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death. The Chief Heat Officer convened workshops that engaged 298 unique community members
on six cross-sectoral heat topics. Key recommendations included increasing multisectoral heat
monitoring and risk communication, building more affordable housing, preserving and expanding
greenspace, and creating heat resilience hubs. The activities culminated in a Heat Action Plan,
which was completed in less than two years from the receipt of project funding.
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1. Introduction

Over 2002-20, an increasing proportion of jurisdictions considered extreme heat in their
planning activities (Bernard and McGeehin 2004; Meerow and Keith 2021). In Miami-Dade
County, Florida, United States (M-DC), community-based organization (Miami Climate
Alliance, Catalyst Miami, and others) conducted a survey to reveal the most pressing issues
facing residents. The top two concerns were housing affordability and coping with extreme
heat—rather than sea level rise. Extreme heat planning is most commonly described in
municipal or county sustainability, climate action or resilience, emergency response, com-
prehensive planning, or hazard mitigation plans (Meerow and Keith 2021). The Adrienne
Arsht-Rockefeller Foundation Resilience Center awarded M-DC a challenge grant to rapidly
respond to extreme heat under the Resilient305 Strategy framework. In May 2021, Mayor
Daniella Levine Cava appointed Jane Gilbert to serve as the Chief Heat Officer (CHO) to develop
and oversee the implementation of a cross-departmental and community-wide plan to address
the increasing health and economic impacts of extreme heat. The CHO works within the M-DC
Office of Resilience ensuring an integrated approach with the county’s Sea Level Rise and
Climate Action Strategies. As of 2023, three U.S. (M-DC; Los Angeles, California; Phoenix,
Arizona) and five global jurisdictions (Santiago De Chile; Freetown, South Africa; Athens,
Greece; Melbourne, Australia, and North Dhaka, Bangladesh) host Chief Heat Officers. This
manuscript shares M-DC activities to rapidly respond to extreme heat. Specifically, it describes
building an evidence base for heat risk and a coordinated and inclusive planning process that
culminated in an extreme heat action plan: (i) vulnerability assessment, (ii) heat-attributable
mortality analysis, and (iii) Climate and Heat Health Task Force community-based workshops
(Meerow and Woodruff 2020).

Spatial heat vulnerability assessments provide insight into key risk groups and help
jurisdictions prioritize areas for heat adaptations (e.g., San Francisco Department of Public
Health Climate and Health Program 2023; City of New York Environment and Health Data
Portal 2023). While they are considered a valuable resource, extreme heat vulnerability maps
were only available for 26% of U.S. jurisdictions (Meerow and Keith 2021). The present study
used a spatial regression to create separate heat-related emergency department (ED) and hos-
pitalization vulnerability maps. Beneficially, this technique derives the relative importance
of risk factors and increases alignment between risk factors and adverse health outcomes
(Harlan et al. 2013; Bao et al. 2015; Mallen et al. 2019; Conlon et al. 2020). In the southeastern
United States, outdoor workers, people living in rural areas, manufactured homes, and/or
poor households report higher heat-related illness (HRI) rates (Crider et al. 2014; Kovach et al.
2015; Jung et al. 2021).

The heat-attributable mortality analysis examines whether “everyday” summer heat
exposures and/or rare heatwaves were more consequential for human health in M-DC. This
critical knowledge points to somewhat different risk groups, sensitive health outcomes,
and ultimately adaptation strategies tailored to short-term versus persistent heat exposures
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(Zografos et al. 2016; Bolitho and Miller 2017). For example, older adults, who are more likely
to have preexisting health conditions or access and functional needs, face the largest heatwave
risks (Meade et al. 2020). In contrast, the persistent and cumulative effects of persistently high
heat exposures may be most consequential for outdoor workers (e.g., Bandala et al. 2022).
Across hot and humid Florida, “everyday” summer heat exposures are more consistently
linked to adverse health outcomes than heatwaves (e.g., Harduar Morano et al. 2016; Jung
et al. 2021). The present manuscript updates Shindell et al. (2020) estimate of 32—43 local
heat-exacerbated deaths over 2006-10.

The manuscript’s overall goal was to expedite the translation of existing tools into
mainstream extreme heat, health, and equity planning. The research objectives were to
develop local evidence on the places and periods with elevated heat-related illness. In
parallel, the M-DC CHO convened a task force to review the vulnerability assessment, heat
mortality analysis, and community workshop feedback before iteratively recommending
actions to be incorporated into M-DC’s Heat Action Plan (Miami-Dade County Office of
Resilience 2022).

2. Methods

a. Study location. M-DC summer season is growing longer, and heat exposures are becoming
more intense due to climate change and urbanization. As of 2021, M-DC hosted an estimated
2662777 residents. Over 2017-21, the median household income was $57,815 and 15.2% of
residents lived below the poverty line (U.S. Census Bureau 2022). Mirroring the United States,
16.9% of residents were aged 65 years or older while 20.2% were under the age of 18years.
A clear majority of residents are Hispanic or Latino (69%), followed by non-Hispanic Black
or African American (15%), and non-Hispanic White (13%). Since 1957, M-DC has a unique
governance structure (two-tier federation) which grants the county the ability to enact regula-
tions, plans, and resolutions without prior state approval.

b. Data

EXTREME HEAT-RELATED ILLNESS FOR VULNERABILITY sTUDY. This study separately analyzed pub-
licly available emergency room and hospitalization rates for 2015-19 (Florida Department
of Health 2022b). The cases recorded a primary or secondary International Classification of
Diseases Clinical Modification (10th revision) heat-related illness (T67, X30) billing code.
Per Florida Department of Health (FDOA) policies, the health outcomes are only reported at
the 5-digit postal zip code level. While HRI is likely undercounted, this study presumes cases
are underreported at similar rates throughout the county.

c. All-cause mortality. This study analyzed all-cause mortality (International Classification of
Diseases Clinical Modification (10th revision, A00-Y89) for people with a Miami-Dade billing
address from 2015 to 2019 (Florida Department of Health 2022a). This study opted to analyze
all-cause versus cause-specific (cardiovascular, respiratory, renal, etc.) mortality due to vari-
ability in medical coding, and the growing range of health conditions considered heat sensi-
tive. Individual deaths were aggregated into a daily count over the summer (May—September)
from 2015 to 2019.

d. Heat exposure for vulnerability assessment. The study created a long-term, average,
summer season (May to September) land surface temperature (LST) maps over the years
2003-21. Separate maps correspond to the daytime (1330 LT) and nighttime (0130 LT)
overpasses of the Moderate Resolution Imaging Spectroradiometer (MODIS). The study
composited all LST images with less than 50% cloud cover over the summer study period.
In spite of their similar names, LST is distinct from surface air temperature measured
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at 2m. In general, LST overestimates surface air temperatures, but urban morphology,
building materials, vegetation, and mechanical heat sources complexly influence the
relationship (Venter et al. 2021).

e. Heat exposure for mortality analysis. The National Oceanic and Atmospheric Adminis-
tration’s National Centers for Environmental Information (2022) provided outdoor weather
conditions for the Miami International Airport weather station. The station recorded nearly all
hourly (99.95%) outdoor temperature and dewpoint measured at a 2-m height from 1989 to
2019. Wet-bulb globe temperature (WBGT), which also considers solar radiation and ambient
winds, may exhibit stronger associations with outdoor-heat-related illness (NIOSH 2016). The
Florida Automated Weather Network provided temperature, humidity, wind speed, and solar
radiation for two M-DC stations (Fort Lauderdale and Homestead). The weather information
was subsequently converted to WBGT using Liljegren et al. (2008)’s energy transfer equations.

To align with previously published studies, we created heatwave definitions based on
long-term daily temperatures over the period of record. Specifically, heatwaves were defined
as two or more days above the 98th percentile of maximum daily temperatures (33.9°C) (Chen
et al. 2017). For reference, the 98th percentile of daily heat indices is slightly below the 2022
regional NOAA National Weather Service heat advisory threshold (42.2°C).

f. Sociodemographics. This study presumes that the zip code tabulation areas (ZCTA) and
5-digit postal zip codes are similar enough to be considered equivalent for this analysis. The
study included established heat vulnerability dimensions as well as a broader range of fac-
tors that might be proposed by the general public (Table 1). Older adults (age > 65 years) are
physiologically sensitive to heat, more likely suffer from chronic diseases, and take medica-
tions that increase heat storage, sensitivity, and/or dehydration (Havenith 2001; Meade et al.
2020). Due to their limited language skills, agency, and small body sizes, young children (age
< 5years) can face elevated heat risks (Olsen et al. 2019). For example, hot and/or humid
exposures may account for ~12% of the summer season, childhood emergency department
visits (Bernstein et al. 2022). Teenagers may be more likely to engage in outdoor athletics and
suffer from heat-related illnesses (Kerr et al. 2019; Grundstein et al. 2012).

Taete 1. Summary of the heat exposure and sociodemographic considered in the vulnerability analysis.
The following variables were excluded from the analysis with a variance inflation factor > 5 (% Black,
non-Hispanic, % female head of household, % limited language proficiency, and % high school education
or less). The table also references the data source.

Category Description of data Data source
Health outcome Heat-related illness emergency department FDOH
Heat-related illness hospitalizations FDOH
Exposure Land surface temperature NASA MODIS 2002-21
% Impervious surface NLCD (2019)
% Outdoor workers ACS 2015-19
(Agriculture, forestry, fish, mining, construction)
Sensitivity % Older adults (age > 65) ACS 2015-19
% Living alone ACS 2015-19
% Age less than 18 ACS 2015-19
% Living in poverty ACS 2015-19
Household income ACS 2015-19
% Hispanic ACS 2015-19
% Indigenous ACS 2015-19
% Total housing that are mobile homes ACS 2015-19

AMERICAN METEOROLOGICAL SOCIETY BAMS Unauthenticated | MMngé)agd%d 0%3?&3'/24 11:51 PM UTC



Multiple studies found a direct relationship between increased poverty and adverse
heat-associated health outcomes (Gronlund 2014). Poorer residents are less likely to have
access to and pay for or maintain air conditioning, access cooling centers, and have health
insurance (Snyder and Baker 2010; Schmeltz et al. 2015; Hayden et al. 2017; Gabbe and Pierce
2020). Across the United States, African Americans have limited access to healthcare and are
more likely to face institutional biases and engage in unhealthy behaviors (Peek et al. 2010;
Dunkley et al. 2014). Florida’s hosts are relatively large proportions of Hispanic migrants who
were relatively more highly educated, economically secure, and healthier than more recent
Latin American migrants (Alarcon et al. 2016).

Indigenous people are more likely to suffer from intergenerational trauma, engage in out-
door occupations, and live in rural areas with limited healthcare and social service access
and are less likely to speak English fluently (Hansen et al. 2013; Petitti et al. 2013; Maldonado
et al. 2016). In the U.S. American Community Survey, people self-report whether they are
“American Indian or Alaska Native,” which includes Indigenous people of both North (e.g.,
Mayan dialects) and South America that maintain a tribal attachment. In Maricopa County,
Arizona, mobile homes account for a disproportionately high 29% of indoor-heat-related deaths
but only comprise 5% of the population (Phillips et al. 2021). The reasons for this disparity
are complexly related to the characteristics of people who live in a mobile home (e.g., fixed
income and preexisting health conditions) and higher heat exposures (Gabbe and Pierce 2020).

High heat exposures increase the risk of outdoor worker illness, injury, and death and
reduce economic productivity and cognitive functioning (Wilson and Morley 2003; Spector
and Sheffield 2014; Riley et al. 2018; Varghese et al. 2019). The heat-related illness rates are
derived from the patient’s billing zip code and align with occupational information from ex-
isting datasets. The U.S. Census Bureau American Community Survey reports occupations of
many but not all groups (agriculture, construction, forestry, fishing, and mining) who work
in either outdoor or indoor locations without air conditioning.

3. Methodology

The methodology section discusses three interrelated approaches to build evidence and
listen to community feedback. The heat evidence time period focused on 2015-19 to
avoid the potentially nonrepresentative impact of SARS-CoV-2 (COVID-19) on 2020 data.
The section first describes the characteristics of the places (vulnerability assessment)
with elevated heat-related illness. Separate regressions examined emergency room visits
or hospitalization rates averaged over a 5-yr period at the 5-digit postal zip code level,
which was the smallest available geographic resolution. Next, the complementary analysis
estimated heat-attributable mortality over the entire county. The study aggregated data up
to the county level to provide sufficient statistical power. In parallel, the CHO convened
community workshops on six cross-sectoral topics. Collectively, the information contrib-
uted to the development of the M-DC’s Heat Action Plan (Miami-Dade County Office of
Resilience 2022).

a. Vulnerability assessment. The study separately associated vulnerability characteristics
against the geographic patterns of heat-related ED or hospitalizations. Previous studies sug-
gest ED often reflects exertional and occupational heat exposures while hospitalizations are
more likely to reflect older and/or sicker patients (Hess et al. 2014; Florida Department of
Health 2015; Bernstein et al. 2022). Standard diagnostics confirm that the regression as-
sumptions were fulfilled. A global Moran’s I verified whether the assumption of independent
and identically distributed residuals, which is commonly violated by geographic data.

The study implemented two procedures to limit “double counting” of risk factors that
contain overlapping or redundant information. First, the analysis sequentially removed
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risk factors with the largest variance inflation factor (VIF) until all candidate variables had
a VIF < 5. Specifically, the percentage of households with the following characteristics was
excluded: non-Hispanic Black, female head of household, limited language proficiency, and
high school education or less. A prescreening procedure separately associated each heat ex-
posure metric against HRI rates. Daytime land surface temperature (vs nighttime) exhibited
a stronger model fit and was included in subsequent analysis. Second, the study used a vari-
able selection procedure (stepwise backward and forward) to select a well-fitted model. While
the limitations of this procedure are well documented, it can be appropriate for considering
a wider range of vulnerability metrics to respond to public feedback. As a consequence, the
statistical p values should be interpreted more as guideposts than a clear threshold between
significant/nonsignificant results.

b. Heat-attributable mortality analysis. In the time series analysis, a jurisdiction is com-
pared against itself over time and acts as its own control. This procedure controls for slowly
changing risk factors (e.g., income) that “cancel out” during the comparison process. The
time series analysis used distributed lag nonlinear models (DLNMs) (Poisson statistical fam-
ily, log link function) to associate heat indices (concurrent and preceding nine days) and
heatwaves against daily all-cause mortality from 2015 to 2019 (Gasparrini et al. 2010). Ben-
eficially, DLNMs jointly identify the “shape” (e.g., linear and curvilinear with threshold) of
the exposure—mortality relationship and for the preceding day’s exposures (natural cubic
beta splines). The DLNMs also implicitly controlled for short-term mortality displacement;
people would have normally perished shortly after the event due to natural causes, by ex-
amining lagged associations (Armstrong 2006). The statistical analysis controlled for study
year and day of the week using indicator variables, study day with natural cubic regression
splines, temporal autocorrelation with a one-day autoregressive term, and the population
at risk. The observed temporal lag between heat exposure and mortality may be influenced
by the human body’s heat storage and/or the time between death and finding the decedent
(Notley et al. 2018). Excess heat can accumulate in the human body over the order of hours
to days and cumulatively increase the risk of adverse health outcomes (Kenny et al. 2017).
The second reason for the lag may be that older adults who live alone and succumb to heat
can be found multiple days after high heat exposures (Donoghue et al. 1997). To account for
this uncertainty, sensitivity testing considered temporal lags over the three scenarios: the
preceding 0-3, 0-9, and 0-20days.

Adjusting for the population size provides more confidence that the results are not an
artifact of more people moving to the study area during the study years with higher heat
exposures. The study did not adjust for ozone due to the relatively high percentage (15.2%)
of missing regulatory monitor observations (Florida Department of Environmental Protec-
tion 2023). Thus, the temperature beta coefficient represents the direct effect of temperature
and ozone-mediated effect of temperature on all-cause mortality (Reid et al. 2012). The re-
sults report the heat index beta coefficient, standard error, 95% confidence intervals, and
p values. Finally, the analysis inferred the heat-attributable mortality from the DLNM and the
total number of summer deaths over the study period (39 760; Gasparrini and Leone 2014).
Monte Carlo simulation estimates the 95% confidence intervals for the estimated fraction and
number of deaths attributable to heat.

¢. Climate and heat health task force and public workshops. In November 2021, the CHO
launched the Climate and Heat Health Task Force in partnership with The Miami Foun-
dation to guide the development of the Extreme Heat Action Plan. The 15-member task
force was co-chaired by the CHO and Dr. Cheryl Holder, physician, professor, and commu-
nity advocate. The task force included two community members from our most vulnerable
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communities with lived experience of extreme heat who were selected out of 53 appli-
cations. The community representatives were provided a modest stipend for their time.
Ms. Gilbert and Dr. Holder then appointed key stakeholders from the National Weather
Service, State Health Department, municipal partners, county, university, private sector,
and community-based organizations representing outdoor workers, affordable housing,
and climate resilience interests.

The CHO and M-DC Office of Resilience convened six public virtual workshops from
7 December 2021 to 29 March 2022. The online workshops were synchronously facilitated
at 1030 ET (New York). The goals of these workshops were to broaden awareness of the
health and economic impacts of extreme heat, to gather insights and recommendations
for heat preparedness, response, and mitigation, and to engage diverse stakeholders to
be involved in and support the implementation of the plan. The six workshops addressed:
(i) outreach and education, (ii) data and research, (iii) emergency preparedness and response,
(iv) workers exposed to heat, (v) housing, and (vi) streets and trees. During each workshop, the
CHO subject matter experts led a brief presentation on the state of the current initiatives within
the county and/or national/international best practices. The majority of the workshop was
spent in smaller, facilitated, breakout groups that posed questions to gather further feedback
and ways the stakeholders involved could address those concerns. During the last portion of
the workshop, the small group facilitators reported recurring or key themes to the larger group
of participants, which provided initial themes for the qualitative analysis. The presentations,
recordings, list of attendees, and notes from facilitated breakout groups can be found on The
Miami Foundations’ (2023) web page on Extreme Heat. The workshops were recorded and
transcribed. Two coders iteratively refined each workshop’s themes, generated interconnec-
tions, and developed cross-linkages to the planning literature, and Heat Action Plan.

4. Results

a. Vulnerability assessment. The study results suggest that somewhat different combinations
of risk factors were related to emergency department visits versus hospitalizations across
M-DC over 2015-19 (Fig. 1). In general, the results align with other regional heat vulner-
ability studies and Florida life expectancy studies (e.g., Melix et al. 2020; Tables 2 and 3). The
geographic pattern of HRI ED was strongly related to land surface temperature and the pro-
portion of outdoor workers. A 1°C increase in average summer, daytime land surface tempera-
ture translated into 0.74 HRI ED calls per 100 000 people. HRI ED rates were also consistently
higher in zip codes with proportionately more children, perhaps reflecting the greater likeli-
hood of children to participate in outdoor exertional or recreational activities. Consistently,
zip codes with a higher proportion of Indigenous residents also experienced higher average
HRI ED rates. However, this effect was imprecisely estimated, as reflected by the wide beta
coefficient 95% confidence intervals. Consistent with local political and migration histories,
neighborhoods with higher proportions of Hispanics reported lower HRI ED rates.

While the geography of HRI ED was multifactorial, the HRI hospitalization rate was
only related to socioeconomic position as reflected by higher percentages of people living
in poverty and/or living in manufactured/mobile homes. Each percentage increase in the
proportion of economically impoverished translated into 0.14 HRI hospitalizations per
100000 people.

b. Heat-attributable mortality analysis. The maximum daily heat index (combined effect from
nine days prior to the concurrent day) linearly increased all-cause mortality risk in the study
area from 2015 to 2019. The cumulative lagged mortality and heat association became sig-
nificant by the sixth to ninth day preceding death (Fig. 2). In other words, multiday periods of
elevated temperatures were most consequential for health. The analysis controlled for temporal
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Fic. 1. Maps of the rates of (a) classified HRI ED or (b) hospitalization rates reported to the FDOH over
2015-19 across the study area. The gray polygons correspond to U.S. Census ZCTA, while the black
polygons are specific M-DC municipalities. The highest HRI ED and hospitalization rates were reported
in the southern portions of the county (Florida City and Homestead) and surrounding the Miami In-
ternational Airport (Hialeah, Little Havana, Fontainebleau). In addition, high HRI hospitalization rates
were reported in western Miami-Dade County and South Miami.

cycles, trends, the previous day’s morality count (statistically significant), and the size of the
population at risk. Over the study period, there were 42 heatwave days (8.4yr?). In contrast
to daily heat index, these relatively rare events were unrelated to mortality. Neither average or
minimum daily heat indices nor WBGT were consistently related to daily deaths. The DLNM
estimated that 7.8% (95% confidence interval: 1.4%-13.5%) of summer deaths on days
with average heat indices over 30°C may be exacerbated by extreme heat. This translates to
603 excess deaths per year (95% confidence interval: 138-1063 deaths per year). Since the
DLNM comprehensively considers lagged exposures, it estimates larger excess mortality than
series studies that only consider concurrent exposures (Shindell et al. 2020).

c. Workshop results. The six public workshops engaged 298 individuals (50—-70 participants/
workshop) and covered six thematic areas (online supplemental material). The Climate and

TasLe 2. The results of the classified HRI ED statistical vulnerability analysis. The analysis considered
79 ZCTAs and the model accounted (adjusted R?) for 65% of the HRI ED variability. Table 1 summarizes
the analysis data sources.

Risk factor Beta coefficient 95% CI p value
Daytime surface temperature °C 0.74 0.46: 1.01 <0.001
Outdoor workers % 0.57 0.38:0.76 <0.001
Age less than 18% 0.43 0.25: 0.61 <0.001
Indigenous % 13.47 3.98:22.97 0.01
Hispanic % —-0.06 —0.1: =0.02 0.01
Living alone % 0.17 0.01: 0.32 0.03
Mobile homes % 0.30 —0.01: 0.6 0.06
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TasLe 3. The results of the classified HRI hospitalization vulnerability analysis. The analysis considered
79 ZCTAs and the model accounted (adjusted R?) for 44% of the HRI hospitalizations variability.
The FDOA and U.S. Census Bureau, respectively, shared HRI hospitalizations and sociodemographic
information.

Risk factor Beta coefficient 95% ClI p value
% Living in poverty 0.14 0.1: 0.18 <0.001
% Mobile homes 0.19 0.07:0.31 <0.001

Heat Health Task Force assisted in the promotion of the workshops and participants repre-
sented a diverse mix of county and municipal staff, university researchers, community-based
organizations, and active/concerned residents.

The outreach and education workshop first asked participants for high-quality examples
of heat outreach and communication strategies. A participant referenced NYC Mayor’s Office
of Climate and Environmental Justice (2023) Be a Buddy Campaign. This program works with
community-based organizations to provide services to at-risk individuals during emergencies
such as heatwaves. The workshop participants articulated different mediums and messengers
to communicate with at-risk groups such as race/ethnic communities (mass media, radio,
community newspapers, and social media), pregnant people (existing Florida Health Depart-
ment programs), and outdoor enthusiasts (heat warning signage or risk flags). Participants
recommended partnering with existing community-based organizations and integrating heat
education into existing programs (e.g., cardiopulmonary resuscitation).

The data and research workshop discussed partnerships to improve underreporting of
heat-related illness, heat advisories, and short-term research priorities. To detect a higher
proportion of cases, the participants proposed heat-related illness training for a wide range of
healthcare workers. Specifically, healthcare providers should ask patients about housing and
air conditioning access and potentially refer patients to social service providers. Multiple par-
ticipants suggested increasing multisectoral collaboration on heat monitoring and awareness
involving broadcast meteorologists, the private sector working on low-cost sensor networks, and
local government programs (resilience hubs, public transportation, and school districts), and
faith-based organizations.

The emergency preparedness
and response workshops fo-
cused on heat prevention recom-
mendations and knowledge of
heat-related illness from key heat
risk groups. Participants empha-
sized the importance of pre-event
planning such as knowledge
of the closest cooling refuge
and training existing 311 mu-
nicipal service request dispatch-
ers to respond to extreme heat. I I i i I
Community-based organizations 0 2 4 6 8
stated that communities of color

are aware of extreme heat and
health risks. This is consistent Fic. 2. Cumulative relative risk of an excess death due to heat
with the Miami Climate Alliance indices.greater than or eqt.JaI as opposed to b.elow 5.’0°C in the
(2023 surve highlighing - oS 9907, T T o h gl it
fordable housing and extreme tality data, while NOAA's National Weather Service provided
heat as top community priorities.  heat exposure information.

<
—

1.4

1.2

Cumulative Relative Risk

1.0

Preceding Day(s)
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Occupational heat and health discussions focused on raising employer and worker heat
knowledge, piloting programs to incentivize employer heat prevention, and existing county
and state heat and health legislation. Participants recommended funding a widespread mass
media heat awareness campaign, encouraging businesses to write emergency heat action
plans, and creating free employee heat safety training. Respondents also suggested that M-DC
could create an anonymous helpline for workers to report heat safety violations. During the
2022 legislative session, Florida Senators introduced a bipartisan bill (SB 732) to mandate
the right to cool drinking water, shade, and mandatory breaks during high heat exposures.
The bill did not make it out of committee for a full vote.

The housing workshop discussed accelerating measures to reduce the energy burden for
single and multifamily buildings. Discussions recognized existing barriers toward partnering,
mandating, and incentivizing private electrical companies and/or landlords to fund energy
efficiency retrofits. Related strategies included expanding funding and broadening eligibility
for existing programs (e.g., Weatherization Assistance Program) or disseminating low-cost
but high-efficacy energy efficiency packages to renters. Multiple participants highlighted the
insecurities created by the high cost of housing.

The streets and trees workshop focused M-DC engagement, policies, and actions to cool
vulnerable neighborhoods. Respondents highlighted a range of considerations and potential
trade-offs when promoting tree species such as native vegetation, fruiting trees to improve
food security, or risk to power transmission lines. In addition to green infrastructure, po-
tential investments included white roofs, cool and/or pervious pavements, and shading.
Key partnerships to build upon include school districts, healthcare facilities, and land-use
developers.

This section briefly describes how the heat evidence and community workshops were
developed into M-DC’s Heat Action Plan (Miami-Dade County Office of Resilience 2022).
The CHO’s team compiled, reviewed, and grouped the workshop participant’s feedback
into potential goals and associated action items. The vulnerability assessment, time se-
ries results, and community workshop summaries were formally presented to the Climate
and Heat Health Task Force. The task force completed an initial survey to prioritize ac-
tions recommended through the public forums. The CHO’s team and task force iteratively
discussed and refined the priorities while considering the level of impact, feasibility, and
cost-effectiveness of proposed actions. Priority action items were more extensively devel-
oped by M-DC staff and organized under the following three resilience-building goals to
(i) inform, prepare, and protect people; (ii) cool our homes and emergency facilities; and
(iii) cool our neighborhoods. These three goals aim to move Miami-Dade County’s people,
places, and organizations toward a more resilient, healthy, inclusive, and equitable future.
Each action described the background and intentions of the action, who would be involved,
and the timeline for implementation.

5. Discussion

Key M-DC Heat Action Plan strategies included building the comprehensive heat watch/
warning system, a communications campaign, and leveraging tree-planting resources.
Issuing a heat watch triggers coordinated preparations by emergency management, home-
less trust, parks, and libraries. A heat advisory activates communications about the opening
of cooling sites (at park community centers and libraries) and outreach to the unsheltered
populations with including distributions of bottled water and cooling gaiters. A heat warn-
ing uses stronger language encouraging canceling or rescheduling outdoor activities and
offers extended hours at cooling sites. The 2023 heat safety communications campaign
targeted neighborhoods identified in the vulnerability assessment and key risk groups
(e.g., outdoor workers).
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The multimedia campaign engaged both conventional advertising (e.g., radio advertising,
bus panels, and shelters), digital resources (e.g., search engine marketing, social media,
and YouTube), and community-based outreach through a series of trainings and presenta-
tions. The 2023 summer radio, social media, and advertising campaign reached at least
three million M-DC residents and visitors in three languages (English, Spanish, and Haitian
Creole). M-DC developed a companion Esri StoryMap to the Heat Action Plan that received
over 3700 unique page views (10 per day) from May 2022 to April 2023 (Miami-Dade County
and Resilient305 2023). To meet the goal of cooling homes affordably, 1700 efficient AC
units were installed in public housing. To meet the goal to cool our neighborhoods, M-DC
planted 16 000 trees and gave away an additional 10 000 trees targeting low-income and
low-tree-canopy neighborhoods. Additionally, parks, recreation, and outdoor spaces were
awarded a 10 million USD grant to increase tree canopy in disadvantaged neighborhoods
and engage residents through strategic tree planting.

This section contextualizes the study findings with a discussion of existing and planned
M-DC Heat Action responses. A growing list of institutions [e.g., Heat Health Information
Networks (Global, South Asia), World Health Organization (2021), Adrienne Arsht-Rockefeller
Foundation Resilience Center (2023) Heat Action Platform, American Planning Association
(Meerow and Keith 2021)] provides guidance on effectively adapting to extreme heat. The
corresponding heat guidance documents all emphasize heat vulnerability, heat forecasting
and services, and partnerships and capacity building. While the evaluation type, approach,
and quality vary, there is some evidence that a suite of interventions implemented outlined
in heat adaptation plans save lives (Dwyer et al. 2022).

This manuscript found some evidence that “everyday” summer heat exposures proportion-
ately increased the risk of heat-related deaths in the study area. This led to the heat education
campaign’s focus on the entire May—October “heat season” instead of rare heatwaves to take
preventative measures for themselves, their loved ones, employees, and people they serve.
Through multiple channels including radio, television, outdoor ads and billboards, and
social media, the multilingual campaign reached over 3.5 million people through multiple
touchpoints. Consistent with previous studies, severe HRI was not influenced by relatively
rare heatwaves in the study area (e.g., Vaidyanathan et al. 2019).

Hondula et al. (2022) found south Florida issued heat advisories less frequently than
expected based on average heat indices. The lower heat advisory thresholds may be further
compounded by warmer microclimates. A 2023 study found average maximum surface
(0.5-2 m) heat indices could be ~6°C higher than the airport weather station (Clement
et al. 2023). In 2023, the CHO worked with the National Oceanic and Atmospheric Admin-
istration National Weather Service to lower the heat watch (daily maximum heat index of
42.2°-40.6°C) and warning thresholds (44.4°-43.3°C). Heat advisories trigger a series of
societal heat adaptations such as heat safety messaging, opening cooling centers, and heat
resilience hubs. In New York City, New York, United States, lowering heat advisory thresh-
olds and the corresponding social programs decreased average heat-related illness in older
adults (Benmarhnia et al. 2019).

Relatedly, the data and research workshop discussed healthcare strategies to document
a higher proportion of HRI cases. In Pakistan, multipronged heat training and education
strategy doubled the proportion of heat emergencies, exhaustion, and stroke emergency
physician diagnosis (Khan et al. 2023). In September 2022, the Florida Clinicians for Cli-
mate Action (a key CHO partner) partnered with Baptist Health and M-DC in the creation of
a continuing education series for healthcare professionals and then targeted outreach about
the workshops and information resources to healthcare providers serving the residents
living in zip codes with the highest HRI rates. Maricopa County, Arizona, United States,
developed a workflow to more expansively monitor heat-related mortality by combining
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state-level vital mortality information with notes about the decedent’s living situation
(Iverson et al. 2020).

The ED vulnerability results may point to a broader suite of policy actions to support at-risk
groups and manage heat exposures. While land surface and air temperatures are not equiva-
lent, neighborhoods with elevated outdoor land surface temperatures reported higher severe
HRIrates. A key M-DC Extreme Heat Action Plan goal is cooling neighborhoods by increasing
tree canopy coverage to 30%, particularly in neighborhoods with the highest HRI; cooling
bus stops, pedestrian walkways, and schools; and piloting cool infrastructure materials such
as pavements.

Geographic areas with higher proportions of outdoor workers and/or Indigenous people
reported higher rates of HRI. To respond to this challenge, M-DC Extreme Heat Action Plan
created separate actions to support outdoor workers and employers and workplace protections
for outdoor workers. Households with children (age < 18 years old) and specific racial and
ethnic groups faced disparate health risks. Young children may be particularly susceptible
to extreme heat due to their limited language skills, agency, and small body sizes (Olsen
et al. 2019; Bernstein et al. 2022). Children participating in recreational sports may also face
elevated risks (Nelson et al. 2011; Fuhrmann et al. 2016). There was also some evidence that
Indigenous communities reported elevated HRI, possibly because they were more likely to
engage in outdoor livelihood strategies (Petitti et al. 2013).

In general, heat hospitalizations were more likely to reflect older adults and/or people with
preexisting and/or unmanaged health conditions (Hess et al. 2014; Florida Department of
Health 2015; Bernstein et al. 2022). This report suggests that limited financial resources are
most strongly related to elevated HRI illness rates. Poor households receiving federal energy
assistance spend the same proportion of their income on electricity (~16%) as food or trans-
portation (Snyder and Baker 2010). The proportion of mobile home residents may capture
a different dimension of housing poverty or serve as a proxy for fixed or unstable incomes
(Phillips et al. 2021).

The advantages of this manuscript’s approach were greater collaboration and engagement
with community-based organizations, the healthcare sector, and universities. This section
briefly summarizes the study’s limitations and trade-offs. The vulnerability assessment
aligned HRI at the 5-digit postal zip code with sociodemographic information from zip code
tabulation areas. While this slight spatial mismatch is most consequential in rural areas, it
adds additional uncertainty to the HRI results (Grubesic 2008). The vulnerability assessment
presumed that HRI rates are underreported at similar rates throughout the county. However,
HRI rates may be underreported in areas with lower rates of health insurance coverage and/
or undocumented people (e.g., Jung et al. 2021). Thus, the magnitude of the HRI disparity
may be larger than documented by existing health records. Future research can map how
a comprehensive suite of programs/interventions can reduce HRI vulnerability (e.g., Keith
et al. 2022). The precision of the heat-attributable mortality analysis estimates and ability
to statistically control for ambient ozone levels would be improved by a longer study period.
The community workshops were held online during normal business hours due to ongoing
COVID-19 transmission. This modality is well suited for gathering community suggestions
and ideas but may reduce deliberations compared to face-to-face meetings (Friess and Eilders
2015; Bobbio 2019). Relatedly, inequitable access to video conference and high-speed Internet
may further constrain equitable participation (Van Dijk 2017).

One recommendation for other jurisdictions engaging with extreme heat would be to
work with government division leaders to clarify work plans and performance benchmarks
for the Heat Action Plan programs and activities relying on their leadership. Relevantly, it
may be difficult to replicate this effort in smaller jurisdictions with fewer financial, techni-
cal resources, and academic partners (Trego et al. 2023). While the field is rapidly evolving,
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jurisdictions with less capacity can consider using a modified Delphi method. This iterative,
consensus building methodology allows community experts to anonymously prioritize heat
programs and interventions (e.g., Adler and Ziglio 1996; Shortridge et al. 2022). Alternatively,
the Centers for Disease Control and Prevention (2022) or Adrienne Arsht-Rockefeller Founda-
tion Resilience Center (2023) Heat Action Platform provides frameworks for selecting and/or
implementing or evaluating heat adaptations. In the United States, the National Integrated
Heat Health Information System will establish two Centers of Excellence to work with small
and medium jurisdictions, but the need for technical cooperation will likely exceed current
levels of financial support.

6. Conclusions

The manuscript’s goal is to expedite the adoption of public health and geographic tools into
heat, health, and equity planning. The places with the highest severe heat-related illness rates
had hotter land surface temperatures and higher proportions of people who were outdoor
workers, Indigenous, and living in poverty or mobile homes. M-DC is targeting interventions
such as green infrastructure to the 15 census places with disproportionately high heat-related
illness rates. The time series analysis estimated that daily average heat indices contribute
to ~7.8% of summer deaths on days with heat indices at or above 30°C. Feedback from the
Climate and Heat Health Task Force workshops was integrated into the larger M-DC Extreme
Heat Action Plan (Miami-Dade County Office of Resilience 2022) whose goals are to (i) inform,
prepare, and protect people; (ii) cool our homes and emergency facilities; and (iii) cool our
neighborhoods.

Acknowledgments. This work was funded by Miami-Dade County and The Miami Foundation. Drs.
Hu and Uejio’s work was partially supported by NASA’s Health and Air Quality Science Team (80NS-
SC21K0430). We thank the Urban Heat Research Group, Climate and Heat Health Task Force for
constructive comments on previous manuscript drafts. We thank Miami-Dade County’s Information
Technology Department for supporting the ArcGIS StoryMap.

Data availability statement. The mortality information can be requested from the Florida Department

of Health Office of Vital Statistics. The remaining study data sources are openly available at locations
cited in the reference section.

AMERICAN METEOROLOGICAL SOCIETY BAMS Unauthenticated | MMngooagd%d EF6$§&/24 11:51 PM UTC



References

Adler, M., and E. Ziglio, 1996: Gazing into the Oracle: The Delphi Method and Its
Application to Social Policy and Public Health. Jessica Kingsley Publishers,
252 pp.

Adrienne Arsht-Rockefeller Foundation Resilience Center, 2023: Heat action platform.
Accessed 11 June 2023, https://onebillionresilient.org/heat-action-platform/.

Alarcon, R. D., A. Parekh, M. L. Wainberg, C. S. Duarte, R. Araya, and M. A.
Oquendo, 2016: Hispanic immigrants in the USA: Social and mental health
perspectives. Lancet Psychiatry, 3, 860-870, https://doi.org/10.1016/52215-
0366(16)30101-8.

Armstrong, B., 2006: Models for the relationship between ambient temperature
and daily mortality. Epidemiology, 17, 624-631.

Bandala, E. R., N. Brune, and K. Kebede, 2022: Assessing the effect of extreme
heat on workforce health in the southwestern USA. Int. J. Environ. Sci. Tech-
nol., 20, 2995-3008, https://doi.org/10.1007/s13762-022-04180-1.

Bao, J., X. Li, and C. Yu, 2015: The construction and validation of the heat vulner-
ability index, a review. Int. J. Environ. Res. Public Health, 12, 7220-7234,
https://doi.org/10.3390/ijerph120707220.

Benmarhnia, T, L. Schwarz, A. Nori-Sarma, and M. L. Bell, 2019: Quantifying the
impact of changing the threshold of New York City heat emergency plan in
reducing heat-related illnesses. Environ. Res. Lett., 14, 114006, https://doi.
0rg/10.1088/1748-9326/ab402e.

Bernard, S. M., and M. A. McGeehin, 2004: Municipal heat wave response plans.
Amer. J. Public Health, 94, 1520-1522, https://doi.org/10.2105/AJPH.94.
9.1520.

Bernstein, A. S., S. Sun, K. R. Weinberger, K. R. Spangler, P. E. Sheffield, and
G. A. Wellenius, 2022: Warm season and emergency department visits to
U.S. children’s hospitals. Environ. Health Perspect., 130, 017001, https:/doi.
org/10.1289/EHP8083.

Bobbio, L., 2019: Designing effective public participation. Policy Soc., 38, 41-57,
https://doi.org/10.1080/14494035.2018.1511193.

Bolitho, A., and F. Miller, 2017: Heat as emergency, heat as chronic stress: Policy
and institutional responses to vulnerability to extreme heat. Local Environ.,
22, 682-698, https://doi.org/10.1080/13549839.2016.1254169.

Centers for Disease Control and Prevention, 2022: Climate and health evaluation
framework. Accessed 12 December 2023, https://www.cdc.gov/climateand
health/eval.htm.

Chen, T, S. E. Sarnat, A. J. Grundstein, A. Winquist, and H. H. Chang, 2017:
Time-series analysis of heat waves and emergency department visits in
Atlanta, 1993 to 2012. Environ. Health Perspect., 125, 057009, https://doi.
org/10.1289/EHP44.

City of New York Environment and Health Data Portal, 2023: Understand how
environments shape health in New York City. Accessed 2 June 2023, https:/
a816-dohbesp.nyc.gov/IndicatorPublic/beta/key-topics/climatehealth/hvi/.

Clement, A., and Coauthors, 2023: Hyperlocal observations reveal persistent
extreme urban heat in southeast Florida. J Appl Meteor. Climatol., 62,
863-872. https://doi.org/10.1175/JAMC-D-22-0165.1.

Conlon, K. C., E. Mallen, C. J. Gronlund, V. J. Berrocal, L. Larsen, and M. S. O'Neill,
2020: Mapping human vulnerability to extreme heat: A critical assessment
of heat vulnerability indices created using principal components analysis.
Environ. Health Perspect., 128, 097001, https:/doi.org/10.1289/EHP4030.

Crider, K. G., E. H. Maples, and J. M. Gohlke, 2014: Incorporating occupational risk
in heat stress vulnerability mapping. J. Environ. Health, 77, 16-22.

Donoghue, E. R., M. A. Graham, J. M. Jentzen, B. D. Lifschultz, J. L. Luke, and
H. G. Mirchandani, 1997: Criteria for the diagnosis of heat-related deaths:
National Association of Medical Examiners. Position paper. National Associa-
tion of Medical Examiners Ad Hoc Committee on the definition of heat-related
fatalities. Amer. J. Forensic Med. Pathol., 18, 11-14, https://doi.org/10.1097/
00000433-199703000-00002.

Dunkley, A. )., D. H. Bodicoat, C. J. Greaves, C. Russell, T. Yates, M. J. Davies, and
K. Khunti, 2014: Diabetes prevention in the real world: Effectiveness of pragmatic

AMERICAN METEOROLOGICAL SOCIETY

BAMS

lifestyle interventions for the prevention of type 2 diabetes and of the impact
of adherence to guideline recommendations: A systematic review and meta-
analysis. Diabetes Care, 37, 922-933, https://doi.org/10.2337/dc13-2195.

Dwyer, I. J., S. J. Barry, |. Megiddo, and C. J. White, 2022: Evaluations of heat
action plans for reducing the health impacts of extreme heat: Methodological
developments (2012-2021) and remaining challenges. Int. J. Biometeor., 66,
1915-1927, https://doi.org/10.1007/s00484-022-02326-x.

Florida Department of Environmental Protection, 2023: Florida's air quality.
Accessed 24 May 2023, https:/floridadep.gov/air/air-monitoring/content/
floridas-air-quality.

Florida Department of Health, 2015: Health effects of summer heat in Florida.

, 2022a: Bureau of vital statistics. Accessed 24 March 2022, https://www.
floridatracking.com/healthtracking/topic.htm?i=13.

——, 2022b: Public health tracking system. Accessed 24 March 2022, https:/
www.floridatracking.com/healthtracking/topic.htm?i=13.

Friess, D., and C. Eilders, 2015: A systematic review of online deliberation research.
Policy Internet, 7, 319-339, https://doi.org/10.1002/p0i3.95.

Fuhrmann, C. M., M. M. Sugg, C. E. Konrad, and A. Waller, 2016: Impact of extreme
heat events on emergency department visits in North Carolina (2007-2011).
J.Community Health, 41, 146-156, https://doi.org/10.1007/5s10900-015-0080-7.

Gabbe, C.J., and G. Pierce, 2020: Extreme heat vulnerability of subsidized housing
residents in California. Hous. Policy Debate, 30, 843-860, https://doi.org/10.
1080/10511482.2020.1768574.

Gasparrini, A., and M. Leone, 2014: Attributable risk from distributed lag models.
BMC Med. Res. Methodol., 14, 55, https://doi.org/10.1186/1471-2288-14-55.

——, B.Armstrong, and M. G. Kenward, 2010: Distributed lag non-linear models.
Stat. Med., 29, 2224-2234, https://doi.org/10.1002/sim.3940.

Gronlund, C. J., 2014: Racial and socioeconomic disparities in heat-related health
effects and their mechanisms: A review. Curr. Epidemiol. Rep., 1, 165-173,
https://doi.org/10.1007/s40471-014-0014-4.

Grubesic, T. H., 2008: Zip codes and spatial analysis: Problems and prospects.
Socioecon. Plann. Sci., 42, 129149, https://doi.org/10.1016/j.seps.2006.09.001.

Grundstein, A. J., and Coauthors, 2012: A retrospective analysis of American
football hyperthermia deaths in the United States. Int. J. Biometeor., 56,
11-20, https://doi.org/10.1007/500484-010-0391-4.

Hansen, A., L. Bi, A. Saniotis, and M. Nitschke, 2013: Vulnerability to extreme heat
and climate change: Is ethnicity a factor? Global Health Action, 6, 21364,
https://doi.org/10.3402/gha.v6i0.21364.

Harduar Morano, L., S. Watkins, and K. Kintziger, 2016: A comprehensive evalua-
tion of the burden of heat-related illness and death within the Florida popu-
lation. Int. J. Environ. Res. Public Health, 13, 551, https://doi.org/10.3390/
ijerph13060551.

Harlan, S. L., J. H. Declet-Barreto, W. L. Stefanov, and D. B. Petitti, 2013: Neighbor-
hood effects on heat deaths: Social and environmental predictors of vulner-
ability in Maricopa County, Arizona. Environ. Health Perspect., 121, 197-204,
https://doi.org/10.1289/ehp.1104625.

Havenith, G., 2001: Individualized model of human thermoregulation for the
simulation of heat stress response. J. Appl. Physiol., 90, 1943—-1954, https://
doi.org/10.1152/jappl.2001.90.5.1943.

Hayden, M. H., and Coauthors, 2017: Adaptive capacity to extreme heat: Results
from a household survey in Houston, Texas. Wea. Climate Soc., 9, 787-799,
https://doi.org/10.1175/WCAS-D-16-0125.1.

Hess, J. J., S. Saha, and G. Luber, 2014: Summertime acute heat illness in U.S.
emergency departments from 2006 through 2010: Analysis of a nationally
representative sample. Environ. Health Perspect., 122, 1209-1215, https:/
doi.org/10.1289/ehp.1306796.

Hondula, D. M., S. Meltzer, R. C. Balling Jr., and P. Iiiguez, 2022: Spatial analysis of
United States National Weather Service excessive heat warnings and heat ad-
visories. Bull. Amer. Meteor. Soc., 103, E2017-E2031, https://doi.org/10.1175/
BAMS-D-21-0069.1.

Unauthenticated | MMngooagd%d G’égﬁ;/zél 11:51 PM UTC


https://onebillionresilient.org/heat-action-platform/
https://doi.org/10.1016/S2215-0366(16)30101-8
https://doi.org/10.1016/S2215-0366(16)30101-8
https://doi.org/10.1007/s13762-022-04180-1
https://doi.org/10.3390/ijerph120707220
https://doi.org/10.1088/1748-9326/ab402e
https://doi.org/10.1088/1748-9326/ab402e
https://doi.org/10.2105/AJPH.94.9.1520
https://doi.org/10.2105/AJPH.94.9.1520
https://doi.org/10.1289/EHP8083
https://doi.org/10.1289/EHP8083
https://doi.org/10.1080/14494035.2018.1511193
https://doi.org/10.1080/13549839.2016.1254169
https://www.cdc.gov/climateandhealth/eval.htm
https://www.cdc.gov/climateandhealth/eval.htm
https://doi.org/10.1289/EHP44
https://doi.org/10.1289/EHP44
https://a816-dohbesp.nyc.gov/IndicatorPublic/beta/key-topics/climatehealth/hvi/
https://a816-dohbesp.nyc.gov/IndicatorPublic/beta/key-topics/climatehealth/hvi/
https://doi.org/10.1175/JAMC-D-22-0165.1
https://doi.org/10.1289/EHP4030
https://doi.org/10.1097/00000433-199703000-00002
https://doi.org/10.1097/00000433-199703000-00002
https://doi.org/10.2337/dc13-2195
https://doi.org/10.1007/s00484-022-02326-x
https://floridadep.gov/air/air-monitoring/content/floridas-air-quality
https://floridadep.gov/air/air-monitoring/content/floridas-air-quality
https://www.floridatracking.com/healthtracking/topic.htm?i=13
https://www.floridatracking.com/healthtracking/topic.htm?i=13
https://www.floridatracking.com/healthtracking/topic.htm?i=13
https://www.floridatracking.com/healthtracking/topic.htm?i=13
https://doi.org/10.1002/poi3.95
https://doi.org/10.1007/s10900-015-0080-7
https://doi.org/10.1080/10511482.2020.1768574
https://doi.org/10.1080/10511482.2020.1768574
https://doi.org/10.1186/1471-2288-14-55
https://doi.org/10.1002/sim.3940
https://doi.org/10.1007/s40471-014-0014-4
https://doi.org/10.1016/j.seps.2006.09.001
https://doi.org/10.1007/s00484-010-0391-4
https://doi.org/10.3402/gha.v6i0.21364
https://doi.org/10.3390/ijerph13060551
https://doi.org/10.3390/ijerph13060551
https://doi.org/10.1289/ehp.1104625
https://doi.org/10.1152/jappl.2001.90.5.1943
https://doi.org/10.1152/jappl.2001.90.5.1943
https://doi.org/10.1175/WCAS-D-16-0125.1
https://doi.org/10.1289/ehp.1306796
https://doi.org/10.1289/ehp.1306796
https://doi.org/10.1175/BAMS-D-21-0069.1
https://doi.org/10.1175/BAMS-D-21-0069.1

Iverson, S. A., A. Gettel, C. P. Bezold, K. Goodin, B. McKinney, R. Sunenshine,
and V. Berisha, 2020: Heat-associated mortality in a hot climate: Maricopa
County, Arizona, 2006-2016. Public Health Rep., 135, 631-639, https://doi.
0rg/10.1177/0033354920938006.

Jung, J., C.K. Ugjio, K. W. Kintziger, C. Duclos, K. Reid, M. Jordan, and J. T. Spector,
2021: Heat illness data strengthens vulnerability maps. BVIC Public Health,
21, 1999, https://doi.org/10.1186/s12889-021-12097-6.

Keith, L., S. Meerow, P. Berke, J. DeAngelis, L. Jensen, S. Trego, E. Schmidt, and
S. Smith, 2022: Plan Integration for Resilience Scorecard™ (PIRS™) for Heat:
Spatially evaluating networks of plans to mitigate heat (Version 1.0). www.
planning.org/knowledgebase/urbanheat/.

Kenny, G. P., and Coauthors, 2017: Hyperthermia and cardiovascular strain during
an extreme heat exposure in young versus older adults. Temperature, 4, 79-88,
https://doi.org/10.1080/23328940.2016.1230171.

Kerr, Z.Y., and Coauthors, 2019: The association between mandated preseason
heat acclimatization guidelines and exertional heat illness during preseason
high school American football practices. Environ. Health Perspect., 127,
047003, https://doi.org/10.1289/EHP4163.

Khan, N. U., and Coauthors, 2023: Improvement in the diagnosis and practices of
emergency healthcare providers for heat emergencies after HEAT (Heat Emer-
gency Awareness & Treatment) an educational intervention: A multicenter
quasi-experimental study. BMC Emerg. Med., 23, 12, https://doi.org/10.1186/
$12873-022-00768-5.

Kovach, M. M., C. E. Konrad, and C. M. Fuhrmann, 2015: Area-level risk factors for
heat-related illness in rural and urban locations across North Carolina, USA.
Appl. Geogr., 60, 175-183, https://doi.org/10.1016/j.apgeog.2015.03.012.

Liljegren, J. C., R. A. Carhart, P. Lawday, S. Tschopp, and R. Sharp, 2008: Model-
ing the wet bulb globe temperature using standard meteorological mea-
surements. J. Occup. Environ. Hyg., 5, 645-655, https://doi.org/10.1080/
15459620802310770.

Maldonado, J., and Coauthors, 2016: Engagement with indigenous peoples and
honoring traditional knowledge systems. The U.S. National Climate Assessment,
Springer, 111-126.

Mallen, E., B. Stone, and K. Lanza, 2019: A methodological assessment of extreme
heat mortality modeling and heat vulnerability mapping in Dallas, Texas.
Urban Climate, 30, 100528, https://doi.org/10.1016/j.uclim.2019.100528.

Meade, R. D., A. P. Akerman, S. R. Notley, R. McGinn, P. Poirier, P. Gosselin, and
G. P. Kenny, 2020: Physiological factors characterizing heat-vulnerable older
adults: A narrative review. Environ. Int., 144, 105909, https://doi.org/10.
1016/j.envint.2020.105909.

Meerow, S., and S. C. Woodruff, 2020: Seven principles of strong climate change
planning. .. Amer. Plann. Assoc., 86, 39-46, https://doi.org/10.1080/01944363.
2019.1652108.

, and L. Keith, 2021: Planning for extreme heat: A national survey of U.S.
planners. J. Amer. Plann. Assoc., 88, 319-334, https://doi.org/10.1080/0194
4363.2021.1977682.

Melix, B. L., C. K. Uejio, K. W. Kintziger, K. Reid, C. Duclos, M. M. Jordan, T. Holmes,
and J. Joiner, 2020: Florida neighborhood analysis of social determinants and
their relationship to life expectancy. BMC Public Health, 20, 1-12. https://doi.
0rg/10.1186/512889-020-08754-x.

Miami Climate Alliance, 2023: Impact report. MCA, 34 pp.

Miami-Dade County and Resilient305, 2023: Understanding heat exposure in Miami-
Dade County. ArcGIS StoryMaps, accessed 20 June 2023, https://storymaps.
arcgis.com/stories/6f1e91cf8a8e4d5d9bd67525575c042e.

Miami-Dade County Office of Resilience, 2022: Extreme heat action plan. Accessed
20 June 2023, https://www.miamidade.gov/global/economy/environment/
extreme-heat-action-plan.page.

National Institute for Occupational Safety and Health (NIOSH), 2016: Criteria for a
Recommended Standard Occupational Exposure to Heat and Hot Environments.
U.S. Department of Health and Human Services, Centers for Disease Control
and Prevention, National Institute for Occupational Safety and Health, 192 pp.

AMERICAN METEOROLOGICAL SOCIETY

BAMS

National Oceanic and Atmospheric Administration’s National Centers for Envi-
ronmental Information, 2022: Integrated surface hourly database. Accessed
27 December 2022, https://www.ncdc.noaa.gov/isd.

Nelson, N. G., C. L. Collins, R. D. Comstock, and L. B. McKenzie, 2011: Exertional
heat-related injuries treated in emergency departmentsin the U.S., 1997-2006.
Amer. J. Prev. Med., 40, 54-60, https://doi.org/10.1016/j.amepre.2010.09.031.

Notley, S. R., R. D. Meade, A. W. D'Souza, G. W. McGarr, and G. P. Kenny, 2018:
Cumulative effects of successive workdays in the heat on thermoregulatory
function in the aging worker. Temperature, 5, 293-295, https://doi.org/10.
1080/23328940.2018.1512830.

NYC Mayor’s Office of Climate and Environmental Justice, 2023: Be a buddy. Ac-
cessed 12 June 2023, https://climate.cityofnewyork.us/initiatives/be-a-buddy/.

Olsen, H., E. Kennedy, and J. Vanos, 2019: Shade provision in public playgrounds
for thermal safety and sun protection: A case study across 100 play spaces
in the United States. Landscape Urban Plann., 189, 200-211, https://doi.
org/10.1016/j.landurbplan.2019.04.003.

Peek, M. E., A. Odoms-Young, M. T. Quinn, R. Gorawara-Bhat, S. C. Wilson, and
M. H. Chin, 2010: Racism in healthcare: Its relationship to shared decision-
making and health disparities: A response to Bradby. Soc. Sci. Med., 71,
13-17, https://doi.org/10.1016/j.socscimed.2010.03.018.

Petitti, D. B., S. L. Harlan, G. Chowell-Puente, and D. Ruddell, 2013: Occupation
and environmental heat-associated deaths in Maricopa County, Arizona: A
case-control study. PLOS ONE, 8, 62596, https://doi.org/10.1371/journal.pone.
0062596.

Phillips, L. A., P. Solis, C. Wang, K. Varfalameyeva, and J. Burnett, 2021: Engaged
convergence research: An exploratory approach to heat resilience in mobile
homes. Prof. Geogr., 73, 619-631, https://doi.org/10.1080/00330124.2021.
1924805.

Reid, C. E., J. M. Snowden, C. Kontgis, and |. B. Tager, 2012: The role of ambient
ozone in epidemiologic studies of heat-related mortality. Environ. Health
Perspect., 120, 1627-1630, https://doi.org/10.1289/ehp.1205251.

Riley, K., H. Wilhalme, L. Delp, and D. P. Eisenman, 2018: Mortality and morbidity
during extreme heat events and prevalence of outdoor work: An analysis of
community-level data from Los Angeles County, California. Int. J. Environ. Res.
Public Health, 15, 580, https://doi.org/10.3390/ijerph15040580.

San Francisco Department of Public Health Climate and Health Program, 2023:
Story map journal. Accessed 2 June 2023, https://sfgov.maps.arcgis.com/apps/
MapJournal/index.html?appid=093e26ddb26a4e3180fa1e35158858bf.

Schmeltz, M. T.,, G. Sembajwe, P. J. Marcotullio, J. A. Grassman, D. U. Himmelstein,
and S. Woolhandler, 2015: Identifying individual risk factors and document-
ing the pattern of heat-related illness through analyses of hospitalization
and patterns of household cooling. PLOS ONE, 10, e0118958, https://doi.
org/10.1371/journal.pone.0118958.

Shindell, D., Y. Zhang, M. Scott, M. Ru, K. Stark, and K. L. Ebi, 2020: The effects of
heat exposure on human mortality throughout the United States. Geohealth,
4, e2019GH000234, https://doi.org/10.1029/2019GH000234.

Shortridge, A., W. Walker, D. D. White, M. M. Guardaro, D. M. Hondula, and J. K.
Vanos, 2022: HeatReady schools: A novel approach to enhance adaptive ca-
pacity to heat through school community experiences, risks, and perceptions.
Climate Risk Manage., 36, 100437, https://doi.org/10.1016/j.crm.2022.100437.

Snyder, L. P, and C. A. Baker, 2010: Affordable home energy and health: Making
the connections. AARP Public Policy Institute, 36 pp., https:/assets.aarp.org/
rgcenter/ppi/cons-prot/2010-05-energy.pdf.

Spector, J. T,, and P. E. Sheffield, 2014: Re-evaluating occupational heat stress in
a changing climate. Ann. Occup. Hyg., 58, 936-942, https://doi.org/10.1093/
annhyg/meu073.

The Miami Foundation, 2023: Extreme heat protection efforts. Accessed 14 January
2024, https://miamifoundation.org/extremeheat/.

Trego, S., S. Meerow, and L. Keith, 2023: Heat planning in small and medium-sized
cities: A collaborative application of PIRS™ for heat in Kent, WA, USA. Socio-
Ecol. Pract. Res., 5, 409-422, https://doi.org/10.1007/s42532-023-00166-6.

Unauthenticated | MMngooagd%d &8@(;/24 11:51 PM UTC


https://doi.org/10.1177/0033354920938006
https://doi.org/10.1177/0033354920938006
https://doi.org/10.1186/s12889-021-12097-6
http://www.planning.org/knowledgebase/urbanheat/
http://www.planning.org/knowledgebase/urbanheat/
https://doi.org/10.1080/23328940.2016.1230171
https://doi.org/10.1289/EHP4163
https://doi.org/10.1186/s12873-022-00768-5
https://doi.org/10.1186/s12873-022-00768-5
https://doi.org/10.1016/j.apgeog.2015.03.012
https://doi.org/10.1080/15459620802310770
https://doi.org/10.1080/15459620802310770
https://doi.org/10.1016/j.uclim.2019.100528
https://doi.org/10.1016/j.envint.2020.105909
https://doi.org/10.1016/j.envint.2020.105909
https://doi.org/10.1080/01944363.2019.1652108
https://doi.org/10.1080/01944363.2019.1652108
https://doi.org/10.1080/01944363.2021.1977682
https://doi.org/10.1080/01944363.2021.1977682
https://doi.org/10.1186/s12889-020-08754-x
https://doi.org/10.1186/s12889-020-08754-x
https://storymaps.arcgis.com/stories/6f1e91cf8a8e4d5d9bd67525575c042e
https://storymaps.arcgis.com/stories/6f1e91cf8a8e4d5d9bd67525575c042e
https://www.miamidade.gov/global/economy/environment/extreme-heat-action-plan.page
https://www.miamidade.gov/global/economy/environment/extreme-heat-action-plan.page
https://www.ncdc.noaa.gov/isd
https://doi.org/10.1016/j.amepre.2010.09.031
https://doi.org/10.1080/23328940.2018.1512830
https://doi.org/10.1080/23328940.2018.1512830
https://climate.cityofnewyork.us/initiatives/be-a-buddy/
https://doi.org/10.1016/j.landurbplan.2019.04.003
https://doi.org/10.1016/j.landurbplan.2019.04.003
https://doi.org/10.1016/j.socscimed.2010.03.018
https://doi.org/10.1371/journal.pone.0062596
https://doi.org/10.1371/journal.pone.0062596
https://doi.org/10.1080/00330124.2021.1924805
https://doi.org/10.1080/00330124.2021.1924805
https://doi.org/10.1289/ehp.1205251
https://doi.org/10.3390/ijerph15040580
https://sfgov.maps.arcgis.com/apps/MapJournal/index.html?appid=093e26ddb26a4e3180fa1e35158858bf
https://sfgov.maps.arcgis.com/apps/MapJournal/index.html?appid=093e26ddb26a4e3180fa1e35158858bf
https://doi.org/10.1371/journal.pone.0118958
https://doi.org/10.1371/journal.pone.0118958
https://doi.org/10.1029/2019GH000234
https://doi.org/10.1016/j.crm.2022.100437
https://assets.aarp.org/rgcenter/ppi/cons-prot/2010-05-energy.pdf
https://assets.aarp.org/rgcenter/ppi/cons-prot/2010-05-energy.pdf
https://doi.org/10.1093/annhyg/meu073
https://doi.org/10.1093/annhyg/meu073
https://miamifoundation.org/extremeheat/
https://doi.org/10.1007/s42532-023-00166-6

U.S. Census Bureau, 2022: American Community Survey 5-year estimates. Accessed
28 December 2022, https://data.census.gov/cedsci/.

Vaidyanathan, A., and Coauthors, 2019: Assessment of extreme heat and hospi-
talizations to inform early warning systems. Proc. Natl. Acad. Sci. USA, 116,
5420-5427, https://doi.org/10.1073/pnas.1806393116.

Van Dijk, J. A. G. M., 2017: Digital divide: Impact of access. The International
Encyclopedia of Media Effects, P. Rossler, C. A. Hoffner, and L. Zoonen, Eds.,
Wiley, 1-11.

Varghese, B. M., A. Hansen, M. Nitschke, J. Nairn, S. Hanson-Easey, P. Bi, and
D. Pisaniello, 2019: Heatwave and work-related injuries and illnesses in
Adelaide, Australia: A case-crossover analysis using the Excess Heat Factor
(EHF) as a universal heatwave index. Int. Arch. Occup. Environ. Health, 92,
263-272, https://doi.org/10.1007/s00420-018-1376-6.

AMERICAN METEOROLOGICAL SOCIETY

BAMS

Venter, Z. S., T. Chakraborty, and X. Lee, 2021: Crowdsourced air temperatures
contrast satellite measures of the urban heat island and its mechanisms.
Sci. Adv., 7, eabb9569, https://doi.org/10.1126/sciadv.abb9569.

Wilson, M. G., and J. Morley, 2003: Impaired cognitive function and mental
performance in mild dehydration. Eur. J. Clin. Nutr, 57 (Suppl. 2), $24-529,
https://doi.org/10.1038/sj.ejcn.1601898.

World Health Organization, 2021: Heat and health in the WHO European Region:
Updated evidence for effective prevention. WHO, 190 pp., https://iris.who.int/
bitstream/handle/10665/339462/9789289055406-eng.pdf?sequence=1.

Zografos, C., I. Anguelovski, and M. Grigorova, 2016: When exposure to climate
change is not enough: Exploring heatwave adaptive capacity of a multi-ethnic,
low-income urban community in Australia. Urban Climate, 17, 248-265,
https://doi.org/10.1016/j.uclim.2016.06.003.

Unauthenticated | MMngooagd%d &3@/24 11:51 PM UTC


https://data.census.gov/cedsci/
https://doi.org/10.1073/pnas.1806393116
https://doi.org/10.1007/s00420-018-1376-6
https://doi.org/10.1126/sciadv.abb9569
https://doi.org/10.1038/sj.ejcn.1601898
https://iris.who.int/bitstream/handle/10665/339462/9789289055406-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/339462/9789289055406-eng.pdf?sequence=1
https://doi.org/10.1016/j.uclim.2016.06.003

	Rapidly Developing a Community- and Evidence-Based Heat Action Plan
	KEYWORDS
	Introduction
	Methods
	Study location.
	Data
	E﻿xtreme﻿ ﻿heat﻿-﻿related﻿ ﻿illness﻿ ﻿for﻿ ﻿vulnerability﻿ ﻿study.﻿

	All-cause mortality.
	Heat exposure for vulnerability assessment.
	Heat exposure for mortality analysis.
	Sociodemographics.

	Methodology
	Vulnerability assessment.
	Heat-attributable mortality analysis.
	Climate and heat health task force and public workshops.

	Results
	Vulnerability assessment.
	Heat-attributable mortality analysis.
	Workshop results.

	Discussion
	Conclusions
	Acknowledgments.
	Data availability statement.
	References


