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Abstract

Within the U.S., there are racial-ethnic and regional disparities in climate event experiences.
For example, the West region has experienced increased frequencies of wildfires, whereas
minoritized racial-ethnic groups have experienced more climate events. There is limited
research investigating the intersection between race—ethnicity and region in relation to mul-
tiple climate events, particularly with a national U.S. sample. We aimed to examine regional
(Northeast, Midwest, South, and West) differences in five climate event exposures (wildfire,
drought, sea level rise, severe weather, and heat wave), and assess whether race—ethnicity
(White, Black, Hispanic, and Asian) moderates this relationship. Our study utilized the
2022 American Trends Panel data, a nationally representative sample of 9799 U.S. adults.
Regional and climate associations were analyzed using chi-square tests, while moderation
was tested using interactions between race—ethnicity and region in separate logistic regres-
sion models that adjusted for sociodemographic factors. We found elevated frequencies of
wildfires, drought, and heat waves in the West, sea level rise in all coastal regions except
the inland Midwest, and severe weather in the South. Within the Northeast, Black adults
were less exposed to sea level rise, while Asian adults were less exposed to wildfires and
sea level rise. Within the Midwest, Black adults were less exposed to drought. Within the
South, Hispanic adults were more exposed to drought. These findings provide insights into
tailoring emergency preparedness efforts by region and prompt further investigation into
reasons why some racial—ethnic groups are less likely to experience certain climate events.

Keywords: climate; drought; ethnicity; heat wave; natural disaster; race; region; sea level
rise; storm; wildfire

1. Introduction

Extreme climate events are described as rare weather events at a particular place
and time of year, with unusual characteristics in terms of magnitude, location, timing,
or extent [1]. Over the past several decades, climate variability has intensified, resulting
in a greater frequency of extreme climate events such as wildfires, heat waves, severe
storms, rising sea levels, and droughts [2]. Consequently, these shifts in weather patterns
have been systematically observed. The average precipitation in the United States has
increased roughly 5% since 1900; however, the largest increases are in the Midwest (9%)
and Northeast regions (8%), resulting in increased frequency and intensity of extreme
precipitation events [3]. Over the next three decades, sea levels along the United States
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coastline are expected to increase by up to 12 inches above current levels, potentially
resulting in heightened flooding and population displacement [4].

The increasing prevalence of extreme climate events has contributed to disastrous
effects such as economic loss and increasing mortality rates [5]. The destructive nature of
climate-induced wildfires results in property and infrastructure damage such as destroyed
homes and commercial buildings, disrupted power grids, and the loss of personal pos-
sessions, as well as destroying ecosystems and wildlife [6]. Recent studies indicate that
climate-driven weather events have caused $11.2 billion in wildfire-related losses across
three U.S. West coast states, resulting in an estimated 10% decline in the economic value of
timberland [6]. The continued intensification and proliferation of climate events have been
associated with higher mortality rates, with rising temperature correlating to an elevated
incidence of heat-related illness and death [7]. From 1980 to 2023, there was a 310% rise in
the frequency of high fatality events involving ten or more deaths [8].

The regions of the United States, namely the Northeast, Midwest, South, and West,
display substantial climate variation leading to distinct patterns and levels of exposure to
climate-related events. The Northeast exhibits a humid continental climate composed of
four distinct seasons such as warm and humid summers and cold snowy winters [9]. A
recent study has reported that rising climate variability in this region has led to increased
extreme precipitation events—defined as at least 1.5 inches of heavy rainfall or melted
snowfall—and these events are expected to increase by 52% by the end of the century [9].
The Midwest has a humid continental climate and has experienced extreme climate ex-
posure such as heavy precipitation and flooding over the last 70 years with increasing
annual maximum wetness followed by extreme transitions from wet to dry years [10],
as well as a positive trend in tornado frequency [11]. The Western region of the United
States has experienced higher frequencies of wildfires, fire size, and fire severity due to
increased temperatures and drought conditions [12]. Projections indicate an increase in
hurricane frequency between the U.S. Gulf and Southeast coast regions, which have a
humid subtropical climate, between 1980 and 2100 [13].

Climate exposures and their impacts can vary in relation to sociodemographic fac-
tors, including race and ethnicity [14]. When comparing racial and ethnic groups, excess
deaths due to external causes during flood days, which are characterized as floods due
to excessive rain, were lower for the non-Hispanic White population [15]. This study
highlights disparities in mortality rates associated with race and ethnicity, emphasizing
lower impacts on non-minoritized groups. Prior research indicated that certain groups
experience disproportionately higher exposure to multiple weather-related events [16].
Specifically, Black, Hispanic, and Asian adults face significant elevated risks, 10%, 27%,
and 11% higher, respectively, compared to non-Hispanic White adults [17]. Economic
impacts due to climate exposures are often exacerbated in racial and ethnic groups in
the United States [18]. Evidence indicates that, relative to non-Hispanic White adults,
Hispanic and American Indian adults experience greater annual economic losses from heat
waves, with Hispanic adults disproportionately representing the outdoor workforce [19].
According to their study, heat wave frequency was concentrated in the Southwestern states
and lower Midwest. However, the geographical patterns of exposure to heat waves vary
by demographic group with elevated heat frequency among Hispanic adults found mainly
in the West, among non-Hispanic Black adults in the South, and American Indian across
the West, South, and Midwest [19]. Prior research has also utilized an environmental
justice perspective to highlight the unequal distribution of extreme climate events and its
associated respiratory cancer risk and non-cancer respiratory risk such as asthma, chronic
obstructive pulmonary disease, and bronchitis [20]. The study found that Black, Hispanic,
and Asian and Pacific Islander communities were exposed to greater environmental health
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risks such as air toxins [20]. This study also revealed that higher percentages of Black,
Hispanic, and Asian and Pacific Island residents within a census tract were significantly
associated with an increased non-cancer respiratory system risk [20].

Gaps and limitations arise from prior research focusing on only a small subset of
climate events, such as comparable research that has analyzed only floods [15] and heat-
waves [19]. Therefore, our present study addresses prior gaps and limitations by examining
multiple climate events and the intersection between race—ethnicity and region. To our
knowledge, our current study is also the first to examine these relationships using a na-
tionally representative U.S. sample. Examining such associations is warranted given prior
research that has shown elevated distributions of racial and ethnic groups in certain regions,
such as Black adults in the South. More than half of the U.S. Black population (56%) lives
in the South as of 2023 [21]. The purpose of our present study was to 1) examine the
frequencies of five climate events (wildfire, drought, sea level rise, severe weather, and
heat wave) across four U.S. regions (Northeast, Midwest, South, and West) and 2) examine
whether race and ethnicity moderate the relationship between region and exposure to five
separate climate events.

2. Materials and Methods
2.1. Data Source

This study utilized Wave 108 of the American Trends Panel (ATP) data, a nationally
representative sample of U.S. adults administered by the Pew Research Center. Data were
collected through an online survey for adults aged 18 years and older during May 2022.
From an initial sample size of 10,282 adults, we only removed 483 respondents who either
reported a non-specific “other” race (n = 329) or refused to answer this question (n = 154).
This resulted in an unweighted sample size of 9799 respondents.

2.2. Race and Ethnicity Variable

Respondents could self-identify as one of four options in a combined race and ethnicity
variable: non-Hispanic White (hereafter, White), non-Hispanic Black (hereafter, Black),
Hispanic, or non-Hispanic Asian (hereafter, Asian).

2.3. Region Variable

Respondents were categorized into four U.S. census regions (https://bit.ly/3Zfg9Wr
[accessed on 6 February 2026]): Northeast, Midwest, South, or West.

2.4. Climate Variables

Respondents were asked to respond whether they were exposed to five different
climate events in the past 12 months (May 2021-May 2022). These events were major
wildfires, drought or water shortage, sea level rise that erode beaches and shorelines, severe
weather such as floods or intense storms, and heat waves such as long periods of unusually
hot weather.

2.5. Covariates

These variables included age group (18-29, 30-49, 50-64, and 65+), gender (male,
female, or other), marital status (no or yes), U.S. citizenship (no or yes), political ideology
(very conservative, conservative, moderate, liberal, or very liberal), education level (less
than high school, high school, some college, undergraduate, or postgraduate), income tier
(lower, middle, or upper), and metropolitan area residence (no or yes).
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2.6. Analysis Plan

Bivariate analyses examining the association between climate events and region were
conducted using Pearson chi-square tests. We then performed five different multiple
logistic regressions for each of the five climate events regressed on the interaction between
race—ethnicity and region, adjusted for all covariates. Average variance inflation factor
was 2.9, which suggests no multicollinearity. About 7% of the sample was lost in the fully
adjusted regression models, mostly attributed to no responses for income (4.8%), political
ideology (1.4%), and race—ethnicity (0.6%). Given this is a nationally representative data
set, we applied survey sampling weights to increase generalizability. Statistical analyses
were performed in Stata 18 (StataCorp, College Station, TX USA) with two-tailed tests at a
0.05 significance level.

3. Results
3.1. Sample Characteristics

Table 1 presents the baseline sociodemographic characteristics of the eligible sample
stratified by region, with a weighted sample size of 9837 respondents. The majority of the
sample resides in the South (38.2%), followed by the West (23.5%), the Midwest (21.2%),
and the Northeast (17.1%). Regarding race and ethnicity, the sample is predominantly
White (65.9%), followed by Hispanic (16.2%), Black (11.9%), and Asian (5.9%). The age
distribution shows that most respondents were between the ages of 30 and 49 (34.6%),
followed by those aged 50-64 (25.8%) and those aged 65+ (21.7%). Young adults (aged
18—-29) accounted for 17.8% of the sample. Most respondents were female (52.3%), married
(562.6%), and U.S. citizens (93.1%). Moderate (40%) political ideology represents most of the
sample. Regarding educational level, most participants had some college (30.6%) education,
followed by a high school (28.6%) education. The income distribution shows that middle
income (49.8%) represents the majority of respondents, followed by lower income (32.5%).
Most of the sample (86%) resides in a metropolitan area.

Table 1. Weighted sample characteristics.

Region
Northeast Midwest South West Total
N= 1683 N =2083 N = 3756 N =2315 N =9837
(17.1%) (21.2%) (38.2%) (23.5%) (100.0%)

Race and Ethnicity

White, non-Hispanic 1218 (72.4%) 1638 (78.6%) 2227 (59.3%) 1404 (60.7%) 6487 (65.9%)
Black, non-Hispanic 139 (8.2%) 200 (9.6%) 722 (19.2%) 107 (4.6%) 1168 (11.9%)
Hispanic 213 (12.7%) 127 (6.1%) 683 (18.2%) 574 (24.8%) 1597 (16.2%)
Asian, non-Hispanic 113 (6.7%) 118 (5.7%) 124 (3.3%) 230 (9.9%) 585 (5.9%)
Age Group
18-29 268 (16.0%) 378 (18.2%) 630 (16.8%) 473 (20.6%) 1749 (17.8%)
30-49 609 (36.4%) 691 (33.3%) 1329 (35.4%) 766 (33.3%) 3395 (34.6%)
50-64 444 (26.5%) 515 (24.8%) 1026 (27.4%) 544 (23.7%) 2530 (25.8%)
65+ 351 (21.0%) 493 (23.7%) 767 (20.4%) 516 (22.4%) 2128 (21.7%)
Gender
Male 763 (45.5%) 1047 (50.4%) 1719 (45.9%) 1101 (47.6%) 4630 (47.2%)
Female 906 (54.0%) 1017 (48.9%) 2014 (53.8%) 1193 (51.6%) 5130 (52.3%)
Other 9 (0.5%) 16 (0.7%) 9 (0.2%) 18 (0.8%) 51 (0.5%)
Married 889 (563.1%) 1155 (55.5%) 1921 (51.5%) 1184 (51.6%) 5148 (52.6%)
U.S. Citizen 1543 (91.8%) 2021 (97.1%) 3483 (92.9%) 2090 (90.8%) 9136 (93.1%)
Political Ideology
Very conservative 125 (7.6%) 204 (10.2%) 403 (11.0%) 166 (7.3%) 898 (9.4%)
Conservative 412 (25.1%) 480 (24.1%) 952 (26.1%) 495 (21.9%) 2338 (24.5%)
Moderate 583 (35.5%) 802 (40.2%) 1473 (40.4%) 957 (42.4%) 3814 (40.0%)
Liberal 352 (21.4%) 380 (19.0%) 566 (15.5%) 443 (19.6%) 1741 (18.2%)
Very liberal 172 (10.5%) 130 (6.5%) 255 (7.0%) 197 (8.7%) 754 (7.9%)
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Northeast

Midwest

Region
South

West

Total

Education Level

<High school 111 (6.6%) 171 (8.2%) 369 (9.8%) 176 (7.7%) 827 (8.4%)
High school 462 (27.5%) 635 (30.5%) 1099 (29.3%) 608 (26.4%) 2803 (28.6%)
Some college 484 (28.8%) 638 (30.6%) 1160 (31.0%) 721 (31.3%) 3003 (30.6%)
Undergraduate 323 (19.2%) 386 (18.5%) 602 (16.0%) 459 (19.9%) 1770 (18.0%)
Postgraduate 301 (17.9%) 252 (12.1%) 519 (13.8%) 340 (14.7%) 1411 (14.4%)
Income Tier
Lower 479 (30.4%) 535 (27.2%) 1295 (35.7%) 738 (33.6%) 3047 (32.5%)
Middle 743 (47.1%) 1052 (53.5%) 1781 (49.2%) 1085 (49.5%) 4661 (49.8%)
Upper 355 (22.5%) 381 (19.4%) 547 (15.1%) 371 (16.9%) 1654 (17.7%)
Metropolitan Area 1563 (92.9%) 1663 (79.8%) 3221 (85.7%) 2101 (90.8%) 8547 (86.9%)

3.2. Bivariate Results

All four regions had elevated self-reported frequencies of certain climate events based
on the weighted chi-square tests, which were all statistically significant (p < 0.001) (Table 2).
For wildfire exposure, it was most elevated in the West (58.6%) and to a lower extent in the
South (12.8%), the Midwest (7%), and the Northeast (5.8%). For drought, it was elevated in
the West (67.7%), followed by the South (23.4%), the Midwest (16.2%), and the Northeast
(14%). For sea level rise, it was most elevated in the Northeast (19.5%), followed by the
South (17.6%), West (16.9%), and Midwest (9%). For severe weather, it was elevated in
the South (52.5%), Northeast (47.9%), Midwest (42.9%), and to a lesser extent in the West
(25.2%). For heat wave exposure, it was most elevated in the West (63.2%), followed by the
South (45.4%), the Northeast (30.4%), and the Midwest (24.8%).

Table 2. Climate event exposures stratified by region.

Region
Northeast Midwest South West Weighted
N = 1683 N = 2083 N = 3756 N =2315 Chi-square Test
(17.1%) (21.2%) (38.2%) (23.5%)
Wildfire
No 1579 (94.2%) 1934 (93.0%) 3252 (87.2%) 955 (41.4%) <0.001
Yes 97 (5.8%) 146 (7.0%) 475 (12.8%) 1352 (58.6%) ’
Drought
No 1445 (86.0%) 1743 (83.8%) 2856 (76.6%) 747 (32.3%) <0.001
Yes 235 (14.0%) 336 (16.2%) 873 (23.4%) 1564 (67.7%) ’
Sea Level Rise
No 1346 (80.5%) 1879 (91.0%) 3053 (82.4%) 1903 (83.1%) <0.001
Yes 326 (19.5%) 186 (9.0%) 650 (17.6%) 387 (16.9%) ’
Severe Weather
No 873 (52.1%) 1187 (57.1%) 1775 (47.5%) 1724 (74.8%) <0.001
Yes 804 (47.9%) 893 (42.9%) 1959 (52.5%) 582 (25.2%) ’
Heat Wave
No 1165 (69.6%) 1562 (75.2%) 2034 (54.6%) 846 (36.8%) <0.001
Yes 508 (30.4%) 515 (24.8%) 1689 (45.4%) 1454 (63.2%) ’

3.3. Interactions

Weighted adjusted Wald tests indicated that the interaction between race—ethnicity

and region was only statistically significant for self-reported exposure to wildfires
[F(9, 9103) = 2.28, p = 0.02], drought [F(9, 9106) = 2.55, p < 0.01], and sea level rise
[F(9, 9060) = 2.33, p = 0.01]. There were no significant interactions for exposure to severe
weather [F(9, 9110) = 1.77, p = 0.07] and heat wave [F(9, 9099) = 1.37, p = 0.20].

For the wildfires, Asian Northeast adults had about a 3.0% significantly lower pre-
dicted probability of exposure compared to White Northeast adults (95% Cl 0.16-5.87%,
p =0.04) (Figure 1).
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Figure 1. Race-ethnicity and region interaction on wildfire exposure.

For drought, Black Midwest adults had a 10.3% significantly lower predicted prob-
ability of exposure compared to White Midwest adults (95% CI 4.95-15.58%, p < 0.001)
(Figure 2). In addition, Hispanic Southern adults had a 19.2% significantly higher exposure
compared to White Southern adults (95% CI 11.26-27.23%, p < 0.001).

Figure 2. Race—ethnicity and region interaction on drought exposure.

For sea level rise, Black Northeast adults had a 9.6% significantly lower predicted
probability of exposure compared to White Northeast adults (95% CI 1.30-17.86%, p < 0.001)
(Figure 3). In addition, Asian Northeast adults had a 10.7% significantly lower exposure
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compared to White Northeast adults (95% Cl 3.25-18.11%, p < 0.01). Although there are
racial-ethnic differences observed in the Midwest and West regions, these interactions were
not statistically significant. For instance, Hispanic Midwest adults (p = 0.05) and Asian
West adults (p = 0.08) both had elevated absolute probabilities of sea level rise exposure at
24.8% and 24.2%, respectively; however, these results were not significant.

Figure 3. Race—ethnicity and region interaction on sea level rise exposure.

4. Discussion

Our first research question examining regional differences in climate events revealed
several notable findings including elevated self-reported frequencies of wildfires, drought,
and heat waves in the West, sea level rise in all coastal regions except the inland Midwest,
and severe weather in the South. Our second research question examining the interactions
between region and race—ethnicity suggested that within the Northeast region, Black adults
are less likely to be exposed to sea level rise, while Asian adults are less likely to be exposed
to wildfires and sea level rise. Within the Midwest region, Black adults are less likely to be
exposed to drought. Finally, within the South region, Hispanic adults are more likely to be
exposed to drought.

The results of our first research question generally align with prior findings; however,
the results of our second research question sometimes contradicted past research. One
study indicated increasing wildfire size and severity [12], increased drought [22], and
increased heat extremes [23] in the western United States. Prior research also indicates
elevated sea level rise in the coastal regions [24] and increasing trends of severe weather in
the South [25]. The findings of our study demonstrate that specific racial-ethnic minoritized
groups are less likely to be exposed to extreme climate events within particular regional
contexts. Our results find that Asian adults were less likely to be exposed to rising sea
levels. In contrast, other research states that non-Hispanic White populations experience
lower levels of exposure to excess deaths due to extreme weather events such as floods [15].
Our results highlight Hispanic adults as more likely to report being exposed to drought
within the South. However, prior research states that Black adults are at a greater risk of
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heatwaves in the South, while Hispanic adults are experiencing elevated heat frequency in
the West [19].

There were a large number of significant racial-ethnic and regional interactions we
identified in our second research question. All findings, however, likely share a common
theme reflecting the complex intersections of historical residential patterns, socioeconomic
factors, geographic settlement, and structural differences. For example, a major demo-
graphic transition occurred during the 20th century involving Black Americans migrating
from the South to northern urban areas [26]. Due to backlash among the White population,
increasing racial hostility, the Black population are primarily concentrated in inland urban
areas [27]. Asian American immigration and suburbanization trends have led to settlement
patterns that avoid many high-risk environmental zones [28]. Thus, Asian populations
typically settle in suburban areas rather than high risk coastal zones or wildland—urban
interface areas [28], which may result in less exposure to wildfires and sea level rise. Accord-
ing to the USDA, U.S. states with the largest populations of agricultural workers include
California, Texas, Washington, Florida, Oregon, and North Carolina, with California lead-
ing in overall farmworkers and agricultural jobs [29]. Approximately half of the Hispanic
population in the United States reside in California, Texas, and Florida [30], which may
explain differential exposure to specific climate events. Of the farmworkers in the United
States, 75% are Hispanic migrant adults [31] and subsequently experience more drought
versus other racial—ethnic groups.

Based on our results, it is critical to address the disparities among highly impacted
racial-ethnic groups within distinct regional settings. Because our findings diverge from
prior research, it is necessary to pursue further investigation into racial-ethnic and regional
disparities in climate-related events, utilizing more objective and longitudinal measures for
climate exposures. Although each of our three interaction figures showed some pronounced
patterns between race—ethnicity and region, these were not discussed due to statistical
insignificance that could be the result of no true racial-ethnic differences or potentially low
power to detect a significant difference. Thus, future replication studies would benefit from
a larger sample of minoritized racial—ethnic groups. Our analysis identified Hispanic adults
in the South as more likely to experience drought. There may be an occupational hazard
associated with this disparity given that about 75% of migrant workers in the United States
are Hispanic adults [31]. The implementation of Spanish-translated drought resources may
reduce the likelihood of exposure to droughts among this demographic, such as by utilizing
pictures and simple translation. Most educational resources written in English are at the
sixth grade level [32], which may be too high for this group. Therefore, direct translation
of English resources will not be as effective. The existing literature on Spanish-speaking
patient health educational preferences suggests utilizing material produced in Spanish that
is below a sixth-grade level, as many first-generation immigrants have lower educational
levels and cannot read well in either English or Spanish [33]. Known effective protective
measures such as taking breaks under extreme weather events could be tested for feasibility
across different regional contexts [34], as well as resources on what to do in the event of a
drought. Currently, there is no law that protects residents and workers outdoors who are
more prone to heatwaves [35]. Prior research has highlighted poor health outcomes among
outdoor workers attributable to the absence of regulatory protection against extreme heat
exposure [36].

Provided our results on wildfire exposures, it may be beneficial to research the fea-
sibility of implementing or strengthening policies on effective masking for civilians and
firefighters during wildfire events, especially in the Western region. Studies have linked
wildfire exposure to non-resolving airway damage in firefighters [37]. Therefore, testing
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the implementation of masking policies may potentially reduce exposure to wildfire smoke
and air pollution, lowering associated health risks for vulnerable populations.

Our study has several limitations. First, all data were self-reported and may have
resulted in recall bias in addition to varying interpretations of different climate events,
such as situations that may be considered a “major wildfire”. Relatedly, since climate
exposures were self-reported, it is possible the exposure measurement may reflect varying
levels of awareness or perception instead of physical exposure. Second, we utilized four
broad groups each for race—ethnicity and regions due to the potentially small sample sizes
and model non-convergence that may result from all interactions. These categories are
non-monolithic, however, as some subgroups such as the South region are fairly expansive
and weather events may vary considerably in states towards the coast versus inland. Third,
the climate events reported only consider those experienced between 2021 and 2022 and
may not reflect more recent trends in global climate. Fourth, we conducted interactions
with multiple racial-ethnic groups and regions across five climate event exposures, which
inflates the possibility of a type one error. Despite these limitations, we believe our present
study is noteworthy as it is among the first to investigate the intersection between racial-
ethnic and regional climate event disparities in a national U.S. sample while also adjusting
for a large number of factors that may confound these relationships.

5. Conclusions

Our study calls attention to the relationship between extreme climate events and racial-
ethnic and regional differences. Through the identification of separate regions, we were
able to distinguish unique exposures in different racial-ethnic groups. Our results exhibited
reduced frequencies for sea level rise for Black adults residing in the Northeast region,
reduced frequency to wildfires and sea level rise for Asian adults residing in the Northeast,
and a lower likelihood of exposure to drought for Black adults residing in the Midwest
region. However, Hispanic adults are more likely to be exposed to drought in the South.
Enabling people to tailor emergency preparedness efforts to specific racial and ethnic groups
within specific areas, while accounting for variations in resources, educational access,
and behavioral patterns, may minimize these disparities. Such examples may include
distributing translated material and encouraging preventive behaviors that reflect the
cultural values of the target demographics. Policies may also need to be tested to improve
emergency preparedness and climate resilience for minoritized racial-ethnic and other
disadvantaged groups. Assessing underlying predispositions through expanded research,
policy development, and public health measures may help reduce these differences.
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