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Introduction to California’s Fourth Climate Change Assessment

C

alifornia is a global leader in using, investing in, and advancing research to set proactive climate change
policy, and its Climate Change Assessments provide the scientifc foundation for understanding climaterelated vulnerability at the local scale and informing resilience actions. The Climate Change Assessments
directly inform State policies, plans, programs, and guidance to promote effective and integrated action to
safeguard California from climate change.
California’s Fourth Climate Change Assessment (Fourth Assessment) advances actionable science that serves the
growing needs of state and local-level decision-makers from a variety of sectors. Tis cutting-edge research initiative
is comprised of a wide-ranging body of technical reports, including rigorous, comprehensive climate change
scenarios at a scale suitable for illuminating regional vulnerabilities and localized adaptation strategies in California;
datasets and tools that improve integration of observed and projected knowledge about climate change into decisionmaking; and recommendations and information to directly inform vulnerability assessments and adaptation
strategies for California’s energy sector, water resources and management, oceans and coasts, forests, wildfres,
agriculture, biodiversity and habitat, and public health. In addition, these technical reports have been distilled into
summary reports and a brochure, allowing the public and decision-makers to easily access relevant fndings from the
Fourth Assessment.
• A concise summary of the Fourth Assessment’s most
important fndings and conclusions.
KEY
FINDINGS

STATEWIDE
SUMMARY
SUMMARIES FOR REGIONS
AND COMMUNITIES
ORIGINAL RESEARCH TO
INFORM POLICY AND ACTION
ASSESSMENT FOUNDATION:
UPDATED CLIMATE PROJECTIONS AND DATA

• An in-depth report on how California’s people, built
environment, and ecosystems will be impacted by
climate change and how we can proactively adapt,
based on the Fourth Assessment’s fndings.
• Reports summarizing Fourth Assessment fndings to
provide a state of the science for nine regions, the
ocean and coast, tribal communities, and climate justice
in California.
• Academic research that provides robust and detailed
results on resilience and vulnerability to climate change.
• A shared foundation of updated climate change
projections, data and ecosystem models developed for
use by Assessment authors to permit cross-comparability
of results and ensure the fndings consider a robust range
of future climate conditions. These data are available to
the public via Cal-Adapt.org.

All research contributing to the Fourth Assessment was peer-reviewed to ensure scientifc rigor as well as, where
applicable, appropriate representation of the practitioners and stakeholders to whom each report applies.
For the full suite of Fourth Assessment research products, please visit: www.ClimateAssessment.ca.gov
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The Sacramento Valley Region Summary Report is part of a series of 12 assessments to support climate action by providing an
overview of climate-related risks and adaptation strategies tailored to specifc regions and themes. Produced as part of California’s
Fourth Climate Change Assessment as part of a pro bono initiative by leading climate experts, these summary reports translate the
state of climate science into useful information for decision-makers and practitioners to catalyze action that will beneft regions, the
ocean and coast, frontline communities, and tribal and indigenous communities.
The Sacramento Valley Region Summary Report presents an overview of climate science, specifc strategies to adapt to climate impacts,
and key research gaps needed to spur additional progress on safeguarding the Sacramento Valley Region from climate change.
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Highlights
Tis report summarizes current and future climate change impacts and risks in California’s Sacramento Valley Region
and highlights a set of promising climate-solutions for stakeholders, with the potential to promote resiliency, protect
the environment, improve public health, create jobs, and grow the economy. Climate change is already afecting
agriculture, infrastructure, transportation, energy, recreation, industry, households, human health, and natural
ecosystems in the Sacramento Valley; extreme weather and natural hazards will continue to impact these and other
sectors in the 21st century.
Te Sacramento Valley will beneft from continued investment in climate change solutions. Te region’s agricultural
economy can help mitigate against climate risks by investing in precision agriculture, water-sensors and drones, and
planting crop varietals that are more tolerant of drought, heat, and salty soils. Climate change-driven increases in
extremely hot days will contribute to existing public health challenges, including the spread of infectious disease and
reductions in air quality, with the young, elderly, and disadvantaged communities most vulnerable to climate impacts.
Some of the more promising ways to reduce climate change risks in the Sacramento Valley include: climate-smart
buildings and more accessible public “cooling centers” to help citizens cope with more frequent and prolonged
heat waves; strategic forest thinning, controlled burning, and fre reduction practices to promote carbon storage,
decrease wildfre frequency and intensity, and create cleaner air; enhanced emergency preparedness with a focus
on disadvantaged communities; increased land use planning to prepare for extreme foods and drought, including
innovations to levees, bypasses, and reservoir capacity; increased water availability and attention to integrated water
supply management within the entire watershed; improved management for climate-adaptive native species and
assisted migration to protect ecosystem services, including outdoor recreation; increased development of alternative
fuel policies and active transportation programs to cut air pollution and greenhouse gas (GHG) emissions in the
transportation sector; and incorporation of climate risks into regional plans for energy, water, and transportation.
New economic and career opportunities focused on creating the next generation of “climate-smart” technologies,
policies and community resources will grow the region’s economy, protect citizens and maintain a healthy and vibrant
environment.
A general summary of climate risks facing the Sacramento Valley Region include:
•

Warming air and water temperatures

•

More extreme heat-waves

•

Drier landscapes

•

Less snow

•

Variable precipitation and seasonal shifs

•

More intense droughts and foods with less predictability

•

Higher Delta water levels compounded by subsidence

•

Increased risk of wildfre

•

Loss of ecosystem habitat

It is likely that climate change will have signifcant impacts in the following areas:
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•

Public health: More frequent and extreme heat waves; greater heat stress risk especially for outdoor occupations
and recreation; greater air pollution exposures from wildfres.

•

Energy: Reduced snowpack resulting in reduced hydropower production; increased risk to generation and transmission infrastructure from wildfres; greater use of low-carbon fuels and generation; greater air conditioning
energy loads, less demand for heating.

•

Agriculture: Longer growing seasons; insufcient cold for some tree crops; low elevation fooding; changes in
productivity of current crop varietals; conversion of agricultural land to other land uses.

•

Floods: More extreme foods; greater foodplain vulnerability; pressure to expand food bypasses, levees, and
food storage in reservoirs; higher Delta water levels.

•

Water supply: More extreme droughts; pressure to reduce water supply storage due to larger foods; possibly
greater water demands from higher crop and landscape water use.

•

Delta: Higher sea levels, levee subsidence, and greater foods threaten Delta levees; higher temperatures threaten
Delta native species; saltwater intrusion into areas from which water is pumped for agricultural and municipal
uses.

•

Aquatic ecosystems: Higher temperatures threaten native species and make reservoirs less efective for sustaining
salmon populations; higher Delta water levels.

•

Forests: Higher temperatures, variable overall precipitation with less snow and earlier snow melt; lower soil moisture and changes in water storage and runof; increased wildfre activity in terms of the number of fres, overall
area burned, and more area burned at high severity promoting changes.

•

Wildfres: More frequent and larger wildfres in both forests and shrubland ecosystems; thinning and fuel reduction can reduce risk in forests but less so in shrublands.

Some suggestions for climate solutions include:
•

Public health preparations for more frequent and prolonged heat waves, impaired water supplies and quality,
more frequent harmful algal blooms, and air pollution from wildfres.

•

Expanded renewable power generation and fuels; distributed generation to increase community resilience.

•

Local and regional preparation for foods, particularly a potential “Great Flood,” including attention to levees,
bypasses, and reservoirs; foodplain land use planning and building codes; and fooding of subsided Delta lands.

•

Continued assessment of additional water storage solutions, reservoirs and increased stormwater capture and
groundwater banking in agricultural lands.

•

Continued local and regional attention to integrated water supply management, such as conjunctive use of reservoirs and groundwater, and management of water quality efects resulting from higher temperatures in rivers,
lakes, and watersheds.
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•

Greater regional attention to forest and shrubland management for mitigating destructive wildfres and ecosystem resilience; active management of wildfre-prone lands in the state through vegetation thinning, fuels reduction, and controlled (i.e., prescribed) fre treatments and reforestation in line with Governor Brown’s Executive
Order B-52-18.

•

Improved environmental management for native fsh species, including seasonal foodplain habitat and protection and development of cold spring habitats.

•

Identify opportunities with co-benefts for the economy and environment such as energy generation and conservation, forest thinning and management, and agriculture.

•

Continued development of comprehensive transportation strategies to adapt to climate change with more technical expertise and fnancial resources for adaptation and planning.

•

Promotion of state-level policies to integrate alternative fuel aspirations and driving trends (e.g., autonomous
vehicles) into transportation plans and policies; implementation of long-term transportation infrastructure maintenance plans.

•

Continued promotion of active transportation programs as a critical component in developing and implementing sustainable community strategies, reducing greenhouse gas (GHG) emissions, increasing public health, and
making the region a more enjoyable place to live and work.

•

Urban planning strategies to: increase tree canopy (with water-wise species) and utilize green building materials
to reduce heat pollution and reduce the urban heat island efect; handle increased stormwater on-site; avoid placing additional housing in food-prone locations; and establish emergency shelter and services facilities.

•

Dedicated and coordinated focus on issues of social and environmental equity and the impacts of climate change
on especially vulnerable populations as well as the need for climate solutions to acknowledge and address legacy
injustices that render certain population (e.g., low-income communities, people of color, etc.) more vulnerable to
climate risks.
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Introduction to the Sacramento Valley Region

T

his report summarizes major changes in climate and climate-related risks to the Sacramento Valley Region
(Figure 1) and provides
FIGURE 1
promising actions for
local decision-makers.
This assessment is focused on
regionally-specifc climate and
extreme weather patterns, public
health, community planning and
environmental justice, water and
energy, utilities and infrastructure,
agriculture, land use change,
the economy, biodiversity, and
ecosystem services.

Like previous assessments,
California’s Fourth Climate Change
Assessment refects a statewide,
collaborative process for the
purpose of summarizing climate
change impacts and adaptation
options for California. California’s
Fourth Climate Change Assessment
is a series of reports comprised of
(1) the Statewide Report; (2) three
topical reports (Oceans and Coasts,
Tribes and Tribal Lands, and Climate
Justice1); and (3) nine regional
reports, of which the Sacramento
Valley Region is one. We encourage
the reader to review these reports
online at:
www.ClimateAssessment.ca.gov.

Map of the Sacramento Valley Region in Northern California. Source: Thorne 2018.
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Summary of Impacts
Climate change and extreme weather afect people, ecosystems, and the economy. Global greenhouse gas (GHG)
emissions are increasing land, air, and water temperatures across the world, changing the timing and amount of
precipitation and accelerating sea level rise. Such GHG-driven climate disruptions are resulting in human health,
economic and environmental damages, altering patterns of human migration, harming public health, compromising
national security, and harming business and industry. To avoid some of the worst climate change impacts over the
next several decades, many organizations and governments are reducing GHG emissions with targets to stabilize
global warming at no more than 2 degrees Celsius (°C) above pre-industrial levels (Rockström et al. 2017). Financial
and educational investments in climate change resilience are critical to reducing climate-change impacts and avoiding
further economic damages.
California is a world-leader in climate policy.
Te state continues to demonstrate how
free-market policies that cut GHG emissions
can work for industry, businesses, citizens,
natural environments, and the economy,
principally via Cap-and-Trade. As of 2015,
California’s GHG emissions were dominated
by transportation, industry, and energy
production (~77% of total), with lesser
contributions from buildings (9%), agriculture
(~8%), and waste (2%) (Figure 2). By law,
California must reduce GHG emissions to
40% below 1990 levels by 2030, which is
among the most aggressive climate actions
taken by any economy the size of California’s.
California is on track to meet this GHG
reduction target while experiencing signifcant
economic growth. A climate-smart strategy
for California takes advantage of economic
opportunities and innovations that come from
this global challenge, creating more jobs and
prosperity through innovation.

2

FIGURE 2

Greenhouse gas emissions by sector based on the California Air Resources Board scoping
plan categories for 2015. Source: CARB 2017. Note: GWP = Global warming potential;
MMTCO2e = million metric tons of carbon dioxide (CO2) equivalent.

The term “Climate Justice” was selected to be consistent with the Safeguarding California Plan and to call out this specifc element of environmental justice
issues. It refers to the social movement to address the cumulative ways in which social, economic political and environmental factors can produce and exacerbate disproportionate impacts of climate change on vulnerable populations (e.g., people of color, low-income people, indigenous people) and the unique
role these populations have to play in efforts to mitigate and adapt to climate change. More information on the priorities of climate justice can be found in
the Safeguarding California Plan: 2018 Update as well as Roos 2018. For more information about climate justice see: Shonkoff et al. 2011 and Schlosberg
and Collins 2014.
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Climate change is already impacting California. Afer several years of stabilization, global GHG emissions increased
in 2017 (Jackson et al. 2017), on pace or slightly above “business-as-usual” emissions scenarios for the 21st century.
Long-lived gases such as carbon dioxide (CO2) can persist in the atmosphere for more than 100 years, even with
eforts to reduce emissions today. Despite California’s aggressive actions to reduce emissions, the state’s climate and
weather will continue to change without global actions to reduce GHG emissions. California contributes roughly
> 1% of global GHG emissions, meaning that it can serve as a model for other governments, but cannot halt the pace
and magnitude of climate change without world-wide coordination.
Policies and strategies to reduce GHG emissions have helped California spur new investments, businesses, and jobs
to support these eforts. Management and planning are essential for maintaining economic prosperity and further
GHG reductions. Adaptations by individuals, households, government, and businesses will be needed to support
and maintain the region’s prosperity and environmental health benefts in response to climate change. Te transition
to lower GHG emissions in the Sacramento Valley Region will reduce toxic air pollutants and create healthier
local conditions for residents, especially those with chronic health conditions and those living in disadvantaged
communities, as has been shown in other California regions (Hall et al. 2008). A recent analysis suggests that
achieving the deep GHG emissions reductions required to meet California’s 2050 emissions reductions goal would
reduce statewide air pollution-related mortality by about half, with Sacramento County experiencing among the
greatest reductions in air pollution-related mortality rates. Te monetized value of these public health benefts is
comparable to the costs associated with reducing California’s emissions to 80% below the 1990 baseline by 2050
(Zapata et al. 2018).

Report Organization
Te remainder of this report is organized into the following sections:
Section 2 summarizes climate change risks and solutions for Sacramento Valley residents, governments, and
businesses.
Section 3 presents major recent and likely climate changes in the Sacramento region.
Section 4 presents major climate-related risks to the region and several adaptations that support public health;
community planning; energy, water, utilities and transportation; land use, natural habitats and working lands;
and cross-sectoral insights.
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Summary of Key Findings

T

he following table summarizes climate change risks and solutions for the Sacramento Valley Region.
More details appear in Sections 4.1-4.5 of this report.

TABLE 1
FOCUS AREA

RISKS

ADAPTATION STRATEGIES AND SOLUTIONS

STATUS/
IMPLEMENTATION
TIMELINE

4.1
PUBLIC HEALTH

• More frequent heat-related stress, illness, and
human mortality due to increases in number of
extremely hot days (i.e., prolonged heatwaves)

• Reducing/managing potential exposure(s)
(individual, community) to heat and other
hazards

Near-term
(0-10 years)

• More disease-causing pathogens including West
Nile virus, Valley Fever, harmful algal blooms, etc.

• Reducing heat pollution and eliminating urban
heat islands

• More exposure to ground-level ozone,
particulate air pollution and respiratory allergens

• Promoting good health and access to quality
healthcare (reduces risk and increases resiliency)

Near-term
(0-10 years)

• Negative impacts on mental health from chronic
social and economic stressors

• Improving Emergency Preparedness and
Response Action Plans and resources

Underway; nearterm (0-10 years)
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TABLE 1 CONT’D.
FOCUS AREA

RISKS

ADAPTATION STRATEGIES AND SOLUTIONS

STATUS/
IMPLEMENTATION
TIMELINE

4.2 COMMUNITY
PLANNING

• Potential disruptions to the housing market
in response to un-mitigated fooding
and concomitant economic impacts
that disproportionately affect particular
sociodemographic groups

• Implement zoning, building codes, and design
guidelines that emphasize residential and
neighborhood greening, cool roofs, climate
adaptive building shells, and other techniques to
reduce climate impacts on urban environments
and public health

Underway;
medium-term
(11-30 years)

• More frequent severe storms and foods
• Increased stress on levee systems

• Regional levee and watershed planning to retain
storm water, reduce fooding, and sequester
carbon

Underway;
long-term
(2050 and beyond)

• Increased wildfre risks and impacts, especially
for rural communities in hilly and forested terrain

• Supporting climate-conscious planning that
restricts housing in high fre risk areas

Underway;
medium-term
(11-30 years)

• Requiring fame-resistant materials for structures
and fuel reduction in residential yards
• Increased susceptibility to illness from high
temperatures

• Tree-planting to shade parking and other
surfaces

Underway;
near-term
(0-10 years)

• More risks from poor air quality, especially in
areas with air pollution from transportation and
other industrial sources

• Engaging stakeholders in adaptation planning
(e.g., Sacramento Area Council of Government’s
Rural-Urban Connections Strategy)

Underway;
near-term
(0-10 years)

• Sharing climate adaptation information among
regional institutions (e.g., Capitol Region
Climate Readiness Collaborative)
• Please refer to the Tribal and Indigenous
Communities report for further information
on how California’s Tribal communities face
unique threats from climate change and how
these communities are spearheading adaptation
and mitigation efforts (Tribal and Indigenous
Communities Summary Report 2018)

Fourth Climate Change Assessment

• Climate adaptation strategies by tribal
communities (e.g., Yocha Dehe Wintun, Karuk
Tribe, Yurok Tribe)

Underway;
near-term
(0-10 years)

• Tribal engagement in carbon sequestration
to provide local employment and ecological
and disaster mitigation benefts for rural
communities
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TABLE 1 CONT’D.
FOCUS AREA

RISKS

ADAPTATION STRATEGIES AND SOLUTIONS

STATUS/
IMPLEMENTATION
TIMELINE

4.3
ENERGY, WATER,
UTILITIES AND
TRANSPORTATION

• Reduced thermo-electric power plant operating
effciency and generation capacity due to
increasing air and water temperatures

• Principles and best practices for adaptation (e.g.,
Council on Environmental Quality)

Underway;
Medium-term
(11-30 years)

• Reduced or disrupted hydropower generation
from greater evaporative losses, altered runoff
timing, decreased snow pack and increased
storms intensity
• Uncertain impacts on solar and wind power
outputs (i.e., from variable wind patterns)
• Decreased effciency of electric transmission and
distribution systems from higher temperatures

• Continuing development of comprehensive
statewide strategies to adapt to climate change
(e.g., California Natural Resources Agency,
California Energy Commission, electric utilities,
US Department of Energy, others)
• Cross-sectoral approaches to better facilitate
adaptation at the local level (refer to the Crosssector Interactions Section)
• Rapid decarbonization of buildings and
transportation
• Planning to deploy distributed generation and
energy storage for more local control of the
energy supply

• Accelerated roadway deformation and track
buckling resulting from extreme heat
• Increased expansion and contraction at critical
bridge joints resulting from temperature
fuctuations

• State policies to integrate alternative fuel
aspirations and driving trends (e.g., autonomous
vehicles) into transportation plans and policies,
and implementation of long-term maintenance
plans

• Traffc and signal disruptions from extreme
weather

• Integration of energy-transport long-term
planning at the local level upward

• Decreased driving visibility and health hazards
due to wildfre

• Developing new fnance tools for ensuring longterm maintenance and adaptation funds

Near-term
(0-10 years);
Medium-term
(11-30 years)

• Incentivizing climate-smart infrastructure
planning to prioritize mode shift to low carbon
alternatives and active transportation
• Reductions in groundwater in response to
drought and increased water demands

• Implement water conservation strategies
• Assessment of additional water storage
solutions
• Increased stormwater capture

• Economic impacts that disproportionately affect
particular sociodemographic groups depending
on location

Fourth Climate Change Assessment

• Understanding broader social issues of
climate change, especially for low-income and
disadvantaged communities

Underway; nearterm (0-10 years);
medium-term
(11-30 years)
Near-term (0-10
years); mediumterm (11-30 years)
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TABLE 1 CONT’D.
FOCUS AREA

RISKS

ADAPTATION STRATEGIES AND SOLUTIONS

STATUS/
IMPLEMENTATION
TIMELINE

4.4
LAND USE,
NATURAL
HABITATS AND
WORKING LANDS

• More threats from fooding, drought and fre

• Expanding food channels for 200+-year
protection (levee setbacks); water conservation;
fre and fuel management near wildland-urban
interface

Underway;
medium-term
(11-30 years);
long-term
(2050 and beyond)

• Prescribed burn treatments in forests and
shrublands under the right context, settings,
and conditions
• Species composition changes and reduction, and
loss of iconic species

• Connecting habitats and refugia

Medium-term
(11-30 years)

• Increased extinction risk for most native fsh
species

• Naturalizing the hydrograph of regulated rivers
and assist hatchery fsh migration

• Increased threats, displacement, and/or local
extinction due to invasive species, pests, disease,
etc.

• Controlling invasive and non-native species

Underway; Nearterm (0-10 years);
medium-term
(11-30 years)

• Changes in productivity of current crop varietals
and conversion of agricultural land to other land
uses

• Ecosystem agricultural practices (e.g.,
hedgerows, tail water ponds, enhancing riparian
areas, and vegetated road verges and canal
edges)

• Loss of agricultural/semi-natural habitats

Fourth Climate Change Assessment

Underway
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TABLE 1 CONT’D.
4.5
CROSS-SECTOR
IMPACTS

• Rebalancing of land uses between carbon
sinks (rangelands, wetlands, forests) and
carbon sources (urban development, intensive
agriculture)

• Restoration for vegetation and wildlife habitat,
carbon sequestration and water savings

Underway; Nearterm (0-10 years);
medium-term
(11-30 years)

• Seasonal/drought water scarcity impacts to
vegetation and agriculture

• Increase resilience through various methods,
including improving water-use and energy
effciencies

Underway; nearterm (0-10 years)

• Assessment of additional water storage
solutions, including reservoir management and
development options
• Increased seasonal dryness and droughts reduce
rangeland forage production and wildlife habitat
• Occupational health temperature impacts on
agriculture, construction, and rural livelihoods
• Increased temperatures and extreme events
increase energy demand and increase household
costs

Fourth Climate Change Assessment

• Infrastructure or restoration projects that meet
goals across sectors (e.g., the Yolo Bypass
mitigates food risk, improves wildlife habitat,
provides space for agricultural productivity and
likely sequesters carbon relative to other uses)

Underway;
medium-term
(11-30 years)

• Increasing urban tree planting to enhance
biodiversity, reduce runoff, and ameliorate
particulate pollution, promote green and
climate-smart construction (e.g., high albedo
roofng)

Underway; nearterm (0-10 years)
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Climate Changes in the Sacramento Valley Region from Shasta to the Delta and Central Valley

G

lobal climate change imposes substantial local impacts and risks on the Sacramento Valley, including
rising temperatures, changing precipitation patterns and amounts, sea level rise, fooding, drought,
and wildfre. In addition, seasonal weather patterns are becoming less predictable in California. Figure
3 shows how global climate changes are causing direct and indirect effects in California, with local
issues affecting the Sacramento Valley Region. Additional information on climate change impacts to California’s
tribal and indigenous communities can be found in a topical report of the Fourth Assessment (Tribal and Indigenous
Communities Summary Report 2018); additional information on climate justice impacts and considerations is
provided in a second topical report of the Fourth Assessment (Climate Justice Summary Report 2018).
FIGURE 3

Human greenhouse gas emissions and land-use affect energy fows in the atmosphere that raise temperatures and shifts precipitation,
with many direct and indirect effects in the Sacramento Valley.
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Rising Temperatures and Extreme Heat
Climate change has increased both average temperatures and the frequency and intensity of heat waves or extreme
heat events. While global temperature increases of 1°C or 2°C (1.8°F or 3.6°F) are of grave concern for Earth’s climate
system, local observed increases that afect neighborhoods and ecosystems are far more variable and ofen of greater
magnitude. Predicted changes over this century include higher average temperatures with more warming in the
summer than the winter (with July–September increases of 2.7°F–10.8°F) and greater warming inland than in coastal
regions (by as much as 7.2°F) (Pierce et al. 2018). Heat waves are expected to have both higher daytime and nighttime
temperatures (versus just daytime increases), with longer duration and geographic extent (Gershunov et al. 2009).

FIGURE 4

(Left) The Sacramento Valley will likely see average daily maximum temperatures increase by 10 ºF by end-of-century. (Right) Midtown
Sacramento will likely see the average number of extreme heat days (temperatures more than 103.9 ºF; right) grow from ~4 days/year to
40 days/year by end-of-century, along with a signifcant increase in year-to-year variability. All projections are under RCP8.5 (business-asusual). Source: Cal-Adapt 2018.

Rising global temperatures (Figure 4) are resulting in more frequent and intense heat waves in the Sacramento Valley,
with fewer cooling degree days that are essential to certain crops, optimal human health conditions, and the longevity
of transportation and electrical infrastructure – trends that are expected to continue. Historical daytime temperature
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increases in the Sacramento Valley have likely been tempered by irrigation (Huang & Ullrich 2016; Yang et al. 2017); although
the exact impact on temperatures from irrigation remains uncertain, past studies have estimated the efect at 0.6°F–3.6°F of local
cooling. As total irrigation water usage has remained relatively steady over the past several decades, further local temperature
reductions from irrigation appear unlikely. In fact, limiting irrigation water usage, for instance, through the use of drip irrigation,
may further increase local summer temperatures.

Shifting Precipitation
California’s climate oscillates between extremely dry and extremely wet periods, driven by the presence or absence of a few large
winter storms or atmospheric rivers. In the last decade, Northern California experienced among the worst droughts (2012-2016)
in >1000 years followed by the wettest winter on record (2016-2017). Global climate change afects precipitation by increasing
the atmosphere’s capacity to “hold” water vapor, so winter storms generally carry more rain. Dry years are likely to become even
drier, while wet years will become even wetter in the next several decades (Dettinger 2011; Yoon et al. 2015). Whiplash events,
where conditions shif rapidly from drought to deluge, are expected to increase modestly (by~25%) in Northern California
(Swain et al. 2018). In the Sacramento Valley, annual precipitation is expected to remain about the same on average, or to increase
slightly this century (Pierce et al. 2018; Huang & Ullrich 2017). However, the increased intensity of extreme storms makes the
return of conditions that would trigger an extreme 1862-type “Great Flood” event more likely, even probable in the next 40 years
(Swain et al. 2018). New extremes will challenge water storage and food control systems which were designed for the historical
climate patterns.
Future wet seasons will have more precipitation as rain than snow, primarily due to higher temperatures. Tis will shif the
timing of streamfow into the Sacramento Valley from spring to winter. In particular, higher extreme rainfall will bring more
surface runof and less groundwater recharge
(Pierce et al. 2018) and may require surface water
FIGURE 5
reservoirs to operate at a lower capacity to ensure
food mitigation. Tese changes may also present
opportunities for increased stormwater capture
through reservoir management options.
Years with low snowpack are expected to become
common in the coming decade due to higher
temperatures (Mote et al. 2005). Lack of snow also
reduces summertime soil moisture (Figure 5) and
kills trees. Te Northern Sierras – a primary water
source for the Sacramento Valley – are expected to
have almost no annual snowpack by the end of this
century. Te Southern Sierras are partially bufered
against rising temperatures by their higher elevation
but are still expected to have declines in total snow
water of about 40% by the end-of-century, with the
greatest losses at lower elevations (Rhoades et al.
2018).
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Change in summer (June-August) soil moisture in Northern California (averaging
region shown in inset) anticipated from two climate scenarios. Shading depicts
model spread, and solid lines depict the multi-model mean. Source: Cal-Adapt (VIC
simulations forced by LOCA downscaled CMIP5 output, Pierce et al. 2014).
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Sea Level Rise
Global temperature increases have driven both ice melt on land and thermal expansion of ocean water, both of which
raise sea levels. End-of-century sea level rise in the San Francisco Bay area is likely to be 2.5 feet (50th percentile) to
4 feet (95th percentile) (Pierce et al. 2018). Areas around the Sacramento-San Joaquin Delta will have more food
potential. Higher sea level will also push salty ocean waters into the fresher waters of the Sacramento-San Joaquin Delta.

Tule Fog
In the Sacramento Valley, Tule fog during California’s winter season has important implications for crops and
ecosystems. Reductions in Tule fog have been observed in recent years because conditions have been either too wet or
too dry for fog to form (Baldocchi & Waller 2014).

Wildfre
Wildfre (i.e., total area burned, number of fres, severity of fres) has been increasing in the Western US (Abatzoglou
& Williams 2016) due to climate change and antecedent forest management activities that promoted highly-dense
forests with higher accumulated fuels. As a result, wetter winters and drier summers are likely to increase summer and
fall wildfre activity. Wetter winters increase plant growth, which increases the amount of fuel for wildfre in the spring
and summer months (Crocket & Westerling 2018). Increases in large wildfres are posited to be driven by an earlier
spring season and less summer moisture (Westerling 2016).
Recent years exemplify the meteorological extremes typical for California, with a major drought from 2012-2016,
followed by the Sacramento Valley’s wettest water year on record (2016-2017). Te remainder of this section
summarizes signifcant recent events during these periods and connects them with our best projections of climate.

A Story of Three Droughts: The Infamous 2012-2016 California Drought
Droughts in California are triggered by lack of large winter storms (i.e., atmospheric rivers), and water shortages are
further exacerbated by high temperatures, which increase the evaporative loss of water from soils, rivers, canals, and
reservoirs. Drought conditions, particularly when persisting for several years, can cause mental and physical stress on
people, reduce the number of workable farm-labor days, and lead to deteriorated air and water quality (Greene 2018;
Barreau et al. 2017). Te 2012-2016 period had extremely low precipitation and below average snowpack with recordlow Palmer Drought Severity Index values. However, the characteristics of each drought period difered substantially.
Whereas the 2012-2013 period was a somewhat typical example of a dry year, the 2013-2014 period displayed
record-high dryness and a “Ridiculously Resilient Ridge” of high atmospheric pressure that blocked and redirected
atmospheric moisture northward, sending record-high precipitation to the Pacifc Northwest and Alaska (Swain et al.
2014). Such patterns can be infuenced by anomalous tropical heating patterns (Teng & Branstator 2018) and reduced
arctic sea ice extent (Cvijanovic et al. 2017). Climate models largely agree that this type of meteorological pattern will
become more frequent— a condition that increases the frequency of both wet and dry years (Wang & Schubert 2014).
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Te 2014-2015 period had unusually low precipitation, but far more than in 2013-2014. Tis period also had unusually
high temperatures through the winter (6.5°F above the 20th century winter average), with record low snowpack (6% of
normal for April 1st snowpack).
Te 2015-2016 period brought an extremely strong El Niño that some had predicted would bring drought relief, as
the record-breaking 1997-1998 water year had a similarly strong winter El Niño. However, the 2012-2016 drought and
2016-2017 wet year show that El Niño is not the primary factor governing wet winters in the Sacramento Valley. While
El Niño tends to increase precipitation in Southern California (Castello & Shelton 2004), the 2015-2016
El Niño was unusual. Against predictions, this El Niño worsened the drought in Southern California and caused
record rainfall in the Pacifc Northwest from shifed and intensifed northward storm tracks. Tere is some evidence
that climate change is expanding the tropical belt, which might make this drought condition more common (Seidel et
al. 2008).

Extreme Precipitation in the 2016-2017 Winter season: An Example of Future Wet Years?
Te winter of 2016-2017 had record-breaking precipitation, a large snow pack, and an above-average number of
atmospheric rivers. Te year had a semi-persistent jet stream that consistently directed storms toward California;
contrasting sharply with the 2012-2016 drought ridge which directed storms north from California.
Daily precipitation extremes have intensifed in
most areas of the country, including California
(Kunkel et al. 1999). Extreme precipitation
should increase as the atmosphere warms, since
storms can hold ~6-7% more water for each
degree Celsius of warming. Climate model
simulations that consider such efects suggest
that this trend will continue into the future
(Dominguez et al. 2012).
Simulations of future climate indicate only
modest changes in annual precipitation
accumulation (Figure 6). However, simulations
do hint at some shifs in the seasonality of
precipitation that may be relevant for water
management: less precipitation during
November-January, and possibly more during
February-May.
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FIGURE 6

Simulated precipitation totals from a region containing 3 key watersheds in northern CA:
American River, Sacramento River, and Feather River (averaging region shown in inset):
simulations include present-day (historical) and two climate change scenarios. Solid curves
(right axis) show cumulative seasonal totals, and dashed curves show anomalies in these
curves (RCP minus historical) in the climate-change simulations, relative to the historical
simulation. Shading depicts intermodal spread, and lines depict multimodel mean. Source:
Cal-Adapt 2018 (LOCA downscaled CMIP5 output, Pierce et al.; 2014).
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Climate Impacts, Vulnerabilities and Adaptation

T

his section summarizes climate-related risks and adaptive counter-measures to mitigate such risks for the
beneft of public health; community planning; energy, water, utilities and transportation; and land use,
natural habitats and working lands. Cross-sectoral impacts (i.e., interactions across these areas) and selected
climate adaptation case studies are presented at the end of the section.

Public Health
OVERVIEW OF THE PUBLIC HEALTH CHALLENGE

Climate change can harm people. Tis includes mental well-being and physical health. Vulnerability to climate
change impacts are determined by biologic factors; physical environment and exposure characteristics; and the social,
behavioral, and economic factors that may infuence biological and physical factors (Margolis 2014). Solutions to
address complex environmental health challenges require a holistic approach that considers individual, community,
population, and social-economic conditions.
PUBLIC HEALTH IMPACTS

Climate change has direct and indirect efects on human health. Extreme events, such as heatwaves or air pollution
from wildfre, impose serious risks to people. Long-term exposure to toxins from automobile exhaust and stationary
fossil fuel combustion can results in upper respiratory disease, with high temperatures increasing the potency of air
pollution on health. Climatic and environmental changes may increase overall psychosocial stress and mental health
challenges (Trombley et al. 2017; Basu 2017).
Tere are many climate change-related health hazards (USGCRP 2016). Here, we focus on impacts of high
temperatures, and their interaction with other exposures in the Sacramento Valley, where air pollution and
allergens afect a large portion of the population. We also discuss changing hydrology and wildfre activity efects on
Sacramento Valley residents.
VULNERABILITY

As with most any public health issue, climate change impacts on health cannot necessarily be generalized to all
members of a given community or region. Population and individual vulnerability depends on many interconnected
factors, including: overall health and biologic susceptibility; physical environment and exposure characteristics; and
the social, behavioral, and economic factors that may infuence both biologic response and exposure (Margolis 2014).
Tus, populations and communities already impacted by social inequity and/or health disparities are more vulnerable
to deleterious environmental conditions, ecosystem services disruption, and social disorder (e.g., due to population
displacement).
Social inequity and health disparities are not constrained to urban communities. Rather, rural residents are more
likely to die from heart disease, cancer, unintentional injuries, stroke, and chronic lower respiratory disease (Moy et
al. 2017). In California, rural residents tend to be older, less healthy, have higher rates of obesity, physical inactivity,
food insecurity, and less access to medical resources (CHHSA 2003; Durazo et al. 2011). Health disparities were
notable in the 2006 heat wave deaths in Central Valley areas where more than half of the residents live below
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the poverty line, and most were older adults with chronic diseases whose heat exposure likely occurred inside of
residences without air conditioners (Trent et al. 2008)
HIGH TEMPERATURE HEALTH IMPACTS

A single heat wave can levy a high toll on human health and emergency and healthcare systems. Te 2006 California
heat wave resulted in higher than normal daytime and nighttime temperatures for more than two weeks, resulting
in an estimated 600 deaths, 16,000 emergency room visits, and 1,100 hospitalizations (Gershunov et al. 2009; Ostro
et al. 2009; Hoshiko et al. 2010; Knowlton et al. 2009). Te marginal damages of this single event were estimated at
$5.4 billion (Knowlton et al. 2011). Such human and economic tolls of extreme heat are likely to increase in the future
(USEPA 2017).
Increasing average summer temperatures can be harmful to human health (Hajat & Kosatky 2010; Ye 2012). A wider
range of health efects occur from respiratory and cardiovascular processes that are triggered by an overheating body.
Acclimating to warmer temperatures (gradual heat exposure over 1-2 weeks, especially while exercising) can reduce
the risk of heat stress.
Heat-associated deaths and illnesses are preventable (CDC 2017; Luber & McGeehin 2008; USGRCP 2016; Margolis
2014). Primary risk factors include age (children and the elderly are most at risk), hydration status, and chronic
disease, such as obesity, cardiovascular or respiratory disease, or psychiatric illness (Asplund & O’Connor 2016;
Choudhary & Vaidyanathan 2014; Ha et al. 2014; Hess et al. 2014; Knowlton et al. 2009; Reid et al. 2012; Trent 2007;
Worfolk 2000; Ye et al. 2012).
HIGH TEMPERATURES, GROUND-LEVEL OZONE, PARTICULATE AIR POLLUTION & AEROALLERGENS

Climate change can worsen existing health risks from ozone, particulate air pollution, and respiratory allergens.
Ozone exposure is worsening asthma and respiratory allergies (McConnell et al. 2002; McDonnell et al. 1999).
Combined exposure to ozone and heat increases risk of death (Analitis et al. 2014). Higher levels of carbon dioxide
combined with higher temperatures can increase ragweed pollen allergies (Ziska 2003; Ziska and Beggs 2012;
Ziska and McConnell 2016; Ziska et al. 2003; Albertine et al. 2014). Extreme heat can also increase Hay Fever risk
(Upperman et al. 2017).
DROUGHT & EXTREME PRECIPITATION

Te Sacramento Valley is especially prone to water shortages and impaired water quality. Dehydration is a major
risk factor for adverse health outcomes, especially during the warm season. Te Central Valley will be more prone
to droughts and foods arising from increased weather extremes. Extreme foods could pose especially large public
health threats (Swain et al. 2015).
MENTAL HEALTH

Climate change can impair mental health (Aitsi-Selmi & Murray 2016; Trombley et al. 2017; Vins et al. 2015; Ziegler
et al. 2017; Basu 2017). Slow-moving disasters, such as drought, can afect mental health over many years (Vins et
al. 2015). Common initial and immediate responses to experiencing a traumatic event, such as a climate-related
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disaster, can include hypervigilance, avoidance, anger, fashbacks, guilt, anxiety, emotionality, difculty concentrating,
rumination, preoccupation, and social withdrawal (Trombley et al. 2017). Climate change-related disasters, such
as foods, strong storms, hurricanes, and wildfres, can also disrupt and signifcantly afect quality of life, including
through forced relocation and rebuilding, loss of income and relationships, and disruptions to education (Trombley
et al. 2017).
COMMUNICABLE DISEASES

Alternating drought and extreme wet precipitation, with higher temperatures, promote the spread of disease-causing
pathogens. Tis might include vector-borne diseases (Belova et al. 2017; Chen et al. 2013; Harrigan et al. 2014;
Hongoh et al. 2012) such as West Nile Virus (Belova et al. 2017). Valley Fever (caused by soil-borne fungal spores) is
endemic to the Central Valley; counties south of Sacramento with greater agricultural acreage (e.g., Fresno and Kern
Counties) have the most cases, though some cases are reported each year in Sacramento County (Tabnak et al. 2016).
Counties outside of the Central Valley, especially in agricultural areas, also have a modest but notable number of
cases each year (Tabnak et al. 2016). Tere is concern that the number of Valley Fever cases will increase throughout
the U.S. Southwest (Brown 2014; Sprigg 2014) with increased climate variability (Zender & Talamantes 2006).
PUBLIC HEALTH ADAPTATION

Preventative care is the best way to reduce human health risks of climate change. Tere are three main strategies for
preventative care:
•

Promoting good health and access to quality healthcare.

•

Reducing/managing individual and community exposure(s) to heat and other hazards.

•

Ensuring appropriate and adequate emergency response capacity with Emergency Preparedness and Response
Action Plans.

PROMOTING GOOD HEALTH, ACCESS TO HEALTHCARE AND BUILDING RESILIENCE

Healthier individuals are less susceptible to climate-related health risks. Public health campaigns and community
designs that promote health and address root causes of poor health such as social inequity and its many drivers will
substantially reduce the health impacts of climate change on individuals and communities. For example, obesity,
which afects about 30% of adults and 15% of children and teens nationwide, increases the risk for many chronic
diseases, such as asthma and diabetes, and increases the risk of heat-related adverse health outcomes (Bedno et al.
2014; Crider et al. 2014; Margolis 2014; Yardley et al. 2013). Health education and elimination of food deserts (i.e.,
geographic locations, usually impoverished areas, lacking fresh fruit, vegetables, and other healthful whole food
options) in socioeconomically disadvantaged neighborhoods can be coupled with community design strategies
that increase walkability or bicycle safety, or add green space in urban neighborhoods. Tese strategies can achieve
multiple physical and mental health benefts.
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REDUCING EXPOSURES

Increased heatwaves, which are expected to cause both hotter day- and night-time temperatures, will have negative
impacts on physical and mental health. High nighttime temperatures lead to inadequate cooling of buildings for
residents (Steinberg et al 2018); implementation of strategies that minimize heat gain, such as cool roofs, can help
address this problem. New strategies are needed for reducing exposure to heat (see Community Planning section
below). Such strategies should reduce exposure while minimizing GHG emissions (e.g., using electricity from
renewable energy sources) and increasing carbon storage (e.g., increasing urban tree canopy). For instance, a major
GHG emissions reduction strategy is to reduce Vehicle Miles Traveled (VMT), which also reduces gaseous and
particulate pollutants that have direct adverse health efects. In contrast, promoting in-fll development may reduce
regional GHG emissions, but will also increase exposure to neighborhood air pollutants until the transportation
sector is signifcantly electrifed. Community eforts to reduce heat pollution and eliminate the heat island efect can
contribute to the protection of public health.
EMERGENCY RESPONSE PREPAREDNESS AND CAPACITY

California is not optimally prepared to absorb additional patient loads from natural or manmade disasters or disease
outbreaks. Te American College of Emergency Physicians assigned California an overall emergency care grade of F
(ranking 42 among States) for access to emergency care and a C- (ranking 30 among States) for Disaster Preparedness
(Report Card Task Force and Staf 2014). Enhancing emergency response, public health, and clinical infrastructures
in advance of crisis will save lives and reduce the societal and economic costs of climate hazards (Lauland et al 2018).

Community Planning
RURAL COMMUNITIES IMPACTS

Many climate-related impacts afect rural communities in the Sacramento Valley. Such areas also house many
historically underserved populations, such as farm workers, tribal communities, prisoners, and low-income people.
Climate change may prompt population displacement from rural to urban areas, as resource-based industries and
communities are pressured by more frequent droughts, foods, wildfres, and other extreme and chronic weather
patterns.
Climate change is increasing the extent and rate of sea level rise (OPC 2018) which, in combination with frequent and
severe storm events, contributes to more intensive fooding. Tis will be particularly impactful in the Sacramento-San
Joaquin Delta areas with low or compromised levees and in other subsided parts of the Delta (Suddeth et al 2010).
Recent feld measurements of rates of levee subsidence indicate that many levees will fail to meet protective standards
for overtopping between 2050 and 2080, given the combined efects of levee subsidence and sea level rise (Brooks et
al. 2018).
Wildfre brings signifcant air quality risks as well as economic disruptions to rural communities. Rural communities
in hilly and forested and chaparral-dominated terrain are exposed to greater fre risk with climate change. Increased
rural sprawl puts housing in high fre risk areas, increases surface and groundwater demand and depletion, and
extends electric utility lines that can lead to fres (Collins 2005). Limited communications infrastructure in rural
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areas worsens disaster warning and response. Rural communities have greater difculties with disaster funding,
policy decisions, and implementation.
RURAL COMMUNITIES ADAPTATION

Climate adaptation eforts among rural communities in the Sacramento Valley are in the early stages. New climateconscious planning that restricts housing in high fre risk areas is needed. Disaster recovery resources are limited and
may be difcult to access by rural residents and undocumented immigrants. However, progress is being made. Plans
to increase carbon sequestration on natural and working lands is one promising area to help create new economic
opportunities for rural residents.
Te Sacramento Area Council of Governments initiated a Rural-Urban Connections Strategy in 2008 to develop
analyses and engage stakeholders for climate adaptation. Te Capital Region’s Climate Readiness Collaborative (CRC)
shares information on climate adaptation among the region’s cities, counties, nonproft agencies, public utilities, and
educational institutions.
URBAN COMMUNITIES IMPACTS

Sacramento is one of the US cities at greatest risk from catastrophic foods. While the city has not seen a megafood
since 1861-1862, when an inland sea of food water 30 feet deep covered the area (Ingram 2013), the city is still
susceptible to another major destructive storm event.
Over 950,000 of the region’s 2.4 million residents (or 40%) live within 500-year foodplains in the Sacramento River
watershed. Much of the Sacramento region is protected by levees, but failure remains a risk, with more extreme
wet weather and projected sea level rise compounded by levee subsidence (Brooks et al 2018). Considerations of
compound climate change-driven events (Zscheischler et al 2018) including severe changes in temperature and storm
events have the potential to swamp much of the city and outlying metro region. Homeless people, those without food
insurance, and other vulnerable groups will be hardest hit.
Disruptions to local real estate markets, such as those in food-plains (e.g., North Natomas), may occur in response
to unmitigated fooding in the Sacramental Valley Region. Tese economic impacts would disproportionately afect
particular sociodemographic groups depending on their location and the level of public-private investment in food
mitigation.
Portions of the Sacramento region with extensive asphalt surfaces and roofops that have limited urban forest canopy
have summer temperatures up to 7ºF warmer than the metropolitan average. Urban heat island dynamics can retain
these high temperatures into the night, which can be dangerous to residents without air conditioning, particularly for
the elderly, handicapped, and non-English speakers (Huang et al. 2011; Steinberg et al. 2018). Recent observational
evidence from analysis of high spatial density weather stations and mobile transect measurements shows that
increases in neighborhood-scale roof albedo and canopy cover are associated with reductions in near-surface air
temperature (Taha et al. 2018).
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URBAN COMMUNITY ADAPTATION

Poorer urban governments are sometimes hindered by lack of capacity for new climate mitigation and adaptation.
Te recent Capitol Region’s CRC has potential to share information and coordinate strategies across the region
(http://climatereadiness.info).
Since fooding is among the Sacramento Valley’s highest climate-related risks, levee and bypass improvements are
promising adaptation strategies, along with managing food vulnerabilities within less protected foodplains and some
improvements in food operations for reservoirs (Lund 2012; Willis et al. 2011).
Te most common climate adaptation strategy in the region is tree-planting. Sacramento County has adopted plans to
increase urban tree cover. Te nonproft Sacramento Tree Foundation, working with the Sacramento Municipal Utility
District and other agencies, plans to plant 5 million trees region-wide to improve air quality. Urban forests can reduce
air pollution (Scott et al. 1998) and temperatures in urban neighborhoods, and improve urban biodiversity, but can
also increase water use depending on the species selected.
Cities should consider adding cool refuge facilities, including adequate public transportation connections for
low-income, elderly, and homeless populations, to their climate adaptation strategies. Tese shelters provide airconditioned spaces for residents who lack cooling at home, improving human comfort and reducing mortality during
heat waves (Sampson et al. 2013). Te City and County of Sacramento are preparing such centers and increasing
public awareness of heat risks, publicized through portals such as the County’s Sacramento Ready website. Te state
is preparing the California Heat Assessment Tool (Steinberg et al. 2018) to include extreme heat considerations in
long-term policy and planning decisions. Zoning, building codes, and design guidelines that emphasize residential and
neighborhood greening, white roofs, climate adaptive building shells (Loonen et al. 2013), and other techniques can
reduce the impacts of climate change on urban environments and public health.
TRIBAL COMMUNITIES IMPACTS

Depending on the specifc location, Native American populations in the region will experience climate impacts which
will exacerbate existing vulnerabilities in these communities stemming from the loss of ancestral lands and traditional
ecological knowledge. Native American populations also face signifcant threats to culturally signifcant lifeways and
places due to climate change-related fooding, shifs in vegetation, and fre. While signifcant, these impacts have not
been well-documented by the non-native scientifc community, and thus merit further study. More information on
California’s tribal and indigenous communities is provided in a topical report of the Fourth Assessment (Tribal and
Indigenous Communities Summary Report 2018).
TRIBAL COMMUNITIES ADAPTATION

In response to the mid-2010s drought, the Yocha Dehe Wintun Nation in the Capay Valley asked tribal members to
reduce water use by 20% in 2014, and declared a drought emergency, as did the Hoopa Valley tribe further north.
Te Karuk Tribe in the Salmon and Klamath basins of Northern California prepared a plan in 2010 entitled
“Integrating Traditional Ecological Knowledge within Natural Resource Management.” Tis plan specifcally
seeks to address climate change through strategies such as restoring landscape resilience and reducing risk of
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destructive wildfres. In 2011, the Yurok Tribe prepared a climate change prioritization plan identifying climate and
environmental justice risks, and modeling food risk over a 100-year period.
Tribal engagement in carbon sequestration (from forest and watershed stewardship) can provide employment as well
as ecological and disaster mitigation benefts for rural communities (Maldonado et al. 2014). Traditional ecological
knowledge can assist with climate adaptation by learning from the traditional fre use of the Karuk Tribe in Northern
California to reduce fuel loads and prevent destructive forest fres. Tese and other specifcally Native peopleoriented adaptation programs need further investigation and investment.

Energy, Water, Utilities and Transportation
ENERGY SYSTEMS OVERVIEW

Te Sacramento Valley region is served by a number of public and private electricity and gas utilities, some of which
also provide water and wastewater services. Te largest energy utility is Pacifc Gas & Electric (PG&E); however,
some jurisdictions are served by municipal utilities including the Sacramento Municipal Utility District (SMUD) and
Roseville Electric. Many smaller communities are members of the Northern California Power Agency, which operates
and maintains its own feet of power plants. Te entire region is part of the Western Electricity Coordinating Council
(WECC), which manages the reliability of the bulk electric system, though power in the region is balanced by both
the California Independent System Operator (ISO) and the Balancing Authority of Northern California (BANC).
ANTICIPATED IMPACTS TO THE ENERGY
SYSTEM

FIGURE 7

Te Sacramento Valley is supported by diverse
energy infrastructure, including over 200
power plants with an aggregate nameplate
capacity of over 8 GW, thousands of miles
of electric transmission lines (PG&E 2018),
2000 miles of natural gas and oil transmission
pipelines, oil terminals, and natural gas storage
facilities. Hydropower is the dominant source
of electricity in the region, accounting for about
52% of annual electricity production, followed
by natural gas fred power plants (29%), wind
(10%), biomass power (mostly landfll gas, 5%),
and solar photovoltaics (PV, 3%) (Figure 7)
(CEC 2017c; EIA 2018).
Energy infrastructure throughout the
Sacramento Valley region is vulnerable to
impacts of climate change such as higher
temperatures, fooding, dry years, and wildfres
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Annual electricity generation in the Sacramento Valley regions, based on California
Energy Commission data for Butte, Colusa, Glenn, Napa, Sacramento, Shasta, Solano,
Sutter, Tehama, Yolo and Yuba counties. Source: CEC 2017c.
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(USDOE 2015; Dell et al. 2014). Hydropower electricity generation (the largest electricity source in the region)
will be reduced by greater evaporative losses, changed precipitation timing, decreased snowpack, and more intense
storms (Avanzi et al. 2018; Madani & Lund 2009). Power generation facilities fueled by natural gas (the second
largest electricity source), geothermal, and solar power could sufer reductions in operating efciency and generation
capacity due to higher temperatures. Rising air temperatures could reduce the output from solar and natural gas
fred power plants, and variable wind patterns could afect output of wind power facilities. Electric transmission and
distribution systems also operate less efciently at higher temperatures, decreasing the capacity available to move
power from remote generation sites to consumers. A recent study by Sathaye et al. (2012) identifed transmission
lines in the Sacramento region as potentially vulnerable to rising temperatures.
All energy facilities in the region (power plants, transmission and distribution lines, natural gas and oil production,
storage, and pipelines) could be at risk of damage and disruption from larger storm events, sea level rise, and wildfres
(Bruzgul et al. 2018a, 2018b; CEC 2017a).
Warming will increase electricity demand for air conditioning in warmer months but decrease energy demand for
winter heating. Te net annual efect for the residential sector is almost no change in energy demand. Seasonal
and peak demand for cooling, however, will increase with increased temperatures (see Statewide Assessment). Less
natural gas might be needed for winter heat, but more natural gas will be needed for electricity generation and lower
efciency at summer peak times. In the longer term, the electric sector will have to increase production and storage
capacity to support decarbonization throughout the state.
AN OVERVIEW OF THE SACRAMENTO VALLEY’S TRANSPORTATION SYSTEM

Te Sacramento Valley transportation infrastructure supports roughly 2.5 million people with roads, bridges,
airports, trains, and transit facilities. Major highway corridors include Interstates 5 and 80, as well as a number
of state highways including SR 113, SR 99, and SR 20. Airport facilities include the Sacramento Metropolitan
Airport and many small public and private airfelds. Both commercial and passenger trains traverse the Valley;
commercial trains include the BNSF and Union Pacifc Railways. Amtrak’s Capital Corridor and Zephyr trains run
regularly through the region. Road, rail and air transport facilities support the shipment of goods valuing more than
$1,476,407 million each year (BTS 2012).
Pursuant to California Senate Bill 99 and Assembly Bill 101, the Active Transportation Program (ATP) was created
to fund bicycle and pedestrian infrastructure and non-infrastructure projects in the six-county Sacramento Valley
region including El Dorado, Placer, Sacramento, Sutter, Yolo, and Yuba counties (SACOG 2018a). As of 2015, the
Sacramento region contained over 480 miles of multi-use paths, 1,100 miles of bike lanes, and 300 miles of bike
routes, which are used for transportation and recreational purposes (SACOG 2018b).
Aggressive expansion of active transport is an efcacious yet currently underutilized policy option in California with
signifcant public health co-benefts for mitigating carbon emissions (Maizlish et al. 2017). Signifcant increases in
active transportation in California will likely require separation of motorized trafc and active travelers and reduced
driving speeds on some local and arterial roads (Maizlish et al. 2017).
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ANTICIPATED IMPACTS TO TRANSPORTATION

Te primary efects of climate change on transportation occur through higher temperatures, more frequent extreme
events, and changes in precipitation (Ball et al. 2010). Climate change impacts on transportation infrastructure could
increase in the second half of the 21st century (Neuman et al. 2015).
Extreme heat can accelerate roadway deformation (e.g., rutting and cracking) and track buckling (FTA 2011; Radke
et al. 2018); temperature fuctuations can create expansion and contraction at critical bridge joints. Wildfres afect
roads, trafc patterns, and create driving (decreased visibility) and health hazards (poor air quality).
Localized fooding can occur due to inadequate or under-sized drainage facilities relative to stormwater runof
increases. Flood damages to transportation can include pavement deterioration and bridge scour (Wright et al.
2012). Flooding also can increase landslides, road closures, and transit disruptions, including operational delays and
stoppages.
FUTURE ENERGY AND TRANSPORTATION SCENARIOS

California will host a diverse mix of vehicle types and transportation fuels over the next several decades as it
implements policies supporting zero emission vehicles, electrifcation, and low carbon or renewable fuels (Jones et
al. 2018). Many options are available for meeting California’s policy goals for transportation and GHG emissions.
Yeh et al. (2016) compared six energy/economic/environmental models that have helped inform California’s climate
policies. Tese models provide useful insights on the energy and transportation system transformations required. Key
fndings show broad agreement on many aspects of a low carbon emission transport sector future in California:
•

Unlike today’s transport sector, which relies on petroleum fueled engines, a variety of fuels and vehicles are
employed in a low carbon emission future, including biofuels, electricity, hydrogen, and natural gas, as well as
gasoline and diesel.

•

Te reference cases estimate that on-road transportation fuel use will remain fat or slightly decrease to 2030,
primarily due to improved vehicle efciency.

•

However, in scenarios that meet California’s 2050 GHG emissions target (80% reduction from 1990 levels),
reductions in transportation GHG emissions generally result from combined reductions in vehicle miles traveled,
vehicle and gasoline efciency improvements, and diesel displacement with low-carbon alternative fuels

•

Te exact mix of fuels and vehicles in a low carbon emission future (e.g. number of electric vehicles or amount of
biofuels consumed) can vary with diferent model assumptions. Biofuel availability will be a factor determining
this mix, along with the cost of zero emission technologies and the level of achievable efciency.

Future transport fuels like electricity, hydrogen, and biofuels will require infrastructure to produce and deliver fuel to
consumers. Many components of low carbon fuel systems (for example, solar plants, biorefneries, transmission lines)
remain vulnerable to climate change.
Te Sacramento Metropolitan Air Quality Management District was recently awarded SB-1 funds from Caltrans
to conduct an advanced heat study in a signifcant portion of the Sacramento Valley region, and to develop a Heat
Pollution Reduction Plan for the Transportation Sector. Tis work is launching in the summer of 2018.
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Review of California’s Climate Change Adaptation Plans and
Policies for the Energy Sector
PRINCIPLES OF ADAPTATION

I

FIGURE 8

n 2010, the White House Council on
Environmental Quality proposed a set of
guiding principles for adaptation policies
(Figure 8). These principles included
prioritizing integrated approaches and
protecting “people, places and infrastructure”
most vulnerable to climate effects, using the
best-available science, developing partnerships
across sectors and scales, incorporating risk
management strategies, protecting critical
ecosystems, maximizing mutual benefts, and
continuously evaluating performance
(WHC 2012).

Climate impacts on infrastructure are occurring
faster and in fundamentally diferent ways from
the past. An adaptive, integrated approach to
managing and managing climate change risks
must be in place. Adaptation includes activities
that plan for climate change efects across
integrated systems and protect vulnerable
infrastructure and environmental assets.
California is developing comprehensive
Guiding Principles for adaptation. Source: The White House Council on Environmental
strategies to adapt to climate change. Beginning
Quality 2010.
in 2009, the California Natural Resources
Agency (CNRA), working with the Climate
Action Team and coordinating with seven state agencies, issued a series of reports on safeguarding California (CNRA
2009, 2014, 2016, 2017, 2018). Tese reports summarize the best-available science on climate change impacts, assess
vulnerabilities, and outline possible solutions that can be implemented within and across state agencies to adapt to
climate change. All sectors of the economy are considered.
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Several in-depth studies have explored adaptation issues and strategies for California’s energy sector. Te California
Energy Commission (Energy Commission) was the frst to examine climate adaptations for electricity, natural gas,
and petroleum supply (Franco et al. 2005; Perez 2009; Stoms et al. 2013; Bruzgul et al. 2018a, 2018b; Radke et al.
2018;). Other studies include assessments by electric utilities that serve Northern California (PG&E 2016; SMUD
2012), and Energy Commission-supported research on energy sector vulnerabilities and actions (Sathaye et al. 2012;
CEC 2017a). Other regional energy system climate adaptation studies by the US Department of Energy (2013, 2015,
2016) and the National Academies (Dell et al. 2014) are also relevant for California.
Regional Adaptation for the Sacramento Valley

Te 2015 Sacramento Region Climate Adaptation Plan (SAC-CAP 2015) prepared by the Sacramento Council
Governments and CivicSpark ofers a regional adaptation plan. Te SAC-CAP plan builds on federal adaptation
principles (Figure 8) with “no regrets” strategies that can be embedded into existing work.
Te SAC-CAP recommends four broad adaptation categories: (1) maintain and manage, (2) strengthen and protect,
(3) enhance redundancy, and (4) retreat. Manage and maintain targets those actions that improve preparedness and
response. Strengthen and protect includes actions that focus on retroftting existing infrastructure and building new
infrastructure with higher standards. Enhancing redundancy includes actions that help create mode and network
alternatives. Finally, retreat identifes actions that relocate or abandon infrastructure in highly vulnerable locations.
Sacramento County recently completed a vulnerability assessment that identifed critical adaptations (CCAP 2017).
Tis efort included vulnerability analysis around population, functions, and structures. One tool used was CalAdapt, an interactive, online tool developed by the University of California, Berkeley with Energy Commission
funding to enable exploration of local climate risks in California based on peer-reviewed science (Tomas et al.
2018). Although the Sacramento County Plan identifed adaptations for each category of potential climate change
efects, the plan lacks an overall coherent implementation framework.
Despite little progress toward identifying and implementing adaptation strategies themselves, Caltrans did
solicit development of a guidance document to assist regional governments in addressing climate change in their
transportation plans (RTP) (Caltrans 2013). With transport facility lifetimes of 50 to 100 years, transportation
investment decisions must consider not only the potential climate change efects, but also how vulnerable and
important facilities are to the overall transportation network. Caltrans guidance lays out a fve-step evaluation
process for Metropolitan Planning Organizations to incorporate climate change assessment and adaptation.
Te Sacramento Region will grow, resulting in land-cover change and increased pressure on transportation
infrastructure. While substantial research has addressed how climate change is predicted to afect California (e.g.,
Cayan et al. 2008; Moser et al. 2009; Franco et al. 2011), far less research has focused on regional adaptation plans,
policy, and implementation. Many regional, county, and local governments will need enhanced coordination
and collaboration among transportation jurisdictions to address climate change impacts and risks. Many local
governments have made inter-jurisdictional collaboration a high priority and seem to be more reliant on other
agencies to ensure the inter-connectivity elements of transportation networks and their co-dependent sectors
(Oswald et al. 2016). State agencies may need to be more prominent in coordinating and managing transportation
system adaptation.
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LOCAL ADAPTATION FOR TRANSPORTATION PLANNING AND ENGINEERING

Despite the lack of direct state mandates, local governments have been the vanguard of action in both climate
mitigation and adaptation. Drawing from 2008 and 2010 surveys, Bedsworth and Hanak (2013) found that, by 2010,
most local governments had created elements of climate action plans. For transportation, most communities have
focused on developing bicycle and pedestrian master plans, implementing complete street policies, and charging
parking fees. Such actions refect mitigation more than adaptation.
Te Institute for Local Government has made available several local climate adaptation and resilience plans. For
example, Berkeley’s adaptation goal (City of Berkeley 2016) is to “Embrace and implement innovative, multi-beneft
natural resource management, urban planning, and infrastructure design solutions.” Strategies include integrating
multi-beneft green infrastructure into street improvements and using the latest climate science to protect and modify
existing assets and to design new infrastructure. Santa Cruz’ adaptation plan calls for building resilience into all
programs, plans, and infrastructure. Te City has identifed at risk infrastructure, conducted a public participation
process, and begun critical actions, including prioritizing bridge replacement and relocating or upgrading vulnerable
public infrastructure.
Currently, there are no requirements to incorporate climate adaptation into regional transportation plans. Barriers to
adaptation exist at the local level (She et al. 2015), including technical expertise and fnancial resources (NRC 2010).
State level funding incentives coupled with local information on changing conditions and leadership will further the
goal of local adaptation planning and implementation in response to climate change (She et al. 2015).

Land Use, Natural Habitats, and Working Lands
OVERVIEW

Climate change impacts on the Sacramento Valley’s natural resources include the risks of higher temperatures,
fooding, drought, and fre imposed on natural and working lands. Higher temperatures afect human health,
economic, and ecosystem processes and outcomes. Flood threats to urban areas may be addressed by food detention
basins, levee setbacks, and improved land use planning. Drought impacts are addressed through agricultural
adaptation, surface water supply augmentation, improved groundwater management, and conservation. Solutions
that promote sustainable water storage and enhanced reservoir capacity should also be considered. Fire is of greatest
concern in the wildland-urban interface, where both fuel management and improved planning are important
adaptation tools. Implementation of climate-smart agricultural best management practices (BMPs) for this region
encompasses both adaptation and mitigation measures.
LAND USE: FLOODING IMPACTS AND ADAPTATION

High-intensity rainfall is a risk for urban areas. In the Delta, sea level rise will increase fooding, especially during
high tide events (Maendly 2018; Suddeth et al. 2010). Flood protection for the Sacramento metropolitan area has
received considerable attention, but other smaller towns and cities in the Valley as well as rural households and
businesses, are likely to face more expensive fooding challenges and risks in the coming decades.
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Te Yolo Bypass is an overfow channel of the Sacramento River that routes foodwaters away from the main channel;
it’s a mosaic of agriculture, food control management, and nature conservations areas, and is more ecologically and
hydraulically functional than conventional food control (Greco & Larsen 2014; Opperman et al. 2017). Te Lower
Elkhorn Basin Levee Setback (LEBLS) project is an example of a multi-beneft approach to the management of food
risks. Te LEBLS project, estimated to cost $175 million and be completed in 2023, will set back the levees of the Yolo
Bypass to attain 200-year recurrence interval level protection (Greco & Larsen 2014; CDWR 2017a, 2017b), helping
to protect 780,000 people and $53 billion in assets in the Sacramento Valley. Te increased foodplain inundation
will also beneft fsh by expanding habitat. Te expansion of foodplains with riparian forests, wetlands and prairies
will create habitat and improve connectivity for many terrestrial species. At the same time, the project will maintain
productivity of rice and other crops and increase recreational opportunities for a variety of stakeholders. However,
the likelihood of inland mega-foods can be expected to increase with climate change and a 200-year level of
protection is not sufcient to meet disasters such as the “Great Flood” event of 1861-1862 (Swain et al. 2018).
LAND USE: DROUGHT & FIRE IMPACTS AND ADAPTATION

Past land-management and -use practices, the long-standing policy of fre suppression, and, more recently, human
development in fre-prone and -dependent ecosystems, have increased the intensity and extent of fre in the region,
a risk exacerbated by climate change. Climate changes, including increased temperatures and soil moisture defcits,
longer and more intense droughts, as well as rising population demands, all play a role in wildfre intensity and
duration. Te largest increases in the area burned by wildfre occurred in conifer forests and shrub ecosystems in
the last two decades (Cal Fire FRAP 2018; Schwartz et al. 2015) coinciding with increases in human caused ignitions
(Westerling 2016). Te region is also experiencing increases in total fres per year (Westerling 2016) and increases
in fres at higher elevations (Mallek et al. 2013; Schwartz et al. 2015). Climate appears to drive the variability of high
severity fres, especially at lower elevation forests (Keyser & Westerling 2017).
Several studies suggest future climate change will further increase wildfre risk in the state. Westerling et al. (2011)
estimate that wildfre area for much of the Sierra Nevada and other forested areas of Northern California will increase
~300% this century (assessed for three 30-year time periods centered on 2020, 2050, and 2085, relative to a 30-year
reference period centered on 1975); however, this analysis does not consider all factors afecting fre (e.g., vegetation
shifs on response to a changing climate, impacts of climate on wind, etc.). Hurteau et al. (2014) reported the
potential for increase in wildfre CO2 emissions due to future climate efects and development.
Tere are several management and invention strategies that can be employed to reduce fre risk in response to
climate change.
Prescribed burns and strategic thinning of forest stands can reduce fuels loads for fre and reduce the number of
smaller trees that allow for increased growth and carbon sequestration capacity of the remaining larger trees.
Healthy forests that result from these types of treatments, in addition to larger, landscape-scale mechanical
restoration treatments, are more adaptive in the face of climate change, less susceptible to large megafres, and have
the potential to sequester more carbon. Recent research also points to the potential for high carbon sequestration
capacity in grasslands and tree-sparse rangelands in response to climate change impacts this century (Dass et al.
2018). For more information on how our forests can help realize the states GHG reduction targets please see the
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States Forest Carbon Plan. We also refer the reader to Governor Brown’s Executive Order B-52-18 (May 2018) to
improve the health of California’s forests and help mitigate the threat and impacts of wildfres.
Additional responses to increased fre include improved land use planning and intensifed fuels management,
particularly in the wildland-urban interface. One example is the Lakeview Hazardous Fuels Reduction Project on
the north shore of Clear Lake. Tis project spans the boundary between private lands and the Mendocino National
Forest, a rugged landscape of chaparral, open oak woodlands, and conifer forests. In 1996 this area was the location
of the human-caused 83,000-acre Fork Fire. Te Lakeview project is designed to increase the likelihood that a fre
beginning on the National Forest will be controlled before reaching private lands, and vice versa. Tools include
thinning, particularly of conifer forests; shredding of trees and shrubs; and prescribed fre, ofen applied afer
thinning. Te Forest Service has prescribed guidelines that prevent wholesale destruction of chaparral ecosystems.
Te project currently focuses only on the National Forest lands but may expand onto adjacent private land in the
future.
Te Sacramento Valley region can implement a variety of other drought remediation measures for climate-related
land use impacts. Tese include: holistic water management, developing new sources of groundwater recharge and
supply, groundwater regulation, infltration basins, the use of aquifers as reservoirs, and water conservation (Herman
et al. 2018).
NATURAL HABITATS: DROUGHT IMPACTS AND ADAPTATION IN UPLAND, AQUATIC, AND RIPARIAN ECOSYSTEMS

Rising temperatures, drought and fre are threatening natural ecosystems and their services in the Sacramento Valley
(Cook et al. 2014; Torne et al. 2016, 2017; Young et al. 2017). Higher fuel loads, combined with more people, are
projected to increases the wildland area burned by wildfre (Lenihan et al. 2008; Westerling et al. 2011). Species
composition in natural habitats will be altered and iconic species (e.g., valley oak and blue oak) may become
uncommon or lost from the Sacramento Valley under long-term business-as-usual scenarios (Barbour & Kueppers
2012; Kueppers et al. 2005; Hannah et al. 2012; Lenihan et al. 2008; Torne et al. 2017). Te ability of plants and
animals to move or shif their ranges in response to climate change may be impeded by landscape fragmentation
from land use and transportation (e.g., highways) (Keeley et al. 2018). Species migrations in response to climate
changes may be limited or blocked (Spencer et al. 2010; Damschen et al. 2012; Corlett & Westcott 2013; Loarie
et al. 2009). Climate change is expected to increase the abundance of exotic species in most plant communities,
particularly with fre or human disturbance (Bradley et al. 2010). Altered composition may result in the evolution
of novel communities and loss of desired ecosystem services (Williams& Jackson 2007; Hobbs et al. 2009, 2014).
Proposed mitigation strategies, such as adding compost to natural and semi-natural grasslands, may result in
increased carbon sequestration; however, they may also pose unknown but potentially large risks to native plant and
animal diversity (Flint et al. 2018; Silver et al. 2018).
Promoting climate resiliency among species, habitats and ecosystems will beneft from improved habitat connectivity
and refugia (i.e., habitats with reduced vulnerability) within Sacramento Valley landscapes (Spencer et al. 2010; Beier
& Brost 2010; CDFW 2015, Keeley et al. 2018). Climate change solutions within the region will need to consider
fuel management options (e.g., prescribed fre) (Moghaddas et al. 2018), land use planning, locating development to
protect wildlands and ecosystem functions/services, and management for ecosystem services (e.g., invasive species
removal, introducing new species or subspecies to maintain ecosystem services).
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Wetlands in the Sacramento Valley have been reduced by 90%, yet remain internationally signifcant for bird
migration, particularly waterfowl and shorebird species in the Pacifc fyway (Shuford 2014; Shuford & Dybala 2017).
Aquatic habitats of the Sacramento River and its tributaries support important salmon and steelhead runs, as well
as other native species, many of which are endangered and declining (Moyle et al. 2011). Te highest number of
California endemic fshes are found in the Sacramento Valley and 82% of native fshes have a probability of becoming
extinct by 2100. Wetland and riparian systems are especially imperiled by longer droughts and issues of warmer water
temperatures, poorer water quality, as well as altered timing and greater variability of water delivery. Anticipated
impacts include rising dominance of non-native species and extinctions of many native and endemic species (Moyle
et al. 2011, 2015).
Adapting to climate change requires reestablishing functioning river/foodplain/riparian systems, as well as creating
solutions to shrinking water supplies including, but not limited to, creating additional water storage in reservoirs and
creating fow regimes that are benefcial to animals and fshes. Riparian areas with both natural aquatic features and
constructed irrigation and drainage structures are the most broadly connected habitat type in the Sacramento Valley
and can form the kernel of an interconnected habitat lattice for the region (Seavy et al. 2009; Spencer et al. 2010;
Fremier et al. 2015). Riparian area protection, restoration, and enhancement must be combined with reestablishing
more natural water fow regimes and connections among rivers/streams and their foodplains, including setting back
levees to widen foodplains, expanding bypasses, restoring and enhancing riparian areas, and restoring wetland areas
(CDWR 2016, 2017a). Te restored foodplain systems will signifcantly enhance food protection in the Sacramento
Valley while benefting fsh and wildlife (Greco & Larsen 2014; Opperman et al. 2017). Dwindling salmon runs
in the Sacramento Valley now depend on cold water released from dams, hatcheries, and assisted migration (i.e.,
transporting juvenile hatchery fsh to the San Francisco Bay) to sustain populations (Moyle et al. 2017), all of which
become more difcult to sustain with higher temperatures and extreme weather conditions (Durand et al. 2018).
AGRICULTURE & SEMI-NATURAL HABITATS: CLIMATE IMPACTS, ADAPTATION, AND MITIGATION

Much of the Sacramento Valley supports agriculture. Climate change may reduce the economic viability of some
agricultural lands in the Sacramento Valley. Climate change is expected to alter the variety of crops that can be grown
in the region (CalCAN 2011) and diminish the productivity of some crops, while increasing the productivity of
others (Medellin-Azuara et al. 2018). Of 12 crop groups reviewed by Howitt et al. (2009) for the Sacramento region,
half of the crop group yields are projected to decline 1.9-11% (e.g., feld crops, orchards, grains, grapes, corn, and
truck crops), while others remain neutral or slightly increase by 0-5% (e.g., cotton, alfalfa, citrus, rice, tomato, and
pasture) (Howitt et al. 2009). Such projected 21st century declines in crop productivity are consistent with climate
change risks to a variety of tree crops, maize, cotton, sunfower, and rice throughout California (Pathak et al.
2018). Within the Sacramento Valley, the total cultivated acreage is expected to decrease for nearly all crop groups,
especially feld crops, despite increases in expected yields of some the crop groups (Howitt et al. 2009).
Some irrigated farmland is being converted to urban and other land uses, at a rate of about 53,000 acres/year (DOC
2016). Regulations or incentives may be useful for managing these abandoned lands to maintain wildlife habitat
values. Te combined pressures of climate change and land conversion will afect wildlife that depend on agricultural
or grazed lands, such as the burrowing owl, the Swainson’s hawk, the giant garter snake, as well as waterfowl and
shorebirds that use winter-fooded cropland. Other agricultural landscape BMPs that can help alleviate the efects of
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climate change on wildlife in agricultural and semi-natural landscapes include hedgerows, tail water ponds, enhanced
riparian areas, vegetated road verges and canal edges, and groundwater recharge (Donald & Evans 2006; Kreiling et
al. 2018).
Agriculture is also a source of GHG’s in California, estimated at 8% of total emissions, 67% of which comes from
livestock production, 20% from fertilizer, and 13% from fuel (Byrnes et al. 2017). “Climate-smart agriculture” (CSA;
Steenwerth et al. 2014) proposes a set of actions to reduce these impacts. A major tenet of CSA is reduction of water,
energy, nutrient, and chemical inputs. Manipulating feed composition and manure BMPs to capture and reuse
methane with anaerobic digesters and other methods can help reduce methane emissions. Native oak and riparian
zone restoration on range lands may aid carbon sequestration (Kroeger et al. 2009; Lewis et al. 2015). Another
important adaption measure is crop improvement using traditional crossing techniques and genomic methods.
New sources of surface water supply for agriculture may also be needed to ofset projected snow pack losses, using
a variety of techniques such as meadow restoration in the Sierra Nevada (Rodriguez et al. 2017) or of-stream
storage facilities like the Sites Reservoir proposal in the Sacramento Valley (Bureau of Reclamation 2017). Sources
of new surface water should minimize environmental impacts to the maximum extent practicable and mitigate for
cumulative efects and lost ecosystem services, especially in large water development projects such as the North of
Delta Of-stream Storage (NODOS) program’s Sites Reservoir proposal (Fremier et al. 2014). Integrating multiple
strategies and a diversity of practices will be needed to ofset climate change impacts on agricultural production and
the efects of agricultural production on climate change (Byrnes et al. 2017).
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Cross-sector Interactions

H

ere, we evaluate a set of interactions across different core sectors of this report and highlight several caseexamples of multiple benefts of climate adaptation and mitigation in the Sacramento Valley.

CROSS-SECTOR IMPACTS

Te Sacramento Valley region includes the fast-growing Sacramento metropolitan area. Despite the large Sacramento
urban area, surrounding areas are rural with towns and small cities and large intersecting expanses of rangelands,
working lands, agricultural production, wetlands, and riparian habitats. Te Sacramento region represents among the
best historical examples of infrastructural modifcations due to pressures on the natural environment for the beneft
of society. Such modifcation is particularly evident in the case of food management in response to heavy rainfall
and runof events that historically inundated the southern portions of the Sacramento Valley. Te current levees,
catchment basins, weirs, and bypasses (e.g., Yolo Bypass) are so integral to the region that we may not appreciate their
role in promoting societal resilience to climatic extremes. Tey serve as reminders of how climate change may directly
and indirectly interact across sectors and stakeholder groups within the region.
CROSS-SECTOR ADAPTATION AND MITIGATION CO-BENEFITS

Adaptation to climate change requires adjusting actions, institutions, and infrastructure to present and anticipated
climate risks (Mach et al. 2014). Adaptation is successful when it is capable of collectively avoiding and efectively
responding to dangerous climate impacts in the future. In many cases, strategic climate adaptation investments can
create jobs that are focused on weather-proofng existing systems to avoid future economic damages, saving taxpayer
dollars and creating co-benefts for people and the environment (Agrawala & Fankhauser 2008). It will be critical
for policymakers, managers, and land owners to avoid the most dangerous risks of climate change, but to also take
advantage of benefcial situations and increased fexibility that comes with climate-smart planning. Mitigation can
also include reductions in GHGs that contribute to climate change (e.g., reduction in GHG emissions from ruminant
livestock given the proper incentives). Although the region is not a signifcant dairy producer relative to other
locations in the state, California’s dairy digester research and development and alternative manure management
programs provide fnancial assistance to producers to reduce GHGs.
Not all sectors will respond to climate-related stressors and disturbances in the same way. Quite the opposite: there
are several sectors under the general umbrellas of (1) Public Health, (2) Energy, Water, Utilities, and Transportation,
and (3) Land Use, Natural Habitats, and Working Lands, where cross-sectoral interactions might result in unintended
consequences. Actions to avoid negative climate impacts on any given sector can confer benefts or unwanted risks on
other sectors (Berry et al. 2015). Tis is why it is important to consider systemic interactions and feedbacks among
sectors when developing coordinated climate change planning. Co-benefts are achieved when outcomes that promote
carbon sequestration (mitigation) improve, for example, system adaptation and ecosystem or economic performance.
What follows is a simple consideration of the cross-sectoral efects of these sectors in the Sacramento Valley, or where
co-benefts might result.
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Public health

Several adaptation measures could reduce risks from extreme heat and poor air quality. Among them are planting
of urban trees, development of refective surfaces (white roofs on houses, for example), and greenspaces. Added
co-benefts of these kinds of investments include increased carbon storage, reduced energy costs, and reduced air
conditioning demand and particulate pollution, albeit with higher water use in some cases. As previously discussed,
refective cool roofs on residential and commercial buildings have been shown to reduce nearby neighborhood
surface temperatures, thus reducing urban heat island efects (Taha et al. 2018).
Energy, Water, Utilities, and Transportation

With increasing population growth in the region and increased temperatures and reductions to Sierra Nevada
snowpack, the importance of water conservation will continue to grow. Incentives that reduce water use in residential
landscaping could help cut water use in households. Groundwater banking strategies in croplands can aid in local
groundwater recharge and advanced micro-irrigation technologies and remote sensing techniques can continue to
promote water-use efciency in croplands. Larger scale opportunities to improve reservoir storage and management
of fow regimes for maximum agricultural and environmental beneft can help the Sacramento Region become more
climate resilient and improve the economic and recreational value of natural resources.
Land Use, Natural Habitats, and Working Lands

Ranching and rangelands are important to the region’s land use and economy. To adapt to climate change, ranchers
and scientists are working to restore the region’s rangelands by including hardy bunchgrass species to provide
higher quality forage and increase carbon in the soil. Soils with more organic carbon also can hold more water. Such
adaptations also can enhance wildlife habitat.
Improved irrigation techniques, fertilization, and precision agriculture have the potential to save water and energy,
reduce carbon dioxide emissions by increasing soil organic carbon, decrease methane emissions from rice production
via intermittent irrigation, and reduce nitrogen emissions to the air and water.
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SACRAMENTO BIOREGION CASE STUDIES FOR ADAPTATION AND MITIGATION TO CLIMATE CHANGE

Several case studies in the Sacramento Valley highlight examples of cross-sector benefts of climate smart approaches.

CASE STUDY 1 | Improving Rangeland For Climate Change Adaptation

P

oint Blue Conservation Science’s Rangeland Watershed Initiative (RWI) implements collaborative, science-based management to
restore rangelands and watersheds for wildlife and human communities. RWI has embedded Partner Biologists in 15 California
Natural Resource Conservation Service (NRCS) feld offces to increase NRCS’s wildlife biology capacity and expertise.

Partner biologists work with local landowners to inventory resources and concerns, identify suitable conservation practices, and
identify funding programs – such as the Farm Bill’s Environmental Quality Incentives Program – that provide conservation cost-share to
incentivize landscape enhancements. The partner biologist model works through a cooperative agreement with NRCS, which provides
partner biologists access to NRCS offces and conservation planning resources to help engage networks of landowners and other
conservation partners, such as Cooperative Extension, Resource Conservation Districts, and Land Trusts.
RWI facilitates the application of prescribed grazing and other rangeland conservation practices to increase soil water retention and
carbon sequestration, increase downstream water supplies, improve forage and overall ranch productivity, and enhance and expand
riparian and wetland habitat for migratory birds and other wildlife (Flint et al. 2018; Silver et al. 2018).
Partner biologists advance conservation by cultivating land stewardship with collaborating land owners, engaging local communities,
and ecological monitoring across a network of 80 collaborating ranches. The monitoring protocols are available for anyone to use.
More information on the programs can be found at www.pointblue.org.
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CASE STUDY 2 | Planned Rotational Grazing And Perennial Grasses To Improve
Soil Health And Extend Grazing Season

I

n Yolo County’s Capay Valley, the Rangeland Watershed Initiative is building on an existing relationship
between the NRCS and Yocha Dehe Wintun Nation (Yocha Dehe). Tis Native American tribe owns
several properties used primarily for crop production and cattle ranching. Te NRCS assists with
conservation plans and conservation practices.
On one rangeland
property, a Yocha Dehe
ranch manager, Adam
Cline, employs rotational
grazing in the fall through
spring. Well-planned
rotational grazing allows
grasses and wildfowers
to recover, maintain
vigor, and produce
adequate seed. Vigorous
above-ground growth
means more productive
below-ground growth
and biological activity,
usually resulting in soils
with more organic matter.
Such soils increase carbon
storage and improve water
infltration and holding
capacity.

FIGURE 9

The perennial grass planting area at Yocha Dehe’s ranch prepped and seeded in January 2015.

Cline and NRCS Rangeland Specialist, Nick Gallagher, co-developed a conservation plan for this property in
2013, including fencing, livestock water troughs, and perennial grass seeding (Figure 9) supported by costshare incentives from the NRCS’s Environmental Quality Incentives Program.
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CASE STUDY 2 | CONT‘D
Cline expressed interest in building on the success
of a few-acre seeding of Harding grass (Phalaris
aquatica) on the ranch (Figure 10). Results revealed
higher forage biomass and, consistent with other
perennial grasses, higher green biomass into the
dry season vs. surrounding annual grasses (Figures
11 and 12). Te ranch has managed over 20 acres
with perennial grasses that extend foraging even in
drought years, while increasing carbon sequestration
and other soil benefts.

FIGURE 10

Point Blue’s partner biologist, Corey Shake, began
monitoring the ranch’s soil, vegetation, and bird life
in 2014. Te monitoring model of the Rangeland
Harding grass seedlings (blue-green understory) amidst other
Watershed Initiative and Rangeland Monitoring
annual grasses in late April 2015.
Network is to collect key data on soil carbon, soil
compaction, water infltration, plant communities, and bird populations to assess how conservation practices
are working to achieve their objectives. Tey periodically present this data to ranchers and the NRCS to
inform future adaptive management.
FIGURE 11

Perennial grass seeding area from hill above in late April 2015.
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FIGURE 12

Green of Harding grass seedlings still visible in late May 2015
amidst red and brown annual grasses.
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CASE STUDY 3 |

Evaluating Compost Application To Rangelands In The
Sacramento Valley Foothills

S

preading residential green waste compost on
rangelands has been shown to increase soil
carbon and boost forage productivity in coastal
California grasslands (Flint et al. 2018; Silver et al.
2018). Te owners of Yolo Land & Cattle Company
were eager to test this method in the hotter and drier
Sacramento Valley foothills near Esparto, California
(Figure 13).
Te Yolo County Resource Conservation District
(Yolo Co. RCD) coordinated the funding efort to
help ofset costs of compost and its application. Tey
teamed up with Corey Shake to develop a proposal to
the California Department of Food and Agriculture’s
Healthy Soils Initiative. Chris Potter of CASA Systems
2100 joined the proposal to measure GHG emissions
from the soil.

FIGURE 13

Cattle grazing on a feld in mid-May at Yolo Land & Cattle’s home
ranch where compost will be applied fall 2018.

Te grant was recently awarded to Yolo Co. RCD and team members. Work has commenced on gathering
pre-treatment data on soil and vegetation. Te grant requires the project to focus on demonstrating the
efects of the soil health benefcial practices to at least 100 other ranchers. To measure these efects, Point
Blue and CASA Systems have designed a monitoring program that evaluates soil organic carbon and other
soil health metrics, soil CO2 fux, plant communities, and forage production at control and treatment sites,
both before and afer application.
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CASE STUDY 4 |

Increasing Water Effciency And Reducing Greenhouse Gas
Emissions For Walnut And Almond Orchards In Glenn Co.

W

ith a grant from the CDFA’s State Water Efciency and Enhancement (SWEEP) Program, Bruce
and Kerwin Grivey converted a 48-acre walnut orchard and 13-acre almond orchard from food
to sprinkler irrigation via a 50 kilowatt (kW) solar generating facility. Te project resulted in
substantial water savings (14.33-acre inches per year) and a net reduction in GHG emissions (20.195 tons
CO2E/Year). With the installation of the solar system, micro sprinklers, variable-frequency drive (VFD), fow
meters, soil sensors, and referencing CIMIS, Bruce has observed substantial improvements in water efciency
and reductions in energy use and on-farm GHG emissions.
Bruce’s new irrigation technology has saved water. Using micro sprinklers ensured that the orchard foor can
still be adequately soaked, while allowing for full coverage of his trees’ extensive root systems. While drip
irrigation can be highly efective when planting a new orchard, micro sprinklers are better for converting an
existing orchard from food irrigation to ensure that established roots still receive full coverage. Bruce also
installed soil moisture sensors, which take the “guess work” out of irrigation by insuring the proper amount
of water is applied in response to changes in soil moisture.. Finally, a VFD and fow meter help Bruce detect
leaks within his irrigation system.
Bruce was very happy with the results of his SWEEP project and the signifcant water and energy savings
he has enjoyed as a result. Te new micro sprinkler irrigation system has helped with water penetration and
improved the health of his crops. Te micro sprinklers are also better for frost protection and for greater
distribution of soil moisture.
For more information on the program, visit the CDFA SWEEP program webpage, your local Resource
Conservation District, UC Cooperative farm advisors, US Department of Agriculture Natural Resource
Conservation District, the technical assistance workshop from Resource Conservation District, or Ag Alert.
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