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Introduction
The 2011 summer was the second warm-
est on record in the continental United 
States, and 41 states of the lower 48 had 
an above-normal, much-above-normal, 
or record warmest July [National Oceanic 
and Atmospheric Administration (NOAA) 
2011, 2012a]. Such extreme heat can harm 
human health and increase risk of heat stroke 
(Bouchama and Knochel 2002) and more 
common health problems such as respiratory 
and cardiovascular hospitalizations and deaths 
(Anderson et al. 2013; Hoshiko et al. 2010; 
Jones et al. 1982; Naughton et al. 2002; 
Weisskopf et al. 2002). Heat-related health 
impacts can be especially severe for certain 
groups including those living in urban areas 
(Fischer et. al 2012) and areas with low air 
conditioning prevalence (O’Neill et al. 2005) 
and for those who are isolated, of lower socio-
economic background (Hajat and Kosatky 
2010), elderly, or belonging to some specific 
ethnic groups (White-Newsome et. al 2009). 
These heat-related health impacts vary by 
region (McGeehin and Mirabelli 2001) and 
community (Anderson et al. 2013) and can 
change over time (Davis et al. 2003). To save 
more lives, increased capacity to deal with 
current and future heat-related health threats 
is needed (Hess et al. 2012).

Monitoring and evaluation of heat pre-
paredness and response can help policy mak-
ers set priorities and refine strategies (Huang 
et al. 2011), but little is known about local 
heat preparations and responses on a national 
scale in the United States. Studies on local 
heat preparedness and response have iden-
tified heat-planning activities that include 
crafting heat emergency plans (Bernard and 
McGeehin 2004), increasing communication 
about heat-coping strategies (Meehan et al. 
1998; Weisskopf et al. 2002), and using heat-
wave early warning systems that alert local 
populations of health-threatening weather 
conditions (Kalkstein et al. 1996).

Previous U.S. surveys of environmental 
health directors and other local officials asked 
about perceptions of climate-related health 
risks and existing barriers to responding and 
planning for heat waves (see Supplemental 
Material, Table S1). Local health officials in 
California felt that climate change posed a 
large risk to public health, but lack of infor-
mation and resources to manage the risks, 
and lack of coordination among different 
agencies, remained major challenges in pre-
paring and responding to climate change 
(Bedsworth 2009). Other surveys revealed 
that climate change was not a top priority 
[Environmental Defense Fund (EDF) 2008], 

and new partnerships and financial resources 
were needed to support local actions (O’Neill 
et al. 2010).

To increase the knowledge of broad pat-
terns in local heat preparedness and response 
to extreme heat in the United States, we 
conducted a survey of 586 counties within 
30 U.S. states (the District of Columbia 
is included in this number) soon after the 
extremely hot summer of 2011.

Methods
State and survey population selection. States 
were selected based on either record-breaking 
or -tying temperatures during the summer of 
2011 based on the National Climatic Data 
Center’s U.S. record temperature database 
(Alaska, Arkansas, Colorado, Connecticut, 
District of Columbia, Iowa, Kansas, Maryland, 
Missouri, Montana, New Hampshire, New 
Jersey, New Mexico, Oklahoma, Pennsylvania, 
Texas, Vermont, Wisconsin, West Virginia) 
(NOAA 2012b), membership in the Center 
for Disease Control and Prevention Climate 
Resilient States and Cities Initiative (Arizona, 
California, Maine, Michigan, Minnesota, 
North Carolina, New York, Oregon) [Centers 
for Disease Control and Prevention (CDC) 
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Background: Adapting to extreme heat is becoming more critical as our climate changes. Previous 
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vent health problems during hot weather.
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county characteristics, including population, poverty rates, typical summer weather, and 2011 
summer weather.

results: Of 586 counties, 190 (32%) responded to the survey. Only 40% of these counties had 
existing heat plans. The most common heat responses were communication about heat, outreach, 
and collaborations with other organizations. Both heat preparedness and heat response were, on 
average, more extensive in counties with higher populations, lower poverty rates, and lower percent-
ages of older people. Heat response was generally more extensive in counties with heat plans.

conclusions: Most responding counties were underprepared for extreme heat in 2011 and lacked 
a formal response plan. Because counties with heat plans were more likely to act to prevent adverse 
heat impacts to residents, local health departments should consider adopting such plans, especially 
because increased extreme heat is anticipated with further climate change.
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2012], or previous experience of a significant 
heat wave (Illinois, Indiana, Ohio) (CDC 
2000, 2003). The survey was limited to 
these 30 states because of time and resource 
constraints and challenges in identifying 
appropriate personnel.

With in  the  surveyed  s t a t e s  ( s ee 
Supplemental Material, Figure S1), we used 
Internet searches and phone calls to identify 
the most knowledgeable contact at each local 
health division, based on the state governance 
structure. We contacted county health depart-
ments and the health department in the most 
populous city in each of the survey states. 
Where possible, at least three contacts were 
identified with a title or role related to health 
officer, public health officer, emergency pre-
paredness coordinator, and/or administrative 
assistant. Once all local health department 
contact information was compiled, 20 health 
divisions were randomly selected from each 
state to receive a survey, along with the most 
populous city.

Developing the adaptation survey. A 
38-question survey was developed by review-
ing previous climate change and public health 
surveys and incorporating best survey prac-
tices identified from publications (Dillman 
et al. 2009) and a professional survey devel-
oper (JSI Research and Training Institute; 
http://www.jsi.com/JSIInternet/). The survey 
comprised multiple-choice and open-ended 
questions that addressed geographic boundar-
ies, the general budget for the department, 
and whether specific policies and procedures 
were in place for extreme weather events, with 
an emphasis on heat. We also asked about 
heat-related preparation (existence of heat 
plans and heat definitions in 2011) and heat-
related response for nine broad categories 
detailed in the statistical analysis section.

To ensure that survey questions and 
choices for responses were appropriate, 
these were pretested with local public health 
department officials and public health prac-
titioners outside the anticipated survey pool. 
Of 13 requests, pretest feedback was received 
from five practitioners. The final survey tool 
was prepared using Survey Monkey (web-
based survey tool; http://www.surveymonkey.
com/), but was also available in paper format. 
The full survey can be found online (Union of 
Concerned Scientists 2011). 

Survey deployment. The final survey was 
deployed in October 2011 to the randomly 
selected health departments via email, mail, 
and fax. JSI Research and Training Institute, 
an independent health research firm, handled 
survey deployment and response management. 
We used a three-tier survey approach to get 
as many responses as possible from agencies 
representing each county. We first surveyed 
local public health departments (LHDs) using 
our original long-survey form. After three 

reminders, the nonrespondent LHDs were 
sent a truncated version of the survey that 
asked four main questions from the original 
survey: “Do you have a heat plan?” “If you 
do have a heat plan, how long has it been in 
place?” “How did you protect your commu-
nity during the heat event?” “Would you com-
plete the longer survey?” For those LHDs that 
did not respond to the long or short version of 
the survey, the original long survey was sent 
to county emergency response agencies and/
or personnel. We followed up with the same 
short survey for nonrespondent  emergency 
response personnel as well.

A total of 586 counties were invited to 
participate. Multiple respondents were invited 
within some counties, often because of 
delay by initial contact, resulting in eventual 
responses by both initial and back-up contacts. 
In total, 1,062 individual respondents were 
invited, representing 602 local (both county 
and city) health departments and 460 emer-
gency response departments. Survey responses 
were accepted until January 2012. All survey 
responses were exported from SurveyMonkey 
to R v2.15.2 (www.r-project.org/) for analysis.

Statistical analysis. We generated sum-
maries of survey responses related to two fac-
tors: heat preparedness and response. Broadly, 
we investigated heat preparedness based on 
whether, in 2011, counties a) had existing 
heat plans (from any agency—health depart-
ments, emergency response programs, etc.) 
and b) had existing heat wave definitions. 
We investigated heat response based on sur-
vey answers related to nine broad responses: 
a) communication about heat risks; b) out-
reach or education to the public on heat; 
c) collaboration with other organizations, 
including police and fire departments, social 
organizations, and medical professionals; 
d) opening of cooling centers; e) activation of 
a heat plan; f) assistance with relocation dur-
ing electrical outages; g) financial assistance 
in response to the heat; h) hiring new staff in 
response to heat; and i) providing transporta-
tion. For each county, we also calculated an 
index of county heat response: the number of 
responses out of these nine broad responses 
performed in 2011. This index could take 
values between 0 (no responses performed) to 
9 (all nine responses performed) and was used 
in regional summaries and summaries relating 
county characteristics to county heat response 
index levels.

For each survey response, the percent 
of counties responding affirmatively to a 
question was calculated based on counties 
providing nonmissing responses for the spe-
cific question. The number of counties on 
which summaries are based therefore dif-
fers by survey question. If multiple officials 
from the same county responded to the sur-
vey, an affirmative response was defined as 

at least one person in the county reporting 
use of the preparation or response. We also 
investigated geographic diversity by generat-
ing regional summaries of heat preparedness 
and heat response using regional divisions 
(Northeast, Midwest, South, and West) based 
on the CDC Wide-ranging Online Data for 
Epidemiologic Research (WONDER) (CDC 
2013) database’s regional classifications.

To assess whether heat preparedness in 
2011 was associated with county charac-
teristics, we fit logistic regression models of 
county heat plan status in 2011 (0, county 
lacked a heat plan; 1, county had a heat plan), 
regressed separately on four county character-
istics: county population, county’s typical July 
weather (see description below), percent of 
county population ≥ 65 years of age, and per-
cent of county population in poverty (percent 
of population below poverty as defined by 
the American Community Survey thresholds 
(U.S. Census Bureau 2013). 

The absolute measure of temperature for 
each county (i.e., typical July weather) was 
determined as the average of county measure-
ments of daily maximum temperature from 
2001 through 2010. These weather data were 
taken from the CDC’s WONDER database 
(CDC 2013), available for all study counties 
except those in Alaska, which were excluded 
from this stage of analysis. We focused on 
weather data in the decade before the sum-
mer of 2011 (i.e., 2001–2010) to adequately 
capture county-level prior heat experience. 
The county-level demographic data were 
collected from the American Community 
Survey’s 5-year estimates for the years 2006–
2010 (U.S. Census Bureau 2011). County 
population was modeled using a log10 trans-
formation, whereas all other variables were 
untransformed. Based on these logistic regres-
sion models, we estimated the probability of a 
county having a heat plan in place in 2011 at 
the 25th and 75th percentile values for each 
county characteristic and calculated the odds 
ratio (OR) for an increase in this (IQR).

We also investigated whether the heat 
response in 2011 (index 0–9) was associated 
with county characteristics, how extreme 
the weather was during the 2011 sum-
mer, and the presence of a heat plan. To 
do this, we calculated means of this index 
across the counties by quantile bins of each 
of these county characteristics. County-level 
demographic data for this analysis were 
the same as previously described. To mea-
sure how extreme the 2011 summer was in 
each county, we calculated the deviation 
above normal temperature (i.e., the differ-
ence between the average of daily maximum 
temperatures in July 2011 in the county and 
the county’s average of daily maximum July 
temperature in 2001–2010) (CDC 2013), in 
degrees Fahrenheit.
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Results
Preparedness for the extreme heat of 2011. 
Of 586 surveyed counties, 190 responded 
(32%). In 2011, 40% of 188 counties with 
nonmissing responses had existing heat plans, 
and 30% of 185 responding counties had 
heat wave definitions (Table 1). Of respond-
ing counties with heat plans (n = 72), less 
than half had created the plan recently 
(12% within 1 year of the summer of 2011; 
33% within 1–3 years) (see Supplemental 
Material, Table S2). A few counties had 
long-standing heat plans, with plans created 
≥ 10 years before 2011 (12%). Of counties 
responding (n = 71), most had last updated 
their heat plan within the last year (73%) (see 
Supplemental Material, Table S2).

Of counties with nonmissing responses 
(n = 185), 30% had an existing heat wave 
definition in 2011 (Table 1). Fifty-four coun-
ties included details describing their heat wave 
definitions; of these, 15 (28%) used defini-
tions based on the U.S. National Weather 
Service or NOAA heat wave definitions 
(NOAA 2009), four (7%) used state-wide def-
initions, and two (4%) used definitions based 
on city-specific heat health watch systems (see 
Supplemental Material, Table S2). For several 
other counties, heat wave definitions were tied 
to specific temperatures (examples: “in the 
90s”; “98°F day and 89°F night for a 18-hr 
period”; “3 consecutive days over 101°F”); 
other definitions accounted for air moisture 
either explicitly or through the use of heat 
index as a trigger (“temperatures above 95°F 
with humidity above 50%”; “heat index above 
115°F”). Other heat wave definitions were 
more qualitative, and identified heat wave as 
temperatures above normal, particularly when 
temperatures caused health concerns.

On average, Midwestern, Northeastern, 
and Southern counties in this study were 
more prepared for the extreme heat of 2011, 
with 48% (n = 64), 46% (n = 26), and 
44% (n = 55) of surveyed counties in these 
regions, respectively, having existing heat 
plans in 2011 (Figure 1). Western counties 
were, on average, less prepared, with 22% 
(n = 40) of surveyed counties reporting heat 
plans in 2011.

Heat plans were more likely in more 
populous counties (Table 2, Figure 2). Based 
on a logistic regression of heat plan status on 
county population (n = 185), 34% of coun-
ties with populations of 22,000 (25th per-
centile across all county populations) were 
expected to have heat plans, versus 48% of 
counties with populations of 161,000 (75th 
percentile across all county populations) 
(Table 2). The OR for having a heat plan 
for an IQR increase in county population 
was 1.83 (95% CI: 1.23, 2.72) (Table 2). 
However, analysis of OR and temperature 
quantiles suggests the relationship between 

heat plan status and average July temperature 
may be nonlinear and not statistically signifi-
cant, as counties with hottest July tempera-
tures did not have the highest prevalence of 
heat plans (Table 2, Figure 2). Heat plan sta-
tus was inversely associated with the percent-
age of the population ≥ 65 years of age (OR 
for an IQR increase in percent of population 
≥ 65 years of age: 0.76; 95% CI: 0.52, 1.12) 
and with county poverty rates (OR for an 
IQR increase in poverty status: 0.79; 95% CI: 
0.55, 1.14), although again neither estimate 
was statistically significant (Table 2).

Response to the extreme heat of 2011. 
Based on nonmissing survey responses, 
for which sample numbers are provided in 
Table 1, the most frequent county responses 
to the 2011 extreme heat was communica-
tion about heat risks (73%) and outreach 
or education to the public (64%) (Table 1). 
Counties also reported collaboration with 
other organizations (46%), opening cooling 
centers (40%), or activating existing heat plans 
(24%). Few counties reported assisting with 
relocation during electrical outages (4%), pro-
viding financial assistance (3%), providing 
transportation (2%), or hiring new staff in 
response to the heat (1%).

Survey responses for the next several para-
graphs are captured in Supplemental Material, 
Table S2. Based on nonmissing responses 

(n = 180), the most common methods of com-
munication about heat risks were public service 
announcements (53%) and websites (48%). 
Several counties also reported communicat-
ing about heat through social media (30%), 
flyers and posters (18%), and email messages 
(17%). Few counties reported communicat-
ing through joint events with other groups 
(8%), telephone hotlines (6%), door-to-door 
 campaigns (4%), or telephone calls (1%).

Of counties responding (n = 177), many 
reported providing outreach or education 
to people working with the elderly (37%), 
people with certain medical conditions (37%), 
people with low incomes (29%), and health 
care providers (25%). Fewer counties reported 
providing outreach to people who are mobility 
challenged (15%), people working with the 
homeless (12%), people living in high-rise 
apartment buildings (10%), and people with 
nervous system disorders (9%). Some counties 
wrote in other forms of education or outreach, 
including outreach geared toward children 
through schools and child care centers; 
outreach to people working outdoors; and 
 outreach to agencies serving the mentally ill.

Of 145 counties with responses, 46% 
reported collaborating with at least one 
other organization to respond to the extreme 
heat of 2011. Collaborations were com-
mon among all four types of organizations 

Table 1. Summaries of county-level preparedness and response to the extreme heat of 2011 in 30 U.S. states. 

Preparedness or response action

Percent of responding  
counties that  

responded “yes”

No. of counties 
responding “yes”/no. of 

counties responding
Preparedness for heat in 2011
Existing heat plan in 2011 40 76/188
Existing heat wave definition in 2011 30 56/185
Response to heat in 2011
Communicated about heat risks 73 132/180
Provided outreach/education on heat to public 64 113/177
Collaborated with other organizations 46 66/145
Opened cooling centers 40 61/152
Activated heat plan 24 46/188
Assisted with relocation during electrical outages 4 7/177
Provided financial assistance 3 6/177
Provided transportation 2 4/179
Hired new staff in response to heat 1 1/167

Each row gives both the percent of counties responding “yes” of all counties with nonmissing responses for the factor 
as well as the absolute number of counties responding “yes” and responding with any nonmissing answer.

Figure 1. Preparedness and response to 2011 heat by region. (A) Percent of counties in each region that 
had an existing plan in 2011. (B) Average heat response index for each region in 2011 (possible values 
between 0 and 9, with higher index values indicating more extensive heat response).
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presented in the survey: among counties with 
nonmissing responses, 36% reported col-
laborating with medical professionals, 28% 
with social/civic organizations, 25% with fire 
departments, and 23% with police depart-
ments. Some counties gave examples of the 
social or civic organizations with which they 
collaborated, including Departments of 
Social Services, the Red Cross, United Way, 
Salvation Army, Meals on Wheels, Rotary, 
local shelters, and local libraries.

Most of the counties that opened cooling 
centers opened five or fewer centers (83%) 
and most opened the cooling centers for 
≤ 5 days of the summer (58%). However, 
some counties reported opening more cooling 
centers or operating cooling centers for lon-
ger: 12% of counties reported opening > 10 
cooling centers, and 5% of counties reported 
keeping cooling centers open all summer.

Of the counties that activated heat plans 
during the summer of 2011, most activated 
the heat plan for ≤ 10 days (71%). Other 
counties activated heat plans for longer 
periods, and one county kept its heat plan 
activated the entire summer. In responding 

counties (n = 46), the decision to activate a 
heat plan was most commonly prompted at 
least in part by an internal decision (46%), 
and some counties also based their decision 
on a predefined trigger in a heat wave early 
warning system (41%), suggestions from an 
emergency preparedness team (30%), direc-
tives or suggestions from the state health 
department (28%), or a noticeable spike in 
heat-related sickness and deaths (22%).

Seven counties (4%) of 177 reported 
assisting with relocation during electrical out-
ages related to the heat of 2011. Seventy-three 
of these counties reported that relocation was 
irrelevant because their county experienced no 
electrical outages during the 2011 summer.

Six (3%) of 177 counties reported provid-
ing any type of financial assistance in response 
to the heat. Assistance was provided to help 
pay for utility bills in five counties and to help 
pay for food/water and for air conditioning/
fans in one county each.

Four counties (2%) reported provid-
ing transportation as a response to the heat 
of 2011 (n = 179). This transportation was 
provided to people who called and requested 

transportation during the heat as well as 
residents of a specific apartment or neighbor-
hood. One county reported hiring new staff 
in response to the heat (n = 167).

Based on responses about these nine 
broad categories of heat response (Table 1), 
adequate data existed to calculate a response 
index (county-specific sum of how many of 
the nine responses were undertaken in 2011) 
for 117 counties. Across these counties, 
this response index ranged between 0 and 
7, with a median of 2 (the highest potential 
value of this index is 9). When counties were 
divided by region, counties in the Northeast 
and Midwest had, on average, more exten-
sive responses to the 2011 heat, with average 
heat response indices of 3.9 (n = 24) and 3.0 
(n = 50) respectively (i.e., on average coun-
ties performed between three and four of 
nine considered heat responses) (Figure 1). 
Counties in the South and West had lower 
average heat response indices [South: 2.6 
(n = 35); West: 1.2 (n = 30)].

Heat response was greater if a county had 
a heat plan in 2011 (Figure 3). Heat response 
was also associated with county population, 
with larger counties more likely to perform 
more extensive heat response than smaller 
counties. The heat response index was also 
higher in counties where July 2011 tempera-
tures were more extreme compared with aver-
age July temperatures in the previous decade, 
and in counties with a lower proportion of 
residents ≥ 65 years of age or with a lower 
proportion of residents in poverty (Figure 3).

Counties’ evaluations of response to the 
extreme heat of 2011. The survey also asked 
counties whether they had evaluated their 

Figure 2. County characteristics: distributions and associations with heat preparedness in 2011 (n = 185). (A) Distributions of county population, July climate (aver-
age of daily July maximum temperature values, 2001–2010), percent poverty, and percent of population ≥ 65 years. (B) Percent of counties with heat plans in 2011 
in each quantile bin for county characteristics. All counties were divided into five bins based on the county characteristics, with breaks between bins at the 20th, 
40th, 60th, and 80th percentiles of the characteristic; black vertical lines show divisions between bins as well as minimum and maximum values; points are posi-
tioned on the x-axis at the median characteristic value for the counties within the bin.
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Table 2. Association between county characteristics and the probability of having an existing heat plan 
in 2011, based on a simple logistic regression of heat plan status on each community characteristic. 

County characteristic (n = 185)

Percentile Expected percent of heat plan at

OR (95% CI)25th 75th 25th percentile 75th percentile
Population (n) 22,000 161,000 34 48 1.83 (1.23, 2.72)
Average July maximum temperature, 

2001–2010
77°F 89°F 39 43 1.14 (0.72, 1.75)

Percent poverty 7 12 45 39 0.79 (0.55, 1.14)
Percent of population ≥ 65 years 12 17 45 39 0.76 (0.52, 1.12)

The ORs and 95% CIs are shown for a change covering the interquartile range across all counties for each county 
 characteristic.
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own response to the heat of 2011. Twelve of 
the 176 responding counties (7%) reported 
that they had evaluated their heat response. 
Of these, five counties reported their self-
evaluation score. All five counties ranked their 
response as a 5 (average) of 10. However, the 
response index for these counties ranged from 
1 to 5, suggesting more variation between 
these counties in response than was identified 
by their self-analysis.

Discussion
This study provides a current, national review 
of heat adaptation at the county level shortly 
after the summer of 2011, one of the hot-
test U.S. summers on record at the time of 
this study. We collected these data shortly 
after the hot summer to reduce recall bias 
and provide a better picture of on-the-ground 
adaptation. The size of our study popula-
tion and number of respondents were large 
compared to previous surveys (190 respond-
ing counties in 30 U.S. states), and we had 
a response rate (32%) comparable with most 
previous surveys (see Supplemental Material, 
Table S1). Our survey selection was random-
ized and, coupled with the response rate and 
state participation, represented a diversity of 
U.S. counties.

Preparedness for heat during sum-
mer of 2011. Based on nonmissing survey 
responses, most counties were likely under-
prepared for the extreme heat of 2011: most 
lacked either heat plans (only 40% of coun-
ties who responded to questions about heat 
plans reported having them) or heat wave 
definitions (only 30% of counties with non-
missing answers reported having heat wave 

definitions). O’Neill et al. (2010) similarly 
found that most of their survey respon-
dents had not established a plan to deal with 
extreme heat. 

Directors of U.S. public health depart-
ments believed that lack of human and 
financial resources could be a key constraint 
preventing climate change from being incor-
porated into public health preparedness, 
but the survey did not address specific costs 
associated with climate change adaptation 
(EDF 2008). Our survey collected infor-
mation about how heat preparedness and 
response was financed, which will be part of a 
future analysis.

Counties with heat plans performed, on 
average, between three and four of the nine 
broad responses we considered in this analy-
sis, compared with, on average, between one 
and two responses performed by counties 
without heat plans (Figure 1). Further, heat 
plans may be critical to ensure the effective-
ness of specific heat responses. For example, 
although heat wave early warning systems 
can save lives, their success can be limited by 
not having clear decision-making protocols 
among the relevant institutions and end users 
or their advocates (Kovats and Ebi 2006); 
such protocols could be established through 
heat planning. Only weak evidence was found 
to suggest that counties where summers are 
typically hotter (based on averages of daily 
July maximum temperature measurements for 
2001–2010) were more likely to have estab-
lished heat plans in preparation for extreme 
heat by 2011 than were milder counties. 
The health impacts of heat are not necessar-
ily more severe in hot regions of the United 

States than in milder regions (Anderson and 
Bell 2009; Anderson et al. 2013), which sug-
gests a level of adaptation to typical summer 
temperatures within a community.

Responses to the heat of 2011. The most 
common county responses to heat were com-
municating about heat risks and providing 
outreach or education to the public. More 
than half of responding counties reported per-
forming these responses.

Many counties reported using newer 
technologies to communicate about heat, 
including websites, social media, and emails. 
Although websites and Internet access are 
powerful and cost-effective communication 
tools, health inequalities underpinned by 
differential access to health services may be 
further reinforced by disparities in access to 
the Internet (e.g., ethnicity, education, and 
economic resources). In other words, the less 
educated have fewer resources and potentially 
less access to health care, and could be left 
out of the communication loop (Gilmour 
2007), particularly when communication 
efforts rely on newer technologies. Many 
do not perceive heat as a health threat. This 
can become especially dangerous for isolated 
populations who may not hear about heat 
risks. Some underused methods, based on our 
survey, including telephone calling and door-
to-door campaigns, could be more useful to 
reach these isolated populations. Additionally, 
preexisting beliefs about personal resilience 
and personal heat adaptation behaviors need 
to be accounted for in communication to 
the general public, potentially through local 
health departments or collaborators, such as 
the medical community (Astrom et al. 2011).

Figure 3. County characteristics: distributions and associations with heat response in 2011 (n = 117). (A) Distributions of heat plan status, county population, differ-
ence between July 2011 and July climate (average of daily July maximum temperatures in 2011 – average of daily July maximum temperature values, 2001–2010), 
percent poverty, and percent of population ≥ 65 years of age. (B) Average heat response index in 2011 in each quantile bin for that county characteristics. All 
counties were divided into five bins based on the county characteristics, with breaks between bins at the 20th, 40th, 60th, and 80th percentiles of the character-
istic; black vertical lines show divisions between bins as well as minimum and maximum values; points are positioned on the x-axis at the median characteristic 
value for the counties within the bin.
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Although many of our responding coun-
ties reached out to the elderly and those with 
medical concerns or low income, fewer coun-
ties (≤ 25% of responding counties) reached 
out to those working with the homeless or 
those with mobility challenges or nervous 
system disorders, or those living in high-rise 
residences. Outreach to these vulnerable 
populations may represent a missed opportu-
nity to limit heat impacts in many U.S. com-
munities. Encouragingly, our survey found 
that many counties worked with organiza-
tions such as medical professionals, the fire 
department, the police department, and social 
organizations such as the Red Cross, Rotary, 
and Meals on Wheels to respond to the heat. 
Planning and programming for heat-health 
protection will likely be most effective if 
performed in a bottom-up and community-
specific manner and as a collaborative effort 
among multiple levels of government and 
local stakeholders (e.g., community/health 
centers, hospitals, clinics, volunteer groups, 
transit officials, schools, emergency services) 
(Yardley et al. 2011). The need for the col-
laborations between health and various other 
agencies to help identify these populations 
is essential. For example, some organiza-
tions have even started developing registries 
for those who need to be checked on during 
extreme heat events. A good example of such 
a registry is from the City of Toronto (2012). 

It was rare for counties to perform some 
of the responses included in the survey, like 
assisting with relocation during electrical out-
ages (only seven counties), providing financial 
assistance (only six counties), providing trans-
portation (only four counties), and hiring new 
staff (only one county) (Table 1). Other heat 
responses beyond those included in this study 
may help limit heat impacts. For example, 
heat wave early warning systems coupled with 
direct interventions such as “buddy systems” 
and “home visits,” used, for example, in 
Philadelphia, Pennsylvania, could potentially 
play an important role in reducing heat related 
deaths (Kalkstein et al. 1996). These systems 
predated the heat wave early-warning system. 
Setting up such programs from scratch may be 
costly to establish and maintain—in terms of 
time and effort—and therefore less common 
compared with outreach and communication 
strategies. Counties might want to explore 
policy changes or resource sharing among 
local stakeholders (e.g., private industry, non-
profits) to provide these more costly services to 
the local community.

In our study, heat response was lower in 
counties with a higher percentage of people 
≥ 65 years of age, where efforts to improve 
heat preparedness and response may provide 
even greater benefits than in counties with 
younger populations. Many older Americans 
live in regions that could be hard hit by 

extreme events associated with climate change, 
including heat waves, and the U.S. popula-
tion is projected to include 88.5 million 
Americans ≥ 65 years of age by 2050 (Gamble 
et al. 2013).

Respondents also noted that formal evalu-
ations of their heat plans and response were 
not being conducted. Evaluation results can 
support policy that could potentially save 
more lives as more funding goes toward these 
types of public health preventive activities.

Study limitations and future research 
directions. Because selection was randomized, 
areas with high populations of low-income, 
minority populations and recognized tribal 
areas were not a large segment of the sur-
vey response pool. Another challenge was 
that some states had more centralized health 
systems that were managed at the county 
level, whereas others had health services dis-
tributed across health districts not defined 
by county lines (i.e., Alaska, Connecticut, 
Iowa, and Maine). Some respondents were 
uncertain concerning heat preparedness and 
response within their county. Finally, we had 
little information about counties that were 
invited to participate in our survey but did 
not respond, so our analysis cannot be used to 
infer heat preparedness and response in other 
counties in these states or in states that were 
not surveyed.

Although this survey provides a descrip-
tion of the current status of heat prepared-
ness and response within > 100 U.S. counties, 
more research is necessary to evaluate and 
quantify the effectiveness of the heat responses 
described in this article, particularly in terms 
of preventing negative heat-related health 
impacts (i.e., heat-related morbidity and mor-
tality). Few studies have evaluated the asso-
ciations between the responses (adaptation 
practices) we present here and heat-related 
morbidity/mortality. However, research-
ers have documented reductions in the risks 
for heat-related health incidences related 
to heat response plans and other related 
efforts (Michellozzi et al. 2010; Weisskopf 
et. al. 2002).

Buildings and infrastructure, the availabil-
ity of social services, the impact of heat and 
heat island mitigation activities, and com-
munity support networks are just a few of 
the factors requiring further exploration at 
the county level. Some particular adaptation 
strategies that can be considered include hav-
ing persons with special medical needs regis-
ter with their local emergency management 
agency to ensure they will receive necessary 
services or evacuation assistance, coordinat-
ing service providers, creating vulnerability 
mapping to assist with planning, and develop-
ing strategies to reduce the urban heat island 
effect (Ebi and Semenza 2008; Wilhelmi and 
Hayden 2010).

The various structures for planning and 
heat response throughout the United States 
are diverse and complex, but our study shows 
evidence of a lack of action and planning, 
regardless of community size. In this study, 
unlike others, we asked questions specifically 
to understand exactly how counties plan and 
respond, filling a current gap in this area 
of research. To get a workable baseline, we 
need a starting point—and this study offers 
that foundation. We hope that this method 
will be used in future studies and serve as a 
platform to expose existing idiosyncrasies 
and make climate change preparedness and 
response a unique challenge for each and 
every community.

Conclusions
Given that heat waves are expected to become 
more frequent and severe under climate 
change (Intergovernmental Panel on Climate 
Change 2012), it is critical to enhance local 
education and planning for extreme heat 
events to enhance collaborations and reach 
beyond the more recognized vulnerable popu-
lations (i.e., the elderly) to other less recog-
nized populations (i.e., those with mobility 
challenges, the homeless) during heat events.

Information clearinghouses [such as that 
offered by the Georgetown Climate Change 
Collaborative (Georgetown Climate Center 
2013)] can help foster the exchange of infor-
mation on best practices and resources for out-
reach, education, and emergency planning. In 
the coming years, extreme heat in the United 
States will continue to affect rural and urban, 
low-income and wealthy, and prepared and 
unprepared communities. Thus, planning and 
implementation of heat adaptation programs, 
which are not widespread in the United States, 
have great potential for reducing the toll of 
heat on health in this nation.
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