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1 Introduction  

1.1 Land Acknowledgement  

We acknowledge that we inhabit the territorial traditional land of the Chukchansi, Sierra Miwok, and Mono peoples, past and present, and 
honor with gratitude the land itself and the people who have stewarded it throughout the generations. This land acknowledgement calls us to 
commit to continuing to learn how to be better stewards of the land we inhabit. 

1.2 Purpose  

This assessment evaluates how climate change will continue to impact 
vulnerable community members, natural resources and parks and open spaces, 
agriculture, critical facilities, buildings, services, and infrastructure in 
unincorporated Madera County. Government Code § 65302, as amended by 
Senate Bill (SB) 379, requires cities and counties across California to prepare a 
Climate Change Vulnerability Assessment that informs updates to the Safety 
Element of the General Plan. Understanding Madera /ƻǳƴǘȅΩǎ vulnerabilities to 
climate change provides a foundation to develop required climate adaptation 
goals, policies, and implementation programs for the Safety Element. The 
guiding methodology used in this assessment is based on the California 
Adaptation Planning Guide, which is discussed in Section 2, Methodology. 
Climate change can also be addressed by mitigating the production of 
greenhouse gas emissions through reduction measures. The difference 
between climate mitigation and adaptation is further explained in Figure 1. 

Causes of Climate Change  

Climate change is caused by the addition of excess 
greenhouse gases (GHGs) to the atmosphere, which traps 
ƘŜŀǘ ƴŜŀǊ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ǊŀƛǎƛƴƎ Ǝƭƻōŀƭ ŀǾŜǊŀƎŜ 
temperatures in what is referred to as the greenhouse 
effect. This increase in average temperatures across the 
globe affects sea level rise, precipitation patterns, the 
severity of wildfires, the prevalence of extreme heat 
events, water supply, and ocean temperatures and 
chemistry (NASA 2022). According to the 
Intergovernmental Panel on Climate Change (IPCC), GHGs 
are now higher than they have been in the past 400,000 
years, raising carbon dioxide levels from 280 parts per 
million to 410 parts per million in the last 150 years (IPCC, 
2021). The dramatic increase in GHGs is attributed to 
human activities beginning with the industrial revolution in 
the 1800s, which represented a shift from an agrarian and 
handicraft-based economy to one dominated by industry 
and machine manufacturing (NASA 2022).  
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Figure 1 Climate Change Mitigation and Adaptation  
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1.3 Madera  County  Snapsho t 
 
Madera County covers 2,147 square miles and is located in the 
central portion of the San Joaquin Valley and part of the Sierra 
Nevada foothills and mountains.  The County has federally owned 
lands including parks, wildlife areas and other public lands (Madera 
County 2018). Parts of Madera County are included in Yosemite 
bŀǘƛƻƴŀƭ tŀǊƪΣ 5ŜǾƛƭΩǎ tƻǎǘǇƛƭŜ bŀǘƛƻƴŀƭ aƻƴǳƳŜƴǘΣ ŀƴŘ ǘƘŜ {ƛŜǊǊŀ 
bŀǘƛƻƴŀƭ CƻǊŜǎǘΦ  aŀŘŜǊŀ /ƻǳƴǘȅΩǎ ŀǇǇǊƻȄƛƳŀǘŜ ǇƻǇǳƭŀǘƛƻƴ ƛǎ 
156,255 with two incorporated communities of the City of 
Chowchilla and the City of Madera.  The County is bordered on the 
south by Fresno County, on the northeast by Tuolumne and Mono 
Counties, and on the northwest by Merced and Mariposa Counties. 
The San Joaquin River forms most of the border between Fresno 
and Madera Counties. Critical facilities and General Plan land use 
designations for the County are displayed in Figure 2. The General 
Plan designates the vast majority of unincorporated Madera County 
as Agriculture. Critical facilities are structures and institutions 
ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŀ ŎƻƳƳǳƴƛǘȅΩǎ ǊŜǎǇƻƴǎŜ ǘƻ ŀƴŘ ǊŜŎƻǾŜǊȅ ŦǊƻƳ 
emergencies. Critical facilities must continue to operate during and 
following a disaster to reduce the severity of impacts and accelerate 
recovery. Critical facilities are identified and include the following: 

Á Fire Stations 

Á Police Stations 

Á Hospital/Healthcare Facilities 

Á Emergency Shelters 

Á Schools 

Á Public Libraries 

Á Airports 
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Figure 2 Madera  County  Critical Facilities and General Plan Land Use Designations  
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1.4 Glossary 

Several words and phrases are used throughout the report to illustrate climate vulnerabilities within Madera County. 

Á Adaptation. The process of adjustment to actual or expected 
climate and its effects, either to minimize harm or exploit 
beneficial opportunities. In natural systems, human intervention 
may facilitate adjustment to expected climate (IPCC, 2012). 

Á Adaptive Capacity. The ability for a community to cope with and 
adjust to the impacts of climate change (Cal OES 2020).  

Á Asset. Reference to a resource, structure, facility, or service that 
is relied upon by a community.  

Á Cascading Impact. Climate hazard-caused impacts that 
compromise infrastructure or disrupt critical services (i.e., power 
supply or water conveyance) broadening the scope of impact past 
a singular subject to reliant subsystems and populations (Collins 
et al. 2019). 

Á Climate Driver. A change in the climate which acts as the main 
source of change for subsequent climate hazards. Climate drivers 
relevant to the County and discussed in this assessment are 
temperature, precipitation, chill hours, and tule fog. 

Á Climate Hazard. A dangerous or potentially dangerous condition 
created by the effects of the local climate (Cal OES 2020). Climate 
hazards of concern for Madera County are extreme heat, 
drought, wildfire, landslides, riverine and stormwater flooding.  

Á Compounding Risk. When two or more extreme events or 
average events occur simultaneously and increase the scope of 
impact or severity of the event; an additional risk brought about 
by increased frequency of events from climate change 
(Seneviratne et al. 2012). 

Á Impact. Effects on natural and human systems including effects 
on lives, livelihoods, health, ecosystems, economies, societies, 
cultures, services, and infrastructure due to the interaction of 
climate hazards and the vulnerabilities of the system or asset 
effected (IPCC 2012). 

Á Mitigation. An act or sustained actions to reduce, eliminate, or 
avoid negative impacts or effects (Cal OES 2020). 

Á Resilience. The capacity of an 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 (Cal OES 2020) 

Á Sensitivities. The degree to which a species, natural system, 
community, asset, or other associated system would be affected 
by changing climate conditions (Cal OES 2020).  

Á Sensitive Populations. Populations that experience heightened 
risk and increase sensitivity to climate change and have less 
capacity and fewer resources to cope with, adapt to, or recover 
from climate impacts due to systemic inequities (Cal OES 2020).  

Á Vulnerability. The propensity or predisposition to be adversely 
affected (IPCC 2012). 
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2 Interested Party  Engagement  

Incorporating input from interested parties into the development of 
this Climate Change Vulnerability Assessment provides critical 
context for how recent climate-driven events in Madera County 
have impacted critical infrastructure and services and community 
members. It also serves to identify existing government-run 
programs within the county and remaining gaps. Interviewing 
members of county departments and community-based 
organizations in Madera County elicited information on existing and 
planned efforts to manage climate change impacts now and in the 
future. Information shared by interested parties will further inform 
climate ŀŘŀǇǘŀǘƛƻƴ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ ƛƴ ǘƘŜ /ƻǳƴǘȅΩǎ {ŀŦŜǘȅ 
Element update and will continue to provide ongoing guidance on 
implementation strategies that address key community concerns.  

Interested Party  Interviews  

Madera County hosted four interview sessions to guide and support 
the development of this assessment.  Incorporating this knowledge 
is critical in understanding the breadth of impacts, vulnerabilities, 
and existing adaptive capacity in the county. Members from Madera 
County departments and agencies include: 

Á Madera County Public Health Department 

Á Madera County Water & Natural Resources Department 

Á aŀŘŜǊŀ /ƻǳƴǘȅ !ƎǊƛŎǳƭǘǳǊŀƭ /ƻƳƳƛǎǎƛƻƴŜǊΩǎ hŦŦƛŎŜ 

Á Madera County Workforce Development Corporation 

The interviews were hosted on November 9, 2023, November 13, 
2023, November 15, 2023, and November 29, 2023. The County 
provided the attendees with an overview of the new state Safety 
Element requirements, the Climate Change Vulnerability 
Assessment, and relevant climate hazards in Madera County. 
Attendees provided input on their primary climate hazards of 
concern, experiences during recent regional climate hazard events, 
barriers faced when preparing for and/or responding to climate 
hazards, and plans, programs, and resources they engage with that 
increase their adaptive capacity. This assessment includes key 
findings from the interested party interviews, which are integrated 
primarily in the Vulnerability Analysis section. 
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3 Methodology

3.1 Introduction  

This section describes the methodology used to develop the Madera 
County Climate Change Vulnerability Assessment. It includes 
reference to key guidance documents and data used to inform this 
assessment. It also includes the methodology for the vulnerability 
scoring approach used to rank the vulnerability of community 
members, assets, and critical facilities and services. 

3.2 California State Law on Climate 
Change  

Government Code Section 65302 (as amended by Senate Bill 379) 
requires cities and counties to prepare a climate change 
vulnerability assessment as part of an update to the General Plan 
Safety Element. The information that must be included in a climate 
change vulnerability assessment is stipulated in Section 65302 
(g)(4)(A)(ii), and included below: 

Á Information from the internet-based Cal-Adapt tool. 

Á Information from the most recent version of the California 
Adaptation Planning Guide. 

Á Information from local agencies on the types of assets, 
resources, and populations that will be sensitive to various 
climate change exposures. 

Á Information from local agencies on their current ability to deal 
with the impacts of climate change. 

Á Historical data on natural events and hazards, including locally 
prepared maps of areas subject to previous risk, areas that are 
vulnerable, and sites that have been repeatedly damaged. 

Á Existing and planned development in identified at-risk areas, 
including structures, roads, utilities, and essential public 
facilities. 

Á Federal, state, regional, and local agencies with responsibility 
for the protection of public health and safety and the 
environment, including special districts and local offices of 
emergency services. 

This assessment follows the requirements per Government Code 
Section 65302. 
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3.3 California Adaptation Planning Guide  

This assessment follows the vulnerability assessment process 
ǊŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ DƻǾŜǊƴƻǊΩǎ hŦŦƛŎŜ ƻŦ 9ƳŜǊƎŜƴŎȅ 
Services, as documented in the 2020 California Adaptation Planning 
Guide (Cal APG). The adaptation planning process outlined by the 
Cal APG consists of four phases, illustrated in Figure 3 below, with 
Phase 1 and 2 focused on the vulnerability assessment process (Cal 
OES 2020). The Madera County Climate Change Vulnerability 
Assessment is prepared consistent with applicable portions of 

Phase 1 as well as the entirety of Phase 2 of the Cal APG and is 
composed of the sections outlined in Figure 4Φ ¢ƘŜ /ƻǳƴǘȅΩǎ 
development of climate adaptation strategies for incorporation into 
ǘƘŜ DŜƴŜǊŀƭ tƭŀƴΩǎ {ŀŦŜǘȅ 9ƭŜƳŜƴǘ ǿƛƭƭ ƻŎŎǳǊ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ tƘŀǎŜ 
оΦ ¢ƘŜ /ƻǳƴǘȅΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ ƛƴ ǘƘŜ 
DŜƴŜǊŀƭ tƭŀƴΩǎ {ŀŦŜǘȅ 9ƭŜƳŜƴǘ ƛǎ ŀǎǎƻŎƛated with Phase 4 and will 
ŎƻƴǘƛƴǳŜ ǳƴǘƛƭ ǘƘŜ /ƻǳƴǘȅΩǎ ƴŜȄǘ ǳǇŘŀǘŜ ǘƻ ǘƘŜ DŜƴŜǊŀƭ tƭŀƴ {ŀŦŜǘȅ 
Element. 

Figure 3 California Adaptation Planning Guide Phases  
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Figure 4 Steps under Phase 2 Assess Vulnerability of Cal APG  
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3.4 Key Data Sources  

The following data sources and tools, many of which are 
recommended within the Cal APG, were used in preparation of this 
assessment.  

Á Cal-Adapt 2.0 is an online tool that presents historic and 
modeled projections based on 10 different global climate 
models. The tool was developed and is maintained by the 
University of California, Berkeley Geospatial Innovation Facility 
with funding and oversight by the California Energy Commission 
(CEC). This tool was used to present projection data related to 
minimum and maximum temperature, precipitation, extreme 
heat, warm nights, drought, and wildfire (CEC 2021). 

Á /ŀƭƛŦƻǊƴƛŀΩǎ CƻǳǊǘƘ /ƭƛƳŀǘŜ /ƘŀƴƎŜ !ǎǎŜǎǎƳŜƴǘ was developed 
by the CEC and other State of California coordinating agencies 
to present up-to-date climate science, projections and potential 
impacts associated with climate change. The CEC and 
coordinating agencies developed nine regional reports to 
provide regional-scale climate information to support local 
planning and action. The San Joaquin Valley Region Summary 
Report (2022) presents an overview of climate science, regional 
projections, specific strategies to adapt to climate impacts, and 
key research gaps needed to spur additional progress on 
safeguarding the San Joaquin Region from climate change. The 
San Joaquin Region Summary Report was used to understand 
regional changes that may affect Madera County both directly 
and indirectly (Fernandez-Bou et al. 2022). 

Á Madera County Local Hazard Mitigation Plan presents 
information on existing processes and plans in place that 
address Madera /ƻǳƴǘȅΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊŜǇŀǊŜ ŦƻǊ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 
impacts and informed the adaptive capacity discussion of this 
assessment. The Local Hazard Mitigation Plan (2017I con) was 

also used to identify recent historical events, determine hazard 
exposure, and characterize the vulnerability of certain assets. It 
also contains sites in Madera County that have been repeatedly 
damaged by climate hazards, as required by Government Code 
65302 (g)(4) (A)(ii).  

Á U.S. Census, 2021 American Community Survey presents 
demographic data by census tract. U.S. Census data was used to 
identify the Madera County population and household statistics. 

3.5 Data Limitations  

The limitations of this assessment and analysis stem from gaps in 
data availability and completeness of data methods. Census data 
can miss portions of the population (e.g., homeless populations, 
undocumented immigrants), which results in general demographic 
information not fully identifying the extent of populations 
vulnerable to climate change (Cantwell 2021). Federal Emergency 
Management Agency (FEMA) 100-year and 500-year flood plains do 
not account for climate change projections; zones are instead based 
on historical information. The California Department of Forestry and 
Fire Protection (CalFire) Hazard Severity Zones are based on 
vegetation, fire history, and terrain but also have similar limitations 
in not projecting fire zones into the future based on changing 
climate conditions (OSFM 2022). Extrapolating landslides in the 
context of climate change is difficult and the estimates of exposure 
to these hazards are likely to be underestimated (Fernandez-Bou et 
al. 2022).  

The data presented in Cal-Adapt tools are projections, or estimates, 
of future climate conditions. The limitation in these projections is 
that the long-term behavior of the atmosphere is expressed in 
averages ς for example, average annual temperature, and average 
monthly rainfall. The averages discussed often downplay the 
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extremes by which daily weather events occur and when presented 
as an average, only show moderate changes within the climate. 
What is often lost in averages is that the frequency of extremes, like 
atmospheric rivers, may increase while low-moderate intensity 
weather events decrease through the end of the century. In 
instances of modeled precipitation projections, it maintains an 
average similar to historic levels which does not account for 
anticipated fluctuations in extremes (CEC 2021).  

3.6 Vulnerability Scoring 

Methodology  

The vulnerability score is a combination of the impact score and 
adaptive capacity score. The impact and adaptive capacity scores 
are developed using a qualitative methodology outlined in the Cal 
APG, as shown in the scoring rubric in Table 1. Impact and adaptive 
capacity scores are identified for community members, assets, and 
critical facilities and services for each climate hazard.  

The vulnerability score is prepared by combining the impact score 
and the adaptive capacity score as demonstrated in Table 2. The 
range of potential impacts spans 1 through 5 with 1 being low, 2-3 
being medium, and 4-5 being high vulnerability. Vulnerability scores 
are assigned by hazard under each asset group in the Error! 
Reference source not found. section. 

Table 1 Impact and Adaptive Capacity Scoring Rubric  

Score Impact Adaptive Capacity 

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

The population or asset lacks capacity to manage changes; major changes 
would be required due to a lack of adopted Madera County or utility plans and 
programs. 

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

The population or asset has some capacity to manage climate impact; some 
changes would be required. There are some adopted Madera County or utility 
plans and programs, but strategies are not specific.  

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

The population or asset has high capacity to manage climate impact; minimal to 
no changes are required. Madera County and utilities have adopted plans and 
programs in place that include specific strategies and projects that are actively 
being implemented. 

Source: Cal OES 2020 



Madera County  

Climate Change Vulnerability Assessment  

 
12 

The impact and adaptive capacity scores are combined to form the vulnerability score based on the approach presented in Table 2, which is 
consistent with methodology from Cal APG.  

Table 2 Vulnerability Score Matrix  

Potential 
Impacts 

High 3 4 5 

Medium 2 3 4 

Low 1 2 3 

 High Medium Low 

Adaptive Capacity 

Source: Cal OES 2020 
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4 Exposure to Climate Hazards  

Climate change is a global phenomenon that can impact local 
health, natural resources, parks, infrastructure, emergency 
response, and many other aspects of society. Projected changes to 
the climate are dependent on location. The Cal-Adapt tool provides 
climate data from global scale models that have been localized 
(downscaled) to 3.7 mile by 3.7-mile grids (CEC 2021). The data in 
Cal-Adapt specific to Madera County is combined with information 
from The San Joaquin Region Summary Report to describe projected 
future changes for specific types of hazards. Projections throughout 
this section are presented consistent with tƘŜ DƻǾŜǊƴƻǊΩǎ hŦŦƛŎŜ ƻŦ 
Planning and Research (OPR) using Representative Concentration 
Pathway (RCP) 8.5 as a conservative approach to assessing and 
adapting to climate change (CEC 2021). RCP 8.5 is a high greenhouse 
gas emissions scenario in which global emissions continue to rise 
through the end of the 21st century.  

Additionally, projections are forecasted to mid-century (2035-2064) 
and end-of-century (2070-2099) as 30-year averages and are 
compared to a modeled historical baseline (1961-1990) (CEC 2021).  

The Methodology section provides a more detailed discussion of 
data sources used to inform the preparation of this assessment.  

This section presents information on temperature and precipitation, 
which are characterized as climate drivers. The Hazard section 
provides information on projected changes to extreme heat, 
drought, wildfire, landslides, and riverine and stormwater flooding, 
resulting from changes to the climate drivers.  

4.1 Climate Driver s 

In Madera County, the climate drivers of concern include 
temperature, chill hours, tule fog, and precipitation.  

Temperature  

Madera County has an average baseline maximum temperature of 
68.3°F (CEC 2021). The average maximum temperatures are 
expected to increase, which will shift the temperature range by up 
to 5.2°F by mid-century projections shown in Figure 5, and 8.9°F 
(RCP 8.5) through the end of the century as shown in Figure 6 (CEC 
2021). Change in temperature is observed spatially with greatest 
increases occurring mainly in western and central Madera County. 

Temperature increases influence extreme heat, drought, wildfire, 
and air quality, as discussed in the Hazards section.  
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Figure 5 Change in Annual Average Maximum Temperature Mid -Century  
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Figure 6 Change in Annual Average Maximum Temperature  End-of-century  
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Chill Hours  

Chill hours are a necessary component of agricultural activity and 
occur when temperatures drop below 45°F. Chill hours help 
facilitate synchronized blooming, pollination, and standardized 
production of quality and quantity of crops (Fernandez-Bou et al. 
2022). Madera County contains vast areas of agricultural land as 
shown in Figure 2, that may be at risk to declining chill hours.  Due 
to climate change, the number of chill hours is projected to steadily 
decrease for Madera County (Fernandez-Bou et al. 2022). In the 
county, the average minimum temperatures are expected to 
increase from the historical baseline of 40.8°F, which will shift the 
temperature range up to 4.5°F by mid-century and 8.0°F through 
the end of the century (CEC 2021).  

Tule Fog 

Tule fog forms after intense precipitation through a combination of 
radiant heat and cool nights. This fog layer helps fruit and nut trees 
maintain dormancy, a seasonal component of the crop cycle that 
requires moisture and cool temperatures. Since 1980, the frequency 
of tule fog has dropped by 75 percent. With projected increases in 
average temperature as well as decreases in precipitation 
frequency, tule fog occurrences are projected to further decline as 
the average minimum temperature increases and drought becomes 
more prevalent in Madera County (Fernandez-Bou et al. 2022) 

Precipitation  

Increased intensity of precipitation events is expected for the San 
Joaquin Valley, including Madera County, through the end of the 
century. It is projected that more precipitation will occur during 
extreme storms with wet extremes occurring more often and with 
greater intensity. It is projected that 13% more precipitation will 
come in extreme events with wet extreme occurring three times 

more often. The projections show that there will be more dry 
periods punctuated by increased precipitation intensities of the 
largest storms or wet periods, producing little net change in 
precipitation totals but more extreme conditions. Snowpack in the 
eastern mountainous areas of Madera County is expected to 
gradually decrease at high elevation and is projected to become 
scant at lower elevations by the end of the century (Fernandez-Bou 
et al. 2022).  Precipitation changes are expected to affect the 
occurrence of hazards events, including wildfire, drought, 
landslides, riverine stormwater flooding, and air quality.  

Madera County precipitation projections under RCP 8.5 
demonstrate a slight decrease of 0.2-inch mid-century and 0.3-inch 
in annual precipitation totals by the end of the century (CEC 2021). 
However, as already observed in recent decades precipitation 
changes are largely experienced as more extreme variability with 
intensely wet years followed by extreme droughts (Fernandez-Bou 
et al. 2022). This may translate into longer dry seasons with less 
precipitation on average that may lead to increased groundwater 
pumping to compensate the diminished surface water supplies. 
Under RCP 8.5, it is projected that the maximum daily precipitation 
amount for each year will increase by 0.2 inches by the end of the 
century (CEC 2021).  

4.2 Hazard  Exposure 

Changes in temperature and precipitation are expected to influence 
the frequency, duration, and magnitude of the following climate 
hazards. The following pages present key climate data in both graph 
and map formats based on Cal-Adapt, USGS, CAL FIRE, FEMA, and 
US Census data. Information is also included on major historical 
events. High level impacts on key assets and community members 
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are provided, however the Vulnerability Analysis section includes a 
more detailed impacts discussion.  

The Madera County Local Hazard Mitigation Plan includes more 
quantitative details on the exposure of population, property, and 
critical facilities to various hazards countywide.  
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Wildfire  



Exposure to Climate Hazards  

 
Climate Change Vulnerability Assessment  21 

Figure 7 Fire Hazard Severity Zones  and Critical Facilities  in Madera  County  
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Figure 8 Change in Decadal Wildfire Probability in Madera County   
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Figure 9 Landslide Susceptibility in Madera County  
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Riverine and Stormwater Floodin g
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Figure 10 FEMA 100-Year  and 500-Year Floodplains in Madera  County  
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5 Sensitivity  

Populations and assets are affected by climate change depending 
on their sensitivity to climate hazards. This section identifies 
Madera CountyΩǎ sensitivities across populations and assets. Asset 
categories are listed below: 

 

Sensitive Populations 

 

Parks Natural Resources  

 

Critical Facilities, Buildings, Services, and 

Infrastructure 

 

Agriculture 

Potential impacts from the climate hazards of concern, 
assessments of adaptive capacity, and vulnerability scores of 
populations and assets are presented in the Error! Reference 
source not found. section. 

5.1 Sensitive Populations  

Systemic inequities render some populations more 
sensitive to climate change impacts.  While all people in 
a community will experience climate change, some are 

already and will continue to be more harmed by it than others. For 

Relationship to Environmental Justice  

Low-income communities along with communities of color are often 
disproportionately burdened with pollution and its associated health risks. 
In 2016, the State of California signed Senate Bill 1000 (SB 1000) into law, 
aiming to address inequitable distribution of pollution and its associated 
health risks specifically in low-income communities and communities of 
color. SB 1000 amended Government Code Section 63502, requiring both 
cities and counties to incorporate Environmental Justice (EJ) policies and 
programs into their general plan if two or more elements are being 
updated and/or revised concurrently and if the jurisdiction identifies any 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƧǳǎǘƛŎŜ ŎƻƳƳǳƴƛǘƛŜǎ ǇǊŜǎŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ƧǳǊƛǎŘƛŎǘƛƻƴΩǎ 
planning area boundaries.  

The County has identified Disadvantaged Communities, based on mapping 
tools including the CalEnviroScreen 4.0 provided by the California 
Environmental Protection Agency (Cal EPA). This process involved the 
ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƳŀƧƻǊ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ aŀŘŜǊŀ /ƻǳƴǘȅΩǎ 
Disadvantaged Communities face who have faced systemic inequities, 
such as disproportionate exposure to adverse air quality or water quality 
caused by industrial activities. In many cases, climate hazards exacerbate 
pollution burdened communities. These Disadvantaged Communities are 
identified as higher risk due to systemic inequities and therefore 
vulnerable to the adverse effects of climate change. Disadvantaged 
Communities are identified on Figure 13 

Through the policy development process, the County will develop 
strategies and programs to address issues that adversely affect 
Disadvantaged Communities. 
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example, older adults and young children may be more at-risk than 
the general population to heat illness during an extreme heat event. 
Several factors influence sensitivity to climate hazards, but all of 
them begin with systemic inequities. The unwillingness of 
government to systemically prioritize a safe environment over 
economic growth; the lack of sufficient, affordable/free, and 
culturally responsive healthcare systems and structures; the 
inequitable distribution of economic and educational resources; and 
housing segregation; among other structural inequities, render folks 
navigating chronic health conditions, seniors and young children, 
differently abled folks, people experiencing poverty, people who 
identify as BIPOC (Black, Indigenous, and People of Color), and 
others as particularly sensitive to increasing climate hazards (Cal 
OES 2020). Sensitive populations experience heightened risk to 
climate change and have fewer resources to adapt and recover from 
climate change impacts. Madera County is home to several sensitive 
populations (Table 3).  

Social Sensitivity Indicators  

Sensitive population groups were identified in Madera County using 
a set of data indicators. Each indicator represents a characteristic 
that increases ŀ ǇŜǊǎƻƴΩǎ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ŎƭƛƳŀǘŜ ƘŀȊŀǊŘǎΣ 
the ability of an individual to prepare for, cope with or recover from 
climate hazards, or a combination of both. There are 11 categories 
of social sensitivity indicators, as seen below. Each indicator 
corresponds to one or more population types. Indicators and 
population types included are consistent with those identified in the 
Cal APG (Cal OES 2020). For more information on why these 
population types are considered sensitive to climate change impacts 
please see the Populations section under the Error! Reference 
source not found. section. 

1. Age: Young children, seniors 

2. Language and Nation of Origin: Limited or non-English 
speakers, immigrants, people who are undocumented 

3. Occupation: Outdoor workers, unemployed individuals  

4. Education: Individuals with less than four years of high school 

5. Housing: Renters, people experiencing homelessness, 
individuals in overcrowded households, mobile home 
households 

6. Income: People experiencing poverty, single female heads of 
households with kids, households experiencing housing burden 

7. Race and Ethnicity: BIPOC, Native Americans 

8. Transportation: Individuals without vehicle access 

9. Access to Technology & Information: Households without 
broadband internet, households without a computer 

10. Health: People who are differently abled, individuals with 
asthma, individuals with coronary heart disease, individuals 
with no health insurance, Military Veterans 

11. Non-Residents: Visitors, including commuters and tourists. 
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Table 3 Sensitive Populations in Madera County

Population Type Population Description 
Percentage of Total Unincorporated 

Population/Household Type 

People experiencing poverty  Household incomes less than 80 percent the State median household income 43% 

People experiencing homelessness1 Individuals who currently lack fixed, regular, and adequate housing 1.5% 

People who are undocumented2 Individuals residing in the United States without legal documentation 8% 

Immigrants3 Individuals residing in the United States with legal documentation  20% 

Unemployed  Percentage of population aged 18-64 who are unemployed 6% 

Seniors Individuals 65 years or older 14% 

Young children  Individuals 5 years and younger 7% 

Single female heads of household with kids Households with kids supported by a single female 6% 

Miliary Veterans  Individuals who have served but are not currently serving in the US Armed Forces 6% 

BIPOC All individuals who do not identify as white  68% 

Native Americans Individuals who identify as American Native and Alaskan Native 1.3% 

Renters  Housing units that are renter occupied 35% 

Outdoor Workers  Individuals who are employed, 16 and older, and work outdoors 21% 

Limited or non-English speakers  Households with individuals who are non or limited English-speaking  19% 

People who are differently abled  Individuals with access and functional needs (physical and mental) 4% 

Individuals with asthma Individuals diagnosed with asthma 10% 

Individuals with coronary heart disease Individuals diagnosed with coronary heart disease  7% 

Individuals without vehicle access Individuals without access to a vehicle 4% 

Individuals with no health insurance Individuals aged 18 to 64 years old currently uninsured 8% 

Individuals with education attainment less 
than four years of high school 

Percent of people over age 18 without a high school education or higher 28% 

Visitors3 Individuals who are not residents and are visiting the study area for a limited time Not Available 

Individuals in overcrowded households Household with more than one person per room 11% 

Mobile home households Housing units that are mobile homes 7% 

Households experiencing housing burden Percentage of gross household income spent on housing costs 48% 

Households without a computer Households without access to a computer 6% 

Households without broadband internet Households without access to broadband internet 11% 
1 People experiencing homelessness percentage includes data for incorporated Madera County and was sourced from the 2022 Madera County Point-in-Time Count.   
2People who are undocumented percentage includes data for incorporated Madera County and was sourced from the California Immigrant Data Portal.   
3 Data for visitors was not available at the Census tract or County level for Madera County and therefore was not included quantitatively.  

Source: The percentages used in this table were acquired from the U.S. Census, 2017-2021- American Community Survey (ACS). 
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Data for the above indicators was obtained from the Census 
.ǳǊŜŀǳΩǎ !ƳŜǊƛŎŀƴ /ƻƳƳǳƴƛǘȅ {ǳǊǾŜȅ нлм7-2021. 

Disadvantaged Communities, as described above, experience 
disproportionate exposure to climate change and therefore can be 
used visually as a proxy to assess the spatial concentration of 
sensitive populations in Madera County.  Figure 13 displays 
disadvantaged communities in unincorporated Madera County by 
census tract. The areas with the greatest concentration of 
disadvantaged communities are in central and western Madera 
County. 

Sensitive populations within Madera County are organized into four 
separate groups within the rest of this report. Grouping populations 

allows for the County to understand what types of characteristics 
contribute to increased sensitivity to climate change hazards. 
Through identification of sensitivity characteristics, adaptation 
solutions can be developed that specifically address those 
characteristics. Population groupings are as follows: 

1. Individuals with High Outdoor Exposure 

2. Under-Resourced Individuals 

3. Individuals Facing Societal Barriers 

4. Individuals with Chronic Health Conditions or Health Related 
Sensitivities.

5.2 Parks and Natural Resources  

Across the 2,153 square miles of Madera County there is a 
diverse landscape of parks and natural resources varying 
in biomes and topography. Each combination of 

microclimate, vegetation, and wildlife presents a different type of 
sensitivity to climate change (Madera County LHMP 2017). Parks 
and natural resources within Madera County include waterways, 
regional parks, hillsides, and critical habitats. These various 
resources provide habitat, ecosystem services, sources of 
community resilience, recreation, and economic productivity to the 
county. These resources are spread throughout the county and face 
various levels of exposure to climate hazards. Land Cover Types and 
Federally Designated Critical Habitats are found below in Figure 12. 

5.3 Facilities and Infrastructure  

Climate change is expected to amplify extreme weather 
and climate hazards in Madera /ƻǳƴǘȅΦ ! ƧǳǊƛǎŘƛŎǘƛƻƴΩǎ 
vulnerability increases when buildings and facilities are 

not designed, operated, and/or maintained to function effectively 
under more extreme weather conditions or can be damaged by 
more extreme weather conditions. The functionality of critical 
facilities, buildings, services, and infrastructure is essential to the 
/ƻǳƴǘȅΩǎ ƭƛǾŜƭƛƘƻƻŘ ŀƴŘ ŜŎƻƴƻƳȅΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ /ƻǳƴǘȅ ŎǊƛǘƛŎŀƭ 
facilities, buildings, services, and infrastructure components would 
be sensitive to climate change: fires stations, police stations, 
hospital/healthcare facilities, emergency shelters, schools, public 
libraries buildings, educational facilities, residential and commercial 
development, roadways and transportation facilities, airfields, and 
communication facilities. 

The sensitivities presented in this asset category are critical to the 
/ƻǳƴǘȅΩǎ ƘŜŀƭǘƘΣ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΣ ǎŀŦŜǘȅΣ ǎŜŎǳǊƛǘȅ ŀƴŘ ŜŎƻƴƻƳȅΦ 
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Madera County depends on well-functioning roadways, water 
supplies, and utility infrastructure systems. Currently, overall 
funding levels and replacement of aging infrastructure are below 
what is necessary to keep up with maintenance needs. Climate 
impacts can increase the costs of keeping these critical elements 
functioning at necessary levels (Cornwall et.al, 2014). Figure 2 
displays the locations of critical facilities, buildings, services, and 
infrastructure across the county. 

5.4 Agricultu re 

Agricultural land cover seen in Figure 11 encompasses the 
majority of western and central Madera County. As the 
main source of economic productivity for the County, this 

asset category is particularly essential to the community when 
gauging impacts of climate hazards to assess vulnerability. 
Agriculture accounts for approximately 30 percent of the 
employment in the county (Madera County 2016). According to the 
2021 Madera County Agricultural Report, production of crops and 
livestock increased slightly in 2021 compared to 2020, from 
$1,949,532,000 to $2,045,495,000. However, the agricultural 
industry has historically and in the future may face struggles 
associated with climate hazard-related losses.  Walnuts and 
pistachios are expected to decline in acres most, since they require 
a high number of chill hours per season. Madera /ƻǳƴǘȅΩǎ ǘƻǇ мл 
commodities by value are found in Figure 12. 

The agricultural lands of Madera County experience sensitivity to 
climate change from direct exposures to climate hazards. Croplands 

and rangelands within fire, landslide, or flood zones are exposed 
and subsequently sensitive to climate change. The entirety of 
agricultural operations is dependent on outdoor based activities 
which can be significantly hindered by climate hazards or halted all 
together. Based on the location of agricultural lands in relation to 
hazard zones, different areas of the county may encounter varied 
issues (Fernadez-Bou et al. 2022).  

As described in the California Fourth Climate Change Assessment 
regional report, the sensitivities of agriculture are primarily related 
to extreme temperatures and temperature-related water scarcity 
Changes in rainfall and precipitation dynamics create sensitivities 
for rangeland vegetation and plant production (Fernadez-Bou et al. 
2022). 
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Figure 11 Madera County Land Cover Types and Critical Habitats  
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Figure 12 Madera County Top Ten  Crop and Livestock  Commodities  
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6 Vulnerability Analysis  

Vulnerability is the propensity or predisposition of a certain asset or 
population group to be adversely affected by climate change 
impacts. In this assessment, it is based on the combination of 
potential impacts and adaptive capacity. The results of the analysis 
detail how climate change may impact community members made 
vulnerable by systemic inequities. It also details how climate change 
may impact parks and natural resources, critical facilities, buildings, 
services, and infrastructure, and agriculture in Madera County. The 
vulnerability assessment will inform the development and 
prioritization of adaptation policies and programs to increase 
community and ecosystem resilience as part of the Madera County 
General Plan Safety Element update.  

The following section outlines the impacts each climate hazard has 
on populations and assets identified in the Sensitivity section. A 
ŘŜǘŀƛƭŜŘ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ /ƻǳƴǘȅΩǎ ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅ ƻǊƎŀƴƛȊŜŘ ōȅ 
climate hazard can be found in Appendix A. An impact score and an 
adaptive capacity score is identified for each asset by climate 
hazard, along with an overall vulnerability score consistent with the 
scoring methodology provided in the Methodology section. 
Vulnerability scoring helps the County understand which climate 
effects pose the greatest threats and should be prioritized in 
adaptation planning and policy.  

Adaptive capacity was almost exclusively evaluated based on 
existing County and utility-led plans and programs. There are other 
forms of adaptive capacity that are led by institutions (e.g., schools, 
religious institutions), community-based organizations, non-profits, 
special districts, and other nongovernmental entities. Communities 
also form their own informal adaptive capacity efforts to prepare 

for, weather, and recover from climate hazards. This assessment 
focused on County-led programs and policies in alignment with the 
ŦƻŎǳǎ ƻŦ ǘƘŜ {ŀŦŜǘȅ 9ƭŜƳŜƴǘ ǿƘƛŎƘ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ /ƻǳƴǘȅΩǎ DŜƴŜǊŀƭ 
Plan. 

6.1 Populations  

Overview  

As climate change impacts occur, virtually all populations 
in a community will be affected; however, some 
individuals are more sensitive due to inequitable systems 

and structures and therefore will be disproportionally impacted by 
climate hazards, which will vary depending on the hazard type and 
magnitude of sensitivity. Overlaying disadvantaged communities 
and climate hazard exposure helps to determine the level of 
vulnerability.  

Figure 13 displays disadvantaged communities in unincorporated 
Madera County by census tract. Disadvantaged communities are 
largely concentrated in the southeastern and southwestern portions 
of the county. Communities in these areas include La Vina, 
Bonadelle Ranchos, Fairmead, Madera Acres, Madera Ranchos, 
Parkdale, Parkwood, and Rolling Hills. In these areas, over 60 
percent of the community identifies as nonwhite while areas in the 
Foothills (Ahwahnee, Bass Lake, Oakhurst, North Fork, Coarsegold, 
Ryamond, and Yosemite Lakes) are less than 40% nonwhite (Madera 
County Housing Element Draft, 2024). 
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Madera County has 11,156 individuals, or 16 percent of the County, 
who experience one or more disabilities, with the majority being 
over 65. 

Areas in southeast and southwest Madera County have a 
combination of high temperature exposure by end-of-century and a 
concentration of disadvantaged communities. 

Areas near La Vina, Fairmead, Parkdale, Rolling Hills and other 
communities along the San Joaquin River and in most of southeast 
County have a combination of high flood exposure a concentration 
of disadvantaged communities. 

Vulnerable populations are grouped below into four categories of 
social sensitivity: 

1. Individuals with High Outdoor Exposure   

2. Under-Resourced Individuals  

3. Individuals Facing Societal Barriers 

4. Individuals with Chronic Health Conditions or Health Related 
Sensitivities   

The vulnerability of each population group is assessed based on 
potential impact and adaptive capacity. When asked in interviews 
about which community groups the County should prioritize with 
assistance, interested parties provided responses that closely 
correlated with these four categories of social sensitivity. This 
assessment acknowledges how the intersectionality of systems 
compound ƛƴŘƛǾƛŘǳŀƭǎΩ ǎŜƴǎƛǘƛǾƛǘȅ ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ŦŀŎǘƻǊǎ ŀǘ ƻƴŎŜΤ 
however, for the purpose of this assessment, analysis was 
conducted based on the systemic sensitivity that increases an 
individual's risk to the greatest degree. Compounding sensitivities 
are further explained for each population group below. 

 

 

 



Mader a  County  

Climate Change Vulnerability Assessment  

 
36 

Figure 13 CalEnvironScreen Designated DACs in Madera County  

 




























































