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Climate change and mental health research methods, gaps, 
and priorities: a scoping review
Alison R Hwong, Margaret Wang, Hammad Khan, D Nyasha Chagwedera, Adrienne Grzenda, Benjamin Doty, Tami Benton, Jonathan Alpert, 
Diana Clarke*, Wilson M Compton*

Research on climate change and mental health is a new but rapidly growing field. To summarise key advances and 
gaps in the current state of climate change and mental health studies, we conducted a scoping review that 
comprehensively examined research methodologies using large-scale datasets. We identified 56 eligible articles 
published in Embase, PubMed, PsycInfo, and Web of Science between Jan 1, 2000, and Aug 9, 2020. The primary data 
collection method used was surveys, which focused on self-reported mental health effects due to acute and subacute 
climate events. Other approaches used administrative health records to study the effect of environmental temperature 
on hospital admissions for mental health conditions, and national vital statistics to assess the relationship between 
environmental temperature and suicide rates with regression analyses. Our work highlights the need to link 
population-based mental health outcome databases to weather data for causal inference. Collaborations between 
mental health providers and data scientists can guide the formation of clinically relevant research questions on 
climate change.

Background
From a methodological standpoint, conducting rigorous 
research on the relationship between climate change and 
mental health is challenging. In The Lancet Countdown 
on Health and Climate Change: from 25 Years of Inaction to 
a Global Transformation for Public Health, the authors 
explain that “a robust methodology for an annual 
indicator [ for mental health] has not been reported, 
reflecting the complexity of the topic and paucity of data 
rather than its lack of importance”.1 Because climate 
change often occurs gradually and on a large scale, and 
mental health changes related to climate change can be 
difficult to detect immediately, finding a meaningful 
relationship between them can be challenging. Research 
on this topic is also challenging due to the complex 
biopsychosocial pathways that contribute to mental 
health. In some cases, mental health effects might be the 
result of events or experiences that have distal root 
causes, such as displacement and poverty, which can be 
triggered or exacerbated by climate events.2

Scientific literature on the associations between climate 
change and mental health is growing, with emerging 
theoretical models, analytical methods, and datasets.3–12 
The use of large-scale datasets to study climate change-
related mental health effects has increased due to the 
need for adequate sample sizes to detect the effect of 
subtle changes in temperature on mental health 
outcomes (eg, mood) at the population level. As these 
approaches become more popular, it is helpful to 
examine the key findings and gaps in the field to inform 
future study. In this Review we summarise large-scale 
research on the effects of climate change on mental 
health to advance our understanding of and preparedness 
for these effects.

Commonly cited explanatory frameworks have pro
posed that climate change has both direct and indirect 
effects on mental health.3,5,6,10,13 Direct effects of climate 
change on mental health generally include stress-related 

and trauma-related sequelae of an acute event, such as a 
hurricane or flood. Indirect effects describe more 
insidious mental health changes related to physical 
health, such as increased ambient temperature; increased 
pollen, dust, or pollution; and community-level effects 
from economic damages, conflict over scarce natural 
resources, displacement, or migration due to loss of 
habitable land. Chronic indirect mental health effects 
also include helplessness, worry, and fear of rapid climate 
change (known as solastalgia, ecoanxiety, or climate 
grief).14,15

Climate change can also act as a threat amplifier by 
magnifying pre-existing economic, racial or ethnic, and 
health disparities by disproportionately affecting vulner
able and marginalised populations who are already at risk 
for psychiatric disorders.16–18 WHO considers climate 
change a social determinant of mental health, which 
reflects the view that risk factors for developing mental 
health disorders are strongly associated with social 
inequities.19 Vulnerable and marginalised populations, 
including people with pre-existing mental illnesses and 
those experiencing homelessness, are expected to be at 
higher risk of climate change-associated mental health 
problems than the general population.17 Therefore, investi
gating health-care disparities, structural inequalities, and 
the effects of public policy is important for research on the 
effect of climate change on mental health.

The effect of a climate change event on mental health 
is associated with: (1) the local cultural, social, economic, 
and developmental context; (2) the spatial distribution of 
the exposure; (3) the type of meteorological event; (4) the 
duration and severity of the event; and (5) the anticipated 
acuity and chronicity of the associated consequences for 
physical health and community wellbeing (contingent 
on 1–4).3,4,6,20 Acute climate change events (eg, hurricanes) 
have a well defined area and duration of exposure, but 
the timeline for the onset and course of subsequent 
mental health effects is less clear. Mental health 
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consequences have been observed for 5 years following 
major floods,21 and some people who lived through 
Hurricane Katrina in 2005 continued to need trauma-
related care more than a decade later.10 Approaches to 
measure the association between chronic climate change 
events (eg, increases in ambient temperature) and 
indirect effects of climate events (eg, anxiety related to 
migration) on mental health are less evident.

Research on the effect of climate change on mental 
health is challenged by the gathering and interpretation 
of highly subjective measures across different cultures 
and income settings.1 Research findings can be difficult 
to interpret or generalise if regions are differentially 
affected by climate change. Although high-income 
countries like the USA have contributed heavily to 
climate change due to greenhouse gas emissions and 
industrial activity, the burden of morbidity and mortality 
because of climate change will largely fall upon low-
income nations around the world.22 This disproportionate 
impact, which is expected to widen the existing disparities 
in resources and living environments, must be accounted 
for in ongoing research questions and methods.

Given these challenges, it is important to examine 
methodologies and gaps in climate change and mental 
health research, which has major potential implications 
for public health and policy change. Identifying the 
limitations of current methodologies could inform the 
development of causal pathway frameworks that can help 
researchers to better understand how and why climate 
change affects mental health. A comprehensive picture 
of approaches to study design, data collection, and 
analytical techniques can guide future work on the direct 
and indirect effects of climate change on psychiatric 
symptoms and service needs.

Aims of this scoping review
In contrast with previous reviews that have described 
evidence of climate change’s effects on mental health,3–13 
this scoping review summarises the research meth
odologies—specifically in studies with large-scale 
samples—used to study climate change and mental 
health. Other reviews have focused on findings (the 
what), whereas this study is interested in the approaches 
(the how) researchers use to ask and answer questions 
about climate change and mental health. We focused on 
large-scale datasets because of their utility for studying 
the chronic effects of climate change in novel ways. 
Climate change often involves gradual alterations in 
temperature and detecting mental health effects in 
response to these subtle changes probably requires large 
sample sizes for sufficient power. Although we recognise 
that important research on climate change and mental 
health is being done without large-scale datasets, we 
wish to highlight these more comprehensive metho
dological approaches.

The availability and use of several large databases is 
new in climate change and mental health research, so a 

detailed examination of this literature can identify key 
advances and knowledge gaps. The intersection of 
population-based databases and meteorological data in 
particular could enable the investigation of longitudinal 
effects of climate change and draw causal inferences 
from the relationship between chronic environmental 
shifts and mental wellbeing. We sought to gather and 
synthesise peer-reviewed, empirical, large-scale studies 
on climate change and mental health to address the 
following three questions: what types of large-scale 
investigations have been conducted on the direct and 
indirect effects of climate change events on mental 
health; what are the strengths and limitations of the 
research methods these studies used, and how have they 
affected the overall body of knowledge to date; and what 
gaps in the literature inform future investigations of 
climate change-associated mental health effects using 
large-scale datasets?

Methods
Methodological overview
A systematic review was initially planned but, given the 
exploratory and broad nature of this field and our aim to 
summarise research approaches, a Scoping Review 
method was selected on the basis of a predetermined 
protocol in accordance with the Preferred Reporting 
Items for Systematic reviews and Meta-Analyses 
(PRISMA) standards for scoping reviews.23 The detailed 
search strategy and PRISMA extension for Scoping 
Reviews is in the appendix (p 1).

Search strategy and selection criteria
Full search strategy and selection criteria are presented in 
the appendix (p 2). We searched PubMed, Embase, 
PsycINFO, and Web of Science for articles published in 
English or translated to English from Jan 1, 2000, to 
Aug 9, 2020 (the date the search was conducted). The start 
year of 2000 was chosen to detect new literature, as the 
majority of studies have been published since this date. 
Search terms, developed with a research librarian to 
capture relevant literature, included “climate change”, 
“global warming”, “extreme weather”, “extreme events”, 
“heat wave”, “heat waves”, “counseling”, “psychotherapy”, 
“bipolar”, “depression”, “anxiety”, “depressive”, “mania”, 
“schizophrenia”, “suicide”, “suicidal”, “PTSD”, “dementia”, 
“homicide”, “violence”, “substance use”, “alcohol”, “mental 
health”, “mental disorders”, and “mental health services”. 
We included terms for violent behaviours and dementia 
because psychiatrists are often involved in evaluating these 
conditions. However, we note that violent behaviours 
should not be equated with mental illness. Although some 
psychiatric conditions, if untreated, might increase the 
risk of aggressive behaviours, people with mental illness 
are more likely to be victims of violence and crime than the 
general population and not more likely to be perpetrators.24

MW and HK independently examined the titles and 
abstracts of articles resulting from these searches, plus 

See Online for appendix
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relevant references cited in these articles, with any 
disagreements resolved by ARH. We excluded articles that 
met the following criteria: did not concern human health; 
did not focus specifically on mental health as a main 
outcome measure; did not collect and analyse primary or 
secondary data; did not feature a climate change variable as 
a primary predictor and a mental health variable as a 
primary outcome; were policy briefs, systematic reviews, 
commentaries, or clinical reviews without a substantial 
focus on data analysis (although these were consulted for 
background information); or were in non-peer-reviewed 
publications. Abstracts were excluded as they did not 
contain sufficiently detailed descriptions of methods. 
Because our focus was on large-scale datasets, we restricted 
studies to those with more than 500 participants. This 
cutoff was chosen for three main reasons: large samples 
yield estimates of effects with high precision and provide 
the power to detect small effects (such as in climate change 
studies);25 a sample size of 500 was considered to be the 
lower end of what would allow analysis of subgroups;26 and 
requiring at least 500 participants would reduce the 
number of survey studies that were extremely specific in 
scope (eg, one town) that did not necessarily generalise 
well or capture larger-scale trends. If articles used the 
same dataset in multiple papers, we included the most 
comprehensive of the articles that met these criteria.

Data were extracted independently by two reviewers 
(any of MW, HK, ARH, or DNC) in a standardised 
spreadsheet. Extracted information consisted of: overall 
study design; data source; research question; type of 
climate event and mental health outcome addressed; 
sample size, characteristics, and setting; analytical 
methods; results; and strengths and limitations of the 
study. We compared our findings, and incongruencies 
were discussed or resolved with a third reviewer. The 
Newcastle Ottawa Assessment Scale was used 
independently by two reviewers (any of MW, HK, ARH, 
or DNC) to rate quality of the studies; findings were 
compared for consistency, with a third reviewer available 
to discuss or resolve differences.27

Results
The initial search yielded 1498 documents, of which 
430 were duplicates, leaving 1068 documents that were 
screened for relevance (figure). Of these, 695 were 
excluded, resulting in 373 being considered for a full-text 
review. From these, 317 were excluded due to not meeting 
methodological criteria, being the wrong publication 
type, having wrong exposure or outcome, not having a 
big enough sample, or using a repeat dataset. The 
remaining 56 articles were included in the final synthesis 
(table 1; appendix p 4).

Sample size, participant characteristics, and setting
There were 18 individual countries represented, with 
28 (50%) of 56 studies coming from the USA20,28–43 and 
Australia.44–54 11 (20%) studies came from China,55–58 the 

UK,59–62 and Canada.63–65 Two (4%) studies focused on 
Europe66 and all world countries.67

Across studies, two (4%) focused on children and 
adolescents,35,55 and one (2%) on people older than 
60 years.28 Sample sizes for individuals ranged from 
57134 to 4 120 514 individuals (over a 10-year period).43 
Other samples included aggregate census tracts,40 a city,20 
and tweets.41,42

Research questions addressed in the articles
51 (91%) of the 56 articles focused on the direct effects 
of climate change on mental health (with some articles 
addressing both direct and indirect effects). In 25 (45%) 
studies, direct effects included self-reported general 
psychological distress, anxiety, depression, and post-
traumatic stress disorder (PTSD) symptoms following a 
natural disaster.19,26–28,30–32,35,38,40,42,44–48,50,55,57–59,61,68–70 16 (29%) 
studies examined hospital admissions for mental 
health conditions in the setting of increasing 
temperatures and during heat waves.36–38,43,52,56–58,64,65,71–76 
17 (30%) studies analysed changes in rates of suicide, 
accidental overdose, or mortality among individuals 
with pre-existing mental illnesses, as associated with 
temperature and other weather variables such as 
humidity, precipitation, and wind.39,41,43,54,61–63,66–70,77–81

Figure: PRISMA flow chart for scoping review on climate change and mental health research methods and gaps
PRISMA=Preferred Reporting Items for Systematic reviews and Meta-Analyses.

1447 records identified through database searching 51 records identified through other sources

1498 records identified

1068 records screened by title and abstract

695 records excluded on the basis of title and
abstract
157 non-human studies 

53 wrong publication type 
277 no mental health outcome

81 not climate-change related 
26 irrelevant topic

101 not quantitative

373 full-text articles assessed for eligibility

56 studies included in final synthesis

317 full-text articles excluded 
110 methods did not meet criteria

81 wrong publication type 
72 wrong exposure or outcome
51 sample size too small

3 repeat dataset

430 duplicates removed
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Six (11%) articles examined indirect effects of climate 
change on mental health. These effects included 
perceptions of global warming and associated dysphoria, 
community-level migration, and the relationship 
between economic hardship due to drought and suicide 
rates.44,47,51,66,70,82

Overall study design and data collection methodology
The 56 articles used four primary data collection methods 
for measuring mental health outcomes (with some 
studies using multiple methods): 23 (41%) studies used 
surveys,20,28–35,43–51,55,59,60,82,83 17 (30%) used electronic health 
records and administrative claims,36–38,43,52,53,56–58,63–65,71–75 

17 (30%) used national public health data,39–41,43,54,61,62,66–70,77–81 
and two (4%) used social media data.41,42

Among studies using survey data, two methodologies 
were used: original survey data, which typically collected 
responses of individuals affected by an extreme weather 
event, and secondary data analyses of population-based 
surveys. The original survey studies captured responses 
soon after the weather event, such as immediately 
following a hurricane, and reflected acute effects on 
mental health.28–31,34,35,49,55,82,83 In some cases, multiple 
follow-up surveys were conducted using a cohort panel, 
such as 8 and 20 months after Hurricane Katrina, to 
detect changes in trauma-related symptoms over time.31

Secondary data analysis studies analysed responses 
from publicly available population-based panel surveys or 
shorter-term longitudinal cohort surveys.20,32,33,43–48,50,51,59,60 
Panel surveys included the US Behavioral Risk Factor 

N (%)

Data source

Survey 23 (41%)

Electronic health records and administrative claims data 17 (30%)

National and local public health data 17 (30%)

Social media data 2 (4%)

Population

Adults 18 (32%)

Children 2 (4%)

Both 36 (64%)

Generalisability

Convenience sample 5 (9%)

Probability-based sample 17 (30%)

Hospital-based sample or catchment area 17 (30%)

Whole population 15 (27%)

Outcome variable

General psychological distress, depressive, anxiety or 
trauma symptoms

25 (41%)

Utilisation (emergency care visits, admissions) of 
MH resources

19 (34%)

Premature mortality (eg, suicide, overdose) 17 (30%)

Violence rates 3 (5%)

Moderator analysis

Individual-level demographics (eg, age, sex, or 
socioeconomic status)

56 (100%)

Additional individual-level variables (eg, economic 
hardship or coping skills)

14 (25%)

Community-level variables (eg, unemployment rates, gun 
control policy, or availability of psychotropics)

5 (9%)

Symptom or diagnosis type

General psychological distress, well-being, mental health 
difficulties, dysphoria

17 (30%)

Anxiety 15 (27%)

Depression 19 (34%)

PTSD 14 (25%)

Bipolar disorder and mania 10 (18%)

Psychosis 9 (16%)

Dementia 7 (13%)

Substance use 10 (18%)

Suicidal thoughts and behaviours 7 (13%)

Death by suicide 14 (25%)

(Table 1 continues in next column)

N (%)

(Continued from previous column)

Exposure type

Acute (eg, hurricanes or floods) 17 (30%)

Subacute (eg, drought) 8 (14%)

Chronic (eg, changes in ambient temperature) 32 (57%)

Timeframe of outcomes evaluated

Short term (<1 year post-exposure) 33 (59%)

Medium term (1–5 years post-exposure) 3 (5%)

Long term (>5 years) or ongoing exposure 21 (38%)

Location

North America 20 (36%)

Australasia 13 (23%)

Europe 11 (20%)

East Asia, south Asia, or southeast Asia 11 (20%)

All countries 1 (2%)

Study setting

Urban 11 (20%)

Rural 5 (9%)

Both 40 (71%)

Study type

Cross-sectional 13 (23%)

Retrospective 37 (66%)

Case-control or case-crossover 4 (7%)

Prospective 2 (4%)

Analysis type

Descriptive analysis 2 (4%)

Standard inferential analysis (eg, t tests, χ² tests, bivariate 
and multivariate regression, proportional hazards)

46 (82%)

Additional techniques (eg, distributed lag models, 
advanced sentiment analysis, Monte Carlo simulations, 
difference-in-differences, Bayesian modelling, spatial 
analysis, principal components analysis)

12 (21%)

Predictive (eg, forecasting) 1 (2%)

Some studies used more than one method, so columns may sum to more 
than 100%. PTSD=Post-traumatic stress disorder.

Table 1: Summary of scoping review results
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Surveillance System,20,43 the Household, Income, and 
Labour Dynamics in Australia Survey,48 and England’s 
Adult Psychiatric Morbidity Survey.59 Shorter-term 
longitudinal cohort studies using survey data were the 
Australian Rural Mental Health Study, and the 45 and Up 
cohort study of residents in New South Wales, Australia.44,46 
These survey methods used stratified random sampling 
within a subset of the population, such as among rural 
residents or adults older than 45 years.

Studies that used electronic health records or 
administrative claims to identify mental health outcomes 
are grouped together methodologically because some 
countries have single payer systems with linked 
databases.36–38,43,52,53,56–58,63–65,71–75 Studies that gathered data 
from national or local public health sources included 
vital statistics, crime reports, and World Bank 
indicators.39,40,41,54,61,62,66–70,77–81 The two papers using social 
media data both analysed Twitter content.41,42

Study types included cross-sectional (13 [23%] 
of 56 studies),28–30,34,42,48–50,55,59,63,82,83 retrospective 
(37 [66%]),20,32,35–41,43,44,46,51–54,56,58,60–62,64–68,70–73,75,77–81 case-control 
or case-crossover (four [7%]),45,47,57,69 and prospective 
(two [4%])31,33 approaches. Longitudinal studies analysed 
time periods of up to 257 years.78 Overall, 20 (36%) 
articles were rated as high quality, 24 (43%) as medium 
quality, and 12 (21%) as low quality. Issues that stood 
out in low quality studies included potential repre
sentativeness or selection bias (eg, non-probability 
sampling), ascertainment bias (eg, self-reported 
diagnosis, unclear proximity to climate event), and 
absence of comparability (eg, no pre-exposure 
comparison).

Climate event exposure
The most common climate variable investigated, in 
33 (59%) of 56 studies, was change in ambient 
temperature (minimum, mean, and maximum, or most 
frequently by month).19,29,34,36,37,39,41,43,49,51–56,59,60,62–66,68,71–76,79–81 

17 (30%) studies examined mental health following acute 
events such as hurricanes,20,28–31,33,42 floods,51,55,59,60,63 
typhoons,82 dust storms,79 and heat waves.52,57,61 Eight (14%) 
studies investigated subacute events, including drought 
and the associated effects on farming productivity.44,45,47–51,54 
Four (7%) other studies considered long-term changes in 
humidity, precipitation, hours of sunshine, wind, air 
pollution, and noise pollution.20,32,35,46 In addition, one (2%) 
study assessed perceived changes in the environment.34

Mental health outcomes
In surveys, mental health was measured through self-
reported ratings for: general psychological distress; 
symptoms of depression, anxiety, and PTSD; resilience; 
and ability to adapt. The most common instruments 
(reported in seven [13%] of 56 articles) used to screen for 
mental health disorders were the Patient Health 
Questionnaire (either PHQ-2 or PHQ-9) for depression, 
General Anxiety Disorder Scale (either GAD-2 or GAD-7) 

for anxiety, or the Posttraumatic Stress Disorder 
Checklist for PTSD.29,30,33,34,59,60,82 The most common 
instrument for measuring general distress, reported in 
seven (13%) studies, was the Kessler Psychological 
Distress Scale (either K10 or the briefer K2 and K6 
versions), a measure of non-specific psychological 
distress often used in acute trauma studies.31,44–46,48,49,84 The 
Structured Clinical Interview for Diagnostic and 
Statistical Manual of Mental Disorders was also used for 
psychometric ratings that corresponded to diagnostic 
criteria (two [4%] studies).28,31 Two (4%) studies collected 
self-reported measures of mental health service use.45,46 
One (2%) study asked parents to rate their children’s 
behaviour to detect changes in externalising behaviours,35 
whereas another study (2%) assessed resilience and 
coping skills using validated scales.29

Administrative data sources (17 [30%] studies) were 
used to identify emergency room visits or inpatient 
hospital admissions for dementia, depression, mania, 
bipolar disorder, schizophrenia, inflicted injury or 
homicide, self-harm, substance use, and suicidal thoughts 
and behaviours.36–38,43,52,53,56–58,64,65,71–76 Primary diagnosis was 
identified using International Classification of Diseases 
codes.85 One (2%) study used administrative records to 
examine referrals to mental health services following 
floods and fires.63

The mental health outcomes in public health data 
included suicide rates (13 [23%] studies),41,43,54,61,67,67–70,77–81 fatal 
accidental drug overdoses (one [2%]),39 and World Bank or 
local police reports to measure violence and crime (two 
[4%]).40,66 One (2%) study also evaluated changes in 
mortality rates for people with diagnoses of psychosis, 
dementia, and substance use disorders.62 Social media 
data (two [4%]) was analysed for emotional content, such 
as sadness, disgust, or fear expressed in Twitter feeds.41,42

Although this scoping review focused on methods, we 
describe the overall findings along with key points. Due 
to the heterogeneity of analytical methods, geographical 
regions, time periods, exposures, and outcomes, we did 
not conduct a meta-analysis of results. Survey-based 
studies largely found increased distress, anxiety, and 
depressive symptoms following acute and subacute 
climate events. Several studies also examined the 
duration of symptoms: Kessler and colleagues31 reported 
ongoing high prevalence of widespread hurricane-
related mental illness nearly 2 years after Hurricane 
Katrina, and Mulchandani and colleagues60 identified 
continued elevated rates of psychiatric morbidity in 
individuals 3 years after experiencing a flooding event 
compared with a control group, despite an overall 
reduction in symptoms. A few studies also highlighted 
protective factors, such as resilience and coping skills for 
attenuating the effects of a hurricane on depressive 
symptoms,29 and living in a neighbourhood with a high 
amount of green space diminished the association 
between increasing temperatures and aggression in 
children and adolescents.35
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Most studies of emergency care and hospital 
admissions for mental health conditions found increased 
admission rates during periods of elevated temperatures 
(especially during heat waves), adjusting for season and 
historical temperatures. Most studies on death by suicide 
found increased suicide rates were associated with rising 
temperatures. Carleton70 suggested economic hardship 
as a potential mechanism for the temperature–death by 
suicide relationship; across 47 years of death by suicide 
records and climate data in India, suicide rates increased 
with high temperatures only during the growing season, 
when heat also reduced crop yields. Helama and 
colleagues78 identified an increase in rates of death by 
suicide associated with rising temperature in Finland 
over 100 years, until the launch of a nationwide suicide 
prevention programme, which led to a decline in suicide 
rates despite ongoing warming temperatures.

By analysing over 6 million tweets from US metro
politan areas to detect depressive language, Burke and 
colleagues41 found that each additional 1° Celsius increase 
in temperature increased the likelihood that a tweet had 
depressive content. Gruebner and colleagues42 also 
analysed tweets in the 11 days before and after Hurricane 
Sandy, identifying sadness as the most prominent 
emotion after the disaster.

Discussion
This scoping review highlights the strengths and 
weaknesses of existing approaches to researching the 
effects of climate change on mental health. The studies 
mainly come from high-income countries, particularly 
the USA and Australia, where effects might not be 
generalisable to low-income and middle-income settings. 
There were no studies from South American or African 

countries (other than one article on all world countries). 
The inherent characteristics of the methods used (largely 
retrospective, or observational) limit the ability of these 
studies to make definitive causal claims about the 
relationship between climate change and mental health 
outcomes.

The primary mental health outcomes studied were 
psychological distress in surveys, emergency room and 
hospital admissions for a psychiatric disorder in 
administrative records, and death by suicide in public 
health data. Whereas nearly a quarter of papers focused 
on death by suicide, few examined the association of 
suicidal thoughts and behaviours or changes in substance 
use with climate events. Additionally, measures of 
positive aspects of the relationship between climate 
change and mental health were rarely included. This 
finding could, however, be reflective of the search terms 
that focused on psychiatric diagnoses and symptoms. 
Search terms such as altruism, post-traumatic growth, 
and sense of meaning might contribute to a richer 
understanding of how climate change can yield protective 
factors for mental health or increase resilience.

Data collection methods: strengths and weaknesses
Strengths and weaknesses of the four major data collection 
methods (surveys, administrative records, public health 
data, and social media) are summarised (table 2). Most 
original surveys were cross-sectional and therefore 
captured only immediate mental health effects following 
an extreme weather event. Panel surveys were population 
based, rigorously monitored and organised, and publicly 
available, but were not necessarily linked to specific 
climate events. National public health survey data might 
not include the interview date and often purposefully de-

Research aims Strengths Limitations

Original survey To identify self-reported mental health effects 
associated with acute and subacute climate 
events

Captures mental health effects of acute climate events; 
can tailor to specific locations, climate events, and 
outcome variables; can use probability sampling

Poor generalisability for non-probability samples; usually small 
sample sizes; expensive and burdensome to implement; often 
cross-sectional and without longitudinal data; self-reporting is 
subject to bias; variability in depth of analysis based on data or 
as conducted by authors

Panel survey 
(secondary data)

To examine the longitudinal (or over a broad 
geographical region) relationship between 
climate events and self-reported mental health 
outcomes

Population-based; rigorously monitored and 
organised; publicly available

Not necessarily linked to specific climate events; data often 
purposefully deidentifies the location of the respondent

Administrative 
records (electronic 
health and claims 
data)

To evaluate changes in mental health service 
use that is associated with climate events

Large sample sizes available; longitudinal data 
available; diagnostic information based on clinical 
evaluation; can link encounter date to climate event 
timing

Records might contain incomplete information; only captures 
service users; inpatient admissions might vary according to 
extrinsic factors (eg, insurance, bed availability); cannot reliably 
measure treatment outcomes or psychosocial factors

Public health data To examine changes in morbidity and 
mortality data (eg, rates of death by suicide) 
associated with climate events

Large sample sizes; longitudinal data available (several 
decades or more); publicly available; whole population 
data; useful for studying rare events like suicide

Difficult to link climate event timing and mental health 
outcome together; deidentified data might mean that spatial 
analysis is not possible; low granularity in location, timing, and 
specifics of outcome; potential miscategorisation of suicide and 
overdoses

Social media data To evaluate a new data type reflecting the 
emotions or sentiments associated with 
climate events

Large sample sizes available; allows for detection of 
subclinical presentations or features; could help to 
identify and characterise climate-related emergent 
properties of mental health problems

Select subset of population uses social media; requires 
advanced analytical techniques; it is unclear how content aligns 
with psychiatric symptoms or clinical presentations

Table 2: Scoping review findings: research aims, strengths, and limitations
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identifies the location of respondent, precluding their use 
for short-term exposure analysis. There are some notable 
exceptions, such as Obradovich and colleagues’ study,20 
which mapped national weather data onto Behavioral Risk 
Factor Surveillance System responses to examine the 
associations between mental health difficulties and 30-day 
meteorological exposure, multiyear warming, and acute 
exposure to natural disasters.

Using clinical records (electronic health records or 
claims data) has the advantage of capturing large numbers 
of people in a catchment area, which allows researchers to 
focus on areas with climate events. These data contain 
clinically validated psychiatric diagnoses and can be 
analysed longitudinally. In many cases, hospital admission 
or emergency room visit data can be indexed by exact date, 
allowing precision in ascertaining the timing of exposures 
and outcomes. However, clinical records have notable 
limitations in reliably capturing the severity of illness and 
treatment outcomes, and lifestyle behaviours and 
psychosocial factors.86,87 Finally, these data might not 
reflect subclinical symptoms and could exclude people 
who are less connected to health-care services.

National or global public health datasets provide 
publicly available, whole population statistics that allow 
researchers to compare countries, such as Fountoulakis 
and colleagues’67 study of the rates of death by suicide 
across Europe and their association with temperature 
change. This scale of data is useful for rare events like 
suicide that might require large sample sizes to reliably 
detect trends. However, miscategorisation is common for 
death by suicide and fatal drug overdoses due to 
variability in how deaths due to suicide are reported and 
tracked across time and country. Quality of suicide data 
can vary by region and can lack the granularity to 
geographically locate the site of death and the changing 
climate variables. Thus, causal attribution of climate 
change on these outcomes might not be supported.

Social media data are free, not limited to patients with 
known mental health conditions, and reflect a more 
general sample of the population than electronic health 
records.88 Analytical techniques can detect themed content, 
such as sad, hopeless, or despairing emotions around a 
climate event—a data type that is not otherwise represented 
in traditional sources. Yet geolocation data are rarely 
available, and how distress measured via social media 
corresponds to other metrics of mental health is not clear. 
Additionally, the population using social media is not fully 
representative of the general public; for example, 44% of 
individuals aged 18–24 years in the USA use Twitter 
compared with 7% of adults aged 65 years and older.89

Key gaps and future directions
This scoping review of climate change–mental health 
research methodology underscores the need for future 
studies to focus more on databases (both nascent and 
established) available for researchers and on developing 
analytical methods that can help to establish a causal link 

between changing climate patterns and mental health 
symptoms (panel). Most previous quantitative studies 
have relied on surveys, often conducted immediately 
following an extreme weather event. Additional secondary 
data analyses matched with localised weather data will be 
important for obtaining valid causal inferences. National 
health survey agencies will need to increase researcher 
access to data variables that are often scrambled for 
deidentification purposes, thereby losing key time and 
place variables. Specifically, linking residential location, 
clinical mental health outcomes, and climate data with 
granular date information will be crucial for moving the 
field forward.

Across the literature, there was no consensus approach 
on how to measure the mental health effects of climate 
change, with measured outcomes ranging from 
psychological distress to suicide. Consistent, robust 
measures across studies with common terminology and 
metrics for climate and mental health outcomes will 
allow for meaningful summaries and meta-analyses.

The US National Institute of Mental Health Research 
Domain Criteria (RDoC) could offer a template for 
assessing psychological and biological dysfunction in the 
setting of climate change, particularly given that physical 

Panel: Climate change and mental health research 
methods: crucial findings

Gaps
•	 Varying definitions, study design, data collection 

methods, and analytical approaches shaped the research 
questions and findings around climate change and 
mental health; results should be considered preliminary 
due to the heterogeneity of methods

•	 Few studies examined indirect effects of climate change 
on mental health and associated disparities, particularly 
for individuals with pre-existing mental illness

•	 Little work has assessed the effect of climate change on 
paediatric mental health outcomes or on substance 
use-related outcomes

•	 Studies have focused largely on individual mental health 
effects rather than community-level effects

Future directions
•	 There is a need for consistent, robust measures of climate 

events, geographical units of analysis, and mental health 
outcomes across studies

•	 More work is needed to evaluate amplifier effects of climate 
change on mental health contributing to disparities

•	 Future research is needed to understand how climate 
change could affect developmental trajectories and 
related mental health outcomes

•	 Further studies of climate change and community-level 
mental health outcomes can inform the development of 
public mental health interventions, systems planning, 
and policy
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and mental health response systems are so prominently 
linked in response to extreme weather.90 RDoC offers a 
framework for investigating mental disorders that 
integrates dimensions of functioning, from genomics to 
behaviour. This framework could provide a useful 
foundation for further refining the conceptual model of 
climate change’s effects on mental health and building a 
climate change–mental health behavioural assessment 
method across domains.

This scoping review also revealed few studies addressing 
public mental health interventions for climate change. 
Population-level approaches are needed to understand 
factors such as public policy response (eg, increased or 
decreased funding for mental health services and how 
this affects outcomes following a weather event); 
epidemiological surveillance and monitoring following 
weather events (eg, tracking mental health outpatient and 
crisis services utilisation); community-based preparation 
and response efforts; and mental health training for 
health-care providers and first responders. This systems 
perspective can better account for the widespread effects 
of climate change across the numerous sectors (eg, 
environmental, social, or economic) involved in the 
development, exacerbation, and management of mental 
health problems.91

Future research is also needed to understand the unequal 
effects of climate change on the mental health of vulnerable 
and marginalised groups to inform better prevention, 
planning, response, and adaptation tools and efforts. A 
health equity perspective must be prioritised to address the 
interactions between climate change and other social and 
environmental determinants of health.10 There is a need to 
better understand how climate events affect people with 
pre-existing mental health conditions or those who are 
predisposed to mental health conditions, the very popu
lations seen in and around the margins of psychiatric 
services. Even though the detrimental effects of climate 
change are expected to fall heavily on low-income and 
middle-income countries, most studies are conducted by 
researchers from and focus on higher income countries. 
This major gap in knowledge and expertise will need to be 
addressed through cross-national partnerships and must 
be supported by global organisations.

Furthermore, studying epigenetic phenomena around 
weather events and development will be crucial for 
understanding the long-term mental health conse
quences of climate change. For example, there is an 
emerging body of work on the effects of extreme heat on 
perinatal health for both mothers and infants.92 Further 
studies on the subsequent developmental trajectories 
and psychiatric outcomes would require longitudinal 
data that follows offspring over many years.

More than half of the studies were not designed or 
conducted by mental health researchers or published in 
mental health journals, which might point to a gap 
between research on climate change and meaningful 
clinical applications. Mental health researchers can play 

a key role in leading or collaborating on research that 
focuses on climate change and mental health, including 
helping to select rigorous and appropriate research 
methodologies that can effectively respond to clinically 
relevant hypotheses. A robust assessment of mental 
health symptoms and classification of subclinical and 
clinical outcomes with appropriate comparison pop
ulations can improve the quality of future studies. To 
prepare the next generation of mental health researchers, 
residencies and fellowships must mentor trainees to 
study climate change and psychiatric outcomes.

Limitations
Despite the rigorous screening and selection process, 
this scoping review might not have captured every 
eligible paper given the broad interdisciplinary field 
covered. The searched databases were largely health and 
medical related, although relevant papers were also 
found in economics and environmental science journals. 
We focused on publications in peer-reviewed journals 
and not grey literature, which could have omitted some 
meaningful publications. Because this review limited 
criteria to large-scale datasets, the final set of studies 
over-represents countries with well established health-
care database systems. Furthermore, the language and 
publication date restrictions mean that this review might 
not encompass the full global body of published large-
scale data analyses on climate change and mental health. 
The search terms focused heavily on diagnoses and 
symptoms relevant to psychiatric care, which might have 
missed work on more holistic definitions of psychological 
wellbeing. Finally, although this scoping review focused 
on large-scale data, examining qualitative and small-scale 
quantitative methodologies would also be a worthwhile 
endeavour for understanding the scope of research 
approaches.

Conclusion
The future of research on the effect of climate change on 
mental health is vast, with the need to develop more 
nuanced and replicable methodologies and understand 
the risk of developing mental illness due to both acute 
and chronic climate change. Without a clear under
standing of the research approaches used to clarify the 
relationship between climate change and mental health, 
it is difficult to effectively prevent, prepare for, and 
respond to the mental health needs that arise due to 
climate events. Insufficient understanding of the 
problem could lead to long-term unmet needs in physical 
functioning, mental health functioning, educational 
attainment, and economic productivity. The relationship 
between climate change and mental health therefore 
must be designated as a priority for research and public 
health attention, and mental health researchers must be 
prepared to help guide this work.
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