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1 INTRODUCTION

This vulnerability assessment provides an overview of the primary and secondary threats associated with
climate change, and identifies the ones most likely to affect Sacramento County. The findings of the
vulnerability assessment will be used to develop climate adaptation strategies that address these threats,
which will be included in the County’s Climate Action Plan (CAP).

The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by the World
Meteorological Organization and the United National Environmental Programme to provide the world with a
scientific view on climate change and its effects. Global climate change has a number of adverse effects on
natural resources and the human population. These include:

4 rising sea levels due to thermal expansion of ocean water and melting of polar ice caps and sea ice,
which can inundate low-lying areas exposed to tidal action and increase the severity of flooding risk;

4 changes in the timing, severity, and amounts of rainfall and snowfall, leading to changes and greater
variability in wet and dry periods that will affect water supply and flood risk;

4 increased stress to vegetation and terrestrial and aquatic habitats, leading to adverse effects on
biological resources and sensitive species;

4 changes in the frequency and duration of heat waves and droughts, which can affect human populations
and community infrastructure; and

4 increases in wildfire hazards.

Over the long term, these changes create the potential for a wide variety of secondary consequences,
including human health and safety risks, economic disruptions, diminished water supply, shifts in ecosystem
function and habitat qualities, and difficulties with provision of basic services (California Natural Resources
Agency [CNRA] 2012a:3). Locally, climate change is already affecting and will continue to alter the physical
environment throughout the Central Valley and Sacramento County; however, specific implications of climate
change effects vary with differing physical, social, and economic characteristics within the County. For this
reason, it is important to identify the projected severity of climate change impacts on Sacramento County
and ways the County can reduce vulnerability to them. Communities that begin to plan now will have the best
options for adapting to climate change and increasing resilience (CNRA 2012a:4).

2 CLIMATE CHANGE ADAPTATION PLANNING PROCESS

The California Adaptation Planning Guide (APG) provides climate change guidance to cities, counties, and
local governments. The APG introduces the basis for climate change adaptation planning and details a step-
by-step process for local and regional climate vulnerability assessment and adaptation strategy development
(CNRA 2012a:ii). As shown below in Figure 1, the climate adaptation planning process follows this sequence
of steps:

1) Exposure: assessing exposure to climate change impacts.

2) Sensitivity: assessing community sensitivity to the exposure.

3) Potential Impacts: assessing potential impacts of the climate change exposure and sensitivities.

4) Adaptive Capacity: evaluating existing community capacity to adapt to anticipated impacts.

County of Sacramento
Climate Change Vulnerability Assessment for the Sacramento County Communitywide CAP 5



Communitywide CAP Ascent Environmental

5) Risk and Onset: evaluating risk and onset, meaning the certainty of the projection and speed at which
they may occur.

6) Prioritize Adaptive Needs: setting priorities for adaptation needs.
7) Identify Strategies: identifying strategies to address adaptation needs.
8) Evaluate and Prioritize: evaluating and setting priorities for implementation of strategies.

9) Phase and Implementation: establishing a phasing and implementation plan.
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Figure 1 Climate Adaptation Planning Process Steps
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The first five steps of the process represent the vulnerability assessment phase, which is a method for
determining the potential impacts of climate change on community assets and populations. The severity of
these impacts and the community’s ability to respond will determine how they affect a community’s health,
economy, ecosystems, infrastructure, and socio-cultural stability (e.g., traditions, sense of place, values) (U.S
Department of Agriculture [USDA] 2011). The second phase of the process is adaptation strategy
development. The vulnerability assessment phase helps communities understand climate change impacts,
so that they can prepare effective climate adaptation strategies to increase resilience to climate change.
Development of climate adaptation strategies will be included in the main body of the County’s CAP.

3 VULNERABILITY ASSESSMENT

A vulnerability assessment follows the first five steps in climate change adaptation planning development,
and is intended to answer the following questions:

Exposure: what climate change effects will a community experience?

Sensitivity: what aspects of a community (i.e., function, structures, and populations) will be affected?
Potential Impacts: how will climate change affect the points of sensitivity?

Adaptive Capacity: what is currently being done to address the impacts?

Risk and Onset: how likely are the impacts and how quickly will they occur?

AANAKNANAN

Based on data provided by IPCC and research conducted by the State of California and its partner agencies
and organizations, the effects of climate change are already occurring and will continue to occur in Sacramento
County. These effects are identified and analyzed further below.

3.1 STEP 1: EXPOSURE

The first step in the vulnerability assessment is to identify the climate changes predicted for Sacramento
County. For the purposes of this assessment, where predictive data exists, climate change effects are
characterized for two milestone years: midcentury (2050) and end of century (2100). Historical data are
used to set the baseline for describing the degree of change occurring by these two future dates.

The direct, or primary, effects of climate change analyzed for Sacramento County include:

4 increased temperature,
4 changes in precipitation patterns, and
4 sea-level rise.

Secondary consequences, which could occur as result of one or a combination of these primary effects, are
also analyzed. These include:

increased frequency, intensity, and duration of extreme heat days and heat waves/events;
loss of snowpack and decreased water supplies;

increased wildfire; and,

increased flooding.

AANKNNA

To begin identifying these impacts, the APG encourages communities to use Cal-Adapt as a source of
information to forecast potential climate change impacts over time. Cal-Adapt is a climate change scenario
planning tool developed by the California Energy Commission (CEC) and the University of California Berkeley
Geospatial Innovation Facility. Cal-Adapt downscales global climate simulation model data to local and
regional resolution under two emissions scenarios: the A-2 scenario represents a higher, future global
greenhouse gas (GHG) emissions scenario, and the B-1 scenario represents a lower future GHG emissions
scenario. Which scenario most closely resembles actual future conditions depends on the effectiveness of

County of Sacramento
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programs implemented to reduce GHG emissions. While there has been progress on GHG emissions
reduction and significant national, sub-national, regional and local efforts, overall anthropogenic CO2
emissions have continued to rise at a rate that is anticipated to have major consequences worldwide (IPCC
2014). Because the degree of effectiveness of implemented programs is not yet known, results from both
emissions scenarios are considered in this vulnerability assessment and distinguished, where possible.

Not all climate change effects within Cal-Adapt have data aggregated specifically for county-wide description.
Cal-Adapt downscales most of its data to grid cells 12 kilometers (km) by 12 km in size (approximately 60
square miles), which cannot be easily aggregated for county-level evaluations, because the edges of the grid
cells and county jurisdictional boundaries do not coincide. Twenty-eight grid cells are located entirely or
partially within Sacramento County boundaries. For the purposes of this vulnerability assessment, where
county-wide data are not available, this set of 28 grid cells is used for consistency in comparisons.

Cal-Adapt data describing future climate conditions for Sacramento County are summarized in the sections
below.

3.1.1 Increased Temperature

According to IPCC, global average temperature is expected to increase relative to the 1986-2005 period by
0.3-4.8 degrees Celsius (°C) (0.5-8.6 degrees Fahrenheit [°F]) by the end of the 21st century (2081-2100),
depending on future GHG emissions scenarios (IPCC 2014:SPM-8). According to CNRA, downscaling of
global climate simulation model data suggest that average temperatures in California are projected to
increase 2.7 °F above 2000 averages by 2050 and, depending on emissions levels, 4.1-8.6 °F by 2100
(CNRA 2012b:2).

Figure 2 shows the projected change in average temperatures across Sacramento County under the low-
emissions scenario and high-emissions scenario.

Annual average temperatures in Sacramento County are projected to increase steadily. Sacramento County’s
historical average temperature, based on data from 1961 to 1990, is 61.9 °F. According to Cal-Adapt,
Sacramento County is projected to experience a temperature increase of 1.5 °F by 2050 and 3.5 °F by 2090
under the low-emissions scenario, and an increase of 4.1 °F by 2050 and 6.2 °F by 2090 under the high-
emissions scenario, as compared to the 1961 to 1990 baseline period (Cal-Adapt 2016).

Sacramento County’s annual average low temperature, based on historical data from 1961 to 1990, is 49.8
°F. Under the low-emissions scenario, annual low temperature is projected to increase 1.6 °F to 51.4 OF by
2099. The annual average low temperature under the high-emissions scenario is projected to increase 6.0 °F
to 55.8 °F by 2099. Historically, the annual average high temperature is 73.1 °F. Under the low-emissions
scenario, by 2099, annual average high temperatures are projected to increase 3.1 °F to 76.2 °F. Under the
high-emissions scenario, annual average high temperatures are expected to increase 7.2 °F to 80.3 °F by
2099 (Cal-Adapt 2016).

EXTREME HEAT

Increased temperature is expected to lead to secondary climate change impacts, including increases in the
frequency, intensity, and duration of extreme heat days and multi-day heat waves/events in California. Using
Cal-Adapt’s Extreme Heat tool, historical data from Sacramento County were used to project the change in
frequency of extreme heat days, warm nights, and heat waves for the low- and high-emissions scenarios in
2050 and the end of century (2099). Historical data and projections are discussed below.

County of Sacramento
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Extreme Heat Days

Cal-Adapt defines the extreme heat day threshold for Sacramento County as 100 °F or higher. An extreme
heat day is defined as a day between April through October where the maximum temperature exceeds the
98th historical percentile of maximum temperature based on daily temperature data from 1961 to 1990
(i.e., 100 °F). From the data collected from 1961 to 1990, Sacramento County has a historical average of
four extreme heat days a year. Figures 3 and 4 show the number of days Sacramento County exceeded, or
projected to exceed the area’s extreme heat day threshold for each year from 1950 to 2099 under both
emissions scenarios. Sacramento County is already experiencing an increase in the frequency of extreme
heat days per year with a current average of eight to nine extreme heat days per year from 2010 to 2016
(Cal-Adapt 2016), including 18 extreme heat days in 2015.

Cal-Adapt data show a range of projected increases in the number of extreme heat days by 2099, all of
which are at least four times the historical (1961-1990) average in both emissions scenarios. The projected
annual average number of extreme heat days under the low-emissions scenario is approximately 15 days
per year in 2050 and between 19 to 45 days per year at the end of the century. Under the high-emissions
scenario, Cal-Adapt predicts that Sacramento County will experience 25 to 31 extreme heat days per year in
2050 and 50 to 67 days per year by 2099 (Cal-Adapt 2016).

In combination with extreme daytime heat, warm nights are also an important factor to consider. A warm
night is defined as a day between April through October where the minimum temperature exceeds the
average minimum temperatures between 1961 and 1990. Historically, Sacramento County has an average
of four warm nights per year, with a threshold of 65 °F. Under the low- and high-emissions scenarios, the
number of warm nights is expected to increase to an average of 12 to 33 nights by 2050 and 23 to 90
nights by 2099 (Cal-Adapt 2016).

Heat Waves

When extreme temperatures are experienced over a period of several or more days, they are known as heat
waves in some definitions, or heat events in others. The U.S. Environmental Protection Agency and Centers
for Disease Control define extreme heat events as “periods of summertime weather that are substantially
hotter and/or more humid than typical for a given location at that time of year.” Scientists expect climate
change to lead to longer, more severe, and more frequent extreme heat events. According to Cal-Adapt, a
heat wave occurs when the extreme heat day threshold (i.e., 100°F in Sacramento County) is exceeded for
five or more consecutive days. This vulnerability assessment uses the Cal-Adapt term, heat wave, to describe
current and projected future extreme heat conditions occurring over multiple days.

Figures 5 and 6 show the historical count of heat waves per year, and projected future heat waves in
Sacramento County for each year between 1950 and 2099 under the low- and high-emissions scenarios.
Each five-day period exceeding the extreme heat day threshold constitutes a counted wave; therefore, a 20-
day heat wave would be shown as four counted events.

As shown in Figures 5 and 6, heat waves in Sacramento County have occurred at a rate of about one to two
per decade between 1950 and 2000. The model projects an increase in frequency as the century
progresses. Under the low-emissions scenario, Sacramento County would be expected to experience
approximately three heat waves per year around the middle of the century, and up to four per year by 2099.
The frequency in heat waves is projected to increase more substantially under the high-emissions scenario
with an average of three to five heat waves per year occurring around 2050 and up to 12 per year at the end
of the century (Cal-Adapt 2016).

The number of extreme heat days may also occur over an extended period throughout the year as compared
to historical records. Heat days may manifest earlier in the year and continue to occur in later months.
Figures 7 and 8 plot extreme heat days by their historic and projected occurrence over the calendar year
under both emissions scenarios between 1950-2099. For both figures, each point represents a day
exceeding the extreme heat day threshold for Sacramento County graphed by time of occurrence in the
period in which extreme heat days can occur (i.e., between April and October).

County of Sacramento
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As shown in Figures 7 and 8, Sacramento County’s extreme heat days historically occurred from late
May/early June to late September. For both emissions scenarios, the model projects not only an increase in
the frequency of extreme heat day threshold exceedances, but also their occurrence both earlier and later in
the extreme heat season. In Figure 8 under the high-emissions scenario, longer sustained periods of
extreme heat days would also result in more frequent and sustained heat waves earlier and later in the
season towards the end of the century.

Urban Heat Island

Locations where development dominates the landscape experience higher temperatures due to the Urban
Heat Island Effect (UHIE), compared to landscapes that support mostly landscaped or natural vegetation
features (e.g., grass, trees). Human-made materials, such as asphalt and concrete, absorb heat and alter
microclimate conditions by several degrees °F, exacerbate emissions of air pollutants, and increase the rate
of photochemical production of ozone. The impacts of UHIE are more pronounced in the summer months
when daily temperatures are highest during the year, leading to degraded air quality or increased heat
exposure.

The effects of UHIE are heavily influenced by local wind patterns and can be distributed regionally. Assembly
Bill (AB) 296 tasked the California Environmental Protection Agency (CalEPA) with defining UHIE, developing
an index to track it, and producing a standard specification for sustainable or cool pavements. Pursuant to
AB 296, CalEPA developed a study and interactive map to track the effects of UHIE throughout the state. The
study and map demonstrate how local wind patterns dissipate the adverse impacts of UHIE. The UHIE index
is a function of heat and time whereby a rating is given based on degrees (°C) over a period of time (e.g., an
area that experiences an increase of six degrees over the course of eight hours would have a UHIE index
value of 48).

With respect to Sacramento County, UHIE-related impacts are dispersed by maritime wind patterns, locally
known as the “Delta Breeze.” These easterly winds are channeled from the ocean through the Delta into
Sacramento County, and help disperse heat and air pollutants. As demonstrated in Figure 9, which displays
Sacramento County’s UHIE index developed by CalEPA, incremental increases in temperature are more
pronounced in the northern portion of the County. These elevated temperatures occur due to the movement
of heat originating in urbanized areas of Sacramento County (i.e., cities of Sacramento and Elk Grove) as a
result of the wind patterns associated with the Delta Breeze.

3.1.2  Changes in Precipitation Patterns

Global climate change will affect physical processes and conditions beyond average temperatures. As a
result of climate change, historic precipitation patterns could be altered. Depending on location,
precipitation events may increase or decrease in intensity and frequency, and are notoriously difficult to
predict (Sacramento Area Council of Governments [SACOG] 2015:11). While projections generally show little
change in total annual precipitation in California and trends are not consistent, even modest changes could
significantly affect California ecosystems that are conditioned to historical precipitation timing, intensities,
and amounts. Reduced precipitation could lead to higher risks of drought, while increased precipitation
could cause flooding and soil erosion (CNRA 2014:25).

Cal-Adapt provides a historical annual average rate of precipitation of about 18 inches for Sacramento
County. As shown in Figure 10, overall precipitation in Sacramento County is expected to decline over the
course of the century, with annual averages decreasing more substantially under the high-emissions
scenario.

County of Sacramento
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Timing of Extreme Heat Days under the High-Emissions Scenario by 2099
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Figure 9 Urban Heat Island Index for Sacramento County
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SNOWPACK

Changes in weather patterns resulting from increases in global average temperature could resultin a
decreased proportion and total amount of precipitation falling as snow. This phenomenon is predicted to
result in an overall reduction of snowpack in the Sierra Nevada. Based upon historical data and modeling,
under the low- and high-emissions scenarios as shown in Figure 11, the California Department of Water
Resources (DWR) projects that the Sierra Nevada snowpack will decrease by 25 to 40 percent from its
historic April 1st average of 28 inches of water content by 2050 and 48 to 65 percent by 2100 (DWR
2008:4, DWR 2013:3-64).

Surface Water

Water districts and municipal utilities in Sacramento County rely on snowmelt water as a key source of
surface waters originating in the Sierra Nevada. The Sacramento, American, Cosumnes, and Mokelumne
Rivers provide municipal, agricultural, and recreational uses to Sacramento County (Sacramento County
2011a). The flow-regimes of these rivers depend on spring and summer snowmelt in the Sierra Nevada. The
ability of snowpack to retain water and release it gradually is fundamental to water supply planning in
Sacramento County and throughout the watersheds of the Sierra Nevada.

The Sacramento and American Rivers flow through a regime of dams constructed to support the State Water
Project and Central Valley Project. Shasta Dam comprises the principal storage facility in the Sacramento
River system followed by Oroville Dam on the Feather River, the Sacramento River’s largest tributary. Folsom
Dam contains the American River’s largest reservoir. These dams and reservoirs, combined with a network
of smaller dams and canals, are designed to protect Sacramento from flooding while also helping to provide
California with water security during droughts. Due to California’s Mediterranean climate, much of the State
experiences prolonged periods of drought during the summer months. Dams serve to enhance the natural
capacity of California’s river systems to support the water demand of California residents during dry months.
Dams also provide flood protection for areas of the State located in floodplains; therefore, management of
dams along the Sacramento and American Rivers must maintain a balance between storage and release
priorities, particularly in periods of drought.

Pursuant to Section 9503 of the SECURE Water Act, the U.S. Bureau of Reclamation (USBR) is authorized to
evaluate the risks and impacts of climate change in the Sacramento River Basin, which is detailed in the
Sacramento and San Joaquin Climate Impact Assessment. The report provides an overview of the current
climate and hydrology of the California Central Valley as well as projections of hydrologic changes that the
Basin may experience as a result of climate change. The report projects a north to south trend of decreasing
annual average precipitation throughout the 21st century. Additionally, the report predicts a shift to an
increase in the rate of winter runoff and a decrease in precipitation falling as snow in winter months (USBR
2014). These shifts in precipitation patterns may result in an exceedance of surface water capacity earlier in
the year. If flow rates exceed the capacity of reservoirs in the Sacramento and American river watersheds,
fresh water would need to be released to accommodate river flow, which comprises a source of potable
water which previously would have been stored in the Sierra Nevada snowpack. These conditions are already
affecting summer water supply in the County.

Groundwater

Sacramento County lies over the north central portion of the California’s Great Valley Groundwater Basin,
which provides approximately 50 percent of all municipal and agricultural water supply in the County.
Groundwater recharge occurs primarily from the American and Cosumnes rivers, with additional recharge
from the Sacramento River and local streams. Groundwater stores are directly linked to surface water in the
County and snowmelt in the Sierra Nevada; therefore, increased average temperatures and changes in the
timing, amounts, and snow/rain form of precipitation could affect local aquifer recharge for groundwater
supplies (Sacramento County 2011a). Groundwater use typically increases during droughts. Due to
increased uncertainty in the amount and timing of water availability and the stress placed on aquifers during
droughts, Sacramento County may face increased challenges in providing adequate groundwater supplies to
meet future demand.

County of Sacramento
16 Climate Change Vulnerability Assessment for the Sacramento County Communitywide CAP
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Figure 10 Change in Precipitation under the High- and Low-Emissions Scenarios by 2090
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Figure 11 Change in Snowpack under the High- and Low-Emissions Scenarios by 2090
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EXTREME STORMS

Changes in precipitation patterns may result in less-frequent but more extreme storm events. While
Sacramento County is projected to experience an overall decrease in precipitation, the precipitation that will
fall may have more intense characteristics, such as high volume of rain falling over a shorter period of time
with stronger and more destructive wind patterns. These storms may produce higher volumes of runoff and
contribute to an increased risk of flooding. Impacts associated with flooding are discussed in greater detail
in Section 3.1.4, “Increased Flooding.”

3.1.3 Increased Wildfires

Rising temperatures combined with changes in precipitation patterns and reduced vegetation moisture
content can lead to a secondary impact of climate change: an increase in the frequency and intensity of
wildfires. Changes in precipitation patterns and increased temperatures associated with climate change will
alter the distribution and character of natural vegetation and associated moisture content of plants and soils
(CNRA 2012b:11). Increased temperatures will increase the rate of evapotranspiration in plants, resulting in
a greater presence of dry fuels in forests creating a higher potential for wildfires (SACOG 2015:3).

Increased wild fire activity across the western United States in recent decades has contributed to
widespread forest mortality, carbon emissions, periods of degraded air quality, and substantial fire
suppression expenditures. Although numerous factors aided the recent rise in fire activity, observed warming
and drying have significantly increased fire-season fuel aridity, fostering a more favorable fire environment
across forested systems. On October 11, 2016, the Proceedings of the National Academy of Sciences
reported that human-caused climate change has contributed to over half of the documented increases in
fuel aridity since the 1970s and doubled the cumulative forest fire area since 1984. This analysis suggests
that anthropogenic climate change will continue to chronically enhance the potential for western U.S. forest
fire activity where fuels are not limited.

According to the Sacramento County 2016 Local Hazard Mitigation Plan (LHMP), wildfire and urban wildfire
are an ongoing concern for the County. Generally, the fire season extends from early spring to late fall. Fire
conditions arise from a combination of weather, topography, wind patterns, an accumulation of vegetation,
and low-moisture content in the air. Urban wildfires often occur in areas where development has expanded
into rural areas. In Sacramento County, grass fires and peat fires are the two main types of wildland fires of
concern. Grass fires are an annual threat in the unincorporated county, especially within recreational areas,
such as the American River Parkway. Peat fires