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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:

e 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.

e 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.

e 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



impacts of climate change and forge a cleaner, healthier and more sustainable future for all
Californians.



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



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 death:s.

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.



e I|dentify significant and sustainable funding sources for investments that reduce climate
risks, human loss, and disaster spending.

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

e Maximize returns on investments by prioritizing projects that produce multiple benefits
and promote sustainable stewardship of California’s resources.

e Prioritize climate risk communication, education, and outreach efforts to build
understanding among all Californians.

e 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:

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

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

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

e 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.

e The State Hazard Mitigation Plan has integrated climate risks since 2007

e Energy efficiency standards have saved Californians more than $74 billion in reduced
electricity bills since 1975, and have helped to foster greater energy reliability

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

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

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

e 2013 Addressing Climate Change Adaptation in Regional Transportation Plans provides
guidance for California’s Municipal Planning Organizations and Regional Transportation
Planning Agencies



e 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.



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.> 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



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;

* |nvolve 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



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.> 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

15



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.® 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.’
Innovative risk sharing mechanisms will need to be considered and utilized.® 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
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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.’ Companies help create markets for
ecosystem services.'® Businesses and industry groups can encourage the development of
climate policies and raise awareness about climate change issues.' 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.'? 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.'* 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.'” 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 20128
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.'® 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.?® According to the California Department of Finance, California’s
population will continue to grow and will cross the 50 million mark in 20492, 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.??

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.”® 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.?* 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.” 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.%° (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, | 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 | 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.?’ 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)

e 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

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

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

e Altered precipitation patterns and
increased soil erosion

e Changing pressures from weeds,
diseases and insect pests

e Changes in timing and coincidence of
pollinator lifecycles

e Changing ground level ozone and cloud
cover

e Heat impacts on agricultural workers

e Damage or disruption to energy and
transportation infrastructure
supporting agricultural production

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

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

Risk Management Strategies Include:
(multiple strategies may be used together)

e Soil conservation practices and building
soil health

e Adjusting crop/livestock mix

e Diversifying crop/livestock mix

e Housing/shading for livestock to reduce
heat stress

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

e Avoiding crop and livestock production in
high risk locations

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

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

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

e Enhancing water use efficiency

e Water recycling

e \Watershed protection

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

e Developing conjunctive underground
water storage

e Reduce non-climate stressors such as
farmland conversion

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

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

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.*®

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.>?> 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.>® 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.>* 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.a"5

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

25



standing water where mosquitoes can lay eggs.>® 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.*

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 Program®® 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.”

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.*

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.*?

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.*

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.*®

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.’

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.*® 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 combined*. 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.® Thus, food insecurity can,
paradoxically, be associated with poverty and obesity.>! 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.>®> 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.>

Negative climate impacts on California agriculture may cause price increases in foods that are
important to food security.”® 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.” 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:

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

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

e 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.° 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.>’

Climate Change Consortium for Specialty Crops

As an extension of Ag Vision, in August 2012, CDFA announced the formation of a Climate
Change Consortium.”® 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).®® As part of the Environmental Farming Act, with consultation from the Science
Advisory Panel, an Ecosystem Services Database has been developed.®! 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.®?

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.®®

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.64

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.®

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.®’

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.®®

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.®®

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.”® 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.”*

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.”?

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.”

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.”*

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.”> 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.”®
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
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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.77

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.’® 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.”

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.®

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 1996.8* 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.®® 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
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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.®”> 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.®

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.%°

In 2009, the Governor and Legislature also enacted SB 7x6, which requires the reporting of
groundwater levels to DWR.?® 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:

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

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

e 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;

e 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;

e 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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e 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

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

e 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:

e 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;

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

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

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

e 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;

e 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 Assessment®> 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.).
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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 | 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 | have been able to devote field work and
research into what makes or breaks good trout waters. | 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, | am living my boyhood dream next to a wonderful little trout stream in
western Montana — Lolo Creek — where | have enjoyed catching rainbow, brown, brook and
cutthroat trout on flies all summer and fall. | figured | finally arrived at where | wanted to be, at
least until a few years ago when | 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, | see the damage that a 17% decline in snowpack has done
for fish and fishing in Lolo Creek. | 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, | 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. | 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.

| 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.

| 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. >

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.” (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.”” 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 Strategy” provides detailed information on projected
impacts and risks to biodiversity. Notable impacts and risks include'®:

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.’®* 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. 2

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.’®
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.

State

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.*®

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.”*® 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.'%®

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.’® 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.''® 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.™! 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 publicm,

which has been greatly enabled through technological advances such as the internet, global
positioning system technology, digital photography, and mobile phone technologiesm. 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.'*”

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.'® 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.’” 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.'® 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 r
broadly benefit wildlife and habitats but particularly “species SWA\I
v

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.*°

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.

e 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.*®! 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.

e 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.*”> 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.’? 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.*?® 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.'*’

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 Area*?®. 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 California’®.

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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e 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.

e 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.

e 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.

e 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.**

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:

e Projecting Growth in California (2000-2050) Under Six Alternative Policy
Scenarios and Assessing Impacts to Future Dispersal Corridors, Fire Threats and
Climate-Sensitive Agricultu re; 3!

e Climate Change Impacts on California Vegetation: Physiology, Life History, and
Ecosystem Change;**?

e Consequences of Climate Change for Native Plants and Conservation;**?

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

e Fire and Climate Change in California: Changes in the Distribution and Frequency
of Fire in Climates of the Future and Recent Past (1911-2099);"*

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

e Projected Effects of Future Climates on Freshwater Fishes of California;*®’

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

e Potential Impacts of Climate Change on Biodiversity and Ecosystem Services in

The San Francisco Bay Area’®.

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.**! 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

54



climate models with ecologists and land managers to explore the use of climate models to
inform ecological resource management. **2

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.'**

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.'*° -
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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.'*®

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 2012.1*°
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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.™ 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.™?

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.”™

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 change™”.
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.”® Scientists are exploring
how genomics tools and approaches may help inform conservation efforts, especially in an era
where climatic conditions are rapidly changing.™’

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.'*®

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.'®* 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.*®

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.”*®® 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 Forum'® 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 2014,

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.*®®

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
guantify 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 COFW 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 document®®’, 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 organizationslsg.

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.

e 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.

e 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.

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

e 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.

e 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
qguantify 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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Box 15

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.

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 Cooperatives'’ (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 Consortium*’! (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.”

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.'”® 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.'”* 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.’”®>  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).!”®

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.'”® 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

Adaptation and Disaster Risk Management Approaches for a Changing Climate

Reduce Exposure

Increase Resilience
to Changing Risks

Transfer and Share Risks

Approaches

Prepare, Respond,

Transformation
and Recover

Reduce Vulnerability

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 | and Il 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.

|II

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 