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Introduction to California’s Fourth Climate Change Assessment

alifornia is a global leader in using, investing in, and advancing research to set proactive climate change

policy, and its Climate Change Assessments provide the scientific foundation for understanding climate-

related vulnerability at the local scale and informing resilience actions. The Climate Change Assessments

directly inform State policies, plans, programs, and guidance to promote effective and integrated action to
safeguard California from climate change.

California’s Fourth Climate Change Assessment (Fourth Assessment) advances actionable science that serves the
growing needs of state and local-level decision-makers from a variety of sectors. This cutting-edge research initiative
is comprised of a wide-ranging body of technical reports, including rigorous, comprehensive climate change
scenarios at a scale suitable for illuminating regional vulnerabilities and localized adaptation strategies in California;
datasets and tools that improve integration of observed and projected knowledge about climate change into decision-
making; and recommendations and information to directly inform vulnerability assessments and adaptation
strategies for California’s energy sector, water resources and management, oceans and coasts, forests, wildfires,
agriculture, biodiversity and habitat, and public health. In addition, these technical reports have been distilled into
summary reports and a brochure, allowing the public and decision-makers to easily access relevant findings from the
Fourth Assessment.

A concise summary of the Fourth Assessment’s most
important findings and conclusions.

An in-depth report on how California’s people, built
environment, and ecosystems will be impacted by
climate change and how we can proactively adapt,
based on the Fourth Assessment’s findings.

Reports summarizing Fourth Assessment findings to
SUMMARY provide a state of the science for nine regions, the
ocean and coast, tribal communities, and climate justice
in California.

STATEWIDE

SUMMARIES FOR REGIONS
AND COMMUNITIES Academic research that provides robust and detailed

results on resilience and vulnerability to climate change.

ORIGINAL RESEARCH TO A shared foundation of updated climate change
INFORM POLICY AND ACTION projections, data and ecosystem models developed for
Y Y e Y e e e e e e e e Ve e e e e Ve e use by Assessment authors to permit cross-comparability
ASSESSMENT FOUNDATION: of results and ensure the findings consider a robust range

UPDATED CLIMATE PROJECTIONS AND DATA of future climate conditions. These data are available to
the public via Cal-Adapt.org.

All research contributing to the Fourth Assessment was peer-reviewed to ensure scientific rigor as well as, where
applicable, appropriate representation of the practitioners and stakeholders to whom each report applies.

For the full suite of Fourth Assessment research products, please visit: www.ClimateAssessment.ca.gov
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The Statewide Summary Report presents an overview of the main findings from California’s Fourth Climate Change Assessment.
Produced as part of a volunteer initiative by leading climate experts, this summary report aims to translate the state of climate
science into useful information for decision-makers and practitioners to catalyze action that will benefit regions, the ocean

and coast, frontline communities, and tribal and indigenous communities. The Statewide Summary Report presents findings in
the context of existing climate science, including strategies to adapt to climate impacts and key research gaps needed to spur
additional progress on safequarding California from climate change.
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CALIFORNIA'S FOURTH
CLIMATE CHANGE

ASSESSMENT

Summary of Key Findings from the Fourth Assessment

he Fourth California Climate Change Assessment is intended to support California’s climate policies and actions,
with a focus on adaptation and resilience. Together the studies improve our understanding of the impacts of
climate change in California and actions to help the state prepare for those impacts.

This section summarizes findings from the Fourth Assessment, including information on actions to help respond
to climate impacts and risks.

Regional Analysis

Impact: For the first time in the California Climate Change Assessments, the Fourth Assessment includes a series of
regionally focused reports. This was a priority for the Assessment because the vast majority of adaptation planning and
implementation will happen at local to regional scales. Scientists and local practitioners collaborated, in what should
only be the beginning of a longer and more permanent process, to identify ways to reduce or eliminate adverse climate
impacts in California

Action: Several research products created for the Assessment, such as climate scenarios and wildfire projections, are
available via Cal-Adapt.org and other websites, providing access to data sets and visualization tools to help local and
regional decision-makers access relevant information.

Economic Impacts

Impact: Emerging findings for California show that costs associated with direct climate impacts by 2050 are dominated
by human mortality, damages to coastal properties, and the potential for droughts and mega-floods. The costs are in
the order of tens of billions of dollars. If global greenhouse gas emissions are reduced substantially from the current
business-as-usual trajectory, the economic impacts could be greatly reduced.

Actions: California’s Fourth Climate Assessment contributes information and tools that are needed at local to statewide
levels to design and implement adaptation measures to lower economic impacts. In addition, the Climate-Safe
Infrastructure Working Group, created in response to Assembly Bill 2800 (Quirk), is releasing recommendations that
build on the Fourth Assessment findings to inform a robust and comprehensive approach to building for the future.

Climate Projections

Impact: The Fourth Assessment includes new climate projections with higher spatial resolution to better simulate and
project extreme events. These updated projections reinforce past findings about temperature and precipitation extremes.
Additional results are now available describing humidity, solar radiation, and wind speed. The Fourth Assessment

also includes new sea-level rise projections for nine regions in California and considers the potential effect of ice melt
in Antarctica. Research also identified a strong correlation between projected climate impacts and cumulative global
climate carbon dioxide emissions, allowing a preliminary interpretation of climate impacts in California of different
greenhouse gas emissions scenarios, including one that assumes compliance with the Paris Agreement

Actions: California’s leadership in modeling and producing climate projections for both research and long-term
planning should be continued and enhanced.

Fourth Climate Change Assessment Statewide Summary Report | 8
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CLIMATE CHANGE
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Land Use and Development

Impact: Because land use decisions are an important determinant of exposure to climate risk and the feasibility of
different adaptation options, the Fourth Assessment uses a common set of land use projections to inform some of
the technical reports, including the development of wildfire projections. These land use projections analyze different
population growth rates, but do not consider changes in development patterns.

Action: Future assessments need to include land use scenarios to have a more complete understanding of climate risk
and adaptation options. These projections should include different population growth rates as well as consideration of
different development patterns, for instance the impacts of excluding development in high-fire risk areas.

Projections: Wildfire

Impact: Climate change will make forests more susceptible to extreme wildfires. By 2100, if greenhouse gas emissions
continue to rise, one study found that the frequency of extreme wildfires burning over approximately 25,000 acres
would increase by nearly 50 percent, and that average area burned statewide would increase by 77 percent by the

end of the century. In the areas that have the highest fire risk, wildfire insurance is estimated to see costs rise by 18
percent by 2055 and the fraction of property insured would decrease.

Action: An extensive scientific review supported by the Fourth Assessment found that reducing tree density and
restoring beneficial fire can improve long-term resilience to California’s forests. Simulations of large-scale fuels
treatments in Sierra Nevada forests substantially reduce increases in burned area. Improving forest health by
removing fuels can have important impacts to reduce rising wildfire insurance costs. Increasing understanding of
megafires remains a critical research need for California.

Projections: Sea-level Rise

Impact: A new model estimates that, under mid to high sea-level rise scenarios, 31 to 67 percent of Southern
California beaches may completely erode by 2100 without large-scale human interventions. Statewide damages could
reach nearly $17.9 billion from inundation of residential and commercial buildings under 50 cm (~20 in) of sea-level
rise, which is close to the 95th percentile of potential sea-level rise by the middle of this century. A 100-year coastal
flood, on top of this level of sea-level rise, would almost double the costs.

Action: One study prepared for the Fourth Assessment develops technical guidance on design and implementation
of natural infrastructure, such as the use of vegetated dunes, marsh sills, and native oyster reefs, for adaptation to
sea-level rise. The HERA (Hazardous Exposure Reporting and Analytics) tool, a coastal evolution model that was
enhanced with results from the Fourth Assessment, provides information about the number of residents affected,
the value of residential and commercial properties flooded, and other useful information for different sea-level rise
scenarios and coastal storms. Local planners will be able to use this new tool to analyze local vulnerabilities.
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People: Public Health

Impact: Climate change poses direct and indirect risks to public health, as people will experience earlier death and
worsening illnesses. However, deep greenhouse gas emission (GHG) reductions (80% below 1990 levels) in California
could significantly improve health outcomes, and costs avoided would be comparable to the cost of achieving 80%
GHG reductions by 2050. This would occur because technology with no or very low GHG emissions is associated
with a reduction of conventional air pollutants that are damaging to human health.

Nineteen heat-related events occurred from 1999 to 2009 that had significant impacts on human health, resulting
in about 11,000 excess hospitalizations. However, the National Weather Service issued Heat Advisories for only six
of the events. Heat-Health Events (HHEs), which better predict risk to populations vulnerable to heat, will worsen
drastically throughout the state: by midcentury, the Central Valley is projected to experience average Heat-Health
Events that are two weeks longer, and HHEs could occur four to ten times more often in the Northern Sierra region.

Action: The Fourth Assessment led to the development of a prototype warning system known as the California Heat
Assessment Tool (CHAT). It will support public health departments taking action to reduce heat-related morbidity
and mortality outcomes. It is designed to provide information about heat events most likely to result in adverse
health outcomes.

People: Tribal and Indigenous Communities

Impact: For the first time in the California Climate Assessments, the Fourth Assessment includes a Tribal and
Indigenous Communities Summary Report. Tribes and Indigenous communities in California face unique challenges
under a changing climate. Tribes maintain cultural lifeways and rely on traditional resources (e.g., salmon fisheries)
for both social and economic purposes. However, tribes are no longer mobile across the landscape. For many tribes in
California, seasonal movement and camps were a part of living with the environment. Today these nomadic options
are not available or are limited. This is the result of Euro-American and U.S. policy and actions and underpins several
climate vulnerabilities. Tribes with reservations/Rancherias/allotments are vulnerable to climate change in a specific
way: tribal lands are essentially locked into fixed geographic locations and land status. Only relatively few tribal
members are still able to engage in their cultural traditions as livelihoods.

Action: Traditional Ecological Knowledge (TEK)-based methods are gaining a revitalized position within a larger
statewide toolset to combat the causes and effects of climate change by tribal and non-tribal stakeholders alike.

The importance of maintaining TEK is not isolated to environmental and ecological improvements. These ancient,
traditional practices are closely linked to climate resilience across tribal cultural health, identity, and continuity.
Cultural practices and traditional land management are also linked to improving physical and mental health among
tribal members. As an example of applied TEK science, many tribes use prescribed, controlled burns—commonly
deployed within a centuries-old cultural context—to manage meadows, forests, and other areas within tribal lands.
These TEK techniques are increasingly incorporated by non-tribal land and resource managers as a part of wildfire
prevention and ecosystem management.
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People: Climate Justice

Impact: The Fourth Assessment includes a report on Climate Justice in California, a new addition to the assessment
process. This report highlights the importance of adaptation efforts to minimize climate impacts to disadvantaged
communities, as well as case studies and innovative programs that are attempting to increase the resiliency of
vulnerable populations in California.

Action: Areas for additional research are identified to better address climate adaptation for vulnerable populations
and to promote climate justice in California. These research topics include better tools, indices, maps, and metrics for
identifying and quantifying resilience in vulnerable communities, research into achieving a just transition to a low
carbon economy, and methods to ensure community involvement in climate adaptation planning.

Built Systems: Energy

Impact: Higher temperatures will increase annual electricity demand for homes, driven mainly by the increased use
of air conditioning units. High demand is projected in inland and Southern California, and more moderate increases
are projected in cooler coastal areas. However, the increased annual residential energy demand for electricity is
expected to be offset by reduced use of natural gas for space heating. Increases in peak hourly demand during the
hot months of the year could be more pronounced than changes in annual demand. This is a critical finding for
California’s electric system, because generating capacity must match peak electricity demand.

Action: Studies found that “flexible adaptation pathways” that allow for implementation of adaptation actions over
time allow utilities to protect services to customers most effectively. The California Public Utilities Commission
(CPUC) recently began a quasi-legislative process to consider strategies and guidance for climate adaptation for
electric and natural gas utilities, which will be informed by the Fourth Assessment.

Built Systems: Water Supply

Impact: Current management practices for water supply and flood management in California may need to be revised
for a changing climate. This is in part because such practices were designed for historical climatic conditions, which
are changing and will continue to change during the rest of this century and beyond. As one example, the reduction
in the Sierra Nevada snowpack, which provides natural water storage, will have implications throughout California’s
water management system.

Action: Promising adaptation options such as the use of probabilistic hydrological forecasts, better measurements

of the snowpack, and other modern ways to manage the water system could improve reservoir operations and

flood safety. Increased groundwater storage is another promising option, which may include taking advantage of
increased winter runoff to flood agricultural and natural areas to recharge aquifers. Institutional, regulatory, and legal
approaches will need to be developed and adapted to quickly implement science-based solutions. In addition, more
research is needed on changing human behavior and expectations around water use and availability.
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Built Systems: Delta Levees and Infrastructure

Impact: New measurements found mean subsidence rates for some of the levees in the Sacramento-San Joaquin
Delta of about 0.4 to 0.8 inches per year. This subsidence compounds the risk that sea-level rise and storms could
cause overtopping or failure of the levees, exposing natural gas pipelines and other infrastructure to damage or
structural failure. At this rate of subsidence, the levees may fail to meet the federal levee height standard (1.5 ft.
freeboard above 100-year flood level) between 2050-2080, depending on the rate of sea-level rise.

Action: This research project was conducted collaboratively with the natural gas utility in this territory. Immediate
action does not seem necessary because the impacts are not expected for a few decades; however, the research will be
used to inform adaptation planning by the utility.

Natural and Working Lands and Waters: Agriculture

Impact: Many of California’s important crops, including fruit and nut trees, are particularly vulnerable to climate
change impacts like changing temperature regimes and water-induced stress. A Fourth Assessment study indicates
that adaptive decision-making and technological advancement may maintain the viability of California agriculture.
However, additional studies show that viability of the sector overall may be at the expense of agricultural jobs and the
dairy sector.

Action: Additional research is needed on potential yield changes of crops under changing climate conditions, to
provide growers the crops varieties that can thrive under warmer and drier conditions, and the tools that they can
use to identify and implement adaptation options. Sustainably managing groundwater resources remains a crucial
priority.

Natural and Working Lands and Waters: Oceans

Impact: Increasing evidence shows that climate change is degrading California’s coastal and marine environment. In
recent years, several unusual events have occurred along the California coast and ocean, including a historic marine
heat wave, record harmful algal bloom, fishery closures, and a significant loss of northern kelp forests.

Action: A study prepared for the Fourth Assessment identified a species of mussel that could serve as a helpful bio-
indicator to understand impacts of ocean acidification along the California.
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Introduction

alifornia is one of the most “climate-challenged” regions of North America and must actively plan and

implement strategies to prepare for and adapt to extreme events and shifts in previously “normal” averages

(Overpeck et al., 2013; Pierce et al., 2018). Currently, temperatures are warming, heat waves are more

frequent, and precipitation has become increasingly variable. California has experienced a succession of dry
spells, and with warmer conditions the impacts of these droughts have increased (OEHHA, 2018).

Observations from across the state are confirming these changes. Peak runoff in the Sacramento River occurs nearly
a month earlier now than in the first half of the last century, glaciers in the Sierra Nevada have lost an average of 70
percent of their area since the start of the 20" century, and birds are wintering further north and closer to the coast
(OEHHA, 2018). The recent 2012-2016 drought was exacerbated by unusual warmth (Williams, Seager, et al., 2015),
and disproportionately low Sierra Nevada snowpack levels (Dettinger & Anderson, 2015). This drought has been
described as a harbinger of projected dry spells in future decades, whose impacts will likely be worsened by increased
heat (Mann & Gleick, 2015). A very wet winter in 2016-2017 followed this drought, a further indication of potential
continued climate volatility in the future (Berg & Hall, 2015; Polade, et al., 2017; Swain et al., 2018).

These changes in the state’s physical climate will have effects on all parts of California’s society. The changes vary
between regions in California, but every region is seeing and will continue to see effects from climate change (please
see the Regional Reports for regionally specific information). Increasing temperatures and rising sea-levels will have
direct impacts on public health and infrastructure. Drought, coastal and inland flooding, and wildfire will continue to
affect people’s livelihoods and local economies. Changing weather patterns and more extreme conditions will impact
tourism and rural economies in California, along with changes to agriculture and crops, which are a critical backbone
of California’s economic success. There will also be negative impacts to California’s ecosystems, both on land and

in the ocean, leading to local extinctions, migrations, and management challenges. Due to these projected impacts,
California must continue to evaluate climate impacts as well as to plan for adaptation and resilience.

California’s Climate Change Assessment

Science and research investment has been an integral part of California’s approach and policies to mitigate and adapt
to climate change for the past 12 years (Franco et al., 2008). Since 2006, the State has undertaken four comprehensive
climate change assessments, designed to assess the impacts and risks from climate change and to identify potential
solutions to inform policy actions (Table 1). Each of the four assessments has focused on a specific area of inquiry
and has been linked to specific policy drivers, and in some instances, to specific policy outcomes.

California’s climate change assessments are a regionally-focused example of a regular series of broader assessments,
including the U.S. National Climate Assessment (NCA) and global assessments from the Intergovernmental Panel

on Climate Change (IPCC). These assessments estimate climate change impacts under different future emission
scenarios using a set of global climate models (GCMs). While the IPCC assessments analyze impacts at a global scale,
the NCA and California assessments share approaches to downscaling climate model outputs to produce projections
relevant on a regional scale. The California Climate Change Assessment goes further by including a set of state-
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funded research reports that examine how climate change will affect specific sectors, potential responses to climate

change, and other policy-driven questions. Each of these reports presents original research findings for specific
questions relevant to California’s climate change policy.

California’s Fourth Climate Change Assessment (the Fourth Assessment) includes over forty-four technical
peer-reviewed reports that examine specific aspects of climate change in California, including projections of
climate change impacts, analysis of vulnerabilities and adaptation for various sectors, and social and governance
considerations for climate adaptation (see Appendix A for a full list of technical reports).

The Fourth Assessment includes this statewide report, as well as nine regional and three topical reports, designed
to synthesize the findings from the Fourth Assessment—along with additional findings from recent peer-

reviewed publications—and to present them in a more accessible format for the public, community organizations,
stakeholders, and policy makers.!

TABLE 1| SUMMARY OF CALIFORNIA’S CLIMATE CHANGE ASSESSMENTS

FIRST CALIFORNIA SECOND CALIFORNIA THIRD CALIFORNIA FOURTH CALIFORNIA CLIMATE
CLIMATE ASSESSMENT CLIMATE ASSESSMENT CLIMATE ASSESSMENT ASSESSMENT
YEAR 2006 2009 2012 2018
DESCRIPTION | Understanding climate Understanding how climate | Increased understanding Technical and regional reports
impacts in California. change will affect specific of vulnerability in natural designed to support adaptation
Developed to provide sectors. Made the case that | and human systems, actions at the state, regional, and
support for undertaking adaptation could reduce and generated two pilot local level.
greenhouse gas emission costs. regional assessments.
reductions.
DRIVER Executive Order S-3-05 Policymakers' desire to 2009 Climate Adaptation 2015 Climate Change Research
know if adaptation was Strategy Plan
needed.
OUTCOME Assembly Bill (AB) 32 2009 Climate Adaptation Supported passage of new | Informing the implementation of AB
Strategy climate adaptation laws. 2800, which requires a report on
how engineering standards should
be changed to consider climate
change. Other outcomes to be
determined.

1 All Fourth Assessments reports are accessible at climateassessment.ca.gov.
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TABLE 2 | SUMMARY OF REPORTS INCLUDED IN THE FOURTH ASSESSMENT

44 TECHNICAL REPORTS 9 REGIONAL REPORTS 3 TOPICAL SYNTHESIS 1 STATEWIDE SUMMARY
REPORTS REPORT

DESCRIPTION Research-based papers Prepared by locally- Summarize findings for: Synthesizes the Fourth
(similar style to papers based researchers, that Tribal and Indigenous Assessment and presents
published in scientific include broad stakeholder | Communities, Climate high-level findings for the
journals) that examine engagement and are Justice, and Ocean and state.
aspects of climate change | designed to support Coast.
in California. decision-making at local

and regional levels.

AUDIENCE Research community State, local, and regional State, local, and regional State, local, and regional
and technical staff from decision makers and decision makers and decision makers and
local, regional, and state stakeholders. stakeholders. stakeholders.
entities.

The Fourth Assessment: Supporting
Adaptation and Resilience

As the effects of climate change become increasingly
apparent, building resilience in the face of climate change
and other hazards has become a focus of many efforts at
the local, regional, and State level. California is taking
steps to increase the State’s resilience to changing climate.
Safeguarding California, the State’s climate adaptation
strategy, outlines steps that State agencies have planned
and are implementing to respond to climate change.
Executive Order B-30-15, signed in April 2015, directs
State agencies to integrate climate change considerations
into all planning and investment. Legislation signed in
2015 requires local governments to consider climate
change risk in the Safety Element of General Plans
(Section 65302, CA Government Code). The Fourth
Assessment was designed to support climate adaptation
and resilience policies and actions in California.

Adaptation refers to a set of actions, programs, and
activities designed to prepare for and respond to changing

KEY TERMS

Adaptation is an adjustment in natural or human systems to a
new or changing environment. Adaptation to climate change
refers to adjustment in natural or human systems in response
to actual or expected climatic stimuli or their effects, which
moderates harm or exploits beneficial opportunities (US EPA,
2016).

Adaptive capacity is the “combination of the strengths,
attributes, and resources available to an individual,
community, society, or organization that can be used to
prepare for and undertake actions to reduce adverse impacts,
moderate harm, or exploit beneficial opportunities” (IPCC,
2012).

Exposure is the presence of people, infrastructure, natural
systems, and economic, cultural, and social resources in areas
that are subject to harm (IPCC, 2012).

Resilience is the “capacity of any entity — an individual, a
community, an organization, or a natural system - to prepare
for disruptions, to recover from shocks and stresses, and to
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climate conditions. Taken together, the goal of these
actions is to build resilience. The “Key Terms” text box
provides some definitions that are used throughout this
report and in accompanying studies from the Fourth
Assessment.

Resilience is a concept that recognizes the
interconnections and interdependencies across people,
nature, and infrastructure. Social cohesion and a healthy
economy are important determinants of resilience,
alongside stable infrastructure and healthy natural
systems. California uses a definition of resilience that
defines outcomes across people and communities,
natural systems, and infrastructure and built systems
(Text Box: What is a Resilient California?). Resilience
also depends on interconnections across these systems.

Executive Order B-30-15 and Safeguarding California
recognize the importance of resilience, which is reflected
in a set of principles underlying the State’s adaptation
efforts. To the extent feasible, these principles are
reflected in the Fourth Assessment and are touched on
throughout this summary report. They include:

1. Protection of the State's most vulnerable
populations and communities:

Climate change will disproportionately affect the
State’s most vulnerable citizens and communities

in relative terms (e.g., percent of income or

assets). Vulnerability arises from a combination

of physical, social, economic, and demographic
factors. Adaptation actions should account for
disproportionate impacts and seek to build resilience
in the State’s most vulnerable communities.

Several reports in the Fourth Assessment

examine dimensions of vulnerability, including
synthesis reports focused on tribal and indigenous
communities and on climate justice.

2 See: opr.ca.gov/planning/icarp/vulnerable-communities.html

KEY TERMS - CONTINUED

adapt and grow from a disruptive experience” (Rodin, 2014).
Adaptation actions contribute to increasing resilience, which is
a desired outcome or state of being.

Sensitivity is the level to which a species, natural system, or
community, government, etc., would be affected by changing
climate conditions.

Vulnerability is the “susceptibility to harm from exposure

to stresses associated with environmental and social change
and from the absence of capacity to adapt” (Adger, 2006).
Vulnerability can increase because of physical (built and
environmental), social, political, and/or economic factor(s).
These factors include, but are not limited to: race, class, sexual
orientation and identification, national origin, and income
inequality.” Vulnerability is often defined as the combination
of sensitivity and adaptive capacity as affected by the level of
exposure to changing climate.

WHAT IS A RESILIENT CALIFORNIA?

All people and communities respond to changing average
conditions, shocks, and stresses in a manner that minimizes
risks to public health, safety, and the economy, and maximizes
equity and protection of the most vulnerable.

Natural systems adjust and maintain desirable ecosystem
characteristics in the face of change.

Infrastructure and built systems withstand and adapt to
changing conditions and shocks, including changes in
climate, while continuing to provide essential services.
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2. Prioritization of natural infrastructure solutions:

Natural infrastructure is the preservation and/or restoration of ecological systems, or the use of engineered
systems that employ ecological processes, to increase resiliency to climate change and/or manage other
environmental problems. Natural infrastructure solutions can rely solely on natural systems (i.e., green
infrastructure) or can integrate natural systems with more traditional “grey;” or human-constructed,
infrastructure.

Several studies in the Fourth Assessment examine natural infrastructure approaches as adaptation solutions,
including protection from sea-level rise and fuel reduction to mitigate wildfire risk and improve forest health.

3. Promotion and prioritization of integrated climate actions:

Since the State of California is committed to reducing greenhouse gas (GHG) emissions to 40 percent below
1990 levels by 2030 and 80 percent below 1990 levels by 2050, priority should be given to adaptation solutions
that support building resilience, while at the same time also reducing GHG emissions.

The Fourth Assessment includes several studies that examine the resilience of the State’s energy system while also
meeting the State’s GHG emission reduction goals.

4. Coordination with local and regional governments:

Given the need for local and regional governments to undertake adaptation actions, coordination is needed
across state, local, regional, and federal governments. The regional reports prepared as part of the Fourth
Assessment provide a means to translate the information and findings from this research effort to local and
regional actors, and to communicate regional needs and activities to state decision makers.

5. Sustained monitoring and research to increase ability to understand and manage climate change impacts:

Climate change, its impacts, and appropriate management strategies are rapidly evolving. While the general
direction of change is understood, additional work is needed to better understand the complexity and
interactions among global, regional, and local climate change elements that operate across the physical,
biological, and social landscape. This is further complicated by the fact that policies, management practices, and
investments are also being updated in response to climate change. California must continue the work of this and
previous assessments to build a strong tradition of connecting monitoring and research on climate change to
engagement with decision makers, and to education at all levels.
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Goals and Structure of the Report

This statewide summary report summarizes the main findings from the Fourth Assessment. The report synthesizes
these Fourth Assessment findings in the context of recent literature to provide a more complete presentation of the
information available on climate change impacts and adaptation options in California. However, while the report
strives to be as representative as possible, it is not a comprehensive review of the tremendous amount of research
on climate change in California that has been generated since California’s Third Climate Change Assessment

was released in 2012. Every attempt is made to represent uncertainty and conditions under which future climate
conditions are estimated; however, the report does not include a standard methodology for conveying uncertainty.

The report begins with an overview of historical and projected climate change in California under downscaled climate
scenarios (Chapter 1). Chapter 2 discusses how climate change interacts with other changing factors such as land
use and demographic change, and how these factors affect the State’s people, infrastructure, and natural systems.
The following section reviews adaptation strategies and how they contribute to resilience (Chapter 3). The report
concludes with a discussion of research needs in Chapter 4, followed by an overview of how the findings from the
Fourth Assessment and future assessments can support climate action in Chapter 5.
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Chapter 1: Historical Data and Climate Projections for California

alifornia is already experiencing climate change (e.q., Barnett et al., 2008; Williams et al., 2015) and its

effects will increase over the coming decades. These changes will occur alongside and impact continued

urbanization, changes to California’s energy system, economic and population growth, and the deployment

of new technologies. This chapter reviews some of the historical data on climatic changes that have
affected and will continue to affect California, with a focus on future climate projections that are a part of the Fourth
Assessment.

Each of the State’s Climate Assessments has included projections of how changes in global climate will affect
California. The Fourth Assessment uses the recent Coupled Model Intercomparison Project Phase 5 (CMIP5) suite of
global climate models and the Representative Concentration Pathway (RCP) long-term greenhouse gas concentration
scenarios. While the general direction and trends in the projections have remained consistent with those from
previous assessments, more recent analysis prepared for the Fourth Assessment further refined projections of climate
impacts for California and provided important new information.

This chapter includes the following contributions from the Fourth Assessment:

- 'The development and use of a new downscaling technique, Localized Constructed Analogs (LOCA), which
downscales the simulations of global climate models (GCMs) to the California region with higher spatial
resolution and improved treatment of climate extremes than in prior assessments.

- The incorporation of a greater number of climate model simulations using LOCA, which enabled simulation of
a broader range of projections and scenarios, and a wider investigation of climate model projections that was
supported by the introduction of additional downscaled variables, including wind, humidity, and incoming solar
radiation.

- Additional research into climate change influences upon weather and climate extremes, including heat waves,
drought, heavy precipitation events, and high sea-levels.

- A broader set of sea-level rise scenarios that includes extreme (i.e., unlikely but possible) sea-level rise, which
could occur under rapid ice melt and ice sheet collapse in Greenland and West Antarctica.

- More examination of the shifts in California’s precipitation regime, which currently indicates more dry days,
more dry years, longer dry season, and increases in occasional heavy precipitation events and floods. Uncertainty
remains in projections for future total precipitation.

- More extensive simulations of wildfire that help to explore possible increases in area burned as climate changes.

- Use of recent, well-observed examples of climate change and extreme weather impacts in California, including
the occurrence of high sea-level in 2015, the warm drought in 2012-2016, and recent extreme wildfires (including
the Rim fire, Sonoma/Santa Rosa fires, etc.) that help to understand and communicate projected future climate
change impacts.
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Climate Scenarios and Projections

Changes in global and California temperatures depend on the accumulation of carbon dioxide and other heat-
trapping gases emitted from human activities in the atmosphere. The future emissions and resulting accumulation
of greenhouse gases (GHGs) could take a range of pathways depending on the success of international and local
efforts to reduce GHG emissions. The warming and other changes experienced under different future conditions
are projected using Representative Concentration Pathways (RCPs). RCPs do not represent a specific policy,
demographic, or economic future, but are defined in terms of their total radiative forcing (Watts per square meter)
by 2100 (i.e., the net balance of radiation into and out of Earth’s surface due to human emissions of GHGs from all
sources).

The Fourth Assessment uses two RCPs from the Fifth Intergovernmental Panel on Climate Change (IPCC)
Assessment Report on Climate Change. The higher of the two RCPs represents accumulating GHG concentrations
under a higher emissions pathway (RCP 8.5), commonly understood as a business-as-usual (BAU) scenario that
would result in atmospheric CO, concentrations exceeding 900 parts per million (ppm) by 2100, more than triple
the level present in the atmosphere before human emissions began to accumulate. The more moderate GHG
concentration pathway (RCP 4.5), a scenario where GHG emissions rise until mid-21st century and then decline,
results in a CO; concentration of about 550 ppm by 2100 (van Vuuren et al., 2011).

Global climate models (GCMs) use different RCPs to project future climate conditions. A group of experts selected
by California’s Department of Water Resources identified 10 GCMs from a set of more than 30 available as being the
most suitable for California water resource climate change studies (California Department of Water Resources, 2015).
The Fourth Assessment uses these 10 GCMs and the two RCPs discussed above to simulate California’s historical

and projected temperatures, precipitation, and other climate outcomes such as relative humidity and soil moisture.
The outputs of these models provide a set of common climate scenarios used throughout the studies in the Fourth
Assessment. This chapter describes climate outcomes under these common scenarios.
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