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GLOSSARY AND ABBREVIATIONS
°C

degrees Celsius

°F

degrees Fahrenheit

APG

Adaptation Planning Guide

adaptive capacity

the ability of institutions, systems, and individuals to adjust to potential
damage, to take advantage of opportunities, or to cope with the
consequences of climate change

BAU

business-as-usual

CalOES

California Office of Emergency Services

CAL FIRE

California Department of Forestry and Fire Protection

Caltrans

California Department of Transportation

CBC

California Building Standards Code

climate change adaptation

the adjustment in natural or human systems in response to actual or
expected climatic stimuli or their effects, and which moderates harm or
exploits beneficial opportunities. Climate change adaptation is focused on
long-term threats to human life, property, economic continuity, ecological
integrity, and community function.

CAP
CEC

climate change mitigation

CNRA

County

Climate Action Plan

California Energy Commission

reducing emissions and stabilizing the levels of heat-trapping greenhouse
gases in the atmosphere through actions to limit climate change and its
related effects
California Natural Resource Agency
County of Tuolumne

CPUC

California Public Utilities Commission

ETCP

Extreme Temperature Contingency Plan

extreme weather event

as defined in the MJHMP, weather events that occur less than 5 percent of
the time (although this definition may vary depending on the type of event)

EOP

extreme heat day

Emergency Operations Plan

a day in a year when the daily maximum/minimum temperature exceeds
the 98th historical percentile of daily maximum/minimum temperatures
based on observed historical data from 1961–1990 between April and
October

FEMA

Federal Emergency Management Agency

FRAP

Fire and Resource Assessment Program

FHSZ

Fire Hazard Severity Zones

GHG

Greenhouse gas

heat wave

a period of 4 consecutive extreme heat days or warm nights when the daily
maximum/minimum temperature is above the extreme heat day threshold

GTR

impact analysis

Tuolumne County

General Technical Report

evaluation of how climate change effects will occur and how severe they
may be
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IFC

MJHMP

NIDIS

NOAA
OES

OPR

Ascent Environmental

International Fire Code

Multi-Jurisdictional Hazard Mitigation Plan. A multi-jurisdictional (e.g.,
countywide) plan that identifies risks and ways to minimize damage by
natural and manmade disasters.
National Integrated Drought Information System

National Oceanic and Atmospheric Administration
County Office of Emergency Services

Governor’s Office of Planning and Research

PG&E

Pacific Gas and Electric

RCP

Representative Concentration Pathways

PSPS

RCP 4.5 Scenario

RCP 8.5 Scenario
resilience

Public Safety Power Shutoffs

a lower GHG emissions scenario where emissions peak around 2040 and
then decline

a business-as-usual GHG emissions scenario where emissions continue to
rise strongly through 2050 and plateau around 2100

the “capacity of any entity—an individual, a community, an organization, or
a natural system—to prepare for disruptions, to recover from shocks and
stresses, and to adapt and grow from a disruptive experience

report

Adaptation and Resilience Report

SB

Senate Bill

RTP

sensitivity analysis

Strategic Fire Plan

2016 Final Regional Transportation Plan
the identification of populations, functions, and structures that may be
affected by projected exposures to climate change effects, and an
assessment of their degree of sensitivity
Tuolumne-Calaveras Unit 2020 Strategic Fire Plan

SWE

snow-water equivalent

TCFD

Tuolumne County Fire Department

SWIFT
TCTC
TCU

TUD

Southwest Interface Project

Tuolumne County Transportation Council
Tuolumne-Calaveras Unit

Tuolumne Utilities District

USFS

United States Forest Service

WUI

wildland-urban interface

UWMP

YSS

iv

2015 Urban Water Management Plan for Tuolumne Utilities District

Yosemite Stanislaus Solutions
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INTRODUCTION

The effects of climate change are already occurring at global and regional scales and will continue to worsen existing
hazards in the unincorporated County of Tuolumne (hereafter referred to as “county”). The County of Tuolumne
government (hereafter referred to as “County”) has prepared this Adaptation and Resilience Report (report) to
address climate change effects that impact the county. The primary effects of climate change include increased
temperatures and changes in precipitation patterns. These impacts are expected to heighten and exacerbate risks
posed by secondary climate effects, including extreme heat events, wildfire, drought, flooding, large storms, and
reduced snowpack. While these hazards have existed historically in the county, the frequency and intensity of many
of these hazards are projected to increase as a result of global climate change. The level of impact from these
climate-related hazards will vary across the county due to variations in physical, social, and economic characteristics.
This report includes a climate change vulnerability assessment. This assessment is intended to inform the
development of strategies by evaluating the county’s exposure to existing hazards, analyzing sensitivity to these
hazards and identifying potential climate-related impacts from these hazards, and determining the county’s existing
capacity to prepare and adapt for these impacts, known as adaptive capacity. The findings of the vulnerability
assessment were used to develop a set of adaptation strategies to improve resiliency for populations, assets, and
community functions in the county. These adaptation strategies are included in the County’s Climate Action Plan.
The goal of this Adaptation and Resilience Report is to improve the county’s resilience in the face of a changing
climate. A resilient community is one that can recover from hazards more quickly and rebuild in a manner that
accounts for continued capacity for adapting to climate change.

1.1

CLIMATE CHANGE BACKGROUND

The combustion of fossil fuels, among other human activities since the Industrial Revolution in the 18th and 19th
centuries, has introduced greenhouse gases (GHGs) into the atmosphere at an increasingly accelerated rate.
Significantly elevated levels of GHG emissions have intensified the greenhouse effect and led to a trend of unnatural
warming of the Earth’s climate, known as global climate change or global warming. The largest source of GHG emissions
from human activities is the burning of fossil fuels for electricity, heat, and transportation. Climate change has more
recently become a priority issue on international, national, and local scales as recent climate data reveal more
extreme weather patterns, increased average global temperatures, and the rapid melting of the Earth’s Artic and
Antarctic poles and glaciers.
The global average temperature is expected to increase by 3.7 degrees Celsius (°C) (6.7 to 8.6 degrees Fahrenheit
[°F]) by the end of the century unless additional efforts to reduce GHG emissions are made (IPCC 2014). Depending
on future GHG emissions, average annual maximum daily temperatures in California are projected to increase
between 4.4°F and 5.8°F by 2050 and by 5.6°F to 8.8°F by 2100 (OPR, CEC, and CNRA 2018a). Temperature changes
in the Sierra Nevada region are expected to be even more significant, with a projected increases between 6°F and 9°F
by the end of the century (OPR, CEC, and CNRA 2018b). The state and the county have already begun to experience
extreme weather effects, the frequency and intensity of which have been worsened by climate change (OPR, CEC, and
CNRA 2018a). Extreme weather effects such as precipitation volatility (i.e., dramatic changes over a short period of
time), increased average temperatures, and increased frequency of extreme heat events have led to increases in the
frequency and intensity of human health and safety hazards such as wildfires, droughts, and changes to the available
water supply.
While it remains imperative that global GHG emissions be reduced, it is equally important for communities to prepare
for the impacts of climate change and improve resilience to extreme climate events through adaptation planning.
Regional and local efforts are critical in building climate resilience—the capacity of a community to prepare for
disruptions, to recover from shocks and stresses, and to adapt and grow from a disruptive experience related to
climate change—and can lead to a greater understanding of climate risks and strategies to reduce their impacts.
There are many plans, policies, and programs in place at the local and regional levels that address existing hazards. In
Tuolumne County

1-1

Introduction

Ascent Environmental

some cases, these may be sufficient to address the potential for climate change to worsen existing hazards. In other
cases, significant gaps exist, and new policies are needed. This report intends to identify and address those gaps.

1.2

CLIMATE CHANGE MITIGATION AND ADAPTATION

Addressing climate change requires an integrated approach that targets both the sources of climate change and the
effects. Efforts that focus on reducing the sources of climate change are called climate change mitigation or GHG
mitigation. The focus of climate change mitigation planning is to reduce communities’ generation of GHG emissions
and minimize contributions to climate change. Efforts to reduce harm from the effects of a changing climate, the
focus of this report, are called climate change adaptation or resilience. Climate change adaptation planning aims to
enhance the resilience of communities to climate change impacts through analyzing jurisdiction-specific climaterelated vulnerabilities and developing strategies to respond to and prepare for current and future impacts.
Figure VA-1 illustrates the relationship between these two approaches. State law requires communities to address
climate change mitigation in local planning and environmental review processes and climate adaptation in local longrange planning processes, such as general plans (CalOES 2020).

Source: CalOES 2020; adapted by Ascent Environmental in 2020.

Figure VA-1

Relationship between Climate Mitigation and Adaptation

Climate change mitigation and adaptation are both crucial components of comprehensive climate change planning.
While mitigation and adaptation are often separate planning efforts, it is important to consider both components
within the overall climate action planning process. Many initiatives that focus on climate mitigation and reducing
GHG emissions include support climate adaptation objectives, and vice versa. These are referred to as ‘co-benefits.’
For example, renewable energy installations combined with battery storage systems will reduce reliance on fossil fuelgenerated grid electricity, but they will also improve energy independence and resilience in the face of climate
hazards that threaten energy infrastructure; thus, this initiative would yield adaptation benefits as well as GHG
emissions reductions. On the flip side, building energy efficiency improvements, such as improving insulation in a
1-2
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home or structure, will help to combat extreme heat events and decrease risks to humans of heat-related illnesses,
but it will also reduce cooling demands and thus save energy, reducing (i.e., mitigating) GHG emissions associated
with energy consumption. Combining climate mitigation and adaptation in the climate action planning process is
becoming an increasingly common approach taken by jurisdictions to address climate change.

1.2.1

Existing County Mitigation and Adaptation Efforts

As part of the 2018 Tuolumne County General Plan (General Plan), adopted on January 3, 2019, the County identified
the need to address climate change, adaptation, and resilience through the preparation of a CAP. The General Plan
includes Policy 18.A.1 and Implementation Programs 18.A.a and 18.A.b, which outline the process and contents of a
future CAP. The CAP includes a baseline GHG emissions inventory for the county, projections of future GHG
emissions, GHG reduction targets, and strategies and measures that the County can take to reduce its contribution of
GHG emissions to the atmosphere. The CAP also contains strategies and measures that will specify policies,
programs, plans, and other actions the County can implement to prepare for and adapt to the impacts of climate
change.
The Tuolumne County Office of Emergency Services (OES) is responsible for developing and updating the County’s
Multi-Jurisdictional Hazard Mitigation Plan (MJHMP). These types of plans describe natural and human-made hazards
within the county and identify strategies to minimize those vulnerabilities. The 2018 MJHMP, which involved
collaboration with and input from 23 jurisdictions and agencies within the county, includes an assessment of
vulnerabilities associated with emerging climate change risks, such as periods of extreme heat, hotter and drier
wildfire seasons, and increased frequency and intensity of drought and flooding events (County of Tuolumne 2017).
The MJHMP was used as a primary reference for the vulnerability assessment included in this report to identify
climate change-related hazards that threaten the county. This report is intended to provide additional details
regarding climate-related hazards that may impact the county and supplement the MJHMP.
The County’s General Plan contains several elements, including the Natural Hazards (Safety) Element, which aim to
reduce death, injuries, property damage, and economic and social impacts resulting from natural hazards. The
County is not updating its Safety Element at the time of the CAP adoption; however, this report is incorporated into
the County’s CAP, which the Safety Element can reference to comply with Senate Bill (SB) 379 of 2015.

1.3

REGULATORY SETTING AND GUIDANCE DOCUMENTS

This section provides a summary of the relevant regulations, guidance documents, and resources that were used to
help develop the vulnerability assessment and adaptation strategies included in this report.

1.3.1

Senate Bill 379 of 2015

According to SB 379 of 2015, general plan safety elements must address climate change vulnerability, adaptation
strategies, and emergency response strategy. SB 379 states:
“This bill would, upon the next revision of a local hazard mitigation plan on or after January 1, 2017, or, if the
local jurisdiction has not adopted a local hazard mitigation plan, beginning on or before January 1, 2022, require
the safety element to be reviewed and updated as necessary to address climate adaptation and resiliency
strategies applicable to that city or county. The bill would require the update to include a set of goals, policies,
and objectives based on a vulnerability assessment, identifying the risks that climate change poses to the local
jurisdiction and the geographic areas at risk from climate change impacts, and specified information from federal,
state, regional, and local agencies.”
Vulnerability assessments must identify the risks that climate change poses to the local jurisdiction and the
geographic areas at risk from climate change impacts, utilizing federal, state, regional, and local climate vulnerability
documentation. Adaptation policies, goals, and objectives are to be developed based on findings from the
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vulnerability assessment. Additionally, jurisdictions are required to create a set of feasible implementation measures
to reduce climate change impacts on new or proposed land uses. Lastly, jurisdictions that have adopted a CAP or
climate adaptation plan separate from the general plan may reference that document to comply with SB 379
requirements.

1.3.2

California Adaptation Planning Guide

The California Office of Emergency Services (CalOES) and California Natural Resource Agency (CNRA) prepared the
Adaptation Planning Guide (APG), most recently updated in June 2020, to provide communities with vulnerability
assessment and adaptation planning guidance. The APG includes a step-by-step process that communities may use
to help plan for the impacts of climate change. The APG provides a framework for communities to identify potential
climate change effects and important physical, social, and natural assets; create adaptation strategies to address
climate change impacts; and develop a monitoring and implementation framework for climate change adaptation.
The APG served as the formal guidance document for the preparation of this report (CalOES 2020).

1.3.3

California’s Fourth Climate Change Assessment and Sierra
Nevada Region Report

The Governor’s Office of Planning and Research (OPR), California Energy Commission (CEC), and CNRA prepared
California’s Fourth Climate Change Assessment (Climate Assessment) in 2018. The Climate Assessment was designed
to address critical information gaps that decisionmakers at the state, regional, and local levels need to protect and
build the resilience of people, infrastructure, and natural systems to climate change-related hazards. The Climate
Assessment is referenced throughout this report to provide background information and evidence of regional climate
change impacts. The Climate Assessment includes regional reports that provide information on the climate change
impacts that will affect specific regions throughout the state. Information from California’s Fourth Climate Change
Assessment Report: Sierra Nevada Region Report (Sierra Report) is included throughout the report and was used to
assess potential climate change effects in the county.

1.3.4

Tuolumne County and Regional Planning Efforts

In addition to State adaptation efforts, the County and supporting agencies have developed planning documents
focused on local and regional adaptation to climate change hazards. These planning documents analyze existing
hazards and include strategies or guidelines to mitigate their severity. The County’s MJHMP, General Plan and
supporting documents, and Emergency Operations Plan (EOP) were considered in the development of this
vulnerability assessment. Other agency documents reviewed include: the Climate Assessment, the Sierra Report, and
recently released reports and data from the United States Forest Service (USFS) Sierra Nevada Recreation and
Infrastructure Vulnerability Assessment and Adaptation Partnership, Tuolumne County Transportation Council’s
(TCTC’s) 2016 Final Regional Transportation Plan (RTP), California Department of Forestry and Fire Protection’s (CAL
FIRE’s) Tuolumne-Calaveras Unit 2020 Strategic Fire Plan (Strategic Fire Plan), and Tuolumne Utilities District’s (TUD’s)
2015 Urban Water Management Plan for Tuolumne Utilities District (UWMP), among others. These plans and
documents are discussed further in Section 2.3.1 of this report.

1.4

ADAPTATION PLANNING PROCESS

The APG helps communities throughout the state plan for and adapt to the impacts of climate change. The guide
includes a four-phase process, illustrated in Figure VA-2, which allows communities to assess their specific climate
vulnerabilities and provides a menu of strategies for communities to reduce climate-related risks and prepare for
current and future impacts of climate change.
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PHASE 2

Assess
Vulnerability

PHASE 1

Explore, Define,
& Initiate

PHASE 3

Define
Adaptation
Framework &
Strategies

PHASE 4
Implement,
Monitor,
Ev aluate,
& Adjust

Source: CalOES 2020; adapted by Ascent Environmental in 2020.

Figure VA-2








Adaptation Planning Process

Phase 1, “Explore, Define, and Initiate,” includes scoping and defining the adaptation planning effort, which
involves identifying key stakeholders, potential climate change effects, and important populations and assets in
the community.
Phase 2, “Assess Vulnerability,” includes an analysis of the impacts and adaptive capacity associated with
potential climate change hazards to determine the vulnerability of populations and community assets. The
vulnerability assessment is composed of four steps: exposure, sensitivity and potential impacts, adaptive capacity,
and vulnerability scoring.
Phase 3, “Define Adaptation Framework and Strategies,” focuses on developing adaptation strategies to address
the risks posed by climate-related hazards based on the results of the vulnerability assessment.
In Phase 4, “Implement, Monitor, Evaluate, and Adjust,” the adaptation framework is implemented, consistently
monitored and evaluated, and adjusted based on continual learning, feedback, or triggers. Phase 4 is not
included within this report, although the adaptation strategies are included in the County’s CAP and may
eventually be referenced in the General Plan Safety Element, which contains an Implementation Plan.

1.5

PUBLIC OUTREACH AND STAKEHOLDER ENGAGEMENT

Public outreach and stakeholder engagement played a key role in determining the County’s approach to climate
change adaptation and resilience through ground-truthing this report’s technical analysis and supporting the
identification of the top climate change-related concerns for the county. The input provided by the public and
stakeholders filled gaps regarding the county’s adaptive capacity to address climate change impacts, and it informed
the development and prioritization of the adaptation strategies, leading to a focused set of measures and actions to
address priority concerns.
The County provided updates and shared milestones regularly with the County Board of Supervisors Planning
Committee and Natural Resources Committee, to keep them informed and involved in the process. Supervisors and
committee members provided feedback and insight regarding the County’s climate change mitigation and
adaptation priorities, which helped to steer the overall planning process.
Tuolumne County
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The County held three virtual public workshops to gather input from residents and stakeholders on proposed
mitigation and adaptation strategies for consideration in the CAP. A total of 148 individuals attended the workshops
where they were able to provide feedback verbally and through live surveys and polls. Additionally, the County
developed an interactive website that allowed individuals to view CAP materials and offer input. The website included
an overview of the project, recordings of previous meetings and workshops, and draft strategies based on feedback
received at public workshops and committee meetings. The website was kept up to date with information throughout
CAP development and supported a survey inquiring about the public’s priorities related to the CAP.
Outreach and engagement efforts with stakeholders and the public resulted in an understanding that adaptation and
resilience needed to be considered comprehensively throughout the CAP development process and prioritized in the
CAP document. Wildfire and drought resilience were identified through outreach and engagement efforts as the two
most significant climate change impact concerns of the public. Stakeholders and the public identified the costs
associated with implementation of identified CAP strategies as an important element to be considered. Another
common theme gleaned from outreach was that climate solutions needed to be tailored specifically to the local
context of the county.
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VULNERABILITY ASSESSMENT

This section provides a comprehensive vulnerability assessment of the county’s vulnerabilities to climate change. It
identifies and characterizes the climate change effects and other related hazards that are anticipated to impact the
county. The vulnerability assessment follows the process outlined in Phase 2 of the APG and is composed of the
following four steps:








Exposure: The purpose of this step is to understand existing hazards within the county and how changes in
climate variables (e.g., average temperature, precipitation) are projected to affect these hazards. Existing hazards
that can be worsened by the effects of climate change are identified and described, based on historical data from
sources such as the MJHMP. Climate projection data are used to develop projections for how existing hazards are
expected to change by near-term (2021-2050), midterm (2035-2064), and long-term (2070-2099) timescales.
Sensitivity and Potential Impacts: This step compiles a list of population groups and community assets that are
sensitive to localized climate change effects. Climate-related hazards (e.g., flooding, wildfire) are generally
projected to increase in severity, with the potential for climate change to generate new impacts that communities
have not experienced historically. Using historical data, research from regional and statewide reports on climate
impacts, and input from stakeholders, this step seeks to understand how sensitive populations and assets may be
affected by climate change.
Adaptive Capacity: The County, partner agencies, and organizations within the county have already taken steps
to build resilience and protect sensitive populations and assets from existing hazards. The purpose of this step is
to characterize the County’s and involved stakeholders’ current ability to address future climate impacts, referred
to as adaptive capacity. The ability of the County to adapt to each of the identified climate impacts is determined
through a review of existing plans, policies, and programs, as well as through stakeholder engagement.
Vulnerability Scoring: Lastly, this step determines the County’s priority climate vulnerabilities through a
vulnerability scoring process. Vulnerability scores are based on several factors, including the severity of projected
climate exposures, the sensitivity of certain population groups and assets to the anticipated climate effects, and
whether sufficient adaptive capacity exists to manage future climate impacts.

The vulnerability assessment helps the County understand which climate vulnerabilities are most urgent and should
be prioritized during the adaptation strategy development phase, outlined in Section 3, “Adaptation Framework and
Strategies,” as well as during strategy implementation.

2.1

EXPOSURE

This section includes the exposure analysis, relying primarily on existing planning documents and resources to
understand the county’s current hazards, and it uses climate modeling to identify how these hazards will change in
the future.
Located in the eastern portion of Central California, the county spans 2,274 square miles (1.45 million acres) and can
be divided roughly into three parts: the Stanislaus National Forest, the northern portion of Yosemite National Park,
and the remaining unincorporated areas of the county, which include communities such as Groveland, Jamestown,
Columbia, Tuolumne, and Twain Harte. Approximately 77 percent of land within the county is under the jurisdiction of
government agencies, including USFS, National Park Service, Bureau of Land Management, and the State. Of the
remaining privately owned land, approximately 73 percent (or approximately 17 of the total unincorporated area) is
designated for agricultural uses and timber production. While the western regions of the county lie at 300 feet above
sea level, the Sierra Nevada mountain range reaches elevations of greater than 13,000 feet in the eastern limits of the
county (County of Tuolumne 2017; County of Tuolumne 2018a).
Grasslands and pasturelands in the western plains of the county commonly experience high summer temperatures
and wind events during the spring and fall months. The central portions of the county often consist of brush fields,
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which transition to mixed oak and conifer forests as the elevation increases to the east. These areas contain broad
expanses of steep hillsides and narrow ridgelines and routinely experience very high summer temperatures. The
higher elevation areas of the county feature dense conifer forests, with moderate temperatures and often intense
winds due to the elevation (County of Tuolumne 2017).
There are two major rivers running through the county: the Stanislaus River and the Tuolumne River. Both run east to
west and feed several lakes and reservoirs that supply drinking water to the region and other parts of the state, the
largest being the Lake Don Pedro and the New Melones Reservoir. A multitude of other rivers and streams have
created canyons through the mountainous topography, contributing to much of the county’s extremely steep and
rugged terrain.
Three east-west highways run through the county: California State Route 108, California State Route 120, and
California State Route 132. California State Route 49 bisects these highways and is the only major roadway that runs
north-south in the county. The majority of the county’s residents live on or near these corridors. These areas are
generally characterized by rural landscapes composed of small, dispersed communities of mixed-use development
surrounded by large areas of open expanses consisting of agricultural land, native vegetation, and low-density
development (County of Tuolumne 2017). The county is served by the Sierra Railroad, which is owned by the Sierra
Northern Railway. The railroad system consists of 50 miles of track between Oakdale, in Stanislaus County, and
Standard, in Tuolumne County. The railroad plays a key role in the movement of goods, which is vital to the
economic foundation of the community. The County owns and operates two airports: Pine Mountain Lake Airport
near Groveland, and the Columbia Airport in Columbia (TCTC 2017).
Due to the variety of land types and topography, the county is exposed to several natural hazards that are influenced
by climate variables. The following sections summarize existing climate-related hazards in the county and describe
the projected changes in climate variables that are anticipated to exacerbate these hazards.

2.1.1

Existing Hazards

The County’s MJHMP and the General Plan provide a comprehensive understanding of natural and human-made
hazards that historically have threatened the county, including those that may be worsened by climate change. These
plans evaluate several hazards that are influenced by climate, including wildfire, extreme weather, flooding, and
drought. The following sections discuss these existing hazards as evaluated by the County, drawing from other
reports and documents as needed.

WILDFIRE
The convergence of fire weather conditions, a wide variety of topography, and a variety of vegetative fuels have
resulted in a long history of large damaging fires in the county. Significant wildfire events occur frequently during the
dry season, threatening human life, residential and commercial property, transportation and utility infrastructure,
native habitat, and engendered species and other wildlife. In 2013, the Rim Fire burned nearly 400 square miles in
Tuolumne and Mariposa counties and Yosemite National Park, making it one of the most catastrophic fires in
California history. It caused devasting economic losses across Sierra Nevada communities (County of Tuolumne 2017;
CAL FIRE 2020). Figure VA-3 shows historic fires that have occurred within the county.
In addition to the direct threats posed by wildfire events, they also result in secondary impacts that can lead to
additional hazards. Due to vegetation loss and soil exposure, the risks of post-fire erosion and flooding, debris flow,
and landslides are increased after wildfires. These hazards are significant threats to life and property because they can
occur with limited warning and can exert great force on objects in their path. Poor air quality associated with wildfire
smoke also poses significant risks to public health. Wildfire has been identified in the MJHMP as the most significant
hazard threat in the county and that based on fuels, weather conditions, and landscape topography, the greatest
hazards within the county exist east of State Route 49.
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Sources: Data downloaded from Tuolumne County in 2021 and CA Geospatial Portal in 2021.

Figure VA-3
Tuolumne County
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The fire season in the county varies based on elevation and annual climatological conditions that influence the drying
out of fire fuels, or vegetative material that can act as fuel during a wildfire. At lower elevations, the fire season begins
in spring while at higher elevations, the fire season typically starts in early summer. These factors contribute to severe
fire weather occurring on 35 percent of the county’s dry season days (County of Tuolumne 2017).
The majority of lands within the Stanislaus National Forest and Yosemite National Park, which are under federal
jurisdiction and account for approximately 70 percent of the land in the county, are covered by brush and timber.
These fire fuels are characterized by CAL FIRE as “very high” hazard fuels. Combined with the region’s susceptibility to
intense wind events and rugged terrain that can inhibit accessibility for responders, these fuels increase the
probability that large, damaging fires will occur (CAL FIRE 2020). CAL FIRE’s Fire and Resource Assessment Program
(FRAP) assesses the condition of California’s forests and rangelands and maps fire hazard based on factors such as
vegetative fuels, terrain, and weather. The maps developed by FRAP categorize lands into Moderate, High, and Very
High Fire Hazard Severity Zones (FHSZs). FHSZ maps consider the likelihood that an area will be burned over a 30- to
50-year period and do not consider modifications from fuel reduction efforts. As shown in Figure VA-4, the majority
of areas within the county are listed as Very High FHSZs. The communities of Tuolumne, Twain Harte, Columbia,
Groveland, Soulsbyville, and Mono Vista are all located in Very High FHSZs, among others. Other populated areas,
such as Jamestown and Chinese Camp, are located in High FHSVs and are often surrounding by lands classified as
Very High. The Federal Responsibility Areas shown in Figure VA-4 do not include a CAL FIRE-designated FHSZ
classification, but, as stated above, these areas are characterized as having very high hazard fuels.
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Sources: Data downloaded from Tuolumne County in 2021 and CA Geospatial Portal in 2020.

Figure VA-4
Tuolumne County

Tuolumne County Fire Hazard Severity Zones
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EXTREME WEATHER
Extreme weather events are defined in the MJHMP as any unusual, unseasonable, or severe weather event. These
include extreme heat, ice and hailstorms, heavy snowfalls, high wind, thunderstorms, freezes, and drought (discussed
separately below). The MJHMP defines “extreme” events as weather that occurs less than 5 percent of the time,
although these definitions vary depending on the type of event. The county’s diverse topography and significant
range in elevation contribute to the frequency and intensity of extreme weather and influence the associated impacts.
For example, although high winds and heavy snowfall have relatively less impacts at high elevations, the impacts at
lower elevations can be considerable. In general, the risks posed by extreme weather include threats to life and public
health, damage or loss of property, injury or loss of crops and livestock, utility failures, impacts to transportation
networks, and interruptions to communication systems.
Extreme heat days and heat waves are the most lethal type of weather-related events in the United States. While
extreme heat temperatures are relatively rare at higher elevation areas within the county, it is not uncommon for
daytime temperatures to exceed 100°F in the lower foothills of the county. Public health risks from extended exposure
to extremely high temperatures include hyperthermia, rashes, edema, dehydration, and heat cramps. Additionally, the
risk of wildfire is heightened dramatically during these events as higher temperatures result in reduced soil moisture
and dry vegetative fuels (County of Tuolumne 2017).
Severe storms with heavy snowfall and high winds are common within the county’s higher elevation areas. These
events can result in risks to residents and visitors who are traveling during these conditions, which sometimes require
the assistance of rescue personnel. Extreme snowfall is less frequent at lower elevations, but when it does occur,
significant property damage can occur as a result of falling trees and branches. If these conditions occur during
spring, they often result in low elevation freezes, which can cause significant damage to crops and create
considerable discomfort for individuals unprepared for abnormally cold temperatures. Additionally, extreme storm
events often disrupt electricity delivery, causing further public health and safety risks due to lack of power.
During warmer months, thunderstorms also threaten the county. Lightning associated with these events can cause
significant damage to communication systems and structures. During dry months, these storms often produce no
precipitation and result in lightning-generated wildfires. Lightning also poses risks to individuals, causing severe burns
or death if struck (County of Tuolumne 2017).

FLOODING
The MJHMP defines a flood as an overflowing of water onto an area of land that is normally dry. Floods generally
occur from natural weather-related causes, such as sudden snow melts, often in conjunction with a wet or rainy
spring or with sudden and heavy rainfall. While flooding occurs occasionally in the county, particularly during the
winter and springtime following heavy periods of precipitation, the physical geography of the county limits flooding
potential. The overall slope of the watersheds is relatively steep, and the rivers and streams move quickly, which has
resulted in very little floodplain being formed. Further, the Tuolumne and Stanislaus Rivers are dammed in the lower
elevations and are well controlled, which contributes to a relatively low risk of flooding. When flooding events do
occur, they can cause significant damage to roadways, electrical distribution systems, and structures, creating risks to
public health and safety. In early 2017, a Local State of Emergency was declared after severe and rapid storms
brought large amounts of rain, snow, and high winds to the county, causing flooding to roads, bridge washouts, and
pavement failures on roads. Total infrastructure damages sustained were estimated at approximately $8 million.
According to the Federal Emergency Management Agency (FEMA), there were 19 significant flooding events in the
county between 1996 and 2019 (FEMA 2021).
For floodplain management purposes, FEMA often uses the terms “100-year flood” and “500-year flood” to describe
the size or magnitude of potential flooding events. The 100-year flood, which is the standard used by most federal
and state agencies, is a flood that has a 1 percent chance of being equaled or exceeded in any given year. Figure VA5 shows 100-year floodplains within the county. For the majority of the county, the 100-year floodplain is directly
Tuolumne County

2-9

Vulnerability Assessment

Ascent Environmental

adjacent to waterways and other waterbodies, and most major waterways are within deeply defined drainage
channels capable of containing these waters. However, in some areas the drainage channels are less defined and at
risk of flooding. For example, flooding of Curtis Creek, which runs through Soulsbyville, could affect adjacent
roadways and structures. Figure VA-5 also includes the 500-year floodplains within the county. While 500-year
flooding events have historically been rare, future extreme precipitation events due to climate change may be closer
to 500-year events.
Landslides and mudflows, in which a mass of earth or rock moves down a slope, are often triggered by precipitation
and flooding events. Naturally occurring landslides are not typical within the county, but they do occur; in March
2018, a small but intense storm resulted in numerous small landslides that led to erosion and sedimentation in the
Tuolumne River and Don Pedro Reservoir (USGS 2020). Landslide potential may also be affected by human activities,
such as mining, road construction, and changes to surface drainage areas.
The California Geological Survey developed a statewide map that illustrates susceptibility to deep-seated landslides. A
review of this analysis and accompanying literature indicates that landslide susceptibility within the county is generally
low, while moderate-high in some areas (County of Tuolumne 2018a). In particular, the western foothills are
characterized as having serpentine underlying rock, which is more prone to slope failure. Although these areas may
have a higher risk of landslide, they do not typically slide unless disturbed (County of Tuolumne 2017).

DROUGHT
A drought is defined in the MJHMP as an extended timeframe where water availability falls below the historical water
supply requirements for a region. Therefore, droughts are an intersection of both natural water availability and
human demand for water supply. Droughts are not uncommon in the county and are caused by below-average
precipitation during the rainy season, leading to reduced snowpack at higher elevations and low soil moisture at
lower elevations. Between 2012 and 2017, these effects resulted in the county experiencing extreme drought. This led
to a decrease in surface water and groundwater levels throughout most of southern and central California, which rely
on the county and surrounding regions for supplying water. During this time, the County declared a Local State of
Emergency due to drought conditions and groundwater shortages, with over 200 wells in the county being reported
dry (County of Tuolumne 2017).
Periods of drought can have significant impacts on public health and safety, agricultural operations, and the natural
environment. Drought affects the water supply availability of the county’s reservoirs, which supply the majority of
potable water within the county. Drought can also reduce water quality because lower water flows reduce the dilution
of pollutants and increase contamination of remaining water sources. This impact has been experienced in the county
(County of Tuolumne 2017).
During drought conditions, the lack of growth of annual grasses and other feedstocks for livestock can result in
significant economic losses for farmers and ranchers. Extended periods of drought can be catastrophic for these
operations. In addition to the direct impacts caused by droughts, these events also contribute to larger and more
severe wildfires due to the lower moisture content of fire fuels (County of Tuolumne 2017). Drought conditions in the
county have also contributed to the rapid spread of invasive pine bark beetles, which attack and ultimately kill large
swaths of trees (County of Tuolumne 2018a).
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Figure VA-5
Tuolumne County

Tuolumne County Floodplains
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Climate Change Effects

Climate change effects are categorized as primary (direct) and secondary (indirect). Primary effects are those that are
caused by the initial impacts of increased GHG emissions, from which secondary effects result. The primary climate
change effects analyzed for the county include changes in average annual temperature and precipitation. The
secondary effects, which can occur because of individual changes or a combination of changes in the primary effects,
include changes to wildfire, extreme heat, extreme precipitation and flooding, and drought regimes, as well as
reduced snowpack.
Though the precise extent of future climate change effects is uncertain, historical climate data and forecasted GHG
emissions can be used to project climate change effects through near-term (2021-2050), midterm (2035-2064), and
long-term (2070-2099) timescales. The time periods are established as 30-year time intervals to gather accurate data
on average changes in the climate, which is typically measured over 30-year periods or longer. This results in overlap
among some time periods. Due to annual fluctuations in climate variables, climate data on shorter periods may be
less accurate and not reflect long-term averages (NOAA 2018). To assess potential effects from climate change, the
APG recommends using Cal-Adapt, a tool developed by the CEC and the University of California, Berkeley Geospatial
Innovation Facility that uses global climate simulation model data to identify how climate change might affect various
geographies in California. Cal-Adapt addresses the uncertainty in future GHG emissions by using Representative
Concentration Pathways (RCPs) developed by the Intergovernmental Panel on Climate Change (IPCC). These RCPs
depict two future emissions scenarios. RCP 4.5 represents a lower emissions scenario in which GHG emissions
continue to rise through 2040 and then decrease to below 1990 levels by the end of the century. RCP 8.5 represents a
high emissions scenario, or business-as-usual (BAU) scenario, where GHG emissions continue to increase through the
end of the century. As recommended by the APG, this vulnerability assessment evaluates near-term and midterm
climate change effects and their associated impacts under the high emissions scenario, as this takes a conservative
approach and assumes a worst-case scenario. Additionally, changes in climate variables for these timescales are
similar under both the low and high emissions scenarios. Because long-term global GHG emissions trends are less
certain and climate impacts vary more considerably between scenarios, a discussion of both the low and high
emissions scenarios is included for this timescale (OPR, CEC, and CNRA 2018a).
Cal-Adapt downscales global climate models to local and regional resolutions using the Localized Constructed
Analogs statistical technique. Four of the models included have been selected by California’s Climate Action Team
Research Working Group as priority models for research contributing to the Climate Assessment. To analyze climate
projections for the county, the average of the downscaled data provided by these four models were used. The
boundaries of the study area for this analysis are the geographic boundaries of the county. It is important to note
that although the incorporated City of Sonora is within this boundary, its inclusion does not affect the overall results
of the analysis because the climate data associated with this small geographic region is nearly identical to the data
associated with the surrounding study area.

PRIMARY CLIMATE CHANGE EFFECTS
Increased Temperatures

According to Cal-Adapt, the historic (1961-1990) average annual maximum temperature for the county is 60.6°F, and
the historic average annual minimum temperature is 32.6°F. As shown in Table VA-1, both are projected to increase
throughout the century. The average annual maximum temperature in the county is projected to increase to 64.4°F in
the near-term and 66.1°F in the midterm under the high emissions scenario. The average annual maximum
temperature is projected to increase to 66.6°F and 69.7°F in the long-term under the low and high emissions
scenarios, respectively. The average annual minimum temperature in the county is projected to increase to 36.8°F in
the near-term and 38.2°F in the midterm under the high emissions scenario, and the long-term average annual
minimum temperature is projected to increase to 38.5°F and 42.1°F under the low and high emissions scenarios,
respectively (CEC 2021a). Increased temperatures in the county will influence secondary climate effects, including
extreme heat events, wildfire, drought, and reduced snowpack.
Tuolumne County
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Changes in Average Annual Temperature in Tuolumne County
Long-Term (2070-2099)

Historic Average Annual
Temperature (1961-1990)

Near-Term
(2021-2050)

Midterm
(2035-2064)

Low Emissions

High Emissions

Maximum Temperature (°F)

60.6

64.4

66.1

66.6

69.7

Minimum Temperature (°F)

32.6

36.8

38.2

38.5

42.1

Average Annual Temperature

Notes: °F = degrees Fahrenheit; RCP = Representative Concentration Pathway.
Source: CEC 2021a.

Figure VA-6 shows the projected change in average annual maximum temperature in the county in the near-term
and midterm periods under the high emissions scenario and average annual maximum temperature in the long-term
under both emissions scenarios. As shown in the figure, average annual maximum temperature is expected to rise
through the long-term under both emissions scenarios.

Changes in Precipitation Patterns

According to Cal-Adapt, the historic average annual precipitation in the county is 42 inches. As shown in Table VA-2,
the average annual precipitation in the county is projected to increase to 46.5 inches in the midterm under the high
emissions scenario. Average annual precipitation is projected to be 45.5 inches under the low emissions scenario and
50.2 inches under the high emissions scenario in the long-term (CEC 2021a).
While average annual precipitation in the county is projected to trend upward in future years, the key finding for this
climate effect is that precipitation patterns are expected to become more volatile, with less frequent but intense
storms dropping above-average amounts of precipitation. Precipitation patterns in California also oscillate between
extremely dry and wet periods, and in the next several decades dry years are likely to become even drier, while wet
years will become even wetter. Importantly, future wet seasons will have more precipitation in the form of rain rather
than snow due to higher temperatures, disrupting the normal timing of groundwater and surface water recharge
(OPR, CEC, and CNRA 2018b). Changes in precipitation patterns will affect secondary climate effects including
drought, extreme precipitation and flooding, reduced snowpack, and wildfire.
Table VA-2

Changes in Average Annual Precipitation in Tuolumne County

Average Annual Precipitation
Average Annual Precipitation (inches)

Long-Term (2070-2099)

Historic Average Annual
Precipitation (1961-1990)

Midterm (20352064)

Low Emissions

High Emissions

42

46.5

45.5

50.2

Notes: RCP = Representative Concentration Pathway.
Source: CEC 2021a.

Figure VA-7 shows the projected change in average annual precipitation in the county in the midterm under the high
emissions scenario and in the long-term under both emissions scenarios.
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Sources: Data downloaded from Tuolumne County in 2021 and Cal-Adapt in 2020

Figure VA-6
Tuolumne County

Change in Average Annual Maximum Temperature through 2099
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Sources: Data downloaded from Tuolumne County in 2021 and Cal-Adapt in 2020

Figure VA-7
Tuolumne County

Change in Average Annual Precipitation through 2099
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SECONDARY CLIMATE CHANGE EFFECTS
Increased Wildfire Risk

Wildfire risk is determined by several factors, such as wind speeds, drought conditions, available wildfire fuel (i.e., dry
vegetation), past wildfire suppression activity, and expanding wildland-urban interface (WUI), or places in and around
forests, grasslands, shrublands, and other natural areas (Westerling 2018). Climate change effects, including increased
temperatures and changes to precipitation patterns, will exacerbate many of the factors that contribute to wildfire
risk. Increased variability in precipitation may lead to wetter winters and increased vegetative growth in the spring,
and longer and hotter summer periods will lead to the drying of vegetative growth and ultimately result in a greater
amount of fuel for fires. This has already been seen across the state in recent years, with the area burned by wildfires
increasing in parallel with rising air temperatures (OEHHA 2018). These factors, combined with the increasing
frequency and severity of intense wind conditions, will cause fires to spread rapidly and irregularly, making it difficult
to predict fires’ paths and effectively deploy fire suppression forces. Pacific Gas and Electric (PG&E) also has
thousands of miles of electrical transmission lines running through the county, which carry significant potential fire
risk. Because these lines are not easily accessible from the ground, fire suppression tactics involve approaching them
from the air, which may not be possible during windy or smokey conditions, further contributing to this risk (County
of Tuolumne 2020).
Relative humidity is also an important fire-related weather factor; as humidity levels drop, the dry air causes
vegetation moisture levels to decrease, which consequently increases the likelihood that plant material will ignite and
burn. With an increase in hotter and drier landscapes, humidity levels may continue to drop and result in higher fuel
levels, increasing the risk of wildfire. While higher elevation areas historically have not experienced many wildfires,
these climate change effects have already begun to increase the likelihood of high-elevation wildfires throughout the
Sierra Nevada, a trend which is expected to continue and will likely impact areas of the county (Schwartz et al., 2015).
Using a statistical model based on historical data of climate, vegetation, population density, and large (greater than
400 hectares) fire history, Cal-Adapt provides projections for future annual mean hectares that are anticipated to
burn within the county when wildfires do occur. Cal-Adapt does not account for current or planned wildfire
management projects. Table VA-3 and Figure VA-8 show the projected change in average annual area burned within
the county under low and high emissions scenarios for the central population growth scenario at midterm and longterm timescales. The total area burned annually by wildfire within the county is expected to rise 35 percent from the
historic (1961-1990) annual average of 4,764 hectares to 6,442 hectares in the near-term and nearly double in the
midterm to 8,224 hectares burned annually. In the long-term, average annual area burned in the county is projected
to increase by 77 percent to 8,434 hectares and by 180 percent to 13,319 hectares under the low and high emissions
scenarios, respectively (CEC 2021b). Importantly, Figure VA-8 illustrates that anticipated changes in wildfire impacts
are not homogenous across the county; for instance, the central and eastern portions of the county are projected to
be more severely impacted by wildfire.
Table VA-3

Changes in Annual Average Area Burned in Tuolumne County

Average Annual Area Burned
Average Annual Area Burned
(hectares)

Historic Modeled1 Average
Annual Area Burned
(1961-1990)

Near-Term
(2021-2050)

Midterm
(2035-2064)

Long-Term (2070-2099)
Low Emissions

High Emissions

4,764

6,442

8,224

8,434

13,319

Notes: RCP = Representative Concentration Pathway.
1

Observed historical average annual area burned data were not available from Cal-Adapt; the modeled historical average annual area burned
data under the low emissions scenario was available and used as proxy data.

Source: CEC 2021b.
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Increased Frequency of Extreme Heat Events

The Cal-Adapt tool provides estimates of future instances of extreme heat events. Extreme heat events include
extreme heat days and heat waves. Cal-Adapt defines an extreme heat day as a day when the daily maximum
temperature exceeds the 98th historical percentile of daily maximum temperatures based on observed data from
1961–1990 between April and October. Heat wave events are characterized as periods of sustained extreme heat and
are defined by Cal-Adapt as four or more consecutive extreme heat days.
Extreme heat day thresholds vary significantly for different portions of the county due to geographic, topographic,
and climatological factors; however, to be consistent with exposure analyses of other climate effects, the study area in
Cal-Adapt was kept as the geographic boundaries of the entire county. The extreme heat threshold for the county is
88.6°F, meaning 98 percent of all recorded temperatures in this period were below 88.6°F. Historically (1961-1990), the
county experienced an average of four extreme heat days per year. As a result of rising temperatures from climate
change, the county is projected to experience up to 23 extreme heat days annually in the near-term and 35 extreme
heat days annually in the midterm under the high emissions scenario. In the long-term, the county is projected to
experience up to 39 extreme heat days annually under the low emissions scenario and 61 extreme heat days annually
under the high emissions scenario (CEC 2021c). As shown in Table VA-4 and Figure VA-9, the number of extreme
heat days is already increasing from historic averages and will continue to increase through the long-term. In August
2020, for example, the county experienced a severe heat wave, with multiple consecutive days having temperatures
over 100°F (The Union Democrat 2020). In late June 2021, the county issued an Excessive Heat Warning due to
extreme heat conditions, with temperatures reaching 111°F in some areas (County of Tuolumne 2021).
While heat waves have historically been infrequent in the county, with a historical average of less than one heat wave
annually, climate change is expected to increase the frequency of heat waves within the county. Under the high
emissions scenario, the county is projected to experience an average of four heat waves per year in the near-term
and six heat waves per year in the midterm. The county is projected to experience seven heat waves per year and 12
heat waves per year in the long-term under the low and high emissions scenarios, respectively. The average number
of days in the longest stretch of consecutive extreme heat days per year is also projected to increase substantially.
Historically, the longest stretch of consecutive extreme heat days lasted for an average duration of approximately
two-and-a-half days. The longest stretch of consecutive extreme heat days is projected to increase to an average of
10 days in the near-term and 14 days in the midterm under the high emissions scenario. In the long-term, the
duration is projected to increase to an average of 14 days under the low emissions scenario and 25 days under the
high emissions scenario (CEC 2021c). The projected number of heat waves and number of days in the longest stretch
of consecutive extreme heat days is shown in Table VA-4.
As temperatures continue to rise due to climate change, the frequency, intensity, and duration of extreme heat days
and heat waves will increase in the Sierra Nevada region, which will increase risks to public health and safety. The
health impacts associated with extreme heat, including heatstroke, heat exhaustion, and dehydration, as well as
complications from cardiovascular and respiratory diseases, are particularly likely to be exacerbated by climate
change (OPR, CEC, and CNRA 2018b; Sheridan et al. 2012).
Table VA-4

Changes in Extreme Heat Events in Tuolumne County
Long-Term (2070-2099)

Historic Annual
Averages (1961-1990)

Near-Term
(2021-2050)

Midterm (20352064)

Low Emissions

High Emissions

4

23

35

39

61

Number of Heat Waves

0.5

4

6

7

12

Number of Days in Longest Stretch of
Consecutive Extreme Heat Days

2.6

10

14

14

25

Annual Averages
Number of Extreme Heat Days

Notes: RCP = Representative Concentration Pathway.
Source: CEC 2021c.
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Sources: Data downloaded from Tuolumne County in 2021 and Cal-Adapt in 2020

Figure VA-8
Tuolumne County

Change in Annual Average Area Burned by Wildfire through 2099
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Source: Cal-Adapt 2021.

Figure VA-9

Change in Annual Extreme Heat Days through 2099

Increased Frequency of Extreme Precipitation and Flooding

In the Cal-Adapt tool, extreme precipitation events are defined as events where 2-day rainfall totals are above an
extreme threshold (i.e., days having precipitation at or exceeding the 95th percentile). For the county, this threshold is
approximately 3.6 inches over a 2-day period. According to Cal-Adapt, the county has historically (1961-1990)
experienced an average of two extreme precipitation events per year. Under the high emissions scenario, the county
is expected to experience two extreme precipitation events per year in the near-term and three extreme precipitation
events per year in the midterm. In the long-term, the county is projected to experience two extreme precipitation
events per year under the low emissions scenario and four extreme precipitation events per year under the high
emissions scenario (CEC 2021d). Changes in extreme precipitation events in the county are shown in Table VA-5.
Table VA-5

Changes in Extreme Precipitation Events in Tuolumne County

Annual Average
Extreme Precipitation Events

Historic Annual Average Extreme
Precipitation Events (1961-1990)

Annual Average Extreme Precipitation Events

2

Notes: RCP = Representative Concentration Pathway.

Long-Term (2070-2099)
Near-Term
Midterm
(2021-2050) (2035-2064) Low Emissions High Emissions
2

3

2

4

Source: CEC 2021d.

Like extreme heat events, the Cal-Adapt data for the frequency of extreme precipitation events varies across different
areas of the county, with some areas experiencing considerably larger increases in extreme precipitation events
compared to the county as a whole. This high geographic and topographic variability is projected across the Sierra
Nevada (OPR, CEC, and CNRA 2018b).
As more intense precipitation events occur over short periods, the county will experience an increase in the frequency and
intensity of flood events. The increased variability in the climate is expected to result in changes to the frequency,
intensity, and duration of extreme precipitation events, causing heavy rainfall, thunderstorms, snowstorms, and hailstorms.
Impacts from these events are anticipated to worsen in the future, and in recent years the County has experienced
significant damage due to extreme weather; storms in 2017 resulted in costs of over $7 million to the County.
Like other California regions, the high year-to-year variability of precipitation in the county is severely affected by
extreme precipitation events, which account for 80 percent of the year-to-year variability (Jennings et al. 2018).
Although future total annual precipitation is not expected to vary significantly, the increase in interannual variability in
precipitation, which has been both projected and documented for the Sierra Nevada, increases the potential for
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occasional years of extremely high rain and snowfall (Saford et al. 2012). Coupled with warmer temperatures, which
are expected to increase the incidence of precipitation falling as rain rather than snow, this is expected to increase
flood risks for the county. The incidence of “rain-on-snow” events is also projected to increase, which is likely to result
in more frequent winter flooding events. Additionally, heightened variability in precipitation regimes may also
increase the prevalence of droughts. These climatic changes will vary across geographic areas due to several factors,
such as elevation within the mountain range, with quicker warming trends and precipitation changes at the highest
elevations (OPR, CEC, and CNRA 2018b).
The risks of landslides and mudslides will be influenced by severe storms and flooding. Cal-Adapt does not provide
data related to landslides, but based on a review of the California Geological Survey map and accompanying
literature, most of the county is characterized as having a low susceptibility to landslides. Naturally occurring
landslides are not common within the county, although with increased risks from climate hazards, such as wildfire and
extreme precipitation events and flooding, landslides and mudslides may become more common. The likelihood of
landslides can be significantly higher when heavy rainfall events occur after wildfires because wildfires drastically
change the terrain and make the ground less able to absorb water, creating conditions conducive to landslides and
mudflow. The combination of increased likelihood of wildfires and occurrences of extreme precipitation events could,
in turn, increase the risk of more frequent, and potentially larger, landslides within the county, particularly at road
cuts, where topography has been altered for road construction (OPR, CEC, and CNRA 2018b). While landslides
generally require long-term saturation of soils, mudslides and debris flow are often triggered by short, intense
precipitation events, making them particularly likely to occur in the county in the future (DOC 2019).

Droughts and Water Supply

As shown in Table VA-2 above, under both the low and high emissions scenarios, the county is expected to
experience slight overall increases in average annual precipitation in the long-term. However, projections show the
county will experience increased variability and volatility in precipitation events, such as droughts. The county and
state have a highly variable climate that is susceptible to prolonged periods of drought, and recent research suggests
that extended drought occurrence (a “mega-drought”) could become more pervasive in future decades (CEC 2021e).
Cal-Adapt uses data to model an extended drought scenario for all of California from 2051 to 2070 under the
HadGEM2-ES simulation and high emissions scenario. The extended drought scenario is based on the average annual
precipitation over 20 years. This average value equates to 78 percent of the historic median annual precipitation
averaged for the North Coast and Sierra California Climate Tracker regions. As shown in Figure VA-10, the county’s
observed historical (1961-1990) average annual rainfall accumulation is 42.2 inches. Under the anticipated drought
scenario between 2051 and 2070, the county’s average annual rainfall accumulation would decrease to 34.9 inches
(CEC 2021e). The county is predicted to experience extended drought periods due to climate change, which may
result in stress on reliable local water supply. This effect will not only result in water shortages for the county, but also
for other jurisdictions across the state that rely on water supply from the region.
The county’s primary water supply consists of surface water that originates as rainfall and runoff from snowpack in
the Sierra Nevada mountains. Due to increases in climate variability and rising temperatures, the state has already
seen signs of decreased snowmelt in Northern California. Annual snowpack in the Sierra Nevada is expected to
decline by as much as 33 percent by mid-century and 66 percent by the end of the century, relative to historic
baseline snowpack (OPR, CEC, and CNRA 2018b). Further, rising temperatures have caused the snowpack to melt
faster and earlier in the year. These changes in snowmelt timing and streamflow availability will challenge local and
regional water supply availability (OPR, CEC, and CNRA 2018a). Inadequate rainfall and reduced snowpack will result
in decreased runoff to the reservoirs that supply most of the water in the county, which may lead to less available
water and could result in water shortages in the future. Currently, drought intensity conditions within the county are
classified as Extreme Drought and Exceptional Drought by the National Oceanic and Atmospheric Administration’s
(NOAA’s) National Integrated Drought Information System (NIDIS) (NOAA 2021a).
The remaining portion of the county’s water supply is met with groundwater from wells, particularly for rural
residential development in outlying areas. Reduction in snowpack disrupts the normal timing of groundwater and
surface water recharge, which reduces the quantity of water that can be stored and used during hotter times of the
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year or during drought conditions. With increasing weather variability, wells may prove to be an unreliable source of
water supply during increasingly frequent drought periods. As surface water supplies become more variable and
unpredictable, more communities, landowners, and resource managers will likely turn to groundwater to make up
water supply deficits. In some areas, this is likely to lead to more intensive groundwater extraction, additional
overdrafts, and limited water supply (Georgakakos et al. 2014). Long-term groundwater pumping has resulted in
lowered groundwater levels and land subsidence in areas across the Sierra Nevada, such as in the Sierra Valley. Due
to the drought between 2012 and 2016, several areas of the San Joaquin Valley experienced heavy groundwater
pumping and are now in a condition of critical overdraft (County of Tuolumne n.d.).

Source: Cal-Adapt 2021.

Figure VA-10

Projected Drought Conditions between 2051 and 2070

Reduced Snowpack

As noted in the Drought and Water Supply section above, climate change is expected to cause considerable
reductions in snowpack throughout the Sierra Nevada. By the end of the 21st century, temperatures in the Sierra
Nevada are projected to warm by 6°F to 9°F on average, enough to raise the transition from rain to snow during a
storm by approximately 1,500 to 3,000 feet. For example, if the transition from rain to snow in 2021 had been in Mono
Vista, CA (approximately 3,000 feet elevation) during a storm, it could move up to Pinecrest, CA (approximately 5,700
feet elevation) by the end of the century, a change of about 2,700 feet. The greater proportion of precipitation as
falling as rain rather than snow and an increased frequency of rain-on-snow events is expected to be further impact
snowpack.
Cal-Adapt uses snow-water equivalent (SWE) to estimate changes in snowpack. SWE, a common measurement of
snowpack, is defined as the amount of water contained within the snowpack. The spring season is analyzed for
projections because these months are believed to provide the most accurate prediction of the amount of water that
will be the main available water supply through the warm season (OPR, CEC, and CNRA 2018b).
According to Cal-Adapt, the county’s historical average SWE for the month of April is 12.1 inches. Under the high
emissions scenario, the April SWE is expected to decline to 10.7 inches in the near-term and 8.1 inches in the midterm,
reductions of approximately 12 percent and 23 percent, respectively. In the long-term, April SWE is projected to be
8.8 inches and 5.8 inches under the low and high emissions scenarios, respectively (CEC 2021f). These long-term
declines are equivalent to reductions of approximately 27 percent and 52 percent, respectively. Changes in average
April SWE are shown in Table VA-6.
The level of snowpack in the county is projected to see substantial declines in the long-term, with April SWE under
the high emissions scenario expected to be less than half of the historical average. Notably, recent studies suggest
that these snowpack projections may be underestimates due to positive feedback loops: rising temperatures will
cause snow cover losses, which will result in warmer land surfaces, which in turn enhances warming trends. Loss of
Tuolumne County
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snowpack and overall drying will lead to increased winter stream flows and floods, as well as to reductions in spring
and summer streamflow (Walton et al. 2017). These impacts may have substantial environmental, social, and
economic consequences, as the Sierra Nevada snowpack is relied upon across the state for a variety of critical
purposes, including potable water, water for livestock and agriculture, and tourism and recreation. Below-average
precipitation during the 2019-2020 and 2020-2021 winters in the Sierra Nevada has resulted in significant water level
reductions in storage reservoirs in the Sierra Nevada and throughout the state (NOAA 2021b).
Table VA-6

Changes in Average April Snow Water Equivalence in Tuolumne County (in inches)

Average April Snow Water Equivalence

Historic Average Snow Water
Equivalence (1961-1990)

Near-Term
(2021-2050)

Midterm
(2035-2064)

Low Emissions

High Emissions

Average April Snow Water Equivalence

12.1

10.7

9.3

8.8

5.8

Notes: RCP = Representative Concentration Pathway.

Long-Term (2070-2099)

Source: CEC 2021f.

2.2

SENSITIVITY AND POTENTIAL IMPACTS

The second step of the vulnerability assessment process is conducting the sensitivity analysis and the analysis of
potential impacts. The varying effects of climate change will impact the county differently, such that some population
groups and physical assets will be affected more severely than others. The first objective of this step is to identify
which of these populations and assets may be impacted by projected climate exposures. The second objective is to
assess the degree of sensitivity of the populations and assets based on the potential impacts of each exposure. Key
populations and assets identified in the county are organized into the following overarching categories: populations,
built environment, and community functions. These categories are described in more detail below.
The climate change effects analyzed in this section include increased temperatures and extreme heat, increased wildfire
risk, increased extreme precipitation events and flooding, and drought, water supply, and reduced snowpack. Climate
change exposures at the local scale are inherently uncertain, but the potential ways in which climate change could
impact specific populations and community assets within the county are identified and discussed (CalEMA and CNRA
2012:23).

2.2.1

Populations

While all persons in the county will experience impacts from climate change, some populations are more vulnerable
to climate impacts due to a variety of factors. Vulnerable populations are those that are more likely to be affected or
impacted more severely by climate-related hazards due to factors such as health challenges or disabilities, location,
living or working conditions, income level, historical and/or current marginalization, and limited access to resources.
These variables can often be the result of historic inequitable planning processes (Lynn et al. 2011). These factors,
among others, can lead to increased susceptibility to and disproportionate harm from climate impacts and can
impact the ability to recover from impacts.
Vulnerable populations in the county include individuals experiencing homelessness, individuals with disabilities,
senior citizens, communities of color and linguistically isolated communities (i.e., non-English-speaking people), tribal
communities (i.e., Tuolumne Band of Me-Wuk Indians and Chicken Ranch Rancheria of Me-Wuk Indians), and Legacy
Communities 1. Though certain vulnerable populations represent only a small percentage of the county’s total
population, it is important to plan for all groups that, for one reason or another, lack available resources or capacity
to react or adapt to climate change impacts themselves.
1

The County has identified 16 Legacy Communities, or disadvantaged communities in the county not within spheres of influence of a city. These
communities range from remote settlements to residential neighborhoods surrounded by cities. A Legacy Community is defined as a
geographically isolated community inhabited with no less than 10 dwellings adjacent or in close proximity to one another that has existed for at
least 50 years. Additionally, Legacy Communities are communities with annual median household incomes less than 80 percent of the statewide
annual median household income, defined as $49,306 per year using 2010 U.S. Census Bureau data.
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Built Environment

The built environment in the county consists of a set of assets that are essential to the health and welfare of residents
and visitors and are especially important during and proceeding climate-related hazard events. This includes
residential and commercial buildings; critical facilities (i.e., hospitals and medical facilities, fire departments,
emergency shelters, schools, senior centers); transportation infrastructure (i.e., roadways, bridges, railroads, and
airports); and utility infrastructure (i.e., energy, communications, and water and wastewater). Many of these assets are
considered high-potential loss facilities and infrastructure, where damage would have large environmental, economic,
or public safety consequences. Figure VA-11 shows the locations of critical facilities within the county, all of which are
in the central and eastern portions of the county.
The resilience of the county’s built environment to climate change is critically important to overall community
resilience and well-being, as well as preventing cascading impacts from disasters. Coupled with increased use and
aging infrastructure, infrastructure assets may be highly sensitive to climate-related hazards including extreme heat,
wildfire, and extreme storms. These hazards may adversely affect the reliability, accessibility, lifespan, and
maintenance costs of roads, facilities, utilities, and equipment. Maintaining and adapting infrastructure to reduce risks
to climate-related impacts is crucial to emergency response and safety during hazard events, especially for the many
rural and isolated communities relying on these services in the county (TCTC 2017).
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Sources: Data downloaded from Tuolumne County in 2021.

Figure VA-11
Tuolumne County

Critical Facilities in Tuolumne County
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Community Functions

Community functions are the resources, assets, operations, economic sectors, and services that are created or
influenced by the interaction between populations and the built environment and allow day-to-day activities to
continue in the county. The priority community functions that have been identified include agriculture, livestock, and
forestry; tourism and recreation; transportation and mobility; essential services (e.g., grocery stores); ecological
function; emergency services; and energy delivery and other utility (e.g., communications) operations. Increases in the
frequency and/or severity of climate-related hazards will cause environmental, economic, and social impacts across
these community functions, which are crucial to the integrity and resilience of the county.

2.2.4

Increased Temperatures and Extreme Heat

Under the high emissions scenario, the average annual maximum temperature in the county is projected to rise
approximately 4°F in the near-term and 6°F in the midterm. In the long-term, the average annual maximum
temperature is projected to increase by approximately 6°F to 9°F under the low and high emissions scenarios,
respectively. Increased temperatures will lead to secondary climate change impacts including increases in the
frequency, intensity, and duration of extreme heat events and wildfires in the county. As discussed in the climate
change effects exposure analysis, the average number of extreme heat days and heat waves are projected to increase
substantially in the midterm and in the long-term, and the projected average annual area burned by wildfire is
expected to increase in the near-term and continue to rise through the end of the century (CEC 2021c; CEC 2021b).

POPULATIONS
Higher frequency of extreme heat conditions can cause serious public health impacts, such as heat stroke and
dehydration, as well as indirect effects such as worsened air quality from increased ozone formation and particulate
matter generation (CalEMA and CNRA 2012:3).
As aging impairs muscle strength, coordination, cognitive ability, the immune system, and the regulation of body
temperature, people aged 65 and older are especially vulnerable to the health-related impacts of extreme heat and
are more likely to experience respiratory and/or cardiovascular health complications than younger individuals (OPR,
CEC, and CNRA 2018a). The median age of county residents is over 48 years old, 11 years older than the statewide
average, and more than 25 percent of residents are over 65 years old, making the county vulnerable when exposed
to these climate change effects (U.S. Census Bureau 2019a). For example, the county’s elderly population, which
makes up 57 percent of Tuolumne County Transit’s ridership through the use of Dial-a-Ride services, will be
increasingly exposed to dangerous health impacts when using transit stops without adequate sheltering (i.e., bus
shelters or street trees) during periods of extreme heat (TCTC 2017). Extreme heat events may also lead to stress on
electricity transmission systems, resulting in system failure. Such events could result in additional health hazards for
the elderly or other persons with disabilities who rely on power to sustain medical equipment/assistive technology
use. Approximately 20 percent of individuals in the county have a disability, which is 7 percent higher than the
proportion of the total U.S. population (U.S. Census Bureau 2019b). Similarly, children are also at elevated risk to heatrelated climate hazards, particularly the risks posed by reduced air quality.
Individuals experiencing homelessness in the county are particularly vulnerable to extreme heat due to a lack of
adequate protection from the sun and access to air conditioning. The county’s population of individuals experiencing
homelessness is increasing due to a deficiency in affordable housing availability. According to a recent Point-In-Time
Homeless Count conducted by the U.S. Department of Housing and Urban Development, the number of individuals
experiencing homelessness countywide was at least 415 (County of Tuolumne 2019). Increased exposure to extreme
heat may exacerbate the risks of heat-related hazards described above.
The county’s Legacy Communities (defined in the footnote above) may experience increased risks related to extreme
heat as a result of several factors. Legacy Communities are often comprised of low-income households that are
geographically isolated, located far away from emergency services and other resources. Response times in the case of
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a heat wave-caused power outages may be greater than those of other communities, and households that are
unable to afford adequate air conditioning or other necessities to cope with high temperatures are at high risk to
extreme heat events. Additionally, lower-income populations that can afford air conditioning will pay a larger
proportion of their income to utilities during prolonged and intense extreme heat events.
Other population groups vulnerable to extreme heat impacts include communities of color and linguistically isolated
communities as well as tribal communities, which historically have been adversely impacted by historic inequities,
often leading to outcomes such as below-average income. The county’s population is 12.2 percent Hispanic or Latino,
1.8 percent Black, 1.4 percent American Indian or Alaska Native, 1.4 percent Asian, and 3.0 percent who identify as
Native Hawaiian, other, or multiracial. Approximately 8 percent of the county’s residents speak a language other than
English at home, with 2 percent of residents speaking English “less than very well” (U.S. Census Bureau 2019a). These
linguistically isolated populations may face challenges in accessing important information regarding extreme heat
events. The county is also home to the three federally recognized tribal communities: the Tuolumne Band of Me-Wuk
Indians, the Chicken Ranch Rancheria of Me-Wuk Indians, and Buena Vista Rancheria (County of Tuolumne 2018a).
These population groups may be disproportionately vulnerable to and impacted by extreme heat due to the factors
described above, as well as potentially limited access to information and cooling centers.
Lastly, the county is a highly popular location for outdoor tourism and recreation. More frequent and intense extreme
heat events will increase risk of heat-related illnesses to all individuals who partake in outdoor activities during these
conditions. The number of individuals who will be at risk in these conditions is likely to increase compared to
historical levels due to rising levels of “climate migrants,” or individuals that travel to new locations because of
inhospitable climatic conditions in their current locations.

BUILT ENVIRONMENT
Rising temperatures and extended periods of extreme heat will result in impacts to buildings and facilities throughout
the county. Increases in nighttime temperatures (i.e., average minimum temperatures) can have a large effect on
facility cooling needs because buildings and houses are not able to cool down after high daytime temperatures. High
temperatures also decrease the efficiency of power transmission lines, while demand for electricity simultaneously
goes up as the operation of air conditioners and cooling equipment increases. Further, these events may cause more
frequent power outages and blackouts; as part of its Community Wildfire Safety Program, the county’s electricity
provider, PG&E has begun implementing Public Safety Power Shutoff (PSPS) events to reduce risk of wildfire.
Extremely high temperatures make PSPS events likely, especially when coupled with windy conditions. Regardless of
the cause, lack of electricity will impact all facilities and create significant risks in the county. The inability of individuals
and medical facilities to use air conditioners and fans, as well as prescribe medications and treatments that rely on
electricity and refrigeration, during these events is of particular concern. Power outages will also affect
communication systems, creating additional risks for individuals who may need to use telephones, cellphones, and/or
the internet to request assistance for extreme heat-related impacts.
One of the major effects of climate change on the county’s transportation system from extreme heat is the reduction
in the overall lifespan of transportation infrastructure (OPR, CEC, and CNRA 2018b). Increased average temperatures
and extreme heat on roadways and trails can result in the degradation of pavement. These effects can increase
roadway hazards, such as potholes and roadway cracks.

COMMUNITY FUNCTIONS
Increases in temperature, along with the frequency of extreme heat events and heat waves, will affect the county’s
agricultural and livestock operations. Higher temperatures will lead to increased rates of evaporation of surface
waters and evapotranspiration in plants, resulting in decreased moisture content of soils. These effects will lead to
increased demand for irrigation to water crops. Warmer nighttime temperatures will reduce or eliminate the required
number of “chill hours” that certain crops (e.g., fruit trees) need to bud (UCANR 2018). Additionally, changes in
temperatures will alter the range of crop-damaging pests and microbial diseases, which could increase the
susceptibility of certain crops to predation, increased spoilage, reduced nutritional content, and other damage.
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Livestock operations could also be subject to heat stress, which can result in reduced livestock pregnancy rates,
increased length of time needed to meet market weight, and reduced milk production (CNRA 2014:24).
As temperatures continue to increase through the century, winter snowpack will be reduced considerably. Tourism
and recreation businesses and industries that depend on winter snowpack, such as Dodge Ridge and Leland High
Sierra Snowplay ski areas, will be particularly vulnerable and at risk of significant economic losses as the winter season
shortens (Halofsky et al. [in press]).

2.2.5

Increased Wildfire Risk

Increased temperatures and changes in precipitation patterns associated with climate change will lead to reduced
moisture content in vegetation and soils during dry years. These conditions are expected to increase the amount of
area burned by wildfires both within and beyond the boundaries of the county. Higher temperatures lasting even
only one day will affect moisture levels of grass and other small-diameter fuels. Additionally, as higher temperatures
last for longer periods of time, dead fuels of wider diameter will also become drier and contribute to increased
wildfire intensity.

POPULATIONS
Increased frequency and intensity of wildfires will directly affect the safety of all residents and visitors of the county.
Most of the county’s residents live in the WUI on or near State Route 108, State Route 120, or State Route 49, which
on an average day can handle traffic adequately; however, during a mass evacuation, transportation on smaller roads,
which are often narrow and wind through rugged topography, may be difficult due to high levels of congestion.
Traffic could be made worse by additional hazards, such as fallen trees and power lines or abandoned vehicles, and
impacts would be significantly amplified during holiday weekends or other large-scale events (CAL FIRE 2020). Risk
would also rise if an evacuation occurred before Sonora and Tioga mountain passes open in the summer, which
would force traffic through the City of Sonora and Jamestown or Columbia, causing more congestion (County of
Tuolumne 2020). Given these potential challenges associated with evacuation, the entire county is highly vulnerable
to increased wildfire risk.
In addition to the direct threats to human safety, smoke from the burning of vegetation releases harmful air
pollutants into the atmosphere, including particulate matter (soot and smoke), carbon monoxide, nitrogen oxides,
and other pollutants. During and after wildfire events, these pollutants dissipate and can adversely impact the
respiratory health of individuals across a broad geographic area; prevailing southwest, west, and northwest winds
move wildfire smoke from surrounding regions into populated areas of the county, creating an immediate and
localized threat to air quality (CAL FIRE 2020). Inhalation of these pollutants can cause acute (short-term) and chronic
(long-term) cardiovascular and respiratory illness, especially in vulnerable populations such as the elderly, agricultural
and outdoor workers, and those suffering from preexisting cardiovascular or respiratory conditions.
The county’s more rural and isolated communities are particularly vulnerable to catastrophic wildfire, as these settings
will encounter longer response times for firefighters and other emergency response personnel. Evacuation from these
areas in the case of wildfire may also be difficult (OPR, CEC, and CNRA 2018a), especially as traffic on major roadways
increases as surrounding areas evacuate. The Me-Wuk Tribal Lands are located within the Very High FHSZ and
therefore, will be increasingly at risk to wildfire in the future. Additional impacts exist for communities of color and
linguistically isolated communities, senior citizens, and individuals with disabilities or those experiencing
homelessness. While they may not be applicable to each population group, impacts affecting these populations
overlap and include inability to access or receive warning messages and evacuation notices, limited ability to
evacuate due to lack of mobility, limited situational understanding from cognitive conditions, and reliance on
medication or treatment devices. Importantly, approximately 6 percent of households within the county do not have
access to a vehicle, which are crucial in the event of a wildfire (U.S. Census Bureau 2019c). These factors decrease the
abilities of vulnerable populations to adequately respond to and avoid wildfire hazards.
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Wildfires can also result in secondary impacts affecting populations. A major consequence of wildfires is post-fire
flooding and debris flow. The risk of floods and debris flows after fires increases due to vegetation loss and soil
exposure. These flows are a risk to life because they can occur with little warning and can exert great force on objects
in their path.

BUILT ENVIRONMENT
More frequent and intense wildfires pose extremely significant threats to buildings, critical facilities, transportation
infrastructure, and utility infrastructure throughout the county. Many of the more densely populated and developed
areas within the county are located within or along the edge of the WUI. Nearly all of these areas, including
communities such as Columbia, Twain Harte, Mono Vista, Jamestown, Groveland, and East Sonora, are characterized
as Very High FHSZs. Buildings and structures in these zones face extremely high risk of damage or destruction in the
event of wildfire. Increased wildfire risk may also result in loss of housing stock and reduced regional housing
affordability, resulting in increased occurrences of homelessness (County of Tuolumne 2019).
Wildfires threaten energy generation and transmission infrastructure and have the capacity to damage facilities,
create maintenance costs, and reduce transmission line efficiency (CAL FIRE 2020). Grid-supplied electricity, which is
the primary source of power for residences in the county, is provided by PG&E. Wildfire threatens the extensive PG&E
electricity infrastructure in the county. More rural communities rely on onsite consumption of propane, heating oil,
and fuelwood (County of Tuolumne 2018a), resources that could be lost or damaged from wildfires. Propane gas line
infrastructure is particularly vulnerable to wildfire due to the potential for gas line breakage, primarily at the service
connection to structures displacing propane tanks. Because most structures in the county do not have emergency
generator capabilities, many communities will likely be without electrical power for several hours to days following a
wildfire event (County of Tuolumne 2012).
Other utility infrastructure can experience similar impacts; water and communications utilities operating in the region
have lost millions of dollars through both direct and indirect impacts of wildfires over recent decades (County of
Tuolumne 2020). TUD’s 2015 Urban Water Management Plan notes that the open ditch/flume raw water conveyance
system that connects Lyons Reservoir to distribution points is also susceptible to impacts caused by wildfires (TUD
2016). Communication equipment is widespread throughout the county and is often located in remote locations, such
as mountaintops, resulting in significant threat from wildfire. Wildfire could also impact hydroelectric energy
generation infrastructure at dams within the county and disrupt normal operations, including the export of power
(CAL FIRE 2020; County of Tuolumne 2020).
Wildfires may also impact transportation infrastructure in the county. While fire causes relatively insignificant direct
impact on roads and highways, cracking and degradation of pavement is not uncommon. Associated hazards for the
transportation network include fallen trees, downed powerlines, fire-caused rock falls, and the loss of guard rails and
safety systems, such as signs and traffic signals (County of Tuolumne 2012; CAL FIRE 2020).

COMMUNITY FUNCTIONS
Wildfires can damage not only buildings and infrastructure, but also the natural environment. Severe wildfires often
burn tens of thousands of acres, disrupting the county’s ecological functions by destroying fragile habitat, disturbing
native animal populations, threatening rare and endangered plant and animal species, and altering scenic and
aesthetic qualities of recreation destinations and vistas. Dead and damaged trees and forests, as well as post-fire soil
erosion, caused by catastrophic wildfires also create potentially dangerous hazards for recreationists that may last
decades (Halofsky et al. [in press]). River and stream fisheries, which are both important to ecological function and for
tourism and recreation, can be severely impacted by wildfire due to the erosion that often follows. Hiking, camping,
biking, wine tasting, fairs, music festivals, and other popular tourism and recreation activities are also easily disrupted
by wildfire (CAL FIRE 2020). In addition to reducing the abilities of individuals to partake in these activities, the
financial impacts caused by wildfires on these industries and the economy at large can be devastating. Essential
services are also at risk, which threatens individuals’ abilities to obtain essential resources such as food and water.
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Agriculture and livestock operations and timber production within the county are significantly vulnerable to wildfire.
Both of these industries are economic drivers in the county, with combined revenues of over $40 million in 2018
(County of Tuolumne 2018b). Livestock is the leading commodity, and the grassland ranges on which the cattle
industry depends are highly susceptible to loss due to wildfire. During the fire season, high winds can exacerbate the
scale and intensity of wildfires and easily destroy hundreds or thousands of acres of valuable feedstock (CAL FIRE
2020). Timber harvesting in the county, which accounted for over $15 million in revenue in 2018 (County of Tuolumne
2018a), also faces growing risk by the threat of increasingly large and intense wildfires. Sierra Pacific Industries
operates sawmills in Standard and Chinese Camp, and American Wood Fibers operates a facility west of Jamestown.
These facilities provide an important outlet for forest products in Tuolumne and Calaveras Counties and are located
within high-risk wildfire areas.
If high fire risk conditions (i.e., high temperatures, gusty winds, and dry conditions) threaten a portion of the electric
system serving a community, PG&E may implement a PSPS event and turn off electricity in the interest of reducing
potential wildfire ignitions from powerlines (PG&E 2019). The California Public Utilities Commission (CPUC) produces a
Fire Threat Map, to show where there is an elevated risk (including likelihood and potential impacts on people and
property) from utility-associated wildfires (CPUC 2018). As shown in Figure VA-12, the majority of the county is
characterized as “Tier 2 – Elevated” risk, and a considerable section is considered “Tier 3 – Extreme.” Several
communities lie in the extreme tier, including Twain Harte, Columbia, Mi-Wuk Village, and Strawberry. Like electricity,
a variety of water delivery systems face significant risk from wildfire, which can cause damage to or destroy systems
and infrastructure. Affected assets could include open water convergence ditches, flumes, tanks, ponds, reservoirs,
and pumping facilities (CAL FIRE 2020).
Major wildfires often result in damage to transportation infrastructure and/or closure of roadways. Combined with
reduced visibility from wildfire smoke, this leads to a disruption in normal transportation networks and accessibility.
Congestion that starts during a mass evacuation can lead to additional traffic management problems, which is
expected to result in delays to emergency response, evacuation, and logistical support (County of Tuolumne 2012).
While the airports within the county are most sensitive to rising temperatures and severe weather patterns, increased
wildfire events may generate additional impacts to airports and air travel. Wildfires may affect flight take-off and inair flight safety due to dangerous conditions caused by increased smoke and decreased visibility (County of
Tuolumne 2012).
Lastly, increased frequency and intensity of wildfires place greater pressure on the Tuolumne County Fire Department
(TCFD) and regional emergency response services. During periods of increased wildfire activity, hospitals may incur
additional demand for their services to accommodate an influx in emergency room visits caused by wildfire or wildfire
smoke impacts. This could result in longer waiting periods for emergency room patients if hospitals reach their
maximum capacity.
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Sources: Data downloaded from Tuolumne County in 2021 and CA Public Utilities Commission in 2021.

Figure VA-12
Tuolumne County

California Public Utilities Commission Fire Threat
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Increased Extreme Precipitation and Flooding

The average number of annual extreme precipitation events in the county are projected to increase from two events
per year to four events per year by the end of the century. Additionally, variability and volatility in severe storms are
expected to increase as a result of primary climate change effects (i.e., changes in temperature and precipitation
regimes). While it is uncertain exactly how climate change will affect flooding events in the region and to what extent,
it is reasonable to assume that any increase in the frequency and intensity of flooding could result in adverse impacts
to the county’s populations, built environment, and community functions.

POPULATIONS
Increases in the magnitudes and frequency of flood events will adversely affect populations in the county through
both direct impacts and several secondary hazards. A large portion of the county’s existing communities lie within or
directly adjacent to the 100-year floodplain, particularly those that are located near State Route 108. The highway and
local roadways are susceptible to flood impacts and may be impassable during flood events, disrupting evacuation
routes or emergency response routes. Limited evacuation routes, combined with potential damage to transportation
and communication infrastructure, increase the risk associated with flooding and have the potential to result in
injuries and loss of life. Electrical equipment impacted by floodwaters can result in fires, creating further threats to
public safety. Hazardous materials can also get into floodways, causing health concerns and polluted water supplies.
Mercury, for example, and other pollutants can make their way into the waterways during a flood, contaminating the
potable water supply (County of Tuolumne 2017). Additionally, stagnant flood pools can become breeding grounds
for mosquitoes, which may lead to an increase in vector-borne diseases. Many residences currently use septic
systems, which are vulnerable during flood events and could lead to backed-up sewage in residences. Lastly,
buildings having experienced inundation may produce mold and mildew, which may cause acute respiratory illness in
small children and the elderly (County of Tuolumne 2017).
Although all residents and visitors of the county will be sensitive to severe storms and flooding, vulnerable population
groups will likely face disproportionate negative impacts. In addition to lacking adequate shelter and protection from
these events, individuals experiencing homelessness may have limited access to warning messages and other
pertinent information from the County and other public health and safety agencies. Senior citizens and individuals
with disabilities may face these challenges and are likely to have limited mobility and ability to react to and prepare
for these events. Legacy Communities, tribal communities, linguistically isolated communities, and communities of
color may have limited access to warning messages and information regarding precautionary measures being taken
by the County and other public health and safety agencies. They may also have limited access to the internet, making
it harder to gain information leading up to and during these events.

BUILT ENVIRONMENT
Increases in the magnitude and frequency of flood events pose significant risk to the county’s buildings, critical
facilities, transportation infrastructure, utility infrastructure, and essential services. Many of the communities in the
State Route 108 corridor are located within or directly adjacent to 100-year floodplain and face a risk of property
damage due to flooding. In addition to residential and commercial properties, there are a considerable number of
critical facilities, including fire departments, police stations, and schools, that may be impacted by larger and more
frequent extreme precipitation events leading to flooding of streams and creeks. Like wildfires, severe storms and
flooding threaten vulnerable electricity delivery and propane gas line infrastructure (County of Tuolumne 2012).
Damage to transportation infrastructure from severe floods is likely to occur as well. Flood conditions, such as those
caused by increased magnitude of peak stream flows in winter, may damage roads near perennial streams, ranging
from minor erosion to complete loss of the road. Roads, bridges, and culverts are susceptible to increased runoff
during storm events, especially following a wildfire, causing failures due to washouts, plugging, overtopping, stream
diversion, and scour. Transportation infrastructure near streams and floodplains will be especially vulnerable. ClimateTuolumne County
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related changes in the freeze-thaw cycles, timing of road construction seasons, and snowmelt hydrology are
expected to impact road integrity, leading to additional damages (Halofsky et al. [in press]).
Extreme storm and flood events can also cause damage to energy, water, and communications infrastructure (County
of Tuolumne 2017). Electrical infrastructure may be inundated, disrupting service to residences and critical facilities as
well as further challenging public safety infrastructure such as traffic signals. Additionally, underground electrical
infrastructure is considered more vulnerable to flooding as prolonged periods of inundations inhibit repairs.

COMMUNITY FUNCTIONS
Aside from direct damage to buildings, infrastructure, and other resources and assets during extreme precipitation
and flood events, flooding may impact the economy through losses in agricultural products and impacts to tourism.
Flooding can result in unwanted submergence and/or excessive soil saturation of cropland (CDFA 2013), impacts that
can inhibit the ability to revive affected agricultural operations once floodwaters recede. The consequences can
destroy crops and may be detrimental to livestock. These risks can be exacerbated if floods cause damage to water
resources, such as underground irrigation systems. If these systems are broken or fail, it can have serious effects on
agricultural operations (County of Tuolumne 2017).
Flooding may have economic impacts on businesses and public agency budgets in other ways. Increased direct and
indirect costs associated with flood mitigation services, clean-up operations, and maintenance and replacement of
damaged structures and infrastructure could put considerable strain on local and regional government budgets. If
floods cause sustained closures of major roadways, access to major tourism and recreation destinations and activities
could be limited. These events, such as the flooding in Groveland in 2018, interrupt business cycles and cause revenue
loss for businesses and the County, affecting the County’s ability to provide basic services and emergency access to
residents and visitors (County of Tuolumne 2017). Additionally, extreme precipitation and flooding events may limit
residents’ and visitors’ access to essential services.
Like wildfire, the potential for floods to damage roads creates considerable risk to emergency services. The need for
emergency response may be required during or immediately after a significant flooding event, and this response
could be inhibited by damaged roads. However, these impacts can also persist, especially if funding for maintenance
and repair is limited (Halofsky et al. [in press]). This risk may be exacerbated if floods result in electric power outages
or other impacts to energy resources.

2.2.7

Drought, Water Supply, and Reduced Snowpack

Increased average temperatures and a compressed rate of snowmelt in the county’s watersheds, along with
inadequate precipitation during the typically rainy season, have previously affected surface water supplies in the
region and will continue to occur in the future. The county’s water supply relies on surface water runoff originating
from high-elevation snowpack in the Sierra Nevada, which is stored in large storage reservoirs at lower elevations.
With high volatility in annual precipitation and snowpack in the county projected to decline over 50 percent by the
end of the century, the county is very likely to be subject to water shortages in the future. The current drought
conditions in the county, classified as Extreme Drought and Exceptional Drought, are the two highest drought
rankings provided by NIDIS. According to the California Department of Water Resources, precipitation in the central
Sierra Nevada for this water year (i.e., September 2020 to June 2021) is currently 53 percent below the average from
1966 through 2015.

POPULATIONS
In the event of a severe and sustained drought lasting multiple years, the county’s water supply reservoirs are not of
adequate size to provide potable water to all residents of the county, without adding to the supply or rationing water
(County of Tuolumne 2018a). For this reason, all populations and communities are sensitive to drought and related
water supply issues. However, water shortages are more likely to impact certain populations that may not have access
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to financial or other resources that would enable them to cope with associated hazards. For example, individuals with
higher incomes and personal vehicles may be able to purchase more bottled water supplies and/or travel to areas
that are not experiencing water availability issues. All of the vulnerable populations in the county are likely to
experience this effect and face elevated risk during water shortages. Additionally, senior citizens, individuals
experiencing homelessness, and individuals with disabilities may face particularly high risks to human health due to
limited access to drinking water.

BUILT ENVIRONMENT
While increasingly frequent and prolonged droughts directly threaten residents of the county, the built environment
will not experience substantial direct impacts associated with this climate-related hazard. However, these conditions
have the potential to cause secondary impacts. Heavy rainfall or snowfall during drought conditions can cause
intense flooding, debris flows, landslides, and mudslides, which pose risks to the county’s built environment.

COMMUNITY FUNCTIONS
In combination with increasing average annual temperatures and other climatic conditions, drought conditions have
led to the rapid spread of pine bark beetles in Sierra Nevada forests. As of 2017, an estimated 110 million trees had
been killed by pine bark beetles and other drought-related factors throughout the Sierra Nevada. The county has
experienced relatively high levels of mortality compared to other areas of the Sierra Nevada, with portions of forests
along the central parts of the county estimated to have lost over 75 percent of tree biomass (OPR, CEC, and CNRA
2018b). Low water availability for trees results in an inability to produce a sufficient amount of pine pitch, which
normally acts as a defense mechanism against the pervasive beetles. These conditions in recent decades have caused
pine bark beetles to propagate rapidly, resulting in large numbers of dying and dead trees, primarily Ponderosa pine
trees, within the county (County of Tuolumne 2017; OPR, CEC, and CNRA 2018b). The rapidly increasing numbers of
dying and dead trees due to drought and other variables also contribute to heightened risk of wildfire, as these trees
dry out and become very high hazard fuels (OPR, CEC, and CNRA 2018b).
Droughts create cascading effects on community functions that may worsen in the future. The associated risks
include adverse impacts on timber harvesting, reduction in native habitat and overall ecological function, increased
forest fuels for wildfire, and economic consequences associated with decreases in tourism and recreation. More
intense droughts could also affect agricultural operations due to more variable and limited water supply. Most of the
county’s grazing lands for livestock are not irrigated, so drought conditions make these operations particularly
vulnerable to economic losses, which can be catastrophic for businesses if they persist and ultimately force farmers
and ranchers to sell their land (County of Tuolumne 2018a).
The county is a highly popular destination for winter tourism and recreation activities such as skiing and
snowboarding. Shorter winter seasons resulting from warmer temperatures causing earlier snowmelt and spring
runoff are already impacting businesses reliant on the snowpack (Halofsky et al. [in press]). Additionally, loss of skierdays from drought conditions and the consequential diminished snowpack could lead to job losses in other
industries, primarily service and hospitality (OPR, CEC, and CNRA 2018b).

2.2.8

Summary of Sensitivity and Potential Impacts

Based on guidance from the APG, potential impacts from each climate change effect are rated on a qualitative scale
comprised of Low, Medium, and High ratings. A description of each qualitative rating for potential impacts is
provided in Table VA-7.
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Potential Impacts Scoring

Score

Potential Impacts Scoring Description

Low

Impact is unlikely based on projected exposure; would result in minor consequences to public health, safety, and/or other
metrics of concern.

Medium

Impact is somewhat likely based on projected exposure; would result in some consequences to public health, safety, and/or
other metrics of concern.

High

Impact is highly likely based on projected exposure; would result in substantial consequences to public health, safety, and/or
other metrics of concern.

Source: CalOES 2020.

The climate change effects anticipated to impact the county are ranked in Table VA-8 for a potential impacts score.
This evaluation is based on the exposure analysis and analysis of sensitivities and impacts throughout Section 2.2.
Table VA-8

Potential Impacts Summary
Climate Change Effect

Potential Impacts Rating

Increased Temperatures and Extreme Heat

High

Increased Wildfire Risk

High

Increased Extreme Precipitation and Flooding

Medium

Drought, Water Supply, and Reduced Snowpack

High

Source: Ascent Environmental 2021.

2.3

ADAPTIVE CAPACITY

The third step in the vulnerability assessment process is to evaluate the adaptive capacity of the populations, built
environment, and community functions to address the impacts of climate change. Adaptive capacity, analyzed in this
section, refers to a community’s current and future ability to address climate-related impacts. A review of the
County’s existing policies, plans, programs, and resources, as well as those from relevant regional and State agencies
and organizations, provides an assessment of the county’s current ability to reduce vulnerability to hazards and adapt
to climate change over the long-term. However, these efforts do not comprehensively identify all of the strategies
and actions that will need to be implemented by the County and other agencies to adequately address the full scope
and magnitude of potential climate change impacts. Climate change will increase the frequency and severity of
climate-related hazards in the future, requiring updates to emergency response and land use planning, new policies
and programs, and new strategic partnerships. The following section summarizes current State and regional planning
efforts that address climate-related hazards.

2.3.1

Existing State and Regional Planning Efforts

California’s Fourth Climate Change Assessment, Sierra Nevada Region Report

As described in Section 1.3.3, the Sierra Report, prepared in 2018, is one of a series of 12 regional climate vulnerability
assessments in California which provide an overview of region-specific climate science and anticipated climaterelated changes, specific strategies to adapt to climate impacts, and key research gaps needed to safeguard the
region from climate change. The Sierra Report breaks down regional vulnerability by ecosystems and biodiversity,
water resources, and communities and provides adaptation strategies applicable to the County.

Tuolumne County Multi-Jurisdictional Hazard Mitigation Plan

The County addresses current and future impacts related to existing natural hazards through the MJHMP. Developed
by the County OES, the MJHMP is intended to help identify and reduce or eliminate long-term risk to people and
property from hazards such as flooding, earthquakes, extreme weather, and wildfire. It also discusses how climate
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change will affect the county and provides goals and actions to mitigate these impacts. While climate change itself
was not included as a hazard, the impact of climate change on existing hazards was included in the evaluation of the
hazards, and their impacts. Risks that will be impacted by climate change discussed in the MJHMP include extreme
heat, wildfire, flooding, and drought and water supply. This vulnerability assessment and report serve to complement
the analyses provided by the MJHMP.

Tuolumne County General Plan and Supporting Documents

The County’s General Plan was most recently updated in 2018 and provides the long-term vision and policy direction
guidance for residents, County staff, decision makers, and the broader community. The General Plan serves as the
foundation for most County regulatory documents and addresses land use, community mobility, conservation and
open space, safety, noise, and housing. The General Plan contains a Climate Change Element, which includes climate
change adaptation and resilience policies and programs. The General Plan also includes climate change-related
policies in other elements, such as the Public Safety Element, Natural Resources Element, and Natural Hazard
Element. Additionally, the Technical Background Report for the General Plan provides detailed information related to
the goals, policies, and programs contained in the General Plan.

Emergency Operations Plan for Tuolumne County

The EOP is designed to address the County’s planned response to significant emergency situations. The EOP aims to
ensure the most effective and economical allocation of resources that will result in maximum benefit and protection
of the community are employed during emergencies. The EOP establishes the organization of emergency response
agencies and departments, assigns tasks, specifies policies, and outlines general procedures. It facilitates coordination
of planning efforts of the various emergency staff and service elements utilizing the National Incident Management
System and the Standardized Emergency Management System. The objective of this plan is to incorporate and
coordinate all of the County’s facilities and personnel into an efficient organization capable of responding to any
emergency.

U.S. Forest Service Sierra Nevada Recreation and Infrastructure Climate Change Vulnerability
Assessment and Adaptation Strategy Partnership

In 2018, USFS Region 5 established the Sierra Nevada Recreation and Infrastructure Climate Change Vulnerability
Assessment and Adaptation Strategy Partnership to assess climate change vulnerability and develop recreation and
infrastructure adaptation strategies for National Forest lands in the Sierra Nevada. In partnership with the Washington
Office of Sustainability and Climate, Pacific Southwest Research Station, and Adaptation Partners, two products were
developed: a General Technical Report (GTR) and an ArcGIS Tool. The GTR identifies spatially explicit, anticipated
climate change impacts; assesses the vulnerability of infrastructure and outdoor recreation in national forest units;
and provides USFS resource managers with specific adaptation strategies and options that serve to minimize adverse
impacts and facilitate a transition to a warmer climate. The ArcGIS Tool complements the GTR and allows land
managers to view climate vulnerabilities overlaid on maps of key USFS recreation and infrastructure resources in
California. It was not used in this vulnerability assessment but could be a useful tool for the County, particularly for
areas of the County under the jurisdiction of the USFS.

California Department of Forestry and Fire Protection Tuolumne-Calaveras Unit
2020 Strategic Fire Plan

Through a collaboration of internal and external stakeholders, the CAL FIRE Tuolumne-Calaveras Unit (TCU) has
developed its updated Strategic Fire Plan, which aims to reduce the loss of life, property, and natural resources that
occur due to wildfire. The plan provides a comprehensive framework for TCU to evaluate existing and projected
hazards, develop goals to mitigate the associated risks, establish benchmarks for success, develop strategies to meet
the goals and implement strategies, and facilitate a monitoring protocol to ensure the plan remains connected to the
needs of the region.
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Tuolumne Utilities District 2015 Urban Water Management Plan

Under the Urban Water Management Planning Act (California Water Code Division 6, Part 2.6, Sections 10610 through
10656), TUD developed the UWMP to ensure a reliable water supply for the region until 2040. The 2015 UWMP serves
as a long-term, general planning management tool that can provide a framework for action. The objective of the
2015 UWMP is to provide a reliable water supply for its existing and future customers in a safe, efficient, and costeffective manner. The report includes annual water supply reports which include documentation of local water
supplies. Based on conservative water supply and demand assumptions over the next 25 years, and assuming
effective water conservation measures during extended dry periods, the plan demonstrates that TUD is projected to
successfully achieve this goal. The 2015 UWMP acknowledges that climatic change may affect the consistency of
water supply in its territory; however, the plan does not project that these changes will impact TUD’s ability to provide
a reliable water supply. The 2015 UWMP does not provide recommendations or policies that specifically address
climate-related changes, nor does it comprehensively assess what these changes are and how they may affect water
resources for the county. Under the Urban Water Management Planning Act, an urban water supplier is required to
submit an updated plan every 5 years.

Tuolumne County Transportation Council 2016 Final Regional Transportation Plan

The RTP serves as the planning tool to guide transportation investments in the county for the next 25 years. The RTP
focuses on a balanced multi-modal transportation system for the county that considers the movement of people and
goods for purposes such as working, shopping, school, or recreation. It contains regional goals and performance
measures, some of which are relevant to adaptation and resilience. It also includes a Rural Sustainable Strategy that
sets GHG emissions reduction targets for the County and includes several policies that specifically address emissions
from transportation.

Tuolumne County Office of Emergency Services Extreme Temperature Contingency Plan

In 2019, the County OES updated its Extreme Temperature Contingency Plan (ETCP), a standalone document that is
also incorporated as an annex to the Tuolumne County Public Health Department’s Health Emergency Preparedness
Plan. The ETCP provides guidance for the County, other governmental agencies, and community organizations and
businesses to respond to emergency incidents of extreme heat. The ETCP addresses the needs for the County to
identify vulnerable populations that may be threatened by extreme heat, communicate with the public to convey
relevant information and resources that are available, communicate with State and local agencies, mobilize resources
and initiate actions as needed, and employ the Citizen Alert Emergency Notification System designed to alert
residents of extreme heat events.

SUMMARY OF EXISTING PLANS AND REPORTS
Table VA-9 identifies the specific climate change effects covered under each of the plans and reports discussed
above. As shown in Table VA-9, multiple planning efforts have been made to address the climate-related impacts
that are expected to affect the county. Hazard mitigation and climate adaptation measures for hazards including
extreme weather events and flooding, wildfire, and drought and water supply have been relatively well documented
in assessments prepared previously. Other climate change hazards including extreme heat events and reduced
snowpack are noted in various regional planning efforts, but these efforts do not analyze regional climate change
effects consistently. Most of the policies provided in existing plans are broad-based strategies to reduce risk from
climate change. Thus, it is important to note that specific and targeted policies should be developed to address the
resilience of the most vulnerable populations and assets in the county.
Based on a combination of the adaptation initiatives outlined in these documents and additional adaptive efforts that
have been pursued, the County’s adaptive capacity for each climate change effect can be rated Low, Medium, or
High. High adaptive capacity indicates that sufficient measures are already in place to address the points of sensitivity
and impacts associated with climate change, while a low rating indicates a community unprepared and requires
major changes to address hazards (CalEMA and CNRA 2012:26). Adaptive capacity ratings are described in
Table VA-10.
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Summary of Existing Plans and Reports
Climate Change Hazard
Increased
Increased Extreme
Drought, Water
Increased
Temperatures
Precipitation and
Supply, and
Wildfire Risk
and Extreme Heat
Flooding
Reduced Snowpack

Plan or Report
California’s Fourth Climate Change Assessment, Sierra Nevada
Regional Report









County Multi-Jurisdictional Hazard Mitigation Plan









County General Plan



















County Emergency Operations Plan
Sierra Nevada Recreation and Infrastructure Adaptation Partnership





CAL FIRE Tuolumne-Calaveras Unit 2020 Strategic Fire Plan







TUD 2015 Urban Water Management Plan



TCTC 2016 Final Regional Transportation Plan
County OES Extreme Temperature Contingency Plan







Source: Ascent Environmental 2021.

Table VA-10

Adaptive Capacity Scoring

Score

Adaptive Capacity Scoring Description

Low

The community lacks capacity to manage climate impact; major changes would be required.

Medium

The community has some capacity to manage climate impact; some changes would be required.

High

The community has high capacity to manage climate impact; minimal to no changes are required.

Source: CalOES 2020.

The following sections, organized by climate change effect, describe the current adaptive efforts that have been
implemented to address climate-related hazards. These evaluations serve to analyze and ultimately score adaptive
capacity related to each climate change effect.

2.3.2

Adaptive Efforts Related to Increased Temperatures and
Extreme Heat

The County OES works to protect residents of the county from the impacts of extreme weather events, including
extreme heat. The County has developed its ETCP, which can be implemented to ensure residents at risk from severe
temperatures are protected during extreme heat events. In collaboration with the American Red Cross, the County
OES also operates temporary cooling centers during extreme weather conditions. However, these are only operated
when there is an extreme heat “emergency” that poses significant risks to individuals in the county. The ETCP defines
these conditions as events with a heat index of at least 105 °F during the day combined with nighttime temperatures
of 75 °F or higher for three days/nights or more.
To protect both its populations and built environment, it is the County’s policy to adhere to the latest California
Building Standards Code (CBC) on all development projects. This includes measures to insulate and weatherize
buildings, mitigating the impacts of extreme heat.
The RTP developed by TCTC includes goals, objectives, and policies to guide the development and maintenance of
the transportation system in the county, some of which consider climate change impacts. The RTP’s Smart Mobility
Framework goal, for example, supports the objectives of and includes policies to address climate change adaptation.
in addition, it provides a variety of funding and other resources to achieve the stated goals and objectives. However,
the does not specifically address the impacts of extreme heat on the transportation system within the county.
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ADAPTIVE CAPACITY RATING: MEDIUM
Much of the county will be able to sufficiently prepare for and respond to increased temperatures and extreme heat.
However, the County may have difficulty adequately protecting vulnerable populations from the impacts that will be
caused by rising temperatures and a drastic increase in the number of extreme heat events per year. While the
MJHMP does include extreme heat as a hazard, relevant information is somewhat limited, and extreme heat is not
included in the County’s EOP. Thresholds for opening cooling centers are included in the ETCP, but vulnerable
individuals may be at risk from heat-related hazards before the thresholds are met. To reduce risks, the County could
consider reducing the thresholds for opening cooling centers in future updates to the ETCP and EOP. Similarly,
although the RTP recognizes that climatic changes will result in impacts to transportation infrastructure, it could more
comprehensively address the impacts of extreme heat on pavement conditions and railroad tracks. Additionally, as
rising temperatures and extreme heat lead to more frequent electricity outages, the lack of backup power sources
throughout much of the county will expose more residents to risk of health impacts associated with extreme heat.
Increased frequency of extreme heat events will also impact agricultural and livestock operations within the county.
Hotter temperatures and drier conditions will result in increased demand for water for agricultural operations. The
County could work with or provide information to farmers and ranchers to adjust planting plans to replace crops that
require a greater number of chill-hours for more heat- and drought-tolerant crops. It is also recommended that these
businesses implement techniques to build soil resilience, reduce erosion, and increase the water-holding capacity of
the soil. Livestock may require shelters and cooling mechanisms.
For these reasons, the adaptive capacity ranking for increased temperatures and extreme heat is medium.

2.3.3

Adaptive Efforts Related to Increased Wildfire Risk

Increased frequency and intensity of wildfires pose a serious threat to nearly all of the county’s residents and visitors,
buildings and infrastructure, and community functions. The County adheres to and enforces the CBC and a variety of
additional regulations and ordinances that will help protect the county from the impacts of wildfire. The CBC includes
fire safety regulations based on the International Fire Code (IFC), which specifies building and equipment design
features, emergency access, defensible space requirements, and hazardous vegetation and fuel management
procedures. Other relevant ordinances and regulations include the California Fire Code, California Health and Safety
Code, Title 19 of the California Code of Regulations, Public Resources Code and Title 14 of the California Code of
Regulations, Assembly Bill 337, and Public Resources Code Section 4291, which include important fire safety
mechanisms such as the required use of fire-resistant building materials, enforcement of defensible space
requirements, and fire prevention and suppression standards. Additionally, the OES’s Wildfire Preparedness page of
the County’s website provides resources to inform residents of fire safety and evacuation preparedness information.
The website also includes instructions to register for the County’s Citizen Alert Emergency Notification System.
TCFD is a cooperative fire department that has contracted with CAL FIRE to provide fire suppression, emergency
medical services, public education, and other related services. These agencies are assisted by seven Fire Districts and
one City Fire Department within the county. TCFD also participates in mutual aid agreements to support other
regions and to receive support from the State and other departments as needed. The TCFD’s Fire Prevention
Department works to prevent incidents that would require fire suppression personnel response and also supports
businesses in meeting code requirements through the Fire Safety Inspection Program. The County OES is currently
coordinating with PG&E, California Department of Transportation (Caltrans), and TUD to address dead and dying
trees that threaten powerlines, structures, county roads, highways, and water system infrastructure across the county.
TCFD also collaborates with USFS and the National Park Service in providing wildfire response within the county.
There are a comprehensive set of plans and programs that have been developed by other agencies and
organizations in the region to reduce the risk of wildfire. The Tuolumne-Calaveras Unit: 2020 Strategic Fire Plan,
developed by CAL FIRE, aims to reduce the loss of life, property, and natural resources from wildfire. The plan
assesses the current and anticipated risks associated with wildfire, provides objectives and strategies to mitigate risks,
and presents guidance for implementation. While the County does not participate directly, it collaborates with the
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Highway 108 and Yosemite Fire Safe Councils, which are nonprofits comprised of volunteer individuals, businesses,
and public agencies that seek to prevent and reduce loss from wildfires. The Fire Safe Councils conduct outreach and
education campaigns, work with property owners to comply with fire safety regulations, and engage in fuels
reduction and community preparedness projects. Recently, the Highway 108 Council completed a number of shaded
fuel break projects. The Southwest Interface Project (SWIFT) is a collaborative partnership of nine fire and land
management agencies, as well as the two Fire Safe Councils. It was established in 1999 with the primary objective of
improving wildfire preparedness to protect communities and valuable watersheds at risk from wildfires. In 2004,
SWIFT and the Fire Safe Councils produced the Tuolumne County Community Wildfire Protection Plan, which assesses
fire hazard in the county, prioritizes treatment areas, enhances collaboration amongst all fire agencies and
stakeholders, and streamlines environmental review processes. The original document is currently in the process of
being updated. Yosemite Stanislaus Solutions (YSS), established after the Rim Fire in 2013 is a collaborative and
diverse coalition that aims to enhance forest management actions that aggressively reduce forest fuels and restore
forests to conditions that are resilient to wildfire. YSS recently proposed a Forest Resiliency Pilot Project to
demonstrate that a combination of unified support and an increased pace and scale of science-based forest
treatments can significantly shift an unhealthy “at-risk” forest to a precedent-setting state of resiliency, productivity,
and ecological health. In partnership with YSS, the County received $8.67 million from USFS to ramp up landscape
restoration efforts in Stanislaus National Forest.
The County received more than $70 million in federal funding for an innovative disaster recovery and resilience
program following the Rim Fire. The funds are used in part to increase disaster resilience in the rural mountain areas
affected by the fire (County of Tuolumne 2017). Funding received by the County through the National Disaster
Resilience Competition is being used to construct two Community Resilience Centers, which will act as emergency
response centers during wildfires and other natural hazards as well as community centers that provide amenities and
services to residents and visitors.

ADAPTIVE CAPACITY RATING: LOW/MEDIUM
The County, State and regional agencies, and other partners are implementing a diverse array of policies and
programs that address the design of structures, fire safety, community preparedness, and emergency response, but
the county is still considerably vulnerable to the threat of wildfire. The majority of county’s expansive lands are at very
high risk of wildfires, and as climate conditions change, the associated risks will increase even further. Additionally,
the TCFD has struggled to secure adequate funding for the necessary maintenance and replacement of older
equipment.
Aside from the significant risk for wildfires to occur within the county, wildfires occurring outside of the county’s
borders will likely affect the welfare and health of the residents and visitors from smoke-influenced air quality
degradation. The County, in coordination with federal, State, and local agencies, will need to continue to adapt to this
projected impact.
State and regional agencies, stakeholder organizations, and the County have implemented and planned numerous
initiatives to reduce the risk and impacts of wildfire. However, because the potential impacts of wildfire pose such
significant risk to the county, additional hazard-reduction initiatives and preventative measures should be
implemented to increase capacity to respond to wildfires. Continuing to increase the pace and scale of vegetation
and fuels management projects, as well as identifying new sources of funding for TCFD to replace old and outdated
equipment, may increase the County’s resilience to increased risk of wildfires. However, new efforts to address the
risk of increased wildfire are constantly being developed. For example, the County’s Board of Supervisors recently
approved the formation of a Fire Safety and Community Resilience Citizens Advisory Committee and Task Force that
will work toward achieving the Board’s goals of improving fire safety and preparedness.
For these reasons, the adaptive capacity associated with wildfire is low/medium.
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Adaptive Efforts Related to Increased Extreme Precipitation
and Flooding

In the past, flooding in the county has severed lines of communication, damaged and destroyed structures and
personal property, interrupted utilities, and caused health problems with potable water and sanitary sewer systems.
Working with federal, State, and local emergency response agencies, the County’s OES serves to better prepare
residents for the impacts of extreme weather events and associated hazards. Using National Weather Service
advisories and warnings, the County’s Citizen Alert Emergency Notification System can alert residents when risks of
severe storms and flooding are elevated. The local American Red Cross partners with the County to provide safe
shelter to those who need it during these events. The County’s Community Resilience Centers will also be used to
provide shelter and resources to residents during flooding events.
Communities and infrastructure that lie within or directly adjacent to the 100-year floodplain have been impacted by
extreme precipitation and flooding events in the past. The County has adopted planning and land use ordinances
and regulations that outline development standards for areas within the 100-year floodplain that are potentially
vulnerable to flood events. To assist in long-range planning efforts, the County has adopted a Flood Damage
Prevention Ordinance and a Storm Drainage Master Plan, which serve to improve flood control efforts. The County
strictly enforces flood hazard regulations, including FEMA regulations that determine the location of structures in
floodplains. The County also maintains development standards in areas with poor drainage that are susceptible to
flooding, such as those near Curtis, Sullivan, and Woods Creeks. The County will continue to improve these areas
while maintaining its ability to respond to flood-related hazards. In a related effort, Caltrans recently completed
restoration work along Highway 120 near Buck Meadows to strengthen roadside slopes that could have been
impacted by extreme precipitation and flooding, leading to landslide and rockfall hazards.
TCTC developed its Transportation Emergency Operations Plan in 2012. This plan recognizes that transportation
providers in the county are exposed to natural hazards, including floods. It discusses potential impacts and outlines
the ways in which transportation providers and agencies can react to reduce harm. The RTP developed by TCTC
includes a Residential Areas Emergency Access Improvements document, which identifies residential areas that would
benefit from improved roadway access in the event of an emergency, including flooding events. Improvements could
include efforts such as the construction of new roads to provide additional mobility and alternative evacuation routes.

ADAPTIVE CAPACITY RATING: MEDIUM
The County has adequately assessed its flood risk. The County and stakeholders have developed, adopted, and
enforced several policies and programs that will serve to mitigate impacts from increasingly frequent floods in the
future. While the county’s populations and assets are not severely threatened by floods, the County and other
regional and local agencies can continue to implement policies and programs that reduce the risks associated with
significant flooding events, particularly those that improve transportation accessibility and reliability. Therefore, the
adaptive capacity associated with increased extreme precipitation and flooding is medium.

2.3.5

Adaptive Efforts Related to Drought, Water Supply, and
Reduced Snowpack

Recent severe and prolonged drought conditions have highlighted the importance for the County to prepare for
future droughts that may affect water supply availability and result in other cascading effects such as tree mortality.
The County is currently in the process of developing a Drought Contingency Plan, which will demonstrate
comprehensive planning to prepare for and respond to potential water shortages in the county. It will further assess
the sensitivity of all populations in the county to drought and include proactive strategies and measures to reduce
vulnerability to drought. The Drought Contingency Plan will be added to the MJHMP once complete. The County OES
is charged with making sure residents are prepared for drought impacts.
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During drought conditions in recent years, TUD and its customers have been able to implement critically dry-year
planning and significantly reduce water demand. This has been accomplished through a variety of public outreach
and engagement initiatives that have included distributing informational materials regarding water conservation,
providing customers with water conservation kits that included items such as low-flow showerheads, and school
education programs. To increase conservation from landscaping and gardening uses, TUD has partnered with the
University of California Agriculture and Natural Resources Cooperative Extension and the Tuolumne County Master
Gardeners Program to improve the efficacy of outreach efforts. TUD has also modified water conservation ordinances
in situations where water supply availability is limited. TUD’s analyses of minimum water supply available for 20162018 showed that minimum water supply would meet projected demands. Groveland Community Services District
(GCSD), another water provider that serves a smaller population than TUD in the county, has undertaken similar
efforts and developed a 2015 UWMP that also states the agency will be able to meet future water demand.
The County convened a Tree Mortality Task Force to address the issue of ongoing and increasing tree mortality in the
county that has occurred due to sustained dry conditions in recent years. Dying and dead trees are likely to fall, posing
risks to individuals, structures, infrastructure, and community functions. To address this issue, a group of partner
agencies that make up the Task Force have mobilized and have been able to remove over 13,000 hazardous trees.

ADAPTIVE CAPACITY RATING: MEDIUM
The County understands that a reliable water supply is essential. The County’s undertaking of a Drought Contingency
Plan will assist the county in building resilience to future drought conditions. TUD and GCSD have taken steps
necessary to mitigate the risk of inadequate water supply, although it will be important for the agencies to continue
to and increasingly plan for climate-related impacts on water supply, particularly by updating the UWMPs. Other
smaller water districts in the county will also need to take these actions to prepare for changing water supply
conditions.
The county is still somewhat vulnerable to these climate-related hazards, particularly in terms of the economic
impacts of generally drier conditions, interannual precipitation variability, and reduced snowpack. These climate
change effects will pose risks to agricultural operations and businesses that rely on winter snowpack for tourism and
recreation. The County could work with farmers and ranchers to transition from high water requirement crops to
more drought-tolerant crops. Planning for midterm and long-term impacts, it could also consider providing
assistance to winter recreation businesses in preparing for and adapting to shorter winters.
Based on the reasons stated above, the adaptive capacity ranking for drought, water supply, and reduced snowpack
is medium.

2.3.6

Summary of Adaptive Capacity

Table VA-11 summarizes the County’s adaptive capacity regarding each climate change effect. Like the potential
impacts rating evaluation, the scoring of adaptive capacity allows the County to understand priority areas where
there are gaps in preparing for and adapting to climate change.
Table VA-11

Adaptive Capacity Summary
Climate Change Effect

Adaptive Capacity Rating

Increased Temperatures and Extreme Heat

Medium

Increased Wildfire Risk

Low/Medium

Increased Extreme Precipitation and Flooding

Medium

Drought, Water Supply, and Reduced Snowpack

Medium

Source: Ascent Environmental 2021.
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VULNERABILITY SCORING

The final step in the vulnerability assessment is to characterize the county’s vulnerability to each climate change
effect, which is based on the magnitude of risk to and potential impacts on populations, the built environment, and
community functions while considering the current adaptive capacity in place to mitigate these impacts. Based on the
ratings of potential impacts and adaptive capacity, an overall vulnerability score on a scale of 1 to 5 can be
determined for each climate change effect. Higher vulnerability scores (5 being the highest) indicate that a climate
change effect should be prioritized earlier than those with lower scores (1 being the lowest). This scoring can be used
to inform the development and prioritization of adaptation strategies included in the CAP, and it can also help the
County understand which effects pose the greatest threats and should be prioritized in future planning efforts. Table
VA-12 presents the rubric used to determine overall vulnerability scores based on the ratings for potential impacts
and adaptive capacity.
Table VA-12

Potential Impacts Summary
Vulnerability Score

Adaptive Capacity

Low

3

4

5

Medium

2

3

4

High

1

2

3

Low

Medium

High

Potential Impacts

Source: CalOES 2020; adapted by Ascent Environmental in 2021.

Vulnerability scoring for each climate change effect identified and evaluated in Sections 2.1 through 2.3 is included in
Table VA-13 below. The table shows that increased wildfire risk is assigned a vulnerability rating of 4-5 and therefore
should be a very high priority for the County. Drought, water supply, and reduced snowpack, as well as increased
temperatures and extreme heat, are assigned a vulnerability score of 4, which means they should also be prioritized
in the County’s adaptation and related planning efforts. These climate change effects are likely to have significant
impacts on the county’s populations, built environment, and community functions in the near-term to midterm, and
although a variety of adaptive efforts related to both climate change effects are in place and underway, the
magnitude of the risks posed by these hazards contributes to high vulnerability in the county. Increased extreme
precipitation and flooding is characterized as having a vulnerability rating of 3. This climate change effect is currently
being addressed adequately based on existing conditions, but additional adaptation and resilience planning will be
required in the future to mitigate impacts and protect the county.
Table VA-13

Vulnerability Scoring Summary
Climate Change Effect

Vulnerability Score
Adaptive Capacity

Potential Impact

Vulnerability

Increased Temperatures and Extreme Heat

Medium

High

4

Increased Wildfire Risk

Low/Medium

High

4-5

Increased Extreme Precipitation and Flooding

Medium

Medium

3

Drought, Water Supply, and Reduced Snowpack

Medium

High

4

Source: CalOES 2020; adapted by Ascent Environmental in 2021.
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CONCLUSION

The County, regional and State agencies, and other stakeholder groups have already implemented a variety of
initiatives to address climate change in the county through existing policies, programs, and actions. As climate
change continues to exacerbate risks and impacts from wildfires, heat waves, flooding, drought, and reduced
snowpack, it is critical that the County continues to develop and implement adaptation strategies to plan for and
mitigate these risks. The County’s CAP includes adaptation and resilience strategies and measures that were
developed based on the findings of this report. These initiatives serve to address the climate-related hazards
identified throughout the adaptation planning process and prioritize strategies that will be effective, feasible, costappropriate, and include co-benefits.
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