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Abstract

There is increasing awareness of the effects of climate change on mental health, but more work
on understanding risk and protective factors is needed. The 2021 California Health Interview
Survey included new questions about exposure to extreme weather events and mental health
responses. This study aims to identify how individual factors and neighborhood social cohesion
are associated with negative mental health effects of exposure to extreme weather events. In this
cross-sectional, representative study, we used data from the 2021 California Health Interview
Survey to analyze the association between respondent characteristics and negative mental health
effects following exposure to extreme weather events. Univariate and multivariate logistic
regression models were used, adjusting for individual-level sociodemographics and measures of
neighborhood social cohesion. We found that 53% of the sample was affected by climate events
(n=12,955), and of these, 22.8% (n = 2,955) reported a negative impact on their mental health.
Respondents who were younger, White, female, college-educated, or living in a rural area were
more likely to report adverse mental health effects of climate events for themselves or household
members. Individuals who had experienced property damage were much more likely to report
negative mental health effects due to climate events [property damage adjusted OR 3.73, 95% CI
2.82-3.76]. This study identifies subgroups that may have higher vulnerability to the mental
health effects of climate change events. Future research is needed to develop targeted prevention
and outreach interventions these subgroups to build individual- and community-level resilience.
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Introduction

Climate change is the defining public health crisis of the 21st century, with both direct and
indirect effects on mental health [1]. Directly experiencing extreme weather events (e.g.,
hurricanes, wildfires, and floods) has been linked to elevated levels of anxiety, depression, and
post-traumatic stress disorder [2]. Chronic climate change events, such as sea level rise and
drought, have also been associated with an increase in mental health issues, from psychological

distress to suicide risk [2,3]. Climate change also has indirect effects on mental health by leading

to threats to one’s livelihood, such as economic loss, displacement, and migration, which can

have profound consequences for mental well-being [4,5].

In addition, there is an increasing understanding of the mental health effects of climate
change from a health equity lens. Climate change amplifies existing disparities in access to
healthcare along racial, ethnic, gender, and socioeconomic lines, with low-income and
racially/ethnically minoritized groups at the greatest risk of health harms from climate change
despite typically contributing the least to greenhouse gas emissions [6,7]. Children and
adolescents also appear to experience a disproportionate burden of mental health consequences,
reporting increased levels of anxiety and depression from the existential threat of climate change
compared to adults [8]. In a large 2021 survey of youth across ten different countries, 59% of
respondents said that they were either very or extremely worried about climate change and
experienced feelings of betrayal due to inadequate government response [9].

However, many questions remain unanswered regarding individual and community factors
affecting climate change-related mental health outcomes. Previous survey studies on climate

change and mental health have either focused on a single acute climate disaster, such as
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Hurricane Katrina [10,11], or required linking meteorological and behavioral health datasets
[12—-14) and inferring causal effects. The focus on an isolated climate disaster can address mental
health responses to a specific localized weather event, and data linkages can reveal important

timescale and geolocated effects. However, these studies often do not capture how respondents

are personally affected by climate events, such as experiencing damage to one’s home. In

addition, the emphasis on an acute climate disaster does not reflect how mental health is affected
by chronic climate change, which is characterized by gradual change with multiple events and
fluctuations in severity over time [11,15]. Finally, less attention has been paid to the impact of

climate change on mental health in the setting of community factors, such as social cohesion and

trust in one’s community, which may serve as buffers to distress and represent opportunities to

support collective psychosocial resilience [16].

To address these gaps, we utilized data from the California Health Interview Survey (CHIS),
a state-level survey with over 24,000 respondents [17]. We examined a new set of questions
included in the 2021 CHIS, which asked respondents whether they had experienced extreme
weather events and whether their mental health or the mental health of household members had
been adversely affected by these events. To our knowledge, this is the first state-wide panel
survey that directly asks about climate change-related mental health effects, providing normative
state-wide data on climate-related distress levels from a large, diverse sample of respondents. In
addition, this survey is notable for capturing data from a state that has shouldered a significant
burden of climate events, including wildfires and floods, in recent years, particularly 2020 and
2021 [18,19], roughly the past two years that the survey assessed. This analysis aims to address

previous gaps in the literature on mental health effects of climate change by incorporating CHIS-
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specific data on risk factors, such as property damage, and on protective factors, such as social

cohesion, into modelling the effects of climate change on mental health.

Materials and Methods

Data and Study Population

This was a cross-sectional analysis of data from the 2021 California Health Interview Survey, or

CHIS [https://healthpolicy.ucla.edu/chis/Pages/default.aspx]. CHIS, the country’s largest state

health survey, used multistage geographic stratification and random-digit dialing via landline and
cell phone to interview California households in English, Spanish, Mandarin, Cantonese, Korean,
Vietnamese, and Tagalog [17]. Data collection began March 18, 2021 and ended December 31,
2021. Participants ages 18 and older were included in this study. The 2021 data contained new
questions on exposure to extreme weather events and the impact of these events on mental

health. All measures were self-reported except where explicitly noted.

Ethics Statement: This study did not required Institutional Review Board approval at the
University of California, San Francisco because it used de-identified data, which does not meet

the definition of human subjects research.

Measures

For the main analysis, the primary outcome was the negative effect of climate change on mental

health, which was measured in a two-part question (see Appendix for details). Respondents were

asked, “The next set of questions are about potentially hazardous weather-related events that are
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increasing in California, including extreme heat waves, flooding, wildfires, smoke from
wildfires, and the public safety power shutoffs of electricity to prevent a wildfire. In the past two

years, have you or members of your household personally experienced any of these events?”

Respondents who marked yes were then asked, “Was your mental health (or the mental health of

members of your household) harmed by any of these events?”.

Covariates

We evaluated the association between the adverse effects of climate change events on mental
health and predictor variables of age (ages 18 - 29, 30 - 39, 40 - 49, 50 - 64, older than 65), sex
(male, female), marital status (married, never married, other/separated/divorced/living with
partner), race/ethnicity (African American Non-Hispanic, American Indian/Alaskan Native NH,
Asian NH, White NH, Hispanic, Other), proficiency in English (speak only English, not well/not
at all, very well/well), education level (college degree or above, some college, high school
education, < high school education), percent of federal poverty level (300% FPL or above, 200 -
299% FPL, 100 - 199% FPL, 0-99% FPL), urbanicity (urban, suburban, mixed, rural), damage to
property (no, yes), current housing situation (very unstable, fairly unstable, somewhat unstable,
fairly stable, very stable), trust in neighbors (strongly disagree, disagree, agree, strongly agree),
feeling safe in neighborhood (all the time, most of the time, some of the time, none of the time),
willingness to help neighbors (strongly disagree, disagree, agree, strongly agree), and
volunteered in the past 12 months (no, yes). These predictor variables were also used as
covariates in the multivariate regression models and were selected based on prior literature

suggesting that they may mediate the association between climate change and mental health.
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Statistical Analyses

We used univariate logistic regression models to evaluate the odds of answering “YES” to the

question “Was your mental health (or the mental health of members of your household) harmed

by any of these [extreme weather] events?” based on individual-level factors. We then used
multivariate logistic regression models to assess the impact of climate events on mental health,
adjusting for covariates (age, sex, race/ethnicity, marital status, English proficiency, education,
poverty level, current housing situation, urbanicity, trust in neighbors, feeling safe in
neighborhood, willingness to help neighbors, and volunteered in the past 12 months). All
analyses incorporated survey weights supplied by CHIS to account for the sampling design and
generate accurate variance estimates [20]. Two-sided p <0.05 was considered statistically

significant. All analyses were performed using R 4.2.2.

Results

This study included 24,453 respondents. Of these, 11,498 (47.0%) said they were not affected by
climate events and were thus removed from the subsequent analyses. Of the remaining 12,955
respondents (53.0%), 2,955 (22.8%) reported that their mental health was harmed by climate
events. These respondents were more likely to be younger, White, female, college-educated,

proficient in English, and residing in rural areas (see Table 1).

Table 1 - Characteristics of respondents to the question, “Was your mental health (or the mental
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health of members of your household) harmed by any of these [extreme weather] events?”

Source: CHIS 2021

NO
(N=10000)

YES
(N=2955)

Age

18-29 Years

30-39 Years

40-49 Years

50-64 Years

65 or older

Ethnicity

White, non-Hispanic

African American, non-Hispanic
American Indian/Alaskan Native, non-Hispanic
Asian, non-Hispanic

Hispanic, non-Hispanic

Other

Sex

Male

Female

Marital Status

Never Married

Married

Other/Sep/Div/Living W/Partner
English Proficiency

Not Well/Not At All

Very Well/Well

865 (69.9%)
1275 (67.5%)
1449 (73.0%)
3323 (78.8%)
3088 (85.2%)

5863 (74.7%)
339 (86.7%)
73 (73%)
1405 (85.7%)
1876 (79.6%)
444 (71.8%)

4520 (81.4%)
5478 (74.0%)

1930 (73.2%)
5102 (80.1%)
2968 (75.1%)

236 (87.4%)
2336 (81.3%)

372 (30.1%)
613 (32.5%)
537 (27.0%)
895 (21.2%)
538 (14.8%)

1987 (25.3%)
52 (13.3%)
27 (27%)
235 (14.3%)
480 (20.4%)
174 (28.2%)

1031 (18.6%)
1922 (26.0%)

706 (26.8%)
1267 (19.9%)
982 (24.9%)

34 (12.6%)
539 (18.7%)
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NO YES

(N=10000) (N=2955)
Speak Only English 7428 (75.7%) 2382 (24.3%)
Education
< High School Education 252 (81.8%) 56 (18.2%)
High School Education 1025 (82.5%) 217 (17.5%)
Some College 2769 (78.5%) 759 (21.5%)
College Degree or Above 5954 (75.6%) 1923 (24.4%)
Poverty Level
0-99% FPL 734 (72.7%) 275 (27.3%)

100-199% FPL
200-299% FPL
300% FPL and Above
Urbanicity

Urban

Suburban

Mixed

Rural

Property Damage
No

Yes

Housing Stability
Very Unstable
Fairly Unstable
Fairly Stable
Somewhat Stable

Very Stable

1073 (73.5%)
1087 (76.8%)
7106 (78.3%)

3288 (78.0%)
3598 (79.6%)
991 (78.9%)
2123 (71.7%)

9459 (79.5%)
541 (51.0%)

120 (60.6%)
205 (64.7%)
2196 (73.1%)
785 (69.2%)
6694 (80.6%)

387 (26.5%)
328 (23.2%)
1965 (21.7%)

930 (22.0)
924 (20.4%)
265 (21.1%)
836 (28.3%)

2436 (20.5%)
519 (49.0%)

78 (39.4%)
112 (35.3%)
807 (26.9)
350 (30.8%)
1608 (19.4%)
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NO YES

(N=10000) (N=2955)
Trusts Neighborhood
Strongly Disagree 206 (65.8%) 107 (34.2%)
Disagree 1152 (70.1%) 491 (29.9%)
Agree 6970 (78.3%) 1926 (21.7%)
Strongly Agree 1670 (79.6%) 429 (20.4%)
People In Neighborhood Willing To Help
Each Other
Strongly Disagree 192 (63.6%) 110 (36.4%)
Disagree 1137 (73.8%) 404 (26.2%)
Agree 6183 (77.4%) 1809 (22.6%)
Strongly Agree 2486 (79.8%) 630 (20.2%)

Volunteered In Past 12 Months
No

Yes

Feels Safe In Neighborhood
None of the Time

Some of the Time

Most of the Time

All of the Time

8615 (78.7%)
1385 (68.6%)

79 (60.3%)
651 (68.9%)
5505 (75.3%)
3763 (82.4%)

2327 (21.3%)
628 (31.2%)

52 (39.7%)

294 (31.1%)
1805 (24.7%)
802 (17.6%)

Unadjusted and adjusted odds ratios from logistic regressions modelling the effects of climate

events on mental health are presented in Table 2.
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Table 2 — Unadjusted and adjusted odds of responding “yes” to the question, “Was your mental

health (or the mental health of members of your household) harmed by any of these [extreme
weather] events?”
Source: CHIS 2021. Notes: / OR = Odds Ratio, CI = Confidence Interval

Characteristic Unadjusted OR Adjusted OR! 95% CI! | p-value
Age
65 or Older — — —
50-64 Years 1.55%** 1.39%** 1.23,1.59 | <0.001
40-49 Years 2.13%** 1.90%** 1.63,2.22 | <0.001
30-39 Years 2.776%** 2.26%** 1.94,2.64 | <0.001
18-29 Years 2.47%%* 1.84%** 1.53,2.22 | <0.001
Race/Ethnicity

White, Non-Hispanic — — —

African American, Non- 0.45%** 0.38%** 0.27,0.53 | <0.001
Hispanic
American Indian/Alaskan 1.09 0.96 0.58, 1.55 0.9
Native, Non-Hispanic
Asian, Non-Hispanic 0.49*** 0.52%** 0.43,0.61 | <0.001
Hispanic, Non-Hispanic 0.75%** 0.68%** 0.59,0.78 | <0.001
Other 1.16 0.80* 0.65,0.98 | 0.036
Sex
Male — — —
Female 1.54%%* 1.27%%* 1.15,1.39 | <0.001
Marital Status
Married — — —
Never Married 1.47%** 1.05 0.92,1.20 0.5
Other/Sep/Div/Living W/Partner 1.33%#%* 1.14%* 1.02,1.27 | 0.022

11
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English Proficiency
Not Well/Not At All — — —
Very Well/Well 1.60%* 1.08 0.72, 1.65 0.7
Speak Only English 2.23%%* 1.47 0.98,2.26 | 0.068
Education
< High School Education — — —
High School Education 0.95 0.91 0.63,1.32 0.6
Some College 1.23 1.17 0.83,1.67 0.4
College Degree or Above 1.45% 1.65%* 1.17,2.36 | 0.005
Poverty Level
0-99% FPL — — —
100-199% FPL 0.96 1.02 0.83, 1.25 0.8
200-299% FPL 0.81* 0.92 0.75,1.14 0.5
300% FPL And Above 0.74%** 0.89 0.74, 1.06 0.2
Urbanicity
Urban — — —
Suburban 0.91 1.02 0.91, 1.14 0.8
Mixed 0.95 0.95 0.80, 1.13 0.6
Rural 1.39%** 1.46%** 1.28,1.66 | <0.001
Property Damage
No — — —
Yes 3.73%%* 3.26%%* 2.82,3.76 | <0.001
Housing Stability
Very Stable — — —
Fairly Stable 1.53%** 1.18%* 1.06,1.32 | 0.004
Somewhat Stable 1.86%** 1.32%%* 1.12,1.56 |0.001

12
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Fairly Unstable 2277 1.26 0.96, 1.66 0.1

Very Unstable 2. 71%x* 1.39 0.98.1.97 0.061

People In Neighborhood
Willing To Help Each Other

Strongly Disagree — — — —
Disagree 0.62%** 0.77 0.56, 1.05 0.10
Agree 0.51%** 0.88 0.65, 1.20 0.4
Strongly Agree (.44 % 0.80 0.58, 1.11 0.2
Trusts Neighborhood
Strongly Disagree — — —
Disagree 0.82 1.10 0.80, 1.52 0.6
Agree 0.53%** 0.96 0.69, 1.33 0.8
Strongly Agree (0.49%** 1.16 0.82, 1.65 0.4

Feels Safe In Neighborhood

None of the Time — — _ _

Some of the Time 0.69* 0.85 0.55,1.34 0.5
Most of the Time 0.50%** 0.82 0.53,1.29 0.4
All of the Time (0.32%*:* 0.65 0.41,1.03 0.062
Volunteered In Past 12
Months
No — — — —
Yes 1.68#** [.55%** 1.38,1.75 | <0.001

Respondents aged 18 — 29 years (adjusted OR: 1.84, 95% CI 1.53 — 2.22), 30 — 39 years (aOR;

2.26 95% CI 1.94 -2.64), 40 —49 years (aOR: 1.90 95% CI 1.63 — 2.22), and 50 — 64 years

13
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(aOR: 1.39, 95% CI 1.23 — 1.59) were all more likely to report adverse mental health effects due
to climate events than respondents aged 65 years and above in both univariate and multivariate

models.

Compared to White respondents, those who identified as African-American (aOR: 0.38, 95%
CI10.27-0.53), Asian (aOR: 0.52, 95% CI 0.43-0.61), or Hispanic (aOR: 0.68, 95% CI 0.59-0.78)
were less likely to report negative mental health effects of climate events. Additionally, female

respondents had higher odds of their mental health being affected by climate events compared to

male respondents (aOR: 1.27, 95% CI 1.15-1.39).

Respondents who obtained a college degree or above were more likely to report negative
mental health due to climate change events compared to respondents who completed less than a
high school education (aOR: 1.65, 95% CI 1.17-2.36). There was a higher likelihood of reporting
negative mental health due to climate events among respondents who were separated, divorced,
or living with a partner compared to married respondents (aOR: 1.14, 95% CI 1.02-1.27).
Respondents living in rural areas (vs. urban dwellers aOR: 1.46, 95% CI 1.28-1.66) and those
who experienced property damage due to climate events (vs. no property damage aOR: 3.26,
95% CI 2.82-3.76) also had higher odds of their mental health being adversely affected by
climate events. Having fairly or somewhat stable housing (compared to very stable) was
associated with an increased likelihood of harm to mental health due to climate events (fairly

stable aOR: 1.18, 95% CI 1.06 — 1.32; somewhat stable aOR: 1.32, 95% CI 1.12, 1.56).

In univariate models, respondents who were willing to help their neighbors were less likely
to report negative mental health effects of climate change compared to respondents with low

willingness to help their neighbors (strongly agree OR: 0.44, 95% CI 0.34 — 0.57; agree OR:

14
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0.51, 95% CI 0.40 — 0.65). Respondents who trusted their neighbors also were less likely to
report negative mental health effects of climate change compared to respondents who had low
trust in neighbors (strongly agree OR: 0.49, 95% CI 0.38-0.64, agree OR: 0.53, 95% CI 0.42 —
0.68). Lastly, respondents who felt safe in their neighborhood (all the time OR: 0.32, 95% CI
0.23 — 0.46; most of the time OR: 0.50, 95% CI 0.35 — 0.71; some of the time OR 0.69, 95% CI
0.47 — 1.00) were less likely to report negative mental health effects of climate change compared
to respondents who did not feel safe in their neighborhood any of the time. However, these

effects for measures of neighborhood social cohesion did not persist in multivariate models. By

contrast, respondents who led or organized volunteering efforts in one’s community in the past

12 months had significantly higher odds of their mental health being impacted by climate events
in both univariate and multivariate models compared to respondents who did not volunteer in the

past 12 months (aOR: 1.55, 95% CI 1.38-1.75)

Discussion

In a large representative sample of California adults, over half reported being affected by an
extreme weather event in the past 2 years. Nearly 23% of those exposed to climate events
reported mental health consequences. Those who identified as White, female, ages 30-39, or
well-educated were more likely to report poor mental health related to climate events. Those who
lived in rural areas and experienced property damage were also at elevated risk of adverse mental
health outcomes from climate events. These sociodemographic factors were found to be
significant even in adjusted models, suggesting that these factors independently and robustly are

associated with more negative climate change-related mental health outcomes.

15
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Our results reveal key contextual factors in understanding the disproportionate impact of
adverse climate change-related mental health effects on vulnerable populations. These findings
suggest that there may be two different groups that are disproportionately affected by climate
change: those who have high levels of education, which may reflect higher levels of awareness
and education around climate change, and those living in rural areas, who may have experienced
more directly damaging effects of climate change such as property loss or impacts to agricultural
livelihoods. This is relevant from a public health lens, as patients who reside in remote settings
and/or are physically displaced already have well-documented disparities in healthcare access,
satisfaction, utilization, and quality [21,22]. These results contrast with previous reports that
climate change uniformly amplifies existing health disparities across racial, ethnic, gender, and
socioeconomic lines. The underlying mechanism for mental health disparities in these two broad

high risk-groups may be very different [15,23—-26].

Furthermore, these findings identify mental health disparities with different
sociodemographic patterns than physical health disparities related to climate change. Though
elderly populations are considered at higher risk of adverse physical health effects of climate
change — due to thermoregulation and mobility challenges in extreme heat, for example — our
findings reflect a lower risk of adverse climate change-related mental health effects for older
adults [3,27,28]. The age-stratified effects show greatest distress in younger adults and lowest
distress in older adults due to exposure to climate events. These results mirror the age gradient
from other national surveys on climate anxiety, but is a novel demonstration of mental health
impacts after exposure to climate events [31]. These effects may reflect the greater impact on
young adults who will be more affected by climate change across their lifespans, but may also

reflect lower resilience and resources among younger adults during stressors. These findings

16
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mirror other patterns of mental health disorder prevalence and impacts from disasters, such as the
rates of depression and anxiety during the coronavirus pandemic, which were dramatically

higher in younger than older adults [32].

We also find that respondents aged 30 - 39 years are at a higher risk of experiencing adverse
climate change-related mental health effects compared to respondents aged 65 years or above.

We hypothesize that this age group may be most likely to be raising young children and therefore

have additional concerns about planetary health for their children’s futures (sometimes referred

to as the “green parenthood effect”) [29,30]. Though this may suggest greater awareness of

climate change among certain subgroups, our results also reflect specific groups whose mental
health is disproportionately affected by climate change, and who require additional support and

outreach.

Our study also highlights that measures of neighborhood social cohesion, such as trust in and
willingness to help neighbors, as well as perceived safety of neighborhood, may be protective
factors against adverse mental health outcomes. Previous work has demonstrated that social

cohesion appears to buffer the effects of stressful life events on both adolescent and adult mental

health [33]. By contrast, volunteering in one’s community was found to confer additional risk of

adverse mental health outcomes, possibly reflecting a group of respondents who are highly
conscientious, with enhanced awareness of the climate crisis and its implications for planetary
health. Our findings suggest that social cohesion and community resilience remain important
resources in recovery after a climate disaster, and represent key opportunities for public health

interventions [33,34].
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Limitations

Our study is based on data from a single state and may not be generalizable to other U.S. states
or locations. Additionally, zip code-level data were not publicly accessible, limiting analysis to
rural, mixed, urban, and suburban categories. The study did not include adolescents and young
children; therefore, we are unable to compare responses to other large youth surveys of climate
change and mental health. Lastly, the survey did not collect data on mental health impacts of
climate events on those who were not directly impacted by events. However, these limitations
should be balanced against the study's relative strengths: utilizing a unique survey question about
exposure and responses to extreme weather events, having a large and diverse sample size from
the most populous U.S. state, and incorporating detailed data on sociodemographics, individual-

level property damage, and social cohesion.

Policy Implications

Our findings reveal opportunities for policy change targeting populations that are at greatest risk
of adverse mental health outcomes from climate change events. Our study highlights that those
who live in rural areas and have experienced property damage may benefit from targeted
prevention and outreach. In light of recent and rapid increases in access to telehealth use, these
findings point to opportunities to focus efforts on increasing access to mental health care for
rural populations [35]. Those who identify as young, White, college-educated, or female also
may need greater mental health support for climate change-related distress, and yet developing
tailored resources for climate distress prevention and resilience will be needed to target different

subgroups.
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Broad-based public health and policy actions are needed to address the upstream drivers of
climate change-related mental health effects. For instance, a focus on building affordable
housing and ensuring it is not located in areas highly vulnerable to wildfires or floods is an
important preventive approach. The development of drought-resistant crops and protection at the
rural-wilderness interface will be a critical step in the commitment to protect rural communities

that are at particularly high risk of exposure to the effects of climate change [36].

In addition, our research highlights the need to improve the collection and sharing of data to
assess climate change-related mental health outcomes. There are a growing number of
standardized measures of climate distress [37, 38]. Such data will inform and shape the rapidly
evolving landscape for new climate policies. For example, Wheat et al. highlight potential areas
of opportunity to document exposure to forces of nature among clinicians using novel
International Classification of Diseases (ICD) diagnostic codes [39]. Doing so can help
researchers generate novel data and map mental health symptoms onto climate exposure data to
better capture clinical presentation and timescale of symptoms [40]. Ultimately, this work could
provide valuable information to clinicians and public health advocates to better address the

growing mental health needs associated with climate change.

Conclusion

Exposure to climate events can adversely affect mental health, and we find roughly half of a state
population impacted by climate events, with one-fifth of them reporting mental health
consequences. However, this effect is not distributed equitably or uniformly based on individual
sociodemographics, and importantly can be buffered with stronger social capital. There remains

an urgent need to reduce the inequitable harms of climate change on mental health through
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increasing access to care and targeting resources for vulnerable populations. Public health
interventions with rigorous evaluations are needed to address the mental health impacts of

increasingly frequent and severe climate events.

Funding source: This research did not receive any specific grant from funding agencies in the

public, commercial, or not-for-profit sectors.
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