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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

Science tells us that the %ÁÒÔÈȭÓ ÃÌÉÍÁÔÅ ÉÓ ÃÈÁÎÇÉÎÇȟ ÁÎÄ ÈÕÍÁÎ ÁÃÔÉÖÉÔÙ ÉÓ ÔÈÅ ÐÒÉÍÁÒÙ ÃÁÕÓÅ ÏÆ 

these changes. Climate disruption drives extreme weather events such as coastal storm surges, 

drought, wildfires, floods and heat waves.  As Californians are painfully aware, these events can be 

devastating. It is, therefore, imperative that we act to reduce the vulnerability and increase the 

resilience of our residents, communities and natural resources. 

California released its first comprehensive plan for adapting to climate change in 2009, and updated 

that strategy with the 2014 report Safeguarding California: Reducing Climate Risk. Since 2009, 

California has experienced several of the most extreme natural events in its recorded history: 

severe drought, an almost non-existent Sierra Nevada winter snowpack, five of the top 20 largest 
forest fires ever recorded in the state in terms of acreage burned, and back-to-back years of the 

hottest average temperatures. According to the California Climate Tracker, the winter average 

minimum temperature of 2014-15 for the Sierra Nevada region was 32.1 degrees Fahrenheit, the 

ÆÉÒÓÔ ÔÉÍÅ ÔÈÉÓ ÖÁÌÕÅ ×ÁÓ ÁÂÏÖÅ ×ÁÔÅÒȭÓ ÆÒÅÅÚÉÎÇ ÐÏÉÎÔ ÉÎ ρςπ ÙÅÁÒÓ ÏÆ ÒÅÃÏÒÄ-keeping. 

As greenhouse gas emissions continue to accumulate and climate disruption grows, such 

destructive events will become more frequent. The historical record, which once set our 

expectations for the parameters of weather and other natural conditions, is becoming an 

increasingly unreliable predictor of the natural conditions we will face in the future. 

This document details how California will build the resilience of our residents, communities, and 

ecosystems to the emerging impacts of climate change.  The ten implementation plans presented 

here represent a master blueprint for executing actions recommended in the 2014 report 

Safeguarding California: Reducing Climate Riskȟ ÁÓ ÃÁÌÌÅÄ ÆÏÒ ÉÎ 'ÏÖÅÒÎÏÒ "ÒÏ×ÎȭÓ !ÐÒÉÌ ςπρυ 

Executive Order (B-30-15).  

We use a number of words, including adaptation, resilience, readiness, and safeguarding, to 

describe a simple concept: ensuring that people, communities, and natural systems are able to 

withstand the impacts of climate disruption. Acting today reduces harmful impacts for ourselves 

and future generations. By utilizing reliable, time-tested strategies, we increase resilience to the 

effects of climate change. For example, healthy forests clean our air and water, wetlands help 

absorb rising tides and storm surges, and parks, open space, and farmland sequester carbon and 

minimize the effects of urban heat islands. EaÃÈ ÓÅÃÔÏÒȭÓ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÐÌÁÎ ÉÎ ÔÈÉÓ ÒÅÐÏÒÔ ÁÉÍÓ ÔÏ 

ensure that all communitiesɂparticularly those most vulnerable to climate changeɂcan help to 

shape our climate adaptation strategies. 

Climate science continues to improve and add to our knowledge of impacts and response. As the 

science evolves, we must accelerate the pace at which we translate science into action to protect 
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against these powerful environmental changes. We also need to integrate social scientists and 

communications experts to convey climate change impacts in a manner that furthers understanding 
ÁÎÄ ÓÐÁÒËÓ ÁÃÔÉÏÎÓ ÔÈÁÔ ÂÕÉÌÄ ÒÅÓÉÌÉÅÎÃÅȢ #ÁÌÉÆÏÒÎÉÁȭÓ ÇÅÏÇÒÁÐÈÉÃ ÄÉÖÅÒÓÉÔÙ ÎÅÃÅÓÓÉÔÁÔÅÓ ÏÎÇÏÉÎÇ 

ÁÓÓÅÓÓÍÅÎÔ ÔÏ ÄÅÔÅÒÍÉÎÅ ÃÌÉÍÁÔÅ ÖÕÌÎÅÒÁÂÉÌÉÔÉÅÓȢ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ×ÈÅÒÅ ×ÅȭÒÅ ÍÏÓÔ ÖÕÌÎÅÒÁÂÌÅ ÔÏ 

impacts allows us to effectively prioritize actions and maximize limited resources. 

For lower income individuals and communities, the challenges of responding and adapting to 

climate are even greater. Drought, flooding, fires, and heat waves all pose health, economic, and 

logistical challenges to disadvantaged communities that may lack the financial and organizational 

resources to respond to and recover from a disaster. A recent study from the University of 

California, Davis pegged the total economic impact of the 2015 California Drought at $2.7 billion, 

with an estimated 10,100 seasonal farm worker jobs lost. 

Understanding the concerns of the most vulnerable residents and incorporating diverse voices in 

the planning of our adaptation strategies will make our final recommendations more responsive 

and effective. The compilation of sector implementation plans for climate resilience includes a new 

ÓÅÃÔÏÒ ÆÏÃÕÓÅÄ ÏÎ Ȱ#ÏÍÍÕÎÉÔÙ $ÅÖÅÌÏÐÍÅÎÔ ÁÎÄ ,ÁÎÄ 5ÓÅȢȱ 4ÈÉÓ ÎÅ× ÐÌÁÎ ÄÅÓÃÒÉÂÅÓ ÌÏÃÁÌ ÁÎÄ 
regional work currently underway to strengthen communities through integrated efforts in the 

areas of energy, water, public health, and urban planning. The sector highlights how integrated 

regional approaches are crucial for building community resilience across the state. Linking 

community development and land use allows us to raise the quality of life for all and meet our 

sustainability goals.  

Creating a more integrated and regional approach to community-based climate adaptation is not 

easy, but through the combined efforts of the GoverÎÏÒȭÓ /ÆÆÉÃÅ ÏÆ 0ÌÁÎÎÉÎÇ ÁÎÄ 2ÅÓÅÁÒÃÈȟ ÌÏÃÁÌ 

ÇÏÖÅÒÎÍÅÎÔÓȟ ÁÎÄ ÔÈÅ ÓÔÁÔÅȭÓ #ÌÉÍÁÔÅ !ÃÔÉÏÎ 4ÅÁÍÓȟ ÉÔ ÉÓ ÐÏÓÓÉÂÌÅ ÔÏ ÁÃÈÉÅÖÅ ×ÅÌÌ-coordinated, 

resilience-building regional actions. The successful completion of projects such as ÔÈÅ ȰBreuner 

Marsh Restoration Projectȱ ,currently underway along the Point Pinole Regional Shoreline in 

Richmond, , will help inform future opportunities to connect multiple sectors and maximize 

resilience by incorporating  bike pathways, public recreation, and wetlands restoration. 

Innovative new projects tie together sectors to bolster resilience, but making sure that California is 
ready for the changing climate will also require altering how routine tasks of State governance are 

carried out.  In these plans, state agencies show how thÅÙ ÁÒÅ ÉÍÐÌÅÍÅÎÔÉÎÇ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ 

directive to take climate change into account in all planning and investment decisionsɂin part 

through full life-cycle cost accounting.  The Affordable Housing and Sustainable Communities 

Program, for example, makes resilient placement and design a threshold consideration for project 

proposals.  Climate change adaptation in California is being undertaken through everything from 

cutting-edge construction to grant guidelines; every sector and every lever for change in 

government has to be a part of the strategy. 

Climate disruption creates an unprecedented challenge that demands cooperation. While reducing 

greenhouse gas emissions will help California avoid the most harmful effects, we must also 

recognize that some impacts are now inevitable. Moving forward, we must come together to take 
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meaningful action as we adapt to our changing reality. United, we can protect our homes, 

communities, and state, and continue to prosper. 

!ƎǊƛŎǳƭǘǳǊŀƭ {ŜŎǘƻǊ tƭŀƴ  

Introduction 
California benefits from one of the most valuable and diverse agricultural industries in the world, 

producing over 400 different commodities which were valued at $46.4 billion in 2013. Nearly half 

ÏÆ ÔÈÅ 5ÎÉÔÅÄ 3ÔÁÔÅÓȭ ÆÒÕÉÔÓ ÁÎÄ ÖÅÇÅÔÁÂÌÅÓ ÁÒÅ ÇÒÏ×Î ÉÎ #ÁÌÉÆÏÒÎÉÁ (CDFA, 2015). Furthermore, 20% 

of U.S. milk is produced in California (CDFA, 2015). Livestock products (dairy products, meat, eggs 

and wool) and specialty crops (fruits and vegetables, tree nuts, dried fruits and horticulture and 

nursery crops, including floriculture production) epitomize California agriculture and are exported 

throughout the world contributing to local, national and global food security. Agriculture is 

successful in California due to the unique climate, prime soils, innovative farming techniques and 

ÃÒÉÔÉÃÁÌ ÉÒÒÉÇÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȢ 4ÈÅ ÓÔÁÔÅȭÓ ÍÁÎÙ ÍÉÃÒÏÃÌÉÍÁÔÅÓ ÁÌÌÏ× ÆÏÒ ÐÒÏÄÕÃÔÉÏÎ ÏÆ Á ÄÉÖÅÒÓÉÔÙ 

of food crops, in some cases, year-round production.  

Impacts from climate change threaten the agricultural industry in California. The great diversity of 

ÔÈÅ ÓÔÁÔÅȭÓ ÁÇÒÉÃÕÌÔÕÒÅ ÄÏÅÓ ÌÅÎÄ ÓÏÍÅ ÒÅÓÉÌÉÅÎÃÅ ÔÏ ÔÈÅ ÓÅÃÔÏÒ ÁÓ ×ÈÏÌÅȟ ÂÕÔ ÁÌÓÏ ÉÎÃÒÅÁÓÅÓ ÔÈÅ 

complexity of adaptation due to the varied impacts to individual crops or livestock animals. 

Research in California indicates that agriculture is vulnerable to climate change as well as other 

pressures such as urban development. Several studies predict declines in crop yields during the 

2050 and 2100 timeframes (Deschenes and Kolstad, 2011; Medellin-Azuara et al, 2011; Lobell et al, 

2006).  

In order to proÔÅÃÔ #ÁÌÉÆÏÒÎÉÁȭÓ ÒÅÓÏÕÒÃÅÓȟ ÉÎÃÌÕÄÉÎÇ ÁÇÒÉÃÕÌÔÕÒÅȟ ÆÒÏÍ ÔÈÅ ÉÍÐÁÃÔÓ ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅȟ 

the state has developed a three-pronged approach to climate change policy: reduce emissions, 

facilitate adaptation to climate change impacts, and scientific research to direct policy for both 

mitigation and adaptation efforts (CNRA, 2014). Safeguarding California: Reducing Climate Risk, the 

ÓÔÁÔÅȭÓ ÁÄÁÐÔÁÔÉÏÎ ÓÔÒÁÔÅÇÙ ÐÒÏÄÕÃÅÄ ÂÙ ÔÈÅ #ÁÌÉÆÏÒÎÉÁ .ÁÔÕÒÁÌ 2ÅÓÏÕÒÃÅÓ !ÇÅÎÃÙ ɉ#.2!Ɋ ÉÎ 

coordination with many other state agencies, provides a summary of potential impacts to California 

ÆÒÏÍ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÁÎÄ ÂÕÉÌÄÓ Á ÆÏÕÎÄÁÔÉÏÎ ÆÏÒ ÅÎÓÕÒÉÎÇ ÔÈÁÔ #ÁÌÉÆÏÒÎÉÁȭÓ ÅÃÏÎÏÍÉÃ ÓÅÃÔÏÒÓ ÂÕÉÌÄ 

ÒÅÓÉÌÉÅÎÃÅȢ )ÔÓ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÈÅÌÐ ÇÕÉÄÅ ÓÔÁÔÅ ÇÏÖÅÒÎÍÅÎÔȭÓ ÁÃÔÉÏÎÓ ÔÏ ÁÉÄ ÉÎ ÔÈÅ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎÓ 

tÈÁÔ ×ÉÌÌ ÓÁÆÅÇÕÁÒÄ #ÁÌÉÆÏÒÎÉÁȭÓ ÁÇÒÉÃÕÌÔÕÒÁÌ ÓÅÃÔÏÒ ÆÒÏÍ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅȢ  -ÁÎÙ ÉÎÉÔÉÁÔÉÖÅÓ ÓÅÒÖÅ ÔÈÅ 

dual role of both mitigating greenhouse gas emissions while increasing adaptive capacity, 

illustrating the comprehensive movement to ensure a thriving and productive agricultural industry 

in the state despite ongoing and inevitable climate impacts. 

This implementation plan is a crucial step in realizing this positive future in the face of climate 

change.  It succinctly lays out the vulnerabilities that the State must help build resilience against, 

and goes on to outline specific actions to address the recommendations presented in Safeguarding 
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California.  Most importantly, the plan details initiatives that will be implemented and provides 

insights into how adaptation can be tracked over time.  

Vulnerability Assessment 
The first step in addressing climate change is to analyze impacts and the vulnerabilities they create.  

California has undertaken many vulnerability assessments, so this section will only give a high-level 

overview of climate change impacts and vulnerabilities. Specific resources  to help further 

understand the climate threats faced by agriculture are cited. 

It must be noted that changes in climate lead to complex multi-factorial impacts on the agricultural 

sector such as changes in the way that plants interact with pests or beneficial species (such as 

pollinators). There may be unforeseen impacts because ecosystems, including those on working 

lands, are dynamic and highly variable throughout California. Impacts will occur in tandem and 

some may have synergistic or feedback effects. 

Extreme Heat and Temperature Change  

According to a recent vulnerability assessment completed by the United States Department of 

Agriculture (USDA) Southwest Regional Climate Hub, the average maximum temperature in 

California is expected to increase by 2-4°C from 2040-2069 (2015). Record warm temperatures are 

becoming more common, impacting both crops and livestock. Increases in temperature beyond 

optimal ranges cause losses. In livestock, heat waves and extreme temperature lead to heat stress, 

lower milk or egg production and changing disease epidemiology (CNRA, 2014). Crops are also 

impacted by increasing temperatures; the severity is dependent on the crop and developmental 

stage of the crop during the heat event. For example, winter chill hours, which are necessary for 

tree fruit and nuts to complete dormancy, have decreased since the 1950s resulting in reduced 

yields (Baldocchi and Wong, 2008). In some scenarios, by 2100 chilling hours could be reduced by 

80% from 1950 (Hatfield et al, 2014)Ȣ #ÁÌÉÆÏÒÎÉÁȭÓ ÐÒÅÍÉÕÍ ×ÉÎÅÇÒÁÐÅ ÒÅÇÉÏÎÓ ×ÉÌÌ ÁÌÓÏ ÂÅ ÁÆÆÅÃÔÅÄ 

by increasing temperatures as grape varietals are sensitive to climate. A study estimated that 

suitable winegrape growing regions in California could shrink significantly by 2050, 60% in some 

scenarios (Hannah et al, 2013).  

Changes in temperature and precipitation patterns may allow for pest and disease distributions to 

change or for new invasive species to become established in California where once they could not 

(CDFA, 2013). State and federal programs to exclude, detect and eradicate invasive species from 

California will be stretched as incidences increase. Several studies predict that some endemic pest 

generations will increase with increased temperature. One example includes navel orangeworm, a 

pest of walnuts and almonds, which will increase from 2-3 generations per year in 1950 to 5 

generations per year before 2100 (Luedeling et al, 2011). These additional pest pressures will likely 

lead to increased pesticide use, an environmental concern and also an additional cost to farmers, 

and strain the ability of existing state programs to manage and control pests.  

Other farm inputs may also increase in cost. Research shows that elevated atmospheric CO2 levels 

can reduce the nutritional quality of forage crops such as alfalfa and pasture; leading to higher feed 
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costs for livestock operators. Furthermore, elevated atmospheric CO2 decreases the effectiveness of 

glyphosate, a commonly used herbicide (i.e., Round-up) which most likely will lead to increased use 
or higher concentrations of applications (Hatfield et al, 2014). Droughts can also exacerbate weed 

problems because weeds utilize water that would otherwise be used by drought-stressed crops, 

resulting in the need for more effective weed-control tools. 

A recent study shows that climate change has doubled the likelihood of extreme heat in the Central 

Valley; in particular nighttime temperatures are observed to be higher since the 1960s due to 

climate change. These high nighttime temperatures sustain heat exposure for vulnerable 

ÐÏÐÕÌÁÔÉÏÎÓ ×ÈÏ ÍÁÙ ÎÏÔ ÈÁÖÅ ÁÃÃÅÓÓ ÔÏ ÁÆÆÏÒÄÁÂÌÅ ÁÉÒ ÃÏÎÄÉÔÉÏÎÉÎÇȢ 4ÈÅ ÓÔÕÄÙȭÓ ÁÕÔÈÏÒÓ ÃÏÎÃÌÕÄÅ 

that agricultural workers  are at increased risk of mortality due to sustained heat events because 

nighttime offers no relief from heat stress (Mera et al, 2015). 

Extreme Weather Events  

Extreme winter storms and floods present a clear danger to agriculture.  A report by the U.S. 

Geological Survey (USGS) found that a single extreme 1000-year winter storm could cause up to 

$725 billion in damages to the California economy, much of that from flooding in the Central Valley. 

Climate change makes it more likely that California will experience extreme events like the Great 

&ÌÏÏÄ ÏÆ ρψφςȟ ×ÈÉÃÈ ÃÏÖÅÒÅÄ ÍÕÃÈ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÐÒÉÍÅ ÁÇÒÉÃÕÌÔÕÒÁÌ ÌÁÎÄ ÉÎ ÕÐ ÔÏ Ô×ÅÎÔÙ ÆÅÅÔ ÏÆ 

water (Ingram, 2012; Porter et al, 2011).  In more recent history, flooding in 1997 caused 

substantial losses to the agriculture sector including; 

¶ Crop losses totaled $107 million, with the largest losses being walnuts, wine grapes, winter 
wheat, and alfalfa.  

¶ Livestock losses were another $12 million. 

¶ Damages to farm infrastructure (irrigation systems, roads, buildings, and fences) totaled 

$109 million (Porter et al, 2011). 

Climate scientists have shown that climate change will cause more precipitation to fall in fewer but 

heavier events, increasing flood risk and making water management more difficult. Soil erosion 

often results during heavy precipitatioÎ ÅÖÅÎÔÓ ÁÓ ÔÈÅ ÓÏÉÌȭÓ ÁÂÉÌÉÔÙ ÔÏ ÔÁËÅ ÉÎ ÔÈÅ ×ÁÔÅÒ ÉÓ ÅØÈÁÕÓÔÅÄȢ 

Soil is lost as the sediment flows downstream; causing pollution from nutrients and sediment-

loading downstream (Hatfield et al, 2014). Strategies to improve soil water holding capacity in 

combination with modernization of flood control infrastructure could help mitigate soil erosion and 

capitalize on floodwaters for groundwater recharge. 

Drought  

Because California has a Mediterranean climate, with little or no precipitation falling during the late 

spring and summer months, agriculture is dependent on the collection and movement of water for 

crops and livestock needs. Elevated temperatures in the region will undoubtedly negatively impact 
water storage in snow pack, necessitating changes to the way water is managed, delivered and used 

in the state as evident from the current ongoing four-year drought.  
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In 2014 and 2015 California agriculture experienced the greatest ever reduction in water 

availability due to low stream flows and low reservoir levels. 

¶ Statewide losses due to drought in 2014 included 17,100 total agricultural jobs and $2.2 billion.  

¶ Net water shortages for agriculture in the 2014 drought most severely affect the Central Valley 
with at least 410,000 acres lost to fallowing and $800 million in lost farm revenue (Howitt et al, 
2014).  

¶ In 2015, 542,000 acres were estimated to be fallowed ς which is 114,000 more acres than in 
2014. 

¶ Direct agricultural costs of drought in 2015 are estimated be about $1.84 billion and 10,100 
direct seasonal jobs. When multiplier effects are considered, losses to all economic sectors are 
as high as $2.74 billion and nearly 21,000 total jobs (Howitt et al, 2015). 

During times of drought, groundwater is more heavily relied on to maintain agricultural production 

(and to keep crops and livestock alive). Unfortunately groundwater depletion represents a terrible 

vulnerability to climate change and results in secondary impacts such as aquifer collapse and 

subsidence. NASA recently announced that the rate of subsidence in the Central Valley has 

increased due to the drought with some areas in the San Joaquin Valley sinking a foot in less than a 

year (Farr et al, 2015). Subsidence represents permanent loss of water storage since the depleted 

aquifer collapses under the weight of the earth above. This is directly opposed to agricultural 

adaptation to climate change and leaves the industry less resilient to future water scarcity. One of 

the most practical and cost effective methods for ensuring aquifers are sustainable into the future is 

utilizing on-farm groundwater recharge during months of heavy precipitation. The practice of 

groundwater recharge on agricultural lands is critical to ensuring long term use of groundwater for 

multiple purposes and future generations.  

Sea-Level Rise 

In fertile coastal and estuarine farmlandɂlike that found in the Bay Delta and along the central 

coastɂsea-level rise will combine with other impacts to heighten harmful effects like salinity 

intrusion into surface and groundwater. In the PajÁÒÏ 6ÁÌÌÅÙ ÏÎ #ÁÌÉÆÏÒÎÉÁȭÓ #ÅÎÔÒÁÌ #ÏÁÓÔ ÓÔÕÄÉÅÓ 

indicate that saltwater flows into the groundwater basin at a rate of 200 feet per year (Wallace and 

Lockwood, 2010). This is to the detriment of the high-value vegetable and fruit growers in the 

region who are adapting with water conservation, but also must cope with impaired water quality 

and future uncertainty. In the Sacramento-San Joaquin Delta, drought reduces the volume of water 

flowing out to the ocean and allows for saline water to creep inland, impacting sensitive ecosystems 

and farms both in the Delta and also in areas that receive irrigation water from the Delta such as the 

South San Joaquin Valley. Groundwater recharge projects during increased precipitation events on 

farms have been shown to mitigate saltwater intrusion. 
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Current Actions to Prepare for Climate Impacts 
Safeguarding California: Reducing Climate Risk identifies high-level actions needed to protect 

California agriculture from the impacts of climate change. The California Department of Food and 

Agriculture (CDFA), state and federal partner agencies have engaged on several of these actions. 

CDFA has developed outreach and incentive programs such as the Healthy Soils Initiative, the State 

Water Efficiency and Enhancement Program (SWEEP), the Dairy Digester Research and 

Development Program (DDRDP) and he developed tools and partnerships that support adaptation 

efforts. These efforts are listed in Table 1 and discussed in depth in the following sections.  

Table 1. Summary of Adaptation Activities to Date 

 Actions are not listed in any order of importance. Ongoing activities (F and G) are not discussed in 

furt her detail since the ongoing work on those items is outside of state agencies.  

Action Needed Actions Taken  

A. Develop Best Management Practices That 

Reduce Climate Risks 

CDFA - The Heathy Soils Initiative 

CDFA - Specialty Crop Block Grant Program 

B. Development Incentive Programs for 

Sustainable Practices for Resilience 

CDFA - State Water Efficiency and Enhancement 

Program (SWEEP) 

CDFA - Dairy Digester Research & Development 

Program (DDRDP) 

CEC- Water Energy Technology (WET) 

C. Implement Resilient Water Management CDFA- SWEEP 

DWR- Agricultural Water Use Efficiency 

CEC- Water Energy Technology 

2014 Sustainable Groundwater Management 

Act  

D. Reduce Farmland Conversion The California Land Conservation Act of 1965 

DOC- The California Farmland Conservancy 

Program 

DOC- High Speed Rail Agricultural Land 

Mitigation Program 

Strategic Growth Council- Sustainable 

Agricultural Land Conservation Program 
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OPR - General Plan Guidelines Update 

CDFA- Benefits of Farmland Conservation 

whitepaper 

E. Develop New Technologies USDA/Colorado State University  Comet-Planner 

Pest and Invasive Species Monitoring and 

Forecasting 

F. Collect and Preserve Agricultural Genetic 

Material 

Ongoing activity at federal level and through the 

State University systems 

G. Invest in Improvements to Adaptive 

Agricultural Equipment  

Ongoing activity at the industry level and at 

universities 

  

 

A. Develop Best Management Practices That Reduce Climate Risks 
#ÁÌÉÆÏÒÎÉÁȭÓ ÆÁÒÍÅÒÓ ÁÎÄ ÒÁÎÃÈÅÒÓ ÁÒÅ ÁÌÒÅÁÄÙ ÒÅÓÐÏÎÄÉÎÇ ÔÏ ÃÌÉÍÁÔÅ ÉÍÐÁÃÔÓȟ ÂÕÔ ÔÈÅ 3ÔÁÔÅ ÃÁÎ ÈÅÌÐ 

by compiling and developing a set of best practices to reduce climate risk. These management 

techniques will build local and regional resilience in CalifornÉÁȭÓ τσ ÍÉÌÌÉÏÎ ÁÃÒÅÓ ÏÆ ÁÇÒÉÃÕÌÔÕÒÁÌ 

land.  The Healthy Soils Initiative  ÉÓ ÔÈÅ ÃÅÎÔÒÁÌ ÐÉÅÃÅ ÏÆ #$&!ȭÓ ÅÆÆÏÒÔÓ ÔÏ ÄÅÖÅÌÏÐ ÃÌÉÍÁÔÅ-smart 

management practices. 

Governor Brown introduced the Healthy Soils Initiative in his proposed budget for the 2015 ɀ 2016 

fiscal year. The purpose of the Healthy Soils Initiative is to build the organic matter content in soils 

which offers multiple benefits that contribute to food security and climate change resilience. Soils 

that are rich in carbon, or soil organic matter (SOM), are more resistant to erosion (such as could 

occur in an extreme wind or precipitation events), have greater water retention (providing 

resiliency during water scarcity) and provide nutrients to crops, among numerous other ecosystem 

benefits. 

Consistent with this initiative, several actions have been identified to: 

¶ Protect and restore soil organic matter in soils with management practices such as 
no till and cover crops to ensure climate change mitigation and food and economic 

security  

¶ Identify sustainable and integrated financing opportunities, including market 

development, to facilitate increased soil organic matter  

¶ Provide for research, education and technical support to facilitate healthy soils  

¶ Increase governmental efficiencies to enhance soil health on public and private 
lands  
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¶ Ensure interagency coordination and collaboration  

CDFA, as the lead agency for the Healthy Soils initiative, has outlined both short and long-term goals 

for a healthy soils program including developing and demonstrating best management practices 

(such as  utilizing cover crops, conservation tillage, and increased use of soil amendments such as 

compost) for sequestering carbon and creating soils that are resilient to climate change impacts.  

The Healthy Soil Initiative is a multi-agency effort and has the potential to have beneficial cross-

media effects on water resources, climate change adaptation and mitigation, nutrient management 

and waste reduction. It also will require close collaboration with stakeholders. As the Healthy Soil 

Initiative develops, a better understanding of how soils play a role in climate change resiliency and 

food security will be realized. CDFA is positioned to share that understanding with agricultural 

stakeholders.  

CDFA also administers federal funding in the Specialty Crop Block Grant Program . This money is 

designated to research, outreach and education projects that enhance the competitiveness of 

#ÁÌÉÆÏÒÎÉÁȭÓ ÓÐÅÃÉÁÌÔÙ ÃÒÏÐÓȢ 4ÈÅÒÅ ÁÒÅ ÓÅÖÅÒÁÌ ÆÕÎÄÉÎÇ ÃÁÔÅÇÏÒÉÅÓȟ ÏÎÅ ÏÆ ×ÈÉÃÈ ÉÓ ÆÏÃÕÓÅÄ ÏÎ 

environmental stewardship and conservation including the development of management strategies 

that facilitate specialty crop adaptation to climate change impacts. 

B. Develop Incentive Programs for Sustainable Practices for 
Resilience 

Safeguarding California reported that action is needed to develop incentive programs for 

sustainable, science-based practices that create resilience to climate impacts.  The State is 

successfully pushing forward on research, pilot programs, and grants that provide farmers with the 

financial and technical support they need to implement sustainable practices that are good for their 

bottom line, Californians, and the climate.  

Senate Bill 103, emergency drought legislation from March 2014, designated $10 million from the 

Greenhouse Gas Reduction Fund for CDFA to disperse to farmers for the implementation of 

irrigation practi ces that save water and reduce greenhouse gas (GHG) emissions.  The resulting 

program, the State Water Efficiency and Enhancement Program  (SWEEP), promotes both 

climate change mitigation and adaptation through water management and energy efficiency, 

making agriculture more resilient to the impacts that climate change will have on water and energy 

resources. 

CDFA designed SWEEP to provide grants for irrigation improvements that conserve water (e.g., 

conversion of flood irrigation to micro irrigation or implementation of water management tools) 

with energy efficiency components (e.g., conversion of diesel pumps to electric or renewable energy 

sources) that reduce GHG emissions. These projects have allowed farmers to effectively manage 

water resources and create resiliency in their operations through the use of on-farm technologies 

(e.g., soil water sensors and irrigation scheduling).  

The develÏÐÍÅÎÔ ÏÆ ÔÈÅ 37%%0 ÉÓ ÃÏÎÓÉÓÔÅÎÔ ×ÉÔÈ ÔÈÅ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎ ÏÆ #$&!ȭÓ #ÌÉÍÁÔÅ #ÈÁÎÇÅ 

Consortium to incentivize such practices that can improve water management (CDFA, 2013). The 
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Consortium was a group of farmers and scientists who were brought together in 2011 by CDFA to 

evaluate climate change impacts and provide feedback to the department on what is required by 
the agricultural community to adapt to climate change.  

#$&!ȭÓ ÌÅÁÄÅÒÓÈÉÐ ÉÎ ÄÅÖÅÌÏÐÉÎÇ 37%%0 ÁÌÓÏ ÃÏÎÎÅÃÔÓ ×ÉÔÈ ÂÒÏÁÄÅr cross-sectoral and 
intergovernmental efforts that involve state action to adapt to climate change through agricultural 
water management. The Water-Energy Technology (WET) Program, for instance, will provide financial 
assistance to implement innovative technologies on farms that will lead to water savings and reduced 
GHG emissions. The WET Program complements SWEEP by incentivizing conversion to low pressure drip 
systems that can save water and reduce energy and greenhouse gas emissions and other innovative 
technologies. CDFA is working with the Department of Water Resources, California Water Resources 
Control Board and the Energy Commission, the entities administering the program, to maximize its 
impact on building resilience on farms. 
  
CDFA is also working on incentivizing practices to obtain both mitigation and adaptation on 

California dairies through the Dairy Digester Research and Development Program  (DDRDP). 

$ÁÉÒÙ ÁÎÁÅÒÏÂÉÃ ÄÉÇÅÓÔÅÒÓ ÁÒÅ ÐÏÉÓÅÄ ÔÏ ÂÅÃÏÍÅ Á ÌÁÒÇÅÒ ÃÏÎÔÒÉÂÕÔÏÒ ÔÏ #ÁÌÉÆÏÒÎÉÁȭÓ ÒÅÎÅ×ÁÂÌÅ 

energy portfolio. By utilizing methane to create renewable energy, they mitigate methane 

greenhouse gas emissions and also help the industry adapt to a changing climate. Digesters can 

provide dairy operators with an additional income source which offers economic security and on-

farm diversification. Additionally, the by-product of digestion, digestate, is a useful soil amendment 

which can contribute to healthy soils and improve crop health. The expansion of anaerobic 

digesters in California will also assist the energy and transportation sectors adapt to climate change 

ÂÙ ÐÒÏÖÉÄÉÎÇ Á ÒÅÎÅ×ÁÂÌÅ ÁÎÄ ÆÌÅØÉÂÌÅ ÆÕÅÌ ÓÏÕÒÃÅ ×ÈÉÃÈ ×ÉÌÌ ÂÅ ÅÓÓÅÎÔÉÁÌ ÁÓ #ÁÌÉÆÏÒÎÉÁȭÓ ÐÏÐÕÌÁÔÉÏÎ 

increases. 

In 2014, CDFA was provided $12 million from the Greenhouse Gas Reduction Fund to provide 

grants for digester development and to fund research and demonstration projects that study and 

facilitate changes in manure management practices at California dairies that will directly result in 

greenhouse gas emission reductions: and, facilitate improved understanding of the scientific and 

technical aspects of dairy digesters to provide information about their economic feasibility, 

widespread implementation and environmental benefits.  

In July 2015, CDFA announced that four new dairy digester projects would receive funding, in 

addition to one existing defunct digester that would receive funds to help re-start operation. CDFA 

expects the program to continue as a climate change adaption and mitigation measure.  

C. Implement Resilient Water Management  
CDFA continually engages with stakeholders and irrigation specialists regarding the best methods 

to promote water efficiency in agricultural systems. CDFA has a responsibility to promote 

sustainable agriculture in California and through conversations with irrigation experts, farmers and 

ranchers, and agency partners it has become clear that agricultural water use in California is 

complex and solutions must be regionally driven. Implementation of improved water management 
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must balance a variety factors such as groundwater recharge, surface water delivery and allocation 

systems, crop type and productivity and wildlife management.  

The SWEEP program, mentioned above, is one effort by CDFA to incentivize improved water 

management on farms. The Department of Water Resources is administering the Agricultural  

Water Use Efficiency  Program  (Ag WUE) which provides funding to agricultural water suppliers 

to make improvements to conveyance systems. This program delivers a critical piece of statewide 

agricultural water management and facilitates flexibility in agricultural water management to the 

benefit of all Californians. 

Historic legislation passed and signed by Governor Brown in 2014, the Sustainable Groundw ater 

Management Act , initiated an important process of strategic groundwater management in 

California. The ongoing drought has drawn attention to this critical need in California. The 

Department of Water Resources and the State Water Resource Control Board have been tasked with 

leading the effort which revolves around integrated regional water management.  

Moving forward, CDFA will continue to investigate innovative water management strategies that 

agricultural operators are utilizing throughout the state to deal with specific water quantity 

concerns and new technologies that can contribute solutions. #ÁÌÉÆÏÒÎÉÁȭÓ ÓÕÂÓÔÁÎÔÉÁÌ ÉÎÖÅÓÔÍÅÎÔÓ ÉÎ 

water management will certainly have broad benefits for the agriculture sector; for more 

information on this comprehensÉÖÅ ÅÆÆÏÒÔȟ ÓÅÅ ÔÈÅ ×ÁÔÅÒ ÓÅÃÔÏÒȭÓ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÐÌÁÎ ÆÏÒ 

Safeguarding California. 

D. Reduce Farmland Conversion 
According to Safeguarding California, reducing the rate of farmland conversion will buffer against 

climate risks by supporting smart growth, reducing unsustainable sprawl, and promoting sustainable 

food systems and ecosystems. Farmland conservation is a critical component of ensuring food security. 

{ƛƴŎŜ /ŀƭƛŦƻǊƴƛŀΩǎ ŦŀǊƳƭŀƴŘ ƛǎ ǎƻ ǳƴƛǉǳŜΣ ƛǘ ǿƛƭƭ ōŜ ƛƳǇŜǊŀǘƛǾŜ ŦƻǊ /ŀƭƛŦƻǊƴƛŀ ǘƻ ƘŀǾŜ ǎǳŦŦƛŎƛŜƴǘ ŦŀǊmland in 

the right locations to allow for food production and flexibility as impacts of climate change become 

more severe (CDFA, 2015).  Recent research showing that, acre-to-acre, urban areas emit seventy times 

more greenhouse gases than farmland in California emphasizes the important role that farmland 

conservation has to play in our climate change policy (Jackson et al, 2012). 

The California Land Conservation Act of 1965 (known as the Williamson Act) allows landowners to enter 

into restrictive land use contracts with local governments. These contracts limit the use of the land to 

agricultural production, compatible uses, or open space. In return, the landowner benefits by having the 

property taxed based upon the value of its agricultural production and not its potential market value, 

which always includes some speculative value. Participating landowners are protecting 16.3 million 

acres (California Department of Conservation, 2013). The California Farmland Conservancy Program, 

has also been a valuable tool in providing permanent protection of important farmland in the state, with 

over 70,000 acres currently under permanent agricultural conservation easements, as a result of state 

and partner investments. 
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The Department of Conservation has developed a new program, the High Speed Rail Agricultural Land 

Mitigation Program, which is ŘŜǎƛƎƴŜŘ ǘƻ ƳƛǘƛƎŀǘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ƭƻǎǎ ŘǳŜ ǘƻ /ŀƭƛŦƻǊƴƛŀΩǎ IƛƎƘ {ǇŜŜŘ 

Rail Project through the use of agricultural land easements on agricultural land of similar location, size 

ŀƴŘ ǉǳŀƭƛǘȅ ŀǎ ŦŀǊƳƭŀƴŘ ǘƘŀǘ ƛǎ ƭƻǎǘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ōǳƛƭŘƛƴƎ /ŀƭƛŦƻǊƴƛŀΩǎ ƘƛƎƘ ǎǇŜŜŘ Ǌŀƛƭ ǎȅǎǘŜƳΦ  

In 2014 the State took an additional step to promote farmland conservation. The Sustainable 

Agricultural Lands Conservation (SALC) program is administered by the Strategic Growth Council and 

the Department of Conservation. This program was developed with input from multiple state agencies, 

including CDFA. The Strategic Growth Council allocated $5 million in the 2014-2015 fiscal year from the 

Greenhouse Gas Reduction Fund for the program. During the 14-15 fiscal year, The SALC program 

included $1 million for cities and counties for farmland conservation planning. A second component of 

the program included $4 million for the purchase of agricultural conservation easements. In future 

years, this comprehensive program will also include a third component; payments to landowners for 

utilizing management practices that reduce GHG emissions. This program is not only designed to reduce 

GHG emissions, ōǳǘ ŀƭǎƻ ǎǘǊŜƴƎǘƘŜƴ ŀƎǊƛŎǳƭǘǳǊŜΩǎ ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅ ōȅ ǇǊƻǘŜŎǘƛƴƎ ǇǊƛƳŜ ŦŀǊƳƭŀƴŘ ŦǊƻƳ 

development. 

E. Develop New Technologies 
#$&! ÉÓ Á ËÅÙ ÐÁÒÔÎÅÒ ÉÎ ÃÒÅÁÔÉÎÇ ÎÅ× ÔÅÃÈÎÏÌÏÇÉÅÓ ÔÏ ÂÕÉÌÄ ÒÅÓÉÌÉÅÎÃÅ ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ ×ÏÒËÉÎÇ ÌÁÎÄÓȢ 

CDFA worked with USDA and Colorado State University to develop a new tool called COMET-

planner . This tool has been designed to enable farmers to assess the GHG emission reductions from 

implementing various land management practices. Some of the practices incorporated in COMET-

Planner include conservation tillage, strip tillage, cover cropping, windbreak establishment and 

habitat restoration, among others. The development of tools to help agriculture adapt to climate 

change is one of the recommendations referenced in the Climate Change Consortium final report 

(2013).  

Climate change is expected to lead to temporal and geographical shifts in not only food production 

but also impacts from pests and invasive species. One recommendation outlined in the Climate 

#ÈÁÎÇÅ #ÏÎÓÏÒÔÉÕÍ ÆÉÎÁÌ ÒÅÐÏÒÔ ÓÔÁÔÅÓ ÔÈÁÔ #$&! ÓÈÏÕÌÄ ȰÄÅÖÅÌÏÐ and adopt pest forecasting tools  

ÔÈÁÔ ÁÃÃÏÕÎÔ ÆÏÒ ÔÈÅ ÅÆÆÅÃÔÓ ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅȢȱ #$&! ÈÁÓ ÉÎÉÔÉÁÔÅÄ ÐÒÅÌÉÍÉÎÁÒÙ ÅÆÆÏÒÔÓ ÔÏ ÅÖÁÌÕÁÔÅ 

and understand pest and invasive species movement with climate change using internal pest 

detection databases.    

Next Steps 
Despite the broad range of efforts being undertaken by state government to reduce climate risk, 

adaptation to climate impacts is an ongoing process that will require substantial resources and 

ingenuity to continually advance. Safeguarding California makes clear that adaptation is an iterative 

process; it will require broadening and improving upon current efforts as climate impacts continue 

to grow more extreme and expose additional vulnerabilities. This section details the research 
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questions and additional actions that the State will undertake as it continues its mission to 

ÓÁÆÅÇÕÁÒÄ #ÁÌÉÆÏÒÎÉÁȭÓ ÐÅÏÐÌÅȟ ÅÎÖÉÒÏÎÍÅÎÔȟ ÁÎÄ ÅÃÏÎÏÍÙȢ 

Research Needs 
Demonstration Projects 
#$&!ȭÓ #ÌÉÍÁÔÅ #ÈÁÎÇÅ #ÏÎÓÏÒÔÉÕÍ ÐÒÏÖÉÄÅÄ Á ÓÕÉÔÅ ÏÆ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÒÅÇÁÒÄÉÎÇ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ 

adaptation. There are management practices in the scientific literature used in other regions of the 

world that may have applicability in California for climate change adaptation. Demonstration plots 

that can provide proof-of-practice are needed in California to test the adaptation strategies and 

economic benefits/limitations of these practices. Types of demonstrations include (CDFA, 2013): 

¶ Structural, mechanical, or biological methods to reduce crop heat stress;  

¶ Crop training systems for perennial crops to protect them from heat stress and sunburn;  

¶ Cover cropping and crop rotations that can efficiently utilize irrigation systems and prevent 
runoff;  

¶ Water conservation and/or efficiency outcomes of grower use of soil moisture monitoring, 
on-farm water storage, and improved irrigation uniformity;  

¶ Benefits of habitat restoration in large-scale agricultural systems.  

Co-composting of Dairy Manure and other Organic Wastes 
The California 4th Climate Change Assessment for Research scope of work includes a proposal 

submitted jointly by CDFA and CalRecycle regarding co-composting of dairy manure and food 

waste. This research relates to several statewide policies including the diversion of organic waste 

from landfills and the Healthy Soils Initiative. This proposal seeks to quantify the water retention 

benefits and GHG reductions of aerobically composted food waste and manure in comparison to 

non-composted manure and food waste. Increasing the moisture-holding capacity of soil is a 

drought adaptation strategy as it will promote water conservation and improved crop health.  

Economic and Environmental Costs, Benefits, and Risks of Climate Change 
Adaptation 
The California 4th Climate Change Assessment for Research scope of work includes research 

ÒÅÇÁÒÄÉÎÇ ÔÈÅ ÅÃÏÎÏÍÉÃ ÒÉÓËÓ ÐÏÓÅÄ ÂÙ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÔÏ #ÁÌÉÆÏÒÎÉÁȭÓ ÍÁÊÏÒ ÆÏÏÄ ÃÒÏÐÓ ÁÎÄ ÔÈÅ 

likely costs of adaptation strategies. The purpose of this proposal is to provide growers and the 

agricultural community information needed to inform the decision-making process regarding 

farming practices in relation to climate change impacts. The research proposal seeks to answer the 

following:  

¶ Identification of where specific major crops grown in the state are vulnerable to climate change 
impacts including potential economic loss;  

¶ Potential practical barriers and economic cost (including potential resources to cover the costs) 
for specific large acreage specialty crops to be relocated (including infrastructure 
considerations) to other regions of the state if climate change-related impacts (e.g., increased 
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temperature, flooding, reduced winter chill hours) render the current growing regions 
unsuitable in the future;  

¶ Evaluation of current California conditions and climate analogs (at 50 years and 100 years in the 
future) through modeling to determine if specific adaptation measures can be used and 
potential economic cost of those measures;  

¶ Model projections of where specialty crops will be best-suited under future climate conditions in 
consideration of agronomic variables and natural resources (e.g., soil type, topography, water 
availability);  

¶ Benefits of maintaining wild or restored habitat in agriculture areas to lessen climate change 
impacts to agriculture and help adapt to a changing climate (e.g., quantifying in dollar amount 
the benefits of establishing native pollinator or beneficial predator habitat);  

¶ Impact of climate change on rural and urban food security in disadvantaged communities 
throughout the state;  

¶ Identify regions of California with the greatest vulnerability to loss of agricultural employment 
opportunities;  

¶ Identification of potential partnerships and resources (e.g., conversion of food processing 
facilities to accommodate crop shifting) as adaptation measures to address climate change 
impacts to specialty crop agriculture in California.  

Additional Actions 
1. Identification of management practices for adaptation 

&ÁÒÍÅÒÓ ÃÏÍÍÏÎÌÙ ÐÁÒÔÉÃÉÐÁÔÅ ÉÎ ÃÏÍÍÕÎÉÔÙ ÌÅÁÒÎÉÎÇȟ ÌÅÁÒÎÉÎÇ ÆÒÏÍ ÏÔÈÅÒÓȭ ÅØÐÅÒÉÅÎÃÅÓȢ #$&! ×ÉÌÌ 

work with partner agencies such as the USDA Southwest Climate Hub to develop a management 

practice forum and online reference tools. Demonstration projects will be beneficial to prove the 

efficacy of potential adaptation practices in California. To complement demonstration projects, a 

forum for agriculturalists to share their on-farm experiences and experiments regarding water 

efficiency measures, crop heat stress strategies, alternative crops, among others, would be valuable 

and help with the implementation of management practices as potential adaptation strategies.  

CDFA will consult with agricultural operators and agronomists (potentially local and international) 

regarding management practices that have been demonstrated to provide adaptive capacity. CDFA 

will compile the known literature on the practices and post these in an interactive user-friendly tool 

for growers and ranchers. CDFA will then solicit critical feedback from California agriculturalists 

regarding the potential benefits of the practice. CDFA will develop outreach programs and materials 

to complete the development of such tools and services. 

2. Coordinate a Joint Water Management Incentive Program with the 
Department of Water Resources 

CDFA initiated discussions with the Department of Water Resources (DWR) to coordinate a joint 

grant program that would maximize the water savings benefits and funding available from both 

agencies. The joint project would direct funding to both a water supplier, such as an irrigation 

district to make improvements or modernizations to conveyance infrastructure, and to the 

agricultural operations along that conveyance system to make on-farm improvements to save water 
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and energy. Through this effort, CDFA and DWR hope to demonstrate the maximum benefits that 

can be achieved from irrigation modernization efforts. Discussions to date have focused on the 
feasibility and coordination of this effort. 

3. Utilize a sub-committee of the Environmental Farming Act Science 
Advisory Panel, including farmers and researchers, to develop draft 
compost use guidelines for California croplands 

At the July 17, 2015 meeting of the Environmental Farming Act Science Advisory Panel (SAP) CDFA 

was directed by the panel to form a sub-committee to development recommendations on 

composting guidelines. The value of compost as a soil amendment has been recognized qualitatively 

and to some extent quantitatively. In order to support the Healthy Soil Initiative, CDFA will convene 

a technical scientific sub-committee to make recommendations on application rates for compost to 

agricultural lands. The objective of this sub-committee is to create an interim USDA NRCS 

Conservation Practice Standard that could be incorporated into COMET-Farm (a complete 

greenhouse gas farm auditing tool) to help farmers assess the GHG sequestration benefits of 

compost application. There is also overlap with climate adaptation as compost has been recognized 

as an amendment that can improve soil structure, water-holding capacity and nutrient availability 

to crops. 

4. Pest and Invasive Species Monitoring and Forecasting 
According to the Climate Change Consortium final report, CDFA should develop and adopt pest 

forecasting tools that account for the effects of climate change. CDFA will provide resources into 

understanding any correlations that exist between internal databases and observed climate 

changes in California. The efforts will be ongoing with the intention of adopting predictive models 

ÔÈÁÔ ÁÓÓÉÓÔ ÔÈÅ ÄÅÐÁÒÔÍÅÎÔȭÓ ÐÅÓÔ ÁÎÄ ÉÎÖÁÓÉÖÅ ÓÐÅÃÉÅÓ ÐÒÏÇÒÁÍÓ ÔÏ ÅÆÆÅÃÔÉÖÅÌÙ ÃÏÎÔÒÏÌ ÐÅÓÔ ÁÎÄ 

invasive species populations and mitigate food crop loss. 

Timeline 
Appendix A is a timeline of activities related to the agricultural Safeguarding Implementation Plan 

Monitoring and Evaluation  
While Safeguarding California ÉÎÆÏÒÍÓ ÅÆÆÏÒÔÓ ÔÏ ÅØÐÁÎÄ ÔÈÅ ÓÔÁÔÅȭÓ ÃÁÐÁÃÉÔÙ ÔÏ ÁÄÁÐÔ ÔÏ ÃÌÉÍÁÔÅ 
change impacts, there are many challenges in monitoring and evaluating that capacity.  Both climate 
change impacts and the initiatives undertaken by state government are continually changing.  
Models like Cal-Adapt.org show that climate change will lead to worsening impacts at least until the 
end of the century and almost certainly much longer. At the same time, human behavior and 
government responses will also necessarily evolve as a new climate emerges and the depth of 
understanding grows.  To track how effectively social systems deal with both ongoing trends and 
the intensifying events like storms and drought that characterize many climate impacts, a broad set 
of metrics will need to be developed.  This section will begin to explore the relevant monitoring and 
evaluation already done, the impacts and considerations that must be taken into account to 
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adequately assess resilience, and a few metrics that would inform assessments of adaptation 
initiatives so far. 

Ongoing monitoring efforts already help evaluate what climate adaptation actions need to be taken.  

The OEHHA Indicators report shows trends in climate impacts, including winter chill, freezing level 

elevation, extreme heat events, annual air temperature, and annual precipitation.  These indicators 

can be compared to other monitoring efforts underway in state government.  CDFA tracks related 

factors through the California Agricultural Statistics Report, the Pest Prevention Environmental 

Impact Report and crop and livestock pest and disease occurrences, the Department of 

Conservation maps farmland quality and protection status throughout out the state. Studying the 

relationships between various indicators can illuminate the vulnerabilities that state government 

can help address. 

The following specific metrics are examples of the types of data that state government can use to 

assess the efficacy of its adaptation efforts for the agricultural sector: 

¶ Crop yields, trends and revenues 

¶ Volume of water conserved through the State Water Efficiency and Enhancement Program 

¶ Energy generation from the methane produced by dairy digesters funded through the Dairy 
Digester Research and Development Program. 

¶ Increases in soil organic matter accomplished through the Healthy Soils Initiative  

¶ Viability of farmland in emerging climate regimes (financial and biological sustainability) 

¶ Farmer engagement and participation in management of resources and in adaptation efforts 

¶ Interaction with online climate tools such as COMET-planner and forums 

¶ Track health impacts from extreme heat to agricultural workers 

¶ Track incidence of plant and animal pests and diseases including changes in distribution,  
new introductions and establishments in consideration of climatic changes 

¶ Farmland conversion rates near city centers 

#ÌÉÍÁÔÅ ÃÈÁÎÇÅ ÉÓ ÉÎÅÖÉÔÁÂÌÙ ÇÏÉÎÇ ÔÏ ÔÒÁÎÓÆÏÒÍ #ÁÌÉÆÏÒÎÉÁȭÓ ÁÇÒÉÃÕÌÔÕÒÁÌ ÓÅÃÔÏÒȢ 4ÈÅ ÇÏÁÌ ÏÆ 

agricultural adaptation efforts should be sustainability and continued vibrancy in the agricultural 

community at all farm sizes. Engagement with stakeholders must be an underlying theme 

throughout all state activities in order achieve successful proliferation of information and elicit 

collaborative efforts. CDFA will continue to engage with partners and stakeholders to find new 

ways to build resilience in the sector. 
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.ƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ Iŀōƛǘŀǘ {ŜŎǘƻǊ tƭŀƴ 

Introduction 
In 2014, Safeguarding California: Reducing Climate Risk outlined the major risks climate poses to 
biodiversity in the state, and identified opportunities to address these risks through natural 
resource management.  
  
Some of the major challenges facing the biodiversity sector include the accelerated spread of 
invasive species, 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. Since the release of the first state adaptation 
plan in 2009, California state agencies and partners have made important progress with respect to 
preparing for risks to biodiversity, including many groundbreaking collaborative efforts, as 
outlined in Safeguarding California.  Since 2014, climate change has continued to make its way into 
natural resource management efforts and become an integral part of on-the-ground restoration and 
conservation activities. Also since 2014, even more research has been carried out to increase our 
understanding of climate impacts and the vulnerabilities of fish, wildlife, and habitats, and to ensure 
that our on-the ground actions are based on best available science.  
 
Still, more work is needed. Additional tools and resources targeted towards state agency staff are 
needed to help natural resource managers respond to the challenge of climate change in a 
meaningful way, and ensure that management and planning efforts are leading to on-the-ground 
adaptation actions. Continuing education and outreach efforts within, between, and outside of state 
agencies will be an important part of this effort. Additionally, there are a few key research gaps 
related to species vulnerability that need immediate attention.   
 
In this Implementation Plan we provide a quick review of major vulnerabilities in the biodiversity 
sector, and highlight actions taken by state agencies since the release of Safeguarding California to 
address these vulnerabilities. We also identify critical information gaps and next steps towards 
meeting the overarching goals outlined in Safeguarding California to protect fish, wildlife, and 
habitats in California for generations to come. 

Vulnerability Assessment 
This section includes a brief overview of climatic changes projected for California and the broad 
implications for biodiversity and habitat. 
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Increased  Temperatures  
Increases in seasonal and annual average temperature in California will likely lead to changes in 
natural community composition and species interactions. Biological impacts such as changes in the 
timing of seasonal life-cycle events, food web disruptions, species migration, range shifts, and 
extinction risk are also expected to result. Many of these impacts have already been observed in the 
state. For example, as reported in the 2013 Indicators of Climate Change in California report1, 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. Additionally, butterflies in the Central Valley have been appearing earlier than usual 
compared to the past four decades. In the marine region, warming temperatures and reduced 
upwelling in the oceans has affected the marine food web with negative impacts to auklet breeding 
and sea lion pup mortality. 
 
Increased temperatures have also led to declines in snowpack and changes in timing and amount of 
streamflow. Changing hydrologic regimes and increases in stream temperature may degrade 
aquatic and riparian habitat for many species. The coupled changes in temperature and 
precipitation will also result in conditions that are conducive to the spread of pathogens, parasites, 
diseases and invasive species, which will impact both aquatic and terrestrial ecosystems.   
 
Sea-Level Rise  
Accelerated sea-level rise may result in the loss of substantial areas of critical habitat for a variety 
of coastal species. Sea-level rise will also result in salt water intrusion into fresh water resources 
near the coast and reduce the amount of fresh water available for plants, wildlife, and competing 
agricultural and metropolitan uses. 
 
Precipitation Changes and Extreme Events  
Wildfire, flood, and drought are all projected to increase in frequency and severity due to climate 
change. The prolonged drought in California is already impacting many species; high temperatures 
and record low-flows have led to eighteen native fish species becoming at high risk of extinction, 
including delta smelt, most salmon runs, and several trout species (PPIC 20152). These conditions 
are consistent with what is expected from long-term climate change.  
 
Vulnerability Assessments for Fish, Wildlife, and Plants  
Several vulnerability assessments carried out in recent years have illuminated which species and 
habitats in California may be most vulnerable to the climate risks outlined above.  Freshwater fish 
in California3, bird species of special concern4, rare plants5, and California amphibians and reptiles6 
have all been the subject of climate vulnerability assessments.   

 

                                                             
1 http://oehha.ca.gov/multimedia/epic/pdf/ClimateChangeIndicatorsReport2013.pdf   
2 ttp://www.ppic.org/main/publication_quick.asp?i=1160  
3 http://www.energy.ca.gov/2012publications/CEC -500-2012-028/CEC-500-2012-028.pdf 
4 Gardali T, Seavy NE, DiGaudio RT, Comrack LA (2012) A Climate Change Vulnerability Assessment of California's 
At-Risk Birds. PLoS ONE 7(3): e29507. doi:10.1371/journal.pone.0029507 2012. 
5 http://climate.calcommons.org/article/featured-project-vulnerability-assessment-rare-plants 
6 http://www.dfg.ca.gov/wildlife/nongame/  

http://oehha.ca.gov/multimedia/epic/pdf/ClimateChangeIndicatorsReport2013.pdf
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Since the release of Safeguarding California, vegetative communities in California have also been 
assessed for their vulnerability to climate change. Vegetation was assessed at the macrogroup level, 
consistent with the conservation targets presented in the 2015 State Wildlife Action Plan, and 
ÓÕÐÐÏÒÔÉÖÅ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÅÆÆÏÒÔÓ ÔÏ ÅÍÐÌÏÙ ÁÎ ÅÃÏÓÙÓÔÅÍ-based approach to conservation. Results of 
the study will help identify climate refugia and highly vulnerable areas in the state. The report is 
currently being finalized by UC Davis researchers and will be available in fall 2015. 

Current Actions 
Numerous organizations and agencies are taking action to prepare for climate impacts in the 
biodiversity and habitat sector; progress in the field of climate adaptation and mitigation would not 
be possible without this multitude of organizations and people at work, and the many partnerships 
and resource leveraging that occurs between them.  The content below highlights a subset of this 
climate adaptation work that has taken place since the release of Safeguarding California. This list is 
meant to serve as a report on the progress of select state agencies with responsibilities related to 
natural resource management (e.g. the California Department of Fish and Wildlife [CDFW] and the 
Department of Parks and Recreation [DPR]), and should not be viewed as an exhaustive list of 
actions taking place in California to prepare for climate impacts.  
 
!ÃÔÉÖÉÔÉÅÓ ÂÅÌÏ× ÁÒÅ ÇÒÏÕÐÅÄ ÉÎÔÏ ÆÉÖÅ ÍÁÊÏÒ ÃÁÔÅÇÏÒÉÅÓ ÔÈÁÔ ÃÏÒÒÅÓÐÏÎÄ ÔÏ ÔÈÅ Ȱ!ÃÔÉÏÎÓ .ÅÅÄÅÄ ÔÏ 
3ÁÆÅÇÕÁÒÄ "ÉÏÄÉÖÅÒÓÉÔÙ ÁÎÄ (ÁÂÉÔÁÔÓȱ ÐÒÅÓÅÎÔÅÄ ÉÎ Safeguarding California. 

 
Develop Management Practices to Help Safeguard Species and Ecosystems from Climate Risk 
#ÁÌÉÆÏÒÎÉÁȭÓ ÎÁÔÕÒÁÌ ÒÅÓÏÕÒÃÅ ÍÁÎÁÇÅÍÅÎÔ ÅÆÆÏÒÔÓ ÁÒÅ ÌÁÒÇÅÌÙ ÆÏÃÕÓÅÄ ÏÎ ÍÁÉÎÔÁÉÎÉÎÇ ÒÏÂÕÓÔ ÓÐÅÃÉÅÓ 
populations and healthy ecosystems.  Safeguarding California identifi ed two types of actions needed 
to successfully manage natural resources in the face of climate change: 1) Improve habitat 
connectivity and protect climate refugia, and 2) Implement adaptive management studies. The 
following paragraphs describe actions takeÎ ÔÏ ÉÎÃÏÒÐÏÒÁÔÅ ÃÌÉÍÁÔÅ ÃÏÎÓÉÄÅÒÁÔÉÏÎÓ ÉÎÔÏ ÔÈÅ ÓÔÁÔÅȭÓ 
biodiversity and habitat-related management practices.  
 
State Wildlife Action Plan 2015 Update: After a multi-year development period, a draft of the 2015 
State Wildlife Action Plan7 was released in May for public review and comment. Climate change 
adaptation was considered during the development of SWAP 2015 by analyzing the impacts of 
climate change on ecosystems, using climate change vulnerability as a criterion for Species of 
Greatest Conservation Need, and developing conservation strategies that address impacts of 
climate change. The draft SWAP 2015 update identifies how the SWAP conservation strategies align 
with Safeguarding California and the National Fish, Wildlife, and Plants Climate Adaptation Strategy, 
thus achieving and being accountable for important climate adaptation co-ÂÅÎÅÆÉÔÓ ÔÈÒÏÕÇÈ 37!0ȭÓ 
planned implementation. The SWAP document is set to be finalized in October 2015. 

California Endangered Species Act (CESA) Listed Species Planning: CDFW is currently finalizing a 
conservation strategy for Mohave ground squirrel that incorporates climate modeling and 
vulnerability analysis for climate change adaptation. The conservation strategy addresses climate 
change adaptation through two main objectives: 1) establish multiple scenario projections through 

                                                             
7 https://www.wildlife.ca.gov/SWAP  
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modeling the potential effects of climate change on the species, and develop management strategies 
to address the impacts; and 2) establish conservation targets based on modeled refugia. Habitat 
that may become suitable to the species is clearly identified as a conservation priority.   

More broadly, CDFW is also beginning to address climate adaptation through permit conditions as 
part of its CESA regulatory program.  

Safeguarding Species and Ecosystems in the Delta by Prioritizing At-Risk Areas:  CDFW has recently 
accelerated its efforts to include climate change considerations in prioritization exercises for 
restoration opportunities in the state. For example, sea level rise, changing hydrologic regimes, and 
ÏÔÈÅÒ ÃÌÉÍÁÔÅ ÒÉÓËÓ ÈÁÖÅ ÂÅÅÎ ÉÎÔÅÇÒÁÔÅÄ ÉÎÔÏ ÔÈÅ $ÅÐÁÒÔÍÅÎÔȭÓ %ÃÏÓÙÓÔÅÍ 2ÅÓÔÏÒÁÔÉÏÎ 0ÒÏÇÒÁÍ 
Conservation Strategy; this conservation strategy is incorporated into the Delta Stewardship 
#ÏÕÎÃÉÌȭÓ $ÅÌÔÁ 0ÌÁÎȟ ×ÈÉÃÈ ÓÅÒÖÅÓ ÁÓ Á ÂÌÕÅÐÒÉÎÔ ÆÏÒ ÒÅÓtoration of the Delta and Suisun Marsh.  
Through consideration of these climate risks, the Department has prioritized restoration projects in 
geographic areas in the Delta and Suisun Marsh that can accommodate the movement of habitats 
and species to higher elevation in response to sea level rise. Projects that can accommodate 
additional flood flows (e.g. Yolo Bypass) and achieve co-benefits of additional floodplain habitat to 
fish and wildlife species have also been prioritized.   

Adapting Fish Production and Hatchery Operations for Climate Change: Integrating the best available 
science and associated predictive models, CDFW managers are initiating programmatic shifts in 
hatchery operations to directly account for climate change adaptation. Actions include, but are not 
limited to: retrofitting hatchery infrastructure statewide to accommodate increases in water 
temperature, degraded water quality, and variable water supply due to altered hydrology resulting 
from climate change; actively participating in two piÌÏÔ ÐÒÏÇÒÁÍÓ ÔÏ ÅÖÁÌÕÁÔÅ ÔÈÅ 3ÔÁÔÅȭÓ ÁÂÉÌÉÔÙ ÔÏ 
re-introduce at-risk salmon runs above rim dams and back into historic habitat with colder water 
than lower elevations that can serve as climate refugia; and making capital improvements within 
ÔÈÅ $ÅÐÁÒÔÍÅÎÔȭs hatchery programs to be prepared for future needs for transferring or trucking 
trout and salmon during extreme environmental conditions brought on or exacerbated by climate 
change.  

 
Incorporating Climate Change into Land Acquisition Practices: The Department of Parks and 
Recreation includes climate adaptation and connectivity as official criteria for the acquisition of 
park property. This enhances the ability of DPR to contribute to landscape-scale and regional 
efforts to protect habitat, biodiversity, and open space. CDFW has incorporated climate 
considerations into Land Acquisition Evaluations (LAEs) and Conceptual Area Protection Plans 
(CAPPs) to determine how a proposed acquisition might facilitate adaptation of species and 
vegetation communities to climate change, and the potential for climate change to diminish key 
wildlife and habitat values on those lands. 
 
Habitat Restoration in State Parksȡ "ÅÃÁÕÓÅ $02ȭÓ ÈÁÂÉÔÁÔ ÒÅÓÔÏÒÁÔÉÏÎ ÁÃÔÉÖÉÔÉÅÓ ÁÒÅ ÆÏÃÕÓÅÄ ÏÎ 
restoring natural ecosystem resilience, a large proportion of these efforts result in improved 
connectivity for species and ecosystems. Common projects include the restoration of fish passage 
through the removal of dams and other barriers, the restoration of degraded dune systems to allow 
for protection of coastal habitats and wetlands, the restoration of degraded forest habitats and 
potential for natural fire regimes, the restoration of natural floodplain actions, etc.  
 



 

 

 

28 
 
 

 

Additional Actions to Support Species Persistence: CDFW has taken several steps to support robust 
species populations in the face of climatic change. Efforts to promote resilience of wildlife 
populations include maximizing water availability, removing non-native competitors, enhancing 
quantity and quality of habitat, and enhancing population numbers and distribution for species 
threatened with extinction. Actions already underway include captive breeding of Amargosa voles 
for release into restored habitat, removal of exotic aquatic species in remaining habitat areas of 
threatened frogs, and repair of water pumps and retention/conveyance systems for maintaining 
flooded marsh for tricolored blackbirds, giant garter snake, Amargosa voles and other sensitive 
species.    
 
Enhance Biodiversity Monitoring to Detect Climate Impacts 
The activities described below are examples of how the state is working to detect climate-related 
impacts to biodiversity and habitat across the landscape and gain insight into how natural systems 
are responding.  
 
Instream Flow Studies:  The California Department of Fish and Wildlife conducts stream flow studies 
in priority watersheds and recommends instream flow regimes to the State Water Board to help 
assure that water flows within streams are maintained at levels that are adequate for long-term 
protection, maintenance and proper stewardship of fish and wildlife resources. The instream flow 
program is currently collecting stream flow and fish data in response to the persisting drought; 
these drought year data will be useful for gaining a more complete understanding of hydrologic 
variability in watersheds and potential changes in fish distribution as the climate changes.   

Wildlife Health Monitoring and Response:  CDFW monitors, assesses and provides response support 
for wildlife mortalit y events as they may be linked to water availability and stagnation both 
seasonally and through long-term climate change.   Continuing these activities creates an 
opportunity to use this information to determine if such events are tied directly to climate change.  
As a result of climate change, it is expected that wildlife species health and condition will decrease 
as forage and prey species are influenced by persistent drought conditions (i.e., raptors, deer). 
Avian disease events may occur in greater frequency and over an extended seasonal period (i.e., 
Avian Cholera), and botulism poisoning events are expected to increase as anaerobic conditions and 
temperatures increase.  Cyanobacteria (or blue-green algae) events have already increased in 
recent years in both marine and lake ecosystems. These are the types of information that are 
currently monitored, and that will be essential to detecting trends on the landscape associated with 
climate change.    
 
Support Environmental Stewardship Across Sectors 
Safeguarding California identifies two key strategies to support environmental stewardship across 
sectors: 1) Promote nature-based solutions for adapting to climate risks, and 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. These two concepts align with 
'ÏÖÅÒÎÏÒ "ÒÏ×ÎȭÓ ÄÉÒÅÃÔÉÖÅ ÔÏ ÐÒÉÏÒÉÔÉÚÅ ÎÁÔÕÒÁÌ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÓÏÌÕÔÉÏÎÓ ÉÎ ÁÌÌ ÓÔÁÔÅ ÐÌÁÎÎÉÎÇ ÁÎÄ 
investment, and their ÁÐÐÌÉÃÁÔÉÏÎ ÔÏ #ÁÌÉÆÏÒÎÉÁȭÓ ÁÄÁÐÔÁÔÉÏÎ ÅÆÆÏÒÔÓ ÉÓ ÄÅÍÏÎÓÔÒÁÔÅÄ ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ 
implementation plans for each sector in Safeguarding California. The actions below illustrate 
relevant efforts undertaken in the biodiversity and habitat sector. 
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Sustainable Groundwater Management: CDFW, the Department of Water Resources, State Water 
Board, and other agencies, universities, and NGOs, are working together to implement the 
Sustainable Groundwater Management Act (2014).  CDFW is providing input into the development 
of metrics and measurable objectives to protect habitat, streamflows and groundwater dependent 
ecosystems. Sustainable management of groundwater basins and implementation of these 
sustainability objectives will provide greater protection and resilience of species and habitats that 
may be impacted by climate change and altered hydrology.  Initial emphasis is on high and medium 
priority basins that have interconnected surface and groundwater systems, groundwater 
dependent ecosystems and at-risk native species.      

Using Natural Solutions to Protect from Extreme Events: -ÁÎÙ ÏÆ $02ȭÓ ÈÁÂÉÔÁÔ ÒÅÓÔÏÒÁÔÉÏÎ ÐÒÏÊÅÃÔÓ 
also provide benefits in terms of reducing climate risks. For example, efforts to control invasive 
understory species in forest and woodland understories also reduce the availability of flammable, 
ÕÎÎÁÔÕÒÁÌ ×ÉÌÄÆÉÒÅ ȰÆÕÅÌÓȱȢ 3ÉÍÉÌÁÒÌÙȟ ÄÕÎÅ ÒÅÓÔÏÒÁÔÉÏÎ ÁÎÄ ÃÏÁÓÔÁÌ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÓÅÔÂÁÃËÓ ÈÁÖÅ 
ensured that coastal habitat continues to be available and other resources remain relatively 
protected from storm surges and extreme events.  

Creating and Maintaining Tools for Natural Resource Managers: In addition to a guidance document 
to address Sea Level Rise in project planning, DPR has developed and published an internal website 
with climate change resources for natural resource managers. The website provides staff with 
information that is up-to-date, concise, and relevant for land managers at the state park scale. DPR 
has also increased internal capacity for providing support to field staff on topics related to climate 
change.  
 
Improve Understanding of Climate Risks to Biodiversity and Habitats 
Safeguarding California identified the following actions needed to improve our understanding of 
climate risks to biodiversity and habitat: 1) Complete habitat and vegetation mapping, 2) Refine 
regional connectivity analyses, 3) Perform additional climate vulnerability analyses, 4) Understand 
extreme events and disturbance regimes, and 5) Identify opportunities to address the emissions 
that contribute to climate change. The efforts described below are examples of activities that will 
help fill these important climate-related information gaps in the biodiversity and habitat sector. 
 
Climate Vulnerability Assessment of Vegetative Communities in California: In 2014 CDFW funded a 
comprehensive, statewide climate change vulnerability analysis of vegetative communities to better 
ÕÎÄÅÒÓÔÁÎÄ ÃÌÉÍÁÔÅ ÒÉÓËÓ ÔÏ #ÁÌÉÆÏÒÎÉÁȭÓ ÂÉÏÄÉÖÅÒÓÉÔÙȢ  Vulnerability information at this scale will 
support ecosystem-based conservation and planning and management efforts, and can also be used 
to increase our broader, ecoregional understanding of the vulnerabilities of biodiversity to climate 
change. This research, carried out by UC Davis, was completed in June 2015. A final report will be 
completed in fall 2015.  
 
Prioritization of Nongame Terrestrial Species through Risk Assessment:  In 2014 CDFW conducted a 
rapid assessment of 358 sensitive species of amphibians, reptiles, birds and mammals to determine 
which species were most vulnerable to current drought conditions based on life history 
characteristics, population size and distribution, and importance of water to their life stages. This 
followed vulnerability assessments for At-risk Birds at a statewide level, rare plants, and at a 
smaller scale, San Francisco Bay tidal marsh birds and Sierra Nevada birds.  The 2014 assessment 
resulted in a list of 48 Priority I and 65 Priority II species that merit highest consideration for 
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resource assessment in the field.   Since more frequent drought-like conditions are projected to 
occur in the future, we expect that these species are also highly vulnerable to climate change.  These 
assessments, which include on-going data collection, additional focused surveys, and establishing 
monitorin g programs at larger scales will develop a more comprehensive understanding of wildlife 
response to climate change going forward. 
 
Greenhouse Gas Emissions Reduction through Wetland Restoration: In 2014, CDFW received auction 
ÐÒÏÃÅÅÄÓ ÆÒÏÍ ÔÈÅ ÓÔÁÔÅȭÓ #ÁÐ and Trade Program via the Greenhouse Gas Reduction Fund. In 
ÒÅÓÐÏÎÓÅȟ #$&7 ÃÒÅÁÔÅÄ Á ÎÅ× Ȭ7ÅÔÌÁÎÄ 2ÅÓÔÏÒÁÔÉÏÎ ÆÏÒ 'ÒÅÅÎÈÏÕÓÅ 'ÁÓ 2ÅÄÕÃÔÉÏÎ 'ÒÁÎÔ 
Program8ȭ ÔÏ ÆÕÎÄ ÏÎ-the-ground restoration projects that directly result in greenhouse gas 
emissions reductions. The program is focused on coastal wetlands state-wide, Sacramento-San 
Joaquin Delta wetlands, and mountain meadows. To date, the program has funded 12 projects 
totaling $21 million, which will result in approximately 2,500 acres of restored or enhanced habitat. 
Each project will monitor, measure, and report GHG reductions pre- and post- project 
implementation. Funding awards were announced in April 2015, and projects officially began in 
June 2015. 
 
Share Information and Educate the Public 
Exchanging information on climate risks to biodiversity and the appropriate adaptation 
strategies/actions is necessary to illustrate the importance of climate adaptation and ensure that a 
cohesive and collective approach to adaptation is taken. The following actions are identified in 
Safeguarding California to promote information sharing between agencies and the public: 1) Create 
and maintain partnerships that support biodiversity conservation in a changing climate, and 2) 
Promote public education and outreach on climate change impacts to biodiversity. The paragraphs 
below describe recent education and outreach efforts to support climate education in the 
biodiversity and habitat sector. 
 
CDFW Climate College9: The CDFW Climate College is intended to provide foundational knowledge 
for all staff and partners on climate change science and its impacts to fish, wildlife, and habitats, 
×ÉÔÈ ÔÈÅ ÕÌÔÉÍÁÔÅ ÇÏÁÌ ÏÆ ÅÆÆÅÃÔÉÖÅÌÙ ÉÎÃÏÒÐÏÒÁÔÉÎÇ ÐÒÏÊÅÃÔÅÄ ÃÌÉÍÁÔÅ ÉÍÐÁÃÔÓ ÉÎÔÏ ÔÈÅ ÓÔÁÔÅȭÓ 
resource planning, management, and project activities. In spring 2014 CDFW held the second 
ÉÔÅÒÁÔÉÏÎ ÏÆ ÉÔÓ #ÌÉÍÁÔÅ #ÏÌÌÅÇÅȟ ÆÏÃÕÓÉÎÇ ÏÎ ÔÈÅ ÓÔÁÔÅȭÓ ÍÁÒÉÎÅ ÒÅÓÏÕÒÃÅÓȢ 4ÈÅ ÃÏÕÒÓÅ ÄÅÓÃÒÉÂÅÄ 
#ÁÌÉÆÏÒÎÉÁȭÓ ÕÎÉÑÕÅ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÏÐÐÏÒÔÕÎÉÔÉÅÓ ÉÎ ÍÁÎÁÇÉÎÇ ÉÔÓ ρȟρππ ÍÉÌÅÓ ÏÆ ÃÏÁÓÔÌÉÎÅȟ 
bays/estuaries, and marine protected areas under climate impacts. The course also featured case 
studies to show examples of responses to climate impacts. Lecture topics covered atmospheric 
changes, physical oceanic changes, sea level rise, ecosystem responses, and conservation planning. 
 
Climate Science Alliance ɀ South Coast: The Climate Science Alliance ɀ South Coast is a new 
partnership that was formed in 2015 to create and support a network of leaders, scientists, and 
natural resource managers in the south coast region focused on sharing ecosystem-based resiliency 
approaches to safeguard our communities and natural resources from climate change risks. 
Development of the Alliance is supported by a partnership between the California Department of 

                                                             
8 https://www.wildlife.ca.gov/Conservation/Wetlands -Restoration  
9 http://www.dfg.ca.gov/Climate_and_Energy/Climate_Change/Climate_College/  

https://www.wildlife.ca.gov/Conservation/Wetlands-Restoration
http://www.dfg.ca.gov/Climate_and_Energy/Climate_Change/Climate_College/
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Fish & Wildlife, the California Landscape Conservation Cooperative, the San Diego Regional Climate 
Collaborative, the California Wildlife Foundation, and the Robert and Patricia Switzer Foundation. 

Next Steps 
While climate adaptation and mitigation efforts have accelerated in the biodiversity and habitat 
sector, there is more work to be done. When reviewing the major adaptation categories presented 
in the Safeguarding California and listed above, several areas emerge as being substantial gaps in 
our adaptation efforts while simultaneously providing the biggest opportunities moving forward. 
For example, creating and sharing tools and climate change resources that lead to direct 
management activities, vegetation mapping and biodiversity monitoring, and a few remaining gaps 
in climate vulnerability assessment, are all areas where steps can be taken in the next couple of 
years to move our collective adaptation efforts forward.  
 
The content below further describes existing gaps in our climate adaptation efforts and how these 
informational and management-type gaps could be filled. The actions are divided into two general 
categories ɀ 1) those that will be a continuation of an existing effort, and 2) those that represent 
new initiatives or projects. In addition to identifying actions that address shortcomings in our 
adaptation efforts, we also identify actions that will continue to push us forward in areas where 
substantial progress has already been made; it is equally important to continue making strides in 
these areas of relative progress to avoid complacency.  
 
Expanding Existing Programs or Projects to Fulfill Safeguarding Recommendations 
 
Expanding Biodiversity Monitoring in California Wetlands:  CDFW has an opportunity through its 
ÎÅ× Ȭ7ÅÔÌÁÎÄ 2ÅÓÔÏÒÁÔÉÏÎ ÆÏÒ '(' 2ÅÄÕÃÔÉÏÎ 'ÒÁÎÔ 0ÒÏÇÒÁÍȭ ÔÏ ÁÄÖÁÎÃÅ ÂÉÏÄÉÖÅÒÓÉÔÙ ÍÏÎÉÔÏÒÉÎÇ ÉÎ 
California wetlands. This can be achieved by first bolstering language in future project solicitations 
wit h respect to monitoring of co-benefits to fish and wildlife resulting from project implementation. 
CDFW will subsequently be able to refine monitoring and reporting requirements for co-benefits in 
accompanying grant agreements for projects funded through this program. This task will be 
completed for the FY2015-2016 grant solicitation. 
 
Climate Change & CEQA Planning:  Climate change adaptation considerations are already being 
incorporated into the CEQA review process at CDFW; however, there is a need to develop an 
approach to incorporating climate change impacts and risks to biodiversity in a way that leads to 
adaptation actions for fish and wildlife. Developing a uniform approach is especially important 
given the complex nature of review and the widespread coordination of staff and partner 
organizations that is required across CDFW Regions and at headquarters in Sacramento. Over the 
next year, CDFW will revamp its efforts to develop a systematic approach to addressing climate 
change adaptation in the CEQA review process. Climate Science Program Staff will work with the 
CEQA Program and Regional Offices to develop generate guidance on CEQA and climate change 
adaptation for internal use. This task will be completed in 2016. 
 
State-wide Vegetation Mapping: California needs a comprehensive, high-resolution, state-wide 
digital vegetation map, created in compliance with the Survey of California Vegetation (SCV) 
standards. Conservation, infrastructure, and land use planners identify such a map as one of the top 
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data requirements for the state, and change detection for fish and wildlife habitat is predicated on 
having accurate, high resolution data. To date, approximately 42 percent of the state has been 
mapped to SCV standards. CDFW has already prioritized areas for vegetation classification and 
mapping in the state based on environmental stressors and conservation planning needs. CDFW is 
looking to expand its current efforts to complete this work, and will seek funding opportunities and 
support to continue these efforts in the coming years.  

Updating State Agency Website Materials on Climate Change & Biodiversity: #$&7ȭÓ #ÌÉÍÁÔÅ 3ÃÉÅÎÃÅ 
Program website10 is one of the channels through which climate risks to biodiversity are 
communicated to the public. Over the next several months, CDFW staff are committed to 
overhauling the website by replacing outdated information with recent research and publications 
on risks to biodiversity and habitat. The website will also include newly developed information on 
how CDFW is working to minimize risks to climate change and enhance resilience of California 
ecosystems, with links to other state agency climate change efforts. Initial material will be based on 
the actions identified in Section 3 of this document. The website update will be completed by 
December 2015. 

Expanding Funding for Ecosystem Restoration: The Department of Parks and Recreation will 
continue pursuing funds for restoring native ecosystems through available resources, including 
funds in a range of Proposition 1 programs. In addition, State Parks Transformation Action Plan has 
a strategic goal of protecting natural and cultural resources and will identify best practices, 
projects, and other efforts to address climate change adaptation as part of this goal moving forward. 
 
Expansion of Existing Tools and Guidelines for Natural Resource Managers: DPR will continue to 
update available resources and develop additional guidance for natural resource managers to 
increase the consideration of climate change to resource management. Through the Transformation 
Team effort, mentioned above, it is anticipated that increased opportunities for monitoring and 
research, and information sharing will be created to ensure that all managers are aware of best 
practices for ensuring resilient natural landscapes. 

Incorporating Climate Change into Invasive Species Management: Preventing the introduction and 
spread of invasive species is the most effective means of minimizing their negative impacts and 
reducing this non-climate stressor. Moving forward, the Invasive Species Program at CDFW plans to 
incorporate climate change adaptation into the next California Aquatic Invasive Species 
Management Plan revision by: identifying new pathways for the movement of invasive species; 
evaluating how potential conservation efforts, such as wildlife corridors, relocations, and habitat 
restoration efforts, may facilitate the spread of invasive species; and prioritizing control and 
eradication that would yield the highest benefit to larger climate change adaptation efforts. These 
planning efforts will be designed to remain flexible and relevant as environmental conditions 
change. The revision of the California Aquatic Invasive Species Management Plan is slated for 
completion in July 2016.  

New Initiatives to Fill Implementation Gaps 
 
Creating New Tools and Materials for State Agency Staff: Many excellent tools and resources for 
decision-makers have been developed in the biodiversity and habitat sector. There is often a need 

                                                             
10 http://www.dfg.ca.gov/Climate_and_Energy/Climate_Change/  

http://www.dfg.ca.gov/Climate_and_Energy/Climate_Change/
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to condense the information pool and tailor these resources to a specific end-user to maximize 
utility. To that end, CDFW will develop support materials that are specifically relevant to its work 
ÁÎÄ ÒÅÓÐÏÎÓÉÂÉÌÉÔÉÅÓ ÁÓ Á ÓÔÅ×ÁÒÄ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÎÁÔÕÒÁÌ ÒÅÓÏÕÒÃÅÓȢ ! ÎÅ× ÐÒÏÊÅÃÔ ÉÓ ÃÕÒÒÅÎÔÌÙ ÕÎÄÅÒ 
development to generate reference materials and guidance for CDFW staff on how to incorporate 
climate change into their daily work as appropriate. This effort will potentially include compiling 
existing resources, performing new analyses (e.g. a GIS analysis of which Department Lands are 
expected to experience the greatest impacts from climate change), generating report materials, and 
advertising results. This project is currently in a planning phase; project activities and deliverables 
will be solidified by mid-2016.   

Enhancing Organizational Capacity to Better Address Climate Change: $02ȭÓ 4ÒÁÎÓÆÏÒÍÁÔÉÏÎ !ÃÔÉÏÎ 
Plan (for reshaping key areas of the Department over 2 years) will provide opportunities for 
enhancing existing efforts and developing new program areas to address climate change adaptation 
as part of its strategic goal of protecting and enhancing the natural and cultural resources of the 
system.  

Utilization of the State-wide Vulnerability Assessment for Vegetative Communities: The vulnerability 
assessment for vegetative communities in California was recently completed by UC Davis through 
State Wildlife Grant funding from CDFW. To ensure that the results and information gleaned from 
this research are utilized, a couple of key actions will be taken. First, CDFW will hold a public 
meeting in fall of 2015 to present the results of the study and increase awareness of this new source 
of information. Second, CDFW will generate a brief guidance document to include recommendations 
on how these research results could be used in existing programs and projects at the Department. 
This guidance document may result in a series of presentations or other outreach attempts to 
ensure it is publicized and has a better chance of reaching the appropriate Department staff.  The 
guidance document will be generated in 2015/2016.  

Climate Vulnerability Assessment for Terrestrial Mammal Taxa: Another gap in our climate 
vulnerability knowledge is surrounding climate risks to terrestrial mammals. As of June 2015, 
rÅÓÅÁÒÃÈÅÒÓ ÁÔ 5# $ÁÖÉÓ ÂÅÇÁÎ ×ÏÒËÉÎÇ ×ÉÔÈ ÓÔÁÆÆ ÆÒÏÍ #$&7ȭÓ .ÏÎÇÁÍÅ 7ÉÌÄÌÉÆÅ 0ÒÏÇÒÁÍ ÁÎÄ 
Biogeographic Data Branch to identify species at risk from climate change. The project will generate 
spatially explicit projections of future distribution for these species, and will designate their climate 
ÃÈÁÎÇÅ ÖÕÌÎÅÒÁÂÉÌÉÔÙ ÉÎ ÆÉÖÅ ÃÌÁÓÓÅÓ ÒÁÎÇÉÎÇ ÆÒÏÍ Ȱ%ØÔÒÅÍÅÌÙ 6ÕÌÎÅÒÁÂÌÅȱ ÔÏ Ȱ0ÏÔÅÎÔÉÁÌÌÙ 
)ÎÃÒÅÁÓÉÎÇȢȱ  The objective of this project is to provide CDFW and other conservation and land 
management organizations a quantitative and spatially-explicit depiction of the potential effects of 
ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÏÎ #ÁÌÉÆÏÒÎÉÁȭÓ ÔÅÒÒÅÓÔÒÉÁÌ ÍÁÍÍÁÌ ÔÁØÁ ÃÏÎÓÉÄÅÒÅÄ ÍÏÓÔ ÁÔ ÒÉÓË ÆÒÏÍ ÐÒÏÊÅcted 
climatic regimes and coastal inundation.  This project will be completed in June 2016. 

Assessing Vegetative Communities in State Parks: DPR is initiating an assessment of its vegetative 
communities, beginning with forest resources, including a description of forest condition and 
management practices. This assessment will help identify climate risks and opportunities to 
incorporate adaptation planning to on-the-ground management.  

Comprehensive Vulnerability Overview:  As additional vulnerability analyses are completed, there 
will be a need to look across these studies and assimilate the findings in order to gain a better 
understanding of overall climate risk to biodiversity across California. CDFW will develop a method 
for cross-comparing the results of existing vulnerability studies for fish and wildlife, including 
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birds, reptiles and amphibians, mammals, and vegetative communities. This method and 
subsequent implementation will initiate upon completion of the mammal assessment in 2016. 
 
Migration Corridors and Refugia as Adaptation Strategies: Critical Review: As regional climate 
changes, the conditions that made habitat suitable for a species will shift to new geographic 
locations, often northward or upward in elevation. To survive, species must migrate across the 
landscape to follow the shifting habitat conditions that they require. Maintaining connectivity 
ÔÈÒÏÕÇÈ ÍÉÇÒÁÔÉÏÎ ÃÏÒÒÉÄÏÒÓ ÁÎÄ ȰÓÔÅÐÐÉÎÇ -ÓÔÏÎÅÓȱ ×ÉÌÌ ÆÁÃÉÌÉÔÁÔÅ ÔÈÅ ÍÏÖÅÍÅÎÔ ÏÆ ÓÐÅÃÉÅÓ ÂÅÔ×ÅÅÎ 
currently suitable areas and to newly suitable areas over time as the climate changes. There is a 
need to critically review existing efforts designed to identify migration corridors and temporary 
refugia, and to identify critical habitat linkages and climate refugia where needed as informed by 
the critiÃÁÌ ÒÅÖÉÅ×Ȣ 4ÈÉÓ ÉÎÆÏÒÍÁÔÉÏÎ ÇÁÐ ÉÓ ÅØÐÅÃÔÅÄ ÔÏ ÂÅ ÆÕÌÆÉÌÌÅÄ ÁÓ ÐÁÒÔ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ τth climate 
change assessment in 2015. 

Monitoring and Evaluation 
Monitoring and evaluation is often the most difficult part of a project to complete, whether due to 
resource limitations and barriers, or simply a lack of knowing what to monitor and how to evaluate 
success. For both of these reasons, there is much to do in the way of monitoring and evaluation to 
detect climate impacts on the landscape and to measure resiliency of species and habitats to these 
changes. This difficult but important step will require monitoring many different kinds of data and 
information at all stages throughout the adaptation planning and implementation processes. In this 
section we discuss 1) indicators of climate change occurring in California, specifically to detect 
impacts to biological systems, and 2) metrics for monitoring adaptation activities and the 
subsequent increase in resilience.  

Indicators of Climate Change in California: Impacts to Biological Systems  

Establishing metrics for detecting climate change and related impacts may seem more feasible than 
determining how best to measure resiliency; on-the-ground adaptation implementation is 
relatively nascent for most agencies and it will take time to see the effects of these actions unfold.  
However, climatic changes and related impacts to the California landscape are already being 
observed.  The OEHHA climate change indicators11 have been developed to detect physical and 
biological changes on the landscape that are indicative of climate change in California. The 
indicators identified to detect impacts of climate change on vegetation and animals are of particular 
importance to the biodiversity and habitat sector. Current indicators include such factors as 
changes in vegetation distribution, tree mortality, changes in migration patterns of birds and 
butterflies, abundance of certain fish species, breeding and abundance patterns of several marine 
species, and more. In general, migratory patterns, species abundance and distribution, reproductive 
observations, and mortality events are all appropriate indicators of environmental changes and 
potential drivers.  

Other indicators that would be useful for detecting climate-related impacts to biological systems 
are described below, and could be strong additions to the existing list of indicators presented in the 
2013 OEHHA report:  

                                                             
11 http://www.oehha.ca.gov/multimedia/epic/2013EnvIndicatorReport.html   

http://www.oehha.ca.gov/multimedia/epic/2013EnvIndicatorReport.html


 

 

 

35 
 
 

 

1) Wildlife health: There are several indicators related to wildlife health that could be useful 
for detecting climate-related impacts to wildlife in California. Disease emergence and 
distribution, distribution and prevalence of existing diseases, body condition, and mortality 
events could all be indicators of large-scale environmental change. As an example, avian 
cholera typically occurs in colder winter months and avian botulism events occur in warmer 
summer and fall; monitoring the distribution and dates of avian cholera and botulism 
occurrences would allow for detection of any changes in occurrence patterns that may be 
linked to warmer annual or seasonal temperatures. Issues related to body condition, such as 
hair loss in deer and feather loss in golden eagles (which are often symptomatic of other 
issues such as the emergence of louse and mites) could also serve as biological indicators of 
climate change. These are examples of the types of wildlife health issues that if sufficiently 
monitored might indicate secondary, or in some case primary, impacts of changing climatic 
conditions. Ultimately these health or mortality factors should be directly reflected in 
population status, and monitoring of health factors and population status will need to be 
linked to fully understand climate-related impacts.  

2) Invasive species: Tracking the distribution of select aquatic and/or terrestrial invasive 
species could help determine if the spread of these species is accelerating in response to 
changing climatic conditions that are observed. 

3) Vulnerable species: In general, focusing monitoring efforts on highly vulnerable species and 
communities may be a good strategy for early detection of climate impacts, as this is where 
climate impacts will likely be observed first (if not already evident). For example, species 
already at the edge of any physiological tolerances, species that require very specific living 
conditions (i.e. habitat specialists), and other highly vulnerable populations may be among 
the first to exhibit negative climate-related impacts. The numerous vulnerability 
assessment for fish, wildlife, and habitats that have either already been conducted or are 
currently underway, can help determine where to focus these monitoring efforts in the 
future.  

4) Streamflow: Changes in the timing and amount of streamflow can have a multitude of 
implications for aquatic habitat and species. Although namely an indicator of impacts to 
physical systems (versus biological), streamflow is an important metric for many reasons. 
Early detection is likely since changes in air temperature directly influence precipitation 
type (i.e. rain or snow), which then influences the amount and timing of streamflow; given 
the somewhat immediacy of this cause and effect, changes in streamflow can be observed 
and tracked somewhat continuously. There are existing efforts to detect and research shifts 
in hydrologic regimes associated with climate change, especially in the Sierra Nevada, but 
persistent streamflow monitoring will be essential to detect long-term trends. Streamflow is 
also a useful indicator given the current understanding of relationships between 
streamflow data and habitat quality (due in part to the need to develop instream flow 
recommendations ɀ see the entry on Instream Flow Studies in a previous section). Once 
changes in streamflow are detected, it may be possible to identify which riparian systems 
and species are most likely at-risk, and management actions can be adjusted accordingly 
where appropriate. 

Monitoring indicators requires that a certain amount of measurable information and data be either 
already available or easily attainable. As more baseline information becomes available, it may be 
possible, and in some cases necessary, to change or add other indicators to this list.  
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Metrics to Measure Increased Resiliency of Natural Systems to Climate Change 

Equally important to detecting climate impacts to biological systems are efforts to monitor 
resiliency. Currently there is not a standard set or list of indicators to reference on this topic. The 
following paragraphs include a few potential metrics as well as considerations and questions that 
will need to be answered in order to develop a comprehensive set of metrics for adaptation success 
in this sector for state agencies.  

Increased resiliency is achieved through multiple phases. First, research, information sharing, and 
education efforts ensure that natural resources managers have the tools and knowledge required to 
plan for and ultimately implement adaptation actions. Armed with the necessary tools and 
information, management actions are developed and then turned into action on the ground. Only 
after climate adaptation actions are implemented on the landscape can we determine if our efforts 
along the way have been successful, and even then it will take time to tell. Indicators for a resilient 
landscape will likely be based on ecosystem function and health (see list of new indicators above). 
Declines in disease occurrence, low or stable mortality rates, and deceleration in the spread of 
invasive species are examples of what we might expect to see in a resilient ecosystem. The most 
appropriate measures of ecosystem function and health, and the necessary frequency of 
measurement, may need to be locally or regionally defined by bringing multiple organizations and 
expertise together. 

In the shorter term, we can evaluate other steps along the path to increased resiliency. For example, 
consider the overarching goals identified in Safeguarding California, such as increasing awareness 
of risks to biodiversity as well as adaptation options. Considering the actions identified above, 
possible metrics may include tracking climate change website visits (pre- and post-update), 
participation in outreach efforts such as public presentations, and overall awareness of the 
availabilit y of guidance documents and other tools to support resource managers (e.g. through staff 
surveys).  

A next step would be to evaluate key planning and management efforts to assess how and if climate 
change is being included. This will likely require each agency to strategically identify key projects or 
programs for evaluation that can be traced back to educational materials or that can serve as some 
indicator of progress. Using an example from the previous section, after CEQA guidance has been 
developed, CDFW may choose to examine how climate change adaptation is addressed in CEQA 
review documents pre- and post-release of the guidance. There are likely many opportunities to 
look across various management efforts to check for an increase in the inclusion of climate change 
considerations. This however may take substantial resources to achieve.  

There is a pressing need to bring partners and stakeholders together to discuss monitoring and 
evaluating resiliency and to establish an approach for developing key metrics for the biodiversity 
and habitat sector.   
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9ƳŜǊƎŜƴŎȅ aŀƴŀƎŜƳŜƴǘ {ŜŎǘƻǊ tƭŀƴ 

Introduction 
California (CA) promotes collaborative community-based planning and preparedness among 

stakeholders from all sectors of society and disciplines, working together to ensure effective 

response to emergencies (CA State Emergency Plan, 2009).  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, prepare for, respond to, and recover in an all-hazards approach.  While the 

scope, severity, and pace of future climate change impacts are somewhat difficult to predict, it is 

clear that the impacts will have bearing on emergency management capabilities and cause an 

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 (Safeguarding CA, 

July 2014). 

Extreme weather is already changing the condition of emergency management.  California is in its 

fourth year of an unprecedented drought.  Destructive fires have increased in their frequency, 

severity and impact to communities and the resources to combat them.   The toll of extreme 

weather events is being felt globally in terms of losses and costs:  it is well documented that 2011 

had the most costly natural disasters in history.   Our approach to climate must be distributed and 

multi -faceted:  public awareness, planning and increased resilience, and adjusting our resources 

and tactics to effectively respond and recover from future events.  This plan describes how CA is 

moving forward to address climate in emergency management. 
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There are four phases of emergency management, and given the current and expected increase in 

climate change-related hazards projected for the future, climate must be considered in all phases:   

1) Preparedness  ɀ Activities conducted in advance of an emergency to develop operational 

capabilities and improve response to disasters and/or emergency events.  This phase takes 

place before an emergency occurs, and can include plans and/or preparations made to save 

lives and to help response and rescue operations. 

2) Response ɀ Activities conducted to save lives and prevent harm to the public, property, 

animals, and the environment during an emergency.  This phase takes place during an 

emergency, and puts preparedness activities and plans into action. 

3) Recovery ɀ Activities that restore vital life-support systems to minimum operating 

standards after an emergency and support the return of communities to a (new) state of 

normalcy. 

4) Mitigation  ɀ Actions taken to eliminate or reduce the severity of long-term risk to 

human/animal life, property, and the environment from the impacts of future disasters.  

This phase includes any activities that prevent an emergency, reduce the chance of an 

emergency happening, or reduce the damaging effects of unavoidable emergencies.  

Mitigation activities can take place both before and after emergencies.   

4ÈÅ #! 'ÏÖÅÒÎÏÒȭÓ /ÆÆÉÃÅ ÏÆ %ÍÅÒÇÅÎÃÙ 3ÅÒÖÉÃÅÓ ɉ#ÁÌ /%3Ɋ ÈÁÓ ÒÅÓÐÏÎÓÉÂÉÌÉÔÙ ÕÎÄÅÒ ÔÈÅ #! 

Emergency Services Act (ESA, Government Code Section 8550) to do, in part, the following: 

¶ 3ÕÐÐÏÒÔ ÁÎÄ ÁÃÔ ÏÎ ÂÅÈÁÌÆ ÏÆ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ /ÆÆÉÃÅ ÄÕÒÉÎÇ ÁÎ ÅÍÅÒÇÅÎÃÙ ÅÖÅÎÔ 

¶ Mission assign tasks to state agencies to be performed during an emergency 

¶ Facilitate the rendering of mutual aid throughout the state 

¶ Lead and direct state agency activities in support of local government during an 

emergency 

Cal OES is also tasked with developing and maintaining a statewide emergency response system for 

use by all emergency response agencies (ESA, Government Code Section 8607).  The Standardized 

Emergency Management System facilitates prioritization of needs, interagency coordination, and 

ÔÈÅ ÅÆÆÉÃÉÅÎÔ ÆÌÏ× ÏÆ ÒÅÓÏÕÒÃÅÓ ÁÎÄ ÉÎÆÏÒÍÁÔÉÏÎȢ  3%-3 ÉÓ ÔÈÅ ÓÔÁÔÅȭÓ ÅÍÅÒÇÅÎÃÙ ÒÅÓÐÏÎÓÅ ÓÙÓÔÅÍ Ánd 

the fundamental structure for the response phase of emergency management.  State agencies are 

required to use SEMS by law, and local government entities must use SEMS to be eligible for 

reimbursement of response-ÒÅÌÁÔÅÄ ÃÏÓÔÓ ÕÎÄÅÒ ÔÈÅ ÓÔÁÔÅȭÓ ÄÉÓÁÓÔÅÒ assistance programs.  SEMS by 

design is flexible and scalable. 

The challenges posed by climate change could significantly alter the types and magnitude of 

hazards faced by communities within California and the emergency management professionals 

serving them.  The Emergency Management Sector Implementation Plan, developed in support of 

Safeguarding California: Reducing Climate Risk (July 2014), ÄÅÓÃÒÉÂÅÓ ÁÎ ÁÓÓÅÓÓÍÅÎÔ ÏÆ #!ȭÓ 

vulnerabilities as related to climate change (from an emergency management perspective), current 
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emergency management actions being taken to prepare the state for both existing and future 

climate impacts, and recommended next steps and strategies for evaluation metrics.  

Vulnerability Assessment 
CA is a wealth of diverse populations and geophysical and weather-ÒÅÌÁÔÅÄ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȢ  #!ȭÓ 

geologic and geographic extremes are demonstrated by the fact that the state has both the highest 

and the lowest elevation points within the contiguous United States.  Given this diversity, the 

climatic conditions vary significantly depending on latitude, elevation, and proximity to the coast 

(State of CA Emergency Plan, 2009).  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 (Safeguarding CA, July 2014). 

As the effects of climate change continue to become more noticeable, vulnerability to the increased 

hazards associated with climate change is expected to surge for human and animal populations, the 

ÅÎÖÉÒÏÎÍÅÎÔȟ ÁÎÄ ÔÈÅ ÓÔÁÔÅȭÓ ÁÇÒÉÃÕÌÔÕÒÁÌ ÒÅÓÏÕÒÃÅÓȢ  4ÈÅ ÓÔÁÔÅ ÉÓ ÁÌÒÅÁÄÙ ÖÕÌÎÅÒÁÂÌÅ ÔÏ Á ÈÏÓÔ ÏÆ 

hazards, including earthquakes, floods, fires, volcanic eruptions, landslides, dam and levee failures, 

severe weather (including both atmospheric river storms and droughts), and tsunamis.  Further 

hazards include emergencies related to hazardous materials, nuclear power plants, cybersecurity, 

terrorist attack, pandemic/epidemic, and food and water supply (agricultural).  Some of the direct 

impacts of climate change that create vulnerabilities that emergency managers must address 

include the following items. 

 

Increasing surface air temperatures  

 

The range of disasters and risks affected by increasing temperatures across California alone 

illustrate the breadth and severity of climate risks in the emergency management sector.  While 

world leaders seek to limit global temperatures from rising more than 2° Celsius (3.6° Fahrenheit), 

California will potentially see temperature increases of up to 9 to 12 degrees in some regions, 

especially if global emissions are not reduced quickly and substantially.   

 

The public health risks associated with even mild temperature rises are substantial due to the 

increased frequency and severity of heat waves.  One report predicted that California could see up 

to 7,700 additional heat-related deaths per year by the end of the centuryɂmore than twice the 

average number of traffic deaths annually in the state today (Climate Risk in the Golden State, Risky 

Business).  Emergency management preparedness activities will need to increase the focus on 

response to respiratory problems and increasing emergency room visits from vulnerable 

populations.  Rising temperatures are also linked to the more rapid spread of diseases and pests, 

leading to public health and agricultural emergencies. 
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Wildfires are linked to multiple climate impacts and, like changing precipitation patterns, storm 

events, and temperatures, correlate to many public health and public safety concerns.  California 
has already seen a rapid rise in the number and severity of wildfires, and emergency managers are 

working to prepare for wildfire occurrence rates that could double by 2085 (California Adaptation 

Strategy, 2009). 

 

Extreme Weather Events  

 

Climate change will create stronger and more frequent extreme weather events with more 

destructive rainfall and winds, directly affecting emergency management in the state.  A study 

found that a single storm could cause up to $725 billion in economic damages and directly cause 

ÈÁÒÍ ÔÏ ÍÕÃÈ ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ ÐÏÐÕÌÁÔÉÏÎ ɉ!Ò+3ÔÏÒÍȟ 53'3ɊȢ  -ÏÒÅ ÐÏ×ÅÒÆÕÌ ×ÅÁÔÈÅÒ ÅÖÅÎÔÓ ÁÌÏÎÇ 

the coast will combine with sea-level rise to provide further challenges to emergency response.  A 

1.4 meter rise in sea-level combined with a 100-year flood event will put almost half a million 

Californians at risk (Impacts of Sea-Level Rise on CA Coast, CA Climate Change Center).  

 

Drought and Changing Precipitation Patterns  

 

The current historic drought is the most salient example of the ways that climate change will 

exacerbate disasters and emergencies affecting CA.  A recent study found that climate change 

contributed up to 27% of the severity of the ÃÕÒÒÅÎÔ ÄÒÏÕÇÈÔȠ ÅÖÅÎ ÍÏÒÅ ÓÏÂÅÒÉÎÇ ×ÁÓ .!3!ȭÓ 

finding that climate change could make a mega-drought of three decades extremely likely in the 

next century.   

These findings are indicative of the overall shift in historical weather and storm patterns, resulting 

in more extreme cycles between large-scale weather events causing flooding and longer periods of 

warmer weather and reduced precipitation resulting in drought.  This cycle will create more 

frequent and destructive landslides, as well as negatively impact water quality and reliability.  

Warmer temperatures and changing precipitation patterns are also projected to cause abrupt 
ÄÅÃÌÉÎÅÓ ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ ÓÎÏ×ÐÁÃËȟ ×ÈÉÃÈ ÔÈÅ ÓÔÁÔÅ ÄÅÐÅÎÄÓ ÏÎ ÆÏÒ ×ÁÔÅÒ ÓÕÐÐÌÙ ÁÎÄ ÅÎÖÉÒÏÎÍÅÎÔÁÌ 

quality.  The projected loss of up to 90% of snowpack in the Sierra Nevada mountains will have 

ÍÁÎÙ ÃÏÎÓÅÑÕÅÎÃÅÓ ÆÏÒ ÔÈÅ ÓÔÁÔÅȭÓ ÍÏÕÎÔÁÉÎÏÕÓ ÒÅÇÉÏÎÓȢ  4ÈÅÓÅ ÆÁÃÔÏÒÓ ×ÉÌÌ ÌÅÁÄ ÔÏ ÍÏÒÅ ÎÕÍÅÒÏÕÓ 

and severe floods, wildfires, and other emergencies. 

Sea-Level Rise 

 

Coastal impacts will often result from a combination of more extreme weather events and storm 

surge with sea-level rise, but additional factors like erosion, subsidence, and wave action also come 

into play to threaten critical infrastructure.  Emergency managers are faced with increased 

vulnerabilities due to climate risks to roads, airports, water treatment plants, energy facilities, and 

hospitals related to sea-level rise and associated erosion and flooding. 

 

These vulnerabilities are detailed in greater length in many areas, and Cal OES in particular has 

ÅØÁÍÉÎÅÄ ÔÈÅ ÉÍÐÁÃÔÓ ÁÓ ÔÈÅÙ ÒÅÌÁÔÅ ÔÏ ÉÔÓ ÍÉÓÓÉÏÎ ÏÆ ÐÒÏÔÅÃÔÉÎÇ #ÁÌÉÆÏÒÎÉÁȭÓ ÐÅÏÐÌÅȟ ÅÃÏÎÏÍÙȟ ÁÎÄ 
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environment in the event of emergencies.   In the State Hazard Mitigation Plan (SHMP), climate 

change is characterized as a condition that will change and potentially exacerbate the impact of 
other hazards, rather than a distinct hazard with unique impacts.  For example, extreme heat and 

heat waves are existing hazards that are expected to be exacerbated by climate change.   

 

These impÁÃÔÓ ×ÉÌÌ ÁÌÌ ÁÆÆÅÃÔ ÔÈÅ ÓÔÁÔÅȭÓ ÅÍÅÒÇÅÎÃÙ ÍÁÎÁÇÅÍÅÎÔ ÅÆÆÏÒÔÓȢ )ÎÃÒÅÁÓÉÎÇ ÈÁÚÁÒÄÓ 

resulting from climate change will necessitate a more robust emergency management and response 

community.  An increase in emergency events, and an increase in magnitude of those events, is 

expected to more quickly overwhelm local, county, and regional resources, and necessitate the use 

of more state and federal resources.  Continued coordination and collaboration between all levels of 

government, the private sector, and tribes are imperative to ensure continued success and risk 

sharing among the emergency management community and the public.   

 

Current Actions to Prepare for Climate Impacts  

Cal OES has statutory responsibility under the ESA to lead and direct state agency activities in 
support of local government during an emergency.  Cal OES continuously works with other state 

agencies in all four phases of emergency management.  The utmost priority in emergency 

management is to best protect Californians, and this plan will illustrate how ongoing and planned 

ÁÃÔÉÏÎÓ ÆÉÔ ÉÎÔÏ ÔÈÅ 3ÔÁÔÅȭÓ ÂÒÏÁÄ ÉÎÉÔÉÁÔÉÖÅ ÔÏ ÓÁÆÅÇÕÁÒÄ ÁÇÁÉÎÓÔ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÉÍÐÁÃÔÓ ÁÎÄ 

emergencies and disasters overall.  Safeguarding California presents four primary 

recommendations for emergency management to address climate change.  These 

recommendations, and how they are being implemented, are described here. 

Improve integration of climate impacts and projections into all phases of emergency 

management  

Emergency management requires a proactive stance, and Cal OES strives to be at the forefront to 

integrate the best models and projections to address climate impacts in all phases of emergency 

management.  Planning and providing incentives to incorporate that best available science that can 

inform emergency management is a key part of this recommendation. 

To be effective, climate must be considered within the planning and risk reduction efforts already 

taking place.  To facilitate this, Cal OES promotes the implementation of the Climate Adaptation 

Planning Guide (APG) and inclusion of climate risk reduction into hazard mitigation planning 

efforts at all levels.  In addition to the APG, the state promotes the principles of sustainability, 

resilience, and hazard mitigation through collaboration with key public and private sector 

organizations through mechanisms such as:  

 
¶ Reviewing Local Hazard Mitigation Plans (LHMPs) and providing guidance on the LHMP 

process  

¶ Assisting with the development of local, regional, and state emergency operation plans  
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¶ Encouraging LHMP adoption into the Safety Element of local government General Plans    

 
APG implementation and hazard mitigation efforts also consider the vulnerability of various 

community resources to climate risks.  Assisting communities to take the steps to assess and 

protect the resources most important to their safety and wellbeing creates grassroots resilience 

against climate effects.  

The state also continues to support the integration of climate risks into state and local government 

emergency planning efforts and enhance capacities at all levels to respond to and recover from 

emergencies in other ways.  Grants, planning assistance and guidance, mutual aid agreements, post-

disaster recovery, and hazard mitigation all play key roles that combined ensure effective 

emergency management programs.  As CA agencies continue to plan for the effects of climate 

change, opportunities for joint projects, information sharing, and leveraged resources between 

agencies must be considered.   

 
Cal OES works with local agencies and the Federal Emergency Management Agency (FEMA) to 

develop LHMPs that meet local and regional needs for hazard mitigation, as well as federal 

requirements to qualify for disaster funding.  Those funds, in turn, can be invested toward risk 

reduction projects.  Cal OES continuously works to meet this objective and incorporate climate into 

our existing plan reviews of LHMPs, as well as guidance and training provided annually on the 

development of LHMPs.  Cal OES has also developed sample language (approved by FEMA) for local 

jurisdictions to incorporate into their overall mitigation planning.  We have seen that increasingly, 

LHMPs are integrating climate change into their overall mitigation strategies.   

FEMA mitigation grant opportunities include Hazard Mitigation Assistance (HMA), Pre-Disaster 

Mitigation (PDM), and Flood Mitigation Assistance (FMA), as well as through Fire Management 

Assistance Grants (FMAGs) and Public Assistance Grants (Categories C-G).  Assembly Bill 2140 (AB 

2140, October 2006), allows a local jurisdiction to adopt their current, FEMA-approved LHMP into 

the Safety Element of their General Plan which in turn can increase the percentage of available state 

disaster assistance through the California Disaster Assistance Act (CDAA).   

Local jurisdictions must update their mitigation plans every five years in order to maintain 

ÅÌÉÇÉÂÉÌÉÔÙ ÆÏÒ &%-!ȭÓ ÍÉÔÉÇÁÔÉÏÎ ÇÒÁÎÔ ÐÒÏÇÒÁÍÓȢ  4Ï ÄÁÔÅȟ ÍÏÓÔ ÃÏÕÎÔÉÅÓ ÉÎ #! ɉψπ-85%) have 

current LHMPs. As funding opportunities arise, Cal OES continuously prioritizes those counties 

without current LHMPs to achieve the goal of full coverage in the state and holistically build 

resilience against climate impacts. 

In line with the ongoing actions supporting LHMPs, Cal OES also works with many key stakeholders 

on the SHMP, which must be updated and approved by FEMA at least every five years.  The SHMP is 

an umbrella document for statewide hazard mitigation, and is a collaborative effort to identify, 

reduce, or eliminate the long-term risk to human life and property from natural or human-caused 

hazards. The plan is also a proactive strategy for reducing disaster losses and building overall 
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ÒÅÓÉÌÉÅÎÃÅȟ ÐÒÏÖÉÄÉÎÇ ÍÅÁÓÕÒÅÓ ÁÎÄ ÇÕÉÄÁÎÃÅ ÔÏ ÐÒÏÔÅÃÔ #!ȭÓ ÅÃÏÎÏÍÙ ÁÎÄ ÅÎÖÉÒÏÎÍÅÎÔ ÆÒÏÍ 

preventable losses and helps bring funding to state and local agencies for hazard mitigation 
initiatives and projects. The Plan assesses overall mitigation progress, creates benchmarks for 

future action, and provides a coordinating frame of reference for state-local mitigation actions.  

Climate change has been incorporated into the SHMP since 2007, and will continue to be an integral 

component in future updates of both LHMPs and the SHMP.  Starting in 2016, all states must 

incorporate climate into their SHMP in accordance with FEMA guidance. 

Support risk sharing mechanisms  

Risk sharing and cost transferring systems like insurance and disaster relief can be tools for 

managing climate risk.  Efforts to reduce climate risks through hazard mitigation activities ɀ 

including, but not limited to, fire hazard reduction, minimizing new development in areas most 

vulnerable to hazards, and improved flood management ɀ will continue to be important to manage 

risk and support sustainable insurance and disaster programs.   

 

An example of a flood risk sharing mechanism is the Federal Flood Risk Management Standard 

(June 2015).  With climate change, flooding risks could increase over time.  4Ï ÉÍÐÒÏÖÅ ÔÈÅ ÎÁÔÉÏÎȭÓ 

resilience to flooding and better prepare the nation for the impacts of climate change, the 

0ÒÅÓÉÄÅÎÔȭÓ #ÌÉÍÁÔÅ !ÃÔÉÏÎ 0ÌÁÎ ɉ*ÕÎÅ ςπρσɊ directed federal agencies to take the appropriate 

actions to reduce risk to federal investments.  To further the Climate Action Plan, the President 

released Executive Order 13690, establishing a Federal Flood Risk Management Standard.  The new 

Federal Standard requires all future federal investments in and affecting floodplains to meet a 

ÈÉÇÈÅÒ ÌÅÖÅÌ ÏÆ ÒÅÓÉÌÉÅÎÃÅ ÁÓ ÅÓÔÁÂÌÉÓÈÅÄ ÂÙ ÔÈÅ 3ÔÁÎÄÁÒÄȢ  !ÃÃÏÒÄÉÎÇ ÔÏ &%-!ȭÓ ÆÁÃÔ ÓÈÅÅÔ ÏÎ ÔÈÅ 

&&2-3ȟ ÔÈÅ ÓÔÁÎÄÁÒÄ Ȱȣwill help ensure Federal projects last as long as intended. The FFRMS will 

apply to the Hazard Mitigation Assistance Grants, the Public Assistance Program, and any other 

&%-! ÇÒÁÎÔÓ ×ÈÅÎ ÔÈÅÙ ÆÕÎÄ ÃÏÎÓÔÒÕÃÔÉÏÎ ÁÃÔÉÖÉÔÉÅÓ ÉÎ ÏÒ ÁÆÆÅÃÔÉÎÇ Á ÆÌÏÏÄÐÌÁÉÎȢȱ  "ÏÔÈ ÔÈÅ (ÁÚÁÒÄ 

Mitigation and Public Assistance programs require a state and/or local cost share, ensuring full 

inclusion in the commitment and investment in these projects.   

 

Better understand climate impacts on all phases of emergency management  

To understand how climate impacts will affect each phase of emergency management, it is 

important to assess adequacy of surge and response capacity in light of climate projections.  Climate 

change is projected to increase the frequency and severity of natural disasters related to flooding, 

fire, drought, extreme heat, extreme cold, and storms (especially when coupled with sea-level rise).  

As indicated earlier in this documented, this is already occurring in CA.  Moving forward, more 

surge capability across the various emergency functions identified in the State Emergency Plan will 

be needed to supplement existing emergency response capacity.   

 
The state is continuously assessing the adequacy of its current emergency surge and response 

capacities and working with local government, private sector, tribal government and federal 

http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf
http://www.whitehouse.gov/the-press-office/2015/01/30/executive-order-establishing-federal-flood-risk-management-standard-and-
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partners to address gaps.  Each year, the state conducts a comprehensive Threat Hazard 

Identification Risk Analysis (THIRA) and State Preparedness Report (SPR) that assesses our overall 
emergency capability needs and related gaps.  The THIRA methodology provides a framework for 

emergency management organizations to define threats and hazards of concern to the community 

they represent, as well as assess the capabilities needed by the organizations to deal with the 

consequences of the defined threats and hazards.  This information leads to the establishment of 

capability targets across all of the thirty-one core capabilities defined in the National Preparedness 

Goal (NPG, FEMA, September 2011).  The capability targets that are developed each year become 

the foundation of the annual SPR. 

The state is also involved in multiple processes to facilitate mutual aid, both within the state and 

outside of the state.  Along with Law Enforcement and Fire and Rescue mutual aid plans, the 

%ÍÅÒÇÅÎÃÙ -ÁÎÁÇÅÒȭÓ -ÕÔÕÁÌ !ÉÄ ɉ%--!Ɋ ÁÎÄ %ÍÅÒÇÅÎÃÙ -ÁÎÁÇÅÍÅÎÔ !ÓÓÉÓÔÁÎÃÅ #ÏÍÐÁÃÔ 

(EMAC) systems also facilitate surge capacity.  EMMA is a program in California that supports 

disaster operations in affected jurisdictions by availing professional emergency management 

personnel from local and state government.  EMAC was established in 1996, and can offer 

assistance during governor-declared states of emergency by allowing states to send personnel, 

equipment, and commodities to support disaster relief efforts in other states. 

Additionally, Cal OES partners with the California Utilities Emergency Association (CUEA) and the 

Business and Utilities Operation Center (BUOC).  CUEA serves as a central point of contact to 

facilitate communications and resource management between utilities and public agencies, provide 

emergency response support for electric, petroleum, pipeline, telecommunications, gas, water, and 

wastewater utilities, and supports related preparedness and mitigation.  The BUOC serves as a 

critical hub in emergency response to address the needs of impacted communities by organizing 

and leveraging private sector resources.  Agencies involved in the BUOC (private sector and non-

profit organizations) have agreements with Cal OES to provide this support during times of crisis.  

In addition to the rigorous evaluation of emergency services in response to disasters including 

those caused by climate,  

the four phases of emergency management rely on science and research to inform decisions.  This is 

particularly  evident in the areas of weather and seismic science that over time have informed and 

improved the delivery of emergency management today.  The state overall continues to invest 

significant resources to conduct and support initial climate vulnerability and cost assessments in a 

variety of sectors.  Though great strides have been made to understand climate change and it 

associated hazards, it remains a new area of science as we attempt to grasp its future impacts.   

Additional research is still needed to expÁÎÄ ÕÐÏÎ ÁÎÄ ÄÅÆÉÎÅ ÃÌÉÍÁÔÅ ÖÕÌÎÅÒÁÂÉÌÉÔÉÅÓ ÔÏ #!ȭÓ 

population, infrastructure, property, food and agriculture, and biodiversity.  Monitoring and 

research related to extreme weather events such as flood, drought, heat, fire, and related losses will 

continue to be vital in supporting emergency management and public safety in the future.    

 

As part of the 4th Assessment of Climate Impacts on California, Cal OES developed a research 
proposal involving the vulnerability of state essential facilities to climate change.  This would 
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provide a statewide risk assessment of existing state owned/operated structures critical to 

response and recovery operations that are currently located in areas of high hazard risk and subject 
to impacts of climate change. The 4th assessment will be a comprehensive, multi-sectoral analysis 

addressing extreme events, local impacts, and response options to protect economic interests as 

well as natural resources. 

 
Communicate climate risks  

Outreach efforts are integral in helping communities better understand and plan for climate risks 

and extreme events such as fires, floods, storms, drought, extreme heat and extreme cold.  Effective 

emergency planning can lower emergency response risks and costs.   

 
The importance of outreach efforts also extends to response, recovery, and mitigation efforts.  Over 

the past few years the state has faced a drought of historical proportions.  In January 2014, the 

Governor declared a State of Emergency for drought, and a significant response is underway with 

local, state, tribal and federal agencies closely coordinating and sharing resources to support 

critical emergency needs.  Outreach has proven effective for drought.  The call for Californians to 

conserve has resulted in water savings exceeding state targets.   

Among the multitude of drought resources available through state and federal programs are 

emergency drinking water assistance as well as programs for agriculture.  The state also continues 

to work with other stakeholders on advance planning measures to anticipate and mitigate the 

future effects of drought.  In July 2015, a Memorandum of Understanding (MOU) was signed 

between Cal OES and Victoria, Australia.  Victoria recently came out of a 12 year drought, and this 

MOU will result in increased information sharing between and impart critical lessons from this 

climate disaster and its resulting changes to emergency preparedness, response, recovery, and 

mitigation techniques. 

Cal OES is also working closely with FEMA and local agencies to develop and update catastrophic 

disaster plans.  Existing plans include a San Francisco Bay Area Earthquake Response Plan (update 

in progress), Southern CA Catastrophic Earthquake Response Plan, and the CA Cascadia Subduction 

Zone Earthquake/Tsunami Response Plan.  Development of a Northern CA Catastrophic Flood 

Response Plan (NCCFRP) and a Volcano Response Plan are underway.  The process to develop these 

catastrophic plans involves many agencies at all levels of government convening and determining 

effective disaster management strategies before an event occurs.  These plans and planning efforts 

are tremendous assets to facilitate local, state, federal, tribal, and private sector interaction and 

rapid response to catastrophic events.  This is important, given the likelihood that CA will 

increasingly face events of a large-scale and/or catastrophic magnitude due to the projected 

impacts of climate. 

The newly formed California Fire Service Task Force (TF) on Climate Impacts is an extension of the 

Blue Ribbon Fire Commission, which was initially established following the 2003 wildfires.   

-ÅÍÂÅÒÓÈÉÐ ÏÎ ÔÈÅ 4& ÉÎÃÌÕÄÅÓ #ÁÌ /%3ȟ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ /ÆÆÉÃÅȟ /ÆÆÉÃÅ ÏÆ 0ÌÁÎÎÉÎÇ ÁÎÄ 2ÅÓÅÁÒÃÈȟ #! 

Natural Resources Agency, CA Military Department, CAL FIRE, FEMA, US Forest Service and 



 

 

 

46 
 
 

 

representatives of all of the key fire services agencies and associations in California.  In continuing 

ÔÏ ÂÕÉÌÄ ÕÐÏÎ ÔÈÅ ÓÔÁÔÅȭÓ ×ÉÌÄÆÉÒÅ ÐÒÅÐÁÒÅÄÎÅÓÓȟ ÃÁÐÁÂÉÌÉÔÙȟ ÁÎÄ ÒÅÓÉÌÉÅÎÃÅ ÅÆÆÏÒÔÓȟ ÔÈÅ 4& ×ÉÌÌ ÒÅÖÉÅ× 
and advise on policy and operational recommendations to update past Fire Commission 

recommendations.  The TF will also evaluate the most current climate threats and science, studies 

to develop new recommendations related to wildfire preparedness, response and mitigation 

needed to successfully adapt to CAȭÓ ÃÈÁÎÇÉÎÇ ÃÌÉÍÁÔÅȢ  4ÈÅ ÉÎÁÕÇÕÒÁÌ 4ÁÓË &ÏÒÃÅ ÍÅÅÔÉÎÇ ×ÁÓ ÈÅÌÄ 

in July, 2015 in Sacramento. 

The California Emergency Services Association (CESA) is a professional organization that promotes 

mutual support and cooperation across emergency management disciplines.  Each year Cal OES has 

an opportunity to conduct training with CESA that provides wide reach to a key audience.  In 2015 

Cal OES will conduct a LHMP Workshop, and promote the MyHazards and MyPlan portals.  

MyHazards is a tool for the general public to discover hazards in their area (earthquake, flood, fire, 

tsunami) and learn steps to reduce personal risk to those hazards. My Plan is a tool to assist cities, 

counties, special districts, state and tribal entities with assembling and assessing GIS information 

on natural hazards that occur in California for use in developing maps for their mitigation plans.  

Climate Change and Drought will also be featured topics at CESA in 2015.  

Training related to emergency management and climate change is in early development.  The 

Climate Adaptation Strategies for Emergency Services training course is one example.  The course is 

designed to enhance awareness about current and future climate hazards and impacts that the 

emergency services sector may face, and provide information about the various resources that can 

be used to implement local climate adaptation strategies.  

 
#ÁÌ /%3 ÃÏÎÔÉÎÕÅÓ ÔÏ ÌÅÁÄ ÔÈÅ ÓÔÁÔÅȭÓ ÅÆÆÏÒÔÓ ÔÏ ÔÒÁÉÎ ÁÎÄ ÅØÅÒÃÉÓÅ ÅÍÅÒÇÅÎÃÙ ÐÌÁÎÓ ÁÎÄ ÓÔÁÆÆ ÁÔ ÁÌÌ 

levels of government.  An example is the state-level Capstone exercise series.  Annual Capstone CA 

exercises are designed to improve emergency preparedness at all levels of government for 

catastrophic events, and are built upon the catastrophic disaster planning efforts previously 

mentioned.  These and other exercises supported throughout the state can be designed to focus on 

known hazards tied to climate (ie extreme weather events, flooding, etc).  These exercises are 

especially critical since disasters tied to climate are projected to increase in magnitude and 

frequency, overwhelming local resources at a faster rate, and necessitating increased use of 

statewide, out of state, private sector, and federal support.   

Next Steps 
We can more effectively leverage and prioritize existing resources, expand programs and efforts, 

and influence current and future activities to help meet the recommendations in Safeguarding 

California.  Continued outreach on both the LHMP and the SHMP processes will occur, with 

increased emphasis on incorporating climate change impacts.  Continued outreach to publicize, 

disseminate and encourage use of available guidanceɂsuch as the APGɂis critical.  As we build 

cadres of trained emergency staff that understand climate change, they can better anticipate and 

meet the increasing demands of future disasters in CA.    
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Proposed actions and recommendations and actions to continue 
 

¶ Integrate climate projections and sea level rise (SLR) into the MyHazards and MyPlan 

tools, and continue to update these tools as additional climate projections become 

available.   

 

¶ Continue to pursue research to evaluate essential facilities at risk to climate impacts ɀ 

including mapping, hazard identification (ie coastal flooding, increase in temperatures, 

etc), and an action plan for mitigation efforts.  Essential facilities* may include: 

 

o Public safety - Fire, rescue, law enforcement  

o Hospitals  

o Medical and emergency treatment facilities  

o Emergency operations centers  

o Designated emergency shelters  

o Power generating stations or other utilities required as emergency back-up 

facilities for essential facilities  

o Designated communications centers  

o Aviation control towers and air traffic control centers  

o Structures containing certain quantities of toxic or explosive substantives  

o Water treatment facilities required to maintain water pressure for fire 

suppression  

 
*Agencies and departments may identify other essential facilities based on their mission.  
 

¶ Develop an interactive tool to support the Adaptation Planning Guide (and overall 

adaptation activities).  This tool could complement the existing MyPlan and MyHazard 

tools, while providing another technical resource to support communities as they 

update their plans and develop adaptive strategies.  

 

¶ Expand Climate Adaptation training opportunities, and consider courses that will 

increase awareness, understanding and competency about climate adaptation.  

Development and delivery of training should be a joint effort of CNRA and Cal OES, and 

other agencies, such as CA Department of Public Health (CDPH) for health-related 

topics.    

 

¶ Model guidance for state agencies to integrate climate risk into their state-level 

emergency and continuity planning efforts, building upon Safeguarding CA efforts.   
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¶ As the state reviews requests for planning funds under the Pre-Disaster Mitigation 

funding program, climate shall be a required component.  Update state guidance for 

LHMPs to include a requirement that climate adaptation be included. 

 

¶ Continue to expand upon and track progress toward climate adaptation goals within the 

SHMP.  Future updates can articulate progress and highlight new and existing activities 

and success stories. 

 

¶ Promote climate and community resilience by leveraging both pre- and post-disaster 

funds to reinforce or rebuild safer communities that are able to withstand future effects 

of climate.  

Items to continue: 

 

¶ Continue to review HMGP and PDM/Pre-Disaster Flood Management applications to 

consider climate needs.   

 

¶ Continue to review current HMGP funding opportunities and projects that will 

maximize climate readiness and resilience to multiple hazards. 

 

¶ Continue progress on CA Fire Service TF on Climate Impacts objectives, which will 

include work that specifically focuses on climate impacts and fires.  Consider additional 

climate-related TFs using this construct for other hazards. 

 

¶ Continue to outreach and communicate with all levels of government on climate change 

impacts, adaptation strategies, and mitigation activities: 

 

o Continue to provide guidance and review for LHMPs, increasing the guidance 

efforts on how to incorporate climate change hazards and adaptation 

components into local plans 

 

o Continue to work with key stakeholders on updating the SHMP ɀ building out 

the climate change component and tracking related activities, actions, and 

success stories. 

 

¶ Continue to coordinate at all levels of government (private sector, businesses, local, 

county, regional, state, and federal) and share information about known climate change 

impacts and mitigation activities.   
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Monitoring and Evaluation 
Monitoring, evaluation and continuous improvement are already integral parts of emergency 

management.  Following each declared disaster in CA, an after action report is required to 

document lessons learned and areas of improvement.  This is one several monitoring and 

evaluation activities where climate adaptation should be incorporated. 

 

¶ Annual Threat Hazard Identification and Risk Assessment and State Preparedness Report 

¶ Update of Catastrophic Disaster Plans and testing through annual Capstone exercises 

¶ After Action Reports following disaster events, documenting and tracking corrective actions 

¶ Update of SHMP and SHMP implementation plan to demonstrate progress 

¶ Tracking of LHMPs that include climate and prioritizing associated funding requests for 

both projects and plans 

¶ Sector-specific efforts such as the Fire Climate TF and resulting recommendations and 

progress reports 

 

Cal OES will continue to seek ways and identify strategies to include climate adaptation within the 

existing evaluation and improvement cycle.   

 

 

 

 

 
9ƴŜǊƎȅ {ŜŎǘƻǊ tƭŀƴ 

Introduction 
The infrastructure of the energy sector is vulnerable to climate change impacts such as extreme 

events, wildfires, sea level rise (SLR), and heat waves. This document will serve as a plan to 

ÉÍÐÌÅÍÅÎÔ ÔÈÅ 3ÔÁÔÅ ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ ÃÌÉÍÁÔÅ ÁÄÁÐÔÁÔÉÏÎ ÓÔÒÁÔÅÇÙȟ ×ÈÉÃÈ ÔÈÅ #ÁÌÉÆÏÒÎÉÁ .ÁÔÕÒÁÌ 

Resources Agency updated with the report  Safeguarding California: Reducing Climate Risk in July 

2014. This chapter provides new information about potential vulnerabilities; highlights some of the 

progress being made to implement Safeguarding California; identifies next steps to substantially 

advance climate preparedness for the energy sector; and suggests new indicators for monitoring 

and evaluating adaptation in the energy sector. This implementation plan surveys the efforts 
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already undertaken and necessary actions of those who plan, regulate, generate, transmit, or use 

energy.  

At a workshop12 jointly hosted by the California Energy Commission (Energy Commission) and the 

California Public Utilities Commission (CPUC) on July 27, 2015, four investor-owned California 

utilities (IOUs) and one municipally-owned utility outlined their current and fu ture efforts to adapt 

to climate change. Even though this workshop targeted the electricity sector, it provided 

information to develop a framework to advance adaptation efforts for the entire energy sector 

which also includes the natural gas and petroleum sectors, and other nontraditional parts of the 

energy system that may become more important in the future, such as bio-refineries and their 

supporting infrastructure.     

Vulnerability Assessment 
#ÁÌÉÆÏÒÎÉÁȭÓ ÅÎÅÒÇÙ ÓÙÓÔÅÍ ÉÓ ÖÕÌÎÅÒÁÂÌÅ ÔÏ Á ÖÁÒÉÅÔÙ ÏÆ ÃÌÉmatic changes, including impacts from 

temperature, precipitation patterns, extreme events (including drought, wildfire, inland flooding, 

and severe storms), and sea level rise (Franco and Wilson, 2005; Stoms et al, 2013; California 

Energy Commission 2013). Some of these impacts are particularly  significant to the energy sector, 

including more frequent and severe extreme heat episodes and decreasing snow-water content in 

the Sierra Nevada that are already becoming evident (Indicators of Climate Change in California, 

OEHHA, 2013). Moreover, historical climatic data will not suffice to support future management of 

energy systems and other human concerns, as the climate is diverging from its historical 

ȰÅÎÖÅÌÏÐÅȱɂ in other words, key climate parameters are starting to move outside of historically 

observed variabilityɂat a rate that makes historical data a poor predictor of future climate. For 

example, 2014 was the hottest year on record in California; and annual temperature moved far 

outside the envelope of natural variability as recorded in the last 120 years. It is also important to 

note that most of the warming in California occurred during the winter season, contributing to 

snowpack reduction in the Sierra Nevada.  

Recent findings of climate impacts on CaliforÎÉÁȭÓ ÅÎÅÒÇÙ ÓÙÓÔÅÍ ÁÒÅ ÂÒÉÅÆÌÙ ÓÕÍÍÁÒÉÚÅÄ ÂÅÌÏ×Ȣ )Ô 

should be noted, however, that significantly more research has been done to date on electricity than 

other aspects of the energy sector, such as natural gas or transportation fuels. Additional 

background on climate vulnerability of the energy sector can be found in Safeguarding California: 

Reducing Climate Risk. 

Electricity 
4ÈÅ ÉÍÐÁÃÔÓ ÏÆ ÃÌÉÍÁÔÉÃ ÃÈÁÎÇÅÓ ÏÎ #ÁÌÉÆÏÒÎÉÁȭÓ ÅÌÅÃÔÒÉÃÉÔÙ ÓÙÓÔÅÍ ÉÎÃÌÕÄÅȡ ÄÅÃÒÅÁÓÅÄ ÅÆÆÉÃÉÅÎÃÙ ÏÆ 

thermal power plants, substations, and some renewable generation technologies; decreased 

capacity of transmission lines; increased risk to electricity infrastructure of extreme events, 

                                                             
12 
http://www.cpuc.ca.gov/PUC/energy/CPUC_and_Energy_Commission_to_Hold_Climate_Adaptation
_Workshop.htm  

http://www.cpuc.ca.gov/PUC/energy/CPUC_and_Energy_Commission_to_Hold_Climate_Adaptation_Workshop.htm
http://www.cpuc.ca.gov/PUC/energy/CPUC_and_Energy_Commission_to_Hold_Climate_Adaptation_Workshop.htm
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including sea level rise, coastal flooding, and wildfires; less reliable hydropower resources; and 

increased peak electricity demand (Stoms et al., 2013; California Energy Commission, 2013).  

Electricity infrastructure is vulnerable to sea level rise along the coast. About 25 coastal power 

plants may be exposed to high water levels during what is considered a 100-year flood event, which 

would become more frequent with sea level rise. Prior research has shown that the increased 

frequency and severity of wildfires as a result of a warming climate will increase the risks of grid 

disruptions in our transmission lines. For example, hundreds of poles and lines were damaged and 

thousands of customers experienced outages as a result of the Butte and Valley fires in September 

2015.  

The 2015 Integrated Energy Policy Report (IEPR) included a preliminary peak electricity demand 

forecast that accounted for climate change. The forecast used climate scenarios developed for 

California by Scripps Institution of Oceanography for the Energy Commission based upon climate 

models used for the 2014 IPCC Assessment (IPCC, 2014). Higher projected annual maximum 

temperatures derived from the scenarios increased the statewide peak demand forecast by over 

600 MW in the mid demand case by 2026. Staff also derived projected changes in heating and 
cooling degree days from the scenarios, which affect electricity consumption. The impact on 

consumption was slight (around 60 GWh statewide in 2026) in the mid demand forecast, as heating 

degree days decreased at a much higher rate than cooling degree days increased. (Kavalec, 2015). 

Renewable energy technologies help mitigate climate change, but they can also be vulnerable to the 

impacts of climate change. For example, solar photovoltaic systems tend to be less efficient at 

higher temperatures.13 Projections for the Southwest suggest reductions of efficiency of the order 

0.7 to 1.7 percent with anticipated higher temperatures in 2050 (Bartos and Chester, 2015). 

Information on changes in the probability and location of occurrence of excessive heat in California 

due to climate change can help inform research on solar photovoltaic system performance on hot 

days. Similarly, additional studies on changes in the probability and location of changes in wind 

patterns in California due to climate change14 can help inform wind energy planning, forecasting, 

and integration as California increases the proportion of electricity generated from wind energy. 

Projections of changes in solar and wind regimes for the California region have not matured enough 

yet to provide a clear picture of potential changes. A recent paper noted, for example, that wind 

performance depends not only on wind speed but also on the density of the air; unfortunately, there 

are currently substantial uncertainties in the projections of both parameters (Bartos and Chester, 

2015). 

Natural Gas 
The natural gas system in the Bay Area, the Delta, and the California coast is vulnerable to potential 

impacts of an extreme storm event coupled with sea level rise on natural gas pipelines. A recent 

study led by University of California Berkeley used high-resolution hydrodynamical modeling to 

investigate the dynamic impacts of SLR, tides, and freshwater flows (Radke et al., 2015). The 

                                                             
13 http://energy.gov/eere/energybasics/articles/photovoltaic -cell-conversion-efficiency-basics  
14 http://iopscience.iop.org/1748 -9326/6/2/024008/fulltext/   

http://energy.gov/eere/energybasics/articles/photovoltaic-cell-conversion-efficiency-basics
http://iopscience.iop.org/1748-9326/6/2/024008/fulltext/
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ÒÅÓÅÁÒÃÈ ÃÏÎÃÌÕÄÅÓ ÔÈÁÔ ÔÈÅ $ÅÌÔÁ ÌÅÖÅÅÓ ÁÒÅ ÎÏÍÉÎÁÌÌÙ ȰÐÒÅÐÁÒÅÄȱ ÆÏÒ ÁÎ ÅØÔÒÅÍÅ ÓÔÏÒÍ ÅÖÅÎÔ ɉÃÁȢ 

100-year event) inasmuch as modeling indicates no overtopping for a storm with 0 m SLR. But, if 
such a storm event were paired with a 1.4 m SLR, which is a possible high-end 2100 estimate for 

California, then the storm would pose extensive risk to critical natural gas infrastructure as well as 

other energy-related and transportation infrastructure. Such risks include inundation of 

approximately 200 miles of natural gas transmission lines, including backbone transmission at 

Antioch, key transmission on Sherman Island, and transmission loops in San Jose, San Francisco, 

and Sacramento. Additionally, under such conditions, inundation of natural gas storage at 

MacDonald Island is indicated (Radke et al., 2015). Even with this new information, risks may still 

be underestimated because the research did not account for subsidence of Delta levees, which 

exacerbates impacts of sea levels by lowering levee crests (Brooks and Manjunath, 2012).   

California currently imports about 90 percent of the natural gas that it consumes, and, for this 

reason the integrity of large transmission lines is of high importance for the State. Thousands of 

miles of natural gas transmission and distribution lines cross California, bringing natural gas from 

producing regions. Due to the particulars of CalifÏÒÎÉÁȭÓ ÇÅÏÇÒÁÐÈÙȟ ÍÁÎÙ ÏÆ ÔÈÅ ËÅÙ ÌÉÎÅÓ ÁÎÄ 

related natural gas storage units run through the Central Valley, which has subsided dramatically in 

the past decade. The subsidence in the Valley has been exacerbated by unprecedented groundwater 

pumping in response to drought related shortages of surface water. Subsidence can affect the 

integrity and safety of natural gas pipelines. However, it is not yet known exactly how and where 

the unusually rapid rate of drought-related subsidence has affected natural gas pipelines and 

storage in the Central Valley. 

Observations of heating degree days15 (HDD) in California in the last few decades show a declining 

trend. For example, the decline of HDD was about 15 percent from 1960 to 2014 in the San Joaquin 

Valley, which would be expected to decrease the amount of natural gas consumed for space heating 

in a more or less proportional way. The overall downward trend in HDD, at least in the Central 

Valley, seems to be linked to reported reductions of Tule fog in the same region (Baldocchi and 

Waller, 2014). 

Petroleum Transportation Fuels  
Given the proximity ÏÆ ÍÏÓÔ ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ ÒÅÆÉÎÅÒÉÅÓ ÔÏ the ocean, they may be at risk of saltwater 

intrusion and damage from SLR and storm surges (Perez et al., 2009). Additionally,  most refineries 

in the state  consume electricity from the electricity grid and, therefore, are vulnerable to grid 

disruptions, which may be due to weather-related events associated with climate change.  Finally, 

water availability is also a concern for oil refineries. Refineries in California use a great deal of 

water to create steam used in their industrial processes. To the extent that potable water sources 

may have limited availability for use by refineries, other potential sources would have to be 

pursued along with strategies and technologies aimed at reducing their water intensity.  

Oil pipelines may also be sensitive to SLR at port facilities. #ÁÌÉÆÏÒÎÉÁȭÓ ÐÅÔÒÏÌÅÕÍ ÁÎÄ 

transportation fuels infrastructure normally involves the movement of raw and finished 

                                                             
15 A unit that measures the space heating needs during a given period of time 
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transportation fuel products via marine vessels and a network of pipelines that connect wharves to 

refineries, storage tank farms, distribution terminals, and associated structures. The wharf 
structures used to unload and load marine vessels are designed to accommodate a wide range of 

tidal variation on a daily and annual basis. An increase in the mean average sea level, however, 

would significantly raise the maximum high tide levels, such that the existing wharf system used for 

moving petroleum products and other waterborne commerce may need to be adjusted.  There are 

two railroads operating in California transporting crude oil: Burlington Northern Santa Fe and 

Union Pacific.  Climate change is expected to increase landslides, which may have safety 

implications.    

Current Actions to Prepare for Climate Impacts 
This section briefly describes ongoing activities preparing the energy system for a changing climate 

using the four overall strategies identified in Safeguarding California.   

Protect Existing Energy Facilities and Consumers from Impacts of Climate Change 
Several steps are being taken to improve the current energy system and to protect consumers from 

the near-term impacts of climate change. For example, after the 2006 heat wave, the CPUC required 

the electric utilities to start upgrading their transformers and other related equipment to be able to 

cope with both increased demand and relatively high temperatures at night that did not allow 

adequate cooling of the transformers during that event.  

The San Diego Gas & Electric (SDG&E) South Bay Substation is a good example of existing 

infrastructure that has been upgraded with adaptation in mind. The substation was moved and the 

new site was graded to withstand sea level rise of up to 8 feet. Utilities are also increasing their 

ability to track, monitor, and predict wildfires, they are upgrading and hardening infrastructure to 

withstand fires. For example, all three electricity IOUs have filed applications to replace wood 

utility poles  ×ÉÔÈ ÓÔÅÅÌ ÐÏÌÅÓ ÉÎ ÁÒÅÁÓ ×ÉÔÈ Á ÓÉÇÎÉÆÉÃÁÎÔ ÆÉÒÅ ÔÈÒÅÁÔȢ 4ÈÅ %ÎÅÒÇÙ #ÏÍÍÉÓÓÉÏÎȭÓ 3ÉÔÉÎÇȟ 

Transmission, and Environmental Protection Division assesses sites proposed for thermal power 

ÐÌÁÎÔÓ ÌÁÒÇÅÒ ÔÈÁÎ υπ ÍÅÇÁ×ÁÔÔÓ ɉ-7Ɋ ÆÏÒ ÒÉÓËÓ ÆÒÏÍ ÓÅÁȤÌÅÖÅÌ ÒÉÓÅ ÁÎÄ increased flooding as part of 

the reliability analysis of the project and equipment ÒÅÑÕÉÒÅÄ ÕÎÄÅÒ ÔÈÅ %ÎÅÒÇÙ #ÏÍÍÉÓÓÉÏÎȭÓ 

power plant certification process.  

Pacific Gas & Electric (PG&E), SDG&E, Southern California Edison (SCE), and Sacramento Municipal 

Utility District (SMUD) recently signed on to the Department of Energy (DOE) Climate Resilience 

Partnership, a voluntary effort run by the DOE to promote best resilience practices across the 

country.16 As part of the member agreement, each of the utilities will be required to produce a 

vulnerability report by late January, 2016,17 followed by a resilience plan. These reports will help 

formalize the information and the internal processes that the utilities have been undertaking over 

the last several years. It will also facilitate a gap analysis for what additional efforts need to be 

                                                             
16 http://energy.gov/epsa/partnership -energy-sector-climate-resilience  
17 3#%ȭÓ ÖÕÌÎÅÒÁÂÉÌÉÔÙ ÁÓÓÅÓÓÍÅÎÔ ÉÓ ÄÕÅ ÉÎ Spring, 2016, because they joined the Partnership a few 
months after its founding. 

http://energy.gov/epsa/partnership-energy-sector-climate-resilience
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undertaken and highlight coordination opportunities with the energy agencies and research 

community. Importantly, these plans will help stakeholders and regulatory agencies better 
understand and approve necessary expenditures related to adaptation efforts.  

Finally, Safeguarding California called for new vulnerability and adaptation studies in the energy 

ÓÅÃÔÏÒȢ 4ÈÅ #ÁÌÉÆÏÒÎÉÁ .ÁÔÕÒÁÌ 2ÅÓÏÕÒÃÅÓ !ÇÅÎÃÙ ɉ#.2!Ɋ ÉÓ ÌÅÁÄÉÎÇ ÔÈÅ ÐÒÅÐÁÒÁÔÉÏÎ ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ 

Fourth Climate Change Assessment that will be submitted to the Governor in 2018. The Energy 

Commission recently initiated a comprehensive portfolio of studies to be conducted for the energy-

sector part of the Assessment. The energy (Energy Commission) and non-energy studies (CNRA) 

will use a common set of climate, sea level rise, and socio-economic scenarios. The project 

developing climate change and sea level rise scenarios has already begun. Details of the energy-

related research for the Fourth Assessment are provided in the Enhance Energy-Related Climate 

Change Research section below. 

Diversify Energy Supply to Reduce Climate Vulnerability 
Several studies have been conducted to examine how the energy system in California should evolve 

to drastically reduce greenhouse gas (GHG) emissions (mitigation) in the next 35 years. Past studies 

have not investigated the link between mitigation and adaptation for the energy system. A study 

that started in July 2015 supported by the Energy Commission is, for the first time, making this 

connection. The study will investigate how to develop the energy system to drastically reduce GHG 

emissions while at the same time making it less vulnerable to climate impacts. The final results of 

the study will be available in 2017 and will provide further insights about options to drastically 

reduce greenhouse gas emissions from the energy sector by 2050, the potential costs associated 

these options, and promising technology/policy pathways. 

Ȱ#ÁÌÉÆÏÒÎÉÁȭÓ ÅÎÅÒÇÙ ÓÙÓÔÅÍ ÍÕÓÔ ÃÈÁÎÇÅ ÄÒÁÓÔÉÃÁÌÌÙ ÏÖÅÒ ÔÈÅ ÎÅØÔ 
ÆÅ× ÄÅÃÁÄÅÓ ÉÎ ÒÅÓÐÏÎÓÅ ÔÏ ÐÏÌÉÃÙ ÇÏÁÌÓ ÔÏ ÒÅÄÕÃÅ '(' ÅÍÉÓÓÉÏÎÓ 
ÁÎÄ ÉÎÃÒÅÁÓÅ ÔÈÅ ÁÍÏÕÎÔ ÏÆ ÒÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙ ÉÎ ÔÈÅ ÅÌÅÃÔÒÉÃÉÔÙ 
ÍÉØȢ 4ÈÉÓ ÅÖÏÌÕÔÉÏÎ ×ÉÌÌ ÒÅÑÕÉÒÅ ÉÎÆÏÒÍÁÔÉÏÎ ÔÈÁÔ ÈÅÌÐÓ 
ÃÒÅÁÔÅ Á ÍÏÒÅ ÃÌÉÍÁÔÅ-ÒÅÓÉÌÉÅÎÔ ÅÎÅÒÇÙ ÓÙÓÔÅÍȢȱ φτυχ )%02ȟ 
ÐȢχφφ 

 
The CPUC is continuing to implement its Self-Generation Incentive Program (SGIP) that provides 

incentives to support existing, new, and emerging distributed energy resources through rebates for 

qualifying distributed energy systems installed on the customer's side of the utility meter.18 

Qualifying technologies include wind turbines, waste heat to power technologies, pressure 

reduction t urbines, internal combustion engines, microturbines, gas turbines, fuel cells, and 

advanced energy storage systems. Decision 14-12-033 adopted $83 million annual SGIP 

collections through 2019. 

As a result of AB 327, the CPUC is also in the process of creating a successor tariff for the Net Energy 

Metering (NEM) program to ensure that customer-sited renewable distributed generation 

                                                             
18 http://www.cpuc.ca.gov/PUC/energy/DistGen/sgip/   

http://www.cpuc.ca.gov/PUC/energy/DistGen/sgip/
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continues to grow sustainably.19 Other efforts to increase the number of renewables on the grid 

include CPUC-approved changes to Rule 21 interconnection tariffs in December, 2014, that will 
allow utilities to interconnect inverters with advanced capabilities and establish a study period to 

see how they perform. 

The 1939 MW of distributed solar photovoltaic (PV) deployed through the California Solar 

Initiative[1] is fully subscribed, but efforts to continue the low-income programs for both single 

family and multi-family residential markets were renewed at $108 million over the next five years. 

The New Solar Homes Partnership, administered by the Energy Commission, continues to provide 

incentives for solar PV systems installed on highly energy efficient new homes and has a goal of 

installing 360 MW of additional solar capacity. In addition to solar PV, the solar thermal program to 

promote solar water heaters is authorized through 2017. In 2014, the CPUC initiated a new 

rulemaking to provide guidance for utility Distribution Resource Plans (DRP) that were filed in July 

2015.20 The goal of the DRPs is to accommodate greater deployment of distributed renewable 

generation, energy storage, electric vehicles, and energy efficiency and demand response 

technologies. This process will result in a far-reaching change to traditional distribution planning 

by the utilities, and it will influence investment decisions in future General Rate Cases. 

In August, 2015, the CPUC released a proposed decision, the ȰDecision Adopting an Expanded 

Scope, a Definition and a Goal for the Integration of Demand-Side Resources.ȱ21 While the DRPs 

could set values for distr ibuted energy resources (DER) as part of their grid investments, the 

Integration of Demand-Side Resources  will turn the DRP locational data into mechanisms for 

procuring DERs as alternatives to traditional grid projects, or creating new tariffs that could reward 

existing DERs for performing grid-supportive tasks. The proposal stakes out a series of decisions to 

ÂÅ ÍÁÄÅ ÉÎ 0ÈÁÓÅ ρ ÏÆ ÔÈÅ ÎÅ× ÐÒÏÃÅÅÄÉÎÇȟ ÉÎÃÌÕÄÉÎÇ ȰÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÁÎ ÅÎÄ-to-end framework 

for integrating demand-side resources, including relevant valuation methodologies and sourcing 

ÍÅÃÈÁÎÉÓÍÓȢ 4ÈÅ ÆÉÎÁÌ ÓÔÅÐ ÉÎ 0ÈÁÓÅ ρ ×ÉÌÌ ÅÎÔÁÉÌ ÄÅÖÅÌÏÐÉÎÇ ÏÂÊÅÃÔÉÖÅÓ ÆÏÒ ÔÈÅ ÁÄÏÐÔÅÄ ÆÒÁÍÅ×ÏÒËȢȱ  

At the utility  scale, the CPUC and the Energy Commission continue to implement the Renewable 

Portfolio Standard (RPS), which requires retail sales of 33 percent renewable energy. The energy 

agencies are now investigating ways to achieve the GÏÖÅÒÎÏÒȭÓ ÃÁÌÌ ÆÏÒ 50 percent renewables,22 

which will likely be mandated by statute under SB 350 (De Leon, 2015), which is currently awaiting 

ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ ÓÉÇÎÁÔÕÒÅȢ  

Through the Electric Program Investment Charge (EPIC), the Energy Commission is making 

investments in Technology Demonstration and Deployment activities that will demonstrate 

microgrid technologies, specifically microgrids that serve critical facilities. Microgrids are a 

technology option for making the electric grid more resilient and adaptable to climate change 

impacts such as increased fires, severe storms, and heat waves. Microgrids are able to disconnect 

from the larger electric grid and provide stable independent power for facilities or entire 

                                                             
19 (R.) 14-07-002 
20 http://www.cpuc.ca.gov/PUC/energy/drp/   
21 http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M153/K740/153740896.PDF   
22 http://gov.ca.gov/news.php?id=18828  

http://www.cpuc.ca.gov/PUC/energy/drp/
http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M153/K740/153740896.PDF
http://gov.ca.gov/news.php?id=18828
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communities. In 2015 the Energy Commission announced grant awards for seven microgrid 

demonstrations. These projects will demonstrate the ability of microgrids to utilize locally available 
renewable energy with energy storage and energy management systems that when coordinated 

together increase reliability and reduce greenhouse gases. 

Of the seven microgrid grants, four of the grants are demonstrating microgrid systems for critical 

facilities that include a designated American Red Cross Emergency Center, fire stations, a 

wastewater treatment plant, and a hospital. One of the projects is being developed in Humboldt 

County by the Schatz Energy Research Center (SERC) at the Blue Lake Rancheriaɂa designated 

American Red Cross Emergency Center for surrounding communities in the county. SERC is 

incorporating a high penetration of renewable resources into the project. They are designing the 

microgrid to be able to island from the larger utility grid for up to seven days, which is especially 

important because this region of California is identified as a Local Reliability Area and is served by 

two transmission lines that are vulnerable to climate change impacts. Coastal communities in 

Humboldt County must also be ready to respond to tsunami events, which will be more severe with 

rising sea level. 

The state of California is also diversifying the supply of electricity to its facilities. For example, the 

Department of General Services (DGS) manages the statewide Power Purchase Agreements 

program. Under these agreements, the solar provider develops designs, installs, operates, and 

maintains solar photovoltaic systems using third-party financing, and then sells the generated 

renewable electricity to the host facility at or below utility tariff rates. This program facilitates the 

installation of solar power systems with no up-front cost to state departments. Since the ÐÒÏÇÒÁÍȭÓ 

inception in 2005, DGS has worked with several state agencies to implement over 38 MW of 

renewable energy throughout the state. With the current momentum, the state is on track to have 

100 MW installed by the end of 2017. In addition to wind-powered systems, which are anticipated 

to be installed soon, other types of renewable energy are being examined, including solar thermal 

and fuel cells. 

0ÌÁÎÎÉÎÇ ÆÏÒ ÉÎÃÒÅÁÓÅÄ ÐÅÎÅÔÒÁÔÉÏÎ ÏÆ ÒÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙ ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ ÅÎÅÒÇÙ ÓÙÓÔÅÍ ÁÓ Á ÌÏÎÇ-

term investment also considers climate change impacts on other resources, such as species and 

ecosystems. The Desert Renewable Energy and Conservation Plan (DRECP), for example, is taking 

an innovative approach to incorporate climate change into this plan for both preferred zones for 

energy and for biological conservation. Part of that effort is to select climate-resilient areas to 

protect species (Flint, 2015). The DRECP is helping stakeholders understand the adaptation needs 

by hosting an online data platform referred to as the DRECP Climate Console with the relevant 

climate information.23  

Whereas the DRECP will designate Development Focus Areas that are preferred for renewable 

energy development in the southeast desert areas in California, the recently convened San Joaquin 

Valley Solar Study is intended to identify areas of least conflict that would be appropriate for solar 

development in this region. Five stakeholder groups are participating: 1) Environmental and 

                                                             
23 http://drecp.consbio.webfactional.com/climate   

http://drecp.consbio.webfactional.com/climate
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Conservation; 2) Agriculture; 3) Counties; 4) Industry; and 5) Transmission. The goal is to expedite 

permitting of new renewable projects to deploy clean energy more quickly. 

Promote Energy Demand Side Measures that Facilitate Climate Adaptation 
Maintaining a reliable energy system is vital to the health and well-ÂÅÉÎÇ ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ ÒÅÓÉÄÅÎÔÓ 

and its economy. Reliable grid operation depends on meeting demand with adequate supply and 

ensuring uninterrupted delivery to customers. As climate change could increase electricity demand 
and threats to grid reliability, strategies on the customer (or demand) side can help counter those 

impacts. For example, energy efficiency can be a very cost-effective tool that minimizes demand all 

the time. Demand response (DR), in contrast, provides a strategy to rapidly decrease electricity 

usage temporarily when the grid is stressed from high demand, such as during extreme heat events. 

Zero net energy (ZNE) buildings combine efficiency with clean, on-site renewable energy 

generation. Because water and energy systems are tightly coupled, strategies to conserve water, 

particularly during drought, also reduce electricity demand. Energy storage, including that 

provided by electric vehicles (EVs), helps with grid reliability by supplying stored electricity  during 

peak demand. Specific efforts in each of these categories are described below. 

Energy Efficiency 
%ÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÉÓ Á ÐÒÅÆÅÒÒÅÄ ÅÎÅÒÇÙ ÒÅÓÏÕÒÃÅ ÕÎÄÅÒ ÔÈÅ ÓÔÁÔÅȭÓ ÌÏÁÄÉÎÇ ÏÒÄÅÒȟ ×ÈÉÃÈ ×ÁÓ 

ÄÅÖÅÌÏÐÅÄ ÉÎ ςππσ ÔÏ ÇÕÉÄÅ ÉÎÖÅÓÔÍÅÎÔ ÄÅÃÉÓÉÏÎÓ ÔÏ ÍÅÅÔ #ÁÌÉÆÏÒÎÉÁȭÓ ÆÕÔÕÒÅ ÅÌÅÃÔÒÉÃÉÔÙ ÎÅÅÄÓ ÉÎ ÔÈÅ 

best, long-term interest of consumers, ratepayers, and taxpayers. However, California has long been 

a proponent of reducing the unnecessary waste of energy for decades. For example, the Energy 

Commission adopted the first energy efficiency standards for appliances in 1976 and for buildings 

in 1978. Since then, Californians have saved $75 billion in electricity costs.24 #ÁÌÉÆÏÒÎÉÁȭÓ ÐÅÒ ÐÅÒÓÏÎ 

electricity consumption has remained relatively ÆÌÁÔȟ ÉÎ ÐÁÒÔ ÄÕÅ ÔÏ #ÁÌÉÆÏÒÎÉÁȭÓ ÌÏÎÇ-term energy 

efficiency efforts, while electricity consumption in the rest of the United States has increased by 

roughly 40 percent. "ÕÉÌÄÉÎÇ ÕÐÏÎ ÔÈÅÓÅ ÅÆÆÏÒÔÓȟ ÔÈÅ ÓÔÁÔÅȭÓ ,ÏÎÇ 4ÅÒÍ %ÎÅÒÇÙ %ÆÆÉÃÉÅÎÃÙ 3ÔÒÁÔÅÇÉÃ 

Plan25 updated in 2011, set forth a roadmap to achieve maximum energy savings across all major 

groups and sectors in California. This pÌÁÎ ÉÓ ÔÈÅ ÓÔÁÔÅȭÓ ÆÉÒÓÔ ÉÎÔÅÇÒÁÔÅÄ ÆÒÁÍÅ×ÏÒË ÏÆ ÇÏÁÌÓ ÁÎÄ 

strategies for saving energy. The plan includes government, utility, and private sector actions, and 

holds energy efficiency to its role as the highest priority preferred energy resource. The CPUC is in 

the process of updating the plan and broadening the scope to integrate energy efficiency with other 

demand-side efforts including demand response, time-of-use rates, and distributed generation. 

Assembly Bill 758 (Skinner, Chapter 470, Statutes of 2009) requires the Energy Commission, in 

collaboration with the California Public Utilities Commission and stakeholders, to develop a 

comprehensive program to ÃÁÐÔÕÒÅ ÍÏÒÅ ÅÎÅÒÇÙ ÓÁÖÉÎÇÓ ÆÒÏÍ #ÁÌÉÆÏÒÎÉÁȭÓ existing building stock. 

The Energy Commission approved the Existing Buildings Energy Efficiency Action Plan,26  on 

                                                             
24 http://www.energy.ca.gov/2013publications/CEC -100-2013-001/CEC-100-2013-001-CMF.pdf  
25 http://www.energy.ca.gov/ab758/documents/CAEnergyEfficiencyStrategicPlan_Jan2011.pdf 
26 http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-
05/TN203806_20150310T093903_California%E2%80%99s_Existing_Buildings_Energy_Efficiency_
Action_Plan.pdf  

http://www.energy.ca.gov/2013publications/CEC-100-2013-001/CEC-100-2013-001-CMF.pdf
http://www.energy.ca.gov/ab758/documents/CAEnergyEfficiencyStrategicPlan_Jan2011.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-05/TN203806_20150310T093903_California%E2%80%99s_Existing_Buildings_Energy_Efficiency_Action_Plan.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-05/TN203806_20150310T093903_California%E2%80%99s_Existing_Buildings_Energy_Efficiency_Action_Plan.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-05/TN203806_20150310T093903_California%E2%80%99s_Existing_Buildings_Energy_Efficiency_Action_Plan.pdf
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September 9, 2015. This action plan provides a 10-year roadmap to dramatically reduce energy use 

ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ ÅØÉÓÔÉÎÇ ÒÅÓÉÄÅÎÔÉÁÌȟ ÃÏÍÍÅÒÃÉÁÌȟ ÁÎÄ ÐÕÂÌÉÃ ÂÕÉÌÄÉÎÇÓȢ 4ÈÅ %ÎÅÒÇÙ #ÏÍÍÉÓÓÉon will 
work in collaboration with the CPUC, local governments, industry stakeholders, and various state 

ÁÎÄ ÌÏÃÁÌ ÁÇÅÎÃÉÅÓ ÔÏ ÁÃÈÉÅÖÅ ÔÈÅ ÁÃÔÉÏÎ ÐÌÁÎȭÓ ÏÂÊÅÃÔÉÖÅÓȟ ÁÎÄ ÈÅÌÐ ÔÈÅ ÓÔÁÔÅ ÁÃÈÉÅÖÅ 'ÏÖÅÒÎÏÒ 

%ÄÍÕÎÄ 'Ȣ "ÒÏ×ÎȭÓ ÄÏÕÂÌÉÎÇ ÏÆ ÅÎÅÒÇÙ ÓÁÖÉÎÇÓ ÉÎ ÅØÉÓÔÉÎg buildings by 2030, as stated in his 2015 

State of the State address. 

In June 2015, the Energy Commission approved the 2016 Building Energy Efficiency Standards that, 

when in effect, will reduce energy costs, save consumers money, and increase comfort in new and 

upgraded residential and nonresidential buildings. These new standards include features such as 

high performance attics and walls, instantaneous water heaters, and highly efficient lighting. Single-

family homes built to the 2016 standards will use about 28 percent less energy for lighting, heating, 

cooling, ventilation, and water heating than those built to the 2013 standards. Based on a 30-year 

mortgage, the Energy Commission estimates that these standards will add about $11 per month for 

the average home, but save consumers $31 on monthly heating, cooling, and lighting bills. This 

ÂÒÉÎÇÓ ÔÈÅ ÓÔÁÔÅ ÏÎÅ ÓÔÅÐ ÃÌÏÓÅÒ ÔÏ×ÁÒÄ ÁÃÈÉÅÖÉÎÇ ÔÈÅ ÓÔÁÔÅȭÓ ςπςπ :ÅÒÏ-Net Energy (ZNE) goal for 

all new residential buildings. The basic premise for designing and constructing ZNE buildings is to 

integrate and optimize energy efficiency measures with on-site renewable generation so that a 

building produces and/or offsets as much energy as it consumes annually. ZNE buildings can 

provide consumers and building owners long-term cost savings and other non-energy benefits, 

such as improved comfort. These buildings can also help reduce greenhouse gas and criteria 

pollutant emissions by avoiding the long-term need to generate electricity from fossil-fueled 

electric generation facilities. In addition, ZNE buildings can help improve local electric service 

reliability due to the proximity of load to on-site electric generation, and can help reduce the need 

to expand the electric system, benefiting all ratepayers from reduced infrastructure expansion 

costs, while reducing the systems overall environmental impact.  

Governor Brown specifically cited ZNE as one of several effective methods to combat climate 

change by achieving the goals of AB 32. In his 2012 Executive Order B-18-1227 and the 

accompanying Green Building Action Plan,28 Governor Brown directed executive branch 

departments to design, construct, and upgrade buildings to meet ZNE building requirements, where 

possible. Fourteen state buildings were chosen to pilot ZNE building concepts; however, due to 

state budget constraints, only a handful of projects are complete or under construction. Executive 

Order B-18-12 also mandates that state buildings benchmark their energy and water use using 

ENERGY STAR Portfolio Manager. Benchmarking is the process of collecting building performance 

data and comparing that data to a standard metric, usually the best building practices. Building 

owners and operators can then use this information to better manage their building energy and 

water use, ÁÎÄ ÉÍÐÒÏÖÅ Á ÂÕÉÌÄÉÎÇȭÓ ÏÖÅÒÁÌÌ ÐÅÒÆÏÒÍÁÎÃÅ. In 2014, the state reduced water use by 

22 percent compared to 2010, meeting the Executive OrderȭÓ ÒÅÄÕÃÔÉÏÎ ÇÏÁÌ ÏÆ ςπ ÐÅÒÃÅÎÔ ÂÙ ςπςπȟ 

and is well on its way toward meeting the energy goal of 20 percent by 2018. State department 

energy use dropped by 14 percent compared to the 2003 baseline. In addition, 2014 saw an 

                                                             
27 http ://gov.ca.gov/news.php?id=17508  
28 http://gov.ca.gov/docs/Green_Building_Action_Plan_B.18.12.pdf  

http://gov.ca.gov/news.php?id=17508
http://gov.ca.gov/docs/Green_Building_Action_Plan_B.18.12.pdf
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increase in on-site renewable generation, now accounting for 12 percent of total state energy use. 

)Î !ÐÒÉÌ ςπρυȟ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ 3ÕÓÔÁÉÎÁÂÌÅ "ÕÉÌÄings website was launched to publically disclose the 
stateȭÓ progress towards reducing its environmental footprint by improving state building 

performance. 

The CPUC has many ongoing programs to promote energy efficiency, authorizing spending of about 

Αρ ÂÉÌÌÉÏÎ ÐÅÒ ÙÅÁÒ ÁÃÒÏÓÓ ÔÈÅ ÓÔÁÔÅȭÓ ÉÎÖÅÓÔÏÒ-owned utilities for all end-use electricity and natural 

gas consumers. A 2014 decision committed funding at that level for a ten-year period as part of 

their new Rolling Portfolio design, whereby energy efficiency targets will be updated annually 

rather than tri -annually and evaluations will be integrated within the portfolio rather than at fixed 

time intervals. The long-term, committed funding will provide a longer-term perspective and could 

ÅÎÈÁÎÃÅ ÍÁÒËÅÔ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÆÏÒ ÄÅÅÐÅÒ ÁÎÄ ÌÏÎÇÅÒ ÌÁÓÔÉÎÇ ÅÎÅÒÇÙ ÓÁÖÉÎÇÓȢ #ÁÌÉÆÏÒÎÉÁȭÓ 

publically-owned utilities are also committed to reducing energy consumption, investing close to 

$140 million in energy efficiency programs per year.  

In addition to the low-ÉÎÃÏÍÅ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÐÒÏÇÒÁÍÓ ÏÆÆÅÒÅÄ ÔÈÒÏÕÇÈ ÔÈÅ ÓÔÁÔÅȭÓ ÉÎÖÅÓÔÏÒ-

owned and publically-owned utilities, the Department of Community Services and Development 
(DCSD) invests in energy efficiency upgrades and on-site renewable generation for vulnerable and 

disadvantaged communities. For example, the Low-Income Weatherization Assistance Program 

administered by DCSD and funded by the state and the United States Department of Energy for 

decades, has assisted low-income households in disadvantaged communities  install rooftop solar 

photovoltaic systems, solar hot water heater systems, and weatherization measures,  such as wall 

and attic insulation and duct sealing. This program demonstrates ÔÈÅ ÓÔÁÔÅȭÓ ÃÏÍÍÉÔÍÅÎÔ ÔÏ 

leverage funding to ensure that the communities who will be most impacted by climate change are 

prepared and have the tools and resources to adapt to its effects. 

Water Efficiency 
Water will become more precious as the climate changes. Droughts are expected to become longer 

and more severe. Therefore water efficiency is a key adaptation strategy with a co-benefit of 

reducing energy demand. In response to California's severe drought, Governor Brown's Executive 

Order B-29-15 outlines bold steps to save water, increase enforcement of water use standards, 

streamline the state's drought response, and invest in new water energy technologies. To accelerate 

the deployment of innovative water and energy saving technologies in the agricultural, residential, 

industrial, commercial, and desalination sectors, the California Energy Commission, jointly with the 

Department of Water Resources, and the State Water Resources Control Board, will implement a 
Water Energy Technology (WET) program if funding is provided by the Legislature. WET will 

provide funding for innovative technologies that meet the following criteria:  

¶ display significant on-site water savings, energy savings, and greenhouse gas emission 

reductions;  

¶ demonstrate actual operation beyond the research and development stage;  

¶ document readiness for rapid, large-scale deployment (but not yet widely deployed) in 

California;  

¶ deploy technologies that are commercially available; and 
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¶ apply funds in existing facilities. 

Executive Order B-29-15 also ordered the California Energy Commission to establish standards that 
improve the efficiency of water appliances, including toilets, urinals, and faucets available for sale 

and installation in new and existing buildings. In addition, on August 12, 2015, the Energy 

Commission approved new standards for showerheads that are expected to save more than 2.4 

billion gallons of water in the first year and 38 billion gallons after full stock turnover in 10 years. 

Another of the four Energy Commission responsibilities in the Executive Order calls for a short-

term, statewide rebate program for water-efficient appliances and devices. Pending funding, the 

Energy Commission is proposing two separate programs to save water: a clothes washer residential 

rebate program and a targeted disadvantaged community direct install program. The programs will 

help residents capture water and energy savings while reducing greenhouse gas emissions. 

The CPUC initiated R.13-12-011 to look into policies to promote a partnership framework between 

energy IOUs and the water sector to promote water-energy nexus programs. The CPUC recently 

adopted a water-energy calculator to quantify how much electric energy is required to move and 

treat water in order to calculate the energy savings of various water conservation programs and 

allow water utilities to tap energy efficiency funding for water conservation programs. The 

calculator also calculates the water resource benefits associated with water savings. A second tool 

is the Avoided Water Capacity Cost Model (water tool). The water tool calculates an avoided water 

system capacity cost associated with water savings. Water tool output is an essential input into the 

water-energy calculator.  

Demand Response 
DR is a climate-resilience strategy in that it facilitates rapid load drops when grid reliability is 

jeopardized or demand is higher than expected. Although DR was not originally designed for the 

purpose of preparing for climate risks, it presents a powerful strategy for reducing peak energy 

demand and thereby boosting grid resilience when, for example, extreme heat waves raise peak 

demand. CPUC is evaluating DR in resource planning needs and operational requirements. It has 

recently contracted with Lawrence Berkeley National Laboratory to conduct a study to assess the 

technical potential of residential, commercial, industrial end uses to provide DR, plus economic and 

market potential of DR products to help establish DR goals. In addition, the CPUC has an interim 

target of meeting 5 percent of peak demand with price-responsive DR and has also made 

participation of DR in the wholesale markets possible as a flexible ramping resource and ancillary 

service. Passage of a new decision calling for time-of-use rates by 2018 will further help with peak 

load reduction and conservation. All three electricity IOUs have nearly completed the installation of 

smart meters across their territory, which will facilitate both customer ability to participate in 

current time-of-use pricing plans and future pilot programs.  

Automated demand response (AutoDR) is triggered by a signal from a utility or grid operator to 

ÁÕÔÏÍÁÔÉÃÁÌÌÙ ÒÅÄÕÃÅ Á ÕÓÅÒȭÓ ÌÏÁÄ ÔÏ Á ÐÒÅ-agreed level. The Energy Commission has supported the 

development of OpenADR, which is a communication standard protocol to increase demand 

response availability in California. ADR substantially increases participation compared to manual 

systems. OpenADR has been adopted as both a national and international standard for DR and 
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distributed energy resource operations, allowing large numbers of loads to participate reliably in 

DR in other states and countries. Investments by the Energy Commission to fund development of 
AutoDR and Open AutoDR at the Demand Response Research Center at the Lawrence Berkeley 

National Laboratory are already showing results. Using AutoDR and Open AutoDR is already 

avoiding 260 MW of peak load in California annually. The annual net benefits (savings minus 

technology costs) of these technologies in California are projected to increase from $16.5 million in 

2012 to between $39 million and $118 million by 2020.  

Energy Storage and Electric Vehicles 
Energy storage technology is being hailed globally as the game-changer toward reliably managing 

low-carbon, greener electricity grids. California, a national leader in advancing energy storage, 

envisions this technology as a critical component in reducing global warming, improving air quality, 

promoting energy independence, and building climate resilience. The state currently has several 

pilot projects, and is working toward commercialization of energy storage. By supporting 

technology demonstrations and bringing energy storage innovators and investors together, 

California Energy Commission-funded storage projects provide data and real-world experience that 

will help reduce investment costs and prove which solutions work best in specific applications. The 

passage of Assembly Bill 2514 and the resulting California Public Utilities Commission decision set 

energy storage procurement targets for each of the IOUs totaling 1,325 MW to be online by 2024. In 

December, 2014, the California Independent System Operator (ISO), the California Public Utilities 
Commission (CPUC), and the California Energy Commission unveiled a comprehensive roadmap to 

assess the current market environment and regulatory policies for connecting new energy storage 

ÔÅÃÈÎÏÌÏÇÙ ÔÏ ÔÈÅ ÓÔÁÔÅȭÓ ÐÏ×ÅÒ ÇÒÉÄȢ29 The roadmap culminates years of work and input from more 

than 400 interested parties, including utilities, energy storage developers, generators, 

environmental groups, and other industry stakeholders. This roadmap will be used by the CPUC, 

Energy Commission, and the ISO to inform future regulatory proceedings, initiatives, and policies 

and lays a foundation to integrate energy storage technologies that benefit grid reliability and 

consumers.  

The Energy Commission and #05# ÃÏÎÔÉÎÕÅ ÔÏ ÓÕÐÐÏÒÔ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ :ÅÒÏ %ÍÉÓÓÉÏÎÓ 6ÅÈÉÃÌÅ 

Action Plan.30 Significantly, in December, 2014, the CPUC issued a Decision that would allow the 

electric utilities to take a larger role in the deployment of electric vehicle (EV) charging stations and 

electrical equipmentȟ ×ÈÉÌÅ ÔÈÅ %ÎÅÒÇÙ #ÏÍÍÉÓÓÉÏÎȭÓ !ÌÔÅÒÎÁÔÉÖÅ ÁÎÄ 2ÅÎÅ×ÁÂÌÅ &ÕÅÌ ÁÎÄ 6ÅÈÉÃÌÅ 

Technology Program is funding the expansion of public fueling stations for hydrogen fuel cell 

vehicles throughout the state. In addition, CPUC staff initiated a pilot program in August, 2014, to 

test the possibility for utilities to deploy sub-meters, which are capable of separately measuring and 

ÂÉÌÌÉÎÇ %6 ÃÈÁÒÇÉÎÇ ÕÓÉÎÇ Á ÓÅÃÏÎÄ ÍÅÔÅÒ ÏÎ ÔÈÅ ÃÕÓÔÏÍÅÒȭÓ ÓÉÄÅ ÏÆ ÔÈÅ ÕÔÉÌÉÔÙ ÍÅÔÅÒȢ $ÅÐÌÏÙÍÅÎÔ ÏÆ 

sub-meters is a critical step in allowing the utilities to offer EV-specific rates that can allow EV 

drivers to access low-cost energy at night and mitigate the impacts of EVs on the electric grid. As 

technology improves, sub-meters may eventually allow vehicles to offer energy services to the 

                                                             
29 http://www.caiso.com/Documents/Advancing -
MaximizingValueofEnergyStorageTechnology_CaliforniaRoadmap.pdf  
30 http://www.opr.ca.gov/s_zero -emissionvehicles.php  

http://www.caiso.com/Documents/Advancing-MaximizingValueofEnergyStorageTechnology_CaliforniaRoadmap.pdf
http://www.caiso.com/Documents/Advancing-MaximizingValueofEnergyStorageTechnology_CaliforniaRoadmap.pdf
http://www.opr.ca.gov/s_zero-emissionvehicles.php
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utilities, providing an additional source of revenue to the drivers. The pilot program is divided into 

two phases to test different sub-metering scenarios and is expected to conclude in 2016. The 
Energy Commission supports EV charging R&D, and through the Alternative and Renewable Fuel 

and Vehicle Technology Program, supports EV charger R&D, and through the Alternative and 

Renewable Fuel and Vehicle Technology Program, supports EV charger and hydrogen fueling 

station deployment. 

Enhance Energy-related Climate Change Research 
Climate change research is one of the cornerstones of the ÓÔÁÔÅȭÓ ÃÌÉÍÁÔÅ ÐÏÌÉÃÉÅÓȢ ! υ-year research 

agenda for the energy sector was prescribed in the recent Climate Change Research Plan for 

California (Climate Action Team, 2015). It was designed to answer policy-relevant questions that 

support strategies and technological innovations necessary to significantly reduce GHG emissions 

and climate risk and their economic, public health, and environmental impacts; identify synergies 

and trade-offs between mitigation and adaptation strategies; and assess the vulnerability of the 

energy sector to climate change. The Energy Commission is implementing this agenda through the 

EPIC (for electricity) and Natural Gas Research and Development programs and their respective 

ÉÎÖÅÓÔÍÅÎÔ ÐÌÁÎÓȢ #ÁÌÉÆÏÒÎÉÁȭÓ &ÏÕÒÔÈ #ÌÉÍÁÔÅ #ÈÁÎÇÅ !ssessment is the first major part of 

implementation of the research plan in the energy sector.  

The Energy Commission manages several applied research projects that will enhance climate 

adaptation for the energy sector now and into the future. For example, Scripps Institution of 

Oceanography demonstrated that it is possible to develop probabilistic seasonal forecasts that can 

be used to prepare for the possibility of hot summer months (Alfaro et al., 2006). They also showed 

that using satellite data about coastal fog early in the morning can substantially reduce peak 

demand forecast errors in the same day (Pierce and Cayan, in preparation). Finally, a new research 

project with the University of California Riverside and NASA/JPL is developing a new hydrologic 

forecast for a major hydropower system operated by Southern California Edison (SCE). The new 

forecast system will take into account the important role that small particles in the air have on 

precipitation amounts and the form of precipitation (snow vs. rain) (Creamean et al., 2013). SCE is 

heavily involved in this project providing real world expertise on the actual management of their 

reservoirs.  

The research portfolio for the energy sector addresses vulnerability and risk assessment of climate 

impacts and assessment of adaptation strategies. Studies will extend the assessment of the 

increasing risks of sea level rise and wildfires on the electricity system begun in preliminary 

research by Lawrence Berkeley National Laboratory for the Third Assessment. A similar study is 

planned to investigate the climate vulnerabilities to the petroleum system such as refineries and oil 

pipelines. Other researchers will gather new empirical data on near-surface temperatures within an 

urban heat island to improve understanding of the determinants of the effect and provide a 

foundation for location-specific options to reduce peak energy demand and adverse public health 

impacts. Bottom-up regional studies are planned to consider impacts from multiple climate change 

factors on ÔÈÅ ÎÁÔÕÒÁÌ ÇÁÓ ÓÙÓÔÅÍȢ #ÏÍÍÕÎÉÃÁÔÉÎÇ ÃÌÉÍÁÔÅ ÒÉÓËÓ ÔÏ ÓÔÁËÅÈÏÌÄÅÒÓ ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ 
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electricity infrastructure is being enhanced through improvements in the Cal-Adapt visualization 

tool.31  

The Energy Commission is also funding research targeted to specific adaptation strategies. These 

include innovative grid management and operation strategies to overcome limitations or potential 

ÄÉÓÒÕÐÔÉÏÎÓ ÉÎ ÐÏ×ÅÒ ÔÒÁÎÓÍÉÓÓÉÏÎ ÁÓ ×ÅÌÌ ÁÓ ÌÉÍÉÔÁÔÉÏÎÓ ÔÏ ÔÈÅ ÇÒÉÄȭÓ ÁÂÉÌÉÔÙ ÔÏ ÍÁËÅ ÕÓÅ ÏÆ 

intermittent renewable generation. A group of projects are developing long-term energy scenarios 

from the present to 2050 that include climate impacts on demand, generation, and transmission. 

In addition, the Energy Commission is funding research to improve grid resiliency through 

efficiency and demand response; renewable energy, distributed generation, and energy storage; 

and clean fossil-fueled sources and infrastructure improvements. Complementing these 

technological innovations are investigations of consumer choice and civic engagement, as well as 

assessments of the cost-effectiveness of adaptation options. 

The State of California has been supporting regional climate change research for more than a 

decade. These studies have complemented research at the national level and have been designed to 

inform climate policy deliberations and actions in California. The Energy Commission in 

collaboration with the Air Resources Board developed and supports the State Climate Change 

Research Catalog, which is now hosted through Cal-Adapt.32 The Research Catalog provides basic 

information about past and ongoing climate change-related studies that state agencies have 

conducted or commissioned since the early 2000s. The purpose of this catalog is to document 

#ÁÌÉÆÏÒÎÉÁȭÓ ÒÅÓÅÁÒÃÈ ÅÆÆÏÒÔÓ ÁÎÄ ÔÏ ÆÁÃÉÌÉÔÁÔÅ Ôhe exchange of information. This new version provides 

improved user interface and search capabilities, including graphical summaries. 

Data access by researchers has been an ongoing challenge for climate vulnerability and adaptation 

studies. Utilities have often been naturally reluctant to share data that is either proprietary about 

their operations or could affect customer privacy. For example, studies have been hampered by lack 

of access to data on grid disruptions caused by wildfire, operations of hydropower units, or the 

precise locations of coastal energy infrastructure. Nevertheless there have been successful 

examples where arrangements were made to provide such data to researchers under a 

nondisclosure agreement under which aggregated results could be reported (Auffhammer and 
Aroonruengsawat, 2012; Radke et al., 2015). The agencies and utilities need to continue working 

out procedures by which sensitive data can be accessed by researchers without compromising 

privacy, security, or business interests. 

The CPUC created the EPIC in 2011 to ensure that sufficient investment would be made in research 

and development of emerging energy technologies. Funding for the EPIC program is set at 

approximately $162 million per year from 2012-2020, and is to be used to support each of the 

following areas: Applied Research and Development, Technology Demonstration and Deployment, 

and Market Facilitation. Proposals for investment in various research areas are included in three-

year investment plans created by each of the administrators (Energy Commission, SCE, PG&E, and 

                                                             
31 http://cal -adapt.org/  
32 http://cal -adapt.org/research/  

http://cal-adapt.org/
http://cal-adapt.org/research/


 

 

 

64 
 
 

 

SDG&E) with input from the public and submitted to the CPUC for approval. The IOU investments 

are focused on technology demonstration and deployment and market facilitation.  

Next Steps 
It is clear from the prior sections that there is already a great deal of initial work on adaptation. 

However, these actions are more related to developing new information via research projects and 

less oriented towards the substantial investments that implementation of adaptation measures will 

require. This focus is due in part to the fact that decision makers in the energy sector must feel 

comfortable with their investment decisions, and action will require careful collaboration and 

dedicated funding by public and private entities. Energy utilities may not be willing to invest 

substantially in adaptation unless the investments also make sense under current climate 

conditions and the climate of the next 30 years. It may make sense in some cases to delay 

implementation of adaptation options because the risks are not imminent and/or there is time to 

implement adaptation measures when new major investments are required. For example, an 

analysis conducted by RAND Corporation for the Port of Los Angeles suggested that sea level rise in 

the next decades should not be a problem, but that it would be wise to start implementing 

adaptation measures in the next major improvement program for the port when it will be less 

costly (Lempert et al., 2012). As with this specific study, future adaptation studies for the energy 

sector will include consideration of costs. The end result will compare the cost of doing nothing 

with the cost of different adaptation measures.   

The CPUC and the Energy Commission via their EPIC and Natural Gas Research and Development 

programs are supporting adaptation research for the electricity and natural gas sectors, 

respectively. There is now a one-time source of funding to start analyzing the climate 

vulnerabilities of the petroleum sector, but a steady stream of research funds for the petroleum 

sector is needed.    

The following are the next steps that California will take to substantially increase its climate 

resilience activities for the energy sector: 

¶ Establish a Working Group between the Energy Commission and the California Public 

Utilities Commission to design, implement, and monitor the actions listed below. This group 

will meet for the first time by January 15, 2015 and create a work plan by February 29, 

2016. 

¶ Work with the DOE, the IOUs, and the publically-owned utilities (POUs) on the vulnerability 

assessments and resilience plans that they have agreed to produce as part of their 

membership in the DOE Climate Resilience Partnership (see schedule for vulnerability 

assessments above). This collaborative effort will facilitate development of robust 

documents that can be the cornerstone of efforts to incorporate adaptation planning and 

measures into utility operations and relevant CPUC proceedings and Energy Commission 

research. 
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¶ Work with other California IOUs and POUs and other energy utilities and entities that are 

part of natural gas and transportation fuel systems to implement a program similar to the 

DOE Climate Resilience Partnership, when necessary.  

¶ Collaborate on research needs and efforts within the Commissions to ensure that research 

produces actionable science and investment and operational parameters 

¶ Formalize the Energy Commission climate and sea level rise scenarios as part of an effort to 

foster science-driven decisions by June 1, 2016. 

¶ Encourage cooperation and collaboration among all utilities and the various regional 

climate resilience collaboratives. 

The two Commissions will report progress on the above action items to the California Natural 

Resources Agency by June, 2016, as required by Executive Order B-30-15.  

Monitoring and Evaluation 
Energy indicators should: 1) be able to track progress on mitigation and/or adaptation while taking 

into account non-climatic features; 2) be easy to understand; and 3) be relevant at different levels 

of geographical detail from local to statewide levels.   

Some of the energy indicators will be similar to the indicators needed for other sectors. For 

example, an indicator that tracks the fraction of winter precipitation that falls as snow will be very 

useful for hydropower operators but also for the water supply sector. For brevity this section does 

not discuss these indicators here but, obviously, local and regional indicators by hydrological units 

would be preferable than statewide indicators because the situation tends to be different in 

different regions in California (Franco, 2015). 

Cooling degree days33 (CDD) and HDD are excellent indicators for the energy system. However, the 

definition of these indicators must be made relevant for California. For example, NOAA uses 65° F 

as the baseline temperature for the definition of HDD. This basically assumes that if ambient 

temperature falls below 65° F, people start to warm their homes and buildings, increasing energy 

demand for space heating. In practice, data from PG&E suggests that 60° F is a more realistic 

baseline temperature for their service territory (Franco, 2015). HDD and CDD data are available via 

NOAA but at a highly aggregated geographical resolution. Cal-Adapt will make this information 

available using a grid resolution of 3.5 miles using appropriate baseline temperatures for both 

historical data and climate projections. 

Weather-related energy disturbances can become more frequent and damaging under a changing 

climate. For example, an increase in wildfire activities could increase disruptions of the electrical 

grid. However, the modernization of the electricity grid may reduce these events if this 

modernization is done considering climate change. The figure below shows the number of weather-

related grid disturbances per year in California. This figure does not show a clear trend, but this 

may be due to the relatively short timeframe covered (12 years) and the fact that the electricity 

                                                             
33 A unit of measure that indicates how heavy the air conditioning needs are under certain weather conditions 
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system is changing. However, some notable weather patterns are reflected in the length of the bars 

in the graph for particular weather-related sources of disturbances. As noted above, 2006 had an 
extreme heat wave, and heat waves caused a large fraction of the grid disturbances that year. 

Likewise, 2007 and 2008 were extremely bad years for wildfire, corresponding to larger than 

average number of grid disturbances. In contrast, 2009-2011 saw relatively small area burned and 

no fire-related outages. Regardless, it would be important to develop indicators of weather-related 

energy disturbances such as the one shown below to examine if the protective measures 

implemented for the energy system are effective.    

 

Data Source:  Energy Information Administration 

To develop meaningful indicators, it will be necessary to create a repository of information about 

future disturbances, while at the same time trying to examine the historical record to see how far in 

the past trends can be tracked. For example, it may be possible to extend the historical period 

before 2002 in the above figure if information is available from governmental and/or energy 

entities. 
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CƻǊŜǎǘǊȅ {ŜŎǘƻǊ tƭŀƴ 

Introduction 
Forests are our key life support system on this planet, and one that occupies a significant portion of 

ÔÈÅ ÓÔÁÔÅȡ ÁÂÏÕÔ σρ ÍÉÌÌÉÏÎ ÁÃÒÅÓ ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ ρππ million acres. They provide a multitude of key 

benefits ɀ clean air and water, wildlife habitat, building materials, renewable energy, and 

recreation. Climate change in California forests is affecting tree survival and growth, forest 

composition, forest health and productivity, and has increased the intensity of ecosystem 

disturbances from wildfire, insects and spread of invasive species and land type conversion. These 

impacts result in less capacity to store carbon and more risk of greenhouse gas emissions.   

 

Climate change suggests a continuing and even accelerated risk of wildfire and a trajectory of more 

frequent drought (Diffenbaugh et al., 2015) and higher fire severity in some portions of the state 

(Fried et al., 2004). Some plant communities cannot adapt fast enough to increasing drought stress, 

resulting in large scale mortality from insects, fire, and disease (Grant et al., 2013).  

 

Increased fire extent, intensity, and severity can affect aquatic habitats (Bisson et al., 2003) and 

water quality (I ce et al., 2004). These future climate scenarios combined with continuing 

projections of residential growth into the wildland (Mann et al., 2014) suggest that the current 

wildfire -related problems are poised to become even larger and more costly in the near future. For 

the purposes of this chapter, climate impact discussion and adaptation strategies focus on 

ecosystems supporting tree cover, forests and oak woodlands. 

 

The Forestry Sector plan categorized actions into 6 actions: 1) Forest Health; 2) Urban Forestry; 3) 

Biomass Utilization; 4) Watershed Health; 5) Research; 6) Monitoring.  

Vulnerability Assessment 
CALFIRE is in the process of updating the 2010 California's Forests and Rangelands Assessment. In 
2008, the U.S. Farm Bill directed the U.S. Forest Service (under the Department of Agriculture) to 
coordinate with states on forest and rangelands assessments. The first coordinated report for 
California was completed in 2010.The process for developing the 2010 Assessment was based on 
looking at the location of forest and range resource assets in the context of potential threats across 
the state. This information was used to determine priority landscapes that have high asset values 
that are likely to be threatened ɀ this Assessment will help guide efforts to acquire and direct 
funding that can enable programs and other tools that create desired future landscape conditions. 
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There is also the Southwest Regional Climate Hub and California Subsidiary Hub Assessment of 
Climate Change Vulnerability and Adaptation and Mitigation Strategies (Elias et al., 2015).  The 
report addresses climate issues related to forests and agriculture, including specialty crops.  

 

Forest Conditions  
An undisputed fact is that wildland fires burn across landscapes without regard for political 
jurisdictions, property lines, governing laws, or land management goals.  Furthermore, with the 
increasing threat and prolonged impacts of four years of drought in California and expansive acres 
of insect and disease outbreaks, these realities have heightened the importance of implementing 
forest health projects for carbon sequestration and climate benefits.   
 
Both the United States Forest Service and CAL FIRE have collected forest land spatial data 

exhibiting the exponential increase in insect attack, disease, and moisture-stress related tree 

mortality.  These areas are more prone to high severity fire and the dead, decadent, and dying trees 

emit methane and lose carbon storage capacity.  The southern Sierra Nevada Region is entering an 

epidemic of pine bark beetles and fir engraver beetles.  Estimates in some areas are that 20 to 25 

percent of the pine trees are already dead or dying.  

 

The negative impact of GHG emission is exacerbated when landowners remove these trees to 
prevent disease spreading and reduce fire risk, but are then unable to convert the trees and 
biomass into long term-carbon storage as harvested wood products or bio-feedstock for electrical 
generation, heat energy, or other co-products (bio-char, landscape mulch, biofuel).  The lack of 
capacity to manage the biomass and trees for a higher value use results in this wood being left in 
the forest, and in many cases open-pile burned.  Both of these activities undermine the objectives of 
GHG emission reduction goals.  

 
When managing forested landscapes for GHG benefits, CAL FIRE, Air Resources Board, and the 
Natural Resources Agency are concerned about the increasing emissions of short-lived climate 
pollutants (SLCPs) associated with the growing number, size and severity of catastrophic wildfires. 
SLCPs are more recently recognized climate change drivers that remain in the atmosphere for a 
much shorter period of time than other targeted climate pollutants, mainly carbon dioxide (CO2); 
however, their potency, in terms of warming effect, is tens, hundreds, or even thousands of times 
greater than that of CO2.  They are responsible for about 40 percent or more of global warming 
experienced to date.  SLCPs relevant to forests include black carbon (soot) and methane (CH4), with 
about 64 percent of black carbon emissions sourced from wildfire.   Given this, the amount of black 
carbon can be significantly reduced by reducing the frequency of catastrophic wildfires.  Methane 
emissions can be reduced by removing the downed trees and biomass from the forest to avoid 
emissions from aerobic and anaerobic activity before or after a wildfire.  The worst option, from a 
GHG emissions perspective, is a no-treatment strategy. 
 

Increased Temperature and Extreme Events  
Temperature rise affects plant species behavior, including seed production, seedling establishment, 

growth and vigor. It also reduces moisture availability for plants, threatens seedling and plant 

survival, increases the risk of wildfire, and enhances the survival and spread of insects and possibly 
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pathogens.  

 
With warmer temperatures, tree species in California may respond by migrating both northward 

and to higher altitudes (Shugart et al., 2003).  Recent research concluded that upslope movement of 

pine forests and oak woodland conversions to grassland have already occurred due to climate 

change (Thorne et al., 2006). As the rate of climate change increases some tree species may not be 

able to adapt to changed conditions. Species with currently restricted ranges will probably be most 

vulnerable, while species with broader climate tolerances may be able to adapt more easily. Alpine 

forests and associated plant species are particularly vulnerable, because they have little room to 

expand. Ecologists also no longer assume that plant communities will migrate intact, so forest and 

range communities may change in species composition as they move. 

 

Researchers modeled interactions of temperature, wildfire, carbon dioxide, and other climate 

effects. The results have predicted declines in conifer forests, oak woodlands, savanna and 

chaparral, but increases in hardwood forests and grasslands (Lenihan et al., 2006). 

 

Precipitation Changes and Extreme Events  
Climate change is affecting precipitation and hydrology, which are critical drivers in forest 

ecosystems, in several ways. Recent winters have been warmer, have had less precipitation and 

snowmelt has begun earlier (Westerling et al., 2006).  According to the California Climate Tracker, 

the winter average minimum temperature of 2014-15 for the Sierra Nevada region was 32.1 

ÄÅÇÒÅÅÓ &ÁÈÒÅÎÈÅÉÔȟ ÔÈÅ ÆÉÒÓÔ ÔÉÍÅ ÔÈÉÓ ÖÁÌÕÅ ×ÁÓ ÁÂÏÖÅ ×ÁÔÅÒȭÓ ÆÒÅÅÚÉÎÇ ÐÏÉÎÔ ÉÎ ρςπ ÙÅÁÒÓ ÏÆ 

record-keeping. 

 

In addition, a greater percentage of precipitation is already falling, and will continue to fall, in the 

form of rain rather than snow.  Less snowpack and the temporal changes in snowmelt and spring 

runoff can lead to longer dry periods in summer months, reducing available moisture for forest 

plants. Moisture deficits may, however, be somewhat offset by increases of atmospheric carbon 

dioxide which generally cause plants to increase their water use efficiency. Since 2009, California 

has experienced several of the most extreme natural events in its recorded history:  severe drought, 

an almost non-existent Sierra Nevada winter snowpack, five of the top 20 largest forest fires in 

terms of acreage burned, and two years in a row of the hottest average temperatures.  

Healthy forests help anchor soil and absorb rain and snowmelt, so flooding and landslides are less 

severe. Forests also help regulate the timing and magnitude of water runoff and water flows; and 

they have very significant impacts on water quality, because they provide a filtering function that 

prevents impurities from entering streams, lakes, and groundwater. 

 

For the purposes of this chapter, climate impact discussion and adaptation strategies focus on 

ecosystems supporting tree cover, forests and oak woodlands. 

 

Fire History and Management 
7ÉÌÄÆÉÒÅÓ ÁÒÅ ÁÎ ÉÎÔÒÉÎÓÉÃ ÐÁÒÔ ÏÆ #ÁÌÉÆÏÒÎÉÁȭs forest and rangeland ecosystems. Our native habitats 
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have evolved with and adapted to periodic wildfire disturbance. However, fire activity in California 

ÈÁÓ ÕÎÄÅÒÇÏÎÅ ÍÁÎÙ ÃÈÁÎÇÅÓ ÏÖÅÒ ÔÉÍÅȢ )Î ÔÈÅ ÐÁÓÔ ςπ ÙÅÁÒÓ ×ÅȭÖÅ ÅØÐÅÒÉÅÎÃÅÄ ρτ ÏÆ ÔÈÅ ςπ ÌÁÒÇÅÓÔ 
forest fires in recorded history34Ȣ ,ÁÒÇÅÒ ÁÎÄ ÍÏÒÅ ÆÒÅÑÕÅÎÔ ×ÉÌÄÆÉÒÅÓ ×ÉÌÌ ÉÍÐÁÃÔ #ÁÌÉÆÏÒÎÉÁȭÓ 

economy by increasing fire suppression and emergency response costs, damages to homes and 

structures, interagency post-fire recovery costs, and damage to timber, water supplies, recreation 

use and tourism. As climate change continues these costs are expected to increase.  This year, for 

the first time in history, U.S. Forest Service spent over half their budget on fire suppression by the 

end of August. 

 

Management options for adapting to the threat of increased fires must address public health, public 

safety and ecosystem protection. Fire protection measures, including suppression, prevention and 

building codes, can reduce the occurrence, extent and damage of wildfires. Fuel reduction by 

manual, mechanical and prescribed burning can reduce the size and severity of wildfires. 

Vegetation and wildfire management may be used to reestablish conditions that support historic or 

more ecologically beneficial and socially acceptable fire regimes. In significantly altered ecosystems 

and developed areas, this may take many steps and treatments. 

 

Fuel loads have increased with fire suppression practices. Strategically placed, fuels reduction work 

involving mechanical removal and prescribe burning is the most effective means to reduce hazard 

and risk and help restore vegetation conditions that are more resistant to wildfire damage. The 

effectiveness is best seen when wildfire burns into areas where fuel treatments have taken place. As 

an example, the Lanes Fire, in the Fresno-Kings Unit, burned into the Beal Fuelbreak and, as a result 

of fuel reduction treatments the spread of the fire was slowed. This allowed resources to more 

efficiently take suppression action on the fire (CAL FIRE and Board of Forestry and Fire Protection 

State Fire Plan, 2010).  

 

Removing biomass from the forest and using it to develop products and generate energy 

production as a fossil fuel alternative is another important strategy to store carbon and reduce 

emissions.  The USDA Forest Service manages over half of all California forests so their land activity 

is significant for the overall health of the State watersheds.  In 2014, the Forest Service conducted 

fuels treatments and forest health improvement on about 160,000 acres of their lands.  Regional 

leadership has expressed the need to treat two to three times more acres annually to address the 

backlog of fuels reduction needs and forest restoration (USDA Forest Service Region 5, 2015). 

 

Based on the area of ecosystems that historically supported frequent low-severity fire regimes, the 

potential need for prescribed burning or other treatments that restore fire resistant ecosystem 

conditions may be estimated at over a million acres per year. While prescribed burning treatments 

can be less expensive to conduct, in many cases reintroduction of fire is not prudent until heavy 

understory and ladder fuel hazards have been treated through alternative means (e.g., mechanical 

treatments). Additional research, monitoring and information sharing on the effectiveness of all 

treatments to reestablish desired conditions for supporting wildland fire will also be very 

                                                             
34 http://www.fire.ca.gov/communications/downloads/fact_sheets/20LACRES.pdf 
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important. 

Forestry Adaptation Strategy 
1. Improve forest health, resiliency and co -benefits by implementing fo rest management 

practices on public and private lands  

¶ Coordinate efforts to reduce wildfire risks and severity to reduce associated emissions and 
avoid risk of landscape conversion to invasive species 

¶ Manage the forest in such a way that increases overall carbon storage and provides multiple 
co-benefits such as water and biodiversity protection. 

¶ Identify priority landscapes to invest resources to demonstrate greater benefits 
¶ Better understand the tradeoffs between different climate responses to forest management 

actions.  
¶ Provide funding to support, maintain, and expand seed banks and revive state tree 

nurseries. 
¶ Qualitatively and quantitatively evaluate co-benefits to better understand opportunities and 

trade-offs 
¶ Provide long term stable investment in forest health in order to incentivize planning and 

public and private investments. 
 

2. Continue investing in urban forestry   

¶ Expand tree canopy  and vegetative cover in urban areas where appropriate to reduce heat 
island effects and provide natural cooling 

¶ Improve local understanding of policies, strategies and actions that optimize urban forest 
benefits for residents. 

¶ Improve and expand use of urban biomass that is removed for valid management purposes 
including but not limited to pests and disease. 

¶ Maximize use of trees and vegetation as infrastructure in cities for multiple benefits such as 
reducing energy use and improving storm water pollution and air quality. 

3. Improve management practices and market conditions for biomass utilization  

¶ Help retain current levels of biomass power generation in the state, revitalize currently idle 
facilities and expand facilities in strategically located regions.  

¶ Retain current levels and expand uses of biomass for wood product development. 
¶ Consider end use opportunities for biomass  as part of forest management project design 
¶ In the pricing, account for the societal value of bioenergy and other end uses of biomass. 

 

4. Implement forest management for the overall health and protection of watersheds  

¶ -ÁÎÁÇÅ #ÁÌÉÆÏÒÎÉÁȭÓ ÆÏÒÅÓÔÅÄ ÌÁÎÄÓÃÁÐÅÓ ÔÏ ÓÁÆÅÇÕÁÒÄ ÔÈÅ 3ÔÁÔÅȭÓ ×ÁÔÅÒ ÓÕÐÐÌÙ ÒÅÌÉÁÂÉÌÉÔÙ ÁÎÄ 
quality and to reduce snowpack evapotranspiration and increase water infiltration. 

¶ Manage forests to reduce soil erosion and protect water quality. 
¶ Account for the value of healthy watersheds and their ecosystem services and consider the 

avoided costs of investing in protecting and restoring these services. 
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5. Implement Priority Research Agenda  

¶ Coordinate with key agencies, University of California and other research entities to identify 
and fill knowledge gaps related to climate adaptation and evaluate the most effective 
strategies.  

¶ Improve methods, models and equations for estimation of carbon storage and greenhouse 
gas emissions. 

¶ Research working forests and forest management actions as a means to increase forest 
health, increase carbon storage and mitigate climate change. 

¶ Research fuels reduction as a means to reduce wildfire emissions and increase carbon 
storage. 

 

6. Implement Forest Health Monitoring in an Ad aptive Management Context  

¶ Establish a comprehensive monitoring and adaptive management program to quantify the 
effects on climate change and the effectiveness of adaptation strategies. 

¶ Research species migration responses to climate change. 
¶ Identify robust forest management strategies that will be successful best management 

practices over a wide range of plausible future climate situations. 
¶ Investigate the feasibility of creating a cooperative network of research forests across the 

State, including universities, federal agencies and State agencies, to monitor climate change.  

Current Actions and Next Steps 
The development of the State Forest Carbon Plan will incorporate components of the actions and 

goals outlined above. It has long been recognized that California forests will play a very important 

role in achieving AB 32 goals. The Forest Climate Action Team (FCAT) was assembled in August of 

2014 with the primary purpose of developing a forest carbon plan by the end of 2016. FCAT is 

comprised of ExecutivÅ ÌÅÖÅÌ ÍÅÍÂÅÒÓ ÆÒÏÍ ÍÁÎÙ ÏÆ ÔÈÅ 3ÔÁÔÅȭÓ ÎÁÔÕÒÁÌ ÒÅÓÏÕÒÃÅÓ ÁÇÅÎÃÉÅÓȟ ÓÔÁÔÅ 

and federal forest land managers, and other key partners directly or indirectly involved in 

California forestry.  FCAT is under the leadership of CAL FIRE, The Natural Resources Agency and 

the California Environmental Protection Agency.  

 

 The Forest Carbon Plan will provide forest carbon targets and an array of strategies to promote 

healthy forests that protect and enhance forest carbon and the broader range of forest 

environmental services for all forests in California. The vision of forest protection and enhancement 

includes:  

¶ Sustainable forests that are net sinks of carbon.  

¶ Healthy forests that are resilient to anticipated climate change effects, including volatile 
weather and changing precipitation regimes; increased forest insect and disease threats; 
and higher wildland fire risks.  

¶ Protection of watersheds and water supplies (quality, quantity, and infrastructure).  

¶ Forests that provide management opportunities that generate long-term economic benefits 
for landowners, workers, and communities.  



 

 

 

73 
 
 

 

¶ Working forests that produce wood products and biomass for energy and are managed to 
maintain forest health and biodiversity.  

¶ Forests that are protected from fragmentation and conversion, and that provide a diversity 
of quality, interconnected habitat types for terrestrial and aquatic wildlife species, including 
listed and non-listed species.  

¶ Forests that provide an abundance of outdoor recreational and tourism opportunities.  
 

As part of the forest carbon plan, a Resource Economic Study will be drafted by  

UC Berkeley academics.  The study will evaluate several different management actions and 

investment choices identified in the Forest Carbon Plan. 

 

Action 1: Forest Health 
CAL FIRE will strategically target investments that will achieve net greenhouse gas emission 
reductions into areas that have high rates of carbon stock, but currently face heightened wildfire 
risk from dead, dying, and diseased trees attacked by insects and other pathogens.  Projects will be 
planned across large landscapes, in coordination with adjacent land owners, resulting in more 
efficient planning and a greater impact to forest health and carbon benefits.  Where feasible, these 
projects will also include a biomass use component to ensure that as the volume of woody biomass 
removed increases, there is infrastructure to use the forest residue, thereby avoiding GHG 
emissions from open pile burning or natural decay.  The targeted investments will also take into 
account rural communities in need of local economic development and job creation, and those 
communities where there is active support of forest management and biomass use. CAL FIRE will 
also make urban forestry investments prioritized toward disadvantaged communities.  CAL FIRE 
will also continue to secure working forest conservation easements through its Forest Legacy 
Program, focused at reducing the increasing pressure on landowners to convert their forestlands to 
other uses such as housing subdivisions, rural lots and vineyards.    

 

Projects which are facilitated through special funds like cap and trade auction revenues ɀ or the 
Greenhouse Gas Reduction Fund (GGRF) -- cannot solely address the magnitude of the threats 
facing California forests as they function to help sequester carbon and offset the negative impacts of 
GHG emissions.  However, as a partial solution, CAL FIRE will institute a process to further refine 
the identified high-priority landscapes to concentrate GGRF investments in areas that can reap the 
largest direct benefit for forest resiliency and co-benefits, such as increased carbon sequestration, 
improved water quality and quantity, diversity of wildlife habitat, and rural economic stability. 

 

Funding Awards  - During Fiscal Year 2014 15, the CAL FIRE allocated $4 million for the Forest 

Legacy Program and received $650,000 in federal funding to secure conservation easement grants 
on several threatened properties.  Grant applications for the remaining programs (reforestation, 

pest control, fuel reduction and research), are ongoing, with a plan to award grants in the fall of 

2015. 

 

#!, &)2%ȭÓ &ÏÒÅÓÔ )ÍÐÒÏÖÅÍÅÎÔ 0ÒÏÇÒÁÍ ɉ#&)0Ɋ will continue to work with the US Forest 

Service, University of California Extension, Resource Conservation Districts (RCDs), Natural 

Resource Conservation Service and others to prevent and minimize catastrophic wildfire and 
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restore fire resistant conditions in fire adapted vegetation types through mechanical and 

prescribed fire treatments, and to assist with post-fire recovery. 
Allocated funding in fiscal year 14-15 was approximately $1.5 million.  CAL FIRE has been awarded 

over $6 million ($2.9 million in 2015 and $3.4 million in 2016) from the Timber Regulation and 

Forest Restoration Fund for CFIP grants. 

 

Seedbank and Nursery Support ɀ CAL FIRE will work with the Forest Service and private sector 

to improve long-term seedbanks and nurseries in order to secure genetically appropriate varieties 

for future plantings and to preserve genetic legacies.  The L.A. Moran Reforestation Center (LAMRC) 

seedbank catalogues and stores approximately 42,000 pounds of primarily native conifer seeds 

which are available for replanting forest stands after fires, insect or disease outbreaks, or other 

catastrophic events but have gone unused for seven years due to inadequate funding.  LAMRC 

continues to collect and process conifer cones for deposit to the seed bank to both replace 

exhausted stocks and to increase the natural genetic library. 

 

Adaptive approaches to forest regeneration can increase resilience in the short and long-term by 

adjusting silvicultural practices to establish forests that are more tolerant of future climate 

conditions. This includes planting genetically appropriate species that will be better adapted to 

changed climate conditions than the genotypes currently on site.  

 

The nursery facility in Magalia is currently out of use and being converted to a CCC camp. The 

LAMRC located in Davis could be reopened if needed. 

 

Land Conservation  - CAL FIRE is actively working to acquire approximately 13,000 acres of PG&E 

properties that will broaden the diverse landscapes and vegetation types on the Demonstration 

State Forests to better represent those found across the state and will provide new opportunities 

for research and demonstration on those landscapes.  Each of these acquisitions will include a 

conservation easement to ensure that these properties remain forestland and are not converted to 

other uses.  Along with the existing State Forests and federal and University research forests, these 

new properties can form a network of climate change monitoring stations across the State. 

 

Review Regulatory Framework 1504 -Assembly Bill 1504, 2010 requires that Board of Forestry 

and Fire Protection (BOF) and CAL FIRE guarantee its regulations governing commercial timber 

harvesting take into account the capacity of forests to sequester 5 million metric tons (MMT) of 

ÃÁÒÂÏÎȾÙÅÁÒȟ ÃÏÎÓÉÓÔÅÎÔ ×ÉÔÈ #ÁÌÉÆÏÒÎÉÁȭÓ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÍÉÔÉÇÁÔÉÏÎ ÇÏÁÌÓ ÆÏÒ ÔÈÅ ÆÏÒÅÓÔ ÓÅÃÔÏÒ 

established under Assembly Bill 32.  

 

Structure Protection Exemption - In May 2015, the BOF adopted emergency regulations allowing 

specified forest management activities, including exempting cutting or removal of trees between 

150 and 300 feet from an approved and legally permitted habitable structure for the purpose of 

reducing flammable materials and maintaining a fuel break.   The previous exemption allowed for 

removal of fire hazard trees within 150 feet of a structure.   
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Protection of the Beneficial Uses of Water and Riparian Functions - The BOF adopted 

emergency water drafting regulations in August 2015.  The water drafting emergency regulations 
affect all Forest Districts and require Registered Professional Foresters planning timber operations 

to consider beneficial uses of water including the potential impacts to drinking water.  These 

emergency regulations were necessary to recognize the severity of the drought and highlight 

potential impacts to fisheries and wildlife as well as domestic water supplies from timber harvest 

related drafting operations.    

 

AB 1492 Timber Regulation and Forest Restoration Fund  

The Timber Regulation and Forest Restoration Fund (TRFRF) Program is a component of Assembly 

Bill 1492 (2012).  The major elements of the TRFRF Program provide a funding stream via a one-

percent assessment on lumber and engineered wood products sold at the retail level, seek 

ÔÒÁÎÓÐÁÒÅÎÃÙ ÁÎÄ ÅÆÆÉÃÉÅÎÃÙ ÉÍÐÒÏÖÅÍÅÎÔÓ ÔÏ ÔÈÅ 3ÔÁÔÅȭÓ ÔÉÍÂÅÒ ÈÁÒÖÅÓÔ ÒÅÇÕÌÁÔÉÏÎ ÐÒÏÇÒÁÍÓȟ 

provide for development of ecological performance measures, establish a forest restoration grant 

program, and require program reporting to the Legislature.  

 

Program Timberland Environmental Impact Report for Carbon Sequestration and Fuel 

Reduction  (PTEIR) 

CAL FIRE has developed the PTEIR report  to meet the goals of the Global Warming Solutions Act of 

2006.  The Program is designed to have the combined benefit of increasing the carbon 

ÓÅÑÕÅÓÔÒÁÔÉÏÎ ÐÏÔÅÎÔÉÁÌ ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ ÎÏÎÉÎÄÕÓÔÒÉÁÌ ÔÉÍÂÅÒÌÁÎÄÓȟ ×ÈÉÌÅ ÄÅÃÒÅÁÓÉÎÇ ÃÁÒÂÏÎ 

emissions from wildland fires.  Over one-half of the privately owned, commercial timberland in 

California is owned by nonindustrial landowners.  Long-term uneven aged management of these 

lands and the retention of large, old trees can increase the ability of timberlands to sequester 

carbon through increased growth and inventory and to convert carbon dioxide to oxygen through 

photosynthesis. Prudent timberland management can decrease the potential for large wildland fires 

that release greenhouse gases by creating forests that are less susceptible to ignition and that 

reduce the intensity of wildland fires, thereby allowing for more successful fire suppression efforts. 

The Program will provide grant funds for the development of PTEIRs to facilitate these 

declarations.    

 
Vegetation Treatment Program Environmen tal Impact Report  
The BOF has initiated the Vegetation Treatment Program as part of a comprehensive fire 
prevention strategy.  This statewide program provides a framework for vegetation treatment 
projects that reduce fire risk through strategic fuels management on SRA lands and supports 
federal and local non-SRA fuel reduction projects.   
  
State Fire Plan 
 
The State Fire Plan provides overall statewide goals and objectives, with individual Unit Fire Plans 

that compliment this with the on the ground fire plan specifics.  Work to begin updating the plan is 

just beginning and the target to complete this is 2016.  The updated plan will have a stronger focus 

on climate change by integrating strategies to address anticipated impacts. 
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State Responsibility Area Pr ogram  

This is a local assistance grant program for fire prevention activities designed to benefit habitable 

structures within state responsibility areas, including public education, that are provided by 

counties and other local agencies, including special districts, with state responsibility areas within 

their jurisdictions.  

The program provides grants to a qualified nonprofit organization with a demonstrated ability to 

satisfactorily plan, implement, and complete a fire prevention project applicable to the state 

responsibility areas. The department may establish other qualifying criteria. 

 

Action 2: Urban Forestry 
#ÕÒÒÅÎÔÌÙ ÆÕÎÄÅÄ ÔÈÒÏÕÇÈ ÔÈÅ 'ÒÅÅÎÈÏÕÓÅ 'ÁÓ 2ÅÄÕÃÔÉÏÎ &ÕÎÄȟ #!, &)2%ȭÓ 5ÒÂÁÎ ÁÎÄ #ÏÍÍÕÎÉÔÙ 

Forestry Program will continue to assist local entities with tree planting, utilizing trees and other 

vegetation to create infrastructure solutions, and improving urban forest management. This is 

accomplished by providing technical assistance, education, policy consultation, and grants. 

Accomplishments will help protect and expand urban forests that serve to provide cooling, carbon 

sequestration, protect air quality and water quality, improve public health outcomes, and habitat 

co-benefits.   

 

As climate change progresses, it is likely that California will warm in many of its urban areas.  Urban 

heat island effects will increase in extent and severity without interventions.  One effective 

intervention is to expand urban tree canopy cover and use vegetation wherever possible as an 

infrastructure element.  Not only are these interventions proven to be effective, but they are 

relatively low cost in comparison to other interventions.   

 

&ÕÎÄÅÄ ÔÈÒÏÕÇÈ ÔÈÅ 'ÒÅÅÎÈÏÕÓÅ 'ÁÓ 2ÅÄÕÃÔÉÏÎ &ÕÎÄȟ #!, &)2%ȭÓ 5ÒÂÁÎ &ÏÒÅÓÔÒÙ 0ÒÏÇÒÁÍ ×ÉÌÌ 

continue to assist local entities with tree planting and urban forest management. This will help 

protect and expand urban forests that serve to provide cooling, carbon sequestration, protect air 

quality, water quality and habitat co-benefits. 

 

Urban Forestry Carbon Protocols  

These are the second iteration of the protocols, and are currently voluntary protocols through the 

Climate Action Reserve.  The protocols include a tree planting project protocol (version 2.0) and an 

urban forest management protocol (version 1.0).  

 

The first version of the urban tree planting protocol is fully adopted by ARB and can be found on 

their web site and the CAR website. 

 

UrbaÎ &ÏÒÅÓÔÒÙȭÓ 2ÏÌÅ ÉÎ "ÉÏÍÁÓÓȟ #ÁÒÂÏÎ ÁÎÄ !ÖÏÉÄÅÄ %ÍÉÓÓÉÏÎ 

This report advances the scientific knowledge of carbon sequestration and avoided emissions by 

urban forests.  Statewide tree canopy cover data by bio-region and urban land use was acquired for 
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all urban areas of the state.  In addition, transfer functions were developed using data provided by 

past CAL FIRE funded inventory projects that allow land managers in an urban setting to determine, 
by identifying tree canopy cover, how much carbon is being stored and emissions avoided by their 

urban forest, and how much more could be stored and avoided by expansion and better 

management of the urban forest.     

 

Action 3: Biomass Utilization  
The BOF and CAL FIRE will work with other agencies and the private sector as appropriate to 

encourage policies and strategies that help maintain utilization infrastructure (bioenergy , veneer 

plants, etc.),  incentivize modernization of existing facilities and development of new facilities.  A 

diversified industry infrast ructure is necessary to allow different species and size of biomass to be 

used for its highest and best use.  Co-locating biomass businesses can provide clean bioenergy 

power and heat to support wood products development such as fence posts, pellets, and timber.  

The California Forest Biomass Working Group consists of diverse individuals and organizations 

committed to retaining and expanding woody biomass infrastructure.  The vision involves biomass 

harvesting and utilization serving as tools to accomplish collaboratively developed public land 

management restoration objectives based in forest ecology and focused on enhancing the resilience 

of forest ecosystems.  Furthermore, woody biomass utilization infrastructure should be developed 

around rural forest communities and be focused on appropriately-scaled, diverse, and integrated 

facilities that sort woody materials for their highest and best use-values to make a suite of durable 

wood products and thermally efficient energy, optimizing returns to forest stewardship activities, 

businesses and communities. At the local-level, these facilities should provide a means of economic 

diversification and development for rural public lands communities while supporting ecological 

restoration, hazardous fuels reduction, and community wildfire protection.  

The Statewide Wood Energy Team is a subgroup of the Forest Biomass Working Group. This group 

works directly with wood energy businesses and community-led wood energy projects to provide 

expertise, technical assistance, and small grants. The team also produces work to effectively 

develop the California wood energy industry. 

The BioMAT Program, established by SB-1122, has inspired many communities to pursue planning 

and building biomass energy facilities 3 MWs or smaller in fire threat areas.  The program allocates 

50 MWs to forest-based bioenergy seeking to support further deployment of small scale distributed 

bioenergy by requiring higher prices be offered for purchase of the power.  The price is established 

between the facility and local investor owned utility, through an auction process.  The auction 

requires three projects be in the queue in order for the price to increase.  Currently about 12 

projects are in various planning stages in the Sierra Nevada and North Coast.  Three of these 

projects are on the trajectory to be ready to participate in the auction process in the next year.   

A bioenergy facility located in North Fork, Madera County has secured the majority of the funds, 

through public funding sources, needed to construct the facility.  This was substantially helped with 



 

 

 

78 
 
 

 

a received a $4.9 million grant awarded by the California Energy Commission.  Funding will support 

the construction of a 1 MW gasification facility.  Since this is a new industry, a dedicated funding 
source to support several demonstration projects is needed.  To date, project proponents have 

cobbled together primarily state and federal grants to fund projects.  This is very challenging as 

each grant program has its own requirements and timelines making it challenging to keep project 

development moving consistently forward.  

Although this program is helpful in triggering facility development, the 50 MW allocations will only 

ÓÅÒÖÅ ÔÏ ÍÁÎÁÇÅ Á ÓÍÁÌÌ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ 3ÔÁÔÅȭÓ ×ÏÏÄÙ ÂÉÏÍÁÓÓȢ  &ÕÒÔÈÅÒÍÏÒÅȟ ÃÏÎÃÅÒÎÓ ÅØÉÓÔ ÁÂÏÕÔ 

specific components of the program making it difficult for the forest sector to succeed and 

renewable energy policies in general can be a barrier.  For example, given the public safety issues 

associated with fire, an accelerated interconnection process for forest biomass would be very 

helpful, especially to secure private funds. 

Fuels contracts - Although there is an abundant amount of woody biomass available as feedstock 

for facilities, there are variables that can make the supply uncertain.  For example, projects on 

public lands can be delayed due to project appeals and other unanticipated actions during the 

project planning process.  Private investors need long-term contracts to ensure a certain quality 

and volume of supply over a minimum of 10 years.  Forest Service has multiple contracting tools 

that they have underutilized in Region 5 but that are necessary to build an end use for their high 

volume of biomass. 

 

Thermal Heat Demonstration Projects ɀ CAL FIRE will complete feasibility studies to consider 

converting boilers to wood burning in two Conservation Camp Studies to be completed by the end 

of 2016.  The new units would replace the existing propane units however, the propane units will 

remain as backup.  They would supply space and water heating. The new units are estimated at 750 

kW each and biomass could be obtained locally. 

 

 

Action 4: Watershed Health  
A healthy watershed provides valuable goods and services, including but not limited to water, 

forest and agricultural products, hydropower energy, recreation, wildlife habitat and carbon 

sequestration.  A comprehensive watershed evaluation was conducted on the Mokelumne 

Watershed, located in the central Sierra Nevada and the primary water source for the San Francisco 

Bay Area.  Using state-of-the-art models for fire, vegetation and post-fire erosion, the potential 

impacts of a landscape-scale fuels treatment to modify wildfire behavior and post-fire erosion was 

analyzed. Financial costs and benefits of the treatments were assigned to those elements that can 

be valued such as homes, infrastructure, timber, biomass energy, carbon and employment.   

The avoided losses in terms of both costs and lost income opportunities include the value of 

structures saved from wildfire and the costs of fire suppression and post-fire restoration, as well as 

potential revenue from carbon sequestration, merchantable timber and biomass that could be used 

for energy. The value of benefits ranges from $224 to $126 million and results in a benefit-cost ratio 

http://biomassmagazine.com/articles/11782/california-biomass-gasification-project-awarded-cec-grant
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for the fuel treatments of 3 to 1, and a minimum of 2 to 1 applying the more conservative benefits 

value estimate (Buckley et al, 2014).  
 

Focusing in on the water benefits of healthy watershed, it is important to maintain existing water 

storage capacity to reduce the need for new reservoirs which are costly to build and maintain.  Soil 

loss following high severity fire negatively affects tree growth and carbon sequestration.  The 

increasing trend in severe fires will lead to higher sediment accumulations in many Sierra 

reservoirs, particularly the smaller ones at middle elevations.  Considerable losses in storage 

capacity has been documented at the  Englebright Dam on the Yuba River with  about one third of 

its storage capacity lost, and Lake Shasta with an estimated10 percent filled with sediment 

(Kondolf, UCB 2014), equivalent to a 400,000 acre foot loss. 

 

Action 5: Research  
Improve Scient ific Knowledge Base ɀ CAL FIRE programs, such as the Fire and Resource 
Assessment Program, will work with Scripps, UC, FOREST SERVICE, Energy Commission and others 
ÔÏ ÒÅÆÉÎÅ ÃÌÉÍÁÔÅ ÍÏÄÅÌÓ ÆÏÒ #!, &)2%ȭÓ &ÉÒÅ 0ÒÏÔÅÃÔÉÏÎ ÁÎÄ 2ÅÓÏÕÒÃÅ -ÁÎÁÇÅÍÅÎÔ 0ÒÏÇÒÁÍÓȢ #!L 
&)2%ȭÓ $ÅÍÏÎÓÔÒÁÔÉÏÎ 3ÔÁÔÅ &ÏÒÅÓÔ 0ÒÏÇÒÁÍ ×ÉÌÌ ÁÌÓÏ ×ÏÒË ×ÉÔÈ ÔÈÅ &/2%34 3%26)#% 0ÁÃÉÆÉÃ 
Southwest Research Station, the University of California and other landowners to establish research 
reserves, studies and demonstrations across geographic and elevation gradients that inform climate 
change forest  
 

Boggs Mountain Demonstration State Forest - Illustrative of the challenge of improving forest 

ÈÅÁÌÔÈ ÉÎ ÁÄÖÁÎÃÅ ÔÏ ÒÅÄÕÃÅ ×ÉÌÄÆÉÒÅ ÒÉÓËȟ ÔÈÉÓ ÙÅÁÒ ÔÈÅ 6ÁÌÌÅÙ &ÉÒÅ ÂÕÒÎÅÄ ÔÈÒÏÕÇÈ #!, &)2%ȭÓ "ÏÇÇÓ 

Mountain Demonstration State Forest and left devastating impacts.  This is the one of eight of CAL 

FIRE managed demonstration state forests, sized at nearly 3,500 acres.  Within the first 24 hours 

the fire had burned through the entire state forest.  An estimated 90 percent of the trees were 

either killed or substantially damaged by the intensity of the fire and very little to no understory 

vegetation survived the fire.  A plan has been developed that identifies three phases to restore the 

site: 1) rehabilitation/site  preparation 2) reforestation including about 500,000 seedlings and, 3) 

vegetation control. This effort will be monitored for experimental, research and demonstration 

purposes.  

 

Forest and Rangeland Resource Assessment ɀ CAL FIRE is required by statute to periodically 

ÁÓÓÅÓÓ ÔÈÅ ÃÏÎÄÉÔÉÏÎ ÁÎÄ ÁÖÁÉÌÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÆÏÒÅÓÔ ÁÎÄ ÒÁÎÇÅÌÁÎÄ ÎÁÔÕÒÁÌ ÒÅÓÏÕÒÃÅÓȢ 4ÈÅ 

ÕÐÄÁÔÅ ×ÉÌÌ ÅØÐÁÎÄ ÕÐÏÎ ÔÈÅ ÐÒÅÖÉÏÕÓ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÃÈÁÐÔÅÒ ÔÏ ÉÎÆÏÒÍ ÔÈÅ "/&ȭÓ ÃÌÉÍÁÔÅ ÐÏÌÉÃÙȟ 

strategic plan and climate change actions. The draft plan will be developed and is expected to be 

released late in 2016.   

 

FRAP has a contract with UC Davis to model expected range shifts for a number of forest and shrub 
species, results expected in early 2016. 

Action 6: Monitoring  
Monitoring programs for detecting climate change, effects on vegetation and management results 
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are needed to support adaptation planning and management. CAL FIRE will work with the 

California Natural Resources Agency and others to determine and implement key monitoring needs, 
including forest health trends, land use and management change, and effectiveness of adaptation 

actions. 

 

Indicator Development  - CAL FIRE developed candidate draft indicators to report on in the 

Forests and Rangelands Assessment, 2016. Public input has been solicited and supported through a 

UC Davis website (www.indicators.ucdavis.edu/forest ).  

 

Drought Monitoring ɀ CAL FIRE is mapping dead, dying and diseased trees affected by the current 

drought. A Web Map Application was developed to assist Units to prioritize areas with high levels of 

tree mortality that need to be mapped. These areas will be submitted to the USGS National Disaster 

Coordinator and they will acquire current, one foot satellite imagery that can be provided to Unit 

staff to map dead trees.  

 

Establish Monitoring Criteria ɀ Establish a network of long term monitoring plots that are 

implemented across both longitudinal and elevation gradients to detect climate change impacts 

 

Continue and Expand Pest Detection ɀ Support existing programs that can provide early 

detection of insects, disease, and drought in forest and range lands. 

 

Establish Adaptive Management Criteria ɀ Identify feedback process to inform and, as necessary, 

adjust policy, strategies, and regulatory approaches. 

 

Monitor Changes in Land Use ɀ Acres of growth and loss of forest cover as well as resulting 

carbon stock effects. This information is part of Forest Inventory Analysis data (FIA). 

 

Interagency Cooperation ɀ Collaborate with local, state and federal agencies to leverage limited 

monitoring resources. 

 

 

 

 

 

 

 

 

 

http://www.indicators.ucdavis.edu/forest
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[ŀƴŘ ¦ǎŜ ŀƴŘ /ƻƳƳǳƴƛǘȅ 5ŜǾŜƭƻǇƳŜƴǘ 
{ŜŎǘƻǊ tƭŀƴ 

Introduction 

 

In looking to implement the broad spirit of Safeguarding California ÁÎÄ 'ÏÖÅÒÎÏÒ "ÒÏ×ÎȭÓ 

Executive Order B-30-15, it was clear that the role land use and community development policies 

ÐÌÁÙ ÉÎ ÂÏÌÓÔÅÒÉÎÇ ÔÈÅ ÓÔÁÔÅȭÓ ÒÅÓÉÌÉÅÎÃÅ ÔÏ ÃÌÉÍÁÔÅ ÉÍÐÁÃÔÓ ÎÅÅÄÅÄ ÔÏ ÂÅ ÁÄÄÒÅÓÓÅÄ ÉÎ Á ÄÉÓÔÉÎÃÔ 

document.  While Safeguarding California includes chapters on relevant sectors like public health, 

transportation, emergency services, and energy, there is the need to address how state government 

can help develop policies that protect people, their homes, and their communities from the effects 

of climate change.  After all, climate change affects people, and adaptation needs to happen where 

they live; this plan reflects the policy response to that reality. 

This plan addresses state policies and programs related to land use and community development 

together because the two issues are linked in the way they shape social and spatial environments.  

The key for state policy is to ensure that communities are located in places and developed in ways 

that make them more able to withstand and recover from climate threats.  On one hand, land use 

decisions can ensure that communities and infrastructure are located to minimize the effect of 

climate impacts like sea-level rise, wildfires, and flooding.  On the other hand, community 

development policy can help create sustainable and efficient communities with better access to 

transit options and other resources that will make residents more able to respond to disasters.  In 

conjunction with each other, these two policy areas can spur communities that are more self-

sufficient, more tightly knit, and more sustainable. 

However, it is important to acknowledge that adaptation action for communities will be most 

effective when it is undertaken at a grassroots level, involving residents, neighborhoods, 
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businesses, and local and regional governments.  Land use decisions, a crucial contributor to 

developing resilient communities, are rightly local as well.  The State should not impose land use or 
community development policies, but rather help build regional, local, and grassroots capacity for 

climate adaptation.  California state government can advance community-level resilience and 

regional approaches in several areas; this plan will focus on the capacity of three state entities to do 

so: the Department of Housing and ComÍÕÎÉÔÙ $ÅÖÅÌÏÐÍÅÎÔȟ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ /ÆÆÉÃÅ ÏÆ 0ÌÁÎÎÉÎÇ ÁÎÄ 

Research, and the Strategic Growth Council. 

The Department of Housing and Community Development (HCD) is a key player and leader in the 

Land Use and Community Development sector.  Its mission is to ȰÐÒÏÖÉÄÅ ÌÅÁÄÅÒÓÈÉÐȟ ÐÏÌÉÃÉÅÓ ÁÎÄ 

programs to preserve and expand safe and affordable housing opportunities and promote strong 

ÃÏÍÍÕÎÉÔÉÅÓ ÆÏÒ ÁÌÌ #ÁÌÉÆÏÒÎÉÁÎÓȟȱ ×ÈÉÃÈ ×ÉÌÌ ÒÅÑÕÉÒÅ ÁÎ ÉÎÃÒÅÁÓÉÎÇ ÆÏÃÕÓ ÏÎ ÇÕÁÒÄÉÎÇ ÁÇÁÉÎÓÔ 

worsening climate impacts.  HCD can shape statewide housing policy, mobile home regulation, and 

community development grant programs to promote climate adaptation across California. 

4ÈÅ 'ÏÖÅÒÎÏÒȭÓ /ÆÆÉÃÅ ÏÆ 0ÌÁÎÎÉÎÇ ÁÎÄ 2ÅÓÅÁÒÃÈ ɉ/02Ɋ ÅÎÇÁÇÅÓ ÉÎ ÌÏÎÇ-range planning and 

research, taking on tÈÅ ÒÏÌÅ ÁÓ ÔÈÅ ÓÔÁÔÅȭÓ ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÐÌÁÎÎÉÎÇ ÁÇÅÎÃÙȢ  /02 ÔÁËÅÓ ÏÎ ÉÍÐÏÒÔÁÎÔ 
roles regarding the California Environmental Quality Act (CEQA), guidelines for general plans, and 

other policy support for local governments.  OPR plays an important role in developing tools and 

ÇÕÉÄÁÎÃÅ ÆÏÒ ÌÏÃÁÌ ÇÏÖÅÒÎÍÅÎÔÓ ×ÈÉÌÅ ÈÅÌÐÉÎÇ ÁÒÔÉÃÕÌÁÔÅ ÁÎÄ ÉÍÐÌÅÍÅÎÔ 'ÏÖÅÒÎÏÒ "ÒÏ×ÎȭÓ ÖÉÓÉÏÎ 

for the environment and land use.  

The Strategic Growth Council (SGC) is chaired by the director of OPR and made up of the secretaries 

of the Business, Consumer Services and Housing Agency, the Natural Resources Agency, the 

Transportation Agency, the Health and Human Services Agency, the Environmental Protection 

Agency, and three public members; it plays an important role in coordinating environmental, public 

health, transportation, housing, and climate policy.  The SGC has invested over $150 million to 

support sustainable community planning and urban greening, and its Affordable Housing and 

Sustainable Communities Program is on the cutting edge of land use and community development 

policy in the state.   

These three actors show how state decision makers are making important strides in land use and 
community development policy and pursuing a broader vision of sustainable resilient communities.  

This plan provides an overview of the vulnerabilities that make adaptation action in land use and 

community development policy necessary, and proposes a series of principles that can guide 

ongoing and future work in this sector.  Three important priority areas for state action then serve to 

classify current adaptation initiatives while structuring a framework for concrete next steps.  

Safeguarding California focuses on adaptation according to many sectors, but the elements of this 

plan illustrate how state policy can empower local and regional efforts to achieve holistic resilience 

against climate impacts. 
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Vulnerability Assessment 

 

#ÁÌÉÆÏÒÎÉÁȭÓ ÐÏÐÕÌÁÔÉÏÎ ÉÓ ÖÕÌÎÅÒÁÂÌÅ ÔÏ ÍÁÎÙ ÈÁÒÍÆÕÌ ÅÆÆÅÃÔÓ ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅȢ  /ÕÒ ÃÏÍÍÕÎÉÔÉÅÓ 

are beginning to understand these issues and many are acting in order to mitigate potential effects.  

However, the diversity of people and places in our State poses great challenges.  Almost every city, 

county, or town is vulnerable to at least one, if not several, effects of climate change, and planning 

and being equipped to handle all of them is a daunting task.  Many climate change impacts will 

exacerbate existing hazards. Modifying or expanding on existing policies and programs will address 

some of these hazards, while others will require institutional changes to address the impacts of 

climate change. Leadership at the local level has resulted in significant improvements in state policy 

and program implementation over time. The issue of climate change necessitates local leadership 

more than ever.  

While other sectors examine the impacts climate change will have on a specific issue area like 

agriculture or transportation, this plan encourages looking at the ways that climate will affect 

places as a whole.  To address the unique challenges to land use and community development 

policy formation from climate change in each locality, robust vulnerability assessments are needed.  

Accordingly, the Adaptation Planning Guide35ɂa tool developed by the Natural Resources Agency 

and the Office of Emergency Servicesɂserves to help regional and local communities in proactively 

ÁÄÄÒÅÓÓÉÎÇ ÔÈÅ ÕÎÁÖÏÉÄÁÂÌÅ ÃÏÎÓÅÑÕÅÎÃÅÓ ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅȢ  4ÈÅ ÃÏÍÐÁÎÉÏÎ ÄÏÃÕÍÅÎÔ Ȱ$ÅÆÉÎÉÎÇ 

2ÅÇÉÏÎÁÌ ÁÎÄ ,ÏÃÁÌ )ÍÐÁÃÔÓȱ ÐÒÏÖÉÄÅÓ ÓÔÅÐ-by-step guidance in assessing and addressing 

vulnerabilities.  These steps are presented here: 

                                                             
35 http://resources.ca.gov/climate_adaptation/local_government/adaptation_planning_guide.html  
 

http://resources.ca.gov/climate_adaptation/local_government/adaptation_planning_guide.html
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These steps break down the complex and considerable issues at hand for local authorities, and 

make action manageable.  The State will continue to provide guidance on vulnerability assessment 

and climate adaptation strategies for local jurisdictions.  Increased thought and planning must be 

given to where and how we locate our growing population, and how our existing communities can 

mitigate their vulnerability to these effects. 
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Principles for Adaptation 
 

This plan looks at the concrete steps that are underway and planned for the future, but bold actions 

for adaptation should reflect a set of principles.  

Just as Safeguarding California offers recommendations for natural resources management, 

infrastructure, eÍÅÒÇÅÎÃÙ ÓÅÒÖÉÃÅÓȟ ÁÎÄ ÐÕÂÌÉÃ ÈÅÁÌÔÈ ÔÈÁÔ ÂÕÉÌÄ ÏÎ ÓÔÁÔÅ ÁÇÅÎÃÉÅÓȭ ÍÉÓÓÉÏÎÓ ÔÏ 

ÐÒÏÔÅÃÔ #ÁÌÉÆÏÒÎÉÁȭÓ ÐÅÏÐÌÅȟ ÐÒÏÐÅÒÔÙȟ ÁÎÄ ÅÎÖÉÒÏÎÍÅÎÔȟ ÃÒÅÁÔÉÎÇ ÒÅÓÉÌÉÅÎÃÅ ÔÈÒÏÕÇÈ ÌÁÎÄ ÕÓÅ ÁÎÄ 
ÃÏÍÍÕÎÉÔÙ ÄÅÖÅÌÏÐÍÅÎÔ ÉÓ Á ÃÏÎÔÉÎÕÁÔÉÏÎ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÏÎÇÏÉÎÇ ÏÂÊÅÃÔÉÖÅÓȢ   

There are already numerous examples of principles of adaptation such as those offered by the 

Alliance of Regional Collaboratives for Climate Adaptation (ARCCA). For the State of California to 

outline specific principles of adaptation one must look at the larger picture of how state actions 

ÉÎÔÅÒÁÃÔ ×ÉÔÈ ÏÔÈÅÒ ÅÆÆÏÒÔÓ ÕÎÄÅÒ×ÁÙ ÁÎÄ ÓÕÐÐÏÒÔ ÔÈÅ ÓÔÁÔÅȭÓ ÍÏÓÔ ÖÕÌÎÅÒÁÂÌÅ ÃÏÍÍÕÎÉÔÉÅÓȢ  

4ÈÅ ÐÒÉÎÃÉÐÌÅÓ ÏÕÔÌÉÎÅÄ ÂÅÌÏ× ÁÒÅ ÄÅÒÉÖÅÄ ÆÒÏÍ ÅØÉÓÔÉÎÇ ÇÏÁÌÓ ÁÎÄ ÐÒÉÏÒÉÔÉÅÓ ÔÏ ÃÒÅÁÔÅ ȰÅØÃÉÔÉÎÇȟ ÓÁÆÅ 

ÐÌÁÃÅÓ ÔÏ ÌÉÖÅȱ ×ÈÅÒÅ ȰÐÅÏÐÌÅ ÌÉÖÅ ÉÎ ÈÁÒÍÏÎÙ ×ÉÔÈ ÔÈÅ ÌÁÎÄȟȱ ÃÁÎ ÈÅÌÐ ÇÕÉÄÅ ÁÎÄ ÁÓÓÅÓÓ ÏÎÇÏÉÎÇ ÁÎÄ 

future efforts to reduce climate impacts and prepare for climate risks through land use and 

community development36: 

Sustainability and Choice:  Promote vibrant and safe communities that have an affordable mix of 

safe and decent housing choices for different income categories 

Economic Development:  Retain and expand a diversity of jobs and businesses to improve and 

sustain economic prosperity and community resiliency   

Location and Connectivity:  Seek to locate housing and communities with access and connectivity to 

decent infrastructure, mobility choices, education, jobs, open space and other community needs in a 

manner that seeks to preserve environmental resources and avoid or ably adapt to climate change 

Resilience in Existing Communities: Improve housing conditions, choices, and community 

development deficiencies that especially impact disadvantaged and special needs populations while 

creating opportunity for avoidance of the impacts of climate change 

Innovationȡ  #ÏÌÌÁÂÏÒÁÔÅ ÏÎ ÉÎÎÏÖÁÔÉÖÅ ÍÏÄÅÌÓ ÔÈÁÔ ×ÉÌÌ ÈÅÌÐ #ÁÌÉÆÏÒÎÉÁȭÓ ÃÏÍÍÕÎÉÔÉÅÓ ÁÎÄ 

environment be sustainable, equitable and adaptable under changing climatic conditions. 

Community-Led Capacity:  Provide resources and assistance to catalyze communities to improve 

their capacity and be resilient to the impacts of climate change, especially in disproportionately 

affected areas such as disadvantaged communities or vulnerable and special needs populations 

Awareness and Responsiveness:  Increase awareness of climate risks through improved social 

cohesion and communication tools 

                                                             
36 1978 Environmental Goals and Policy Report, page 8 
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Collaboration:  Promote regional collaboration between local, state, and federal government, NGOs, 

local action collaborative, environmental groups and academics for climate adaptation options and 
implementation. 

Improved Data:  Support the integration of climate science, sector-based state activity, and 

meaningful adaptation activities in California communities. 

The above principles help lay the foundation for what the State is striving to implement, allowing 

for open evaluation of current actions and the steps that need to be taken next. 

Current Actions 
 

While setting policy goals and statewide planning objectives related to land use and community 

development ÉÓ ÉÍÐÏÒÔÁÎÔȟ ×ÈÅÒÅ ÔÈÅ 3ÔÁÔÅȭÓ ÇÒÅÁÔÅÓÔ ÉÍÐÁÃÔ ÍÁÙ ÂÅ ÆÅÌÔ ÉÓ ÉÎ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ 

funding programs, coordinated planning and requirements and targeted technical assistance to 

local and regional partners.  Each of these three areas helps build local and grassroots capacity for 

adaptation. 

Analyzing how ongoing policies and programs address the effects of climate change, while still 

providing locals with needed resources, is an increasing area of focus.  Communities often lack the 

resources they need to implement comprehensive policies that promote resilience against climate 

impacts; in this section, the highlights of State efforts to facilitate and enable local climate 

adaptation illustrate an ongoing effort to change that fact.  For a more complete list of State actions, 

see Appendix A. 

Coordinate Planning, Policy, Requirements and Regulations  
The state carries out a variety of planning, policies and requirements related to land use and 

community development.  Major functions related to planning include the Environmental Goals and 

Policy Report, General Plan Guidelines, State Housing Plan, California Transportation Plan and 

California Water Plan.  Other important functions related to land use and community development 

include review of housing elements of the general plan and state housing law.  The following plans 

ÁÎÄ ÐÒÏÃÅÓÓÅÓ ÓÈÏ× ÔÈÅ ÃÏÎÃÅÒÔÅÄ ÅÆÆÏÒÔ ÔÏ ÁÒÔÉÃÕÌÁÔÅ ÔÈÅ 3ÔÁÔÅȭÓ ÈÏÌÉÓÔÉÃ ÁÎÄ ÃÏÏÒÄÉÎÁÔÅÄ ÖÉÓÉÏÎ ÆÏÒ 

resilient and sustainable communities. 

Environmental Goals and Policy Report (EGPR):  Enacted along with various other environmental 

statutes in the early 1970s, the EGPR examines a 20-30 year statewide future and consists of goals 

and policy statements to achieve those goals.  Recently, the EGPR was amended with the State 

Planning Priorities (Government Code Section 65041.1).  OPR prepares the report, and is currently 

revising a draft update that will look at how California can achieve its climate and environmental 

goals in a coordinated and holistic way. 

General Plan Guidelines: Local general plans are the fundamental document guiding the physical 

development of communities and consist of seven mandated elements (e.g., land use, circulation, 

housing, conservation).  Local land use decisions must be consistent with the general plan.  OPR 
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prepares and is currently updating the general plan guidelines which will include resources, data, 

tools and model policies.  Local governmentsΐ general plans must also address adaptation in 

several ways.  For example, among other things, a general plan must include: 

¶ A Γsafety element for the protection of the community from any unreasonable risks associated 

with Ν flooding; and wild land and urban fires.Δ  (Gov. Code, § 65302(g)(1).)  

¶ A land use element that addresses flood hazards, and that is reviewed annually with respect to 
flood-prone areas.  (Id. at subd. (a).) 

¶ A conservation element that addresses water supply and may cover Γ[p]revention, control and 

correction of the erosion of soils, beaches and shoresΔ.  (Id. at subd. (d).) 

¶ An open space element that provides for Γlong-range preservation and conservation ofΔ open 

space lands Γfor public health and safety, including, but not limited to, areas which require 

special management or regulation because of hazardous or special conditions such as Ν 

unstable soil areas, flood plains, watersheds, areas presenting high fire risks, areas required for 
the protection of water quality and water reservoirs and areas required for the protection and 
enhancement of air quality.Δ  (Id. at §§ 65560(b)(4); 65563.) 

 

Using these elements as a starting point, the general plan guidelines update will include a specific 

ÓÅÔ ÏÆ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÆÏÒ ÉÎÃÏÒÐÏÒÁÔÉÎÇ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÄÉÓÃÕÓÓÉÏÎÓ ÉÎÔÏ Á ÃÏÍÍÕÎÉÔÙȭÓ ÇÅÎÅÒÁÌ 

plan.  This guidance is crucial for providing specific guidance to local governments on how they can 

plan in ways that will create a more resilient region. 

Housing Element Reviews:  The housing element State law requires each city and county to adopt a 

general plan containing at least seven mandatory elements including housing. Unlike the other 

general plan elements, the housing element is required to be updated every four, five or eight years, 

when it is subject to detailed statutory requirements and mandatory review by HCD. A housing 

element update may trigger a revision to other parts of the general plan to ensure consistency 

between the elements. Such revisions are a good opportunity to incorporate consideration of 

climate impacts in affected parts of the general plan. Housing elements have been mandatory 

portions of local general plans since 1969. This reflects the statutory recognition that housing is a 

matter of statewide importance and cooperation between government and the private sector is 

critical to attainment of the State's housing goals.  Work is ongoing to ensure that climate 

considerations are incorporated more holistically in housing elements. 

Improve Alignment of Existing Programs and Investments  
The state administers a variety of funding programs related to land use and community 

development.  Many of these programs have eligible activities related to climate adaptation or have 

evaluation criteria providing incentive for actions, activities and outcomes related to climate 

change and sustainability.  For example, many programs promote infill development or 

development targeting greenhouse gas reduction. State and federal funding sources are absolutely 

critical levers for developing bold solutions to ÔÈÒÅÁÔÓ ÐÏÓÅÄ ÂÙ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ 

communities; the following programs how a few programs that help align investment with climate 

adaptation goals. 
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Affordable Housing and Sustainable Communities Program (AHSC): SGC develops and oversees the 

implementation of this innovative program that funds housing, transportation, infrastructure, and 
land conservation projects.  These investments are a key player in shifting the dynamics around 

land use and community development, as they show the transformational success that holistic 

projects can have on regions.  HCD implements the interagency effort to fund projects that reduce 

greenhouse gas emissions through transit-oriented housing and infrastructure, while the 

Department of Conservation implements the Sustainable Agricultural Lands Conservation Program 

to preserve prime working lands and promote compact development.  AHSC incorporates climate 

resiliency as a threshold item that all applicants must prove in order to be considered for funding, 

but many of the projects address deep vulnerabilities to climate impacts; for example, they 

incorporate green infrastructure to cool urban heat islands, efficiently use water and energy, and 

provide resilient housing for vulnerable populations. 

Community Development Block Grant Program (CDBG): The State and some smaller, non-entitlement 

jurisdictions administer federal funds through CDBG for a variety of housing and community 

development activities, including housing rehabilitation, public infrastructure, public facilities and 

economic development.  Existing grants were reprogrammed to address urgent drought needs, and 

$5 million was made available for temporary subsistence payments to prevent or mitigate 

homelessness due to the drought.  This funding is one example of utilizing flexible funding sources 

to address urgent climate impacts, but efforts are ongoing to make CDBG more effective in realizing 

a long-term vision for resilience in communities across California. 

Multifamily Housing Program: The Multifamily Housing Program and other state housing programs 

assist the new construction, rehabilitation and preservation of housing for lower income 

households.  Program criteria typically include points for adaptive reuse, infill, proximity to 

amenities and sustainable building methods.  These grantsɂtypically administered cyclicallyɂ

build resiliency by providing vulnerable populations with resilient housing.  HCD is working to 

align these investments with adaptation principles more explicitly. 

National Disaster Resiliency Competition (NDRC):  The NDRC is a $1 billion program being 

administered by the US Department of Housing and Urban Development. The NDRC is designed to 

provide grants to communities to rebuild in a more resilient way following major disaster. States 

that had presidential disaster declaration in 2011, 2012, or 2013 are eligible to apply. This 

competition encourages American communities to consider not only the infrastructure needed to 

become resilient, but also the social and economic characteristics that allow communities to quickly 

bounce back after a disruption. For example, applicants need to consider how their projects will 

promote community development goals, ensure meaningful public engagement and participation, 

and build collaborations with neighboring jurisdictions and stakeholders who are critical partners 

in preventing, mitigating, and recovering from disasters. 

#ÁÌÉÆÏÒÎÉÁȭÓ .$2# ÁÐÐÌÉÃÁÔÉÏÎ ÉÓ ÂÅÉÎÇ ÕÎÄÅÒÔÁËÅÎ ÔÈÒÏÕÇÈ ÁÎ ÉÎÃÒÅÄÉÂÌÙ ÂÒÏÁÄ ÃÏÌÌÁÂÏÒÁÔÉÖÅ ÅÆÆÏÒÔ 

led by Tuolomne County, OPR, the U.S. Forest Service, the California Environmental Protection 

!ÇÅÎÃÙȟ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ /ÆÆÉÃÅ ÏÆ %ÍÅÒÇÅÎÃÙ 3ÅÒÖÉÃÅÓȟ #ÁÌ&ÉÒÅȟ ÁÎÄ ÔÈÅ 3ÉÅÒÒÁ )ÎÓÔÉÔÕÔÅȟ ÂÕÔ ÉÎÖÏÌÖÉÎÇ 

many other federal, state, regional, and local entities.  It seeks to address the devastation left by the 
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2ÉÍ &ÉÒÅȟ ÔÈÅ ÔÈÉÒÄ ÌÁÒÇÅÓÔ ×ÉÌÄÆÉÒÅ ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ ÈÉÓÔÏÒÙ ÂÙ ÒÅÃÏÖÅÒÉÎÇ ÒÅÓÉÌÉÅÎÔÌÙ ÁÃÃÏÒÄÉÎÇ ÔÏ Á 

ÎÏÖÅÌ ÄÅÆÉÎÉÔÉÏÎ ÏÆ ÒÅÓÉÌÉÅÎÃÅȢ  4ÈÅ .$2# ÁÐÐÌÉÃÁÔÉÏÎ ÐÒÏÐÏÓÅÓ ÔÈÁÔ ȰÁ ÒÅÓÉÌÉÅÎÔ ÃÏÍÍÕÎÉÔÙ ÉÓ ÁÂÌÅ ÔÏ 
resist and rapidly recover from disasters or other shocks with minimal outside assistance. Reducing 

current and future risk is essential to the long-term vitality, economic well-being, and security of all 

communities. By identifying future risk and vulnerabilities, resilient recovery planning can 

maximize preparedness, save lives, and bring benefits to a community long after recovery projects 

ÁÒÅ ÃÏÍÐÌÅÔÅȢȱ 

This vision for resilience is being implemented through a broad range of initiatives that can serve as 

a model for sustainable natural resource management and economic development by linking forest 

ecosystems and rural communities more tightly.  The exciting results of the application process will 

show how innovation and community engagement can be incorporated into the process of 

successful adaptation initiatives. 

Enhance Outreach, Capacity, Implementation and Outcomes  
Local capacity to implement planning and administer funding programs is essential to state 

planning, regulatory and funding functions.  Without local capacity, planning is not successfully 

carried out and program goals are not achieved or maintained.  At the same time, many local 

governments may have dwindling to no resources to handle the increasingly complex nature of 

state planning, regulatory and funding functions.  To address this need, the state is building 

planning and implementation capacity for local governments through more readily usable tools 

such as utilizing existing human resources and robust training to complement local governments 

efforts and strengthening regional coordination and collaboration.   The following efforts represent 

a sampling of outreach efforts undertaken by the State, though these only presage more robust and 

engaging initiatives. 

Regional Action: Local governments are mobilizing to create collaborative partnerships that address 

climate adaptation at a local scale. The Alliance of Regional Collaboratives for Climate Adaptation 

(ARRCA) (see www.arccacalifornia.org) was developed in 2012 to help prepare Californiaΐs urban 

centers for the potential extreme events such as flooding, heat waves, and fires. ARCCA has since 

expanded its conversations to include non-urban regions. Groups like ARCCA can support the 

development of policies and programs at the State level and help create a more collaborative 

relationship between local governments and the State. 

Adaptation Planning Guide (APG): While the APG was released in 2012, it continues to be an 

instrumental resource in supporting local government planning. It has helped dozens of 

jurisdictions go through the planning process and better understand potential policies and 

programs available to address climate change impacts and the vulnerability of their communities. 

Together with the Cal-Adapt (www.cal-adapt.org) visualization tool, the APG is a decision support 

tool that can be used to create vulnerability assessments, outreach plans, adaptation plans, climate 

change policy and metrics for monitoring success.  Efforts to update the APG and ensure its 

continued use, especially in local hazard mitigation planning, are underway. 

http://www.arccacalifornia.org/
http://www.cal-adapt.org/
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CivicSparkȡ #ÉÖÉÃ3ÐÁÒË ÉÓ 'ÏÖÅÒÎÏÒ "ÒÏ×ÎȭÓ !ÍÅÒÉ#ÏÒÐÓ ÐÒÏÇÒÁÍ ÄÅÄÉÃÁÔÅÄ ÔÏ ÂÕÉÌÄÉÎÇ ÃÁÐÁÃÉÔÙ ÆÏÒ 

local governments to address climate change. Each year, in 9 regions throughout California, 48 
CivicSpark members work closely with local governments to implement climate, energy, and 

sustainability projects, supporting over 90 cities, schools, and other public agencies.  In its first 

year, CivicSpark assisted over 86 local government agencies, completing mitigation and adaptation 

projects on topics including sustainable transportation, energy efficiency, solar procurement, urban 

forestry, sea level rise, climate action plan implementation, and GHG inventories. 

Next Steps 
 

To better address climate adaptation objectives, the state must continue to evaluate the progress 

and effectiveness of action to revise steps forward appropriately.  The Land Use and Community 

Development sector necessitates a broad approach across planning and regulation as well 

alignment of state resources and expanding state, regional and local capacity to carry out planning, 

regulation and funding resources.  This plan lays out key suggestions and commitments for State 

action; for a complete list of next steps, see Appendix B. 

Coordinate Planning, Policy, Requirements and Regulations  
Current planning and requirements can be improved to better adapt to climate change in a more 

coordinated manner.  The general plan guidelines, currently undergoing a comprehensive update, 

will provide OPR recommendations for planning for climate change. This narrative will support 

local government integration of climate change vulnerability, adaptation and hazard mitigation 

discussions through general plans. Specifically, the safety element will be suggested as the 

primarily location for much of the climate impacts discussions, with linkages to other elements of 

the general plan. Combined together with existing CEQA requirements for addressing climate 

change in proposed projects, the updated general plan guidelines will support the development of 

comprehensive strategies to address potential climate change impacts and the policies that can be 

created to address those impacts.  

The State Housing Law (SHL) Program or Building Standards Commission may propose building 

standards that adopt the principles of resiliency laid out in Safeguarding California and this plan.  

The State will work internally and with federal partners to work towards incorporating climate 

change adaptation in to codes and standards development efforts. Given the high priority of 

agencies to attain environmental goals and related conditions such as greenhouse gas targets, 

climate adaptation, and energy and water conservation, it is crucial that research, outreach and 

policy analysis be conducted to evaluate these various initiatives and identify enhancements to the 

3ÔÁÔÅȭÓ ÏÎÇÏÉÎÇ ×ÏÒË ×ÉÔÈ ÔÈÅÓÅ ÏÒÇÁÎÉÚÁÔÉÏÎÓȢ   

Improve Alignment of Existing Programs and Investments  
Greater alignment will enable state to leverage its experience and statewide perspective gained 

through delivering local assistance programs, planning and other work.  State agencies can evaluate 

programs, propose changes and share solutions that work to improve adaptation to climate change.  
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Organizations like ARCCA can also support the internal conversation by providing case studies of 

where certain programs and investments are working well.  Currently many departmental 
programs are designed in response to statute and from public participation processes with various 

immediate competing needs and issues that lack a comprehensive and coordinated approach.   

Future steps will focus on an evaluation of existing programs, coordination among state agencies, 

coordination with select external partner organizations, research and policy development on 

salient topics and recommendations for alignment to improve efficiency and effectiveness from the 

perspective of climate adaptation.  

Specifically, the release of an updated EGPR by OPR and the development of a new AB32 Scoping 

Plan by the Air Resources Board present great opportunities to comprehensively assess and lay out 

holistic climate and environmental strategies.  Additionally, OPR will draw together  

Enhance Outreach, Capacity, Implementation and  Outcomes 
The state cannot achieve its long term climate change adaptation and safeguarding priorities 

without deep involvement by local and regional interests throughout the state. Local planning, 

policy and implementation efforts aligned with State goals will be crucial for California to achieve 

its desired policy goals.  Associated funding can also increase the potential for success in aligning 

local and State policy goals. The State can expand its support of local efforts by providing technical 

assistance, funding and capacity building resources.  Actions can include: 

Develop and Implement Action Plans for Local Assistance: An outreach action plan that focuses on 

ÐÒÏÍÏÔÉÎÇ ÌÉÎËÁÇÅÓ ÔÏ 3ÔÁÔÅ ÆÕÎÄÉÎÇ ÐÒÏÇÒÁÍÓȟ ÓÕÓÔÁÉÎÁÂÌÅ ÃÏÍÍÕÎÉÔÉÅÓȭ ÓÔÒÁÔÅÇÉÅÓȟȢ  4ÈÒÏÕÇÈ ÔÈÅ 

plan, staff can coordinate with jurisdictions to identify key challenges and opportunities, and 

provide recommended implementation actions. 

Support Capacity Building: Continue to support local capacity building programs like the CivicSpark 

!ÍÅÒÉ#ÏÒÐ 'ÏÖÅÒÎÏÒȭÓ )ÎÉÔÉÁÔÉÖÅȟ ÈÅÌÐÉÎÇ ÂÒÉÎÇ ÍÏÒÅ ÔÒÁÉÎÅÄ ÙÏÕÎÇ ÐÅÏÐÌÅ ÔÏ ÃÏÍÍÕÎÉÔÉÅÓ 

throughout the state to do climate change planning and implementation work.  Exploring 

expansions of the CivicSpark model, as well as building off the incredible work done by the 

California Conservation Corps for resilience, can inform future efforts to build local capacity. 

Continue Tool and Resource Development: Continue to support and build on existing tool and 

resource platforms such as Cal-Adapt (www.cal-adapt.org), the climate change portal 

(www.climatechange.ca.gov), CoolCalifornia (www.coolcalifornia.org) and the Adaptation Planning 

Guide. (APG) In cases like the APG, convert document resources into online decisions support tools 

whenever possible. Show a clear planning process and linkage to resources in the general plan 

guidelines so that minimal confusion exists in how the State would like to see local governments 

addressing climate change in local plans. Lastly, resources to support the nine step process to 

planning for adaptation outlined in the APG should be provided to ensure local governments have 

access to the resources and tools they need to effectively implement adaptation and resilience 

policy. 

Develop Regional Strategies: Regional working groups (state agencies, regional organizations, local 

jurisdictions, advocates, and other stakeholders) like ARCCA can better identify barriers to the 

http://www.cal-adapt.org/
http://www.climatechange.ca.gov/
http://www.coolcalifornia.org/
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implementation of State planning priorities and climate adaptation, and identify key areas of 

regional concern. The 2017 update to Safeguarding California offers a great opportunity to mesh 
State policy with local and regional visions for resilience. 

Enhance the Clearinghouse of Best Practices and Strategies:  With the information gathered from 

annual reports on general plan implementation, the OPR Annual Planning Survey and other 

methods, local assistance, and regional working groups can develop a searchable database of 

programs, implementation strategies, and best practices relating to key challenge areas, SB 375 

objectives, climate adaptation and other co-benefits.  This database, in conjunction with the OPR 

and HCD outreach, will allow jurisdictions throughout the State to connect with the best practices of 

other similar jurisdictions to enhance implementation of programs and achieve the better impact.  

Better Coordinate and Implement Sustainable Communities Strategies:  Around the state, 

Metropolitan Planning Organizations (MPOs) must prepare a "sustainable communities strategy" 

(SCS) as an integral part of its regional transportation plan (RTP).  The SCS contains land use, 

housing, and transportation strategies that, if implemented, would allow the region to meet its GHG 

emission reduction targets.  Better coordination can occur with the regional councils of 
governments and state agencies to catalyze incorporation of climate change vulnerability and 

adaptation measures and associated implementation of the SCS for each region in the state.  For 

example, monitoring RTP, SCS, Housing Elements, and other land use documents for their progress 

in implementation would be a key state to assess progress.  Additionally, a process to establish and 

maintain key contacts and develop and implement strategies to align state, regional and local 

policies and resources could be created.  

Develop Rural Strategies:  Rural communities have housing, transit, and economic development 

needs that differ from those of cities and other urbanized areas. These communities and regions as 

a whole will be best served by taking these differences into account and addressing them in a 

robust, comprehensive manner. Work efforts can include collaboration with local governments and 

vulnerable population groups such as disadvantaged communities  and farmworkers to increase 

safe and affordable housing and community development opportunities and develop sustainable 

economies. 

Better Coordinate and Communicate with Tribal Governments: Tribal governments in California are 

making important strides in climate change adaptation, as many have successfully undertaken 

important initiatives with the help of federal funding from the Department of the Interior.  OPR and 

CNRA are committed to establishing more formal and regular processes to communicate, 

coordinate, and consult with tribal governments to promote resilience.  OPR will include tribal 

representation in an advisory council it forms for adaptation purposes, while CNRA will also 

establish an advisory body for the update to Safeguarding California. 

Monitoring and Evaluation 
 

The Adaptation Planning GuiÄÅ ÃÏÍÐÁÎÉÏÎ ÄÏÃÕÍÅÎÔ Ȱ$ÅÆÉÎÉÎÇ ,ÏÃÁÌ ÁÎÄ 2ÅÇÉÏÎÁÌ )ÍÐÁÃÔÓȱ 
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overviews questions that can help localities evaluate their own adaptive capacity.  These questions 

illustrate how the State can work with local governments to track the progress of adaptation efforts.  
3ÅÌÅÃÔÉÏÎÓ ÆÒÏÍ Ȱ$ÅÆÉÎÉÎÇ ,ÏÃÁÌ ÁÎÄ 2ÅÇÉÏÎÁÌ )ÍÐÁÃÔÓȱ ÂÅÌÏ× ÓÈÏ× Á ÐÏÓÓÉÂÌÅ ÁÐÐÒÏÁÃÈ ÆÏÒ ÔÈÉÓ 

monitoring effort:  

¶ Collaboration of efforts: To maximize efficiency and efficacy, have local planning efforts 
related to addressing climate change impacts been linked with efforts to address public 
health, economic, and social equity efforts in the community? Is there local involvement 
with state and federal agencies to promote support? 

¶ Community-wide involvement: Has a local network/committee been formed, or an existing 
committee used, to work on climate change impacts and adaptation efforts? Does this 
committee include representation from a broad array of agencies, organizations (local and 
regional, public health, emergency responders, non-profits), community members 
(residents, employers, and business owners), and members of groups who may be most 
sensitive to climate change? Are local employers and business associations participating in 
local efforts to address climate change and health and socioeconomic impacts upon 
employees? 

¶ Education: Are public education and community outreach efforts related to climate change 
impacts and adaptation underway and are they accessible to diverse groups and through a 
diversity of agencies and media? Can they be combined with public education and 
community outreach efforts on other issues? Are special efforts made to address the 
participation of disadvantaged communities? Are there educational programs available to 
familiarize these communities with governmental functions and to empower them to 
participate in their own governance? 

¶ 5ÓÅ ÏÆ ÏÔÈÅÒ ÁÇÅÎÃÉÅÓȭ ÉÎÆÏÒÍÁÔÉÏÎȡ $ÏÅÓ ÔÈÅ ÌÏÃÁÌ ÈÅÁÌÔÈ ÄÅÐÁÒÔÍÅÎÔ ÏÒ ÄÅÐÁÒÔÍÅÎÔ 
responsible for emergency preparedness have community-wide assessments of the location 
of the most sensitive populations, such as the elderly, persons with disabilities/special 
needs, immigrants and non-English speaking residents, and others who might lack material 
resources and or have physical limitations? 

 
In this vein, HCD has proposed series of metrics to assess the effectiveness of action in achieving the 

goals.  While they are not as comprehensive as the approach suggested in the APG document, they 

provide key starting points for a similar monitoring of adaptation progress.  These metrics fall 

largely into one of two distinct categories: 

Sustainable Communities:  Strategically addressing the needs of existing populations and 
accommodating future growth is important to climate adaptation.  State, regional and local policies 
and programs are increasingly directed toward avoiding hazard areas or encouraging priority areas 
such as infill, near transit and disadvantaged communities.  Evaluating the results and effectiveness 
of these efforts is essential to improving future strategies.   
 
Outreach and Capacity Building:  %ÆÆÅÃÔÉÖÅ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÍÁØÉÍÉÚÅÓ ÔÈÅ ÓÔÁÔÅȭÓ ÐÌÁÎÎÉÎÇȟ 

regulations and programs.   Actual outcomes of technical assistance and collaboration can be 

monitored through performance measures such as local adoption of plans, regulations and funding 

applications.   
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Metrics in these two categories also provide an opportunity to broadly assess progress in working 

to implement the proposed principles for land use and community development.   

Table: Metrics for Monitoring and Evaluating Adaptation Progress  
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Sustainable Communities  

Units produced and 

preserved by 

Type/density, affordability 

in targeted growth areas 

(infill, TPA, PDA, etc) 

X X X       

Units approved by 

location/hazard area (e.g., 

SB 1241 subdivision in fire 

hazard areas, AB 162 

Flood) 

  X X X    X 

 

Amount of 

Converted/preserved 

agricultural, open space 

and natural resource land 

x x x       

Percent of state resources 

invested in disadvantaged 

communities 

x x x x x x    

Percent of state resources 

invested within a ½ mile of 

transit  

x x x x X     

Percent of vulnerable 

populations in hazard 

areas/change over time 

x  x x      

Outreach and Capacity Building  

# of Jurisdictions that 

have climate adaptations 

measures (or elements) in 

X   X X X X X X 
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their general plans 

# of Jurisdictions updating  

land use, safety and 

conservation elements to 

address DAC, Fire and 

Flood  

X  X      X 

# of rural jurisdictions 

applying for climate 

adaptation related funding 

X  x x x x    
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hŎŜŀƴǎ ŀƴŘ /ƻŀǎǘŀƭ wŜǎƻǳǊŎŜǎ ŀƴŘ 
9ŎƻǎȅǎǘŜƳǎ {ŜŎǘƻǊ tƭŀƴ 

Introduction 
#ÁÌÉÆÏÒÎÉÁȭÓ ÃÏÁÓÔÁÌ ÁÇÅÎÃÉÅÓ37 have a long history of successfully addressing issues such as 
pollution, unsustainable resource use, and rapid urban development to protect, maintain, 
and enhance the health of coastal and ocean areas. This is crucial considering that 
#ÁÌÉÆÏÒÎÉÁȭÓ ÏÃÅÁÎ ÁÎÄ ÃÏÁÓÔ ÃÏÎÔÒÉÂÕÔÅ ΑσωȢρ ÂÉÌÌÉÏÎ ÁÎÎÕÁÌÌÙ ÔÏ ÔÈÅ ÓÔÁÔÅȭÓ '$0 ɉ.ÁÔÉÏÎÁÌ 
Ocean Economics Program (NOEP) 2014). Sea-level rise, when combined with extreme 
storms, high tides, and El Niño Southern Oscillation events; shifting ocean chemistry; and 
other climate change stressors, is likely to escalate longstanding challenges such as 
unsustainable resource use as well as present new governance and management challenges 
State coastal agencies are striving to meet all of these challenges and prepare for the 
uncertainties that each obstacle presents. They are applying a climate change adaptation38 
lens to their planning and decision-making, testing and implementing actions to reduce the 
impacts of climate change on coastal ecosystems, communities, economies and 
infrastructure, and supporting local adaptation efforts. 

Through these efforts, state coastal agencies have already taken important steps to 
implement the coastal and ocean recommendations in Safeguarding California: Reducing 
Climate Risk (California Natural Resources Agency (CNRA) 2014). However, in most cases, 
the implementation of adaptation measures will be a long-term, multi -phase, iterative 
process, rather than a near-term, discrete one. For instance, initial planning, such as Local 
Coastal Program (LCP) updates, vulnerability assessments, and adaptation plans, rely on 
up-to-date applied research. These assessments and plans then inform detailed project 
planning, design, engineering, and permitting, which can take many years to complete 
before on-the-ground projects can be implemented. In other words, adaptation is ongoing, 
and state agencies are taking into account the need for continuous adaptive management in 
the face of a changing climate. In some cases, new alternatives to actions recommended in 

                                                             
37 State coastal agencies include: a) the coastal zone management agencies ɀ the California Coastal 
Commission (regulatory agency), the San Francisco Bay Conservation and Development Commission 
(regulatory agency), and the State Coastal Conservancy (implements multi -benefit projects to protect and 
enhance coastal resources), b) agencies that own and/or manage coastal lands ɀ the State Lands Commission 
and the Department of Parks and Recreation, and c) agencies with direct interests in coastal and ocean 
resources due to their mandates ɀ the Ocean Protection Council (state adaptation lead for coastal and ocean 
ecosystems and resources). 
38 4ÈÅ .ÁÔÉÏÎÁÌ #ÌÉÍÁÔÅ !ÓÓÅÓÓÍÅÎÔ ɉςπρτɊ ÄÅÆÉÎÅÓ ÁÄÁÐÔÁÔÉÏÎ ÁÓ ȰÁÃÔÉÏÎÓ ÔÏ ÐÒÅÐÁÒÅ ÆÏÒ ÁÎÄ ÁÄÊÕÓÔ ÔÏ ÎÅ× 

ÃÏÎÄÉÔÉÏÎÓȟ ÔÈÅÒÅÂÙ ÒÅÄÕÃÉÎÇ ÈÁÒÍ ÏÒ ÔÁËÉÎÇ ÁÄÖÁÎÔÁÇÅ ÏÆ ÎÅ× ÏÐÐÏÒÔÕÎÉÔÉÅÓȢȱ  
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Safeguarding California may emerge given continually improved information about climate, 
the role of humans in influencing it, and the effectiveness of various adaptation measures.  

In this Implementation Plan, state coastal agencies have identified ways to reduce coastal 
and ocean climate change vulnerabilities and impacts using available capacity and 
resources and leveraging existing programs, projects, and forums. However, making 
further  progress on adaptation requires a commitment to: 

¶ Allocate adequate funding and capacity  to improve understanding of climate 
change vulnerabilities and impacts and to formulate, implement, and monitor 
adaptation measures that support the overarching goal of coastal and ocean health.  

¶ Coordinate and align efforts across agencies, levels, and sectors to achieve a 
shared vision of coastal and ocean health.  

¶ Learn continually  to inform the development and adjustment of flexible adaptation 
approaches that effectively and efficiently respond to changing conditions.  

¶ Leverage existing legal, policy, and institutional structures  to govern and manage 
coastal and ocean areas and resources for short- and long-term health.    

While state coastal agencies have demonstrated their commitment, transformational 
ÃÈÁÎÇÅ ×ÉÌÌ ÁÌÓÏ ÒÅÑÕÉÒÅ ÃÏÎÔÉÎÕÅÄ ÓÕÐÐÏÒÔ ÆÒÏÍ ÔÈÅ 'ÏÖÅÒÎÏÒȭÓ /ÆÆÉÃÅ ÁÎÄ ÔÈÅ ,ÅÇÉÓÌÁÔÕÒÅȟ 
commitments by local and regional entities, and efforts by other state agencies to 
implement fully adaptation policies to address risks from sea-level rise, particularly in 
relation to infrastructure planning and investment and water quality management. 

1.1 State Coastal Leadership Group on Sea-level Rise 

This Implementation Plan for Ocean and Coastal Ecosystems and Resources was 
coordinated by the Ocean Protection Council (OPC) on behalf of the member agencies of the 
State Coastal Leadership Group on Sea-level Rise, with support from the California Ocean 
Science Trust (OST) and inputs from a broad range of state and non-state entities. The State 
Coastal Leadership Group consists of senior management from the California Coastal 
Commission (CCC), Department of Parks and Recreation (DPR), OPC, State Coastal 
Conservancy (SCC), State Lands Commission (SLC), and San Francisco Bay Conservation 
ÁÎÄ $ÅÖÅÌÏÐÍÅÎÔ #ÏÍÍÉÓÓÉÏÎ ɉ"#$#Ɋȟ ÁÎÄ ÉÓ ÃÏÎÖÅÎÅÄ ÂÙ ÔÈÅ /0#Ȣ 4ÈÅ ÇÒÏÕÐȭÓ ÓÈÁÒÅÄ 
mission is to maintain the natural beauty, accessibility, economic power, ecological 
richness, and social diversity of the California coast by reducing risks from sea-level rise, 
storms, erosion, and other coastal climate change-related hazards by:  

ǒ Sharing information between member agencies to strengthen competencies, reduce 
redundancy, and increase synergy; 

ǒ Strengthening partnerships among member agencies to enable strategic, 
coordinated actions and provide leadership on coastal and ocean adaptation;  
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ǒ Promoting dialogue on priority issues, such as those related to the Public Trust, to 
ensure that member agencies have a shared understanding that informs their 
interactions with other agencies, local governments, and tribes; 

ǒ Identifying needs and implementing actions to promote adaptation and resilience in 
coastal areas throughout the state; and 

ǒ Gauging collective progress and determining shared agency needs to present to the 
legislature and other relevant entities to inform policy and funding processes. 

 

 

Vulnerability Assessment39: Changing Ocean and Coastal 
Conditions 
#ÁÌÉÆÏÒÎÉÁȭÓ ÏÃÅÁÎ ÁÎÄ 
coastal areas are currently 
subject to a range of climate 
change-related stressors, 
including sea-level rise, 
extreme storm events, and 
ocean acidification and 
hypoxia, and these 
stressors are expected to 
worsen over the coming 
decades. In most cases, it 
will be the combined 
impacts of multiple 
stressors that will pose the 
greatest risks to coastal and 
ocean health. Research 
ÆÕÎÄÅÄ ÕÎÄÅÒ #ÁÌÉÆÏÒÎÉÁȭÓ 
Climate Change 
!ÓÓÅÓÓÍÅÎÔÓ ÈÁÓ ÉÍÐÒÏÖÅÄ ÔÈÅ ÓÔÁÔÅȭÓ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÖÕÌÎÅÒÁÂÉÌÉÔÉÅÓ ÁÎÄ 
impacts in coastal and ocean areas. However, additional research is needed fully to 
understand the combined impacts of stressors.  

It is important to note that the extent and timing of the climate change-related 
vulnerabilities  of coastal areas and the ocean will be site-specific and shaped by the degree 
to which assets (e.g., communities, ecosystems, property, and infrastructure) are subject to 
                                                             
39 Unless otherwise noted, the information in this section is based on the coastal and ocean resources and 
ecosystems section of Safeguarding California.  

Photo by J. Sutton 
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stressors such as sea-level rise and storms40 (exposure), the internal qualities that make 
them susceptible to these stressors41 (sensitivity), and the capacity to adjust and respond 
to these stressors (adaptive capacity). Thus, while Safeguarding California and other 
summaries of general vulnerabilities and impacts are useful starting points, identifying 
adaptation measures will require vulnerability assessments that build on work-to-date, 
ÓÕÃÈ ÁÓ "#$#ȭÓ !ÄÁÐÔÉÎÇ ÔÏ 2ÉÓÉÎÇ 4ÉÄÅÓ 0ÒÏÇÒÁÍȟ ÁÎÄ ÁÒÅ ÆÏÃÕÓÅÄ ÏÎ ÓÐÅÃÉÆÉÃ ÇÅÏÇÒÁÐÈÉÃ 
regions or resources.  

A number of coastal jurisdictions have begun to assess climate change vulnerabilities42 as a 
way to understand how valued assets may be affected by sea-level rise. The state has 
supported these efforts through the State Climate Change Assessments and grant 
programs, such as the /0#ȭÓ ,#0 3ÅÁ-level Rise Grants. There are also several tools for 
conducting local vulnerability assessments. These tools range from the California 
Adaptation Planning Guide (California Emergency Management Agency and CNRA 2012), 
which describes a framework for assessing vulnerabilities and planning for adaptation, to 
data on and maps of sea-level rise vulnerabilities found on Cal-Adapt ÁÎÄ #ÌÉÍÁÔÅ #ÅÎÔÒÁÌȭÓ 
Surging Seas websites.  

The remainder of this section summarizes the vulnerabilities and impacts highlighted in 
Safeguarding California (CNRA 2014). 

2.1 Increased temperatures, shifts in precipitation, and changes in 
extreme events 

Each of the past three decades has been warmer globally than during all previous decades 
on record (Hartmann et al. 2013), and average global temperature is estimated to increase 
by 0.54-1.26 degrees for the period 2016-2035 relative to 1986-2005 (Kirtman et al. 2013). 
For every 1.8-degree increase in average global temperature, the volume of moisture that 
the atmosphere can hold goes up by seven percent. Higher levels of atmospheric moisture 
will result in increased levels and intensity of precipitation (Carey 2011). Rainfall patterns 
will change and vary regionally, with winter and spring rainfall in the northern U.S. 
expected to rise and rainfall in the Southwest, including California, to decrease, particularly 
in the spring. Even as overall precipitation in the Southwest is projected to decrease, the 
number of heavy rainfall events is anticipated to increase (Walsh, et al. 2014). 

                                                             
40 In its report, Sea-level Rise for the Coasts of California, Oregon, and Washington: Past, Present and Future 

(2012), the National Research Council notes that sea-level rise will vary regionally. The factors that 

contribute to these differences include local differences in water density, variations in ocean heights due to 

winds, contributions from land-based ice, and vertical land motions along the coast.  

41 For instance, intertidal habitats in North Central California that have been subject to pollution from 
agricultural and livestock wastes, wastewater, sewage outfalls, mining, and industrial wastes are likely to be 
less resilient to climate change (Hutto et al., 2015).  
42 Additional information on local vulnerability assessments can be found at 
http://www.georgetownclimate.org/adaptation/state -information/overview -of-californias-climate-change-
preparations. 

http://cal-adapt.org/
http://ssrf.climatecentral.org/#location=CA_State_06&state=California&level=5&geo=County&pt=t&target=&p=L&protection=tidelthresh
http://www.georgetownclimate.org/adaptation/state-information/overview-of-californias-climate-change-preparations
http://www.georgetownclimate.org/adaptation/state-information/overview-of-californias-climate-change-preparations
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Climate change is also expected to alter the frequency and severity of extreme events. In 
#ÁÌÉÆÏÒÎÉÁȟ ÔÏÄÁÙȭÓ ÖÅÒÓÉÏÎ ÏÆ Á ρππ-year storm, or a storm that has a one percent chance of 
occurrence in a given year, could take place annually by the year 2050 (Moser, Ekstrom, 
and Franco 2012). In the nine San Francisco Bay counties alone, an extreme storm on a 
100-200 year return period accompanied by up to 12 inches of rain, high creek and river 
flows for over a week, and maximum observed tide levels as seen in January 1983 would 
result in $10.4 billion in structural, building content, transport delay, and electricity 
interruption costs (Bay Area Council Economic Institute 2015).  

2.2 Sea-level rise and storms 

Another direct consequence of global warming is sea-level rise. Figure 1 shows sea-level rise 

projections for the west coast of the U.S. ÆÒÏÍ ÔÈÅ .ÁÔÉÏÎÁÌ 2ÅÓÅÁÒÃÈ #ÏÕÎÃÉÌȭÓ ɉ.2#Ɋ ςπρς ÓÅÁ-level 

rise report.  

Figure 1. Sea-level rise projections for the West Coast using the year 2000 as the baseline.  

 

2.2.1 Flooding and inundation of people, buildings, and infrastructure 

Sea-level rise can increase flood risks in low-lying coastal areas and areas bordering rivers. A five-

foot increase in water levels due to sea-level rise, storms, and tides is estimated to affect 499,822 

people (see Figure 2 for a breakdown of populations at risk by county), 644,143 acres, 209,737 

homes, and $105.2 billion of property value in coastal areas (Climate Central 2014).  
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Figure 2. Populations at risk by county from five feet of sea-level rise  

 

An increase of five feet in water levels would threaten a wide range of buildings (including 
60 fire and emergency medical service stations, three hospitals, 57 medical facilities, and 
126 schools) and infrastructure (including 2,634 miles of roads, 26 miles of railroads, 32 
rail stations, two airports, and 17 power plants). Impacts on transportation operations and 
infrastructure such as sea- and airports, roads, passenger and cargo rail, and bridge 
supports, would affect critical emergency evacuation routes and impede the movement of 
economic goods.  

The impacts on sea- and airports in particular will  have important economic implications. 
For instance, the San Francisco Airport accounted for $5.4 billion in business and 33,580 
jobs in 2012. Inclusion of off-site activities that rely on air service (e.g., cargo deliveries, 
ÃÕÓÔÏÍÅÒ ÖÉÓÉÔÓɊ ÉÎÃÒÅÁÓÅ ÔÈÅ ÁÉÒÐÏÒÔȭÓ economic contribution to $31.2 billion and 153,000 
jobs (Bay Area Council Economic Institute 2015). The San Francisco Airport is already 
vulnerable to floods; sea-level rise is anticipated to exacerbate future floods, placing the 
airport at greater risk.  

Flooding or inundation of facilities or land with hazardous materials can contaminate 

drinking water and ocean-based food sources, and place properties at risk. A five-foot 

increase in water levels due to sea-level rise, storms and tides is expected to increase the 

number of U.S. Environmental Protection Agency-listed sites (e.g., Superfund sites, 

brownfields, and hazardous waste sites) to 1,354. Flooding due to sea-level rise and storms 

can cause the runoff of fertilizers, sewage, and other toxic materials into the ocean. 

Swimming in contaminated waters can lead to public health impacts such as earaches, 

sinus problems, diarrhea, fever, and rashes. Greater runoff can also cause algal blooms, 
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which produce toxins and reduce oxygen levels, leading to morbidity or mortality of marine 

species. 

2.2.2 Flooding and inundation of water resources 
The combined impacts of sea-level rise and storms may worsen saltwater intrusion of 
groundwater caused by over-pumping, which already poses challenges in coastal aquifers 
in Central and Southern California, including in Pajaro and Salinas Valleys and Los Angeles 
and Orange Counties. For communities that use groundwater for all or a portion of their 
water supply, saltwater intrusion is likely to decrease fresh water availability and force 
them to consider potentially costly alternatives such as surface water transfers. For 
farmers who irrigate with groundwater, unless they are able to access alternative sources 
of water at reasonable prices, they may no longer be able to cultivate their land (Heberger 
et al. 2009).  

2.2.3 Flooding and inundation of wetlands 

Wetlands, marshes, and other critical habitats will erode and face inundation. It is estimated that 

wetland habitats will require 150 square miles of open space for inland migration if they are to be 

maintained as sea levels rise by five feet (Heberger et al. 2009). Sea-level rise is also expected to 

convert some freshwater wetlands into salty tidal wetlands by altering the elevations of 

freshwater-saltwater interfaces. Modeling and efforts to monitor changes in marsh and water levels 

at the Elkhorn Slough National Estuarine Research Reserve indicate that sea-level rise is likely to 

cause extensive marsh loss. The update to the 1999 Baylands Ecosystem Habitat Goals, expected in 

October 2015, will offer new recommendations for promoting healthy baylands in light of climate 

changes that are projected to occur by 2100.   

2.2.3 Erosion of sea cliffs, dunes, and beaches 

#ÁÌÉÆÏÒÎÉÁȭÓ beaches and recreational resources provide tremendous benefits to the state, including 

recreation and tourism revenues, habitat for commercial fish species, enhanced water quality, and 

increased quality of life. The tourism and recreation component of CalÉÆÏÒÎÉÁȭÓ ÏÃÅÁÎ ÁÎÄ ÃÏÁÓÔ ÈÁÓ 

been calculated at $16.9 billion annually (NOEP 2014). Sea-level rise is expected to exacerbate the 

erosion of seacliffs, bluffs, and dunes along the coast and lead to the losses of public beaches and 

recreational resources. For every foot that sea level rises, 50-100 feet of beach width could be lost. 

Seawalls and other coastal armoring structures worsen the impacts of sea-level rise by hindering 

ÅÃÏÓÙÓÔÅÍÓȭ ÌÁÎÄ×ÁÒÄ ÍÉÇÒÁÔÉÏÎ ÁÎÄ ÁÃÃÅÌÅÒÁÔÉÎÇ ÉÎÕÎÄÁÔÉÏÎȟ ×ÈÉÃÈ ÃÁÎ ÒÅÄÕÃÅ ÂÅÁÃh width and 

result in beach loss. This could decrease public access, reduce recreational opportunities and affect 

local economies disrupting the tourism and coastal dependent industries.  

 

#ÁÌÉÆÏÒÎÉÁȭÓ ÂÅÁÃÈÅÓ ÁÎÄ ÒÅÃÒÅÁÔÉÏÎÁÌ ÒÅÓÏÕÒÃÅÓ provide invaluable benefits to the state, including 

recreation and tourism revenues, habitat for commercial fish species, enhanced water quality, and 

increased quality of life. Sea-level rise is expected to exacerbate the erosion of seacliffs, bluffs, and 

dunes along the coast and lead to the losses of public beaches and recreational resources. For every 

foot that sea level rises, 50-100 feet of beach width could be lost. Seawalls and other coastal 
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armoring structures worsen the impacts of sea-level rise by hindering ecosysteÍÓȭ ÌÁÎÄ×ÁÒÄ 

migration and accelerating inundation, which can reduce beach width and result in beach loss. This 
could decrease public access and disrupt the tourism industry.  

2.3 Ocean Acidification and Hypoxia 
The ocean absorbs about a third  of the carbon dioxide that is released into the atmosphere 
each year from the burning of fossil fuels and other human activities. The absorption of 
carbon dioxide by the ocean increases the acidity of ocean water, changing ocean chemistry 
and threatening marine ecosystems and coastal communities that are dependent on ocean 
health. This acidification of ocean waters is often coupled with hypoxia (low oxygen water) 
(OAH). (See Figure 3 for an overview of the processes driving these changes.)  

 

Figure 3. Overview of the major driving processes (and associated linkages among them) in coastal 

oceans. (A) Atmospheric CO2- driven (B) acidification occurs against a backdrop of additional 

drivers of change in ocean conditions, including (D) land-based runoff, (E) deoxygenation, (F) 

warming, (G) mixing and circulation, (H) upwelling, and (I) other additional stressors. Processes 

can be accentuated in bodies of water with low circulation and mixing, for example tidal flushed 

bays and estuaries, as well as tidepools. (West Coast OAH Science Panel 2015) 

Note: Location of processes relative to one another does not denote actual location in the water column. 

The direct and indirect impacts of OAH, although uncertain, are expected to be profound. 

For example, ocean acidification may cause declining harvests and revenues from shellfish 

and their predators, with negative consequences for coastal communities, including food 

insecurity, and declining fisheries and aquaculture industries. Hypoxia can have profound 

effects on marine ecosystems leading to large-scale die-offs, local damage to fisheries, and 
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long-term biodiversity. While some areas of hypoxic waters ɀ particularly in the deep 

ocean ɀ are natural and important parts of marine ecosystems, climate change and other 

human activity may now expand hypoxic waters into areas closer to the ocean surface. 

In addition to the widely-discussed impacts on shell-building, calcifying organisms, changes 
in ocean chemistry may impact physiology, reproduction, growth, population dynamics, 
and overall ecosystem structure and marine biodiversity. This coupled with changing 
ocean temperatures and other changing ocean conditions leads to complex and wide-
ranging impacts that could exacerbate or mitigate the effects of OAH. Though the scale and 
magnitude remain uncertain, laboratory studies, mesocosm studies, and ocean 
environments with naturally acidified water (such as volcanic carbon dioxide seeps (Hall-
Spencer et al. 2008) can help us begin to plan for and manage for future scenarios and 
ecosystem impacts. Further vulnerability and risk assessments are needed to understand 
better the socioeconomic implications of OAH for organisms and ecosystems and the level 
of risk posed to different communities43.  

Current Actions 
State coastal agencies have undertaken important steps to address the vulnerabilities and impacts 
summarized in the previous section and to implement the four categories of ocean and coastal 

recommendations identified in Safeguarding California: 

¶ Improve management practices for coastal and ocean ecosystems and resources, 

and increase capacity to withstand and recover from climate impacts; 

¶ Better understand evolving trends that may impact ocean and coastal ecosystems 

and resources; 

¶ Better understand climate impacts on ocean and coastal ecosystems and resources; 

and 

¶ Share information and educate. 

These categories were identified as priority areas in which action was needed to facilitate progress 

ÏÎ ÁÄÁÐÔÁÔÉÏÎȢ 3ÔÁÔÅ ÃÏÁÓÔÁÌ ÁÇÅÎÃÉÅÓȭ ÁÄÁÐÔÁÔÉÏÎ ÅÆÆÏÒÔÓ ÅÎÃÏÍÐÁss the full cycle of adaptation 

planning from assessing vulnerabilities to identifying, evaluating, implementing, and monitoring 

adaptation measures. These agencies have focused on providing policy leadership on issues such as 

those related to the Public Trust, developing guidance to assist state agencies and local and regional 

planners understand and respond to climate change impacts, assessing the vulnerabilities of 

communities and ecosystems, and implementing adaptation measures. This section presents 

                                                             
43 For an example of an analysis of the risks posed by ocean acidification to the shellfish, salmon and other 
finfish sectors in Alaska and the communities that rely on these sectors for their economic well-being, see 
Mathis et al. 2015. 
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highlights of the adaptation efforts led by state coastal agencies; additional details can be found in 

Appendix C. 

 

3.1 Improve Management Practices for Coastal and Ocean Ecosystems 
and Resources, and Increase Capacity to Withstand and Recover from 
Climate Impacts 

Safeguarding California provides several broad recommendations for improving management 

practices to address the coastal and ocean climate change vulnerabilities and impacts highlighted in 

the previous section. State coastal agencies have responded with agency-specific initiatives as well 

as cross-agency efforts through mechanisms such as the State Coastal Leadership Group on Sea-

level Rise and the California Collaborative on Coastal Resilience.  

The State Coastal Leadership Group on Sea-level Rise has served as a forum for member agencies to 

discuss topics of shared relevance pertaining to adapting to sea-level rise, take stock of adaptation 

activities to date, and identif y potential cross-agency adaptation priorities. For instance, the SLC has 

led ongoing discussions about the Public Trust Doctrine and the implications for state coastal 

agencies of changing boundaries between public and private lands due to sea-level rise. The OPC is 

leveraging the State Coastal Leadership Group to inventory existing actions to respond to sea-level 

rise, as per California Assembly Bill (AB) 2516, with the intention of facilitating learning that can 

inform state and local adaptation efforts. As part of this initiative, the OPC is developing online 

resources, including a database of sea-level rise information and a catalogue of funding 

opportunities related to sea-level rise and other coastal climate hazards. 

Established in 2014, the California 

Collaborative on Coastal Resilience is 

a multi-agency initiative to provide 

coastal communities with effective 

and efficient state support in 

becoming resilient to sea-level rise. 

Comprised of the CCC, OPC, SCC, and 

SLC, the agencies collectively set out 

to understand resilience planning 

needs at the regional level and 

improve collaboration to support 

local communities. Efforts to date 

have focused on a pilot study in the Humboldt Bay 

region, where sea-level rise poses an imminent 

threat. As a multi-agency initiative, the Collaborative is gaining insight into the opportunities and 

mechanisms by which state coastal agencies can cooperate on sea-level rise adaptation activities 

locally, regionally, and statewide.   

Participants at the Humboldt Bay Pilot Workshop.  

Photo by L. Garske 
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As a means to promote hazard avoidance for new development, DPR has adopted a coastal erosion 

policy to discourage development, including new permanent structures, facilities, and structural 
protection, in sites subject to wave erosion, seacliff retreat, and other impacts. To study and support 

cost-effective green infrastructure to reduce flood risk and stormwater runoff and maximize co-

benefits, the SCC has been implementing the South Bay Salt Pond Restoration Project, a 15,000-acre 

wetlands restoration project that will  build multi -benefit flood protection for Silicon Valley. The 

California Department of Fish and Wildlife (DFW) is also supporting a number of projects to restore 

or enhance wetlands and salt marshes through the Wetland Restoration for Greenhouse Gas 

Reduction Grant program. 

In terms of supporting pilot projects for innovative shoreline management techniques, the SCC has 

been working with the City of Ventura to implement one of the first managed retreat projects in 

California at the popular surfing beach of Surfers Point. The project addresses the severe erosion 

(up to 60 feet inland in some areas) that was damaging the beach and dune habitat as well as a bike 

path and parking lot by removing existing improvements and relocating them inland to allow for 

retreat and continued public access even with anticipated sea-level rise. The project restored and 

enhanced the ÓÈÏÒÅÌÉÎÅȭÓ ecological structure and function, including through widening the sandy 

beach, restoring sand dune habitat, and improving water quality. In addition, BCDC has 

recommended regional and local adaptation measures to reduce the vulnerabilities  of multiple 

asset categories in the San Francisco Bay area under its Adapting to Rising Tides Program. The OPC 

and SCC also anticipate supporting relevant pilot activities with Proposition 1 funds. They have 

incorporated sea-level rise into their Proposition 1 guidelines and expect to make infrastructure 

investments with these funds.  

Development of the State Sediment Master Plan and sediment management activities continues with 

key state and federal agencies meeting regularly to discuss upcoming sediment projects and 

provide support for and technical review of regional sediment management plans. The BCDC is also 

assessing changing sediment dynamics in the San Francisco Bay and potential management options. 

State coastal agencies have also provided guidance and financial resources to assist local 

governments address climate impacts in LCPs. For example, the CCC developed and adopted the Sea-

level Rise Policy Guidance (2015), which presents a framework for local planners and decision-

makers to integrate sea-level rise into LCPs. Further, the CCC and OPC have provided funding for 

updating LCPs with sea-level rise considerations through the LCP Planning Assistance Grant 

Program and the LCP Sea-level Rise Grant Program, respectively. The two agencies are coordinating 

these grant programs on an ongoing basis through an interagency agreement.  

In addition, the CCC, through its LCP planning and regulatory program, has facilitated the 

implementation of numerous sea-level rise adaptation projects that protect coastal resources while 

increasing the capacity to withstand and recover from sea-level rise impacts. For example, the CCC 

approved a project to relocate inland three miles of coastal Highway One at Piedras Blancas in San 

Luis Obispo County; the project is anticipated to protect this portion of Highway One from erosion 

for 100 years. The realigned highway eliminates the need for damaging shoreline armoring in the 

future and creates space for DPR to implement a new section of the California Coastal Trail for the 

public to enjoy in this beautiful part of the California coast. The CCC also recently approved a multi-
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modal transportation and resource management plan for the 27-mile North Coast Corridor in San 

Diego. The project provides for enhanced transportation and coastal resource protection, and 
includes planning for pedestrian and bicycle access and incorporation of sea-level rise 

considerations and wetland restoration at the six coastal lagoons in the corridor. 

 

3.2 Better Understand Evolving Trends that May Impact Ocean and 
Coastal Ecosystems and Resources 

Effectively responding to the impacts of climate change in coastal and ocean areas 
necessitates anticipating emerging issues. Safeguarding California draws attention to 
improving understanding of the potential impacts and opportunities of offshore renewable 
energy development and supporting federal flood insurance reform as two trends that could 
be important to promoting healthy coastal zones and oceans.  

Forward-thinkin g action to understand and shape these trends to benefit California is 
underway. The SLC has been conducting research and facilitating the advancement of 
offshore renewable energy, including through its participation in the Marine Renewable 
Energy Working Group, which is made up of relevant state agencies. The OPC and SCC have 
been working with the Federal Emergency Management Agency to influence flood hazard 
ÍÉÔÉÇÁÔÉÏÎ ÐÏÌÉÃÙ ÁÎÄ ÉÄÅÎÔÉÆÙ ÐÒÉÏÒÉÔÙ ÎÅÅÄÓ ÁÎÄ ÁÃÔÉÏÎÓ ÔÏ ÒÅÄÕÃÅ ÆÌÏÏÄ ÒÉÓË ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ 
coastal counties. While shifts in national, international, and technological factors can be 
ÕÎÐÒÅÄÉÃÔÁÂÌÅȟ #ÁÌÉÆÏÒÎÉÁȭÓ ÃÏÁÓÔÁÌ ÁÇÅÎÃÉÅÓ ÁÒÅ ÁÃÔÉÖÅÌÙ ÔÒÁÃËÉÎÇ ÁÎÄ ÒÅÓÐÏÎÄÉÎÇ ÔÏ 
evolving trends that may impact their work. 

 

3.3 Better Understand Climate Impacts on Ocean and Coastal 
Ecosystems and Resources 

California has a long history of drawing on the scientific community to inform coastal and 
ocean policy, planning, and management. The structures that have been put in place, 
ÉÎÃÌÕÄÉÎÇ ÔÈÅ 3ÔÁÔÅȭÓ #ÌÉÍÁÔÅ #ÈÁÎÇe Assessments, the Climate Action Team (CAT) Research 
7ÏÒËÉÎÇ 'ÒÏÕÐȭÓ 2ÅÓÅÁÒÃÈ 0ÌÁÎȟ ÁÎÄ ÔÈÅ 7ÅÓÔ #ÏÁÓÔ /!( 3ÃÉÅÎÃÅ 0ÁÎÅÌ, have facilitated an 
improved understanding of climate change vulnerabilities and impacts as well as possible 
adaptation measures. However, more work still needs to be done. Safeguarding California 
calls out three priorities to enhance this understanding: further vulnerability assessments 
and cost analyses, continued modeling, and continued support and investment in monitoring.  

Effective adaptation requires understanding climate change vulnerabilities and impacts at 
appropriate scales, and state coastal agencies are implementing a number of programs that 
provide technical and financial support for regional and local vulnerability assessments and 
cost analyses. For instance, in addition to evaluating the vulnerabilit ies of different  asset 
categories under its Adapting to Rising Tides Program, BCDC is examining the social, 
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equity, governance, environmental, and economic risks and ramifications of these 
vulnerabilities  in the San Francisco Bay area. The CCC is providing technical and financial 
support for 22 local vulnerability assessments through its LCP Grant and LCP Planning 
Programs, and is reviewing and compiling vulnerability assessments of urban and rural 
areas statewide to identify priority areas for adaptation planning. Through its Climate 
Ready Program, the SCC supports vulnerability assessments in a number of coastal 
counties and cities including Humboldt Bay, Marin County, San Mateo County, Benicia, 
Monterey, Santa Barbara, Ventura, Los Angeles, and San Diego. These local and regional 
vulnerability assessments have been a collaborative process across sectors and 
jurisdictions. For instance, in Humboldt Bay, the Adaptation Planning Working Group has 
brought together state coastal agencies, the DFW, the California Department of 
Transportation, and a number of local and federal government entities. 

To assess the coastal and ocean vulnerabilities resulting from a changing climate, it is 
necessary to factor in information about future climate conditions at relevant scales, and 
climate change models provide credible estimates of future conditions. Important state 
efforts related to modeling include the SCCȭÓ support for development of the Coastal Storm 
Modeling System (CoSMoS) for California, which provides meter-scale predictions of 
storm-related coastal flooding, erosion, and cliff failures to inform adaptation planning. 
Other modeling efforts help to explain how different factors contribute to processes that 
are related to climate change. One example that was initially funded by the OPC examines 
the role of nutrients in acidification in the Southern California Bight. The National Oceanic 
and Atmospheric Administration (NOAA) has recently provided additional funding to 
support this activity.  

Vulnerability assessments and modeling require data and information that enable an 
understanding of changes over time, and monitoring ÏÆ #ÁÌÉÆÏÒÎÉÁȭÓ ÅØÔÅnsive network of 
marine protected areas presents a unique opportunity to track how climate change is 
affecting ocean resources and how these resources respond to different adaptation 
measures. The OPC currently works with a broad range of partners to support monitoring 
ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÍÁÒÉÎÅ ÐÒÏÔÅÃÔÅÄ ÁÒÅÁÓȢ )Ô is collaborating with the DFW, Fish and Game 
Commission, and OST to create a comprehensive long-term monitoring strategy to aid in 
better managing the protected areas for climate resilience. Other monitoring activities 
undertaken by the State in coastal and ocean areas include long-term data gathering, 
monitoring , ÁÎÄ ÍÏÄÅÌÉÎÇ ÂÙ ÔÈÅ $02ȭÓ $ÉÖÉÓÉÏÎ ÏÆ "ÏÁÔÉÎÇ ÁÎÄ 7ÁÔÅÒ×ÁÙÓȢ  

California is also providing leadership on monitoring in a wider context through the West 
Coast OAH Science Panel and the Pacific Coast Collaborative (PCC). The PCC, which also 
involves Washington, Oregon, and British Columbia, will implement a coast-wide 
monitoring program that draws on an integrated framework linking biological and 
chemical data collection developed by the Panel. This effort leverages various state and 
federal efforts to understand the magnitude of OAH and, through better alignment and 
prioritization, will enhance the impact of the OAH activities funded by different entities. 
The PCC is working with NOAA, the U.S. Environmental Protection Agency, and the 
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Interagency Working Group on Ocean Acidification to understand the extent of the 
resources that state and federal agencies have used to monitor, model, and study OAH in 
the West Coast. 

 

3.4 Share Information and Educate 

Safeguarding California prioritizes outreach to raise awareness and improve understanding 
of the impacts of sea-level rise and other climate stressors on valuable coastal and ocean 
resources. Awareness and capacity building efforts throughout the state are wide-ranging 
and numerous. Specifically, Safeguarding California highlights investing in risk 
communication efforts, developing sustainability modeling tools for fishery managers, and 
improving maps and tools and providing training to incorporate climate science into 
planning, operations, and management for assets at risk from sea-level rise. 

To help state agencies incorporate sea-level rise science into their planning and decision-
making, the OPC, in collaboration with the Coastal and Ocean Resources Working Group for 
the CAT, developed the State Sea-level Rise Guidance Document (2013). State coastal 
agencies have also developed guidance to inform agency-specific work. For instance, the 
DPR has developed guidance for assessing new and current projects in consideration of 
projected sea-level rise; the document also includes descriptions of relevant tools and 
resources. In relation to its draft Sea Level Rise Policy Guidance for LCPs and Coastal 
Development Permit applicants, the CCC carried out more than 30 outreach meetings and 
presentations and six webinars for local governments and other stakeholders. With the 
document now adopted, CCC is continuing to conduct outreach and provide training to staff 
and local governments, and is planning additional next steps to facilitate sea-level rise 
planning and adaptation statewide.  

State coastal agencies have complemented outreach activities targeting other state agencies and 

their partners with risk communication efforts to raise public awareness of coastal and ocean 

adaptation issues. For instance, through the California King Tides Project, the SCC, in collaboration 

with several state and federal agencies and non-profit organizations, has been using photographs to 

educate the public about sea-level rise.  

In regard to fisheries management, the OPC and OST are working with the OPC Science Advisory 

Team and DFW to produce information that will improve state management of fisheries in the face 

of climate change. 

Next Steps 
State agencies have demonstrated a commitment to protect, restore, and enhance coastal 
and ocean ecosystems and resources in the face of a changing climate and have effectively 
leveraged existing resources to promote coastal and ocean adaptation throughout the state. 
However, much of this work has been limited by agency resource constraints. To make 
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significant progress on implementing climate change adaptation measures, additional 
funding and staff resources are needed to allow these agencies to broaden their capacities 
to support adaptation in a strategic, coordinated manner. Providing staff devoted to climate 
change work will allow for specialized and rapidly-emerging knowledge to be effectively 
incorporated into adaptation planning and implementation. 

Successful adaptation will also require deepening current efforts to coordinate and 
collaborate across agencies, sectors, and levels of government and continued engagement 
with disadvantaged communities that lack adequate resources to prepare for, respond to, 
and recover from climate change impacts. State coastal agencies will continue to leverage 
mechanisms such as the State Coastal Leadership Group on Sea-Level Rise, the Coastal and 
Ocean Working Group of the Climate Action Team, the California Collaborative on Coastal 
Resilience, and the California Coastal Sediment Management Workgroup to further 
adaptation in ways that promote a shared vision of coastal and ocean health in the near- 
and long-term, in specific locales and broader geographies. State coastal agencies will also 
continue to seek out adaptive, flexible responses to climate change that are informed by 
sound science, and refine these approaches based on collective learning.  

State coastal agencies have already begun to respond to the recommendations provided in 

Safeguarding California. Nonetheless, efforts are still nascent for: understanding the impacts and 

opportunities presented by offshore renewable energy development, supporting reform of the 

Federal Flood Insurance Program, developing sustainability modeling tools for fishery managers, 

and communicating public health risks. 

Appendix D lists the activities state coastal agencies have identified to further progress on 
implementing the recommendations in Safeguarding California. Their planned adaptation 
efforts include:  

¶ Taking on climate change adaptation by updating policies, regulations, and 
guidance, to reflect new information, as needed; promoting broad coastal and ocean 
health priorities by factoring sea-level rise considerations into regulatory and land 
use decision-making, planning, and investments, including those related to 
infrastructure; and reviewing the most recent science on sea-level rise to inform 
updates of the State Sea-level Rise Guidance Document (2013); 

¶ Expanding support for regional and local sea-level rise adaptation, including 
vulnerability assessments, selection and implementation of adaptation measures, 
and monitoring; 

¶ Testing innovative shoreline management techniques and cost-effective green 
infrastructure options; and 

¶ Developing research and monitoring tools to improve resilience of ecosystems and 
coastal communities. 

3ÔÁÔÅ ÃÏÁÓÔÁÌ ÁÇÅÎÃÉÅÓȭ ÐÒÉÏÒÉÔÙ ÁÄÁÐÔÁÔÉÏÎ actions include: 
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¶ 3ÕÐÐÏÒÔÉÎÇ ÆÕÌÌ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÓÔÁÔÅ ÁÄÁÐÔÁÔÉÏÎ ÐÏÌÉÃÉÅÓȟ ÓÕÃÈ ÁÓ 'ÏÖÅÒÎÏÒȭÓ 

Executive Order B-30-15, through agency-specific and cross-agency actions, with 

surveys by OPC twice a year until January 1, 2018 to assess progress through the AB 

2516 process. 

¶ Improving state coastal agency websites to provide information on coastal and 

ocean climate change impacts and adaptation resources by January 1, 2016. As part 

of this process, the OPC will provide an online database of sea-level rise planning 

information from  state agencies, ports, airports and utilities, as per AB 2516. 

¶ Conducting crucial research through the Fourth Climate Change Assessment to 

improve modeling, vulnerability assessments, and natural infrastructure adaptation 

measures for responding to sea-level rise and OAH by 2017. 

¶ Increasing public awareness and community engagement in preparing for climate 

ÒÉÓËÓ ÂÙ ÃÏÎÄÕÃÔÉÎÇ ÔÒÁÉÎÉÎÇ ÁÎÄ ÏÕÔÒÅÁÃÈ ÏÎ ÕÓÅ ÏÆ ÔÈÅ ###ȭÓ Sea Level Rise Policy 

Guidance by December 2016, and on an ongoing basis. 

¶ Developing an approach for integrating scientific advances into state sea-level rise 

guidance by December 2016. 

¶ Updating the Southern California Wetlands Recovery Project Regional Strategy to 

consider climate change by autumn 2017. 

¶ Releasing a vulnerability assessment for Contra Costa County under the Adapting to 
Rising Tides program ÂÙ *ÕÎÅ σπȟ ςπρχ ÁÓ ÐÁÒÔ ÏÆ "#$#ȭÓ ÁÎÄ 3##ȭÓ ×ÏÒË ÓÕÐÐÏÒÔÉÎÇ 
county-level adaptation efforts. 

Through these planned activities, state coastal agencies will build on their adaptation 
efforts to date to continue to address the coastal and ocean impacts of sea-level rise, 
storms, OAH, and other climate change stressors, and to support progress from 
vulnerability assessments and adaptation planning to implementation throughout the 
state.  

Monitoring and Evaluation 
Effective monitoring and evaluation can help state coastal agencies understand the impacts 
of their adaptation investments and refine their strategies to promote ocean and coastal 
health. The climate change indicators compiled by the Office of Environmental Health 
Hazard Assessment (OEHHA) (2013) serve as a useful foundation for assessing climate 
changes in coastal and ocean contexts and their effects on physical and biological systems. 
Figure 4 summarizes those OEHHA indicators.  

Figure 4. OEHHA indicators relevant to coastal and ocean areas  
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The OEHHA indicators complement those used by state coastal agencies to evaluate their 
activities. For instance, the SCC has developed a set of draft indicators to gauge the impacts 
of the local vulnerability assessment and adaptation planning efforts supported by their 
Climate Ready Program Grants. Although the SCC metrics are largely focused on process, 
they also include outcome indicators, such as the degree of economic risk reduction 
achieved by adaptation (see Appendix E). 

While OEHHA indicators, such as the effects of ocean acidification on marine organisms, are 
helpful for gauging broad impacts, there is a need to develop focused metrics (e.g., the 
impacts of ocean acidification on oysters), including those that capture the socio-economic 
implications of climate change (e.g., the impacts of ocean acidification on oyster industry 
revenues), to inform coastal and ocean management and decision-making. Additionally, 
ÇÉÖÅÎ ÔÈÅ ÎÕÍÅÒÏÕÓ ÄÅÍÁÎÄÓ ÏÎ ÃÏÁÓÔÁÌ ÁÇÅÎÃÉÅÓȭ ÒÅÓÏÕÒÃÅÓȟ ÉÔ ×ÉÌÌ ÂÅ ÎÅÃÅÓÓÁÒÙ to identify  
metrics that target priority coastal and ocean management issues and to formulate 
monitoring and evaluation frameworks that can be implemented easily.  

With additional funding and position support, state coastal agencies would be able to:  

¶ Identify key questions and issues, ÉÎÃÌÕÄÉÎÇ ÁÇÅÎÃÉÅÓȭ ÏÖÅÒÌÁÐÐÉÎÇ ÃÏÎÃÅÒÎÓȠ 

¶ Review existing indicators in the ecological, human health, economic, social, 
infrastructural, and disaster risk-reduction literature to identify and compile 
indicators to measure successful adaptation and resilience;  

¶ Agree upon cross-agency indicators to understand baseline vulnerabilities and 
resilience, evaluate state planning initiatives, such as LCPs and general plans, and 
gauge and demonstrate the progress of state-supported projects; and  

¶ Improve linkages between ecosystem protection and community resilience. 

 

 

Climate change drivers  Changes in climate Impacts on physical 
systems 

Impacts on biological 
systems 

¶ Greenhouse gas 
emissions 
¶ Atmospheric 

greenhouse gas 
concentrations 

¶ Annual air 
temperature 
¶ Extreme heat events 
¶ Precipitation 

¶ Sea-level rise 
¶ Coastal ocean 

temperature 

¶ Human heat-related 
mortality and 
morbidity   
¶ Sacramento fall run 

Chinook salmon 
abundance 
¶ #ÁÓÓÉÎȭÓ ÁÕËÌÅt 

populations 
¶ Shearwater and auklet 

populations off 
Southern California 
¶ Sea lion pup mortality 

and coastal strandings 



 

 

 

113 
 
 

 

tǳōƭƛŎ IŜŀƭǘƘ {ŜŎǘƻǊ tƭŀƴ 

Introduction 
Climate change is the greatest threat to public health in California and is projected to increase heat 
waves and temperature, as well as wildfire risks and associated emissions, with harmful impacts on 
health. At the state and local agency level, public health agencies are investigating and addressing near-
term health impacts, while also pursuing long-term upstream strategies. These include promoting 
mitigation and adaptation policies, and planning that provides health co-benefits and adaptive capacity, 
such as active transportation, urban greening, multi-use zoning, and energy efficient buildings. This 
approach includes building upon and enhancing local initiatives that are already promoting strategies for 
high-adaptive capacity and resilience to environmental threats to human health. 
 
Lƴ ǊŜǎǇƻƴǎŜ ǘƻ DƻǾŜǊƴƻǊ .ǊƻǿƴΩǎ 9ȄŜŎǳǘƛǾŜ hǊŘŜǊ .-30-15, which specifically addresses the need for 
ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ άŀŎǘƛƻƴǎ ώǘƘŀǘϐ ǎƘƻǳƭŘ ǇǊƻǘŜŎǘ ǘƘŜ ǎǘŀǘŜϥǎ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ ǇƻǇǳƭŀǘƛƻƴǎΣέ ǘƘŜ 
California Department of Public Health presents this plan to implement the recommendations of 
/ŀƭƛŦƻǊƴƛŀΩǎ ŀŘŀǇǘŀǘƛƻƴ ǎǘǊŀǘŜƎȅΦ ¢Ƙƛǎ ƛǎ ŀ ƭƛǾƛƴƎ ŘƻŎǳƳŜƴǘ ǘƘŀǘ ǿƛƭƭ ōŜ ǳǇŘŀǘŜŘ ƛƴ ǾƛŜǿ ƻŦ ŦƻǊǘƘŎƻƳƛƴƎ 
events and actions. This implementation plan articulates how the State of California can integrate 
climate adaptation into its public health planning and work. The priority Safeguarding California placed 
ƻƴ ƳŀƛƴǎǘǊŜŀƳƛƴƎ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ ǎǘŀǘŜΩǎ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǎȅǎǘŜƳ ŀƴŘ ǿƛǘƘƛƴ ƭƻŎŀƭ 
jurisdictions is consistent and compatible with existing efforts to protect public health, and this 
document is a key step in aligning efforts in a coordinated and comprehensive way. 
 
The California Natural Resources Agency published Safeguarding California: Reducing Climate Risk, an 
update to the 2009 California Adaptation Strategy, in July 2014. The plan relies on peer-reviewed 
scientific information and expert judgment to identify vulnerabilities to climate change. For the Public 
IŜŀƭǘƘ {ŜŎǘƻǊΣ ƛǘ ǇǊŜǎŜƴǘǎ άŀŎǘƛƻƴǎ ƴŜŜŘŜŘ ŦƻǊ ƛƳǇǊƻǾŜŘ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ŎƭƛƳŀǘŜ-related public health 
ǊƛǎƪǎΦέ ¢ƘŜ ŦƻǳǊ ǇǊƛƻǊƛǘȅ ŀǊŜŀǎ ŀǊŜΥ 
 
ω Improve Capacity of Communities to Prepare, Respond, and Recover from Climate-Related 
 Health Risks 
ω Better Understanding of Evolving Adaptation Trends that May Impact Public Health  
ω Better Understanding of Climate Impacts on Public Health 
ω Information Sharing and Education 

  
This implementation plan presents updated public health actions recommended for the Public Health 
Sector in Safeguarding California with current and proposed high priority initiatives. These initiatives 
illustrate how the Seven Strategies to Safeguard California: Cross Sector Themes (Safeguarding 
California, page 4) are and will continue building and strengthening partnerships, and capacity in the 
state, tribes, counties and local communities.  
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In execution, the plan prioritizes strengthening partnerships and ensuring the efficacy of public health 
vulnerability assessments, planning and implementation efforts, by involving public health and medical 
provider labor forces, local communities and especially the people who are most susceptible to the 
impacts of climate change. Integrating local knowledge with scientific rigor will inform climate 
adaptation solutions that are effective for promoting health and health equity in local communities and 
regions. The local public health agencies, Civilian Volunteer Medical Reserve Corps (CVMRC), Building 
Healthy Communities Initiative sites, and other civic public health efforts have potential to help develop 
this emerging field of praxis in public health at the state, regional and local levels. 
 
In California, the high importance placed on health, health equity and sustainability in adaptation and 
mitigation strategies is evident in the California Climate Action Team (CAT) and its Public Health Work 
Group (PHWG). The Public Health Workgroup is one of nine working groups that the CAT oversees. The 
PHWG addresses cross-cutting issues related to climate change and health, and is responsible for 
providing public health input into the AB 32 implementation process and other climate change 
mitigation and adaptation activities (Preparing California for Extreme Heat, Page 1). 
 
Additionally, through the California Health in All Policies Task Force, the Office of Health Equity Advisory 
Committee, and the diverse membership of the California Climate Action Team, both climate adaptation 
and mitigation are proceeding with an eye to the Health in All Policies approach. Responding to climate 
change provides opportunities to improve human health and well-being across many sectors, including 
energy, agriculture, and transportation. Many of these strategies offer a variety of benefits, protecting 
people while combating climate change and providing other societal benefits (US Climate Assessment 
2014). 
 
The health assessment and improvement planning methods required for public health accreditation and 
for the Affordable Care Act dovetail with adaptation assessment and planning methods. The federal 
/ŜƴǘŜǊǎ ŦƻǊ 5ƛǎŜŀǎŜ /ƻƴǘǊƻƭ ŀƴŘ tǊŜǾŜƴǘƛƻƴΩǎ ŦǊŀƳŜǿƻǊƪΣ .ǳƛƭŘƛƴƎ wŜǎƛƭƛŜƴŎŜ !Ǝŀƛƴǎǘ /ƭƛƳŀǘŜ Effects 
(BRACE), is an evidence-based public health practice with complimentary methods to integrate adaption 
planning into existing public health and medical provider planning efforts.  Public health agencies are an 
asset to planners and emergency responders with resources (such as assessments of climate vulnerable 
populations), guidance (such as health-related policies and adaptation interventions for climate action 
plans and general plans), and literature on the co-benefits of climate planning on public health and 
health-related policies (CDPH, 2012). 

Vulnerability Assessment 
Safeguarding California prioritizes identifying and addressing vulnerabilities to climate change.  The two 
most immediate and concerning impacts for vulnerable populations continue to be extreme heat and air 
quality (i.e. wildfire smoke, ozone, allergens).  Increased heat waves are intensifying occurrences of 
chronic disease and heat-related illness and will increase morbidity during the summer months. The 
increased frequency of wildfires is also occuring in California due to precipitation changes and rising 
temperatures. Changes in temperature will also affect air quality by promoting the formation of ground-
level pollutants, such as ozone or secondary aerosols (particulate matter), and these increases could 
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offset much of the potential gains achieved through air pollution control measures, a phenomenon 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άŎƭƛƳŀǘŜ ǇŜƴŀƭǘȅΦέ 
 
Scientific evidence demonstrates that the climate is changing at an increasingly rapid rate, and that this 
change is outside the range to which society has adapted in the past (US Climate Action Report 2014). 
Cal-Adapt projects that urban and rural population centers throughout California will experience an 
average of 40 to 53 extreme heat days by 2050 and an average of 40 to 99 days by 2099. This compares 
to a historical average of four per year. Cal-Adapt defines extreme heat days as above the 98th 
percentile of the computed maximum temperature for locations using 1961-1990 data for the May to 
October warm season (http://cal-adapt.org/). 
 
Human vulnerability to future heat events (Luber and McGeehin 2008) in the developed world, including 
California, is projected to include a future population that is collectively much more heat vulnerable 
than at present. This is due to non-climatic factors such as an unprecedented rate of population that is 
aging. People who are age 65 and older are expected to more than double from 40 million to over 88 
million, and will comprise 20% of the US population, and those over 85 are expected to triple to more 
than 19 million, while the whole US population is projected by the Census Bureau (Census 2010) to 
increase by around 41 % between 2010 and 2050. The elderly are most susceptible to heat and with a 
steady population over 65 years of age from 2000 through 2099, the increase in mortality due 
specifically to a warming climate is projected to be 1.9 times (San Francisco) to 7.5 times (San Diego) 
greater than current levels by the 2090s under the A1FI scenario. Demographic changes account for the 
largest relative increases in heat-related mortality in the most vulnerable age groups (Sheridan, et al. 
2012).  
 
Vulnerability to climate change is influenced by a complex interplay of environmental conditions (which 
include climate impacts, such as drought, wildfire, extreme heat, and sea level rise), air and water 
quality, the quality of the built environment (e.g., housing quality; land use; transportation access and 
availability; neighborhood safety; workplace safety; etc.), and a whole host of socioeconomic factors. 
These latter factors include opportunities for employment, income, early childhood development and 
education, access to healthy foods, health insurance coverage and access to health care services, safety 
from crime and violence, culturally and linguistically appropriate services in all sectors, protection 
against institutionalized forms of racism and discrimination, and the public and private policies, and 
programs that prioritize individual and community health in all actions (CDPH 2015). 
 
As discussed in the Emergency Management section of Safeguarding California, not all communities and 
not all members of a community are equally vulnerable to climate events. Underlying health status 
όάǎŜƴǎƛǘƛǾƛǘȅέύ ŀƴŘ ǎƻŎƛƻ-economic conditions may vary and access to information, services and 
resources affects how impacts are experienced. It is a good goal for the public health sector to increase 
its capacity, awareness and understanding of the ways that climate change is affecting California 
ǊŜǎƛŘŜƴǘǎΩ ƘŜŀƭǘƘΦ /ǊŜŀǘƛƴƎ ƴŜǿ ŀƴŘ ŜȄƛǎǘƛƴƎ ǎƻǳǊŎŜǎ ŦƻǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴt, data, information, 
ŀƴŘ ǘƻƻƭǎ ǘƻ ƛƴǘŜƎǊŀǘŜ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴ ŀŎǊƻǎǎ ǇǳōƭƛŎ ƘŜŀƭǘƘΩǎ ŜǎǎŜƴǘƛŀƭ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ƘŜŀƭǘƘ ŀƴŘ 
ƳŜŘƛŎŀƭ ƛƴǎǘƛǘǳǘƛƻƴǎ ǿƛƭƭ ƛƴŎǊŜŀǎŜ /ŀƭƛŦƻǊƴƛŀΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ǇǊŜǾŜƴǘ ƛƴƧǳǊȅ ŀƴŘ ŘƛǎŜŀǎŜ ŦǊƻƳ ƘŀȊŀǊŘƻǳǎ 
climate-related exposures. Direct and indirect climate impacts have wide-ranging effects on public 
health, affecting people through complex and interactive processes in many harmful ways. 
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To truly understand how these climate effects are impacting health, standardized statewide methods 
and systems for heat and wildfire smoke surveillance need to be developed and implemented.  
California counties have varying and unique indicators of risk, including high proportions of elderly, 
socially isolated populations, children, outdoor workers, poverty, the chronically ill, and the medically 
underserved. The urban areas of California, such as Los Angeles, San Diego, and the San Francisco Bay 
Area, have the largest absolute numbers of people vulnerable to heat such as children and the elderly. 
Yet, other areas of the state far from major urban centers, especially counties with low socioeconomic 
status, have high proportions of socially isolated elderly and elderly living in nursing homes (page 7 
Public Health Impacts of Climate Change in California: Community Vulnerability Assessments and 
Adaptation Strategies Report No.1 CDPH). 
 
The most pronounced health challenges, including the inequities that compound human vulnerability to 
climate change are complex, interrelated and preventable. Policy and program areas that impact health 
are not under the authority of the public health sector. Because of this, solving the complex and urgent 
problems intensifying human vulnerability to climate change necessitate State sectors working 
collaboratively to address the social determinants of health. The Health in All Policies approach 
formalizes ways to systematically incorporate a health, equity, and sustainability lens across the entire 
government apparatus through focused cross-sector collaboration. This ensures that climate adaptation 
and mitigation policy decision-making that affects public health also promotes process and change that 
respects and responds to diverse partners and populations (CDPH 2015). 
 
Cross-sector initiatives are underway to determine and respond to human health vulnerabilities 
attributable to climate-related exposures and socio-economic conditions, as well as determining and 
strengthening adaptive capacity. These initiatives are in service to cross-sector commitment to 
identifying and responding to the challenges that a changing climate poses to human health and the 
environment. Many sectors have developed assessments that include indicators useful in determining 
vulnerabilities that impact human health, and their upstream genesis. In addition, local and regional 
initiatives have formed to assess local climate vulnerabilities, including impacts on human health. (See 
Appendix A for resources for California health vulnerability indicators, maps and information). The 
efforts to integrate public healǘƘ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƛƴǘƻ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴ ǇƭŀƴƴƛƴƎ ŀŎǊƻǎǎ ǘƘŜ {ǘŀǘŜΩǎ 
sectors seek to prioritize protecting people and places that are most vulnerable to climate impacts. 
These efforts additionally seek to design and implement strategies, and interventions with meaningful 
involvement from all parts of society. 

Current Actions 
This section details the priority actions that are currently underway and are organized under the sector-
specific recommendations summarized in the High-level vulnerability assessment and recommendations 
section of Safeguarding California.  To best illustrate the action being made to protect Californians from 
climate impacts, the following initiatives were selected according to certain criteria, including: 

 
ω What was the scale of impact on population health? 
ω Did the initiative create change on the ground? 
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ω Were existing resources utilized to fill gaps? 
ω Was the initiative scalable and viable at the state-level and/or across sectors? 
ω Was the initiative viable and implementable across the public health sector? 
ω Did the initiative represent collaboration between different partners? 
ω What was the time scale of the initiative? 

 
The following narrative is not meant to be exhaustive, but captures the broad efforts underway in 
California to protect the health of its residents.  To get a fuller picture of California state government 
efforts that impact health, please see Appendix B. Key initiatives from the more comprehensive lists in 
the appendix are highlighted below by the recommended action they best fulfill from Safeguarding 
California. 
 

Recommendation 1: Improve Capacity of Communities to Prepare, Respond, and 

Recover from Climate-Related Health Risks 

This recommendation stresses the need for communities to have the tools, resources, and information 
available to address climate challenges. Particularly, the actions focus on (a) planning for water-related 
ǇǳōƭƛŎ ƘŜŀƭǘƘ Ǌƛǎƪǎ ŀƴŘ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǇǳōƭƛŎ ǿŀǘŜǊ ǎȅǎǘŜƳǎΣ όōύ ƘŜŀƭǘƘ ŎŀǊŜ 
infrastructure resilience to climate impacts, including the ability to provide care in the case of an 
extreme event, (c) supporting implementation of recommendations in the 2013 Extreme Heat Guidance 
Document, and (d) developing public health planning tools for local communities such as warning 
systems and surveillance of public health practice. These actions are further defined in Safeguarding 
California Public Health chapter.   
 
Key initiatives across multiple sectors include actions to improve models, projections, and available tools 
for exploring adaptation options and decision-making; addressing legal, regulatory, and institutional 
ōŀǊǊƛŜǊǎ ǘƻ ǇǊŜǇŀǊŜ ŦƻǊ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ŎƭƛƳŀǘŜ ǊƛǎƪǎΤ ƛƳǇǊƻǾƛƴƎ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ 
vulnerabilities and strengths in adapting to and responding to climate impacts; and implementing 
actions and addressing recommendations from previous adaptation plans and guidance documents (see 
Appendix B for details). A few highlights of these key initiatives include: 

 

Local Sea Level Rise Planning   

Local Coastal Program Sea Level Rise Adaptation Grant Program of the Ocean Protection Council, 
California Coastal Commission and State Coastal Conservancy encourages local governments and other 
entities responsible for planning under the Coastal Act to develop and adopt updated plans that 
promote conservation and development of agricultural areas, new and existing development, coastal-
dependent and visitor-serving uses, critical infrastructure such as health care institutions, and other 
resources and priority uses identified by the Coastal Act from future impacts from sea-level rise and 
related climate change impacts such as extreme weather events. This initiative addresses adaptation for 
protection from water-related risks to public health by providing local projections and tools for exploring 
adaptation options for decision-ƳŀƪƛƴƎΤ ŀƴŘ ƛǘ ƛƳǇǊƻǾŜǎ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǇǳōƭƛŎ ƘŜŀƭǘƘ 
vulnerabilities and strengths in adapting to and responding to sea level rise. 
 

Urban Heat Island Index 
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Supporting implementation of recommendations in the 2013 Extreme Heat Guidance, the Cal/EPA 
released the Urban Heat Island (UHI) Index in September 2015. A part of this work was to provide an UHI 
effect index for California that would allow cities to set quantifiable goals for heat reduction, including 
means to measure heat and GHG reduction benefits of various cool or sustainable materials strategies. 
¢ƘŜ ǎǘǳŘȅΣ άCreating and Mapping an Urban Heat Island Index for CaliforniaΣέ ƳŀǇǎ ŀƴŘ ŀ ŦŀŎǘ ǎƘŜŜǘΣ 
available on the Urban Heat Island Index webpage, were developed consistent with the Legislative 
intent in Assembly Bill 296 (Skinner, Chapter 667, Statutes of 2012)The study was performed with 
guidance and peer review from a multi-agency Project Oversight Workgroup. 
http://www.calepa.ca.gov/UrbanHeat/Maps/default.htm 
 
 

Recommendation 2: Better Understanding of Evolving Adaptation Trends that May 

Impact Public Health  

Certain climate adaptation trends may impact public health in unforeseen ways. This 
recommendation addresses the need to research such trends, including (a) healthy energy efficient 
buildings and (b) urban greening, in order to ensure individuals are not being exposed to additional 
risks associated with new construction or renovations, and urban greening and forestry practices. 
Healthy energy-efficient buildings, for example, can cause health risks if construction or upgrades are 
not performed correctly. Urban greening with certain species of vegetation can increase risk of 
allergen exposure. These actions are more fully defined in Safeguarding California page 211. 
 
Key initiatives include actions to regulate the design, renovation, and construction of energy-efficient 
state buildings in order to better adapt to climate impacts (e.g. reducing energy loads for cooling 
buildings on hot days, having on-site energy generation and back-up power), as well as tree canopy and 
greenscaping in the urban environment to reduce urban heat-island effect and ensuring that air 
Ǉƻƭƭǳǘƛƻƴ ŜȄǇƻǎǳǊŜ ŘƻŜǎƴΩǘ ƛƴŎǊŜŀǎŜ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ŀŜǊƻŀƭƭŜǊƎŜƴǎ ǘƘŀǘ ŀǊŜ ƭƛƴƪŜŘ ǘƻ ŀǎǘƘƳŀ ŀƴŘ 
respiratory diseases. (see Appendix C for more details). A few highlights of these key initiatives include: 
 

Building Health Initiative  
The Building Health Initiative (BHI) was launched in 2013 by The U.S. Green Building Council ς Northern 
California Chapter (USGBC-NCC) in recognition that health and wellness are vital components of 
sustainability and green building. USGBC-NCC's Building Health Initiative includes industry leaders from 
multiple sectors including companies such as Google, Genetech, and Kaiser and professional 
practitioners in green building and health that have come together to examine and learn about how 
green building is a public health issue.  There are internal work groups that meet as well as an annual 
conference to increase awareness and knowledge of green building's impact on health, particularly 
health impacts from climate change.  Office of Planning and Research serves an advisory role to this 
group 2013-current. 
 

Urban Forestry Forest Legacy Greenhouse Gas Reduction Fund Grants Program  

(Lead Agency: CAL FIRE) 
Through the Green Innovations, Green Trees for the Golden State, Urban Forestry Management, Urban 
Wood & Biomass and the Forest Legacy Programs, CAL FIRE funded 17 applicants in its 2014-15 
Program. This initiative addresses recommendations in the 2013 Extreme Heat Guidance to promote 

http://www.calepa.ca.gov/UrbanHeat/Maps/default.htm
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and expand urban greening and the use of green infrastructure as part of cooling strategies in public and 
private spaces.  While funded through legislation to reduce greenhouse gas emissions, the Urban 
Forestry Forest Legacy Greenhouse Gas Reduction Fund also provides adaptive co-benefits for human 
health by cooling urban heat islands in cities where on average temperatures are 1.8τрΦпɕC ƘƻǘǘŜǊ 
ŘǳǊƛƴƎ ǘƘŜ Řŀȅ ǘƘŀƴ ǊǳǊŀƭ ŀǊŜŀǎΣ ŀƴŘ ŀǎ ƘƛƎƘ ŀǎ ннɕC ƘƻǘǘŜǊ ŀǘ ƴƛƎƘǘΦ ¢ǊŜŜǎ ŀƭǎƻ ǊŜŘǳŎŜ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ŀƴŘ 
runoff, and pollutant loading decreasing flood risk as well as soil and hill erosion. 
 
 

Recommendation 3: Better Understanding of Climate Impacts on Public Health 

This action stresses the need for more research of the interaction between climate and public health by 
(a) developing local vulnerability assessments that will help guide efforts to design and implement 
strategies to address local risks, (b) increasing capacity to monitor climate-related deaths and illnesses, 
(c) conducting social vulnerability mapping and identifying gaps in various social vulnerability tools, and 
(d) enhancing regional studies of aero-allergens to better understand how they are shifting in response 
to climate change. These actions are more fully defined in Safeguarding California page 213. 
 

These are key initiatives across multiple sectors which include actions to determine climate indicators to 
better monitor and prepare for climate change impacts; conducting assessments and mapping of 
communities most vulnerable to climate impacts; researching, monitoring, and tracking public health 
threats including wildfires and vector-borne diseases (see Appendix D for more details). 
 

Health Impacts of Wildfire Smoke Exposure Research 
The California Department of Public Health Environmental Investigations Branch is undertaking research 
on the public health impact of wildfires. The project characterizes increases in emergency room visits, 
hospitalizations, physician visits; identifies spectrum of affected conditions; and assesses impact in 
vulnerable populations.  The term of this research is 2014 ς 2016. 
 

Bi-National Memorandum of Understanding to Enhance Cooperation on Climate 

Change  
The memorandum is to enhance cooperation on climate change and the environment between the 
State of California and the Ministry of Environment and Natural Resources and the National Forestry 
Commission of the United Mexican States. The purpose of this 4-year agreement is to promote and carry 
out cooperative activities related to environmental issues including climate change, human and 
environmental health, air quality, wildfires, and clean energy transportation, according to respective 
competencies and based on principles of equality, reciprocity, information exchange and mutual benefit. 
This 2014 agreement implemented by the CAL/EPA promotes public health resilience to climate impacts 
such as wildfire, heat and air pollution. 
 
 

Recommendation 4: Information Sharing and Education  

This recommendation highlights the need to disseminate information at both an institutional and 
public level. Action (a), Capacity building to raise awareness and foster action to address climate risks 
to public health, will ensure that public health and medical professionals are equipped with 
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appropriate information and tools to share with the public. Action (b), Public education on how to 
reduce and prepare for climate health risks, addresses the need to develop culturally and 
linguistically relevant educational materials for diverse populations, to be disseminated via public 
education campaigns. These actions are more fully defined in Safeguarding California, page 213. 

These key initiatives across multiple sectors include actions to promote collaboration for public 
health and climate action planning through various methods, including workgroup meetings, 
trainings, and partnerships with other agencies and local governments / public health departments; 
as well as providing resources and educational materials to inform the public regarding the health 
impacts of climate change. (see Appendix E for more details) 

Key highlights in California around information-sharing and education are represented by: 

 

OutsideIn SLO Pilot Public Health Climate Communication Project 

¢ƘŜ άhǳǘǎƛŘŜLƴ {[hΥ ²Ŝ ¢ŀƪŜ IŜŀƭǘƘ ŀƴŘ /ƭƛƳŀǘŜ /ƘŀƴƎŜ tŜǊǎƻƴŀƭƭȅέ ǇǊƻƧŜŎǘ ǿŀǎ ƭŀǳƴŎƘŜŘ ƛƴ !ǳƎǳǎǘ 
нлмпΣ ǘƻ Ǉƛƭƻǘ ǘƘƛǎ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŎƭƛƳŀǘŜ ŀƴŘ ƘŜŀƭǘƘ ŀǿŀǊŜƴŜǎǎΣ ŀƴŘ ŜŘǳŎŀǘƛƻƴ ŎŀƳǇŀƛƎƴΩǎ 
strategies. The California Department of Public Health and the County of San Luis Obispo Health 
Department implemented the campaign in both English and Spanish leveraging multiple media 
ŎƘŀƴƴŜƭǎΣ ƛƴŎƭǳŘƛƴƎ ǇǊƛƴǘΣ ǎƻŎƛŀƭ ƳŜŘƛŀΣ ǊŀŘƛƻΣ ŀƴŘ ŜǾŜƴǘǎ ƭƛƪŜ ŦŀǊƳŜǊΩǎ ƳŀǊƪŜǘǎΦ !ƴƻǘƘŜǊ ŀǇǇǊƻŀŎƘ ƻŦ 
the campaign is educational messages that are integrated into public health activities of the Special 
Supplemental Nutrition Program for Women, Infants and Children (WIC) and the Supplemental 
Nutrition Assistance Education Program (SNAP-Ed). 
 

Climate Action Team Public Health Work Group (PHWG) 

The Office of Health Equity Climate and Health Team chairs the PHWG with quarterly meetings that 
bring together cross sector members to address adaptation, preparedness, and response by building 
ŜȄƛǎǘƛƴƎ ŎŀǇŀŎƛǘȅ ƻŦ tǳōƭƛŎ IŜŀƭǘƘΩǎ 9ƳŜǊƎŜƴŎȅ tǊŜǇŀǊŜŘƴŜss operations to respond to climate 
change related incidents and emergencies; training and technical assistance to build the capacity of 
local organizations (e.g., health departments, community-based organizations, city and county 
government, the medical care community, etc.) to promote mitigation and adaptation strategies 
with health co-benefits and to prevent and respond to climate change related incidents and 
emergencies; and policy development to ensure promotion and institutionalization of mitigation and 
adaptation strategies with health co-benefits.  

 

Cross-cutting Action: Coordinated Holistic Planning and Capacity-Building at the Local 

Level 
 
While each of the four central recommendations in Safeguarding California has important ongoing 
efforts, CDPH is engaged in an initiative that represents the emerging consensus about how government 
should respond to climate change impacts.  Due to the all-encompassing changes underway that are 
affecting public health through multiple and overlapping deleterious impacts, new types of collaboration 
ǘƻ ǇǊƻǘŜŎǘ ŎƻƳƳǳƴƛǘƛŜǎΩ ƘŜŀƭǘƘ ōŜǘǿŜŜƴ ƭƻŎŀƭΣ ǎǘŀǘŜΣ ŀƴŘ ŦŜŘŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘ ǿƛƭƭ ōŜ ƴŜŎŜǎǎŀǊȅΦ  Lƴ 
addition to Safeguarding CaliforniaΩǎ ŦƻǳǊ ǊŜŎƻƳƳŜƴŘŜŘ ŀŎǘƛƻƴǎΣ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŀŎǘƛƻƴτundertaking 
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coordinated holistic planning and capacity-building at the local levelτis needed to accurately capture 
the area that state policy needs to continuously work in. 
 
The key effort in this new action area is the CalBRACE Local Health Department Partnershipτan 
initiative in the Office of Health Equity working with 10 local health departments. The partnership is 
piloting climate adaption planning in the public health sector at the local and regional levels using the 
/5/Ωǎ .ǳƛƭŘƛƴƎ wŜǎƛƭƛŜƴŎŜ ŀƎŀƛƴǎǘ /ƭƛmate Effects (BRACE) Framework. In its second year, this initiative   
could potentially be scaled up to include more counties in the future. Funding from the CDC has 
provided CDPH resources to develop county level climate and health profile reports and vulnerability 
assessments, and to provide technical assistance and small contracts with local jurisdictions to help 
them build capacity for adaptation planning. The CHDP Office of Health Equity, 12 county health 
departments, Alliance of Regional Collaboratives for Climate Adaptation (ARCCA), a network comprised 
of existing regional collaboratives from across California, Local Government Commission (LGC) staff, 
Building Healthy Communities (BHC) representatives, and environmental justice representatives will 
convene in Richmond at the Public Health Campus to explore utilization of vulnerability maps, 
communication, and collaboration at local and regional levels to accelerate adaptation for health.  

Next Steps 
Gaps in Current Efforts 

While the above efforts represent a comprehensive and coordinated effort to protect the public health 
of the state and implement Safeguarding California, there are gaps in the current endeavor.  CDPH, as 
the lead agency for climate change adaptation in the public health sector has identified additional 
ƛƴƛǘƛŀǘƛǾŜǎ ǘƘŀǘ ŀǊŜ ƴŜŜŘŜŘ ǘƻ Ŧƛƭƭ ŎǳǊǊŜƴǘ ƎŀǇǎ ƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŀŘŀǇǘŀǘƛƻƴ ǎǘǊŀǘŜƎȅΥ 
 

Action 1: Provide Greater Policy Support for Healthy Energy Efficient Buildings:  
¦ƴŘŜǊ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ŀŎǘƛƻƴ ǘƻ άLƳǇǊƻǾŜ /ŀǇŀŎity of Communities to Prepare, Respond, and 
Recover from Climate-wŜƭŀǘŜŘ IŜŀƭǘƘ wƛǎƪǎΣέ ƻƴƭȅ ǊŜƎǳƭŀǘƻǊȅ ƳŜŀǎǳǊŜǎ ƘŀǾŜ ōŜŜƴ ǘŀƪŜƴ ǘƻ ōǳƛƭŘ ŀƴŘ 
retrofit healthy energy efficient buildings.  While these measures have contributed to reducing GHGs, 
additional policy support is needed to assess and explore the adaptive co-benefits for health related to 
energy efficiency policies for the public health and energy sectors.  By March 2016, CDPH will gauge 
cross-sector interest in and undertake a feasibility study for the production of a Health Impact 
!ǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ DǊŜŜƴ .ǳƛƭŘƛƴƎ !Ŏǘƛƻƴ tƭŀƴ όŦƻǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ 9ȄŜŎǳǘƛǾŜ hǊŘŜǊ .-18-12) 
and CALGreen (the California Green Building Standards Code, Part 11 of Title 24, CCR) to determine 
potential adaptive capacity benefits for reducing susceptibility of populations that are most vulnerable 
to heat waves, drought, floods, wildfire smoke and other climate exposures. Additionally, CDPH will 
explore collaborative opportunities with State agencies and departments focused on green buildings 
and energy-efficiency. A relevant potential partner would be the State Sustainable Building Working 
DǊƻǳǇ ό{.²DύΣ ƭŜŘ ōȅ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ DŜƴŜǊŀƭ {ŜǊǾƛŎŜǎΩ hŦŦƛŎŜ ƻŦ {ǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ {.²D ŎƻƴǾŜƴŜǎ 
regular workgroup meetings to strategize and implement actions related to green buildings, energy and 
other resource use reductions, facilities management, and other topics.  
 

Action 2: Assess Regional Studies of Aero-allergens and Harmful Algal Blooms:  
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The recommended action is to ŀŎǉǳƛǊŜ ŀ ά.ŜǘǘŜǊ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ /ƭƛƳŀǘŜ LƳǇŀŎǘǎ ƻƴ tǳōƭƛŎ IŜŀƭǘƘέ 
which requires continuous study. Emerging health impacts from algal blooms in the Pacific Ocean and 
other aero-allergens have alerted CDPH to needed research around these threats that have both direct 
and indirect impacts on health.  Accordingly, a gap assessment of current research activities amongst 
state sectors is proposed to be conducted in 2016.  
 
While the recommendations from Safeguarding California are helpful to analyze the successes and areas 
for improvement in current efforts, this implementation plan must also look ahead to create the 
foundation for an even more robust and equitable foundation for public health action in the state. 
 

Additional Needed Actions to Improve Readiness for Climate Impacts on Public Health 

While the two actions detailed above are important steps for California state government to safeguard 
the health of all residents, the Department of Public Health has identified the following needed 
initiatives that go beyond the framework outlined in Safeguarding California: 
 
Action 1: Increased administrative and technical capacity to support cross-sector and internal 
coordination to implement Safeguarding California.  
a) Prioritize implementation of adaptation strategies within the public health system, (b) build 
institutional capacity and initiate mobilization through dedicated staff and resources within lead Public 
Health Sector agencies and the Health and Human Services Agency (HHS) departments. CDPH will 
initiate conversations within CDPH and HHS leadership to operationalize the seven strategies mentioned 
above which cut across all sectors.  CDPH will identify resources for staff dedicated to coordinating 
adaptation implementation, identifying gaps and opportunities to inform strategic planning, and to 
facilitate cross-sector collaboration and learning on an ongoing basis.  
 
Action 2: Support for heat illness and death surveillance development activities in order to collect the 
necessary data to understand the impact of heat events and guide public health planning and real-
time responses during events.  
Working with CalEPA OEHHA and OES, manage existing and new resources to implement Section III.1 
and 2 of the Preparing California for Extreme Heat: Guidance and Recommendations 2013. Convene key 
ǎǘŀƪŜƘƻƭŘŜǊǎΤ ǊŜǾƛŜǿ /5tIΩǎ 9ƭŜŎǘǊƻƴƛŎ 5ŜŀǘƘ wŜƎƛǎǘǊŀǘƛƻƴ {ȅǎǘŜƳ ǘƻ ŘŜǘŜǊƳƛƴŜ Ƙƻǿ ƛǘ ŎƻǳƭŘ ōŜ 
modified to include heat reports.  

 
The steps above for heat surveillance can be echoed for wildfire smoke. Both heat and wildfire health 
surveillance methods, once determined could be disseminated simultaneously to medical providers with 
technical support and web-based training.  
 
Action 3: Examine and support air conditioning unit distribution for climate adaptation and mitigation 
benefits. 
Efficient inexpensive air conditioning units for distribution with subsidies to increase adaptive capacity 
where income prevents direct purchase would decrease heat related deaths and illness in populations 
most vulnerable to heat. Research and development for technology, design and manufacturing of air-
cooling devices that are more energy efficient and affordable than currently available would have 
mitigation and adaption benefits, and high impact on population health. This is a topic that the Public 
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Health Workgroup may also serve as a platform for discussing and defining next steps, and available 
resources and gaps to implementation.  

Monitoring and Evaluation 
The Public Health Sector faces a challenge from the pace and scale at which climate impacts are 
occurring increasing the rate at which new issues arise, and the rate at which new scientific and 
technical information is both produced and needed. The need to address climate impacts which public 
health and other sectors face now and in the future, call for maintaining flexibility in response as 
impacts occur in unexpected ways. The uncertainty associated with climate change variables influences 
the determination of methods and approaches for evaluation and monitoring. 
 
The Public Health Sector is engaged in multiple cross-sector initiatives and currently there is no 
centralized process for monitoring and evaluating all projects through a standardized approach. 
Progress and effectiveness of climate adaptation actions can be measured through performance, and 
climate impact and resiliency indicators with both quantitative and qualitative methods (see Appendix C 
to compare and contrast existing indicator reports).  
 
The indicators provided by OEHHA are important from a Health in All Policies Approach, in that they 
address natural resources, changes in climate, and climate change drivers that also impact human 
health. To more fully understand how climate exposures are affecting human health, more indicators 
that measure health impacts such as wildfire smoke impact on respiratory health, and the impacts of 
heat would be helpful.   

 
As mentioned above, there is an immediate need for surveillance methods for heat and wildfire smoke 
to determine the impacts on human health in real time during events. Presently there is no unified 
system for collecting this data statewide. /5tIΩǎ 9ƭŜŎǘǊƻƴƛŎ 5ŜŀǘƘ wŜƎƛǎǘǊŀǘƛƻƴ {ȅǎǘŜƳ ŎƻǳƭŘ ōŜ 
modified to accomplish this. Surveillance will allow for a deeper understanding of vulnerabilities to heat 
and wildfire smoke. 
 
The current OEHHA indicators could be expanded to include indicators for climate adaptive capacity that 
reduce injury and illness from heat and other climate exposures. This would include indicators that 
measure elements in the built environment such as impervious services, tree canopy in urban 
communities, air conditioning and others more closely associated with resilience and mediating 
vulnerabilities. 
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¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ {ŜŎǘƻǊ tƭŀƴ 

Introduction 
/ŀƭƛŦƻǊƴƛŀΩǎ ǊŜǎƛŘŜƴǘǎ ǊŜƭȅ ƻƴ ŀ Ǌƻōǳǎǘ Ƴǳƭǘƛ-modal transportation system to gain access to 
destinations, goods, and services, but the ongoing and inevitable effects of climate change 
present challenges to managing the productive networks the state depends on.  California state 
government owns and maintains central components of this complex and crucial system. The 
{ǘŀǘŜΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ ό/ŀƭǘǊŀƴǎύ ƻǿƴǎ ŀƴŘ ƻǇŜǊŀǘŜǎ рлΣллл ƳƛƭŜǎ ƻŦ ǊƻŀŘǎ ŀƴŘ 
three of the busiest intercity rail lines in the country.  The High-Speed Rail Authority has started 
construction on an 800-mile system that will link major metropolitan regions by 2030.  The 
State also provides critical assistance and funding to support the 140,000 miles of roads, 500 
transit systems, 245 public-use airports, and 11 major ports owned and maintained by local and 
regional governments.  

California also relies on many rail, airports, seaports, and pipelines owned by the private sector. While 
much of the transportation sŜŎǘƻǊΩǎ physical infrastructure is publicly-owned, vehicles and the freight 

they carry rely nearly completely on the private sector.  Thus, at each stage of adaptation planning, 
coordination across modes of travel, as well as between the public and private sector, is 
imperative.  

¢ƘŜ ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴ ǎǘǊŀǘŜƎȅΣ ǿƘƛŎƘ ǿŀǎ ǳǇŘŀǘŜŘ ƛƴ Wǳƭȅ нлмп ǿƛǘƘ ǘƘŜ ŘƻŎǳƳŜƴǘ 
Safeguarding California: Reducing Climate Risk, details several recommended actions to ensure 
ǘƘŀǘ ǘƘŜ ǎǘŀǘŜΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎȅǎǘŜƳ ƛǎ ǊŜǎƛƭƛŜƴǘ ǘƻ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘǎ ŀƴŘ ŜǾŜƴ ƛƳǇǊƻǾŜǎ ǳǇƻƴ ƛǘǎ 
ability to provide access to places, goods, and services.  This implementation plan builds on the 
foundation provided by Safeguarding California by describing climate-related vulnerabilities of 
the transportation sector, outlining current activities, identifying next steps, and proposing 
monitoring and evaluation metrics.  
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Vulnerability Assessment 
¢Ƙƛǎ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ƛƳǇŀŎǘǎ ǘƘŀǘ ŦŀŎŜ ǘƘŜ ǎǘŀǘŜΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƘƛƎƘƭƛƎƘǘǎ 
the ways that government agencies are proactively moving to assess the effects of climate 
ŎƘŀƴƎŜΦ  /ŀƭƛŦƻǊƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ƛƴŎǊŜŀǎingly vulnerable to climate change 
impacts such as sea level rise, flooding, erosion, extreme heat, extreme storm events, land 
subsidence, and energy and fuel disruptions, so careful study is needed to plan and prepare for 
these impacts, which can be categorized under three broad categories: 

Increased Temperatures and Extreme Events 
Rising global temperatures are projected to continue rising throughout the rest of the century 
even if greenhouse gas emissions are sharply curbed compelling transportation managers to 
understand the effects of historic heat on transportation infrastructure.  Climate projections for 
California show that the rise in temperatures will be accompanied by more extreme hot days 
and prolonged heat waves as well (Indicators of Climate Change in California, OEHHA, 2013).  In 
fact, by the end of the century the number of days with temperatures over 95°F will likely 
double or even triple (Rogers et. al. 2015). 

While precise costs related to heat stresses on infrastructure are still unknown, many impacts 
that this climate effect can already be foreseen.  Extreme heat events causes road surfaces to 
expand, creating pressure that leads to the pavement buckling.  Asphalt pavements under 
higher temperatures typically age faster and develop ruts from wheel loads, while the 
expansion joints on bridges and highways also suffer stress.  Railroad tracks are more likely to 
buckle under higher temperatures as well (Schwarz et. al. 2014). 

While current maintenance costs have proven to outstrip current allocated funds, climate 
change will certainly lead to greater infrastructure repair needs, especially if adaptive measures 
are not taken. 

Precipitation Changes and Extreme Events 
While California currently suffers from a historic drought that scientists have linked to 
anthropogenic climate change, climate impacts on transportation could also implicate the other 
side of changing precipitation patterns: heavier rainfall and extreme winter storms (Williams et. 
al. 2015).  Flooding, landslides, and drought-related impacts could all have profound economic 
ŀƴŘ ǇǳōƭƛŎ ǎŀŦŜǘȅ ƛƳǇŀŎǘǎ ƻƴ /ŀƭƛŦƻǊƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎȅǎǘŜƳΦ   

The primary perils to roads by flooding are landslides and erosion that wash them away as well 
as inundation that prohibits passage.  A study by the United States Geological Survey found that 
a single extreme winter storm could cause all traffic to be cut off to Los Angeles to the north 
and east for 1 to 2 weeks, while Sacramento would be cut off from the north, south, and west 
for around 1 week.  Some parts of the state would have to wait for at least one year for 
complete recovery (Porter et. al. 2011). 



 

 

 

126 
 
 

 

Increased wildfire riskτwhich is leading to more frequent, more intense, and larger wildfiresτ
is related to rising temperatures and changing precipitation events.  Heavy rainfall following the 
effects of drought and wildfire can lead to increased erosion and landslides, leading to 
extremely costly destruction to transportation infrastructure and the people who use it. 

Sea-level Rise and Extreme Events 
Sea-level rise (SLR) will result from ongoing climate change even if greenhouse gas emissions 
are drastically reduced, driven primarily by melting polar land ice and the expansion of the 
ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ ŀǎ ǘƘŜȅ ǿŀǊƳΦ wƛǎƛƴƎ ǎŜŀ-levels will result in inundation of low-lying areas and 
their roads, but the complex climate-related interplay of SLR, coastal erosion, and more 
extreme storm events in coastal areas are likely to cause more sudden and risky impacts.  A 
100-year coastal storm event combined with the 1.4 meter sea-level rise that could be seen by 
the end of the century would leave 250 miles of highways, 1,500 miles of roads, and 110 miles 
of railways vulnerable to floodingτa drastic increase from current coastal flood-prone 
infrastructure (Heberger et. al. 2009). 

While these vulnerabilities are extensive and complex, so they require coordination and 
planning. During emergencies, a safe and dependable network of airports, roads, transit, bicycle 
and pedestrian paths are necessary for evacuations.  A comprehensive vulnerability assessment 
ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀǎǎŜǘǎ ς and how to redesign and prioritize more resilient 
infrastructure moving forward ς is needed to safeguard Californians from natural disasters and 
other emergencies. 

The departments iƴ /ŀƭƛŦƻǊƴƛŀ ƎƻǾŜǊƴƳŜƴǘ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ 
transportation system are on their way to understanding and addressing these crucial issues.  

Caltrans 
Caltrans is currently conducting a vulnerability assessment of the State Highway System 
infrastructure to impacts due to climate change and extreme weather events.  The assessments 
will be conducted in each of the 12 Caltrans Districts, and completed by 2017.   

District 1 Vulnerability Assessment completed in 2014 inventoried and analyzed over 16,000 
Caltrans assets against years 2050 and 2100 climate change scenarios. Ninety-three road 
segments representing almost 980 miles were ranked for vulnerability using weighting and 
scoring criteria.  

http://www.dot.ca.gov/dist1/d1transplan/system_planning/ccps/final_report-main_document.pdf



