s June 2010 Clean Energy 
Jobs Plan319 called for adding approximately 3,000 MW of energy storage to the grid to 
meet peak demand and support renewable energy generation.  
 

 Demonstrated the ability of microgrids to increase the penetration of renewables, 
improve energy efficiency and accelerate the integration of electric vehicles onto the 
grid. These features were demonstrated on actual microgrids located on the campus of 
the University of California San Diego320, the Santa Rita Jail, and on the distribution 
networks of San Diego Gas and Electric and the Sacramento Municipal Utility District321. 
Microgrids also allow for continuous local operation during power outages.  
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Supporting Energy-Related Research 
In the last decade, the Energy Commission research programs have been the state's premier 
energy RD&D programs. They have advanced science and technology in the fields of smart grid, 
energy efficiency, renewable sources of energy, distributed generation, energy storage 
technologies, pipeline safety, and climate vulnerability and adaptation for the energy sector. To 
accomplish this, the Energy Commission enlisted businesses, utilities, energy companies, public 
advocacy groups, and world-class scientists at California's universities and national laboratories. 
In the last 15 years the Energy Commission has invested more than $830 million to bring to 
market energy technologies that provide environmental and economic benefits to California's 
ratepayers. Even though primarily designed to improve efficiency, lower cost and reduce 
environmental impact of energy use, these innovations can also help reduce vulnerability of the 
energy sector to climate change by improving energy management, increasing efficiency, and 
developing and demonstrating a diverse suite of energy technologies as noted in the other 
energy adaptation sections. The following are among the many research highlights: 

 Supported research on natural gas safety. For example, a research project is currently 
investigating the vulnerability of the natural gas infrastructure in the Delta to sea level 
rise.  

 Participated in and helped fund a multi-state agency contract with the National 
Academies of Science to conduct a Sea Level Rise Assessment for the West Coast.322 The 
study produced sea-level rise projections for California, Oregon, and Washington for 
2030, 2050, and 2100. This study corroborated the results from prior Energy 
Commission studies on this topic. 

 Assessed the impacts of climate change on the electricity system through a research 
project with Lawrence Berkeley National Laboratory for the 2012 California Climate 
Change Vulnerability and Adaptation Study323. This is the most comprehensive study 
conducted in the United States and suggests that the current electricity infrastructure is 
more vulnerable to climate change than previously believed but that a rapidly evolving 
electricity system offers an opportunity to substantially reduce its vulnerabilities.   

  Identified the following key findings relevant to the energy sector in the 2012 California 
Climate Change Vulnerability and Adaptation Study: 
o Higher temperatures – Higher summer temperatures will notably increase the 

annual and peak household electricity consumption for air conditioning. Because 
inland areas will warm more, and are often home to less wealthy populations, 
energy use will grow most in the hottest areas where those who can least afford it 
reside. Power outages during extreme heat waves could put some groups 
(particularly elderly and small children) at greater risk when access to air 
conditioning fails. Increased temperatures would also reduce the efficiency of 
thermal power plants, substations, and transmission lines, leading to less available 
electricity for ratepayers.  

o Reduced snowpack – Hydropower contributes on average about 15 percent of the 
in‐state generation in California and provides critical low‐cost power in the hot 
months of the year during peak electricity demand. The snowpack in the Sierra 
Nevada has played a central role in hydropower generation because it acts as a 
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natural water reservoir with relatively predictable flow. Decreased snowpack would 
reduce hydropower generation, even with seasonal adjustments in dam operations. 

o Sea level rise – About 20 coastal power plants and about eighty substations are at 
risk of at least partial flooding due to sea level rise. Petroleum refinery and storage 
facilities occur primarily in coastal areas subject to higher maximum high tides. Sea 
level rise combined with increased winter flows into the Sacramento/San Joaquin 
Delta will also increase the potential for levee failures, especially after 2050. There 
are substantial energy infrastructures – such as substantial underground natural gas 
storage facilities, gas pipelines and electrical transmission lines – in the Delta that 
could be affected.  

o Extreme events (heat waves, wildfires, flooding) – The probability of exposure to 
wildfire on some transmission lines is expected to increase by as much as 40 percent 
as a result of warmer temperatures. Extreme heat and high electricity demand 
caused a local power line in Ohio to sag into trees, which helped trigger the massive 
2003 blackout in the northeastern U.S. and Canada that affected 55 million people. 
Transformers are also more likely to fail in these conditions. Climate change in 
California is expected to increase the frequency and magnitude of extreme heat 
events and therefore the risk of blackouts.  

The Water-Energy Nexus 
Water delivery, treatment, and use constitutes one of the largest sources of energy demand; at 
the same time, energy generation consumes large amounts of water. Therefore, conservation 
and efficiencies in one resource can leverage great savings in the other. The Air Resources 
Board’s (ARB) 2013 Scoping Plan includes recommendations for further reducing water-related 
greenhouse gas emissions.324  Recommendations for enhanced water use efficiency are further 
discussed in the Water section of this document. 
 
ACTIONS NEEDED FOR SUFFICIENT, RELIABLE AND SAFE ENERGY 

The state will need to continue enhancing California’s energy adaptation efforts and ensure 
that California has a sufficient, reliable, and safe energy infrastructure to meet current and 
future energy demand as well as the state’s clean energy goals. In implementing any of the 
adaptation strategies, consideration will also be given to other socio-economic and 
environmental objectives, such as habitat protection, ecosystem services, environmental 
justice, public health, and economic feasibility. Further collaborative work that is needed 
includes the following:  

Protect existing energy facilities and consumers from impacts of climate change 

 Conduct vulnerability and adaptation studies for the energy sector in coordination with 
private entities managing energy resources with the goal of generating actionable 
research products; make research results available with a geographical context via Cal-
Adapt.  

 Support the energy component of local cross-sector adaptation efforts, such as 
expanding the CaLEAP (California Local Energy Assurance Planning) website.  
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 Promote use of sustainable woody biomass materials for power generation to reduce 
fire risks to transmission lines and hydropower watersheds consistent with the 2012 
Bioenergy Action Plan. 

 Install smart grid and microgrid technologies to better protect reliable operation of the 
grid during extreme climate-related events.  

 Evaluate the cost effectiveness of potential measures to maintain the efficiency of 
thermal plants during heat waves or other extreme climate-related events.  

 Evaluate hydropower adaptation options to accommodate reduced or increased runoff 
and storage and evaluate operational changes or investment options (e.g., more 
pumped storage) to maintain the value of California hydropower resources even with 
climate change.   

 Continue development of the Integrated Forecast and Reservoir Management (INFORM) 
project in coordination with private entities and DWR to demonstrate its ability as a 
modern decision support system for management of major water reservoirs to both 
private entities and DWR. 

 Investigate strategic use of high temperature, low sag conductors for transmission lines 
where climate change impacts make conventional conductors vulnerable.  

 Explore the use of seasonal (a few months in advance) probabilistic forecast of summer 
temperatures to determine the adequacy of electricity generation for the forthcoming 
summer season (Summer Electricity Supply and Demand Outlook – a CEC annual 
publication).   

Diversify energy supply to reduce vulnerability to extreme weather-related events and climate 
change 

 Diversify the energy supply portfolio as needed by: (1) enhancing the local utility 
distribution grids with smart grid features and expanding distributed generation; (2) 
exploring and developing energy storage technology applications; (3) evaluating state 
properties and buildings (and other government properties) for distributed and 
centralized power generation options; (4) encouraging in-state and out-of-state 
transmission system expansion and upgrades to reduce vulnerability to extreme events 
and long-term changes; and (5) expanding transmission access to renewable resource 
areas in preferred geographic locations consistent with the Renewable Action Plan 
developed as part of the 2012 IEPR Update proceeding.  

 Explore post-2020 greenhouse gas emissions targets for the energy sector (including 
transportation, electricity generation, and the rest of the energy system) that are 
compatible with the 2050 goal of reducing GHG emissions by 80 percent from 1990 
levels.  

 Improve our understanding of the environmental and public health implications of 
potential energy scenarios for California to avoid unintended consequences, such as 
negative impacts to wildlife, habitats, air quality, and water quality. 

 Adopt environmentally benign and cost-effective options to maintain the efficiency of 
thermal power plants during heat waves. Improve environmentally acceptable and cost 
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effective approaches for dealing with the efficiency of thermal power plants on extreme 
hot days.   

 Improve our understanding of how climate change impacts the estimation of energy 
demand and assessments of energy supply (e.g., availability of hydropower in the 
summer). 

Promote energy demand side measures that facilitate climate adaptation 

 Investigate all available measures that will allow the delivery of high quality energy 
services at the lowest costs and with the minimum amount of energy feasible, such as 
deep energy efficiency retrofit programs with an integrated regulatory paradigm across 
water, electricity, and natural gas, green buildings, cool roofs, cool pavement, cool 
vehicles, urban greening, demand-side management and automated demand response, 
smart grid, permanent load shifting (from peak to off-peak), energy conserving land use 
practices, and zero net energy homes. 

 Promote the expanded use of smart energy meter data to provide residential and 
commercial customers better access to their energy use profiles and allow them to take 
advantage of improved energy management systems that promote higher energy 
efficiency and better overall energy management.  Suitable protections and policies 
should be put in place to protect vulnerable and low-income households from cost 
impacts, including time-of-use pricing, in order to ensure, among other things, access to 
air conditioning for heat emergencies. 

 Broaden the use of automated demand response capabilities and systems to make it 
easier for future residential, commercial, and industrial end users to participate in 
demand response programs and tariffs. 

 Retrofit existing buildings through the Energy Commission’s AB 758 program. 

 Implement Executive Order B-18-12 that directs state agencies to take immediate steps 
to green the state’s buildings, reduce greenhouse gas emissions, and improve energy 
efficiency.   

 Explore the feasibility of considering climate change in cost-benefit analyses of energy 
efficiency standards for buildings (Title 24) and appliances (Title 20), such as increased 
ambient temperatures in the 16 climatic zones used to set building standards rather 
than the current practice of using historical climate data. 

Enhance energy-related climate change research 

 Coordinate climate change research with all the state agencies supporting or using 
climate change science via the Climate Action Team (CAT) Research Working Group.325 
The Energy Commission will continue to provide leadership to the CAT Research 
Working Group. This group will also assist with the coordination of research activities 
with federal agencies. 

 Continue to support and enhance the State Climate Change Research Catalog, which will 
provide basic information about past and current climate change research projects that 
have been or are supported by the State. 
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 Specify energy-related research in the California Climate Research Plan (the Research 
Plan) being developed by the CAT Research Working Group. This plan will represent a 
unifying vision on how the different state agencies intend to support climate research, 
forming a well-coordinated and integrated overall research program for California. 
Likely energy-related topics will be to:  

o Continue climate monitoring, analysis, and modeling for development of down-
scaled climate change scenarios for California to support improved vulnerability 
assessments for energy and other sectors, better energy forecasts, and 
adaptation planning by local governments and private entities.  

o Improve vulnerability assessment methods for existing energy infrastructure and 
update assessments to inform more targeted adaptation options in the short- 
and medium-term based on the revised climate change scenarios.  

o Continue development and testing of supply and demand forecasting methods, 
such as seasonal (a few months in advance) probabilistic forecast of summer 
temperatures to determine the adequacy of electricity generation and new 
hydroelectric supply forecasting methods.  

o Continue the legacy of research, development, and demonstration for successful 
adaptation that also reduce GHG emissions, strengthen the green economy and 
maintain California’s leadership in energy technology innovation, including 
transportation. Examples include energy storage, renewable energy efficiency, 
microgrid resilience, and efficiency improvements for buildings and vehicles, and 
low carbon transportation fuels. The discussion in the Research Plan will be fully 
compatible with efforts in this area in the Energy Commission and the CPUC via 
the Electric Program Investment Charge (EPIC) and research supported by the Air 
Resources Board and others on this topic. The strength of the Research Plan will 
be in its capability to show how the different programs support each other.  

o Identify and find solutions to regulatory, legal, institutional, and socio-economic 
barriers that can hamper the implementation of promising adaptation measures.  

Box 34 

California Energy 

 

Several state entities play an important role with respect to energy in California.  The state also 

has important federal, local and private sector partners with respect to energy.   

 

 California Energy Commission (CEC) is the state's primary energy policy and planning 
agency. CEC is primarily responsible for forecasting energy needs, promoting energy 
efficiency, supporting public interest energy research, developing renewable energy 
resources, licensing thermal power plants larger than 50 megawatts, and planning for 
and directing state response to energy emergencies. 

 California Public Utilities Commission (CPUC) regulates privately owned electric and 
natural gas companies. The CPUC serves the public interest by protecting consumers 
and ensuring the provision of safe and reliable utility service at reasonable rates. 
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 California Independent System Operator Corporation (CAISO) is a nonprofit public 
benefit corporation that manages the flow of electricity across the high-voltage, long-
distance power lines that make up 80 percent of California’s power grid. 

 California Department of Conservation (DOC) regulates the operation of oil and natural 
gas wells and geothermal resources in California mainly through its Division of Oil, Gas 
and Geothermal Resources.   

 Office of the State Fire Marshal (SFM) regulates the safety of approximately 5,500 miles 
of intrastate hazardous liquid transportation pipelines and acts as an agent of the 
federal Office of Pipeline Safety with respect to the inspection of more than 2,000 miles 
of interstate pipelines. This office also has operational oversight regarding restoration of 
petroleum product pipeline service following temporary closures associated with 
pipeline failures or leaks. 

 California State Lands Commission (SLC) develops and oversees compliance with Marine 
Oil Terminal Engineering and Maintenance Standards (MOTEMS). These standards apply 
to all existing and new marine oil terminals in California, and include criteria for 
inspection, structural analysis and design, mooring and berthing, geotechnical 
considerations, and fire, piping, mechanical, and electrical systems. The purpose of 
these standards is to increase the integrity of existing facilities to better withstand 
earthquakes and tsunamis, thus reducing the risk of petroleum spills and temporary loss 
of the ability to receive and export transportation fuels at marine terminals. 

 
California has an number of important federal partners, including: 
 

 Federal Energy Regulatory Commission (FERC) is an independent agency that regulates 
the interstate transmission of electricity, natural gas, and oil. FERC also reviews 
proposals to build liquefied natural gas (LNG) terminals and interstate natural gas 
pipelines. FERC also licenses hydropower projects. 

 Nuclear Regulatory Commission (NRC) formulates policies and develops regulations 
governing nuclear reactor and nuclear material safety and security. 

 U.S. Department of Energy (DOE) is responsible for establishing national energy policies 
and for the safe handling of nuclear materials. DOE is one of the major sponsors of 
energy research and conducts research through multiple national laboratories. 
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FORESTRY  
 

INTRODUCTION 
 
Forests can help absorb carbon dioxide and counteract the emissions that cause climate 
change, but, as further described below, California forests are also in need of protective actions 
to prepare them to withstand mounting climate threats such as increasing temperatures, 
drought, increasing risk of pest infestations, and increasing risk of severe wildfires.  Studies are 
currently underway to investigate fire and frequency trends.  Furthermore, forests can provide 
many other benefits, besides absorbing carbon dioxide, which will assist with climate problems.  
For instance, trees and forests help anchor soil and absorb rain and snowmelt, so flooding and 
landslides are less severe.  Forests also help regulate the timing and magnitude of water runoff 
and water flows; and they have very significant impacts on water quality, because they provide 
a filtering function that prevents impurities from entering streams, lakes, and groundwater.  
(See Box 35 “Ecosystem Services” – Smart Land Use to Save Money and Create More Sustainable 
Communities) In addition, forests provide critical habitat for wildlife and fish that will be 
increasingly stressed by climate impacts (see Biodiversity and Habitat chapter).  Sustainably 
managed forests may also provide forest products like lumber that provide long-term carbon 
storage, as well as woody material or ‘biomass’ for energy production.  Trees in urban 
environments, or ‘urban forests’, capture and store carbon dioxide and are capable of providing 
significant shading and other cooling benefits that can reduce urban temperatures and energy 
needs.  Urban forests can also help filter air pollutants and can help absorb rainfall that would 
otherwise run over streets and wash pollutants into nearby waterways that are already under 
increasing stress from climate threats. 
 
California forests are managed by a number of different entities including federal, state, 
local and private land owners.  In many cases, forest management activities are regulated by 
a variety of federal, state, and local agencies. Understanding the jurisdictional scope of these 
entities is important for a robust discussion of continued steps needed to adequately prepare 
for climate risks.  For more information, see Box 43Box 43 labeled “California Forestry” at the 
end of this chapter.  Management of wildfire risk and post-wildfire recovery are further 
discussed in the Emergency Management section of this document. 

 

Box 35 

“Ecosystem Services” – Smart Land Use to Save Money and Create More Sustainable 
Communities 

There is a growing trend in the United States for cities to invest in improving the 
management of rural watersheds where drinking water supplies for those cities originate.  
This trend not only offers significant cost savings over other approaches (i.e. building and 
operating urban water treatment plants), but can also offer other environmental benefits 
(such as habitat restoration and flood protection) and economic benefits (such as providing 
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materials to support bioenergy production).  These programs serve as an important way to 
identify the value that rural ecosystems provide for urban areas and to direct payment for 
those services (so called “ecosystem services”) to rural landscapes, in a mutually beneficial 
exchange that promotes a more sustainable future for both rural and urban communities.  
Following are examples of communities or organizations that have successfully developed 
and implemented ecosystem services approaches or are actively engage in development of 
approaches to valuing ecosystem services. 

The City of New York signed an agreement in 1997 that included rural communities in the 
Catskill/ Delaware watersheds.326 The Catskill/Delaware watershed covers 1,600 square 
miles and provides about 90% of New York’s water supply.327 New York City chose to 
implement a comprehensive watershed protection program to preserve and restore natural 
filtration services as a more cost effective means of maintaining water quality than building 
a filtration facility estimated to cost $8- 10 billion to construct and $1 million per day to 
operate and maintain.328 Enhancements to natural watershed filtration were combined with 
other measures such as upgrades to wastewater treatment systems.329 After five years, 93% 
of Catskill farmers were participating in the program, utilizing more environmentally friendly 
farming techniques and reducing farming-‐related water pollution, and the significant cost 
savings played a critical role in helping to stabilize water and sewer tariffs, providing major 
benefits to low-‐income, urban households.330

  
   

  

  

 

Similarly, the Denver Water utility, which provides water for the 1.3 million people in the 
Denver, Colorado metropolitan area, is taking an active role in collaborating in watershed 
protection efforts. Denver Water’s key collection and delivery infrastructure receives water 
from snowpack and streams on U.S. Forest Service lands, and is highly dependent on healthy 
forests and watersheds.  A partnership has been established between Denver Water and the 
Rocky Mountain Region of the U.S. Forest Service, Department of Agriculture, to support 
mutual efforts to improve forest and watershed conditions. Denver Water plans to match 
the U.S. Forest Service’s $16.5 million investment, totaling $33 million, toward forest 
treatment and watershed protection projects over a five-‐year period in priority watersheds 
critical to Denver Water’s water supply.  Forest treatment and watershed protection 
activities can help minimize sedimentation impacts on reservoirs and other water 
infrastructure by reducing soil erosion and the risk of wildfires, thereby protecting water 
supplies and water quality.  This work will also provide other public benefits such as wildlife 
habitat and recreation opportunities. Colorado and Wyoming contain headwaters for rivers 
that supply water to 13 Western states, including California.331 

The San Francisco Public Utilities Commission (SFPUC) also has a 10-‐year, $50 million 
Watershed and Environmental Improvement Program.  SFPUC is a department of the City 
and County of San Francisco that provides retail drinking water and wastewater services to 
San Francisco and wholesale water to three Bay Area counties.  The Program includes the 
Peninsula, Alameda, and Upper Tuolumne Watersheds, and manages watershed activities 
and resources to protect source water quality and protect and restore terrestrial and aquatic 
species and their habitats.  The Program is funded in part by Water System Improvement 
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Program Measure A bond funds and in part by operating funds. 

 
Climate Change Impacts and California Forests 
Climate change threatens California forests with more frequent and severe wildfires, pests, 
disease, increased temperatures, and changing precipitation and water availability.  As 
described below, these threats may decrease forest growth, cause geographic shifts in tree 
distribution and forest types, and result in forest loss and tree mortality.  These threats also 
overlay traditional pressures for the conversion of forested lands to alternate land uses and 
fragmentation.  In addition, fire suppression activities and lack of fuels management have left 
California forests in a particularly vulnerable and weakened state (See Box 36 “Forest Science: 
Evolving Understanding of Fire and Forest Landscapes”).  Forest losses due to climate change 
not only threaten carbon storage and emissions from forests but also threaten water resources, 
energy transmission (as further discussed in the Energy section of this document), the survival 
of fish and wildlife, and human health -- such losses will also negatively impact tourism, 
recreation opportunities, and the timber industry.  Efforts to improve forest health not only 
make forests more capable of withstanding climate impacts (and avoids the negative impacts 
associated with forest losses), but those efforts will also increase the long-term carbon storage 
capacity of forests and aid in fighting climate change. 
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Box 36 

Forest Science: Evolving Understanding of Fire and Forest Landscapes   
 
California's forested landscapes evolved with fire over thousands of years.  This pre-European, 
forested landscape was created by the full range of fire regimes from low-intensity/severity, 
slow-spreading wildfires to high intensity/severity, fast spreading fires and a mixture of both 
extremes.  Plant and animal species in the forest evolved with fire, and many of these plant and 
animal species depend on wildfires to reproduce and grow.  For instance, low-intensity, slow-
spreading wildfires can help keep tree density at optimal levels for tree growth and 
productivity, fire can help return nutrients from plant matter back to soil, the heat from fire is 
necessary to the germination of certain types of seeds, and remnants left behind by fires can 
create habitat conditions that are beneficial to wildlife.  The ecological function of fire in 
naturally fire-dependent or fire-adapted landscapes was poorly understood for much of the 
20th century.  Vigorous fire suppression programs were implemented with the belief that such 
programs would protect property, human life, and forests.  Fire suppression programs, 
combined with a lack of active forest management activities to reduce vegetation, contributed 
to a situation in which high frequency fire regime forests became unnaturally dense, often with 
many, smaller trees crowded between older, larger trees (Collins et al 2011).   
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Bear Creek Guard Station, Plumas National Forest, top photograph taken in 1915 (showing 
surrounding forest prior to fire suppression) and bottom photograph taken 2002 (showing 
surrounding forest after years of fire suppression). 

Source: USDA Forest Service 
Overcrowded or ‘overstocked’ forests are susceptible to a number of threats.  First, an 
overcrowded forest contains far more flammable material, with little spacing between trees; 
fires that do start in these conditions tend to be higher-intensity, fast-moving, harder to 
contain, and generally more catastrophic to both plant and animals species and to human 
communities. 
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Source: National Interagency Fire Center (showing forested landscape after catastrophic fire) 

Secondly, trees in overcrowded forests compete for scare water, soil nutrients and sunlight.  
Overall tree health and resilience may decline, and overcrowded forests are additionally more 
vulnerable to the spread of tree diseases and tree pests (Oliver and Larson 1990).  

Climate change in California presents new threats to forests with longer, hotter summers, 
changing water availability, the spread of invasive species, and more tree mortality due to the 
spread of pests that were previously kept in check by colder, longer winters.  These climate 
changes will likely contribute toward a longer, more challenging fire season in California and 
this will present escalating danger to homes and people located near forest wildland areas, 
particularly in the vicinity of forests that may be overcrowded due to past fire suppression 
practices and lack of management activities. 

There are a variety of techniques for returning overcrowded forests to a healthier, more natural
state.  Prescribed burning is one method.  In prescribed burning, a fire is planned, ignited and 
managed by professional fire managers.  Prescribed fire is only undertaken with appropriate 
conditions, such as appropriate weather conditions.  Steps can be taken to minimize smoke 
impacts from prescribed fires on nearby communities.  Other techniques for addressing 
overcrowded forests include measures to reduce density by ‘thinning’ the forest (typically by 
removing brush and smaller trees), either using mechanical means or by hand.  Sometimes, it 
may be appropriate for overcrowding to be addressed using a combination of management 
techniques.  Treatments may need to be repeated periodically to maintain desired conditions.  
Reducing overcrowding in forests is sometimes referred to as ‘fuel reduction’ because plant 
materials that fuel catastrophic wildfires are being removed.   



134 
 

As noted below, California forests are located on a mix of federal, state, and private lands.  Any 
successful fuel reduction program in the state will be heavily dependent on coordinated action 
among federal, state and private forest land owners.  Fires do not respect political or legal 
boundaries, and any overstocked lands will present a threat to any adjacent forested lands and 
any nearby structures.  Overcrowded stands are found on the lands of all forest ownership 
classes.  There is a good track record of using multi-agency and private landowner collaborative 
planning processes to identify strategic opportunities to reduce fuels and maximize fire hazard 
reduction benefits.  While public agencies for the most part have adequate authorities to 
conduct fuels reduction projects, funding is a significant barrier for both initial treatments and 
follow-up maintenance treatments.  Sustainable biomass energy programs that utilize materials 
from forest thinning may be part of the solution for redressing overcrowding caused by past 
forest fire suppression programs. 

 
The role of forests in California climate solutions and the need to protect forest resources from 
climate threats has been recognized in the 2006 Scoping Plan and the 2009 Climate Adaptation 
Strategy.  As described below, some progress has been made with respect to preparing for 
climate risks to California forests, but a more comprehensive forest climate strategy and the 
resources to implement such a strategy are needed in order to fully prepare for the myriad 
threats posed by forest and tree loss due to climate change.   
 
Ownership of California Forestlands:  California has 33,387,000 acres of forestland, which 
cover about 32% of the State.  Predominantly held by the federal government (over 57%), these 
forest resources are located on state, federal, and private lands (Box 37). This distribution of 
land owners means that coordination between the state, private land owners, and federal 
agencies will be important to the success of any comprehensive forest climate strategy in 
California. 
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Box 37 

California forestland ownership. 

Ownership Category 
Acres of 

Forestland 
Percentage 

Private 13,131,000 39.3 % 

Federal 19,171,000 57.4 % 

State 711,000 2.1 % 

Local 374,000 1.1 % 

Total 33,387,000 100 % 

California Department of Forestry and Fire Protection 2010. 

 

Box 38 

National Forest Watersheds: The 20 million acres of National Forests in California play a crucial 
role in providing California's water.  These lands, while comprising about 20 percent of the area 
of the state, provide almost half of the State's surface water supply, owing to their location in 
mountainous headwaters.332 Stewardship of these lands to protect water quality and quantity 
will become increasingly important as California’s water supply comes under stress from 
climate impacts including loss of snow pack, changing precipitation patterns, increased 
temperature and drought.  For more information on climate impacts to California’s water, 
please see the Water section of this document. 
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California Tree Types and Geographic Distribution:  California is also home to a wide variety of
tree species including, but not limited to, many types of conifers (e.g. Douglas-fir, ponderosa 
pine, sugar pine, incense-cedar, redwood, giant sequoia, etc.) and also many types of oaks (e.g.
blue oak, coast live oak, etc.) (Box 39) Not all California tree species will be equally affected by 
climate change.  For instance, in the Sierra Nevada, scientist predict that tree growth may 
decrease by as much as 19% by 2100  - but white fir, cedar and Douglas-fir are expected to 
decline the most, with smaller reductions in growth rates for ponderosa pine and sugar pine.

 

 

333 

Box 39 

 

Distribution of California conifer and hardwood forest and other vegetation types 

 
As average temperatures and precipitation patterns change, the climatic conditions suitable for 
different types of tree species in any given region will also change - and this will lead to 
geographic shifts in tree distribution and forest types.  In general, geographic shifts will tend to 
be northward and toward higher elevations as average temperatures rise, although the 
Southern Sierra may be a particularly significant area of refuge due to the higher elevations 
found there (for more information on the importance of refugia in the era of climate change – 
please see the Biodiversity and Habitat section of this document).  High elevation tree species 
that are dependent on historical temperature ranges at those elevations will be particularly 
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vulnerable to species loss and extinction.  Although estimates of the magnitude and direction of 
geographic shifts continue to be refined and improved over time, some modeling of these types 
of trends and predictions has been done for certain species. [See Box 43: Southern Sierra - Blue 
Oak Climate Scenarios courtesy of The Nature Conservancy]  Some California timber companies 
are already preparing for these types of impacts in their long range planning efforts. [See Box 

41: Mendocino Redwood Company and Humboldt Redwood Company - Climate Change and 
Forest Management Considerations in the Redwood Region.] 
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Box 41 

Mendocino Redwood Company 
Humboldt Redwood Company 
 
Climate Change and Forest Management Considerations in the Redwood Region 
By Mike Jani – Chief Forester and President of Mendocino Redwood Company 
 
Foresters, by nature and training typically think and plan in terms of decades and generations, 
as trees take a much longer time to grow than traditional row crops. This is further enhanced in 
the redwood region of California, where we are dealing with a tree species that can live 
thousands of years and has the capacity to regenerate itself, once cut or burned, by 
resprouting, and regrowing its genetic duplicate. Planning for climate change manifests around 
a few central themes.   Even with all the uncertainties over the exact regional effects of climate 
change, a number of immediate responses to these themes appear to be prudent. These 
responses may, in time, prove to be beneficial both ecologically and in terms of long-term 
economic stability for our region. 
 

Fire 

Projections for the eastern portions of our ownership indicate hotter, drier summer weather 
patterns and increasing winds leading to higher fire risk. We are taking the following measures 
to mitigate for this: 

-Over the entire property, we are growing significantly more than we harvest. This leads to 
larger diameter trees over time. Larger trees are far more fire resilient, especially redwoods. 

-In our tree improvement program, we are selecting for trees that appear to have drought 
tolerance. 

-Pre-commercial and commercial thinning to optimize spacing of our trees. This leads to 
increased growth (see point above), but also keeps forest canopy below a density where it can 
support catastrophic crown fire.  Also, research being done in the region suggests that the 
projected increase in carbon in the atmosphere has added to the growth of large, old redwood 
trees, perhaps even resulting in a doubling of their growth over the last 50 years.  

-Treatment of hardwood species in understory to break up dangerous ladder fuels and restore 
organic layer in soil mantle (water holding capacity). 

-Construction and maintenance of shaded fuel breaks from which to be able to fight and stop 
fires. 

-Maintenance of road network in passable condition for firefighting equipment. 
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Unpredictable weather patterns 

Highly variable weather fluctuations caused by climate change lead to unpredictable rainfall 
patterns and intensities (which might include both more extended dry periods and more severe 
storms). We do the following to offset these impacts: 

-Increase the miles of road surfacing with rock to reduce sediment generation and water quality
degradation. 

 

-Road upgrades: increasing stream crossing openings to be able to handle higher peak winter 
flows. 

- Out-sloping roads to quickly move water off road surfaces. 

Changing in-stream conditions 

Drier weather projections may lead to lower stream flows and higher stream temperatures
leading to degradation of water quality for fish. We have implemented the following: 

 

-Maintaining very high tree canopy adjacent to flowing streams to maintain low stream water 
temperatures.   

-Drill and utilize wells to reduce the need for drafting water out of streams for road watering 
and construction. 

-Construct off-stream water tanks for storage to reduce need for drafting from fish-bearing
streams. 

 

Forest Carbon Storage 

The largest portion of commercial redwood forests in California are Forest Stewardship Council 
certified and are growing significantly more than is being harvested. Add to that all the 
redwood forestland that has been put into parks and preserves, including thousands of acres of 
old-growth forest, and you have a tremendous carbon sink, providing that we can protect it, 
and manage it in such a way that it does not burn up in a catastrophic forest fire. Our forests at 
the Humboldt Redwood Company and the Mendocino Redwood Company are already storing 
over one million tons of forest carbon each year. What’s more, wood products from harvested 
trees can continue to store carbon for decades to come (and many redwood forest products 
and by-products are particularly long-lived). 

Climate change is not to be ignored. In the redwood region, decisions and actions that we 
undertake today, will have significant impacts over many decades to come. Our business view is 
to manage the impacts of climate change in a positive fashion, including storing more carbon 
annually for years to come.  Just as managing a commercial forest for ecological health is good 
business, so too is planning for the effects of climate change for the future.   

Mendocino Redwood Company, LLC (MRC®) and Humboldt Redwood Company, LLC (HRC™) 
collectively manage 440,000 acres of redwood and Douglas-fir forestlands along the north coast 
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of California. From the beginning, MRC and HRC’s stated purpose has been to demonstrate it is 
possible to manage productive forestlands with a high standard of environmental stewardship, 
and also operate as a successful business. The company names were chosen to reflect the 
nature of the business and to pay homage to the important role of the local community 
associated with a timber business.  MRC and HRC protect old growth trees in their forest, 
harvest through selective logging whenever feasible, and are managing for the unknown but 
expected future effects of climate change. 

 
HIGHLIGHTS OF STEPS TAKEN TO DATE AND SUCCESS STORIES  
 
Following the adoption of the 2008 Scoping Plan, an Interagency Forest Working Group was 
established (the “IFWG”) to help provide technical assistance and recommendations for 
achieving the forest sector goals discussed in the 2008 Scoping Plan.  The IFWG has included 
the following participating agencies: the California Board of Forestry and Fire Protection, the 
California Department of Forest and Fire Protection (“CAL FIRE”), the California Department of 
Fish and Wildlife, the California Department of Water Resources, the Sierra Nevada 
Conservancy, the California Energy Commission, the California Natural Resources Agency, the 
California Air Resources Board, the California Environmental Protection Agency, and the U.S. 
Forest Service. 
 
Forest Carbon Inventory 

The California Air Resources Board maintains a forest sector greenhouse gas emission inventory 
as part of its responsibility to prepare and maintain a statewide inventory of greenhouse gas 
emissions.  The forest sector inventory tracks the net carbon balance from the forest sector in 
California.  The inventory includes both the absorption of carbon dioxide by California forests 
and rangelands, and the release, or emission, of carbon dioxide and other GHGs associated with 
fires, harvesting materials from forests, the conversion/development of forested land for other 
land uses, and the decay and decomposition of woody materials. 
 
A 2004 California Energy Commission study helped provide the first forest sector carbon 
balance data.  That study focused on the period from 1994 to 2000 and was geographically 
limited to the northern part of the state, with statewide estimates extrapolated from the 
available data.  Since 2004, there has been one update to the forest inventory.  That update 
was issued in 2011 and included data gathered from 2000-2009.   
 
In 2011, ARB contracted with researchers from University of California (UC) Berkeley to develop 
a new data-driven methodology for assessing carbon stock changes for all land in California 
except agricultural and urban areas.  The new methods use California specific land based data 
sets and satellite remote sensing data. The covered ecosystems include forests, woodlands, 
shrub lands, grasslands, and wetlands. Data sources for the new method include Forest 
Inventory and Analysis (FIA) ground-based data (vegetation type, tree species and dimensions, 
percent canopy cover, etc.) from the USDA-Forest Service, remote sensing products from 
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NASA’s MODIS sensor, geospatial vegetation data (vegetation community type, canopy height, 
percent canopy cover) from the federal Landscape Fire and Resource Management Planning 
Tools Project (Landfire), geospatial fire and harvest occurrence data from CalFIRE, and ancillary 
data on shrub lands and grasslands.334   

 

   

The new data-driven method enables analysts to retrospectively assess ecosystem carbon stock 
changes resulting from fire, human activities, and other processes. It will enable monitoring of 
changes on the land over time and periodic quantification of the GHG flux associated with 
changes in ecosystem carbon stocks. The research has generated a wealth of new data to 
support a planned update to the GHG inventory. 

Additional work is needed to evaluate the data provided by the UC Berkeley research, to 
incorporate additional new data, and to identify further research needed to expand use of 
these tools. The sources and methods for quantifying ecosystem carbon and GHG flux in this 
sector are complex. Continued refinements will advance carbon quantification, attribution of 
GHG flux by disturbance process, and reduce uncertainty. 

Broader Forest and Rangeland Resource Assessments – including vulnerability assessments 
The California Department of Forestry and Fire Protection's Fire and Resource Assessment 
Program (FRAP) produces periodic assessments of the state’s forest and rangeland resources, 
on both private and publically managed lands.  Like prior assessments, the 2010 Forest and 
Rangeland Resources Assessment335 included extensive information regarding fire threats, 
socio-economic conditions, working lands, threats from pests and disease, and water quality 
and quantity protection and enhancement.  However, for the first time, the 2010 Assessment 
included a dedicated chapter on climate change threats and opportunities, as well as a chapter 
on the role of urban forests and trees in energy conservation and air quality.

Through the FRAP forest and rangeland assessment process, the Department of Forestry and 
Fire Protection has identified priority landscapes where high value carbon stocks and forest 
ecosystems are at risk (see Box 42). The results of the assessment suggest that California forests 
will continue to grow and provide net carbon storage through mid-century.  In the later 
decades of this century, climate models are less certain, but model predictions suggest 
dramatic warming will add additional stress on California forests.  Absent changes in 
management, the National Forests in California could become a net emitter of carbon dioxide in 
the second half of the century as a result of expected increases in wildfire, diseases, and other 
disturbances.336  Carbon emissions from wildfires, insects and diseases are expected to be much 
greater than carbon loss due to the conversion of forested lands to other land uses.   
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Box 42 

 

 

Priority landscape for preventing wildfire threats to maintain ecosystem health (California 

Department of Forestry and Fire Protection 2010) 

Healthy forests, that are most resilient against the spread of pests, tree diseases, and 
catastrophic fires, have an optimal tree density.  Wildfires serve a function in high frequency 
fire regime forest ecosystems to maintain such optimal tree density.  However, in the past, the 
function of wildfires in a natural fire regime was poorly understood, and wildfires were 
“suppressed” or put out.  This has led to many high frequency fire regime forests in the 
American West being “overcrowded” or filled with trees beyond the optimal forest density.  As 
a result of trees being crowded together, pests and diseases are able to spread more rapidly.  In 
addition, when wildfires do start and burn in overstocked forests, the fires consume much more 
woody material (“fuels”) and the fires are larger and more severe.  Thinning overstocked forests 
and using prescribed fire can help restore the forests to a more natural fire regime and healthy 
state.  Forest resilience is especially important in the face of expected climate impacts such as 
increased temperatures, drought, and spreading pests and tree diseases 

Analysis by CAL FIRE of Forest Inventory and Analysis (“FIA”) plot data collected by the U.S. 
Forest Service indicates that there may be as many as 1.2 million acres of forested land in 
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California that would benefit from thinning.  In addition, FIA data indicates that there may be as 
many as 3.1 million acres of timberland in California on which replanting or “reforestation” 
could occur in order to boost forest sector productivity and carbon storage. 
 
CEQA Guidelines on Climate Change & Timber Harvest  
In 2007, Senate Bill 97 (“SB 97”) was enacted to require the development of CEQA Guidelines to 
address the analysis and mitigation of greenhouse gas emissions.   The CEQA Guideline 
amendments adopted pursuant to SB 97 required that CEQA lead agencies make a good-faith 
effort, based on available information, to estimate the greenhouse gas emissions resulting from 
a project.  The lead agency has discretion to select a model or methodology for calculating such 
emissions, provided it supports its decision with substantial evidence and explains the 
limitations of the model or methodology.  To this end, CAL FIRE developed a Greenhouse 
Emissions Calculator which is available online for those preparing timber harvest plans.  The 
Calculator is designed to assess short-term and long-term emissions from a single project, and it 
can also be used to estimate greenhouse gas emissions associated with a series of harvests 
under a management plan.337  
 
2010 Strategic Fire Plan for California 
The 2010 Strategic Fire Plan was the first fire plan ever released for public review and comment 
during development; the plan benefited from excellent stakeholder input.  The Plan recognizes 
the threat climate change presents for more frequent and severe wildfires, and presents a 
vision for a natural environment that is more resilient and man-made assets that are more 
resistant to the effects of wildland fire through local, state, federal and private partnerships.338 
 
2012 Bioenergy Action Plan and Sustainable Forest Biomass Utilization Guidelines  
The 2012 update to the Bioenergy Action Plan included the goals of increasing environmentally 
and economically sustainable energy production from biomass residues, including but not 
limited to forest-derived wood waste, while also reducing the risks and impacts of wildfires in 
forested regions. 
 
Within the framework of the IFWG, the California Energy Commission has been soliciting 
stakeholder input and funding research to help define scientifically-based guidelines for 
achieving sustainable forest landscapes when woody materials from forests or “forest biomass” 
is utilized for energy or fuel production. 
 
State Tree Nursery Program 
The purpose of the State Nursery Program is to provide an adequate, reliable supply of seed 
and seedlings to safeguard the genetic variety of California tree species, provide insurance 
against poor seed crop years, and assist in the restoration of native trees lost to wildfire, 
insects, disease, and other climate impacts.  Unfortunately, at a time when climate impacts on 
California forests are accelerating, and more tree loss and extinction is threatened, capacity in 
the State Nursery Program has been dwindling.  The Magalia Reforestation Center in Butte 
County closed in June 2011 and nursery services have been suspended, although seed 
processing and storage  continues at the L.A. Moran Reforestation Center located in Yolo 
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County in Davis, California.  The L.A. Moran Reforestation Center stores more than $4 million 
worth of seed owned by the State of California and by private companies.  CAL FIRE staff at the 
L.A. Moran Reforestation Center continues to provide seed for reforestation purposes and 
technical assistance to government agencies and private landowners on cone and seed matters 
and seed collection activities.  CAL FIRE is also working with federal and local partners, such as 
the USDA Natural Resources Conservation Service, the U.S. Forest Service, and the Placer 
County Resource Conservation District, as well as private reforestation nurseries, to increase 
the availability of appropriate reforestation stock. 
 
Forest Management and Fire Hazard Reduction Assistance 
CAL FIRE works to foster health and sustainability of private forestlands through its forestry 
management assistance and fire hazard reduction (so called “fuel treatment”) programs.  
Through these programs, such as the California Forest Improvement Program, CAL FIRE 
provides technical assistance, grants, and, at times, direct project assistance for activities such 
as the development of sustainable forest management plans, implementation of forest 
improvement projects such as thinning or tree planting, and reduction of high levels of 
vegetation that pose a significant fire hazard.   
 
Urban Forestry 
The CAL FIRE Urban and Community Forestry Program promotes the expansion and improved 
management of trees and vegetation in communities throughout California.  Urban trees 
directly capture CO2 and provide long-term storage of carbon.  As noted above, trees in urban 
environments, or ‘urban forests’, are capable of providing significant shading and other cooling 
benefits that can reduce urban temperatures and energy needs.  Urban forests can also help 
filter air pollutants, prevent soil erosion, and absorb rainfall that would otherwise run over 
streets and wash pollutants into nearby waterways that are already under increasing stress 
from climate threats.  In addition to providing public health benefits, and benefits to air, soil 
and water, urban forests can also provide habitat for wildlife and improve property values for 
communities. 
 
Urban forestry is also otherwise being incentivized through the Urban Forest Projects 
Compliance Offset Protocol in the California cap-and-trade program.  Grants and technical 
assistance in support of urban tree planting, urban tree inventories, urban forest management 
plans, educational and innovative urban forestry projects also have been  provided by the 
California Safe Drinking Water, Water Quality and Supply, Flood Control, River and Coastal 
Protection Bond Act of 2006 (Proposition 84) and the California Clean Water, Clean Air, Safe 
Neighborhood Parks, and Coastal Protection Act of 2002 (Proposition 40).  However, this 
funding ended in June, 2013. 
 
In December 2012, CAL FIRE’s Urban and Community Forest Program, along with USFS and 
EcoLayers (a web-based platform for integrated resource planning), also launched a web-based 
tool, ecoSmart Landscapes (www.ecosmartlandscapes.org) that allows homeowners to 
calculate present and future carbon and energy impacts of existing and planned trees.  As 
further discussed below and in the Public Health and Energy sections of this document, urban 

http://www.ecosmartlandscapes.org/
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tree planting can offer significant, cost-effective energy and public health benefits which will 
become increasingly important in the face of anticipated climate impacts.  The ecoSmart 
Landscapes tool uses a Google Maps interface, and its carbon calculations are based on the 
Climate Action Reserve’s Urban Forest Project Protocol.  In addition, the Strategic Growth 
Council’s Urban Greening program coordinates with CAL FIRE and other agencies on urban 
forestry investments. 
 
Improved Forest Management, Fire Risk Reduction, Forest Conservation and Reforestation  
The Board of Forestry has adopted regulations to create a modified timber harvesting plan for 
fuel hazard reduction.339  The availability of the modified timber harvest plan for fuel hazard 
reduction is meant to encourage forest landowners to manage their forests to increase spacing 
between trees and reduce fuels in the understory with the objective of reducing the rate of 
spread, duration and intensity of any future fires and creating more fire resilient forests. 
 
The Compliance Offset Protocol for U.S. Forest Projects in the California cap-and-trade program 
is providing market based incentives for projects including improved forest management 
projects, avoided conversion projects, and reforestation projects. 
 
The Forest Conservation Program, administered by the Wildlife Conservation Board (“WCB”) 
with funding from Proposition 84, has also provided funding for forest conservation and 
restoration, with additional consideration given to projects that can demonstrate an ability to 
reduce forest carbon emissions or promote additional forest carbon storage.  CAL FIRE’s Forest 
Legacy Program, conducted in partnership with the US Forest Service, works in concert with the 
WCB to develop working forest conservation easement projects and provide funding for 
easement purchase. 
 
Proposition 40, now fully expended, provided cost-share funding for private, non-industrial 
forestland landowners for the development of forest management plans and the 
implementation of management practices to reduce the threat of wildfire, enhance watershed 
function, and improve forest health.   
 
Forest Resources: Carbon Sequestration (Assembly Bill 1504 or “AB 1504”) 
AB 1504 was signed into law in 2010, recognizing the “unique role forests play in combating 
climate change” by helping to store carbon emissions.  The bill requires BOF to ensure that its 
rules and regulations for harvesting commercial species consider the capacity of forest 
resources to meet or exceed the carbon goal for the forest sector specified in ARB’s 2008 
Scoping Plan. 
 
Forest Resource Management Bill (Assembly Bill 1492 or “AB 1492”) 
AB 1492 was signed into law in 2012.  Among other things, AB 1492 established an assessment 
on certain wood products to be deposited in a Timber Regulation and Forest Restoration Fund; 
upon appropriation by the Legislature, the moneys in the fund are to be used for administrative 
costs, supporting timber project/permit reviews, restoration and forest improvement, fire 
hazard reduction , and certain grants, including grants to local and state governments, tribes, 
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and non-profits for reducing greenhouse gas emissions and promoting adaptation or 
preparation for climate impacts. 
 
State Responsibility Area (SRA) Fire Prevention Benefit Fee (Assembly Bill X1 29 or “AB X1 29”) 
AB X1 29 was signed into law in July 2011. The law established a new annual Fire Prevention 
Fee to pay for fire prevention services within the State Responsibility Area (SRA).  The fee is 
applied to all habitable structures within the SRA.  This fee funds a variety of important fire 
prevention services within the SRA including brush clearance around communities on public 
lands, along roadways and evacuation routes; and activities to improve forest health so the 
forest can better withstand wildfire. 
 
ACTIONS NEEDED TO PREPARE FOR CLIMATE RISKS TO CALIFORNIA FORESTS 
 
As discussed above, California’s forests provide a broad range of benefits including clean water, 
clean air, flood protection, carbon storage, wildlife habitat, shading in urban settings, and 
recreational opportunities.  However these benefits are imperiled by climate impacts such as 
increased temperature, declining snowpack and changing water availability, and increased risk 
of more frequent and more severe wildfires.  Despite the success stories highlighted above, 
significant action is still needed to protect and maintain forest ecosystems and ecosystem 
processes on both protected and working forests to improve resilience and prepare California 
forests for climate risk.  Sustainable management strategies should aim to maintain forest 
complexity and protect forests from human and natural agents of disturbance.   
 
Funding support by grants, bonds, and fees for existing forest programs has, to date, been 
inadequate to support the types of innovative stewardship and restoration actions (further 
described below) which are needed to adequately prepare the forest sector for projected 
climate impacts.  While AB 1492 and AB X1 29 may provide some new funding for these types 
of risk reduction efforts, as noted above, other funding sources for needed forest management, 
such as Proposition 40 and 84, will no longer be available; the continued availability of federal 
forest climate support (including research and forest management work) may also otherwise be 
imperiled by the government’s fiscal state (which may itself be imperiled by climate impacts – 
see, for example, Box 48: “Flood Insurance” in the Ocean and Coastal Ecosystems and 
Resources section of this document).  Additional, stable funding sources are needed to support 
actions to reduce climate risks to forests and to promote forest health and resilience.  As 
further described below, market based solutions, such as cost-effective forest watershed 
investment programs, may offer a partial funding solution; however, additional funding sources 
will likely be required.   
 
Improve Forest Management Practices and the Capacity of the Forest Sector to Withstand 
and Recover from Climate Impacts In Order to Protect the Value and Continued Productivity 
of Forest Resources 
 
(1) Continue and Enhance Coordinated Efforts to Reduce Wildfire Risks and Promote Fire Safe 
Communities  
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As called for in the 2010 Strategic Fire Plan, the State continues to reduce wildfire risks and 
promote fire safe communities in a number of ways including: 
 

a) By identifying, mapping, evaluating, and monitoring fire hazard threats under current 
and projected climate conditions; 
b) Helping to articulate and promote the use of land use planning to help reduce fire 
risk; 
c) Assisting in the development of local county and regional plans that address fire 
protection and landowner objectives and responsibilities;  
d) Increasing awareness regarding wildfire risks and safety precautions (such as using 
fire resistant building materials and clearing vegetation and other fire hazards near 
buildings) in individuals and communities;  
e) Working with federal and local partners to integrate fire management practices with 
community and landowner priorities;  
f) Calibrating the level of resources devoted to protecting assets from wildfire risk 
according to community values identified in planning efforts; and 
e) Addressing post-fire recovery actions to restore natural resources, minimize flooding, 
address impacts of silt, sand, gravel from denuded slopes on water quality (so called 
“sedimentation”). 
 

The State must continue to refine understanding of how climate impacts will change wildfire 
risk.  As that understanding develops, education efforts to communities and individuals must 
reflect the best available science regarding anticipated climate impacts and the state of wildfire 
risk in California.  A cost-benefit analysis should be performed to estimate the probability and 
magnitude of loss of property, injury and loss of life to wildfire, as well as the necessary 
investments and actions to reduce wildfire risk in the face of expected climate impacts.  This 
type of analysis might be done as part of updates to the Strategic Fire Plan.  Funding to support 
this type of expanded climate and cost analysis may be necessary, and collaboration with 
partners and stakeholders would be necessary. 
 
Wood waste from needed fire hazard reduction efforts might be used for biomass energy.  The 
Electric Program Investment Charge (EPIC), which is further described in the Energy section of 
this document, might help provide funding to support utilization of biomass generated from 
forest fire hazard reduction efforts, perhaps focusing on development of small distributed 
power/heating facilities that could utilize existing sawmill infrastructure as well as the 
workforce in rural communities.  Any such funding would have to be consistent with the current 
EPIC investment plan. 
 
(2) Provide Funding to Support, Maintain and Expand Seed Banks and Revive State Tree 
Nurseries 
As noted above, at a time when climate impacts on California forests are accelerating, and 
more tree loss and extinction is threatened, capacity in the State Nursery Program has been 
diminishing, with the suspension of nursery services.  In order to ensure the ability to undertake 
restoration work following fires, to maintain the genetic diversity of California forests, and to 
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protect tree species, including iconic species like the giant - continuing support for the State 
Nursery Program is critical.  Seed processing and storage does not take the place of nursery 
production of seedlings (small immature plants); the availability of seedlings is particularly 
important for reforestation efforts following a fire. 
 
With adequate funding, the State Nursery Program could:  
 

 Maintain or expand seed banks to preserve genetic material from representative 
California tree species;  

 Continue to promote the use of genetically appropriate native species in 
reforestation efforts; and 

 Continue or expand work with the Natural Resources Conservation Service, 
Resource Conservation Districts, the US Forest Service, and private reforestation 
nurseries to increase the availability of reforestation seedlings available to small 
landowners. 

 
More information about seed preservation efforts is contained in the Biodiversity and Habitat 
section of this document as well as the Agriculture section of this document. 
 
(3) Assess and Implement Cost-Effective Forest Watershed Protection and Restoration  
As noted in the above (for instance in Box 35: “Ecosystem Services” - Smart Land Use to Save 
Money and Create More Sustainable Communities), forests provide a broad range of ecosystem 
services, including flood protection, improving the quantity and quality of water supplies for 
downstream communities, shading and energy savings, and improvements to air quality. 
Investments in forest protection and restoration can be a cost-effective way of protecting 
communities from the impacts of climate change such as more extreme weather and changing 
water availability. 
 
The State should help incentivize best management practices for land management for better 
upper watershed protection, and encourage further cost-benefit analyses; while such cost-
benefit analyses would require funding and staffing support, implementation of cost-effective 
ecosystem investment programs could be self-sustaining. 
 
The Department of Water Resources and CAL FIRE might work together to identify potential 
areas for collaboration, such as further cost-benefit analyses and integrated regional water 
management plans. 
 
(4) Improve Understanding of Trade-offs Between Different Management Responses to 
Expected Forest Climate Impacts 
As described in more detail in the Biodiversity and Habitat section of this document, the rapidly 
shifting impacts and conditions associated with climate change are fundamentally altering long-
standing paradigms for natural resource management.  Species are not only changing in 
response to climate change, but geographic locations of suitable habitat are also changing as 
temperatures and precipitation patterns change.  Natural resource management efforts must 



 
 

            
        

        
       

             
    

 
        

      
          
      

          
        

 
      

      
       

 
 

      
 

      
         

          
            

         
           

      
           

        
          

          
            

        
         

          
              

        
        

         
       

 
        

 

now occur in the context of these multiple shifting variables; various types of natural 
management approaches in response to unfolding climate changes are further described in the 
Biodiversity and Habitat section of this document.  Continued research into the relative 
strengths and weaknesses of possible forest management approaches is needed and will help 
inform forest land owners, managers and regulators on how to best protect forest health and 
productivity in the face of climate impacts. 

Certain public lands, such as National Forest System Experimental Forests340 and CAL FIRE 
Demonstration State Forests341, are particularly suitable for near-term and longer-term 
research into the efficacy of various forest management approaches in the face of climate 
change. These experimental and demonstration forests function as living laboratories for forest 
scientists. Enabling funding is needed to support necessary research into forest management 
options to protect forest health and resilience in the face of climate risks. 

Iterative refinements to chosen management strategies will be necessary as both climate 
science continues to improve and knowledge about natural resource management in the face 
of climate change also improves (this type of iterative refinement is sometimes referred to as 
͞adaptive management͟)/ 

Statewide Assessment of Potential Cost Savings from Urban Forestry Investments 

As noted above, urban forests provide myriad benefits, including cooling benefits that can 
reduce urban temperatures, public health impacts from climate change, and energy needs. 
Although research has been done on the quantification of potential benefits at the residential, 
project and city level, a thorough statewide assessment of potential opportunities, has yet to 
be done. A thorough assessment should include an evaluation of potential benefits as well as 
the cost of achieving such benefits. While the assessment would require funding, it could 
identify opportunities for urban forestry investments that might generate significant energy 
and cost savings for the State and California communities. A 2003 study by the USFS, Pacific 
Southwest Research Station, suggested that there were significant, cost-effective urban forest 
investment opportunities.342 According to the 2003 study, planting 50 million trees in California 
to shade east and west facing walls could reduce peak energy demand by 4.5% over 15 years, 
for a savings of $7.6 billion (with projected cost of 50 million trees estimated to be $2.5 billion).  
The California Energy Commission is well positioned to lead this type of statewide assessment, 
in coordination with CAL FIRE, the California Department of Public Health and the California 
Environmental Protection Agency. Funding for a CEC assessment of this sort might come from 
the EPIC program, but would have to be consistent with the current EPIC investment plan.  Any 
cost-justified recommendations suggested by the assessment would require funding support 
for implementation. CAL FIRE might help implement the urban forestry investments through its 
Urban and Community Forestry Program. CAL FIRE might also develop additional tools to help 
local and regional governments utilize urban forestry data for making planning decisions. 

Improve Understanding of Forest Climate Impacts to Support Improved Forest Management 
Responses 
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(1) Improve Monitoring  
�oth the Forest �arbon Inventory and FR!P rely on data generated by the U/S/ Forest Service͛s 
Forest Inventory and !nalysis Program (FI!), which is the nation͛s on-going forest census 
program. FIA reports on status and trends in forest area and location; in the species, size, and 
health of trees; in total tree growth, mortality, and removals by harvest; in wood production 
and utilization rates by various products; and in forest land ownership.343 FIA data necessarily 
has error estimates as results are extrapolated from sampled forest plots and measurements 
are only taken at periodic intervals; however, greater accuracy can be obtained by increasing 
the number of sampled forest plots (this is called ͞densification͟ of survey plots) and/or by 
measuring more frequently.  State support for densification and increased frequency of FIA 
measurements of California forests would allow for better forest management that is more 
responsive to changing climate impacts. For instance, better data would allow for improved 
mapping of pest outbreaks, spread of invasive species, and tree mortality – which has 
implications for wildfire risks and forest management interventions. As noted below, improved 
monitoring will also aid in evaluating different management options that might be used to 
address expected climate impacts. Current estimates of carbon stocks on forest lands are 
highly variable and additional monitoring and research to refine methods are needed. 

(2) Better Modeling of Vulnerabilities and Climate Impact Trends 
As noted above, some research has been done to understand how expected climate impacts 
(changing temperatures, changing water availability, more frequent and severe wildfire, 
changes in pests and invasive species) will affect the geographic shifts of tree species in 
California, but more of this type of trend analysis is needed.  This analysis will have important 
ramifications not  only f or �alifornia͛s commercial  tree species,  but  also for  �alifornia͛s 
biodiversity and  habitat  more  generally.   Better understanding  of  climate  impacts and  
geographic sh ifts in  tree  species will help in form and  improve  forest  management  options.   
Having a better understanding  of  the potential cost  ramifications of  expected f orest  climate  
impacts (i.e. impacts to  forest  health  and  forest  productivity, loss  of  property/injury and  other 
health  impacts/and  loss of  life from  wildfire risks,  impacts  to  water  supplies, etc.)  and  better  
cost-benefit  analysis  of  investments  to  make the  forest  sector more  resilient  against  the 
impacts of  climate change would  also be  helpful for prioritizing  forest  sector climate strategies. 

!s FR!P (the �alifornia Department of Forestry and Fire Protection͛s Fire and Resource 
Assessment Program) already produces periodic assessments of the state͛s forest and 
rangeland resources and carbon stocks, FRAP could be enabled to undertake necessary forest 
climate vulnerability (including relevant economic analyses) and trend analysis to support 
improved California forest management. Additional funding or staffing may be necessary to 
enable this type of work. 

(3) Identify Priority Landscapes and Support Actions to Increase Forest Resilience 
As climate changes rapidly over the coming decades, species (including trees) will be stressed 
and forced to adapt to new conditions. Some areas of the state may be able to serve as safe 
havens, or areas of  refuge (also called  ͞refugia͟) f or climate stressed sp ecies/  For instance, as  
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the Southern Sierra Nevadas – Blue Oak Climate Scenarios map in Box 39 illustrates, the mid-
elevation areas of the Southern Sierra may be such an area of refuge for tree species that are 
unable to survive in higher temperature conditions that will start to occur in the lower elevation 
areas of the State. 

CAL FIRE, through FRAP and in coordination with partners, should continue to identify potential 
niches in existing landscapes that may provide refugia for plants and wildlife in light of expected 
climate impacts. Listed species habitat requirements and diverse gene pool preservation needs 
to be considered to allow for species to respond to climate change. As noted in the Biodiversity 
and Habitat section of this document, preserving the biodiversity and limiting habitat 
fragmentation has important economic, public health and social dimensions. Additional 
funding or staffing may be necessary to enable this additional work to identify priority 
landscapes for protection. 

Information Sharing and Education 

As noted throughout this section, California has many key partners and stakeholders with 
respect to its forest resources. These partners and stakeholders include: the USFS, USDA 
Natural Resources Conservation Service, Resource Conservation Districts, local governments, 
industrial and non-industrial timberland owners, numerous nongovernmental organizations, 
and residents who enjoy and use California forests and forest resources. Information sharing 
and coordination with partners and stakeholders will continue to be important in order to 
monitor and protect forest resources in the face of growing climate threats such as fire, 
increased temperature, pests and invasive species, and changing water availability. 
Coordination may take the form of collaboration on research and management strategies, 
including fire risk reduction plans. Given the substantial federal ownership and management of 
California forest lands, coordination with federal partners, including USFS, will continue to be 
particularly important as climate impacts escalate.  

Interagency collaboration on forests will also continue to be important, and should be reflected 
in the State͛s many on-going climates and energy related policy efforts and programs with a 
forestry nexus; these include the: 

 California Forest and Rangelands Strategy Report and Assessment (CAL FIRE), 

 Bioenergy Action Plan (California Energy Commission), 

 Assembly Bill 32 Scoping Plan and Forest Carbon Inventory (California Air Resources 
Board), 

 California Wildlife Action Plan (California Department of Fish and Wildlife), 

 State Water Plan (Department of Water Resources), 

 Public health and air quality programs which may be impacted by particulate matter 
from wildfires,  and 

 California  Climate  Research  Plan  and  4th  Climate  Assessment. 
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In order to assist incorporation of expected climate impacts into forest management decisions, 
education must be made available to forest land managers. With enabling funding, CAL FIRE 
and/or the University of California Cooperative Extension program could offer this type of 
technical, education assistance to forest managers. 

Box 43 

California Forestry 

Several  state entities play  an  important  role  with  respect  to  forestry  in  California.  
Understanding the jurisdictional  scope  of  these  entities is important  for  a robust  discussion  of  
continued  steps needed  to  adequately prepare for climate  risks.   (The  work  of  entities, such  as  
the  Governor͛s Office of  Emergency Services and  the  �alifornia Department  of  Insurance, that  
play an  important  role  in  management  of  wildfire  risk  and  post-wildfire  recovery is discussed  in  
the  Emergency Management  section  of  this  document.)  

Board of Forestry and Fire Protection (BOF)  The  �oard͛s mission  is to  lead  �alifornia  in  
developing policies and  programs that  serve the  public  interest  in  environmentally, 
economically, and  socially sustainable  management  of  forest  and  rangelands, and  a  fire
protection  system  that  protects  and  serves  the people  of  the State.  

 

California  Department of  Forestry  and  Fire Pr otection  (CAL F IRE)  is dedicated t o  the fire 
protection  and  stewardship  of  over 31  million  acres of  California's privately-owned  wildlands.   
In  addition, the Department  provides varied em ergency services in 36  of  the State's 58  counties
via contracts with  local governments.   CAL FIRE's mission  emphasizes the management  and  
protection  of  California's  natural  resources; a  goal  that  is  accomplished t hrough  ongoing 
assessment  and  study of  the  State's natural resources and  an  extensive CAL FIRE Resource 
Management  Program. CAL FIRE oversees  enforcement  of  California's forest  practice 
regulations, which  guide  timber  harvesting on  private lands.   The department  also supports  
sustainable  management of  private  forestlands  and  reduction  of  wildland  fire hazards through  
technical  assistance, grants, and  project  collaboration.   CAL FIRE manages  eight  Demonstration
State  Forests that  provide for commercial  timber  production, public re creation,  and  research  
and  demonstration  of  good  forest  management  practices/  �!L FIRE also  supports  ͞urban  
forestry͟, increasing the number and  health  of  trees planted  in  cities (urban  forestry is further  
described  in  the  Public H ealth  section  of  this  document).  

 

 

California Department of Parks and Recreation (California State Parks or CSP) manages 1.5 
million  acres of  California landscape within  280 park u nits.   Twenty percent  of  this  land  area  is 
forested w ith  iconic s tands of  coast  redwood, sierra sequoia,  and  Torrey pines as well  as mixed-
conifer,  mixed  hardwoods, and  forested  riparian  communities. CSP  manages its forested  lands 
using a  variety of  tools, including prescribed  fire, to  restore ecosystem processes, control exotic  
plant  species, restore  and  maintain  native  plant  assemblages, reduce fuel accumulation, and  
maximize biologic  diversity.  CSP also  works with  Cal FIRE, the United  States Forest  Service,  and  
the  National Park  Service  to  protect  cultural  and  natural  resources during wildfire events.  

 

Office of State Fire Marshall (OSFM) The mission of the State Fire Marshal is to protect life and 
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property through the development and application of fire prevention engineering, education 
and enforcement. The Office of the State Fire Marshal supports the mission of the CAL FIRE by 
focusing on fire prevention, including providing statewide direction for fire prevention within 
wildland areas. 

State Conservancies A number of State conservancies are also involved in forest protection and 
management activities. These include the Sierra Nevada Conservancy (SNC) which initiates, 
encourages, and supports efforts that improve the environmental, economic and social well
being of the Sierra Nevada Region, its communities and the citizens of California and the 
California Tahoe Conservancy, which is focused on restoring and sustaining a balance between 
the natural and the human environment and between public and private uses at Lake Tahoe, 
and has worked on forest fire hazard reduction in the Tahoe Basin. 

As further discussed above, the federal government holds a significant amount of forested 
lands in California. Federal agencies, including the United States Forest Services (USFS)344 and 
the Bureau of Land Management (BLM), are important partners for the State of California with 
respect to forest management, wildland fire protection, and research.  There is also very 
significant private ownership of California forest lands, and both industrial and non-industrial 
private owners are important partners for the State. 
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OCEAN AND COASTAL ECOSYSTEMS AND RESOURCES  

INTRODUCTION 
The policy guidance in this chapter is meant to help inform state decision makers regarding 
ocean and coastal issues when preparing for climate risks.345 Three quarters of 
California͛s 38 million people live near our iconic 1,100 miles of coastline and San Francisco 
Bay͛s additional 500-mile346 shoreline. Because of this geographic reality, a vast number of 
people can potentially be impacted by the ocean through rising sea levels brought on by 
climate change and direct impacts of human activities. A rising sea brought on by climate 
change puts vital infrastructure at risk. This includes roads, highways, bridges, commercial 
and residential buildings, sewage treatment plants, gasoline pipelines, power plants and 
power grid infrastructure, several of the busiest ports and airports in the world, and even 
emergency facilities like hospitals. Sea-level rise, coastal storms and erosion are also 
impacting natural and recreational assets such as beaches and tidal wetlands that are 
valued by Californians as part of the attraction of living in and visiting the coast and bay 
regions. That is why a multitude of federal, state, regional and local entities are working 
together to educate and advise decision makers on methods to prepare and plan for these 
large-scale, multi-decade changes. In order to lower vulnerability and exposure to 
economic losses and public health and safety risks, it is critical that California take actions 
now to ensure resilient communities. 

While less visible, the impact of runoff, pollution, and carbon absorption on the ocean is a 
real and timely threat to waters that provide an abundance of seafood to not just our 
state, but places all over the world. What͛s more, the threat of fouling our waters isn͛t just 
a local one – it is a global crisis that can only be addressed through both local actions and 
work on all scales to reduce the pollution that is causing higher temperatures and changes 
in ocean chemistry. 

Actions to address these threats have already started. California is tackling carbon 
pollution through a suite of climate policies to reduce greenhouse gas emission pursuant 
to the California Global Warming Solutions Act of 2006 (Assembly Bill 32 or ͞!B32͟). Some 
progressive local and regional governments and state agencies have been working on 
innovative shoreline management plans including managed retreat (discussed further 
below) and investments in tidal wetlands which can provide cost-effective flood 
protection. The State has also developed guidance for incorporating sea-level rise, storms 
and shoreline change into planning and decision making for projects in California. 
Continued investments in climate-smart Ocean and coastal management can help protect 
the public health and welfare of Californians and bolster the resiliency of natural resources 
on which our communities depend. 
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More than forty years ago, grassroots environmental activism led to California passing 
some of the nation͛s first and strongest coastal management laws. These laws established 
that the coast and bay shoreline are important natural resources for the benefit and 
enjoyment of all of the people of California and that ͞it is the policy of the State to 
preserve, protect, and where possible, to restore the resources of the coastal zone for the 
enjoyment of the current and succeeding generations͟/ California͛s commitment to 
protection of our shared coastal resources is at the heart of California͛s Coastal 
Management Program which has been hailed as a national and international model for 
coastal resource management. The state agencies who make up the Coastal Management 
Program include the Coastal Commission, San Francisco Bay Conservation and 
Development Commission and the Coastal Conservancy. All three of these state agencies 
are engaged in significant projects that integrate consideration of climate change into 
decision-making and providing leadership for reducing risks and preparing for changing 
conditions. 

Many different entities play an important role with respect to protecting and managing 
California͛s ocean and coastal ecosystems and resources. Understanding the jurisdictional 
scope of these entities is important for a robust discussion of continued steps needed to 
adequately prepare for climate impacts to help in identifying management gaps or 
determining which agency should take specific actions in the future. The key state 
agencies for management of coastal and ocean resources are listed at the end of this 
chapter, in Box 52. In addition, coastal assets and infrastructure are under the purview of 
various federal, state, regional and local agencies, and there are significant coastal assets 
under private ownership and management. As further discussed in various chapters 
throughout this plan, local governments have primary responsibility for land use planning 
and local infrastructure and play a key role in emergency management efforts; thus they 
have an important role with respect to California͛s ocean and coastal ecosystems and 
resources. Management and planning for climate impacts requires a high degree of 
coordination. 

The 2009 California Climate Adaptation Strategy identified the following guiding principles 
for decisions on actions to address the impacts from climate change in the ocean and 
coastal regions: 

 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 and protect beaches, natural 

shoreline, and park and recreational resources. 
 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 
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act as if nothing is changing. 

As described later in this chapter, the state plans on engaging in a public process to review 
these guiding principles and integrate them into a framework for improved action to 
reduce risks and support vibrant, healthy coastal and bay communities and natural 
landscapes.347 

This chapter on ocean and coastal ecosystems and resources is organized as follows: 

 Climate change impacts on ocean and coastal ecosystems and resources; 

 Highlights of steps taken to date and success stories; 

 Actions needed for safeguarding ocean and coastal ecosystems and resources; 

o Better understanding of climate impacts on ocean and coastal ecosystems and 

resources; 

o Improve management practices for coastal and ocean ecosystems and resources 
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