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Abstract 

Extreme heat events (EHE) result in the highest number of weather-related deaths, taking more 
lives than every other weather-related disaster combined (National Weather Service). Access to AC 
is one of the most important determinants of heat-related health outcomes (Barreca et al., 2016; 
Guirguis et al., 2018). However, the initial cost of installing or purchasing an AC plus the 
increased cost of electricity from running the AC is a huge barrier for a significant portion of the 
population. Cool Zones provide an opportunity to cool a large portion of the population at a lower 
cost and energy demand than increasing household AC penetration. This project aims to improve 
the understanding of the spatial distribution of vulnerable populations in San Diego County in 
relation to the existing cooling centers intended to serve those populations and to make 
recommendations on how to improve awareness, accessibility, and utilization.   
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Introduction and Background  

Extreme heat events (EHE) result in the highest number of weather-related deaths, with over 600 
direct deaths and about 12,000 indirect deaths reported annually in the US (Shindell et al., 2020) 
more than every other weather-related disaster combined (National Weather Service). For the 
purposes of this paper, EHEs are defined here as days that are much hotter than average to the 
point of emergency designation by local officials. However, since there is no universal definition of 
EHEs or heat waves it is difficult to compare EHEs in different geographical areas (Sherbakov et 
al., 2018) and even within a specific region (McElroy et 
al., 2020). Given that heat is experienced differently 
depending on climatic conditions and local temperature 
acclimation, the most important factor when defining 
an EHE in a given area is to be sure that an emergency 
will be declared at a threshold that protects the health of 
the greatest number of individuals (Guirguis et al., 
2018). 

The past 5 years in San Diego County have been the 
hottest on record and increasing temperature trends are 
expected to continue (Figure 1). By the end of the 
century, the number of heat wave days in San Diego is 
expected to increase by 20-50% (Kalansky et al., 2018). An increase in expected heat wave days 
likely means an increase in the number of heat-related deaths; however, heat-related deaths and 
illnesses are preventable if the right interventions are deployed in time (National Weather Service). 

Early Warning Systems (EWS) are an essential component of reducing heat-related mortality and 
illness. Early warning systems involve forecasting expected EHEs, and include response plans for 
what steps should be taken to avoid negative health outcomes (Lowe, et al. 2011). Currently, San 
Diego County utilizes National Weather Service alerts to declare EHEs, however due to extreme 
regional temperature differences in San Diego County, an alert system based on within city 
temperature data would be more effective at improving heat-related health outcomes during EHEs 
(Guirguis et al., 2018). 

 Cooling centers are designated air conditioned public spaces, and are one such intervention which 
can be highly effective for protecting vulnerable individuals from heat related illness and death 
during EHEs. Cooling centers are operated by local governments, private organizations, or a 
combination of both; typically becoming operational after the declaration of an EHE or heat 

Figure 1. Temperature trends in San Diego County 
from 1895-2020. 
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emergency by local government officials. Despite its preventability, reducing heat-related illness 
and death can be challenging due to the combination of social and behavioral factors that 
contribute to heat exposure and susceptibility. At-risk individuals might not deem themselves as 
being high risk or fully understand the dangers of prolonged heat exposure. Designing effective 
action plans requires a good understanding of which populations and locations are under high heat 
vulnerability and effectively communicating necessary information on health impacts and available 
resources in a timely manner. The purpose of this study is to understand the spatial distribution of 
vulnerable populations in San Diego County in relation to the distribution of existing cooling 
centers which are intended to serve those populations.  

San Diego County sees a 14.6% increase in hospitalizations during extreme heat days over cooler 
days, specifically in the coastal region (Guirguis et al., 2018). Increased risk for hospitalization is 
determined by several factors, including age, access to air conditioning (AC), income, and 
homeownership (Guirguis et al.). Of these factors, access to AC is the most  important determinant 
of heat-related health outcomes (Barreca et al., 2016; Guirguis et al., 2018).  The 2019 California 
Residential Appliance Survey found that just under 60% of San Diego households utilize some 
form of AC (DNV GL Energy Insights USA, Inc. 2020). This leaves over 40% of San Diego 
households without access to AC, which increases their risk of heat related illness. The same report 
showed that residents without AC access are more likely to be from low-income households, 
highlighting the importance of distinguishing vulnerable populations. In their survey of all 
California residents, only about 30% of low income residents had access to AC while 55% of 
medium and high-income residents had AC access (DNV GL Energy Insights USA, Inc. 2020). 

People exposed to extreme heat for long periods of time are at risk of over 27 different adverse 
health outcomes , impacting seven different organs (Mora et al. 2017). Heat related illnesses are 
caused by varying temperature conditions, depending on the individuals and their level of 
susceptibility. Social vulnerabilities like income, education, vehicle access, and chronic illness all 
increase the likelihood of experiencing heat related illness or mortality (Conlon et al. 2020; 
Bradford et al. 2015; Kisner et al. 2012). For this reason, equity must be at the center of planning 
for heat emergencies. If no action is taken to prepare for extreme heat events, the Southern Coast 
of California will likely experience as many as 20 additional deaths per 100,000 residents, adding 
up to about 3,500 extra heat-related deaths per year, and even more heat related hospitalizations 
(The Risky Business Project, 2014).  

The initial cost of installing or purchasing an AC plus the increased cost of electricity from AC 
utilization are huge barriers to accessing AC for a significant portion of the population. 
Moreover, the high energy demand of AC further contributes to greenhouse gas (GHG) 
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emissions and releases heat directly into the environment surrounding them, exacerbating the 
impacts of EHEs. As the energy grid functions currently, it cannot withstand any additional 
demand during heat emergencies. This was exemplified by the heatwave in September 2022 
when rolling blackouts were narrowly avoided by an alert asking residents to reduce all non-
essential energy use. Additionally, Stone Jr. et al (2021) found that electrical grid failure or 
“blackout” events have increased by more than 60% over the past 5 years with 46% of those 
events occurring during the hottest months of the year. Despite the need to decrease stress on 
the electrical grid  it remains important that older residents and residents with limited mobility 
benefit from existing energy rebates and programs designed to increase access to personal AC. 
Hopefully, future policies and programs will increase grid capacity without increasing GHG 
emissions and improved technologies will increase AC efficiency. Until then, solutions other 
than personal AC need to be considered when planning for heat emergencies. 

In San Diego County, cooling centers are called Cool Zone; they are activated based on NWS 
Heat Alerts which occur at a heat index of 105 (County of San Diego, 2022). The county 
designates all public libraries and some other government buildings as Cool Zones 
automatically, however there is an option for private organizations to apply to be designated as 
Cool Zones. Currently, the standard for becoming a Cool Zone in San Diego County is low; 
applying only requires filling out a one-page document with 9 requirements that provide 
insufficient guidance on how to best serve the general public or vulnerable community members 
during an EHE (Appendix A). However, none of the guidelines mention anything about 
offering water, helpful or interesting activities, or access to social service or medical resources.  

 In the summer of 2022 there were 96 operating Cool Zones in San Diego County, the majority 
of which were public libraries pre-designated by the county. The distribution of Cool Zones is 
determined solely by which organizations choose to apply to become Cool Zones and where 
government buildings designated as Cool Zones are already located. Improving access to Cool 
Zones not only needs to involve equitable distribution, but also requires improving the way 
existing Cool Zones operate and increasing public awareness around the positive impact of 
utilizing Cool Zones. The San Diego County web page on Excessive Heat offers very little 
information on the Cool Zone program, with minimal insight into what someone should expect 
if they visit a Cool Zones, and primarily advertises Cool Zones as a cooling strategy for senior 
citizens.  In order to determine how Cool Zones can better serve the communities around them, 
a better understanding of the vulnerable populations living around existing Cool Zone facilities 
needs to be developed. 
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A social vulnerability analysis was conducted in order to determine the location of heat 
vulnerable populations in relation to existing Cool Zones in San Diego County. The results 
from the vulnerability index were used to create a vulnerability score for each Cool Zone. Once 
the vulnerability scores were calculated a vulnerability scorecard was created for each Cool Zone 
breaking down the percent of the population experiencing each of the predetermined 
vulnerability factors. This information can be used by decision makers, when determining the 
most effective interventions to improve heat-related health outcomes for vulnerable community 
members. 

Literature Review 

Health and Social Impacts of Extreme Heat  
Extreme heat is known to impact seven vital organs and five vital pathways in the human body, 
with at least 27 ways in which heat can result in death (Mora et al., 2017).  Prolonged exposure to 
high temperatures interferes with the body’s ability to perform numerous regulatory processes 
which can lead to heat stroke, among other medical emergencies (Mora et al. 2017). Tracking 
instances of heat related illness and mortality during EHEs is difficult because cases of heat related 
illness and mortality are often under or un-reported (Sherbakov et al., 2018). Despite being under-
reported, heat-related hospitalizations and mortality are costly. In an analysis of the cost of six 
different climate change-related events, the 2006 California heat wave was estimated to be $5.4 
billion, the second highest of the six events (Knowlton et al., 2011). When normalized, the 2006 
California heat wave was the most expensive event, costing $148,792 per 1,000 people (Knowlton 
et al., 2011). The same study found that the 2006 California heat wave was a once-in-a-century 
occurrence, but with current climate conditions, heat waves of that magnitude are expected to 
start occurring on a yearly basis. 

Schmeltz et al. (2016) examined the economic burden of heat-related hospitalizations and found 
that income, ethnicity, and gender all impacted expected hospitalization costs. Heat-related health 
costs were higher among ethnic minorities, even though Whites accounted for 65% of total 
hospitalizations. Women, adults ≥65, and people experiencing poverty also encountered high 
costs due to hospitalization. It is also important to note that since lower-income and older people 
are more likely to have public health insurance, much of the costs of hospitalizations are paid for 
with tax-payer dollars. Therefore, spending tax-payer dollars to avoid heat related hospitalizations 
could end up saving money in the long run, though a cost-benefit analysis would need to be 
conducted to determine the economic tradeoffs. The economic cost of labor productivity lost to 
extreme heat events is staggering. The Atlantic Council (2021) projects that with baseline climate 
conditions, the United States alone could lose $100 billion annually due to labor lost to extreme 
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heat. Ultimately, it is clear that the economic costs related to extreme heat will be devastating. 
While no study has stated the benefits outright, mitigating extreme heat and having a well-
developed heat response plan can save billions of dollars in hospitalization and labor costs alone, 
while also saving lives and reducing heat related hospitalizations.   

Cooling Centers as a Mitigation Strategy  
The effective implementation of cooling centers is one possible low-energy maximum-impact 
response to EHEs. The Centers for Disease Control (CDC) defines cooling centers as, facilities or 
buildings with air conditioning (AC) that are open to the public during heat emergencies 
designated as a site to provide respite and safety during extreme heat. Libraries, community 
centers, senior centers, and gymnasiums can all be used as cooling centers as long as they are open 
to the public free of charge and meet a small list of criteria. Regardless of where they are located, 
cooling centers have the ability to save lives (Widerynski et al., 2017).  

However, Guirguis et al. (2018) examined the current threshold required to declare a heat 
emergency and noted the national threshold of a 105 heat index to declare a heat emergency is not 
suitable for California due to dryer climate conditions and lower acclimation of residents to 
extreme heat. Heat Response Plans need to be specific for the climate of the area they are serving so 
emergency heat alerts can be disseminated appropriately. With the strong effects of urban heat 
island effects, earlier thresholds for declaring heat emergencies would give people who experience 
the hottest temperatures more time to prepare. A more thorough understanding of micro heat 
islands in cities will allow for a more robust understanding of when heat emergency notifications 
should be triggered. This is to say that improving the access and suitability of Cool Zones is 
important, but will only be effective if other appropriate heat mitigation and adaptation strategies 
are adopted concurrently.  

Barriers to access and utilization of Cool Zones 
Currently, there is a gap in research on cooling center utilization, with most studies focusing on 
inequitable distribution. Experiencing one or more social vulnerability factors increases a person's 
risk for heat related illness, however members of socially vulnerable groups often struggle to access 
cooling centers.  In a comparative study across 25 cities, Kim et al. (DATE) found that residents 
≥65 were less covered by cooling centers in reference to the general population coverage in all 
cities. Voelkel et al. (2018) showed that access to cooling centers was also determined by income 
and race, with lower-income and non-white populations having disproportionately low access to 
cooling centers. The exact cause of the disparities is not fully understood, but Voelkel et al (2018) 
speculates that people with low incomes are more likely to live in areas where housing is more 
affordable, typically near highways and more industrial areas, and that certain minority groups are 
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more likely to live in close proximity, causing  people of similar demographics to be isolated from 
cooling centers. Additionally, adults ≥65 and people with limited mobility can struggle with 
accessing cooling centers that are not located within a reasonable distance because of slower 
walking speeds (Voelkel et al., 2018). Overall there is relatively strong evidence that vulnerable 
populations are underserved by cooling centers, but more research needs to be done on why certain 
communities are being excluded from these life saving cooling centers.  

Information on how often, and by whom, Cool Zones are utilized is widely unknown. What is 
known is that utilization is low. While there are lots of studies examining the distribution of 
cooling centers to determine if they are equitably placed or easily accessible to community 
members (Kisner et al., 2012; Chamberlain, 2022), there are few studies trying to understand why 
people are not using cooling centers or what could make them better for people already using 
them. This includes examining how much of the population is within a 15 minute walk of a Cool 
Zone and how accessible Cool Zones are through public transit. Bradford et al. (2015) emphasize 
the importance of understanding the geo-spatial distribution of factors contributing to heat 
vulnerability, and in their study, aim to use that information to answer the question of optimal 
placement. Lack of awareness around Cool Zones is one major barrier that needs to be overcome in 
developing a successful Cool Zone system. Despite being well-documented that spending even a 
few hours in a cooling center decreases the chance of heat-related illness (Widerynski et al., 2017), 
very few people know about cooling centers or feel like they need to use them even if they fall into 
a vulnerable classification. To be effective, cooling centers not only need to be equitably 
distributed, but also need to be well advertised and set up in a manner that makes utilization 
desirable.  

Access to AC and Energy Demand 
Access to AC is one of the most important, if not the most important, determinants of heat-related 
health outcomes (Barreca et al., 2016; Guirguis et al., 2018). However, the initial cost of installing 
or purchasing an AC plus the increased cost of electricity from running the AC is a huge barrier 
for a significant portion of the population. AC ownership disparities can be predicted by 
someone’s income, race/ethnicity, and home ownership (Guiruis et al., 2018). With three distinct 
climate regions, coastal, inland, and desert, San Diego County faces unique challenges in planning 
for extreme heat events. Residents in each of these climate regions have varying levels of 
acclimation to extreme heat, with desert residents having the highest acclimation and coastal 
residents having the lowest acclimation (Guiruis et al., 2018). Kim et al. (2021) found that cities 
with higher temperatures have a higher AC penetration than cooler cities, meaning it is likely that 
the desert region of San Diego County’s higher acclimation is at least partly tied to higher AC 
saturation. The total AC saturation in San Diego County is 43% for central AC and 13% for room 
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AC (Guiruis et al., 2018). In addition to having drastically different climate zones, parts of San 
Diego also experience the heat island effect, which causes more built-up areas of the city to 
experience higher temperatures than greener parts of the city or rural areas. Therefore, a successful 
emergency heat response plan will require an alert system informed by different within-city 
temperature thresholds during heat emergencies (Guirguis et al., 2018). A varied alert system, with 
lower temperatures triggering the alert in more vulnerable communities, will allow residents 
without AC adequate time to prepare for extreme heat before temperatures become dangerous or 
even deadly.  

Despite access to AC being the top indicator of health outcomes during heat emergencies, 
increasing access to AC for individual households is not feasible for several reasons. One of the 
reasons is that San Diego’s energy grid is already strained during extreme heat days. This was 
exemplified by the heatwave in September 2022 when rolling blackouts were narrowly avoided by 
an alert asking residents to reduce all non-essential energy use. In the heat wave of August 2020, 
several hundred thousand California residents lost power due to rolling blackouts caused by too 
much energy use (Powell & Hubler, 2022). With energy use in San Diego County expected to 
increase by 6-27% in the next 50 years (Kalansky et al., 2018), the grid will be increasingly strained 
if nothing is done to reduce emissions, reinforce the grid, and transition to renewable energy. 

Because ACs require a high amount of energy, and the number of high-heat days is expected to 
increase, if individual household ACs are the only solution, energy use due to high heat will 
increase in quantity and duration. Additionally, increasing energy use increases GHG emissions, 
which further exacerbates the climate conditions causing EHEs in the first place. The already 
expected increase in energy demand could increase energy costs by 10-24% in the same period, 
making energy costs associated with AC use even less accessible (The Risky Business Project, 2014). 
For these reasons, extreme heat response strategies need to focus on maximizing equitable access to 
places with AC for residents while minimizing the stress on the energy grid.   

Existing Heat Action Plans and Policy Actions  
In a KPBS, San Diego Public Broadcasting, interview, an Escondido resident passing out waters to 
unhoused people during the September 2022 EHE, mentions that two of the three Cool Zones in 
Escondido were closed that Sunday despite it being the hottest day of that week, and that most of 
the unhoused people he encountered were unaware of the existence of Cool Zones or that a heat 
emergency had even been declared (Thorne, 2022). While San Diego County provides 
information regarding EHEs on social media and through news alerts, efforts to reach people 
without access to the internet or televisions, like unhoused people, are clearly falling short. The 
California State plan for extreme heat directly mentions cooling centers as a necessary mitigations 
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strategy (State of California, 2022) as does the Climate Resilient SD report; successful 
implementation of cooling centers will require coordinated efforts across city, county, and state 
governments.  

San Diego County has an Excessive Heat Response Plan (County of San Diego, 2021), however 
only the “consumer version” is available for public viewing. It is a 16 page document with limited 
information on the dangers of heat exposure, covid safety protocols during EHEs, and a brief 
outline of the county alert system. It states that the level of response plan activation is determined 
by the NWS threat system. The  means of communicating emergency information to the public 
laid out in the Excessive Heat Response Plan include sharing information on “different County 
departmental websites, social media and news outlets, mobile applications, 2-1-1 San Diego, and 
others.” Information on designated Cool Zones is described as being shared with the public in the 
ways mentioned above, and a definition of Cool Zones is given in the final section of the 
document. No part of the “consumer version” of the plan mentions outreach to unhoused people 
or any other type of door to door outreach services.  

San Diego County’s Climate Action Plan (CAP) mentions the need to maintain an updated Heat 
Response Plan (County of San Diego, 2018). Chapter 4 mentions heat resiliency along with other 
climate threats like increased flood events, increased wildfire events, and the threat of sea-level rise. 
Minimal space is given to discussing EHEs and only one paragraph of suggested “action items” is 
included in the CAP. The action items include strategies to help address heat-related impacts. 
Some of the strategies mentioned are mapping critical infrastructure, educating disadvantaged 
communities on heat-related risks, and several other strategies (Appendix B). 

The California State government has a much more comprehensive Heat Response Plan (State of 
California, 2022). This 72 page document highlights the importance of being prepared for EHE 
and lays out clear goals for how the State plans to mitigate health and other impacts of EHEs. San 
Diego County should utilize the State plan for EHE response to build its own more comprehensive 
Excessive Heat Response Plan. The California Heat Response Plan directly mentions cooling 
centers in three of its established actions and in one of its recommended actions. The established 
actions relevant to cooling centers include Track A - Goal 1, E1, Track C - Goal 1, E1, and Track C 
- Goal 2, E2. Track A - Goal 1 focuses on increasing public awareness and implementing existing 
actionable items prioritizing outreach to vulnerable communities. Track C - Goal 1, E1 prioritizes 
protecting energy systems from the impacts of extreme heat through the commercialization of 
microgrids to ensure power stays on for critical infrastructures like cooling centers. Trac C - Goal 
2, E2 focuses on improving access to cooling facilities that are energy efficient and low-cost, and 
directing the three large electric utility companies to include funding for cooling centers in their 



 

13 

General Rate Cases. The recommended action is Track B - Goal 2, R3 stresses the need to work 
with local and tribal governments to increase protections for unhoused people during EHEs 
including by increasing access to cooling centers. The exact wording for each of these actions can 
be found in Appendix B. 

These measures are important first steps, however San Diego County would benefit from a more 
comprehensive heat response plan that provides measurable actions focused on aiding the most 
vulnerable populations. 

Project Objectives 

Access to AC is the top indicator for health outcomes during extreme heat events (Barreca et al., 
2016; Guirguis et al., 2018). However, accessing household AC is not a viable option for many 
community members. AC is only needed for a small, but increasing, number of days out of the year 
in San Diego. This, combined with the high initial costs of purchasing an AC, and the high cost of 
energy required for operation, make accessing AC impractical or impossible for many individuals. 
This study aims to inform decision makers on how to improve Cool Zone operations and increase 
their accessibility for the most vulnerable community members, so the high cost of household AC 
doesn’t prevent people from accessing this life-saving ability to cool down. In order to make 
targeted recommendations I first determined a vulnerability score for communities around existing 
Cool Zones, then created a profile of those communities to highlight community needs.  
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Methods 

Study Area  
The general study area includes all the Cool Zones within San Diego County.  A 0.8 mile radius 
around each Cool Zone was chosen as the service area. This is to closely examine the communities 
that already have the easiest access to each Cool Zone so resource recommendations can be 
specified to community needs.  

Data 
The data utilized in this project fall into three categories: social vulnerability data, temperature and 
impervious surface data, and San Diego County geospatial data. In order to understand the 
demographics of the communities surrounding existing Cool Zones, demographic data were 
retrieved from the Living Atlas: American Community Survey (ACS) and clipped to the 0.8 mile 
service area around each Cool Zone. ACS data is collected by the U.S. Census Bureau as a way to 
maintain a continuous collection of community based data. Surveys for the ACS are sent out to a 
predetermined number of addresses based on a random sample that provides the best geographical 
coverage for a given area. The surveys are not meant to target specific individuals, but rather focus 
on ensuring the best geographical coverage. The data is stored by census block. Description of the 
variables used to determine the level of social vulnerability can be found in Table 1 below. This 
clipped data was used to perform Principal Component Analysis (PCA),  which is explained in 
more details below. The demographic data used in the study were selected based on a literature 
review of  social factors that are found to increase heat susceptibility (see Procedures and Methods 
section).  

The geospatial data were retrieved from San Diego Geographic Information Source (SANGIS) and 
were used to identify the spatial boundaries of San Diego, the different climate regions, and the 
Cool Zone locations. SANGIS is a Joint Powers Authority between the City and County of San 
Diego responsible for maintaining and gathering regional GIS data. The MTA transit stop data 
was used to create a more robust accessibility analysis that takes into account Cool Zone access 
through public transportation.  

The temperature and impervious surface data were downloaded from the National Oceanic and 
Atmospheric Administration (NOAA) and the Living Atlas: USA National Land Cover Database 
(NLCD) Impervious Surface Time Series respectively. NOAA monitors oceanic and atmospheric 
conditions to provide robust data for oceanic and atmospheric research. The NLCD operates 
under the U.S. Geological Survey to produce current and nationally consistent land cover data. 
Temperature data was downloaded for the month of September 2022, and reduced to 
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temperatures from the hottest day of September 2022 EHE, September 5, 2022. Once imported 
the temperature data was uploaded as a feature class. The impervious surface data was downloaded 
as raster data to be used in conjunction with temperature data for predictive heat mapping.   

Layers Format Data Source Purpose of data layer Comments 

ACS: Access to Vehicle Feature class Living Atlas: ACS 
Used to construct 
vulnerability index 

Sub-selection: Percent of population 
without access to a vehicle 

ACS: Disability data Feature class Living Atlas: ACS 
Used to construct 
vulnerability index 

Sub-selection: Percent of population with 
a reported disability 

ACS: Educational attainment Feature class Living Atlas: ACS 
Used to construct 
vulnerability index 

Sub-selection: Percent of population 
whose highest education is less than a high 
school diploma 

ACS: Fertility data Feature class Living Atlas: ACS 
Used to construct 
vulnerability index 

Sub-selection: Percent of women aged 15-
50 who have given birth in the past 12 
months 

ACS: Population Variables Feature class Living Atlas ACS 
Used to construct 
vulnerability index 

Sub-selection: Percent of population aged 
0-4 

ACS: Context for senior 
well-being 

Feature class Living Atlas: ACS 
Used to construct 
vulnerability index 

Sub-selection: Percent of population 65 
and older 

ACS: Poverty data Feature class Living Atlas: ACS 
Used to construct 
vulnerability index 

Sub-selection: Percent of the population 
whose income in the past 12 months was 
below poverty level 

Impervious surface data Raster 
Living Atlas: USA NLCD 
Impervious Surface Time 
Series 

Used for EBK 
predictive temperature 
map 

Pulled from the Living Atlas 

SD County Boundary Shape file SANGIS Study area 
Study extent- all data was clipped to the 
county level before being clipped into 
Cool Zone Service Areas 

SD County climate regions Shape file SANGIS 
Highlights the climatic 
variety in SD County 

SD County has 4 distinct climates- 
creating highly variable levels of 
adaptation to high heat 

SD County Cool Zone 
locations 

Shape file SANGIS 
Used to create buffer 
for more targeted study 
area 

Focus of the study 

Temperature data Excel NOAA 
Used for EBK 
predictive temperature 
map 

Temperature data was pulled for the 
entire month of September 2022. Data 
was reduced to maximum temperature on 
September 3, 2022 to make maps. 
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Methods 
The use of a 0.8 mile radius was based on the literature , which indicates that 0.8 miles is a walkable 
distance  within 15 minutes for the average person (Kisner et al., 2012), and people should not be 
exerting themselves for longer than 15 minutes during extreme heat events (Kisner et al., 2012). In 
order to determine if the 0.8 mile service areas were actually walkable in 15 minutes the Drive Time 
tool was used to create a polygon of the actual area surrounding each Cool Zone that is walkable in 
15 minutes. The 0.8 mile buffer and the polygon of distance walkable in 15 minutes based on the 
GIS tool were then compared in a map (Figure 3).  

In order to determine what resources are most useful for the populations in their service area, the 
first step was understanding the population demographics of the surrounding communities and to 
assess their level of vulnerability to extreme heat. Seven vulnerability factors were chosen to create a 
social vulnerability index through a principal component analysis (PCA). A PCA standardizes the 
variables by reducing the dimensionality, resulting in a single vulnerability score for each census 
tract. These The social vulnerability factors utilized in this study were: percent of the population 
with a disability, percent of the population whose income was below poverty level in the past 12 
months, percent of the population with access to a vehicle, percent of the population whose 
highest educational attainment is less than a high school diploma, and percent of women aged 15-
50 who have given birth in the past 12 months. These factors were identified in the literature as 
important determinants of heat susceptibility (Bradford et al., 2015; Kisner et al., 2012). The seven 
variables selected were deemed to be relevant in the context of SD County, however, this should 
not be considered to be a comprehensive list of factors affecting heat vulnerability. Once the 
variables were selected, relevant ACS demographic data was found and clipped to the 0.8 mile 
buffer area around each Cool Zone (Appendix C). The clipped data was then used to perform the 
PCA using the Principal Component spatial analyst tool in ArcGIS Pro. The PCA results helped 
determine to what extent the social vulnerability factors interact in any given Cool Zone Service 
Area.  

After computing a vulnerability index through PCA,  the communities where the 96 Cool Zones 
were located were then divided into three equally sized groups, indicating low, medium, and high 
vulnerability scores. Figure 2 shows a distribution of the population demographics for each group. 
Some patterns can be observed in the data, with populations in the low vulnerability group 
characterized by low poverty levels, low share of people who are uneducated, live with a disability 
or have no vehicle access, among other factors. 
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Radar charts were used to visualize the vulnerable populations served by each Cool Zone. The 
“ggplot2” package in the programming language R was used to create the radar charts. The codes 
used for the analysis are available upon request.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. The distribution of populations by vulnerability group shown for the low, medium, and high vulnerability 
scores. The distribution is shown as  % of the population in each vulnerability group for each category.  

Finally, the temperature and impervious surface data were used with the Geostatistical Wizard tool 
to run an empirical Bayesian kriging (EBK) prediction to visualize the distribution of maximum 
temperatures (t-max) during an EHE. I chose to use temperatures from the hottest day of the 
September 2022 heat wave (September 3, 2022), then removed all temperature data that was not 
from that day. The data were derived from all NOAA weather stations throughout San Diego 
County, however, about half of the 92 stations were missing t-max values. Since the focus was 
extreme heat t-max values were used instead of average daily temperature. In order to account for 
the interactions between heat and impervious surfaces, impervious surface data from the NLCD 
was included.  
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Results 

Cool Zone Accessibility  
Walking times to the Cool Zones were evaluated based on existing literature that states 0.8 miles is 
a walkable distance  in 15 minutes for the average person. ArcGIS Drive Time analysis tool , which 
uses ESRI Service Area data to account for available walking paths when determining the distance 
walkable from each Cool Zone in 15 minutes. The pre-set walking speed is 3.1 miles per hour and 
cannot be changed. The results in Figure 3 show that none of the 0.8 mile Service Areas utilized 
contain space that is entirely walkable in 15 minutes. In most cases, only a small subset of the 
population living in a 0.8 miles radius from a Cool Zone can walk there in 15 minutes. There is a 
higher density of Cool Zones in the southwest corner of the county where the City of San Diego 
and other urban areas are located, which suggests better access for residents living there. However, 
in East County the distance between Cool Zones is much greater, reducing walkability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
Figure 3. The results of the ArcGIS Pro Drive Time analysis on area walkable in 15 minutes compared to the 15 minute 
service area created using a 0.8 mile buffer suggested by literature. The filled in blue represents the area that can be walk ed 
in 15 minutes around each Cool Zone, while the blue circle around each Cool Zone indicates the 0.8 mile buffer. A blue 
dot is used to represent individual Cool Zones. 
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Social Vulnerability and Cool Zone Scorecards 
 The Principle Component Analysis (PCA) combined the seven social vulnerability factors 
identified in the analysis into a single social vulnerability index: vehicle access, disability, pregnant 
woman, educational attainment, poverty, and populations ≤5 and ≥65. The neumeric results for 
the PCA can be found in Appendix D. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The results of the Principal Component Analysis (PCA) that was completed using ACS data on disability, 
poverty, vehicle access, educational attainment, population ≤5 and ≥65, and fertility. Darker purple indicates higher social 
vulnerability.  
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The social vulnerability index from the PCA was used to split the communities serviced by the 
Cool Zones into three equally sized  groups characterized by low, medium and high vulnerability. 
Low and medium scoring communities serviced by the Cool Zones are evenly spread across the 
County, whereas communities characterized by high vulnerability scores are located primarily in 
the south west corner of the County where there is a higher amount of urbanization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Figure 5. San Diego County Cool Zones based on their vulnerability score. Communities serviced by the Cool Zones were 
characterized  by either low, medium, or high vulnerability. 
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Radar charts were created for each Cool Zone showing the overall vulnerability score (low, 
medium, or high) and the prevalence of individual vulnerability factors which characterize the 
surrounding communities. There are 96 radar charts in total, all of which can be found in 
Appendix E. The radar chart shows the variable with the highest percent of the population 
experiencing it for that Cool Zone in the top left portion of the circle, then lists the remaining 
variables from highest to lowest counterclockwise around the circle. An example of a radar chart 
for a high, medium, and low scoring Cool Zone are shown in Figure 5 below.  

 

 

 

 

 

 

 

Figure 6. Radar charts for three different Cool Zones showing a high, medium, and low vulnerability score.  

 Out of 8 Cool Zone location categories, libraries constitute the vast majority, with 77% of Cool 
Zones being libraries (Figure 7). Senior centers and recreation centers make up 7% of Cool Zones 
each (Figure 7). The other categories are 3% or less.  

 

 

 

 

 

 
Figure 7. Cool Zones by Category.  
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Extreme Heat and Social Vulnerability 
The results of the Empirical Bayesian Kriging analysis incorporating impervious surface data shows 
the hottest temperatures occurring in more urbanized areas. Moreover, Cool Zones servicing 
communities with high vulnerability scores are found in areas with higher temperatures, primarily 
in the southwest corner of the County (Figure 8). Though there are many Cool Zones already in 
the southwest corner, there are notable gaps in coverage for areas with high temperature in that 
section of the County. The area surrounding Escondido also lacks coverage in high temperature 
locations. San Diego’s distinct climate zones impact the temperature modeling, however by 
incorporating impervious surface data an unexpected distribution occurs with higher temperature 
happening along the coastal region. Temperature data  gathered at higher elevations also resulted in 
the unexpected pattern of cooler temperatures further inland.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
  Figure 8. San Diego County vulnerability scores overlaid with a temperature prediction map from the hottest day of the 

September 2022 heat wave. 
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Discussion 

Interpretation  
The results presented in this paper provide insights on the geographical distribution of heat-
vulnerable communities and the extent to which they are exposed to extreme heat, providing an 
indication for where efforts to improve Cool Zone access and utilization should be prioritized. The 
walkability analysis provides important insight into which portions of the community need to be 
the focus of ensuring adequate transportation options. Visually, the results show that only a 
portion of the population living in the Cool Zone service areas (0.8 miles) can access the facility 
within a 15 minute walk. To derive accurate estimates, the age profile of the population needs to be 
considered as well. The walking speed used in the ArcGIS Drive Time tool assumes a 3.1 mph 
walking speed, however, on average, adults >65 were found to walk at 2.1 mph (Alves et al., 2020). 
This implies that in areas with a high proportion of elderly people, accessibility may be even lower 
than what this study shows.  Additionally, Obuchi et al. (2021) found that higher temperatures 
decrease walking speed. Therefore, the distances walkable in 15 minutes in Figure 3 are over-
estimates of what is actually walkable in 15 minutes during an EHE. The walkability of each Cool 
Zone should not be considered an indicator of vulnerability, but rather, should be used to 
understand current accessibility. The more information that can be gathered about the existing 
Cool Zones, their surrounding populations, and their accessibility options, the more effective and 
impactful recommendations for improvement can be. Future research should include more 
detailed walkability analysis and incorporate public transit stops when assessing overall 
accessibility.  

The most vulnerable populations were primarily found along the coastline from the northern part 
of the City of San Diego, through Chula Vista, National City, and Imperial Beach all the way to 
San Ysidro along the Mexican border. Cool Zones in Escondido and El Cajon also serve highly  
vulnerable populations. These locations are known to experience highly-concentrated poverty, 
which is defined as an area where more than 20% of the population is living with an income below 
the poverty level (Concentrated Poverty in San Diego County). This aligns high vulnerability 
scores found in the spatial analysis  (Figure 5). Communities with higher rates of poverty often 
have fewer resources available to them, which means that they should be prioritized for receiving 
support. The PCA analysis used in this study demonstrates one method that can identify 
vulnerable communities in order to create targeted solutions in heat action plans. The vulnerability 
scorecards provide the information needed to specialize resources to the needs of each vulnerable 
community. 
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The communities highlighted above as having the most vulnerable populations all fall into the 
coastal or near coastal/transitional climate categories. Guirguis et al. (2018) found that because 
people who live near the coast are more adapted to mild temperature conditions and cooling ocean 
breezes, private households and public facilities are less likely to have AC. As heat waves become 
more prevalent and continue occurring later in the year, having an updated more targeted heat 
response plan with a multi-faceted approach will be necessary. In August of 2017 over 70 schools 
in San Diego had to release students early because high heat conditions combined with the lack of 
AC and proper ventilation made the schools unsafe for staff and students (San Diego Tribune, 
2017). Events like this will become more common unless SD County starts preparing now by not 
only improving the existing Cool Zones, but also by increasing AC penetration throughout county 
facilities. Figure 8 shows a clear pattern of highly vulnerable communities overlapping with higher 
temperature locations due to the prevalence of impervious surfaces in those areas. An effective heat 
response plan will not only involve improving the Cool Zone system, but will also require adapting 
the built environment to include more green spaces, cool roofs, cool pavement, and deploying a 
host of other heat mitigation and adaptation strategies concurrently.  

The threat of rising temperatures posed by climate change  is no longer a warning for the future. 
Extreme heat events are increasing in frequency and intensity across the globe, and are responsible 
for more weather-related mortalities than all other natural disasters combined (Shindell et al., 
2020; NWS). Despite being  preventable with adequate interventions, heat-related mortalities 
present a major challenge for policy-makers and the public. Cool Zones have the potential to be a 
valuable adaptation strategy in response to extreme heat events. In their study on heat vulnerability 
and adaptive solutions, Bradford et al. (2015) found that Cool Zones are proven to be effective in 
mitigating negative heat-related outcomes for vulnerable populations, but emphasized that, in 
order for them to be effective, planners must understand the spatial variability of heat-related 
vulnerabilities. This study provides the information necessary to build the understanding needed 
to make Cool Zones an effective heat adaptation strategy by assessing the spatial distribution of 
vulnerable communities relative to existing Cool Zones in San Diego County. The vulnerability 
scorecards increase the utility of this information by breaking down the community composition 
and indicating which Cool Zones should be highest priority when dispersing resources. An 
interactive web-tool can be found at this link for further exploration of San Diego Cool Zones and 
their scorecards.  

Policy Implications 
The State of California recently announced its Community Resilience Center Program, which will 
fund neighborhood level resilience centers aimed at providing shelter and other necessary resources 
during climate emergencies (Community Resilience Centers - Strategic Growth Council). The idea 
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is that these Community Resilience Centers will operate year round, allowing community 
members to build relationships and trust in these government offered programs.  As these 
Community Resilience Centers are rolled out, comparative studies on their utilization and Cool 
Zone utilization should be conducted to determine how to shelter the most significant number of 
the most vulnerable community members. Information from this study could inform decision 
makers on which communities should be prioritized when determining where to pilot Community 
Resilience Centers in San Diego County. 

Chief Heat Officers were developed and piloted by Arsht-Rock and and the Extreme Heat 
Resilience Alliance (EHRA) as a way to unify efforts across local governments in their efforts to 
combat extreme heat (Arsht-Rock, 2023). Ideally, as more cities and municipalities start hiring 
CHOs, a network of heat response professionals will be able to collaborate to develop and 
implement effective heat response strategies, while ensuring heat response efforts do not get 
forgotten by the governments charged with implementing them.  Los Angeles has become the 
second city in the United States to appoint a Chief Heat Officer. Across the globe, seven local 
governments have developed CHO positions. San Diego County could benefit from appointing a 
CHO, especially considering the collaboration potential given the close proximity of the Los 
Angeles based CHO. 

San Diego already operates a fan distribution and energy rebate program to get fans into people's 
homes during EHEs and to alleviate the burden of increased energy bills. This program is a 
necessary first step, however, distribution should be expanded to include  people who work labor-
intensive jobs or other jobs that prevent them from being able to stay cool at work or from being 
able to access Cool Zones due to their limited operating hours. Other vulnerable populations for 
consideration are populations with low mobility like people 65 or over and people with disabilities 
that limit their mobility. These populations are better suited for AC distribution and energy rebate 
programs, combined with community networks designed to check on older people and people with 
disabilities during heat emergencies. Cool Zones are an important resource that have potential to 
have a positive impact on the communities they serve, but they are not a one-size-fits-all solution.  

Recommendations  

A primary objective of this project was to gather information to make recommendations on how to 
improve Cool Zones for vulnerable populations. Despite being well-documented that spending 
even a few hours in a cooling center decreases the chance of heat-related illness (Widerynski et al., 
2017), very few people know about cooling centers or feel like they need to use them even if they 
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fall into a vulnerable classification. These recommendations will focus on how to increase 
awareness, accessibility, and utilization, as well as on what can be done to standardize operations.  
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Increasing Awareness 
Develop targeted community outreach plans with relevant information on what causes heat 
vulnerability and where people should go for the necessary resources. This includes more robust 
efforts to inform and aid unhoused people, who are often unaware that a heat emergency has been 
declared, during EHEs. Unhoused people face unique challenges that require more involved 
solutions. Additionally, programming is needed to increase awareness for outdoor workers who are 
unable to stay home during EHEs. Outdoor workers often exert themselves for long periods of 
time putting them at an increased risk for heat-related illness and mortality. Early warning systems 
triggered by regional and evidence-based temperature thresholds should start going out before 
temperatures become life-threatening. These warning systems should include information on Cool 
Zones and the life-saving impacts of spending time in AC.  

Increasing Access and Utilization 
San Diego County should pilot providing free public transportation during EHEs. This provides 
multiple benefits by not only making it easier for people to get to Cool Zones, but also by 
providing people the opportunity to cool off while they travel to their destinations. People in 
vulnerable communities are less likely to be able to take time off of work and might avoid taking 
public transit due to cost restrictions. By making public transit free during EHEs the 
aforementioned individuals would be able to find some respite during their commute. San Diego 
County should also pilot partnering with rideshare companies like Uber or Lyft to increase 
transportation options for people with limited mobility or who lack public transit access. 
Increasing accessibility is necessary to increase utilization, however, unless data is gathered on why 
people are not using Cool Zones, it will be difficult to make necessary improvements. The County 
should track Cool Zone utilization and survey residents on why they don’t use Cool Zones and 
what would make them more likely to do so. Providing relevant programming like skills classes or 
entertainment could be an important first step.  

Standardizing Operations 
The minimum operating standards for Cool Zones should be expanded from the existing nine 
requirements (Appendix A) to include provisions about supplying water, snacks, social services, 
and other relevant resources. Additionally, all Cool Zones should be required to have backup 
generators so they continue to provide cooling services in the event of a power outage. 
Programming should be required at all Cool Zones, but the type of programming should depend 
on population needs.  
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Limitations and pitfalls  
Social vulnerabilities are correlated with negative health outcomes during extreme heat exposure  
(Conlon et al. 2020; Bradford et al. 2015; Kisner et al. 2012). However, creating a social 
vulnerability analysis has limitations. Running a PCA reduces the dimensionality of the data 
making comparison easier, but important information can be lost in the process. Some of this was 
overcome by creating the scorecards highlighting the percentage of each vulnerability population 
at every Cool Zone. The vulnerability factors chosen for this study are not exhaustive. Utilizing 
specific health outcomes based on hospitalizations would provide better insights into which 
populations are most vulnerable. The temperature data used to create the predictive heat map was 
limited. This led to impervious surface data dominating the prediction, which is helpful in 
visualizing where heat islands could occur, but still skews the predictive temperature map. 
Neighborhood level microclimate research would provide more detailed maps creating a better 
visualization of how temperatures vary throughout different urban spaces. Due to time 
constraints, this study was unable to focus on how health outcomes vary by temperature 
thresholds, which is necessary information for developing heat response plans.  

Conclusions  
This project improves the understanding of the spatial distribution of vulnerable populations in 
San Diego County, in relation to the existing cooling centers intended to serve those populations.  
The results highlight the locations of the most vulnerable populations, provide a visualization of 
how different areas of SD County are impacted by extreme heat, and create a stepping off point for 
further accessibility analysis. The lack of AC penetration in coastal communities makes targeted 
community adaptation measures, like Cool Zones, necessary as extreme heat events become more 
common. The high energy utilization of AC is another reason to focus on having community based 
cooling locations rather than just passing out ACs and energy rebates to vulnerable community 
members. San Diego’s grid is already strained during heat emergencies which was exemplified by 
the alert sent out by San Diego Gas & Electric during the September 2022 heat wave asking 
consumers to immediately reduce energy consumption in order to avoid rolling blackouts (Powell 
and Hubler, 2022). Until the energy grid runs off of cleaner energy and can provide more reliable 
distribution during extreme heat events, improving Cool Zones should be considered a top priority 
in order to cool down as many SD County residents as possible while putting the least amount of 
strain on the grid.  Improving access to Cool Zones not only needs to involve equitable 
distribution, but also requires improving the way existing Cool Zones operate and increasing 
public awareness around the positive impact of utilizing Cool Zones.  
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Appendix A 

The existing Cool Zone application with current requirements and application for an 

organization to become a Cool Zone in San Diego County. Pulled from the San Diego 

County  Cool Zone page.   
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Appendix B 

Existing heat action plans and policy actions pulled from San Diego County’s Climate Action Plan 
and the California Heat Response Plan. 

San Diego County’s Climate Action Plan 

“The following strategies can help the County address heat-related impacts:  

● Collaborate with regional partners on temperature and extreme heat preparedness 
initiatives, such as:  

○ Mapping of critical infrastructure vulnerable to extreme heat events;  

○ Outreach programs for outdoor workers and others susceptible to extreme 
heat;  

○ Education of disadvantaged communities on heat-related risk and methods 
to prevent heat related illness;  

○ Updates to the Excessive Heat Response Plan prepared by the Health and 
Human Services Agency;  

○ Research on the effects of a warmer climate on the agricultural industry; 
and  

○ Understanding the tolerance of current crop mixes to withstand increased 
temperatures. 

State of California Heat Response Plan 

TRACK A - GOAL 1, E1: Implement existing actionable and targeted public awareness 
campaigns, prioritizing outreach to communities most vulnerable to heat impacts.  

“The Office of Emergency Services maintains the 2014 Contingency Plan for Excessive 
Heat Emergencies (currently being updated as part of the draft Extreme Temperature 
Response Plan) and the 2020 Electric Power Disruption Toolkit for Local Government. 
Both documents contain information on public awareness campaigns and information on 
cooling centers.” 

TRACK C - GOAL 1, E1: Protect energy systems from the impacts of extreme heat. 
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“Microgrid rulemaking: Initiated by SB 1339 (Stern, 2018) to create a policy framework to 
facilitate the commercialization of microgrids, can support local resiliency by ensuring the 
power stays on for critical services, such as cooling centers, even if the larger grid is unable 
to function due extreme heat or other emergencies. The Microgrid Incentive Program 
provides $200M for microgrid development in vulnerable and disadvantaged communities 
in California.” 

TRACK C - GOAL 2, E2: Review and improve access to and use of air conditioning and other 
indoor cooling strategies, including passive cooling techniques and other alternate methods that 
are energy efficient, low-cost, and do not rely on high global warming potential refrigerants. 
Address obstacles to the use of air conditioning and other cooling strategies for vulnerable 
populations. 

“Decision D.16-11-022: directed the three large electric utilities to include funding for 
cooling centers in their General Rate Cases. These cooling center locations include 
government-run senior centers, community centers, parks and recreation sites, and public 
buildings. The funding is approximately $200,000 per year to support 400 cooling centers 
across the state within the large electric utilities’ jurisdictions”  

The recommended action is: 

TRACK B - GOAL 3, R3: Work with tribal and local governments, and community-based 
organizations to bolster protections for unhoused populations during extreme heat events.  

“Work with local governments and local Continuums of Care to support local plans 
containing provisions for supporting people who are medically vulnerable, including 
providing access to resilience centers and/or cooling centers in the event of power 
shutoffs.” 
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Appendix C 

Maps of clipped American Community Survey data for the seven variables used to perform the PCA.   
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Appendix D 

Numerical results from the Principal Component Analysis performed with ArcGIS Pro.  
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Appendix E 
Radar charts for all 96 Cool Zones in San Diego County. Showing the percent of the population 
experiencing each vulnerability for every Cool Zone service area.   
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