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Planning for heat beyond the big city: comparing smaller cities’ 
heat activities, opportunities, and constraints in California
Gregory Pierce a, C.J. Gabbe b, Lauren Dunlapa, Bates Detwilerb, Paulina Ursua Garciab, 
Hannah Hagenb and Kyle Schmidta

aUCLA Luskin Center for Innovation, Los Angeles, CA, USA; bDepartment of Environmental Studies and Sciences, 
Santa Clara University, Santa Clara, CA, USA

ABSTRACT  
Addressing extreme heat has emerged as a key frontier of urban climate 
adaptation planning. However, most studies have focused on large cities, 
whereas most of the existing urban population lives and urban growth 
occurs in small- to medium-sized municipalities within metropolitan 
areas in the U.S. and globally. We hypothesise based on structuration 
theory that these smaller municipalities face fundamentally different 
constraints and opportunities to enhance their heat planning 
capabilities than large cities. Accordingly, in this study we analyze heat 
planning capacity, current activities, and expansion opportunities in 
small- to medium-sized cities across two neighbouring but distinct 
regions in California: northern Los Angeles County (n = 20) and the 
southern San Joaquin Valley (n = 38). Using data from these 58 cities, 
we first comprehensively reviewed heat-related activities in their key 
planning documents. We then conducted 17 semi-structured interviews 
with local government planners, planning consultants, and utilities’ staff 
to more holistically analyze how heat planning and implementation 
occurs on the ground. The planning document analysis shows that a 
narrow majority of cities identified heat as a general issue of concern. 
The most common long-term adaptation and resilience strategies were 
enhancing urban tree canopy, green infrastructure, and shade 
structures, but both prevalence and strategy type vary by heat 
exposure level, population size, and the socioeconomic status of cities. 
However, in interviews, we generally found that while local officials had 
high levels of heat awareness, they had low levels of focused capacity 
and deployed heat interventions compared with other climate 
adaptation efforts.
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Introduction

Addressing extreme heat has emerged as a key frontier of urban climate adaptation planning 
(Walker et al. 2024). A growing number of studies have analyzed heat planning efforts in cities, 
including scholarship on large city municipal climate adaptation, as well as broader urban hazard 
resilience efforts supported through formal planning processes (Gabbe et al. 2021; Jin and 
Sanders 2022; Keith, Gabbe, and Schmidt 2023; Meerow, Pajouhesh, and Miller 2019; Meerow and 
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Keith 2022; Turner et al. 2022). These studies have generally identified an increase in language 
regarding heat in urban planning documents. However, they also note the continued presence of 
governance silos and a lack of implementation specificity, especially when it comes to addressing 
disparities delineated by race, ethnicity, and economic status.

While there remains important scholarship to conduct on heat planning in larger cities, we focus 
on small- and medium-sized cities in this study for three reasons. First, most climate adaptation scho-
larship globally has focused on large, often mega-cities. Yet both in the U.S. (Bucholz 2020; Ofori- 
Amoah 2021; Kumar and Stenberg 2022) and globally (Güneralp et al. 2020; Fila, Fünfgeld, and Dahl-
mann 2024), most of the existing urban population and expected growth is in urban areas outside of 
central cities. Exceptions include the work of Ulpiani et al. (2024) on urban heat island planning. We 
thus focus on cities with populations of under 100,000 (small) and 500,000 (medium), referring to 
both groups collectively as “smaller cities” throughout the article. Second, there is limited research 
on climate adaptation, and especially disaster risk resilience, by smaller cities, and much of it has 
been more theoretically rather than empirically focused (Walker et al. 2024). This disparity reflects 
a pervasive neglect relative to both larger urban and rural areas of efforts to understand smaller 
city planning processes for environmental health issues (Wagner and Growe 2021). The lack of scho-
larly focus on smaller city planning processes occurs despite population size being used as a 
common explanatory variable in broader studies of urban climate mitigation and adaptation. For 
instance, scholarship generally shows that larger cities have more resources for climate-related plan-
ning (Homsy & Warner 2015; Lubell et al. 2009; Shi et al. 2015; Trego, Meerow, and Keith 2023). 
Yeganeh, McCoy, and Schenk’s (2020) meta-analysis also finds that population size has a large posi-
tive association with urban climate policy adoption, although Stevens (2023) meta-analysis suggests 
that the effects of population size are much smaller than previously reported due to publication bias.

Regionally, there is more research focused on smaller cities in Europe and the Global South than 
in the U.S. (Birkmann et al. 2016; Jonsson and Lundgren 2015; Lioubimtseva and da Cunha 2022; 
Youngquist et al. 2023). Especially in South and Southeast Asia, there is robust work examining 
both the promise and reality of climate-related disaster resilience planning in small towns 
(Daniere, Garschagen, and Thinphanga 2019; Marks and Pulliat 2022), the role of governance decen-
tralisation in resilience planning in longstanding urban areas (Rumbach 2016), as well as in newly- 
formed small towns (Rumbach and Follingstad 2019).

Third, there are conceptual reasons to expect important differences in both heat risk and planning 
and response by city size. On the one hand, the urban heat island effect poses more of a risk in large 
cities (Ulpiani et al. 2024). There may also be differences between the more-established smaller cities 
in our study context and climate resilience planning capacity in smaller cities that have recently 
formed due to population growth, as well as in urban decentralising efforts in low- and middle- 
income country contexts (Rumbach 2016). On the other hand, the theoretical framework of urban 
political ecology shed lights on the unequal rendering of climate adaptive capacity both within 
and between cities, across economic development profiles (Kaika et al. 2023).

To date, urban political ecology theory has rarely been applied to the problem of heat, except in 
the context of the urban heat island in mega-cities (Marks and Connell 2023; Li et al. 2024), with the 
notable exception of Paterson et al. (2017). This limited application may be due to the relative lack of 
direct, desirable and centralised infrastructure provision – often a feature in urban political ecology 
analyses – in reproducing inequalities in heat exposure and vulnerability, unlike water, energy and 
transport networks (Broto and Bulkeley 2013). However, research has demonstrated that centralised 
transportation infrastructure, through the development of the highway system especially, indirectly 
influences heat exposure through redlining. Additionally, the concentration of other uneven and 
undesirable infrastructure within cities reproduces uneven heat exposure (Hoffman, Shandas, and 
Pendleton 2020).

We accordingly argue that urban political ecology is a useful way to interrogate potential inequal-
ities and their nature in heat planning, infrastructure reproduction and action across scales of city 
government (Paterson et al. 2017; Fila, Fünfgeld, and Dahlmann 2024). Broadly, unequal power 
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dynamics and the retention of planning functions and resources by central bureaucrats may weaken 
local smaller city heat planning (Marks and Pulliat 2022; Indraprahasta et al. 2023). We also hypoth-
esise that there may be limitations in smaller city capacity to document both increasing heat 
exposures and intra-city population vulnerabilities and thus respond adequately on the ground 
with supportive infrastructure and services, as similarly argued in the context of disaster planning 
by Rumbach and Follingstad (2019).

Heat and local planning efforts in California and the two study regions

California is an important place to study smaller city heat planning issues, as well as differences 
between municipalities across regions. It is the most populous state in one of the hottest regions 
of the U.S., the arid Southwest (Pincetl, Chester, and Eisenman 2016). There is a strong historical 
focus as well as ongoing momentum around local climate adaptation policy in the state compared 
to other parts of the U.S. (Bedsworth and Hanak 2013). Yet there are still major gaps across cities that 
present an interesting context for analyzing differences. Many of its 408 municipalities have recently 
self-reported that they are not planning for climate adaptation or urban heat. Only 37 percent of Cali-
fornia cities reported having adopted urban heat island policies as of 2018; the rest either reported 
that they did not or were unsure (Gabbe et al. 2021). A separate and unique statewide assessment to 
map relevant entities, existing regulations, support and oversight of heat planning programs, and 
funding streams in seven key planning settings identified smaller municipalities as a key gap area, 
concluding that “local hazard planning efforts [in California] may not be preparing cities adequately 
for extreme heat” (DeShazo and Lim 2021, 7).

All cities in California are also required by state law to carry out general planning that is relevant 
to both broad climate and specific outdoor heat mitigation. While California cities are required to 
have an adopted general plan (GP), some smaller cities have not complied in a timely manner 
with this mandate, and many are formulaic in nature, containing large sections of similar stock 
text. Beyond GPs, the most relevant types of plans for local heat resilience are local hazard mitigation 
plans (LHMPs) and climate action plans (CAPs) (see Keith, Gabbe, and Schmidt 2023).

Municipalities come in many different shapes and sizes, yet for the purposes of formal climate 
adaptation planning, are often viewed as homogenous. The example of Los Angeles County – the 
most populous county in the U.S. with over 10 million residents – is instructive. The county’s 88 
municipalities have vastly different populations, resources, and needs. Populations range from 4 
million in the city of Los Angeles (40% of the County’s population) to fewer than 767 residents in 
the city of Bradbury. At the same time, there is considerable variation in current and projected 
extreme heat; for example, the annual number of projected days above 90 degrees Fahrenheit 
between 2035 and 2064 range from five at the coast (in the city of Santa Monica) to nearly 150 
inland (in the city of Irwindale). Cities in the San Joaquin Valley also range widely across several 
characteristics, although less so than in Los Angeles County. Populations range from just over 
1,200 (Maricopa, in Kern County) to Fresno’s nearly 550,000. The annual number of projected days 
above 90 degrees Fahrenheit between 2035 and 2064 ranges from about 70 in Tehachapi to 165 
in Ridgecrest, both in Kern County.

In terms of heat planning, the largest jurisdictions appear far ahead in dedicated capacity and 
efforts compared to smaller cities. For instance, the City of Los Angeles established a Climate Emer-
gency Mobilisation Office within its Department of Public Works in 2020; passed a motion regarding 
extreme heat preparedness and related deaths reporting in 2021; appointed a Chief Heat Officer in 
2022; and has begun developing a heat action plan (Los Angeles City Climate Emergency Mobilis-
ation Office 2023). Meanwhile, Los Angeles County has published its first Climate Vulnerability 
Assessment, with a large focus on heat, and the county’s Regional Planning Department has incor-
porated the findings into a draft Safety Element (Los Angeles County Planning Department 2023). 
We know much less, however, about heat planning efforts among the 87 smaller municipalities in 
the county.

LOCAL ENVIRONMENT 3



By contrast, larger municipalities and the county governments in the southern San Joaquin Valley 
have not hired dedicated staff focused on heat, lack heat-specific plans, and have had more limited 
engagement in climate action planning. Heat-related planning for these local governments has 
largely occurred through local hazard mitigation plans, as discussed more fully below.

Based on our previous work in California, we know that smaller cities face considerable cross- 
cutting planning constraints, which we hypothesise extend into and affect heat planning. Some 
cities have only one designated planner, sometimes with this individual being a contractor rather 
than an employee, to cover all policy and program areas within their jurisdictions. In these contexts, 
climate adaptation, much less heat planning, may receive little management focus or response 
capacity. Additionally, local heat planning within the San Joaquin Valley has been understudied rela-
tive to the larger metropolitan areas in California, despite being hotter and having more vulnerable 
residents (Fernandez-Bou et al. 2023).

In addition to our focus on smaller cities, another unique aspect of our study is that we com-
paratively analyze heat planning efforts in two neighbouring but politically distinct regions that 
face major heat exposure and vulnerability challenges. We accomplish this by first conducting a 
comprehensive review of heat-related activities in the general plans and, when available, climate 
action plans of the 38 cities in the southern San Joaquin Valley (SJV) and 20 cities in northern 
Los Angeles (LA) County. Throughout the rest of the study, we refer to this contiguous region 
as northern LA County and the southern SJV. Second, we conducted 17 semi-structured interviews 
(plus received 10 additional email responses to interview questions) with city planners, regional 
planners, planning consultants, and utility staff in the study area. These interviews allowed us to 
more holistically understand whether and how implementation of heat planning occurs on the 
ground. We also match census data and heat exposure data to all city boundaries in northern 
LA County and the southern SJV to examine the characteristics of cities doing different types of 
heat planning.

Study hypotheses

This mixed-methods research approach allows us to answer two core research questions related to 
the capacity, state of current activities, and opportunities for heat planning enhancements in smaller 
municipalities, as well as to inform the broader urban political ecology literature on smaller city 
climate adaptation: 

1. How do smaller municipalities discuss urban heat into their major written plans, and how does 
heat issue and strategy identification vary based on local heat exposure and vulnerability 
characteristics?

2. What do planners working on the ground report as their main activities, priorities, and constraints 
in terms of heat planning implementation, and how does implementation relate to issues and 
strategies stated in adopted planning documents as well as to structural disparities in capacity 
and power?

We use our findings to discuss the implications for incentive and regulatory policy aimed to most 
effectively increase heat adaptation planning for small- and medium-sized cities.

Materials and methods

Our approach in this study was informed by a preliminary analysis conducted in 2021 to examine 
heat-specific issue and strategy identification, including formal planning documents, on the websites 
of 20 randomly selected municipalities in LA County. We found limited information regarding 
climate adaptation, much less heat-related planning activities, in this search. This dearth of infor-
mation motivated our approach to systematically analyze formal planning documents and interview 
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city planning staff. We considered several options for geographic focus among the six major metro-
politan areas within California, and ultimately chose the contiguous region of northern LA County 
and the southern SJV because it contains a relatively large pool of adjacent municipalities but 
with major differences in their small and medium-sized cities in terms of climate vulnerability 
(especially heat), density, and socioeconomic status (see Table 1). The SJV cities have somewhat 
lower density, substantially lower incomes and higher poverty rate, higher proportion of Hispanic 
residents, and substantially more projected heat days than the northern LAC. The contiguous 
region contains political and administrative diversity, and differences in larger agency climate plan-
ning emphasis, which makes for a potentially interesting contrast.

Plan content analysis approach

To answer the first research question, in 2022 through early 2023, we collected and conducted a 
content analysis of three types of planning documents (General Plans, Local Hazard Mitigation 
Plans, and Climate Action Plans) across each of the 20 municipalities in northern LA County 
(County Supervisorial District 5), 36 municipalities in the four adjoining counties (i.e. Kern, 
Kings, Tulare, Fresno) in the southern SJV, as well as the five relevant county governments (i.e. 
Los Angeles, Kern, Kings, Tulare, Fresno). We excluded the city of Fresno and the city of Los 
Angeles due to their large population sizes and these cities receiving more scholarly treatment 
previously, but otherwise include all incorporated cities in the contiguous region.

We conducted a content analysis of adopted planning documents based on an established 
approach. We first selected 11 criteria following a hybrid of the research approach carried out by 
Gabbe et al. (2021) and Keith, Gabbe, and Schmidt (2023). The criteria, shown in Table 2, span 
three aspects of heat planning: (1) heat issue identification and fact base; (2) long-term heat adap-
tation and resilience; and (3) heat preparedness and response.1

Two trained researchers independently reviewed and coded the plans for these criteria. The 
coding entailed first assigning a binary variable representing whether each criterion was found 
in a plan. Then the coder noted relevant page numbers for each criterion. This allowed us to 
reconcile differences between coders and identify key quotes. At the conclusion of this 
process, we calculated the Krippendorff’s Alpha (KA) value, which is a commonly used 
measure of intercoder reliability (Krippendorff 2013). The two coders were 84.5% in agreement 
across the two sub-regions and the KA value of 0.68 falls at the low end of adequately reliable 
results (Krippendorff 2013). We addressed differences through a reconciliation process whereby 
the entire research team met and came to consensus on every item on which the two coders had 
different results.

Table 1. Means for all demographic and exposure variables, by geographic region.

All cities 
(N = 56)

San Joaquin Valley 
cities 

(N = 37)

LA County 
cities 

(N = 19)

Interviewee 
cities 

(N = 10)

Population Population 47,439 36,867 72,651 34,894
Population Density 4,187 3,100 3,906 8,420

Race and Ethnicity % Hispanic 54.9% 70.7% 29.2% 37.7%
% Non-Hispanic White 28.5% 21.0% 37.7% 43.2%
% Non-Hispanic Black 3.2% 2.7% 4.5% 2.8%
% Non-Hispanic Asian 10.1% 3.2% 24.0% 11.6%
% Other Race 3.3% 2.5% 4.6% 4.7%

MHI MHI $80,654 $57,840 $113,410 $119,267
Expected Days >100F 

2035-64
Expected Days >100F 

2035-64
54.4 75.8 33.8 7.9

Expected Days >90F 2035- 
64

Expected Days >90F 2035- 
64

123.5 142.7 122.2 53.1

aNote: The California Healthy Places Index: Extreme Heat Edition tool does not have data on heat days for all municipalities. 
Therefore, these numbers exclude Maricopa (SJV) and Bradbury (LAC), which the tool does not provide data for.
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Interview approach

To answer our second question, we conducted interviews with individuals responsible for city plan-
ning and compared these findings with our content analysis findings. We interviewed city and 
regional planning officials from summer 2022 through early 2023. First, we compiled lists of the 
most relevant contacts from city websites. Following approval from the UCLA Institutional Review 
Board, we then reached out to local government contacts at all 87 municipalities in LA County 
(except the city of Los Angeles), all 38 municipalities in 4 counties in the southern SJV, as well as 
officials within the five relevant county governments and metropolitan planning organisations. 
Each individual was contacted by email at least two times to invite them to conduct a short interview 
by Zoom on their heat planning efforts. Eleven planners responded indicating that they were too 
busy to be interviewed by Zoom but would be willing to respond to several questions by email, 
whereas most others not interviewed did not reply or provided very brief replies declining our 
request.

We guaranteed individual interviewees anonymity from name and city-specific identification and 
thus the attribution of specific city responses is not highlighted in our theme analysis. Table 3 sum-
marises the number and type of individual planners with whom we conducted full interviews, as well 
as other patterns of response to our interview requests.

Given this study was conducted independently and without substantial funding, we necessarily 
relied on self-response to interview requests by city planners. Thus we acknowledge that our inter-
view sample likely represents a set of planning officials in better-resourced cities potentially more 
capable of participating in heat planning than the broader municipal planner population, as Table 
1 results also suggest. At the same time, we were able to conduct interviews with planners from 
local governments and agencies that represented a diverse range of political, climatic, and socioe-
conomic characteristics within the larger region. The cities represented by interviewees also 
varied widely in the levels of climate planning activity.

Each semi-structured interview lasted 25–45  min, was conducted over Zoom, and was guided by 
eight questions (see Appendix 1). We used deductive and inductive coding approaches. We first 
coded the interview responses in terms of eight major, pre-identified themes outlined in our inter-
view guide, and then coded for additional themes that emerged organically from interviewee 
responses (Adeoye-Olatunde and Olenik 2021). We pare our discussion of interview findings 
down to six major themes – combining two that were overlapping – in our final analysis and 

Table 2. Plan evaluation criteria.

Category Criteria

Issue identification and fact base Identifies extreme heat as an issue 
Provides heat-related data

Long-term heat adaptation and resilience Cool roofs 
Cool pavements 
Green roofs 
Green infrastructure 
Urban tree canopy 
Other shade

Heat preparedness and response Cooling centers 
Early warning system 
Heat education

Table 3. Interview response types.

Los Angeles county San Joaquin valley

Semi-structured interviews Planners from 10 cities 
Staff from 2 regional planning entities and 1 utility

Planners from 3 cities 
1 Planning consultant

Responses to questions by email Planners from 13 cities Planners from 2 cities
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employed member checking to support the accuracy of our interview results analysis (Nowell et al. 
2017).

Census data matching to study cities

To understand the relationship between city-specific exposure and vulnerability characteristics 
and heat issue and strategy identification, we collected contemporaneous Census (ACS 2018– 
2022) data for each city in the study region. We focused on the following attributes: population, 
median household income (MHI), race and ethnicity, and future heat exposure (measured by 
the number of days per year expected to be over 90 or 100 degrees Fahrenheit in 2035 through 
2064). We connected this with our content analysis and interview analysis data and discuss the rel-
evant results below.

Results

Content analysis of planning documents

Turning to our findings, we first present the results of our planning document review. Table 4 and 
Table 5 summarise our results by category and criterion delineated by the two sub-regions. We 
observe that it was more common in northern LA County than in the southern SJV for small- and 
medium-sized municipalities to have adopted CAPs or municipal hazard mitigation plans alongside 
their GPs. Most of the southern SJV cities contributed to and relied on countywide hazard mitigation 
plans rather than city-level plans.

Heat issue identification and fact base
The majority of city planning documents across the region identified heat as an issue, although the 
shares were smaller than might be expected. About 57% of plans in the southern SJV and 69% of 
plans in northern LA County identified heat as an issue. The larger northern LA County’s cities’ 
share of heat identification is partly driven by the area’s higher prevalence of climate plans and 
hazard plans, as only 50% of municipalities’ GPs identified heat as an issue. Plans identified heat 
as an issue in different ways, some focusing on the urban heat island effect, others in the context 
of climate change more broadly, or by identifying the health risks from heat. Heat exposure or 
risk data were also included in 48% of southern SJV plans and 44% of northern LA County plans. 
The most common type of heat data referenced was a basic measure of exposure: average summer-
time temperatures.

Table 4. Southern San Joaquin Valley content analysis summary.

General 
Plans

Climate 
Plans

Hazard 
Plans Total

Plans analyzed 38 2 4 44
Issue identification and fact base Identifies extreme heat as an 

issue
21 1 3 25

Provides heat-related data 17 1 3 21
Long-term heat adaptation and 

resilience
Urban tree canopy 35 2 1 38
Other shade 27 2 0 29
Green infrastructure 26 1 1 28
Cool roofs 10 2 0 12
Cool pavements 8 2 0 10
Green roofs 3 1 0 4

Heat preparedness and response Cooling centers 5 0 2 7
Early warning system 2 0 3 5
Heat education 2 0 1 3
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Long-term heat adaptation and resilience
Emphasis on long-term heat adaptation and resilience strategies, most of which also had co-benefits 
and may have been adopted for reasons beyond heat-specific planning motivations, was generally 
higher than heat issue identification and fact base establishment. However, prevalence of the many 
specific strategies across cities still varied, and the general prevalence of interventions was again 
higher among northern LA County municipalities. Urban tree canopy was the most common 
long-term adaptation and resilience strategy discussed in each sub-region (86% of plans in southern 
SJV and 81% in northern LAC). However, these urban forestry and tree canopy strategies rarely men-
tioned heat adaptation specifically as a justification. In the southern SJV, the provision of other types 
of shade was the second most prevalent strategy, including shade structures in parking lots, parks, 
and school playgrounds. Whereas the second most common heat adaptation strategy in northern LA 
County was green infrastructure provision; this was the third most common strategy in the southern 
SJV. Mentions of green infrastructure tended to identify the importance of landscaping features and 
stormwater management, but often with few specifics. Cool roofs were mentioned in half of north-
ern LA County plans but only 27% of southern SJV plans. Other long-term heat adaptation and resi-
lience strategies related to pavement and roof materials (i.e. cool pavements, green roofs) were also 
less common in southern SJV plans than in northern LA County plans.

Heat preparedness and response
Heat preparedness and response strategies were much less common across plans in the entire 
region than long-term adaptation and resilience strategies. Cooling centers were the most 
common preparedness and response strategy in both regions, but they were mentioned in a 
small share of plans overall, largely because of very limited treatment in GPs. Cooling centers 
were discussed, however, in about half of hazard mitigation plans across the two regions, and in 
a modest majority of climate plans in northern LA County. Mentions of early extreme heat 
warning systems and household awareness campaigns were much less common. We note that 
some plans mentioned early warning for disasters and environmental education more broadly, 
but our focus was on those that explicitly mentioned heat in these contexts.

Differences by city characteristics
Finally, we explored two sub- hypotheses across all strategies: (1) Cities in larger metro areas are 
undertaking more heat planning, and (2) Cities with more capacity (e.g. larger populations and 
higher incomes) are more engaged in heat planning. For this analysis, we assessed which cities 
had included which strategies in any of their plans.

To test hypothesis 1, we compared the strategies present for southern SJV cities (which includes 
several smaller metro areas) to those present for northern LA County cities (a larger metro area) 

Table 5. Northern Los Angeles County content analysis summary.

General 
Plans

Climate 
Plans

Hazard 
Plans Total

Plans analyzed 20 9 7 36
Issue identification and fact base Identifies extreme heat as 

issue
10 9 6 25

Provides heat-related data 4 7 5 16
Long-term heat adaptation and 

resilience
Urban tree canopy 17 9 3 29
Green infrastructure 11 6 3 20
Cool roofs 10 7 1 18
Other shade 9 5 1 15
Cool pavements 7 5 1 13
Green roofs 5 6 0 11

Heat preparedness and response Cooling centers 5 5 3 13
Early warning systems 5 3 2 10
Heat education 1 3 1 5
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(Table 6). Table 6 does not clearly point to either region leading on overall heat planning; however, 
there are some differences in which strategies are employed where SJV cities lead on prevalence of 
“issue identification and fact base” strategies. Each region leads on three of the six long-term adap-
tation and resilience strategies. Meanwhile, northern LA County cities implement more of all heat 
preparedness and response strategies.

To test hypothesis 2, we compared mean population and MHI across cities with and without each 
strategy (Table 7). The results in Table 7 indicate mixed results about hypothesis 2 (that cities with 
larger populations and higher incomes are more engaged in heat planning). While some strategies 
(i.e. cool roofs, green roofs, cooling centers, early warning systems) are more prevalent among larger, 
higher-income cities – and these cities are more likely to identify heat as an issue – other strategies 
are either evenly distributed or more prevalent with smaller, lower-income cities (i.e. cool pavement, 
urban tree canopy, other types of shade).

Additionally, there are somewhat contradictory results when looking at expected heat exposure, 
acknowledgement of heat as an issue, and actual planning for heat. Cities with higher projected 
heat exposure more often identify heat as an issue and provide heat data, but they are not necessarily 
the ones doing the most planning. While a few strategies are more popular with cities with more 

Table 6. Comparison of strategies utilised in cities by geographic region.

All 
cities 

(N = 56)

San Joaquin Valley 
cities 

(N = 37)

LA County 
cities 

(N = 19)

Issue identification and fact base Identifies extreme heat as an 
issue

50% 51% 47%

Provides heat-related data 41% 46% 32%
Long-term heat adaptation and 

resilience
Urban tree canopy 86% 92% 74%
Other shade 59% 68% 42%
Green infrastructure 64% 70% 53%
Cool roofs 39% 32% 53%
Cool pavements 29% 27% 32%
Green roofs 16% 11% 26%

Heat preparedness and response Cooling centers 18% 14% 26%
Early warning system 13% 8% 21%
Heat education 5% 3% 11%

Table 7. Comparison of mean city population, MHI, and projected heat exposure by strategy.

Plans analyzed

% of cities 
adopting 
strategy

Mean Population Mean MHI
Mean Proj. Days 
>100F, 2035-64

Cities 
with

Cities 
without

Cities 
with

Cities 
without

Cities 
with

Cities 
without

Issue identification 
and fact base

Identifies extreme 
heat as an issue

50% 67,962 30,054 $77,056 $76,332 64.9 58.5

Provides heat- 
related data

41% 50,525 47,950 $74,868 $77,967 66.7 58.2

Long-term heat 
adaptation and 
resilience

Urban tree 
canopy

86% 52,535 27,843 $74,511 $89,796 64.1 43.7

Other shade 59% 56,043 38,914 $72,015 $83,409 67.2 54.0
Green 

infrastructure
64% 43,605 58,733 $76,028 $77,894 64.8 56.3

Cool roofs 39% 68,025 36,702 $88,382 $69,132 53.1 67.3
Cool pavements 29% 54,650 46,751 $81,859 $74,628 64.2 60.9
Green roofs 16% 72,980 44,417 $101,349 $71,973 52.7 63.6

Heat preparedness 
and response

Cooling centers 18% 77,815 42,745 $91,204 $73,540 60.4 62.1
Early warning 

system
13% 91,238 42,975 $95,448 $74,015 56.7 62.6

Heat education 5% 20,311 50,632 $127,049 $73,844 39.4 63.1
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projected days over 100F, many strategies seem to be more common for cities with lower projected 
exposure.

Thematic analysis of planner interviews

Next, we describe our findings from the interviews we conducted with planning professionals in the 
two regions. Table 8 summarises the key takeaways from synthesising the results of each of the six 
coded themes of the interview responses, which we then discuss in detail below by theme, noting 
any heat exposure or socioeconomic differences that may explain responses.

Heat exposure and vulnerability indicators
Overall, interviewees did perceive heat to be a major and relatively urgent problem facing residents 
in their city, so issue identification was high. Most were also familiar with broader projections of 
future extreme heat, but not within-city variation in current or future heat. On the other hand, 
respondents could rarely systematically identify geographic areas or specific populations particularly 
vulnerable to heat within their cities, so the heat fact base was moderate overall. Most planners 
whom we interviewed said that they used non-heat specific, albeit heat-relevant, tools for measuring 
environmental and socioeconomic inequality in their city, such as the CalEnviroscreen tool for iden-
tifying disadvantaged communities in California. This lack of issue targeting may be because user- 
friendly, heat-specific tools with differentiation at the sub-city scale only became available in 
2022, and were still not well advertised to smaller municipalities at the time (for instance see the 
California Healthy Places Index: Extreme Heat Edition 2022).

When prompted, most interviewees identified some general categories of particularly heat vul-
nerable populations within their cities, most commonly seniors and children. Only one interviewee 
mentioned outdoor workers and the incarcerated as vulnerable groups. However, no city planner 
outlined specific strategies for heat emergency response or adaptation specifically for vulnerable 
groups. There was also limited recognition of potentially important differences in racial and 
ethnic group composition in terms of vulnerability, whether at the household or neighbourhood 
level.

Heat strategy focus
Planners reported great diversity in the implementation of cities’ heat-related strategies. Consistent 
with our plan document analysis but drawing the connection more explicitly, interviewees cities 
generally focused on the role of trees as providing cooling and shade, especially shade for transit 
riders waiting outside. The most common specific strategy mentioned was tree planting and 
ongoing tree care to provide cooling and shade. Several interviewees in the southern SJV reported 
seeking out and receiving technical assistance and state or federal grants for tree planting. Shade 

Table 8. Key interview themes and summary takeaways.

Theme Summary takeaways

Heat exposure and vulnerability 
definitions

Cities use off-the-shelf climate and environmental justice vulnerability tools that are 
broader than municipal boundaries.

Heat strategy focus Trees and transportation were mentioned most as adaptation strategies, but there 
were generally diverse responses.

Heat’s relationship to other climate 
issues

Interviews about heat planning commonly segued to discussing water and wildfire 
planning, but rarely explicitly connected these climate planning domains to heat.

Funding support for heat planning Challenges were voiced related to grant limitations and unfunded mandates, but there 
was a general desire to find funding sources and engage in more heat planning.

General local government capacity for 
heat planning

Limited capacity for heat planning due to other core city planning needs, but state 
support could be used to build more capacity.

Staff activity relation to city planning 
documents

There was an unclear relationship between on the ground heat adaptation activities 
and planning documents’ guidance.
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trees were also emphasised in planting requirements in small area plans and specific plans. As men-
tioned above, there was a large focus on transportation, especially shade for transit riders. Human- 
built shade structures were also sometimes mentioned in the context of cities’ long-term heat adap-
tation and resilience strategies for parks and parking lots. But much broader concepts of multimodal 
street design, commonly known as Complete Streets, and overall transit efforts were also featured in 
responses, despite their connection to heat adaptation being less clear mechanistically, and less 
emphasised in planning documents and scholarly literature.

Secondary heat strategies mentioned by several respondents include directly operating cooling 
centers (e.g. air-conditioned libraries, community centers, other public buildings) or directing resi-
dents to other public air-conditioned spaces during extreme heat events. Other occasionally-men-
tioned strategies focused on direct installation of green infrastructure, which was more 
highlighted in planning documents, as well as promoting adoption of energy efficiency and weath-
erization incentive programs run by other public and non-profit agencies. In particular, two intervie-
wees in affluent, predominantly white LA County cities emphasised REACH building codes as a 
pathway to decarbonising cities and simultaneously reducing energy use in buildings to adapt to 
climate change.

By contrast, the installation of indoor air conditioning units and direct drinking water provision for 
hydration during heat events were rarely mentioned. These omissions were seemingly in part 
because these services were viewed as the responsibility of energy and water utilities rather than 
cities per se.

The relationship between heat and other climate issues
Relatedly, during our interviews, many of the observations voiced about local heat strategies shifted 
into the respective cities’ broader climate adaptation or sustainability issues, which did not involve 
heat per se. In particular, there was an expressed centrality of concern regarding water supply, fire 
protection and, to a lesser extent, clean energy supply issues. Several interviewees, especially in the 
smallest cities in politically conservative areas, but spanning income and racial composition differ-
ences, reported that planning related to climate change and heat was primarily done without expli-
citly stating climate change as the motivation – instead citing factors like economic benefit or water 
supply protection as the publicly-stated motivation. In other cases, heat and other climate adap-
tation domains were framed as a complementary or co-benefit with traditional environmental 
domains. However, in a few instances of especially high-income cities, addressing heat was 
framed as competing for effort and resources with goals of obtaining water supply and reducing 
fire risk which were perceived to be more pressing. City planners we interviewed most commonly 
brought up water availability and conservation as a key climate concern, with every interviewee 
in the SJV raising the issue. Water availability’s higher salience for than heat for many interviewees, 
is not surprising given the historic drought and politically-contested water supply restrictions, 
experienced in the two sub-regions at the time of the research (State of California 2023). Moreover, 
water availability issues were framed as a constraint on broader urban greening efforts (i.e. landscap-
ing, tree planting, maintenance) which have cooling benefits.

A second commonly raised climate issue in the Los Angeles area, but less so in the SJV, was local 
wildfire protection. Wildfire issues were more typically framed as stemming from growing heat, 
although again introducing the need for water availability for firefighting efforts and to reduce 
flammability of ground cover. Otherwise, interviewees tended to view wildfire mitigation and 
heat as separate planning concerns, except with regard to planned electricity service shutoffs to 
reduce power utility infrastructure-caused wildfires, which in turn often coincide with extreme 
heat events.

Funding support and opportunity awareness
Nearly all cities we interviewed reported challenges related to the adequacy of existing financial 
resources and limitations to existing grant or loan programs to address heat concerns. Lack of 
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funding thus caused many cities to be more reactionary and opportunistic than proactive in terms of 
heat planning. Most expressed interest in learning more about state funding opportunities, which 
have grown rapidly very recently, but lacked familiarity with heat-related programs.

The range of barriers to securing funding for heat resilience varied considerably. Some intervie-
wees suggested that broader climate resilience funding programs are much more focused on 
wildfires than heat. Most suggested that smaller cities are functionally overlooked and outcompeted 
in the application process compared to larger cities, and thus needed additional targeted technical 
assistance support, a long-identified roadblock in the rural development space (Brown 1980). Others, 
especially the lowest income and with higher minority populations, attributed lack of awareness of 
possible resources to the broader constraint of their city’s limited staff capacity to fulfil basic plan-
ning functions – let alone pursue grants – and some had outsourced their modest planning services 
to consultants.

Limitations of existing funding programs and authorities to specific heat-adaptation strategies 
were also featured. One specific example came from a city reporting that shade structures were 
not considered “infrastructure,” thus their understanding was they could not fund shade structures 
through a specific grant program. Another city representative stated that although it saw the need, it 
would not plant trees for shade near a highway because state transportation regulations would 
make the permitting process too time intensive compared to staff capacity.

Finally, city planners especially in the southern SJV and in politically conservative areas of LA 
County expressed that given limited staff time and resources, they chose to focus on economic 
development activities that could yield additional tax revenue to fund basic services and other activi-
ties with climate-related co-benefits.

General planning capacity
While some interviewees expressed concerns about new general plan requirements from the state of 
California, none specifically reported concerns about additional heat planning requirements. In fact, 
some interviewees, especially in LA County, stated that as climate-concerned planners they wel-
comed additional guidance from either the county or state as an exogenous means to compel 
further action within their jurisdiction. They expressed concern that their cities were not acting 
fast enough on climate, particularly when their populations were not motivated by climate issues 
or expressed climate change scepticism.

At the same time, the planners we interviewed reported wearing many hats, especially in the 
smallest cities, making climate adaptation (including heat) one of their many responsibilities. For 
example, in at least one smaller city, senior planners and the city manager were among the city 
employees directly staffing the city’s cooling center. Most interviewees expressed concerns that 
their ability to scale adaptation actions related to heat, including compliance with future regulations 
and guidance, necessitated more grant funding and direct technical assistance. They tended to 
expect that grants and technical assistance would be more abundant in the future, and that these 
would come from the state rather than counties or the federal government.

Staff activity relation to city planning documents
Interviewees were generally aware of local CAPs and LHMPs, and often referenced climate adap-
tation language in their cities’ GPs. That said, with one notable exception in a wealthy, predomi-
nantly non-Hispanic white city, planning staff we interviewed across the two regions did not draw 
a direct relationship between their heat planning activities and official city planning documents, 
although we have noted functional links and apparent disconnects above.

Interviewees’ lack of direct references to heat-specific language in planning documents contrasts 
with the prevalence of our identification of heat awareness and activities in planning documents, 
although this may reflect the heavy role of consultants in planning document writing and the indir-
ect or vague language in the writing of formal planning documents (Loh and Norton 2013). For 
instance, while the connection was not explicitly drawn by planners in our interviews, an emphasis 
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on both shade and green infrastructure (which are potential heat interventions) was present in both 
planning documents and interviews, especially among smaller, lower-income cities. Moreover, heat 
may be such a ubiquitous part of life in the southern SJV and northern LA County that it is largely 
assumed as a concern of general planning rather than explicitly called out in written planning 
documents.

Discussion

The results from this study suggest several important takeaways for scholarship, as well as for heat 
equity planning. Small- and medium-sized cities face some similar, but also many different opportu-
nities and challenges than the large cities primarily studied in the heat planning literature. We found 
fewer, clear trends influenced by differences in population-level socioeconomic status in the heat 
planning documents of smaller cities than we expected. Disparities by city size were clearer in our 
interviews, with several small affluent, predominantly racially white cities also appearing as positive 
outliers in terms of heat planning capacity and activity.

In larger cities, a main barrier to heat planning often siloed efforts within and across sizable city 
agenices (Turner et al. 2022). However, major challenges which we identified for smaller cities in Cali-
fornia commonly include limited overall staff capacity for any environmental planning, which 
necessitates contracting out core planning functions and in turn weakens long-term institutional 
knowledge (Ferris and Graddy 1986); a lack of even indirect funding for heat planning and 
implementation; and related competing time and funding demands on city staff. Some of these 
factors have similarly been identified as obstacles in climate adaptation for smaller cities in the 
work of Daniere, Garschagen, and Thinphanga (2019) as well as Marks and Pulliat (2022). 
However, the diffuse and everyday nature of heat exposure, as well as the subtle science of heat sen-
sitivity, contrast with other adaptation spheres and present a unique challenge to smaller city staff 
without climate science expertise. The greatest planning opportunity for smaller cities may be 
investing in heat-related adaptation activities that further other local goals, including economic 
development objectives which otherwise may compete (Marks and Pulliat 2022).

Additionally, smaller cities reported more eagerness to participate in and facilitate more vertical 
(e.g. with other levels of government, nongovernmental stakeholders) or horizontal (e.g. with neigh-
bouring cities, energy utilities, county governments) partnerships to further local heat resilience 
(Hughes 2015), if sufficiently funded to do so. In terms of the content of heat-related planning, 
there appear to be concerted efforts to engage especially in nature-based greening solutions, reflect-
ing language from larger-city plans, as also illustrated by Mabon (2023). However, these strategies do 
not appear to be sufficiently implemented to affect heat outcomes.

This analysis also points to several important topics for future study regarding small- and 
medium-sized cities in the context of both urban environmental management and broader urban 
political ecology globally. First, there needs to be further research on whether and how collabora-
tively urban planners interact with those from other professional disciplines and departments in 
smaller cities, similar to Keith et al.’s research (2023) on large cities. Second, community-based 
research may fill existing gaps in the capacity of smaller city staff to complete problem identification 
(Rumbach 2016) in order to better understand how vulnerable residents actually experience heat, 
adapt to heat, and prioritise interventions to improve heat health (Gabbe et al. 2023; Hamstead 
2023). Third, there remains insufficient research on how different aspects of horizontal and vertical 
planning related to heat, and unequal power dynamics embedded in them (Marks and Pulliat 2022), 
affect local heat resilience. In particular, we need to better understand the conditions and specific 
strategies in which smaller city coordination with both similar -sized (more typical in water) and 
much larger utilities (more typical in energy, with attendant power asymmetries, see McGee and 
Swaroop 2019) and county governments is feasible. Study of coordination possibilities and experi-
encnes will both inform whether and how they are enabling or further constraining for smaller 
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city heat planning, as well as thinking on the role of urban political ecology theory in explaining 
infrastructural and social inequalities in smaller city heat outcomes.

Local city heat planning is both a growing imperative and activity globally, not just in California. 
The methods employed and results found here are transferable to other regions worldwide. The 
interview approach we employed can be similarly if not identically utilised in many places. While 
the exact local planning documents to study will vary, and data availability remains a concern, 
Ulpiani et al. (2024) illustrate a means to use large data processing tools to conduct similar analyses 
as we take here. In terms of our findings, it is important to reflect on the fact that some heat strat-
egies such as cool pavement and tree planting, which are popular both in California and internation-
ally, may yield less tangible improvements in cooling than practitioners assume (Schneider, Epel, and 
Middel 2024). Establishing a local urban heat exposure and vulnerability fact base may also be a con-
straint, as most heat risk and vulnerability tools available globally do not approach the granularity of 
tools such as the California Healthy Places Index: Extreme Heat Edition.

We offer several policy recommendations to overcome these challenges and to expand heat- 
related work in smaller cities in California and beyond. By 2022, California state laws (SB 379, SB 
1035) require municipal governments to update the safety elements of their general plans to 
address climate adaptation and resiliency. Even since our interviews for this study were completed, 
the state of California has already substantially increased its funding and technical assistance for 
local climate adaptation planning (Governor’s Office for Planning and Research 2023). This new 
era of state funding combined with technical assistance presents a potential model for other 
states. However, the extent of cities’ compliance with the general plan requirements and ability 
to uptake climate adaptation planning funding remains undetermined. More importantly, this 
study brings into question whether and how compliance will translate into tangible, heat-specific 
management outcomes. While plan updates are a helpful first step toward preparing for the 
effects of climate change, the implementation of heat-reduction strategies may require further 
investments in building staff capacity and funding implementation, as well as specifying the types 
of strategies which would be most impactful.

We do not suggest with our focus on smaller cities in this study that they can or should bear the 
burden of adapting to heat for their residents entirely on their own. In fact, our results confirm that 
smaller municipalities face fundamentally different constraints in their heat planning capabilities 
than larger cities. In addition to the adaptation tools under direct municipal control, energy utilities, 
counties, and water utilities – to a lesser extent – have climate adaptation responsibilities and funds 
at their disposal. However, drawing on structuration theory, we maintain that even smaller cities cur-
rently do and can creatively employ some agency in heat planning activities despite broader struc-
tural constraints, and this agency can inform structural changes in broader policy systems iteratively 
(for instance, see Phipps 2001) City climate adaptation planning may incorporate horizontal or ver-
tical planning efforts. It is essential that cities work with these parallel local and regional agencies to 
ensure efficient and equitable distribution of funds to residents, and that the role and responsibility 
of smaller cities in broader metropolitan efforts be both properly defined and held to account.

In summary, smaller cities should not bear the burden of adapting to heat on behalf of their resi-
dents on their own. Without dedicated state financing assistance, similar planning mandates have 
led to inequalities in governance capacity. Better-resourced communities are more likely to train 
staff, plan, and coordinate across collaborating agencies than lower-income communities (Cutter, 
Boruff, and Shirley 2012). Local jurisdictions are largely responsible for funding emergency and dis-
aster programs for heat, as opposed to other disasters (Borunda 2024), which may create both 
opportunities if resources are available or further disparities in levels of heat emergency prepared-
ness (for instance, see Rumbach 2016). We have found previously that while there are programs that 
can support one or more heat risk-reducing measures, there were no state-level grant programs 
whose primary objective was heat risk reduction, heat mitigation, or heat adaptation in general, 
much less for low-capacity municipalities (DeShazo and Lim 2021), although this has begun to 
change in very recent times. The need for heat planning and adaptation in smaller cities, on the 

14 G. PIERCE ET AL.



other hand, remains as pressing as in larger cities, and as our findings here show, deserves further 
study and policy attention.

Note
1. We initially considered but ultimately did not employ the coding of documents using an institutional grammar 

analysis approach (Crawford and Ostrom 1995). We did not employ this approach because it required more 
detailed information compared to the specificity of the text available to analyze on the topics within written 
planning documents.
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Appendix: Interview guide

1. How has heat impacted your city? Are there equal impacts across the city?
2. How do you measure heat impact (tracking tools, metrics)? Do you focus on priority settings?
3. Has your city drafted and implemented any long-range heat mitigation policies? Indoor vs. outdoor?
4. What on the ground measures/steps has your city taken to combat rising temperatures, worsened especially by 

climate change? What’s unique about your approach?
5. Do any departments in your city address heat issues without labelling their efforts as such (i.e. building codes, 

groundskeeping)? If so, which?
6. Does your city coordinate with energy or water utilities or the county on heat adaptation?
7. Do you believe that these steps are adequate to address the worsening problem? If not, what do you foresee your-

self having to do in addition?
8. Are there specific ways (e.g. funding mechanisms, TA, ordinance/code drafting, etc.) in which your city could be sup-

ported to do more?
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