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Summary
Background Exposure to climate change-related threats (eg, hurricanes) has been associated with mental health 
symptoms, including post-traumatic stress symptoms. Yet it is unclear whether climate change anxiety, which is 
understudied in representative samples, is a specific mental health threat, action motivator, or both, particularly in 
populations exposed to climate-change related disasters. We sought to examine the associations between exposure to 
hurricanes, climate change anxiety, and climate change actions and attitudes in a representative sample of US Gulf 
Coast residents. 

Methods This study used data from a 5-year, representative, prospectively assessed, probability-based, longitudinal 
cohort sample of residents in Texas and Florida (USA) exposed to exogenous catastrophic hurricanes rated category 3 
or greater. Participants were adults aged 18 years and older and were initially recruited from the Ipsos KnowledgePanel 
in the 60 h before Hurricane Irma (Sept 8–11, 2017). Relationships between climate change anxiety, hurricane 
exposure, hurricane-related post-traumatic stress symptoms, general functional impairment, and climate change-
related individual-level actions (eg, eating a plant-based diet and driving more fuel efficient cars) and collective-level 
actions (eg, petition signing and donating money) and climate change action attitudes were evaluated using structural 
equation modelling.

Findings The final survey was completed by 1479 individuals (787 [53·2%] women and 692 [46·8%] men). Two climate 
change anxiety subscales (cognitive-emotional impairment and perceived experience of climate change) were 
confirmed using confirmatory factor analysis. Mean values were low for both climate change anxiety subscales: 
cognitive-emotional impairment (mean 1·31 [SD 0·63], range 1–5) and perceived climate change experience (mean 
1·67 [SD 0·89], range 1–5); these subscales differentially predicted outcomes. The cognitive-emotional impairment 
subscale did not significantly correlate with actions or attitudes; its relationship with general functional impairment 
was attenuated by co-occurring hurricane-related post-traumatic stress symptoms, which were highly correlated with 
general functional impairment in all three models (all p<0·0001). The perceived climate change experience subscale 
correlated with climate change attitudes (b=0·57, 95% CI 0·47–0·66; p<0·0001), individual-level actions (b=0·34, 
0·21–0·47; p<0·0001), and collective-level actions (b=0·22, 0·10–0·33; p=0·0002), but was not significantly associated 
with general functional impairment in any of the final models. Hurricane exposure correlated with climate change-
related individual-level (b=0·26, 0·10–0·42; p=0·0011) and collective-level (b=0·41, 0·26–0·56; p<0·0001) actions.

Interpretation Expanded treatment for post-traumatic stress symptoms after disasters could help address climate 
change-related psychological distress; experiences with climate change and natural hazards could be inflection points 
to motivate action.

Funding National Science Foundation and the National Center for Atmospheric Research. 

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
The effects of climate change have arrived more swiftly 
and severely than initially predicted,1 evident through 
escalating natural hazards and associated disasters 
exacerbated by a chang ing climate. Although many 
people globally agree that climate change will result 
in individual-level harm,2 widespread action at 
the individual, collective, and policy levels has been 
limited. Climate change anxiety might motivate 
essential action to reduce impacts,3 yet climate change 
anxiety and mental health symptoms associated with 

climate change-related disaster exposure could also 
compound the current global mental health crisis, 
where the need for care exceeds resources.4 

Exposure to climate change-exacerbated extreme 
weather (eg, heatwaves, wildfires, and hurricanes)5 and 
related hazards (eg, flooding) can become disasters when 
they intersect with human populations. Exposures are 
associated with mental health symptoms,4,5 although 
estimates of mental health problems after such disasters 
vary considerably.6 Many survivors show striking 
resilience, with normative short-term symptoms that 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2542-5196(24)00100-1&domain=pdf
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improve over time.7 Yet, harmful effects might be most 
pronounced among low-income and minoritised 
populations already disproportionately exposed to 
pollutants, disease burden, and other community-level 
stressors (ie, unemployment and low access to quality 
health care),8 highlighting the environmental justice 
aspect of climate change exposures.

Key features of recent US Gulf Coast hurricanes, likely 
to have been exacerbated by climate change,9 might have 
made them particularly psychologically distressing. 
Hurricane Harvey (2017) was strong and slow, and 
produced record rainfall and urban flooding;9 Hurricane 
Irma (2017) was stronger, longer, and more persistent 
than typical, making landfall with Florida (USA) multiple 
times and inhibiting a safe evacuation route for those in 
harm’s way.10 Floridians exposed to hurricanes Irma 
(2017) and Michael (2018) reported post-traumatic stress 
symptoms that were associated with greater number 
of storm exposures (eg, lost property and evacuation 
zone residence).11 Cumulative effects sensitised people to 
respond to future catastrophic storms with more mental 
health symptoms.11

One manifestation of mental health problems related to 
climate change-exacerbated extreme hazard exposure 
could be climate change anxiety. Climate change anxiety12 
and eco-anxiety (ie, anxiety related to environmental 
threats, particularly climate change)3,13 have emerged 
as constructs of interest to help conceptualise psycho-
logical distress associated with climate change impacts. 
Climate change anxiety might stem from climate 

change-associated loss of physical community places, 
activities, or cultural traditions,3 and might be related to 
one’s direct experience of climate change or one’s 
perception or concern about the problem.14 Climate 
change anxiety has been conceptualised along several 
dimensions, including cognitive-emotional impairment 
and perceived experience of climate change.12 Correlations 
between climate change anxiety and general functional 
impairment (ie, difficulty in social or occupational 
functioning15) could indicate climate change anxiety-
related mental health difficulties requiring intervention. 
Yet research linking climate change anxiety to general 
functional impairment is nascent and mostly conducted 
on convenience samples and younger individuals.12 Thus, 
although metrics of climate change anxiety have begun to 
elucidate its potential threat to mental health, climate 
change anxiety might also be a normative response to 
the existential threat of climate change, rather than 
a mental health problem requiring intervention. More 
research explor ing the construct of climate change anxiety 
and its relationship with general functional impairment 
is needed to clarify associations. Moreover, although 
a study of a sample of 197 survey respondents showed 
generally low levels of climate change anxiety, correlations 
between climate change anxiety and depression and 
general anxiety were observed.12 These findings suggest 
potential concurrent validity or overlap between climate 
change anxiety and other measures of psychological 
distress, or the possibility that climate change anxiety 
exacerbates existing mental health problems.

Research in context

Evidence before this study
Media reports and growing empirical research caution that 
climate change anxiety could threaten global mental health, 
particularly as climate change-related disasters become more 
common. Yet some anxiety might motivate protective 
behaviours, potentially facilitating increased performance of 
crucial climate change actions at the individual and collective 
level. We searched PubMed and Google Scholar for relevant 
articles published in English between March 1, 2022, and 
Oct 1, 2023, primarily using the terms “climate anxiety”, 
“climate change anxiety”, “eco-anxiety”, and “environmental 
behaviors”, “environmental actions”, “climate change actions”, 
and “pro-environmental attitudes”. We found that emerging 
research has sought to define climate change anxiety and 
examine if it signals a mental health ailment or helps encourage 
climate change-related actions and attitudes. Yet no research to 
our knowledge has contrasted these possibilities in a 
representative, probability-based sample of residents 
repeatedly exposed to climate change-related hazards.

Added value of this study
Using a prospective, probability-based sample of US Gulf Coast 
residents who were repeatedly exposed to catastrophic 

hurricanes (hurricanes Harvey, Irma, and Michael), we 
confirmed two components of climate change anxiety 
(cognitive-emotional impairment and perceived climate 
change experience) as distinct subscales. Both subscales were 
low in the populace and differentially predicted outcomes. The 
cognitive-emotional impairment subscale did not correlate 
with actions or attitudes; its relationship with general 
functional impairment (impairment in social and occupational 
functioning) was attenuated by co-occurring hurricane-related 
post-traumatic stress symptoms. Higher perceived climate 
change experience correlated with more climate change-related 
actions and attitudes but not general functional impairment. 
More hurricane exposure correlated with reporting more 
climate change-related actions.

Implications of all the available evidence
Climate change anxiety’s shared variability with hurricane-related 
post-traumatic stress symptoms suggests that expanded 
treatment for post-traumatic stress symptoms after disasters 
could help address psychological distress; experiences with 
climate change and related hazards could be inflection points to 
help motivate action.
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Concurrently, climate change anxiety and exposure to 
climate change-related disasters might trigger individual-
level and collective-level climate change actions (includ ing 
mitigation [eg, energy efficiency] and adaptation [eg, 
household preparation]) essential to reducing greenhouses 
gases and thwarting the worst effects of climate change.16 
Individual-level actions include lifestyle choices (eg, 
reducing meat consumption, saving energy in households, 
and driving electric cars) to directly reduce greenhouse 
gas emissions.17 Collective-level actions seek systemic 
changes targeting actions or behaviours of others,16 such 
as signing petitions or donating money to environmental 
groups18 and community-level adaptation. Yet climate 
change actions can be costly in terms of time, finances, 
and access,19 inhibiting the ability of those facing resource 
constraints to engage in climate change actions, even if 
the threat from climate change-related disasters is 
recognised and action is desired.19 Moreover, although 
individual-level actions can lead to larger scale collective 
change when widely practised, previous research suggests 
little spillover between behaviours at the individual and 
collective level,16 suggesting they might operate 
independently.

Because anxiety is an instinctual and cognitive threat 
response that might motivate climate change actions, 
some climate change anxiety might be adaptive,3 
signalling a stress response to an existential threat. For 
example, in a sample of young adults (aged 18–35 years), 
although climate change anxiety correlated with 
symptoms of generalised anxiety disorder and major 
depressive disorder, engaging in collective action 
attenuated the association between cognitive emotional 
impairment and depressive symptoms,18 suggesting 
such actions might facilitate adaptive coping. Anxiety 
might also correlate with climate change action 
attitudes, in turn predicting future actions.20 Conversely, 
some evidence suggests that elevated anxiety could 
threaten mental health and create avoidance 
or behavioural disengagement, lowering constructive 
climate change action.3 Further more, because attitudes 
can precede or operate recip rocally with action,21 they 
are also important correlates to consider.

Residents of the US Gulf Coast are vulnerable to 
climate change impacts given their frequent direct 
exposure to climate change-related threats. We aimed to 
explore relationships between acute, climate change-
related hazard exposure, climate change anxiety, climate 
change actions (individual and collective) and attitudes, 
and general functional impairment among residents in 
Texas (USA) and Florida, controlling for hurricane-
related post-traumatic stress symptoms. Because climate 
change anxiety is a developing construct, we implemented 
a structural equation modelling framework. This 
facilitates an exploration of the factor structure of climate 
change anxiety while testing the hypothesised model,22 
which proposes that hurricane exposure is associated 
with higher climate change anxiety, which in turn might 

be associated with climate change actions and attitudes, 
and general functional impairment (figure 1). 

Methods
Study design and participants
We used data collected from a 5-year, representative, 
prospectively assessed, probability-based, longitudinal 
cohort sample of residents in Texas and Florida exposed 
to several exogenous catastrophic hurricanes rated 
category 3 or greater (ie, hurricanes Harvey, Irma, and 
Michael).

Participants were drawn from the Ipsos 
KnowledgePanel, which uses address-based sampling to 
randomly recruit panellists using probability-based 
sampling methods, designed to be representative 
of the USA. Address-based sampling uses the delivery 
sequence file of the US Postal Services, improving 
population coverage relative to traditional random-
digit-dialling methods, and enabling recruitment 
of harder-to-reach individuals (eg, younger people or 
racial and ethnic minoritised groups). Participating 
households without internet connection are provided 
a web-enabled device and free internet services. Once 
household members are recruited for the panel and 
assigned to a study sample, they are notified electronically 
of the opportunity and can take surveys through their 
email link or online member page.

Between 1800 h on Sept 8, 2017, and 0600 h on 
Sept 11, 2017 (immediately preceding Hurricane Irma’s 
landfall in Florida and several weeks after Hurricane 
Harvey’s landfall in Texas) we invited all eligible 
KnowledgePanel panellists aged 18 years and older living 
in Florida or Texas for participation in wave 1 of our 
survey study. Wave 2 data were collected 4 weeks later 
(Oct 12–29, 2017). Wave 3 was administered 2–3 weeks 
after Hurricane Michael made landfall in Florida 
(Oct 22–Nov 6, 2018). Wave 4 was completed shortly 
before the 2020 hurricane season (May 14–27, 2020). 
Wave 5 data were collected after the 2021 hurricane 
season (Dec 22, 2021, to Jan 11, 2022). The first four 
waves focused primarily on exposure and response to 
catastrophic hurricanes more generally, the wave 5 
survey focused more specifically on exposure and 

Figure 1: Conceptual model of hurricane exposure, climate change anxiety, 
general functional impairment, and climate change actions and attitudes
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response to climate change. Thus, unless indicated, 
wave 5 variables were used in the present analyses.

Participants provided informed consent when they 
joined the KnowledgePanel and were ensured 
confidentiality. The University of California, Irvine, and 
Stanford University Institutional Review Boards for 
Human Subjects research approved and reviewed all 
activities. STROBE guidelines23 for cohort studies were 
followed. Initial analyses were preregistered on the Open 
Science Framework.

Independent variables
For the measure of climate change anxiety, participants 
were asked “How often the following statements are 
true of you” (endpoints: 1=never to 5=almost always): 
(1) thinking about climate change makes it difficult for 
me to concentrate; (2) thinking about climate change 
makes it difficult for me to sleep; (3) I have nightmares 
about climate change; (4) I have been directly affected 
by climate change; (5) I have known someone who has 
been directly impacted by climate change; and (6) I 
have noticed a change in a place that is important to me 
due to climate change. Items were derived from two 
subscales, cognitive-emotional impairment (items 1–3, 
α=0·85) and perceived climate change experience 
(items 4–6, α=0·89), of a longer, validated measure 
of climate change anxiety.12 The abbreviated measure 
was implemented to reduce participant burden and 
items were selected on the basis of a combination 
of factor loadings and face validity for the two 
subscales.12 Confirmatory factor analysis verified 
climate change anxiety subscales using structural 
equation modelling.

To measure previous negative hurricane-related 
experiences, exposure to hurricane losses and injuries was 
evaluated at survey waves 1, 2, and 3 and responses were 
summed. Hurricane exposures (ie, home destroyed, lost 
property, injured, lost a pet, knew someone killed, or knew 
someone injured) were assessed at wave 1 (after Hurricane 
Harvey and before Hurricane Irma) and were re-evaluated 
at wave 2 (after Hurricane Irma) and wave 3 (after 
Hurricane Michael). The measure has been used in 
previous research.11

A modified version11 of the Primary Care Post-
traumatic Stress Disorder Screen for DSM-524 assessed 
hurricane-related post-traumatic stress symptoms. The 
modified version assesses symptoms with continuous, 
rather than dichotomous, response options.11 Par-
ticipants were asked to “Think about a prior hurricane 
you experienced that was most distressing to you (eg, 
Harvey, Michael, Irma, Rita). With respect to that 
hurricane, during the past week or so, how often have 
you experienced the following symptoms?” (including 
nightmares, avoidance, feeling on guard, feeling numb 
or detached, and feeling guilty or blaming yourself or 
others; endpoints: 1=never to 5=all the time). Reliability 
was very good (α =0·82).

Demographic indicators (age, income, education, race 
or ethnicity, and gender [male, female, or prefer to self-
describe]) are collected by self-report by Ipsos and 
updated regularly.

Dependent variables
To measure individual-level climate change actions, 
a checklist assessed performance of the following 
activities in the past week and responses were summed: 
used public transportation, cycled, or walked to work 
instead of driving; used energy-efficient lightbulbs such 
as compact fluorescent lamps or light-emitting diodes; 
recycled; took shorter showers; drove a hybrid or electric 
vehicle; reduced red meat consumption; ate a more plant-
based diet; reduced food waste; composted waste; checked 
the air in your tires to ensure fuel efficiency; used a smart 
thermostat; and installed or used low-flow shower heads 
or faucets. Items were based on previous research.25

Collective-level climate change actions were measured 
using a checklist that assessed performance 
of the following behaviours in the past year: worked with 
community members to help people prepare for 
hurricanes or other natural disasters; worked with 
community members to create green spaces (eg, plant 
trees or restore habitat) in my community; signed 
a petition in support of action to help the environment; 
signed a petition in support of action on climate change; 
and made a donation in support of action on climate 
change. The items were based on previous research26 and 
responses were summed.

To measure climate change action attitudes, 
participants reported agreement with four statements 
(endpoints: 1=strongly disagree to 5=strongly agree): “I 
support the USA taking action to regulate carbon 
dioxide emissions”; “I support my community taking 
action to adapt to climate change (eg, building sea walls 
and requiring newly built homes to withstand storms)”; 
“I am willing to make sacrifices (eg, pay higher gasoline 
prices and reduce eating meat) to help stop climate 
change”; and “the costs of making personal changes to 
help stop climate change are too high”. Items were 
derived from previous research.27,28 Reliability was very 
good (α=0·85). Confirmatory factor analysis evaluated 
these attitudes as a latent construct using a structural 
equation modelling framework.

Four items from the Medical Outcomes Study 36-Item 
Short-Form Health Survey assessed occupational and 
social impairment (ie, general functional impairment) 
resulting from physical and mental health.15 Participants 
responded (endpoints: 0=none of the time to 4=all 
of the time) to items including “During the past week, 
how much of the time has your emotional health 
interfered with your social relationships (like connecting 
with friends, relatives, etc)?” A mean was taken 
of the responses. Reliability was very good (α=0·86).

Additional details on dependent variables are in 
the appendix (p 2). 

For the Open Science 
Framework see https://tinyurl.

com/bdezcddk

See Online for appendix

https://tinyurl.com/bdezcddk
https://tinyurl.com/bdezcddk
https://tinyurl.com/bdezcddk
https://tinyurl.com/bdezcddk
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Statistical analysis
All data were weighted to account for probability 
of selection into the KnowledgePanel, attrition over time, 
and to adjust for differences between our sample and 
US Census benchmarks for Florida and Texas. The 
weighting procedure occurred using a multistage 
process. First, a design weight was calculated for all active 
members of the KnowledgePanel on the basis of current 
geodemographic benchmarks from the US Census 
Bureau’s Current Population Survey. Then, these design 
weights were adjusted along with the base weights 
of the assigned sample (ie, qualified respondents from 
Texas and Florida). At wave 5, weighting benchmarks 
were based on the US Census Bureau’s American 
Community Survey (2015–19), accounted for participants 
ageing since the wave 1 survey in 2017, and were 
calculated using the following demographic cells: gender 
(male or female), age (22–29, 30–44, 45–59, or ≥60 years), 
race or ethnicity (White and non-Hispanic, Black and 
non-Hispanic, other race and non-Hispanic, Hispanic, or 
two or more races and non-Hispanic); household income 
(less than US$25 000, $25 000–49 999, $50 000–74 999, 
$75 000–99 999, $100 000–149 999, and ≥$150 000); 
metropolitan and non-metropolitan areas, and education 
(less than high school or high school, some college, and 
Bachelor’s degree or higher). Weights were trimmed at 
upper and lower bounds to avoid extreme weights and 
avoid sampling variability: Florida lower bound 1·71%  
and upper bound 98·40%; and Texas lower bound 2·49% 
and upper bound 97·51%. Further details are in 
the appendix (p 3).

Three structural equation models were constructed to 
evaluate the relationship between climate change anxiety, 
hurricane exposure, hurricane-related post-traumatic 
stress symptoms, general functional impairment, and 
each of the following: (1) individual-level climate change 
actions; (2) collective-level climate change actions; and 
(3) climate change action attitudes (figure 1). First, 
measurement models for climate change anxiety and 
climate change action attitudes were constructed. Climate 
change anxiety was evaluated as a single latent construct 
and as two distinct latent constructs according to its 
subscales: cognitive-emotional impairment and perceived 
climate change experience. Determination of measurement 
model fit was guided by theory and modification indices 
using a sequential approach to test for factorial invariance29 
(including correlating error terms and testing climate 
change anxiety subscales separately) until all indices were 
less than 3·84 (standard guideline).30 Fit statistics were 
evaluated using the standardised root mean square 
residual and coefficient of determination. Standardised 
root mean square residual values close to 0 indicate a good 
model fit and coefficient of determination can be 
interpreted as percent variability explained by a model, 
analogous to R². 

Then, for each structural model component, 
covariates were tested for statistical significance using 

a hierarchical variable entry strategy with individual-
level demo graphic covariates added first and hurricane 
exposure added second. For parsimony, only covariates 
significant at p<0·05 were retained in subsequent 
models. Hurricane-related post-traumatic stress was 
included in each final structural model as a control 
variable since catastrophic hurricane exposure tends to 
be strongly associated with post-traumatic stress 
responses.11 Structural model fit was evaluated using 
the standardised root mean square residual, coefficient 
of determination, and theory rather than a data driven 
approach that could lead to overfitting of the data.31 
Results are shown as standardised estimates and robust 
standard errors, as appropriate for complex survey data. 
Data were derived from an ongoing project. At α=0·05, 
a power of b=0·80, and up to 30 predictor variables 
estimated for a multiple linear regression, at n=1479, 
the study was well powered to detect small effects, with 
ƒ²=0·019.

Several post-hoc analyses were conducted. First, we 
added a path from previous hurricane exposure to post-
traumatic stress symptoms. To test for potential 
measurement overlap between climate change anxiety 
and post-traumatic stress symptoms, we re-ran all 
analyses omitting the question, “I have nightmares about 
climate change”.

Analyses were conducted using Stata version 18.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
5940 eligible KnowledgePanel panellists living in 
Florida or Texas were invited for participation in wave 1, 
2774 (46·7%) of whom completed the survey within 
the allotted timeframe for Florida (60 h from survey 
launch) or, for Texas residents, until we reached our 
target sample size of around 1000 Texans (15 h from 
survey launch). 2564 (86·6%) of 2960 individuals 
(which included some participants in a related study 
who did not take wave 1) completed the wave 2 survey. 
1879 (70·2%) of 2677 individuals responded to 
the wave 3 survey. The wave 4 survey was completed by 
1846 (73·6%) of 2507 individuals and the wave 5 survey 
was completed by 1479 (83·7%) of 1766 individuals. 

The final sample of 1479 individuals available to be 
included in the analyses included 787 (53·2%) female 
participants and 692 (46·8%) male participants. Mean 
age was 51·5 years (SD 16·3). 814 (55·0%) participants 
were White, 178 (12·1%) were Black, 79 (5·3%) were 
other or mixed race and non-Hispanic, and 408 (27·6%) 
were Hispanic. 86 (5·8%) participants obtained less 
than a high school education, 483 (32·6%) reported 
a high school diploma, 456 (30·8%) reported some 
college education, and 454 (30·7%) reported a Bachelor’s 
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degree or higher. 422 (28·5%) participants had 
experienced one or more previous hurricane exposures 
(ie, losses or injury; mean 0·58 [SD 1·33], range 0–11). 
General functional impairment (mean 0·50 [SD 0·77], 
range 0–4) and hurricane-related post-traumatic stress 
symptoms (mean 1·26 [SD 0·53], range 1–5) were low. 
As reported elsewhere,32 many people participated in at 
least some individual-level climate change actions 
(mean 3·33 [SD 2·30], range 0–12); 1350 (91·3%) 
performed at least one individual-level climate change 
action (eg, used public transportation or ate a more 
plant-based diet). Participation in collective-level 
climate change actions was lower than participation in 
individual-level climate change actions (mean 0·28 
[SD 0·77], range 0–5) and 1229 (83·1%) participants 
reported no collective-level climate change actions.

Final weighted confirmatory factor analysis measure-
ment models for the two climate change anxiety 
subscales (cognitive-emotional impairment and per-
ceived climate change experience) are shown in 
figure 2A and appendix p 5. All factor loadings for each 
construct were more than 0·83 and modification indices 
were less than 3·84. Fit statistics were excellent for both 
climate change anxiety subscales: cognitive-emotional 
impairment (standardised root mean square residual 
<0·001 and coefficient of deter mination 0·951) and 
perceived experience of climate change (standardised 
root mean square residual <0·001 and coefficient 
of determination 0·906). Climate change anxiety was 
also evaluated as a single latent construct (see appendix 
p 7); for which factor loadings were much lower 
(coefficients for three items were <0·63), with 
modification indices that could lead to overfitting 
of the data through data driven, rather than theoretically 
derived, covariances (see appendix p 8). Thus, climate 

change anxiety was retained as two latent constructs 
(cognitive-emotional impairment and perceived climate 
change experience) in subsequent models and 
the correlation between these items was accounted for 
by specifying a covariance. On average, the participants 
reported low levels of both climate anxiety sub  scales: 
cognitive-emotional impairment (mean 1·31 [SD 0·63], 
range 1–5) and perceived climate change experience 
(mean 1·67 [SD 0·89], range 1–5).

Climate change action attitudes were also evaluated 
using confirmatory factor analysis (figure 2B and 
appendix p 9). The item “The cost of making personal 
changes to stop climate change” (reverse coded) loaded 
at standardised coefficient (b)=0·33 (95% CI 0·21–0·46) 
and was not included in subsequent analyses (see 
appendix p 10 for four-item measurement model). A 
three-factor model was retained, with excellent model 
fit statistics (standardised root mean square 
residual <0·001, coefficient of determination 0·887) 
and all modification indices less than 3·84. Because 
items comprising latent constructs were positively 
skewed, given the small amount of missing data, 
maximum likelihood estimates were used.30

Preliminary structural equation models showing 
relationships between covariates and key variables are 
shown in the table. Compared with identifying as 
White, identifying as Hispanic was associated with 
higher cognitive-emotional impairment, perceived 
climate change experience, and climate change action 
attitudes (table). Compared with White respondents, 
respondents identifying as other or mixed race or Black 
reported higher climate change action attitudes (table). 
Older age was associated with lower cognitive-
emotional impairment, lower perceived climate change 
experience, engagement in more individual-level 

Figure 2: Measurement models for climate change anxiety and climate change action attitudes
(A) Climate change anxiety measurement model for cognitive-emotional impairment (n=1462) and perceived climate change experience (n=1460). (B) Climate change action attitudes measurement 
model (n=1456). b=standardised coefficient. ε=error.  
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climate change actions, and higher general func   tional 
impairment (table). Obtaining a Bachelor’s degree or 
higher was associated with higher perceived climate 
change experience, climate change action attitudes, and 
engagement in community-level climate change actions 
(table). Higher income was correlated with lower 
general functional impairment (table).

Estimates from two analogous structural equation 
models for climate change anxiety, hurricane exposure, 
hurricane-related post-traumatic stress symptoms, 
general functional impairment, and individual-level and 
collective-level climate change actions are shown in 
figure 3 (full results are in the appendix pp 11–14). The 
figure shows only the statistically significant relationships 
between key variables. Some estimates round differently 
between models due to missing data. For parsimony, 
unless indicated, estimates from the individual-level 
climate change action model are presented. In the first 
structural equation model examining correlates 
of individual-level climate change actions, performing 
those behaviours was associated with higher perceived 
climate change experience (b=0·34, 95% CI 0·21–0·46; 
p<0·0001), more hurricane exposure over time (b=0·26, 
0·10–0·42; p=0·0011), and female gender (b=0·09, 
0·01–0·16; p=0·021). In the second, analogous structural 
equation model examining collective-level climate 
change actions, those actions were associated with higher 
perceived climate change experience (b=0·22, 
0·10–0·33; p=0·0002), more hurricane exposure over 
time (b=0·41, 0·26–0·56; p<0·0001), and female gender 
(b=0·07, 0·01–0·14; p=0·028). In both models, hurricane-
related post-traumatic stress symptoms correlated with 

more general functional impair ment (b=0·53, 0·41–0·64; 
p<0·0001), cognitive-emotional impairment (b=0·52, 
0·37–0·66; p<0·0001), and perceived climate change 
experience (b=0·29, 0·16–0·42; p<0·0001). Model fit 
statistics indicated excellent fit for individual-level 
(standardised root mean square residual 0·025 and 
coefficient of determination 0·613) and collective-level 
(standardised root mean square residual 0·025 and 
coefficient of determination 0·652) climate change 
action structural equation models. 

The structural equation model of associations between 
climate change anxiety, hurricane exposure, hurricane-
related post-traumatic stress symptoms, general 
func tional impairment, and climate change action 
attitudes are shown in figure 4 and the appendix 
(pp 15–16). Climate change action attitudes were 
associated with higher perceived climate change 
experience (b=0·57, 95% CI 0·47 to 0·66; p<0·0001), 
obtaining a Bachelor’s degree or higher (b=0·12, 
0·05 to 0·19; p=0·0003), identifying as a Hispanic person 
compared with a White person (b=0·10, 
0·004 to 0·19; p=0·041), and female gender (b=0·09, 
0·02 to 0·17; p=0·018). Lower hurricane-related post-
traumatic stress symptoms (b=–0·09, –0·18 to –0·001; 
p=0·047) correlated with higher climate change action 
attitudes. 

In preliminary models controlling for all covariates 
except post-traumatic stress symptoms, cognitive-
emotional impairment correlated with general functional 
impairment (individual-level and collective-level action 
model [b=0·36, 95% CI 0·20–0·52; p<0·0001]; 
climate change action attitudes model [b=0·34, 

Figure 3: Associations between climate anxiety and individual-level climate change actions (n=1431) and collective-level climate change actions (n=1434)
Hurricane exposure was assessed at waves 1–3. Some estimates round differently between models due to missing data. For parsimony, unless indicated, estimates from the individual-level climate 
change action model are presented. b=standardised beta coefficient. ε=error. 
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0·16–0·51; p=0·0001]). In all three final structural 
equation models, these relationships were no longer 
significant when hurricane-related post-traumatic stress 
symptoms were included in the models. These preliminary 
models are shown in the appendix (pp 17–22). Several 
post-hoc models were also tested. First, we added a path 
from previous hurricane exposure to post-traumatic stress 
symp toms. This association was significant (b=0·40, 
0·30–0·50; p<0·0001). Specifying this relationship did 
not change the pattern of results and reduced model fit 
(possibly due to an overly complex model33). These models 
are shown in the appendix (pp 23–28). To evaluate if 
the high correlation between post-traumatic stress 
symptoms and the climate change anxiety cognitive-
emotional impairment subscale was due to measurement 
overlap (eg, questions referring to nightmares about 
climate change and hurricanes), supplemental analyses 
re-analysed each structural equation model without 
the question, “I have nightmares about climate change.” 
As the pattern of results was identical and the correlations 
were not substantially attenuated, all initial items were 
retained in the structural equation models and the original 
hypothesised models are shown here.

Discussion
Results from a representative sample of US Gulf Coast 
residents repeatedly exposed to acute climate extremes 
show that hurricane-related exposures and perceived 
experience of climate change were associated with 
perform ing more individual-level and collective-level 
climate change actions and reporting more climate 
change action attitudes. Contrastingly, the cognitive-
emotional impairment subscale of climate change 

anxiety was associated with neither performing more 
climate change actions nor with climate change action 
attitudes. Hurricane-related post-traumatic stress 
symptoms, commonly studied in post-disaster 
contexts,6 correlated with lower climate change action 
attitudes and attenuated the relationship between 
the cognitive-emotional impairment subscale and 
general functional impairment. This finding suggests 
addressing disaster-related mental health could be 
crucial to improving functioning and quality of life and 
bolstering psychological resources necessary to sustain 
attitudes that promote decisions to engage in positive 
climate change actions. Moreover, connecting personal 
experiences of climate change and acute climate 
change-related threats (eg, hurricanes) might more 
powerfully encourage climate change action attitudes 
and activities than capitalising on climate change 
anxiety as the primary motivator.

Our work aligns with results from a global survey 
from 24 countries that found personal experience with 
climate change correlated with greater intentions to act 
to mitigate the climate crisis.34 We extend these findings 
by integrating an emerging psychological construct (ie, 
climate change anxiety) as a behavioural correlate. 
Similar to our findings, in a representative sample 
of Mexico residents, a population highly vulnerable to 
climate change-related threats, personal experience 
of extreme weather events correlated with more climate 
change actions (eg, saving water and electricity) beyond 
those types of actions pertinent to that specific threat 
(eg, preparing for a future flood or heatwave).35 We 
replicate and extend these findings, showing that 
hurricane exposure was associated with climate change 

Figure 4: Associations between climate anxiety and climate change action attitudes (n=1431)
Hurricane exposure was assessed at waves 1–3. b=standardised beta coefficient. ε=error. 
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actions beyond those related to hurricane preparation 
and mitigation and with climate change action attitudes 
more broadly.

Generally, our respondents reported low levels 
of climate change anxiety. An online convenience 
sample of UK residents also showed low climate change 
anxiety, despite high climate change concern, which was 
inconsistently associated with climate change actions.36 
We expand such research, showing components 
of climate change anxiety (ie, cognitive-emotional 
impairment compared with perceived experience) 
differentially correlated with climate change actions and 
attitudes in a representative sample repeatedly exposed 
to catastrophic hurricanes: perceived experience, not 
distress, correlated with climate change actions. 
Although previous research suggests that climate 
change anxiety is not uncommon in youth,37 our results 
found relatively low climate change anxiety in 
a representative sample of adults. This finding aligns 
with recent research showing younger individuals tend 
to have higher emotional responses (eg, fear and anxiety) 
to climate change compared with older individuals.38 
This result might also be due to our sample being 
representative of the general population, rather than 
a clinical sample of distressed individuals, and thus 
more generalisable to the population overall.

Many Texas and Florida residents (including those living 
further from the coast) might be insulated from the most 
severe climate change impacts (eg, loss of life and total 
destruction of property) and some might attribute 
increased catastrophic hurricane occurrence to natural 
variability in weather patterns.39 Indeed, the majority 
of our respondents had not experienced any hurricane-
related losses or injuries. Thus, climate change anxiety 
might increase as impacts worsen or attributions shift.39 
For example, Inuit communities in northern Canada and 
family farmers in the Australian wheatbelt, with more 
direct connections to ecosystems and landscapes impacted 
by climate change, tend to report higher climate change 
anxiety.40

After accounting for hurricane-related post-traumatic 
stress symptoms, the cognitive-emotional impairment 
subscale of climate change anxiety was not uniquely 
associated with general functional impairment, one 
hallmark of poor mental health.41 Yet climate change 
consequences (eg, disaster exposure) more broadly 
could threaten mental health through disaster-related 
post-traumatic stress symptoms, global distress, and 
associated general functional impairment.11 Indeed, our 
findings align with those showing exposure to the direct 
impacts of climate change (such as hurricane exposure) 
correlates with more mental health problems and 
general functional impairment.5 Thus, medical 
professionals (eg, psychotherapists and primary care 
service providers) should be aware of the psychological 
risks from exposure to climate change, particularly for 
individuals directly exposed to disasters. For people with 

subclinical symptoms, particularly minor or transient 
symptoms that do not require clinical intervention, 
social engagement that increases meaning, efficacy, and 
social connection could be helpful,14 further motivating 
collective action to reduce climate change impacts. Such 
action might include toolkits, workshops, train-the-
trainer approaches, web-based teaching, enhanced 
clinical assessments and support, and, when necessary, 
individual and group therapy.42 Public health efforts 
should provide these opportunities in lower-resource 
priority populations to promote climate change actions 
and increase health equity.

Community-level approaches to addressing 
the mental health impacts of climate change and 
promoting climate change mitigation and adaption 
behaviour are needed, as individuals experience and 
respond to climate change and related threats in 
the context of their communities and ecosystems.43 Yet 
community-based interventions are complex and often 
ineffective in their implementation,44 highlighting 
an important area for future research. There is some 
evidence that efforts to build social capital and 
community resilience through improving social 
networks and social cohesion could protect mental 
health in post-disaster settings.45 However, in practice, 
interventions aimed at improving social capital have 
produced limited evidence for long-term, sustainable 
efficacy at improving outcomes.46 Behaviour-based 
interventions that leverage social norms and occur at 
key inflection points of change (eg, in the immediate 
aftermath of a climate change-related disaster)44 should 
be promoted as potential areas of interest for future 
research. As supported by preliminary work on 
the salutary effects of environmental activism in youth,18 
such interventions could simultaneously improve 
mental health and encourage behaviours aimed at 
mitigating climate change impacts.

Although validation of the climate change anxiety scale 
was not a primary goal of this project, results from 
the confirmatory factor analysis suggest that although 
the current measure provides useful insights in 
a burgeoning field, rigorous investigations to bolster 
measure development might be of further use. The 
relationship between climate change anxiety and post-
traumatic stress symptoms, for example, should be more 
clearly specified and delineated to minimise 
measurement error and guide future implementation. 
Similar to our findings, initial measure development 
of climate change anxiety also showed distinct factor 
loadings between the climate change anxiety subscales, 
suggesting perceived climate change experience was 
a correlate, rather than a component, of climate change 
anxiety.12 However, other investigations of climate change 
anxiety have yielded results inconsistent with the initial 
measure development, resulting in conceptual and 
statistical critiques.47 Given the importance of climate 
change anxiety for understanding psycho logical and 
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behavioural responses to climate change, rec  -
ommendations include more rigorous investigations 
into how to measure climate change anxiety in a robust, 
consistent capacity, appropriate for diverse populations.47 
We suggest a combination of focus groups with diverse 
samples, cognitive interviews, and psychometric 
evaluations with representative samples.

Study strengths include a prospective design and use 
of a representative, probability-based sample of residents 
at risk for climate change-related threats. We acknowledge 
several limitations. Our primary independent and 
dependent variables were assessed cross-sectionally. 
Although our hypothesised model stated that climate 
change anxiety might be a motivator of climate change-
related attitudes and actions, there are likely to be reciprocal 
effects (eg, having more climate change attitudes increases 
attention to climate change and thus climate change 
anxiety). We did not include risk perceptions or subjective 
attribution of extreme weather to climate change, which 
might correlate with worry and protective behaviours.39 We 
did not conduct preliminary qualitative work with Gulf 
Coast residents before survey administration—
the measures of climate change anxiety were not developed 
specifically for Gulf Coast residents and have not been 
developed nor validated on representative samples 
of adults. Future qualitative work would enhance 
quantitative findings. Neither climate change-related 
media exposure nor future orientation were assessed, but 
might correlate with psychological distress11 and 
engagement in climate change actions.48 A study of French 
youth found that both future orientation and information 
seeking were associated with climate change anxiety and 
climate change actions.49 We assessed exposure to an acute 
threat (ie, catastrophic hurricanes), but chronic threats (eg, 
nuisance flooding) might show divergent associations.

Although income and education were not strong and 
consistent predictors of climate change actions, some 
actions might not be applicable or possible for all 
respondents, owing to financial or practical constraints 
(eg, expense or impracticality in multi-unit dwellings 
of hybrid cars, and donating money). Moreover, 
historically disadvantaged populations look at climate 
change and ways to mitigate it differently or more 
broadly. In a 2020 study, Song and colleagues found that 
minority racial and ethnic groups and groups with lower 
socioeconomic status were more likely to consider 
a broader range of issues such as racism or obesity as 
environmental issues.50 Furthermore, the relationship 
between these key demographics and environmental 
perceptions are mediated by environ mental justice 
perceptions—racism and obesity are environmental 
justice issues. Hence, action on a broader set of issues 
might be seen as acting on environmental problems or 
climate change, which might not currently be captured 
in existing measures of climate change action, potentially 
underestimating individual-level or collective-level 
action. This would be a fruitful area for future research.

Large-scale data on climate change actions and 
attitudes are essential to informing climate change policy 
and encouraging mitigation and adaption behaviour. Our 
findings suggest negative hurricane-related experiences 
and personal experience with climate change are both 
relevant for understanding climate change actions. 
The results suggest that intervention efforts should 
focus on connecting personal experiences with climate 
change with proactive solutions, while seeking to 
mitigate anxiety and related psychological problems 
such as disaster-related post-traumatic stress symptoms. 
Disaster-related psychiatric symptoms might hinder 
productive action; screen-and-treat approaches and other 
relevant psychological first aid strategies51 should be 
implemented accordingly. As the climate change crisis 
escalates and its impacts intensify, future research 
should continue to monitor the effect on climate change 
anxiety, and improve guidelines on its measurement and 
treatment.
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