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Abstract

Rising temperatures threaten mental health, yet causal evidence from middle-income
countries is limited. Using weekly nationwide administrative data covering the entire pop-
ulation and a survey representative of Mexico’s urban population, we estimate heat effects
on self-reported well-being, emergency-department visits for mental illness, and suicide us-
ing a unified empirical design. Comparing hotter and cooler weeks within locations in the
same calendar week of the year, we find that one extra day above 30°C increases suicides
by 3.2% and emergency department visits for mental illness by 2.4%, and lowers reported
mental well-being. While effects exceed comparable U.S. estimates, they are attenuated in
municipalities with psychiatrist availability, suggesting protection through access to care,
but show no consistent gradient with air-conditioning or urbanicity. Gender patterns differ
from U.S. studies: women experience larger emergency department visit increases, while
suicide effects are concentrated among men. Our results indicate that heat imposes men-
tal health burdens from subclinical distress to clinical demand and mortality, highlighting
mental health as a material component of climate damages and a priority for adaptation
investments in health systems.
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1 Introduction

Globally, one in seven people live with a mental disorder,' making mental illness one of the
leading causes of suffering and lost productivity worldwide. Emerging research suggests that
environmental conditions such as temperature extremes can shape mental well-being, yet ev-
idence on short-run responses to heat exposure remains limited, particularly outside high-
income settings.? As global temperatures continue to rise, exposure to extreme heat is increas-
ing worldwide (Lee et al., 2023; Arias et al., 2021), while the capacity to adapt remains espe-
cially constrained in low- and middle-income countries (Bianco et al., 2024; Hallegatte, 2016).
These settings thus face a dual challenge: heightened exposure to heat and limited resources to
mitigate its psychological toll.

The stakes are also high, as lower-income people face a 1.5-3 times higher risk of depres-
sion or anxiety (Ridley et al., 2020), and over 80% of the world’s 970 million people with a
mental disorder reside in low- and middle-income countries.? Despite this large burden, em-
pirical evidence in these contexts remains limited and typically examines a single outcome
— suicide, emergency visits, or depressive symptoms — often in different countries and using
heterogeneous research designs. This fragmentation makes it difficult to form an integrated
understanding of how temperature affects mental health across outcomes of differing severity
in low- and middle-income countries.

We address this gap by estimating short-run causal responses to temperature across multi-
ple mental health outcomes within a unified empirical framework in Mexico. Mexico provides
a relevant setting given its large climatic variability, constrained psychiatric capacity,* and het-
erogeneity in local infrastructure.®> We estimate short-run heat effects on mental health across
the spectrum, from everyday psychological distress to clinical crises in emergency visits and
suicide, and examine how they vary by gender, the availability of local mental health profes-
sionals, and cooling infrastructure.

We use multiple data sources collected from 2008 to 2019. We combine self-reported well-
being, emergency-department visits for mental illness, and suicides with weekly municipality-

"World Health Organization (2025).

*Sharpe and Davison (2021) show that low- and middle-income countries’ research to date has focused largely on
disaster-related PTSD and depression, with far fewer studies on indirect climate exposures.
*Dinarte-Diaz, Lelys. “An Overlooked Priority: Mental Health.” World Bank Blogs, 2 May 2023, https://blogs.
worldbank.org/en/impactevaluations/overlooked-priority-mental-health.
*In 2016, Mexico had approximately 2.1 psychiatrists per million residents, compared with 105 per million in the
United States (WHO Global Health Observatory).

’In the United States, most states report household air-conditioning penetration above 80% (U.S. Energy Informa-
tion Administration (EIA), 2020), whereas in Mexico only three states — Sonora, Sinaloa, and Tamaulipas — exceed
50% (National Survey of Household Income and Expenditure (ENIGH), 2018).
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level temperature measures derived from high-resolution National Oceanic and Atmospheric
Administration (NOAA) reanalysis data. Information on emergency department visits and sui-
cides comes from administrative records (2008-2019), which we aggregate to the municipality—
week level and adjust for population size to ensure comparability across regions. We also draw
self-reported mental well-being from government surveys that are representative of urban pop-
ulations (2013-2019). By combining administrative (suicide and emergency department visits)
and subjective well-being measures with spatially consistent temperature and humidity ex-
posures interpolated to municipality centroids, we provide a comprehensive story about how
temperature affects mental health in one country, Mexico.

Our empirical strategy compares hotter and cooler weeks within the same location and cal-
endar week of the year, aligning identification across all three outcomes. This design iso-
lates short-run deviations from local seasonal norms and yields internally comparable evi-
dence across the three outcomes, reducing bias from cross-sectional differences that may reflect
location-specific selection or seasonality in mental health rather than temperature effects.

We find that one additional day above 30°C in a week increases suicides by 3.2% and emer-
gency department visits for mental illness by 2.4%, relative to weekly means. These magni-
tudes exceed comparable U.S. benchmarks, with effects about 5.5 times larger for suicides and
1.3 times larger for mental illness emergency department visits. Results are robust to falsi-
fication tests using future temperatures, and to placebo tests of emergency department visits
for cancers, congenital conditions, and appendicitis, which show no systematic response to
heat. Survey outcomes move in the same direction: hotter weeks feature lower life satisfac-
tion and higher psychological distress, with modest declines in perceived agency and meaning,
providing a subjective counterpart to patterns observed in healthcare utilization and mortality
records.

Guided by evidence that heat can reshape daily routines relevant for mental health, we
study three behavioral pathways in a survey dataset: exercise, indoor solitary leisure, and sleep
duration. On hotter weeks, both participation and intensity of exercise decline, consistent with
reduced engagement in a protective activity linked to lower stress and anxiety (Soini et al.,
2024; Xie et al., 2021). We also examine solitary indoor leisure, proxied by watching TV, given
evidence that social isolation is associated with worse mental health (Holt-Lunstad, 2022). Con-
sistent with this hypothesis, we find that people spend 5% more time watching TV as temper-
atures rise. Finally, we investigate sleep duration, as higher temperatures may disrupt sleep,
which is essential for emotional regulation (Lohmus, 2018; Buguet, 2007; Bessone et al., 2021).
We do not find significant changes in sleep duration.

To understand who is most affected and how impacts manifest, we go beyond aggregate



effects and analyze how different populations respond to heat and what adaptive measures
help mitigate the effects. While both women and men report worse mental well-being during
hotter weeks, emergency department visits rise more among women, whereas suicide increases
are driven by men and are concentrated among adults aged 60 and older. These contrasts with
U.S. patterns are consistent with the idea that the mental-health impacts of heat are context-
dependent, potentially shaped by differences in care access, stigma, and institutional capacity.
Although disentangling these mechanisms is beyond the scope of this paper, two literatures
on thermoregulation and gendered patterns of care-seeking motivate why such heterogeneity
might arise.®

We then examine heterogeneity by adaptation capacity to assess which margins are asso-
ciated with buffering heat-related mental health burdens. We find that municipalities served
by psychiatrists show smaller increases in emergency department visits during hotter weeks,
consistent with prescriptive and rapid triage capacity easing acute crises that would other-
wise present to emergency care. By contrast, we detect no robust differences by state-level air-
conditioning (A/C) prevalence or by an urban-rural municipality classification. For the A/C
analyses, these null patterns should be interpreted cautiously, as A/C penetration is measured
at the state level which obscures within-state variation, and overall adoption is relatively low
in Mexico. These patterns focus attention on provider access as a plausible adaptation margin,
while coarse measures of physical cooling show no consistent differences in this setting.

This paper builds on a growing literature on the causal link between temperature and men-
tal health, which mostly focuses on high-income countries and single outcomes (Mullins and
White, 2019; Burke et al., 2018; Obradovich et al., 2018). We contribute by unifying this frag-
mented evidence within a single empirical framework, broadening the range of outcomes, and
situating results in a middle-income context with limited adaptive capacity. First, we provide
internally comparable evidence on short-run causal responses across the spectrum of mental
health outcomes — self-reported subjective well-being, emergency department visits for men-
tal illness, and suicide — within a single country and a unified empirical design. Prior studies
typically examine one outcome in isolation and across different countries or model structures,
making cross-study comparisons difficult. Our research design allows comparisons across out-
comes on the spectrum of mental health, yielding a cohesive understanding of how heat affects
mental health.

Second, we extend the evidence base to a middle-income country and show that magni-

tudes exceed those in the United States when estimated under a comparable specification. This

SPhysiological research documents sex-based variation in thermoregulation and heat sensitivity (e.g., Debray et al.,
2025), while sociological and public-health studies highlight gendered barriers to mental-health help-seeking in
Mexico, including stigma (Gearing et al., 2024; Dominguez et al., 2024).
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finding underscores that the psychological burden of heat can be larger where treatment ac-
cess and adaptive capacity are constrained. Replicating the specification from Mullins and
White (2019) with our data from Mexico, we find larger responses in Mexico than in the U.S.,
highlighting that the mental health burden of heat can be greater where adaptation capacity
is more constrained and results from high-income contexts may not generalize one-for-one to
lower-resource settings.

Third, we contribute new evidence on distributional and adaptive dimensions of heat-
mental health relationships, complementing mixed findings from high-income settings (Lavi-
gne et al., 2023; Liu et al., 2021; Nori-Sarma et al., 2022; Wang et al., 2014; Mullins and White,
2019). We document gender differences that diverge from patterns observed in the United
States. While identifying mechanisms is beyond the scope of this paper, these contrasts mo-
tivate future research on physiological differences in thermoregulation and gendered stigma
with help-seeking behavior in middle-income contexts characterized by machismo cultural
norms similar to those of Mexico. For adaptation capacity, we find that municipalities served
by psychiatrists show smaller heat-related increases in emergency department demand, consis-
tent with provider access buffering psychological stress. This result highlights mental-health
provider availability as a potentially salient adaptation margin in this setting.

Our findings carry several policy implications. First, the burden of heat on mental health is
not evenly distributed: older adults, men, and women are affected through distinct pathways—
men via elevated suicide risk and women through greater reliance on emergency care—highlighting
the need for targeted adaptation strategies in low- and middle-income settings. Second, strength-
ening mental-health systems can serve as an adaptation instrument (World Health Organiza-
tion, 2022). The attenuation of emergency department visits in municipalities with psychiatrist
availability suggests that expanding access to mental-health professionals, particularly in un-
derserved areas, can stabilize crises before they escalate into clinical emergencies (Bruckner
et al., 2019; Nesper et al., 2016). Finally, the costs of climate change extend beyond physical
illness or mortality. The mental-health consequences of heat remain largely invisible in climate
adaptation planning, especially where resources are constrained (World Health Organization,
2022). Explicitly incorporating these often overlooked but substantial costs into climate and
health policy is essential to designing systems that safeguard not only survival but also psycho-
logical well-being in a warming world (Romanello et al., 2024).

The remainder of the paper proceeds as follows. Section 2 provides conceptual background
on why temperature may influence mental health and presents relevant institutional details
about mental healthcare in Mexico. Section 3 details the empirical strategy and data. Section

4 presents the main results, and Section 5 examines behavioral and institutional adaptation



mechanisms. Section 6 offers robustness checks of the core findings, and Section 7 concludes
by summarizing the key insights and policy implications.

2 Background

2.1 Heat and mental health

A large literature establishes that elevated temperatures increase physical morbidity and mor-
tality across a wide range of settings (Deschénes and Greenstone, 2011; Barreca et al., 2016;
Heutel et al., 2021; Carleton et al., 2022; Gasparrini et al., 2015). Evidence on the effect of high
temperatures on mental health outcomes, however, remains more limited and uneven. Causal
analyses are largely concentrated on high-income settings (Mullins and White, 2019; Noelke
et al., 2016; Janzen, 2025), while findings from low- and middle-income countries (LMICs) are
still emerging (Hua et al., 2023; Burke et al., 2018; Trang et al., 2016).

Although direct causal evidence is limited, several lines of research point to plausible mech-
anisms through which temperature may affect mental health. Literature suggests that short-
run exposure to high temperatures can disrupt mental well-being through physiological, be-
havioral, and contextual pathways. Physiologically, elevated temperatures alter cerebral blood
flow and serotonin activity and impair thermoregulation (McMorris et al., 2006; Chauhan et al.,
2017; Lohmus, 2018), thereby affecting brain function and stress regulation (Gaoua, 2010; Tan
etal., 2024). Related evidence from violent-crime contexts shows that heat increases aggression
even when opportunities for social interaction remain constant, consistent with physiological
and psychological stress mechanisms rather than purely behavioral exposure channels (Cohen
and Gonzalez, 2024; Colmer and Doleac, 2023). These acute physiological strains narrow affec-
tive control and heighten autonomic arousal (Tang et al., 2021; Carrillo et al., 2016), increasing
the likelihood of anxiety and stress responses, particularly among individuals with pre-existing
mental health conditions. In clinical settings, such episodes often manifest as acute anxiety or
stress reactions and, among vulnerable populations, as crises associated with elevated suicide
risk (Sun et al., 2021; Yoo et al., 2021; Nori-Sarma et al., 2022; Burke et al., 2018; Zhou et al.,
2023).

Heat also shifts time use and coping behaviors. On hotter days, individuals reduce outdoor
activity and physical exertion, substituting toward indoor and sedentary behaviors that may
reinforce dysphoria (Cheong and Gaynanova, 2024; Ho et al., 2023, 2022; Huang et al., 2020;
Schuch et al., 2018; Zhai et al., 2015). In our data, we also find that people reduced their time

spent on physical exercises in hotter weeks. Hot nights disrupt sleep, and sleep loss diminishes



emotional regulation and perceived control (Pailler and Tsaneva, 2018; Obradovich et al., 2017;
Yoo et al., 2007).

A more concerning scenario arises when sleep disruption coincides with reduced physical
activity, as coping responses may shift toward short-term relief strategies, such as alcohol or
sedative use, which can exacerbate symptoms and increase the likelihood of emergency care
(Li et al., 2025; Nori-Sarma et al., 2022; Sun et al., 2021). These behavioral adjustments are
not evenly distributed: men and older adults may see larger rises in lethality risk when coping
mixes with social isolation or substance use, while women more often seek acute care for anx-
iety and stress symptoms (Okafor et al., 2024; Ramadan et al., 2022; McLean et al., 2011). At
the population margin, we therefore expect short periods of elevated temperature to register
as broad, modest declines in self-reported well-being and to increase emergency department
presentations for stress and anxiety.

Beyond individual physiology and behavior, the mental health consequences of heat may
depend on the capacity of local institutions to manage distress and on the resources house-
holds can use to reduce exposure. Institutional capacity—such as outpatient triage, medication
availability, and referral systems—shapes whether acute symptoms can be stabilized early or
escalate into emergencies (Gilbert et al., 2025; Gliske et al., 2023). At the same time, physi-
cal adaptation through cooling and adequate housing can mitigate exposure (Hong, 2025; Sera
et al., 2020; Barreca et al., 2016; O’Neill et al., 2005), but its reach may remain limited by in-
come (Doremus et al., 2022; Barreca et al., 2022) and infrastructure in developing countries’
contexts. Together, these contextual factors determine both how heat-related distress mani-
fests and how individuals enter the care system. This heterogeneity provides the foundation
for understanding Mexico’s institutional landscape in mental healthcare, discussed next.

2.2 Mexico’s institutional context for mental healthcare

Mental healthcare in Mexico is delivered across a mixed public—social security—private plat-
form, with specialist scarcity and urban concentration. Public counts indicate there were 1.1
psychiatrists per 100,000 and 6.9 psychologists per 100,000 working in Mexico in 2023, heav-
ily concentrated in hospitals and in Mexico City (Barrén-Velazquez et al., 2024). World Health
Organization (WHO)’s all-sector figures also report overall scarcity, with 1.56 psychiatrists and
5.85 psychologists per 100,000 (World Health Organization, 2021). Community-based capac-
ity exists through public and NGO initiatives but remains thin and uneven outside large cities
(Cordero-Oropeza et al., 2021; Berenzon et al., 2009).

Within the Ministry of Health (MoH) network, administrative encounters are recorded in



two national subsystems with ICD-10 primary plus up to six secondary diagnoses entered by
trained coders: an Emergency Department (ED) registry and a Hospital Discharge (Inpatient)
registry. In 2019 these subsystems covered 916 EDs and 857 hospitals, serving roughly 57%
of the national population, with ICD-10 diagnoses coded by trained coders (Aguilar-Gomez
et al., 2025). Importantly, ED access is not restricted by insurance: patients can present at
any MoH EDs regardless of coverage status. MoH EDs serve the uninsured and those who
were covered by Seguro Popular, but walk-in access means patients can present regardless of
insurance status (Aguilar-Gomez et al., 2025). Landa-Ramirez et al. (2024) documented in a
Mexico City hospital, mean ED length of stay was 70 hours” and worse mental-health indicators
predicted more re-admissions and longer stays.

National surveys report a 12-month prevalence of mental disorder about 12% and lifetime
about 26%, with anxiety and mood disorders common and early ages of onset (Medina-Mora
etal., 2007, 2005). Yet treatment contact is low and delayed. Only about a quarter of those with
very severe 12-month disorders used any services, and initiation of first treatment often lags
for years after onset (Medina-Mora et al., 2005).

Financing patterns help explain these gaps. Government spending on mental health is less
than 2% of total health expenditure, with over 60% of that mental-health budget directed to
mental hospitals, leaving relatively limited resources for community-based and outpatient care
(World Health Organization, 2021). Households face high out-of-pocket exposure, especially
for pharmaceuticals, which account for over 60% of the out-of-pocket health spending in Mex-
ico (OECD, 2023). Catastrophic health expenditure is also common among households caring
for a person with a mental disorder, particularly where medication purchases and low income
coincide (Diaz-Castro et al., 2021). For schizophrenia, Cabello-Rangel et al. (2021) document
median annual out-of-pocket costs of approximately USD $510,® along with substantial rates

of catastrophic health expenditure among individuals without social security coverage.

3 Empirical Strategy and Data

3.1 Empirical strategy

We follow previous literature that used the high-dimensional fixed effects model to estimate
the causal impact of temperature on mental health outcomes, which serves as our baseline
specification (Burgess et al., 2011; Deryugina and Hsiang, 2014; Hsiang, 2016; Mullins and

’With standard deviation 65.7.
¥This amount represents about 5% of Mexico’s GDP per capita in 2019.



White, 2019; Dillender, 2021; Park et al., 2021; Kuruc et al., 2025). We estimate the following
model at the municipality-week level:’

10

b b
MH;g,, = 6, + Z {0"Tempj,y} + yHumjg,, + OPreciq,y + My + Agy + Ejguy- (1)
b=1,b=5
where M Hjg,, denotes mental health outcomes in municipality j of state s in week w of

year y. In the case of emergency department visits and suicides, we observe them at the weekly
level'® and divide them by a million residents within each municipality ;. Temp]l-’swy represents
the number of days falling into temperature bin b during the week. We omit the 20-22°C bin
(b=5) as the reference category so that all coefficients are interpreted relative to this temperature
range. 6"’s are our coefficients of interest, which capture the temperature’s effect on the mental
health outcomes.

Tempj.’swy indicates the number of days in the given week w falling into each of the ten tem-
perature range bins based on daily average temperatures: <14°C, 14-16°C, ..., 28-30°C, and
30°C+. The highest temperature bin (b=10), Tempfs%i?, for example, represents the number of
days with an average temperature equivalent to 30°C or above within the municipality-week.
The ten temperature bins are determined based on the actual distribution of temperatures in
Mexico, ensuring they reflect the observed range and frequency of temperatures rather than
arbitrary cutoffs.!’ Equation 1 also includes weekly average relative humidity (Humj,,) and
rainfall exposure (Precjg,,) controls. Our omitted temperature bin captures the weekly num-
ber of days between 20°C and 22°C (b=5) such that 0 can be interpreted as the effect of the
corresponding temperatures relative to this reference temperature category.

3.1.1 Identification

The model includes municipality by the week-of-the-year fixed effects (17;,,) and state by year
fixed effects (A,,). The municipality by week-of-the-year fixed effects (1;,) control for each

municipality’s typical seasonal pattern, thereby capturing heterogeneous baseline responses to

’In Mexico, a municipality is a sub-administrative region under the state-level government, similar to a county in

the United States.

"®Our administrative mental health data showed timing inconsistencies at the daily level, showing unusual pat-
terns of data accumulation at midnight. The weather data exhibited some irregularities in daily temperature
readings, such as the maximum temperature occasionally being recorded late at night. Aggregating to weekly
measures minimizes these errors and provides more reliable inputs for analysis. For details, please see Appendix
C.

"See Figure 1 for the distribution of average temperatures across Mexico, which forms the basis for defining the ten
temperature bins. For the additional illustrations of temperature variations in Mexico, please refer to Appendix
Figures F.1-E.3.



temperatures.'? For example, in Hermosillo in Sonora state, where summers are persistently
hot, a week at 35°C may be perceived as normal in a summer week, whereas the same tem-
perature in Mexico City, located at high altitude and rarely experiencing hot summers, could
represent an unusual shock. Conversely, in chronically hot Hermosillo. a single, marginally
hotter day may impose meaningful stress, whereas in cooler Mexico City an unusually warm
day is more likely to be experienced as pleasant than harmful. By including #,,, we remove
these baseline seasonal differences and identify the impact of deviations from the usual lo-
cal climate profile. This ensures that the estimated temperature effects are identified from
short-run deviations from each municipality’s expected seasonal climate, rather than inherent
climatic differences between hot and cool regions. State-by-year fixed effects (A,) further ab-
sorb time-varying state-level policies and trends that may influence mental health, including
economic policy changes or trends at the state level.

We cluster standard errors at the municipality level. Because temperature shocks are de-
fined at the municipality level, all observations within a municipality in a given week are ex-
posed to the same weather shock. Although our outcome variables are also aggregated at the
municipality level (e.g., emergency department visits per 1,000,000 residents), clustering at the
municipality level remains necessary. It is because unobserved shocks such as hospital admin-
istrative capacity, emergency care infrastructure, or cultural factors may generate correlation
in residuals across weeks within the same municipality. Clustering allows for arbitrary correla-
tion of residuals within municipalities, while maintaining independence across municipalities.
Given that our data cover 2,457 municipalities in Mexico, the number of clusters is sufficiently
large for asymptotic approximations to be reliable."’

Our identifying assumption is that, conditional on municipality-by-week-of-the-year and
state-by-year fixed effects, along with humidity and rainfall exposures, remaining within-municipality
deviations in temperature are as good as random with respect to other unobserved determi-
nants of mental health. This implies that unusual weekly temperature fluctuations in a mu-
nicipality, beyond its typical seasonal patterns, are not systematically related to other factors
influencing mental health outcomes except through their direct effect on temperature-sensitive
mechanisms. For instance, our assumption would not be violated by persistent cultural or in-
stitutional differences across municipalities (e.g., baseline healthcare seeking behavior), since
these are absorbed by 7;,,. It would also not be violated by recurring seasonal patterns such as
annual holidays, festivals, or school schedules that coincide with specific calendar weeks, since

these are also captured by 7;,. This strategy enables us to interpret estimated coefficients on

2Note that it is week-of-the-year, not week-of-the-sample. It refers to calendar weeks 1 through 52.
®When the unit of analysis is at the city level, instead of municipality, errors are clustered at the city level.
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temperature bins as causal effects of unexpected temperature shocks.

3.1.2 Specification for survey outcomes

We also include self-reported mental health outcomes. While we use a similar specification
as equation 1, we make adjustments to account for the different structure of the survey data.
The survey covers the largest city in each of Mexico’s 32 states, and collects individual-level
responses but is designed to be representative at the city level. Therefore, we aggregate the
data to cities rather than municipalities for our analysis. Similar to the clinical data outcomes,
we measure these self-reported outcomes at the weekly level and construct weather variables
using weighted averages from four surrounding weather grid points. The city by week-of-the-
year fixed effects (7,,,) controls for city-specific seasonality, and standard errors are clustered at
the city level in equation 2. All survey outcome regressions are weighted using survey-provided

personal weights to ensure either national or statewide representativeness.

10
b b .y
MH;cqy = o + Z (B Tempesyyt + yHumidity g, + OPrec gy + Xi + gy + Ay + Ecquy- (2)
b=1,b=5

Most of our survey outcomes analyses are based on this specification. The covariate vector
X; includes individual-level characteristics — education and age group, and gender — to capture
observable heterogeneity. It is worth noting that the unit of analysis for these outcomes is at
the individual level.

3.2 Mental health and weather data

Our analysis draws on multiple administrative and survey data sources from Mexico, which we

describe in the following sections.

3.2.1 Emergency department (ED) visits and suicides

We use publicly available administrative data on all medical emergency visits reported by the
Ministry of Health in Mexico (Secretaria de Salud) between 2008 and 2019. We select this time
frame because 2008 is the first year of publicly available data, and 2019 is the last pre-COVID-
19 year.'

*We do not include the COVID-19 years, as the pandemic caused disruptions to both mental health care demand
and supply that are beyond the scope of our controls.
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These data provide key details critical for our analysis, including the purpose of the emer-
gency department visit (henceforth, ED visit) measured by ICD-10 codes, date of the visit, geo-
graphic location of the ED (state and municipality), and patient demographics such as age and
sex. Among these, the ICD-10 codes are central to our study as we focus exclusively on men-
tal illness emergency department visits. Using the ICD-10 codes, we identify one of our main
outcomes: mental illness emergency department visits with the primary ICD-10 code falling
under “Mental, Behavioral and Neurodevelopmental disorders (F00-F99)” or “Symptoms and
signs involving cognition, perception, emotional state, and behavior (R40-R46).” The primary
ICD-10 code reflects the key condition requiring emergency care, as determined by the treat-
ing physician following standardized coding protocols."” Furthermore, we use subcategories of
the ICD-10 codes within the mental health spectrum to explore specific mechanisms, such as
neurotic disorders and substance use disorders.

The geographic and temporal information — where and when a patient visited the ED —
allows us to link the dataset with historical weather data, enabling identification of the tem-
perature and humidity conditions experienced by the patient at the week and location of their
visit. We use patient demographic information, age and sex, in heterogeneity analyses.

We also use administrative mortality data covering all registered deaths in Mexico from
2008 to 2019, from which we extract information on suicides. Suicides are pre-identified in the
mortality data according to the cause-of-death codes determined by medical examiners at the
time of certification, and each record includes the municipality and date of death.

We create rates of mental health emergency department visits and suicides per million res-
idents within each municipality using population data from the Mexican Census 2010 data.
This adjustment allows us to standardize the outcomes, ensuring that the rates of emergency
department visits and suicides are comparable across municipalities with different population
sizes. Table 1 shows descriptive statistics for mental health-related outcomes. The mean weekly
rate of mental health emergency department visits and suicide per million residents are at 51.35
and 0.09 per million residents, respectively.

3.2.2 Self-reported mental well-being

We use data on self-reported well-being from the Self-Reported Well-being Survey (Médulo de
Bienestar Autorreportado) conducted quarterly (January, April, July, October) since July 2013
by Instituto Nacional de Estadistica y Geografia (henceforth, INEGI).'® The survey captures

13See Appendix D for detailed coding procedures and examples.
*This module is part of the National Survey on Consumer Confidence (Encuesta Nacional sobre Confianza del
Consumidor, ENCO).
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Table 1: Descriptive Statistics for Mental Health Outcomes

Mean SD Min p25 p50 p75 p90 p99 Max

Panel A. Administrative outcomes
Suicide 0.09 1.44 0 0 0 0 0 2 299
Mental Health ED Visit 51.35 97.18 0 0 16 63 139 472 3,378

Panel B. Self-reported mental well-being

Life Dissatisfaction 1.89  1.60 0 1 2 3 4 8 10
Composite Dissatisfaction 2.30  1.14 0 2 2 3 4 6 10
Languishing Score 1.36 1.11 0 1 1 2 3 5 10
Pseudo PHQ-2 1.47  1.53 0 0 1 2 4 6 10
Anxiety 1.78  1.89 0 0 1 3 5 8 10
Negative Feelings 1.55 1.48 0 0 1 2 4 6 10
Lack of Control 1.28 1.34 0 0 1 2 3 6 10
Psychological Distress 1.32  1.18 0 0 1 2 3 5 10

Notes: Mental Health ED (emergency department) Visits and Suicides are measured per million residents within
each municipality per week, spanning the period from 2008 to 2019. Mental Health ED Visit data are sourced
from the Emergency Department Visits dataset, which compiles administrative records of all public ED visits
across Mexico. Mental Health ED Visits include all visits with a primary diagnosis coded under ICD-10 F (Mental
and Behavioral Disorders) and ICD-10 R 40-46 (Symptoms and Signs Involving Cognition, Perception, Emotional
State, and Behavior). Suicides are sourced from the Ministry of Health’s official mortality records. Self-reported
outcomes, such as Life Dissatisfaction, Composite Dissatisfaction, Languishing Scale, and Psychological Distress,
are measured on an individual basis and surveyed every January, April, July, and October from 2013 to 2019.
These self-reported measures are derived from the Self-Reported Well-being Survey (Médulo de Bienestar Autor-
reportado) conducted by the National Institute of Statistics and Geography (INEGI) with individuals living in 32
urban cities across Mexico. Each self-reported measure is scaled to be from 0 to 10, where higher scores indicate
worsened mental health. P25, P50, P75, P90, and P99 represent the 25th, 50th (median), 75th, 90th, and 99th
percentiles, respectively.

several dimensions of mental health, focusing on everyday emotional states rather than severe
outcomes that only manifest when individuals interact with the healthcare system, such as
emergency department visits or suicides. All measures are rescaled to range from 0 to 10, with
higher scores reflecting worse mental health.'’

The first measure, Life Dissatisfaction, reflects individuals’ overall dissatisfaction with life,
offering a general perspective on subjective well-being. A related measure (Composite Dissat-
isfaction) averages dissatisfaction across 10 specific dimensions, such as health, relationships,
time use, and neighborhood conditions, to provide a multidimensional view of perceived life
quality. For emotional states, we include Negative Feelings, which captures the prevalence of
emotions like bad mood, stress, fatigue, boredom, and sadness. This measure complements

Anxiety, which directly assesses acute emotional distress based on feelings of worry or stress,

"For the exact wording of survey questions in English, see Appendix Table E.1.
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and Pseudo PHQ-2, constructed using items that align with depression symptoms, such as fa-
tigue, anhedonia, and depressed mood.

To assess broader psychological well-being, we include Languishing, adapted from Diener
(2009)’s Flourishing scale, which focuses on optimism, purpose, and meaningfulness of overall
life. A higher score of Languishing indicates diminished perceptions of flourishing. Psycholog-
ical Distress, adapted from Diener (2009)’s psychological well-being scale, synthesizes items
related to adversity, self-worth, and purpose, offering a more comprehensive view of mental
strain. Finally, Lack of Control captures perceptions of autonomy and agency by aggregating
responses on freedom of decision-making and self-determination, reflecting how individuals
feel in control of their lives.

These measures emphasize everyday experiences relating to mental health rather than clin-
ical outcomes. Key summary statistics in Table 1 show that our sample has an average life dis-
satisfaction score of 1.89, composite dissatisfaction at 2.3, and an average pseudo PHQ-2 score
of 1.47. For context, Reed et al. (2024) report an average PHQ-2 score of 0.7 among U.S. vet-
erans based on their electronic health records, suggesting that the urban population in Mexico
reports higher levels of depression. Reed et al. (2024) documents a mean score of 6.37 on a 0-10
satisfaction scale for U.S. veterans, translating to a dissatisfaction score of 3.63 when rescaled
to match the metric in our study.'® Measures of anxiety, negative feelings, and psychologi-
cal distress average 1.78, 1.55, and 1.32, respectively. These metrics provide a comprehensive
snapshot of mental well-being in Mexico, complementing the clinical data.

We’d like to note that these self-reported well-being responses can be sensitive to context
and demand effects, raising the possibility that respondents may report their mental well-being
in ways that align with perceived expectations of the experimenter (Heffetz and Caspi, 2025)."°
Thus, our measures in general follow the approach recommended by Heffetz and Caspi (2025),

combining multiple components into a composite index.

3.2.3 Historical weather

We combine mental health outcomes with historical climate data from the North American
Regional Reanalysis (NARR) model at the U.S. National Oceanic and Atmospheric Adminis-
tration (NOAA). The NOAA-NARR dataset provides continuous and complete weather records
for Mexico throughout our sample period. Our primary temperature metric is the conventional

8The PHQ-2 and dissatisfaction scores are rescaled to a 0-10 range for direct comparison with our measures.

For instance, Heffetz and Caspi (2025) noted that discrepancies between physicological stress indicators (such
as cortisol level that can rise when people feel stressed) and self-reported stress suggest that psychological self-
reported measure may at times be noisy or influenced by external cues.
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dry-bulb temperature, which we use in most of our specifications alongside relative humidity
and rainfall as control variables. In parallel, we also conduct core analyses using wet-bulb tem-
perature, a composite measure of heat and humidity altogether, to capture the physiological
burden of thermal stress more directly. We construct wet-bulb temperature using the Stull
method, as detailed in Appendix A.

Mexico’s national meteorological agency, the Comisién Nacional del Agua (CONAGUA),
provides observational weather data from ground monitoring stations. While CONAGUA is the
primary public institution responsible for meteorological monitoring, we do not rely on these
records due to their non-trivial and irregular patterns of missingness and errors. Many stations
experience frequent interruptions, and the absence of metadata makes it unclear whether these
gaps arise from equipment failure, power outages, or extreme weather events themselves. The
missing values are non-random across time and location, limiting their reliability for consistent
exposure measurement.

Instead, we rely on the NOAA-NARR dataset, which synthesizes multiple observational in-
puts, including those from CONAGUA, into a scientifically validated atmospheric reanalysis
model. We selected NARR for its high spatial resolution at approximately 0.3 degrees (32km)
resolution at the equator and demonstrated performance in Mexico. Despite being a mod-
eled source, NARR offers full geographic and temporal coverage that is critical in data-scarce
settings (Behrer, 2025). While the correlation between NARR and CONAGUA dry-bulb tem-
peratures in our sample period is moderate (r=0.577), this likely reflects measurement noise
in CONAGUA rather than inaccuracy in NARR.? Furthermore, our empirical strategy does not
rely on precise temperature levels but on non-parametric bins defined at the 2°C level vari-
ation, making our estimates robust to small level shifts across sources. Appendix B presents
descriptive comparisons between NARR and CONAGUA temperatures, including the observed
correlation and the distribution of daily differences at the municipality level.

Figure 1 illustrates the distribution of average dry-bulb and wet-bulb temperatures across
municipalities in Mexico based on weekly observations. The dry-bulb temperature, shown by
the solid red line, represents conventional temperature, while the wet-bulb temperature, repre-
sented by the dashed blue line, accounts for both temperature and humidity. The distributions
indicate that temperature mostly falls between 14°C and 30°C, with a peak around 19°C, which
aligns with the omitted reference temperature bin (20-22°C) in our analysis in equation 1. The
ten temperature bins, <14°C, 14-16°C, ..., 28-30°C, are determined based on the empirical dis-

tribution of dry-bulb temperatures in Mexico, as Figure 1 depicts, rather than being arbitrarily

*When manually cross-checking high-discrepancy days against publicly archived weather records from The
Weather Channel (https://weather.com/weather), we consistently find that our NARR temperature estimates
are closer to the recorded reality, whereas CONAGUA values often appear erroneous.
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assigned. We present summary statistics of all weather variables in Appendix Table F.2.

Figure 1: Distribution of Temperatures in Mexico
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Notes: Observations depicted are the average dry-bulb and wet-bulb temperatures, calculated weekly in each year
for each municipality in Mexico, covering a period from 2007 to 2021.

The relationship between temperature, humidity, and human thermal comfort is complex.
While we focus on dry-bulb temperature for our main analyses, relative humidity plays a cru-
cial role in how humans experience heat at different levels of humidity. For instance, a dry-bulb
temperature of 30°C can feel substantially more oppressive at 80% relative humidity compared
to 20% humidity, as high humidity impairs the body’s natural cooling mechanism through
sweat evaporation. To account for this important interaction, we include relative humidity and
rainfall as control variables in all our specifications.

To comprehensively address the role of humidity in heat exposure, we supplement our main
findings with parallel analyses using wet-bulb temperature. The wet-bulb temperature metric,
which combines temperature and humidity into a single measure, is particularly significant for
understanding how humidity affects human cooling mechanisms (Vecellio et al., 2022).*' The
relationship between wet-bulb and dry-bulb temperatures is non-linear, as detailed in equation
3 in the appendix. For example, a 25°C temperature with 95% relative humidity feels like a dry
40°C with lower humidity. As a reference, in Figure 2, we show the distribution of dry-bulb
and wet-bulb temperature for Mexico in August 2019.

To link weather data with our municipality- or city-level mental health outcomes, we use

Z'Following established practice in the economics literature (Adhvaryu et al., 2020; Geruso and Spears, 2018;
LoPalo, 2023), we construct wet-bulb temperatures using the Stull calculation method.
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Figure 2: Geographic Variations of Temperature and Humidity in Mexico

A. Dry-bulb (°C) B. Wet-bulb (°C)

Notes: This figure presents three key climatological parameters mapped across Mexico, showing monthly average
values for August 2019. Panel A shows the spatial distribution of the conventional temperature metric, dry-bulb
temperature (°C). Panel B displays wet-bulb temperature (°C). Wet-bulb temperatures are calculated using the
Stull formula, which is presented in equation 3 in the appendix.

a two-step spatial linkage procedure. First, we generate the geographic centroids of each mu-
nicipality (or city) using official shapefiles from Mexico government in a geographic informa-
tion system (GIS), extracting their latitude and longitude in a standardized coordinate sys-
tem. Second, for each centroid, we identify the four nearest NARR grid nodes*? and compute
inverse-distance weighted averages of daily weather variables from these surrounding nodes.
We follow established practices in the literature (Carrillo, 2020; Zhang et al., 2018; Geruso and
Spears, 2018; Rocha and Soares, 2015; ?), ensuring a smooth interpolation from gridded weather
surfaces to population-relevant geographic units, municipality. We then merge these weather
data with our mental health outcomes at the municipality-week level. Finally, to construct our
weekly temperature exposure measures, we count the number of days within the week where
the daily average temperature falls into each temperature bin.

4 Main Results

4.1 Suicides and mental illness emergency department visits

We begin by presenting our results for outcomes that measure more severe mental distress.
Figure 3 summarizes the results for suicides (Panel A) and mental illness emergency depart-

ments visits (Panel B). Although suicides appear first in the figure, we start by discussing Panel

ZFach grid is spaced approximately 32km apart in the NCEP Eta model. See
https://www.ncei.noaa.gov/products/weather-climate-models/north-american-regional for details.
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B, where the relationship with temperature is more precisely estimated. We find a statistically
significant relationship between temperatures and mental illness emergency department visits,
higher temperatures result in more visits, while lower temperatures lead to fewer visits. For
example, we find that an additional day above 30°C (=86°F) in a week leads to 1.21 more mental
illness emergency department visits per million residents, which is a 2.4% increase relative to
the weekly average of 51.4 visits per million in our sample.

This quasi-linear pattern for mental illness ED visits is consistent with prior evidence. Mullins
and White (2019) documented quasi-linear relationships between temperature and mental-
health outcomes in California, showing that higher temperatures increased both ED visits and
suicides. Similarly, Lavigne et al. (2023) found a comparable quasi-linear relationship in Canada,
where short-term exposure to extreme heat was associated with higher risks of emergency visits
for mental and behavioral disorders, while risks declined during extreme cold temperatures—
consistent with previous evidence (Yoo et al., 2021; Lee et al., 2018; Wang et al., 2014; Hansen
et al., 2008). In the Mexican setting, Cohen and Gonzalez (2024) similarly documented linear
associations between daily temperature and crime rates, underscoring that temperature influ-
ences a broad range of behavioral and mental health outcomes.

Turning to suicides, Figure 3 Panel A shows a noisier relationship with wider confidence
intervals and a less clearly linear pattern, though the direction is consistent with the aggregate
effect. Suicides decline significantly only at the coldest temperatures, while the three hottest
bins drive modest increases. Our estimates imply that having one additional day above 30°C a
week leads to a 3.2 percent increase in suicides (0.003 additional suicides per million residents
weekly) relative to the mean of 0.093 suicides.

To compare our estimates with those of Mullins and White (2019), we adjust our estimates to
match the unit used in their study: per 100,000 residents a month. We mimic their specification
by aggregating our weekly data to the monthly level, using six temperature bins in Fahrenheit,
and excluding humidity as a control. Mullins and White (2019) report that an additional day
above 80°F increased mental health emergency department visits by 0.3% and suicides by 0.24%
relative to their sample mean. Under this approach, we estimate a 0.4% increase in emergency
department visits and 1.1% more suicides in Mexico.?* These estimates correspond to effects
roughly 1.3 times larger for emergency department visits and about 5 times larger for suicides
compared to those found in the U.S. These slightly larger effects in Mexico may be due to differ-
ences in climate itself, climate adaptation, healthcare infrastructure, or social resilience when

compared to the U.S.

2The effect on emergency department visits is statistically significant, whereas the effect on suicide is not. The
latter should be interpreted with caution.
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Figure 3: Relationship between Temperature and Extreme Mental Health Outcomes
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Notes: The estimated coefficients and the 95 percent confidence intervals using standard errors clustered at the
municipality level are depicted in this figure. The 20-22°C temperature bin is omitted as the reference category.
All dependent variables are presented as rates per million residents within each municipality. For example, the
dependent variable in Panel B represents all mental illness ED visits per million residents within each municipality
a week, including all ED visits with the primary diagnosis of ICD-10 F: Mental and behavioral disorders and ICD-
10 R 40-46: Symptoms and signs involving cognition, perception, emotional state and behavior. Each suicide is
matched to the temperature of the municipality where it occurred. All specifications control for the municipality
by week-of-the-year fixed effects and state by year fixed effects, as well as weekly humidity and rainfall exposure.
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To identify which mental health disorders are driving our results, we examine subcategories
of emergency department visits by primary diagnoses in Figure 4. These categories encom-
pass the major domains of mental health: mood disorders (primarily depression and similar
emotional conditions), neurotic disorders (anxiety and stress-related symptoms), schizophre-
nia (disorders involving altered perception of reality), dementia (cognitive decline conditions),
substance use disorders (involving alcohol, opioid, and other psychoactive substances), and
psychophysiological disorders (physical manifestations of psychological distress).

Figure 4: Temperature and Mental Health ED by Visit Type
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Notes: The estimated coefficients and the 95 percent confidence intervals using standard errors clustered at the
municipality level are depicted in this figure. The 20-22°C temperature bin is omitted as the reference category. All
dependent variables are presented as rates per million residents within each municipality. Mood disorders in col-
umn (1) include ED visits with the primary diagnosis of ICD-10 F 30-39: Mood [affective] disorders (depression);
Neurotic disorders in (2) include F 40-48: Neurotic, stress-related and somatoform disorders; Schizophrenia in (3)
includes F 20-29: Schizophrenia, schizotypal and delusional disorders; Dementia in (4) includes F 00-09 Organic,
including symptomatic, mental disorders; Substance in (5) includes F 10-19: Mental and behavioral disorders due
to psychoactive substance use; and Psychophysio in (6) includes F 50-59: Behavioral syndromes associated with
physiological disturbances and physical factors. All specifications control for the municipality by week-of-the-
year fixed effects and state by year fixed effects, as well as weekly humidity and rainfall exposure.

We observe varying temperature sensitivities across conditions, with statistical precision
largely reflecting their prevalence. Mood disorder visits (Panel A) rise significantly above 24°C,
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with one additional day above 30°C a week leading to an increase of 0.1 visits per million resi-
dents (2.8% relative to the mean of 3.52). This pattern aligns with prior literature showing that
mood-related disorders are particularly sensitive to heat exposure, likely through pathways
involving stress regulation and mood instability.**

Neurotic disorders (Panel B), with the highest baseline rate of 22.2 visits per million resi-
dents on average, show the most significant effect with a rise at all high temperature bins. This
result highlights stress as a potential mechanism. Neurotic disorder visits increase by 0.71 on
average with an additional day above 30°C a week (3.2% relative to the mean of 22.21). This
pattern may reflect how heat stress can amplify anxiety and psychological tension (Soini et al.,
2024; Xie et al., 2021), potentially through both direct physiological effects on the nervous sys-
tem and indirect effects on sleep and daily activities (Buguet, 2007; Lohmus, 2018; Irwin, 2023).
We explore potential mechanisms in a later section by examining changes in sleep patterns and
time people spend on leisure activities.

Substance use disorders (Panel E) also show increased emergency department visits at higher
temperatures, consistent with findings linking heat to worsened alcohol and drug-related health
outcomes. Dementia-related and schizophrenia visits (Panel C and D) exhibit no significant
relationship with temperature, diverging from prior studies suggesting vulnerability during
heatwaves.? Psychophysiological disorders (Panel F) also display no clear pattern along the
temperature bins.

The effects of temperature may differ across population groups. For example, anxiety, de-
pression, and stress are up to twice as prevalent among women as among men (Altemus et al.,
2014), suggesting that heat-related mental health responses may also vary by gender. Our find-
ings in Figure 5 illustrates clear gender differences in the temperature-mental health relation-
ship. All outcome measures are normalized per million residents of the same gender within
each municipality, rather than by the total population. For example, the weekly number of
female suicides in a municipality is adjusted by the corresponding female population.

Panel A in Figure 5 shows that women are more sensitive to heat. An additional day above
30°C increasing emergency department visits by 1.8 per million women (3% relative to the
sample mean), compared to 0.6 per million men (1.4%). Cold temperatures modestly reduced
emergency department visits for both genders. In contrast, men’s suicide rates are more respon-
sive to heat than those of women, with extreme heat disproportionately affecting men. While
women’s rates remain unaffected, each additional day above 30°C increases male suicides by

2*See Rony and Alamgir (2023); Cianconi et al. (2020); Saldaris et al. (2020); Hansen et al. (2008); Trang et al.
(2015).

»See Cornwall (2023); Lee et al. (2023); Zhao et al. (2016); Sung et al. (2011) for schizophrenia, and Hansen et al.
(2008); Conti et al. (2007); Linares et al. (2017) for dementia.
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Figure 5: Temperature and Mental Health by Gender
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Notes: All dependent variables are presented as rates per million residents within each municipality’s correspond-
ing gendered population. All specifications control for the municipality by week-of-the-year fixed effects and state
by year fixed effects, as well as weekly humidity and rainfall exposure. For additional details, please refer to the

notes for Figure 3.

Figure 6: Mental Health ED by Visit Type and Gender
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0.008 per million men — a 5% increase relative to the male sample mean of 0.159 suicides per
million per week. Even after accounting for the fact that men already exhibit higher baseline
suicide rates, our results indicate that male suicides primarily drive the temperature—suicide
relationship. These findings highlight distinct gender patterns in mental health risks. Women
are more likely to seek emergency care for mental illness when temperatures are high; whereas
men bear a heavier burden at the most severe end of mental health outcomes, suicide.

The heterogeneity analysis by visit type in Figure 6 also reveals distinct gender-specific pat-
terns. Neurotic and substance use disorders (Panels B and E) showing the most pronounced con-
trasts between women and men. Emergency department visits for neurotic disorders (Panel B)
increase significantly at higher temperatures, with women showing a consistently bigger mag-
nitude of effects than man. In contrast, substance use disorder visits (Panel E) also rise with
temperature, but disproportionately among men.

Mood disorders (Panel A) show similar responses across genders, with both men and women
experiencing increased emergency department visits at higher temperatures. Schizophrenia
(Panel C), dementia (Panel D), and psychophysiological disorders (Panel F) do not display clear
or statistically significant temperature effects for either gender, likely reflecting the rarity of
these emergency visits in the data. These patterns suggest that anxiety and stress cases drive the
increase in emergency department visits, especially among women, and substance use-related
emergency department visits also rise with heat, but disproportionately among men. Taken to-
gether, this evidence is consistent with heat amplifying acute stress and prompting maladaptive
coping (Vergunst et al., 2023).

We also examine heterogeneity by age to understand how heat sensitivity varies across life
stages. Panels A.1-A.6 in Appendix Figure F.7 show that emergency department visits increase
significantly with heat for most age groups, except young children (0-5 years) and adults aged
60 and over. In contrast, suicide responses to heat are concentrated among older adults: Panels
B.1-B.6 in Appendix Figure F.7 indicate that only individuals aged 60 and above experience a
statistically significant increase in suicides on hotter weeks. While some younger age groups
show suggestive upward patterns, these estimates are less powered. These results suggests
evidence that age conditions both exposure and vulnerability — older adults face elevated risks
at the most severe endpoints, whereas working-age populations more often experience non-

fatal distress leading to emergency visits.
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4.2 Self-reported mental well-being

To provide a more comprehensive understanding of temperature effects on mental health, we
examine various self-reported mental health and well-being measures. Figure 7 presents results
from our main specification, which controls for weekly relative humidity and rainfall exposure,
city-week and state-year fixed effects, and clusters errors at the city level. It should be noted
that all measures are rescaled so that higher measures indicate worse mental health. We provide
parallel analyses using wet-bulb temperature in Appendix Figure E.5.

Our findings reveal consistent patterns in how temperature affects various dimensions of
mental well-being, particularly at extreme temperatures. Life dissatisfaction (Panel A, 7) is
positively correlated with low temperatures. The composite dissatisfaction measure in Panel
B displays a similar pattern at lower temperatures, but with significantly positive correlation
with high temperatures as well. The divergent patterns at higher temperatures between life
dissatisfaction and composite dissatisfaction may reflect how heat exposure differently affects
overall (Life Dissatisfaction) versus specific domains of (Composite Dissatisfaction) well-being.
While people may adapt their behaviors during hot weeks to maintain overall life satisfaction,
the composite measure captures specific domains like health, daily activities, relationships,
housing, and community domains — that remain disrupted despite their adaptations. The as-
pects captured by the composite dissatisfaction measure may be more systematically affected
by a week of high temperatures through sleep disruption, reduced outdoor activities, and con-
strained social interactions.

The languishing scale (Panel C), which measures seven components of eudaimonic well-
being from self-acceptance to daily accomplishment, shows adverse effects at higher tempera-
tures. Heat exposure may be correlated with undermining fundamental aspects of psychologi-
cal thriving and personal development, as the languishing scale measures deeper psychological
resources like autonomy, self-acceptance, optimism, and resilience.

Looking at emotional and depressive metrics in Panels D-F, we do not observe statistically
significant patterns. Lack of control (Panel G), which reflects individuals’ sense of agency
over their lives, autonomy in decision-making, and self-determination of life outcomes, shows
weak deterioration at higher temperatures, suggesting heat exposure may diminish people’s
perceived control over their circumstances. Psychological Distress in the last panel (Panel H)
shows a weakly U-shaped pattern, with precisely negative correlations at higher temperatures.
This result is concerning for long-term mental health and resilience, because what this psycho-
logical distress measure captures (optimism, sense of purpose, feeling that life is worthwhile)
are core aspects of psychological functioning rather than just temporary mood states.

Across the self-reported measures, we find mixed evidence regarding the effects of tem-
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Figure 7: Nonlinear Temperature Effects on Self-Reported Mental Well-being
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Notes: This figure presents the relationship between dry-bulb temperature exposure and various well-being out-
comes: (A) General life satisfaction, (B) Composite dissatisfaction index averaging twelve domains spanning per-
sonal, social, and environmental aspects, (C) Languishing scale adapted from Diener (2009) measuring eudai-
monic well-being, (D) Pseudo PHQ-2 depression screening capturing fatigue, anhedonia, and depressed mood,
(E) Anxiety, (F) Psychological distress adapted from the psychological well-being scale measuring optimism, pur-
pose and daily meaningfulness in Diener (2009), (G) Lack of control measuring perceived agency and autonomy,
and (H) Negative feelings from the SPANE measure in Diener (2009). All measures range from 0-10, with higher
values indicating worse mental health outcomes. The estimated coefficients and the 95 percent confidence inter-
vals using standard errors clustered at the city level are depicted in this figure. The reference temperature bin is
20-22°C, chosen as it represents the middle range of the temperature distribution in the sample. All specifications
control for city by week-of-the-year effects and state by year fixed effects, weekly humidity and rainfall exposure,
as well as individual gender, age group, and education. The data come from quarterly surveys (January, April,
July, and October) conducted yearly from 2013 to 2019. Parallel analyses using wet-bulb temperature bins are
presented in Appendix Figure F.5. 25



perature extremes on mental well-being. Some measures, such as composite dissatisfaction,
languishing, and psychological distress, show significant associations at high temperatures.
Composite dissatisfaction highlights how specific life domains, like health and social interac-
tions, may be more vulnerable to heat-related disruptions despite overall life satisfaction re-
maining stable. Similarly, both the languishing scale and psychological distress reflect deeper
psychological effects, such as reduced optimism, autonomy, and a sense of purpose, which may
be undermined during heat exposure. However, other measures, such as pseudo PHQ-2 and
anxiety, show imprecise estimates. This may reflect a genuine lack of association with tem-
perature or insufficient statistical power in the survey data to detect subtle effects. Lack of
control exhibits a weak correlation, indicating potential but not definitive links to temperature
extremes. Overall, while some results suggest evidence of the vulnerability of certain dimen-
sions of mental health to temperatures, the findings are noisier than those derived from clinical

outcomes.?®

5 Adaptation

This section examines how individuals and local systems adapt to high temperatures in ways
that may shape their mental health responses. We focus on both behavioral adjustments — such
as changes in sleep, physical activity, and time spent indoors — and infrastructural forms of
adaptive capacity, including access to mental health professionals, air conditioning, and urban
infrastructure. Together, these analyses situate the temperature-mental health relationship
within a broader framework of coping and resilience.

We first revisit behavioral channels that may mediate the effects of heat on mental well-
being, using complementary time-use datasets to explore changes in sleep and leisure activi-
ties. Prior work has identified similar behavioral mechanisms in Mexico (e.g., Cohen and Gon-
zalez, 2024), and we assess whether these patterns are consistent in our data. We then extend
the analysis to newly examined dimensions of adaptation — mental health service availability,
air-conditioning penetration, and rural-urban context — to test how institutional and infras-
tructural capacity mitigates heat-related mental health risks.

*In addition to the self-reported mental well-being measures, we also test secondary outcomes identified in the
literature as potential manifestations of mental health strain, including psychological stress, blood pressure,
and smoking behavior. We find no significant associations for these outcomes, which rely on either state-level
aggregated data or survey measures. These analyses are presented in Appendix E for readers interested in the
full results and methodological details.
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5.1 Data

To analyze both behavioral and infrastructural forms of adaptation, we compile several comple-
mentary datasets that capture individual time use, local health resources, and environmental
conditions across Mexican municipalities.

The Mexican Family Life Survey (MxFLS) provides individual-level information on sleep,
sports activity, and TV watching, which we use to study behavioral adjustments under tempera-
ture stress. Although the MxFLS is longitudinal, we treat it as a repeated cross-section because
of substantial panel attrition, pooling data from all three waves.?” Each record includes the
month and year of interview and the municipality of residence, which allows linkage with con-
temporaneous monthly weather data. The key variables of interest are average daily minutes
spent sleeping, engaging in sports, and watching TV, which are the activities that together re-
flect rest, outdoor exercise, and indoor leisure. This setup enables us to evaluate how people
adjust their daily routines in response to heat exposure, extending prior behavioral evidence
for Mexico (e.g., Cohen and Gonzalez, 2024) to a longer temporal window and different survey
population in Mexico.

We also complement the MxFLS with the Sports Practice and Physical Exercise Module,
collected annually each November since 2013 across 32 major urban areas. This dataset of-
fers an independent validation of temperature—exercise relationships observed in the MxFLS,
providing a more recent urban sample with consistent activity definitions.

To examine institutional and infrastructural adaptability, we merge in three additional data
sources. The Ministry of Health’s Medical Resources dataset records the annual presence of
psychiatrists and psychologists by municipality, which we use to identify whether a locality
is “served” by each type of professional. The National Household Income and Expenditure
Survey (ENIGH) series (biannual, 2008-2020) reports household air-conditioning ownership,
aggregated to the municipality level to construct A/C penetration rates. Finally, the 2010 Pop-
ulation Census provides the urban-rural classification used to distinguish municipalities by
degree of urbanization.

All datasets are spatially merged with the corresponding weather exposure measures using
the procedure described in Section 3.2.3. Whenever municipality-level identifiers are available,
we match at that level; when data are reported only for larger urban areas, we use city-level

matching.

Wave 1 (2002); Wave 2 (2005-2007); Wave 3 (2009-2013).
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5.2 Changes in sleep and leisure activities

Behavioral responses such as changes in sleep, exercise, and indoor activity are among the direct
ways individuals adapt to heat. Prior work in Mexico has shown that temperature influences
time allocation, social behavior, and physical exertion (Cohen and Gonzalez, 2024). Using the
MxFLS, we examine whether similar behavioral adjustments emerge in our broader sample and
whether they plausibly contribute to the observed mental health patterns.

The analysis links individual time-use information to contemporaneous monthly weather
data at the municipality level.?® The three outcomes — minutes spent sleeping, engaging in
sports, and watching TV — capture rest, outdoor exercise, and indoor leisure, respectively.

Figure 8 shows consistent behavioral adjustments with temperature. Panel A indicates
slightly longer sleep duration at moderate temperatures (20-26°C), while extreme tempera-
tures show no significant deviations. Panel B shows that heat discourages physical activity:
each additional day above 30°C reduces sports time by about two minutes per day, equivalent
to a 31% decline relative to the mean of 6.5 minutes. Regular exercise is known to buffer stress
and improve mood (Soini et al., 2024; Xie et al., 2021), suggesting that reduced activity could
be one pathway linking heat to worsened mental health.?3°

In contrast, Panel C shows an increase in time spent on indoor activities such as watching
TV during both cold and hot weeks, consistent with behavioral retreat into climate-controlled
settings. These patterns align closely with prior evidence and provide suggestive confirma-
tion that individuals modify daily routines to cope with thermal discomfort (Cheong and Gay-
nanova, 2024; Ho et al., 2023, 2022; Huang et al., 2020; Schuch et al., 2018; Zhai et al., 2015).
While such adjustments are adaptive in the short term, they may simultaneously reduce pro-
tective behaviors like exercise or social interaction. We next turn to institutional dimensions of

adaptation that could mediate or buffer these behavioral effects.

5.3 Mental health professional accessibility

The capacity of local health systems to manage heat-related distress can be a key dimension
of adaptation. We therefore examine how the availability of mental health professionals con-
ditions the link between temperature and mental health outcomes. Using municipality-level

data from the Ministry of Health’s Medical Resources dataset, we classify each municipality-

2Although respondents report time use for the “past week,” the MXFLS provides only year-month interview dates.
We therefore assume that reported activities reflect exposure to the average temperature of the interview month.

»However, the magnitude of the effects suggests that it is likely not the only mechanism at play.

3'We also confirm the robustness of the results of Panel B in Figure 8, using an alternative dataset that surveyed
sports practice and physical exercises among urban Mexicans in Appendix Figure F.6.%!

28



Figure 8: Effects of Temperature on Sleep and Leisure using Mexican Family Life Survey
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Notes: The estimated coefficients and the 95 percent confidence intervals using standard errors clustered at the
municipality level. We chose the reference temperature bin to be 20-22°C, which represents the middle range of
the temperature distribution in the sample. The dependent variables are daily average minutes spent on three
activities during the previous week: Sleep (Panel A), Sports Activity (Panel B), and Watching TV (Panel C). All
specifications control for municipality by month-of-the-year and state by year fixed effects, as well as average
relative humidity and rainfall exposure at the municipality-month level. Survey weights from the Mexican Family
Life Survey (MXFLS) Waves 1-3 are applied to account for the survey’s sampling design.

year into three categories based on the presence of psychiatrists and psychologists: (i) None,
if the municipality has neither type of professional; (ii) Psychologist only, if it has at least one
psychologist but no psychiatrist; and (iii) Both, if it has at least one psychiatrist and at least one
psychologist. In 2019, about two-thirds of municipalities had no mental health professionals,
one-fourth had only psychologists, and 6% had both. Only five municipalities had psychiatrists
without psychologists, which we treat as missing values.

The contrast between psychiatrists and psychologists is relevant for interpreting these cat-

egories: psychiatrists, as medical doctors, can prescribe medication or authorize emergency
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hospitalization during acute psychiatric crises, whereas psychologists focus on therapy and
crisis assessment but lack prescriptive authority. Figure 9 presents estimated effects of tem-
perature on suicides (Panel A) and mental illness emergency department (ED) visits (Panel B)

across these categories.

Figure 9: Temperature and Mental Health by Health Professional Accessibility
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Notes: Municipalities are classified according to the annual availability of mental health professionals using the
Ministry of Health’s Medical Resources dataset: None indicates that a municipality-year has neither a psychiatrist
nor a psychologist (1,593 municipalities in 2019); Psychologist only indicates at least one psychologist but no psy-
chiatrist (678 municipalities in 2019); and Both indicates at least one psychiatrist and at least one psychologist
(163 municipalities in 2019). Only five municipalities had psychiatrists without psychologists in 2019, which are
dropped from the analysis. All regressions include municipality by week-of-year fixed effects, and state-by-year
fixed effects, as well as weekly rainfall and humidity controls. Standard errors clustered at the municipality level.

Panel A shows that suicide responses to temperature do not vary meaningfully across cate-
gories of mental health professional availability. The estimated coefficients are similar in mag-
nitude and precision across municipalities with no professionals, psychologists only, or both
psychiatrists and psychologists. This pattern suggests that, within the available data, the re-
lationship between temperature and suicide rates is largely invariant to the local presence of
mental health providers. The result is consistent with the interpretation that suicide, as a rare
and extreme outcome, reflects crises that unfold too acutely for outpatient service availability
to play a moderating role.

In contrast, Panel B reveals heterogeneity in how temperature affects emergency depart-
ment (ED) visits for mental illness. Municipalities with both psychiatrists and psychologists
exhibit smaller increases in ED visits during high-temperature periods compared to those with
limited or no professional coverage. Because the availability of professionals is highly cor-
related with socioeconomic and institutional characteristics, these differences should not be
interpreted causally. Rather, they indicate that municipalities with stronger overall mental
health infrastructure, which includes but is not limited to psychiatrist presence, experience
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attenuated heat-related surges in emergency presentations.

The attenuated ED responses in areas with both psychiatrist and psychologist are consistent
with greater clinical capacity for early stabilization or alternative care pathways outside the
emergency setting. However, the absence of heterogeneity in suicide outcomes underscores the
limits of such buffering: even where professional resources are available, the most severe crises

remain largely unmitigated by local service presence.

5.4 Adaptability by air conditioning and rurality

We do not find clear heterogeneity in mental health outcomes by air-conditioning (A/C) pene-
tration. The overlapping confidence intervals for municipalities with low and high A/C pene-
tration in Figure 10 suggest that A/C adoption may not significantly alter the observed patterns.
This aligns with findings by Mullins and White (2019), who report no notable heterogeneity in
suicides in the U.S. Similarly, Cohen and Gonzalez (2024) find that the mitigating effect of A/C
penetration on temperature-induced crime in Mexico is either minimal or not robust. These
similarities suggest that A/C penetration alone may not explain variations in outcomes, espe-
cially in contexts with relatively low A/C adoption rates like Mexico.*

Figure 10: Temperature and Mental Health by Air Conditioning Penetration
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Notes: The air conditioning penetration rate is aggregated at the state level. Municipalities with rates above the
national median state are classified as having higher penetration, while those below the median are categorized
as having lower penetration.

Interpreting the heterogeneity results by A/C penetration requires caution. Limited varia-

tion in A/C penetration rates across Mexico, as seen in Appendix Figure E.8, and reliance on

3See Appendix Figure E.8.
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state-level aggregated data to define the A/C penetration may obscure differences across mu-
nicipalities, limiting our ability to detect localized effects. Additionally, confounding variables
could influence both A/C penetration and mental health outcomes. For example, wealthier
municipalities with higher A/C adoption might also enjoy better access to healthcare services,
confounding the relationship between temperature adaptation and mental health.

From a broader perspective, relying on A/C as a coping mechanism for extreme temper-
atures to protect mental health comes with a sustainability concern. Increased usage of A/C
could drive higher energy demand and CO, emissions in the long term (Colelli et al., 2023)
while rising energy costs from A/C usage might impose financial burdens on households (Bar-
reca et al., 2022).

We also examine whether the temperature effects on mental health vary by rurality of each
municipality, as urban areas typically have better infrastructure and healthcare access with
cooling facilities that might provide greater resilience to temperature shocks. Figure 11 shows
results comparing municipalities classified as urban (metropolitan, large urban, and medium
urban areas) versus rural (rural, semi-urban, and mixed-urban areas). Similar to the air condi-
tioning analysis in Figure 10 above, we find no clear heterogeneity in clinical outcomes across
rural and urban settings. This finding indicates that the temperature-mental health relation-
ship is robust across different levels of urbanization in Mexico, despite potential differences
in adaptive capacity and infrastructure between urban and rural areas. Note that the BIARE
survey itself targets only urban residents, meaning that our self-reported mental well-being

outcomes in Figure 7 represent the relationship among urban populations.

6 Robustness

As the first robustness check, we conduct placebo tests using health outcomes that are unlikely
to be affected by short-term temperature fluctuations. Figure 12 presents results for six con-
ditions: malignant tumors, benign (non-cancerous) neoplasms, congenital disorders, appen-
dicitis, acute cholecystitis, and bowel obstruction. These conditions represent either chronic
diseases with long development periods (e.g., tumors and congenital anomalies) or acute inter-
nal pathologies with physiological causes unrelated to ambient temperature (e.g., appendicitis,
cholecystitis, and bowel obstruction). Across all six outcomes, the estimated coefficients are
statistically insignificant, indicating that our main results are not driven by spurious correla-
tions that vary systematically with temperature.

Second, we implement falsification tests by including future temperature bins as regressors

in addition to the contemporaneous bins in our main specifications. If our estimates reflect
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Figure 11: Temperature and Mental Health by Rurality
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are classified as Urban if more than 50% of their population lives in metropolitan (>1 million), large urban (100K-
1 million), or medium urban (15K-100K) areas.

causal temperature effect, future weeks’ temperature conditions should not predict current
health outcomes. Appendix Figure F.4 shows results when we include temperature bins from
one and two weeks in the future alongside contemporaneous temperature measures. For the
clinical outcomes in Panel A (left), we see clean falsification results, where the outcomes are
objective and behavioral — actual emergency department visits, suicides, and deaths. Future
weather can’t cause someone to go to ED today.

But for the self-reported outcomes in Panel B (right), people are being asked to evaluate their
current mental state or how they felt yesterday, and we see some significant future temperature
effects. This likely reflects psychological anticipation effects, where anticipating uncomfort-
able weather conditions through forecasts makes respondents rate their current mental state
more negatively; we cannot rule out systematic survey timing patterns that coincide with cer-
tain temperature forecasts. Recall that self-reported mental well-being surveys are conducted
quarterly (January, April, July, and October) every year.

Third, we cluster standard errors by municipality interacted with week of the year and by

municipality interacted with month of the year, and the main results remain robust.

33



Figure 12: Falsification Tests
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Notes: All dependent variables are presented as rates per million residents within each municipality. Malignant
Tumors in Panel A includes all ED visits with the primary diagnosis of ICD-10 C 00-97: Malignant neoplasms;
Non-cancerous Tumors in Panel B includes D 10-36: Benign neoplasms; Congenital in Panel C includes Q 00-
99: Congenital malformations, deformations and chromosomal abnormalities; Appendicitis in Panel D includes
K 35-38: Diseases of appendix; Cholecystitis in Panel E includes K 81: Cholecystitis; and Bowel Obstruction
in F includes K 56: Paralytic ileus and intestinal obstruction without hernia. All specifications control for the
municipality by week-of-the-year fixed effects and state by year fixed effects, as well as weekly rainfall exposure.
For additional details, please refer to the notes for Figure 3.
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7 Conclusion with Discussion

We provide evidence that rising temperatures are linked to worsened mental health in Mexico.
Using multiple administrative and survey data sources, we document that higher temperatures
increase suicides and emergency department (ED) visits for mental illness, while reducing self-
reported well-being. These effects are substantial: one additional hot day above 30°C per week
raises suicides by 3.2 percent and mental illness ED visits by about 2.4 percent. Our findings
show that heat affects a wide range of mental health outcomes, from subclinical distress to fatal
crises.

Our analysis further shows that these impacts are not uniform across type of mental disor-
ders or populations. Mood, neurotic, and substance use disorders display the largest increases
in emergency visits. Women are more likely to seek care for heat-related psychological distress
through ED visits, whereas men drive the rise in suicides under heat exposure. Older adults
also experience disproportionate effects, pointing to the need for age- and gender-sensitive pre-
vention and outreach.

We provide suggestive evidence that behavioral adjustments, such as reduced outdoor phys-
ical activity and greater time spent indoors, may accompany these mental health effects, while
sleep disruption appears limited. These results are consistent with prior findings for Mex-
ico and indicate that ordinary coping behaviors during hot periods, while adaptive in the short
term, can also diminish protective routines like exercise and social interaction (Cohen and Gon-
zalez, 2024).

Institutional and infrastructural forms of adaptation appear limited. Municipalities that
have both psychiatrists and psychologists experience smaller increases in mental health ED
visits during hot weeks than those with little or no professional coverage. This pattern is consis-
tent with greater local capacity for early stabilization or for providing alternatives to emergency
care. However, these differences should not be interpreted causally, as the availability of pro-
fessionals is strongly correlated with broader socioeconomic and institutional characteristics.
Access to air conditioning (A/C) and urban infrastructure shows no consistent protective ef-
fect, suggesting that technological or environmental adaptation alone may not suffice to buffer
mental health stressors when the overall A/C penetration is low. Our results suggest that Mex-
ico’s current adaptive landscape remains constrained in its ability to mitigate the immediate
psychological impacts of heat exposure.

We can translate these estimates into approximate economic terms. Sustaining one addi-

tional day above 30°C per week across a twelve-week summer corresponds to an estimated

35



annual economic loss of roughly $860,000, based on Mexico’s value of a statistical life.*> While
modest in aggregate terms, this figure captures only the mortality cost from suicides. The total
societal burden would be far larger once we account for heat-related emergency visits for men-
tal illness, long-term mental illness, and productivity losses associated with reduced well-being
(Chisholm et al., 2016; Evans-Lacko and Knapp, 2016). These costs are typically absent from
climate damage assessments, yet they likely represent a meaningful share of the welfare losses
induced by extreme heat.

The policy implications are twofold. First, the mental health burden of heat manifests dif-
ferently across the population. While men experience higher suicide risks, women and indi-
viduals in school and working ages exhibit greater vulnerability through nonfatal distress and
service use. Policymakers should therefore evaluate not only mortality but also multiple indi-
cators of mental health burden when designing heat adaptation and preparedness strategies.
Second, strengthening the mental health system itself may constitute an important form of
climate adaptation. Expanding psychiatrist availability could help stabilize crises before they
escalate into emergency care, particularly in underserved regions, although further research is
needed to assess these effects causally.

More broadly, climate adaptation strategies should explicitly recognize the mental health
consequences of extreme temperatures, which remain largely invisible in current climate-economy
frameworks. Mental health is rarely included in estimates of climate damages or adaptation

benefits, particularly in low- and middle-income countries.

#Calculated using 0.003 additional suicides per million residents x 113 million residents x 12 weeks x $210,880
per person (de Lima, 2020).
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A The Stull Method for Wet-bulb Temperatures

We use the Stull method formula to calculate wet-bulb temperature as in the following equation:

Twy = Tap *atan{0.151977 = (RH + 8.313658)%} + atan(Ty, + RH) — atan(RH — 1.676331)
+0.00391838 « RH? » atan(0.023101 * RH) — 4.686035
where relative humidity (RH) is defined as

17.67 + (T, — 0.01)
T, — 2435

RH = 0.263 + PRES + SH = {exp( ) ! (4)

and wet-bulb (T,;) and dry-bulb (T,;) temperatures are in degrees in Celsius (°C), RH is in
%, and air pressure (PRES) is in Pacals (Pa).

Within the framework of the Stull formula for constructing the wet-bulb temperature, two
principal insights emerge. Firstly, the wet-bulb temperature, by definition, is the lowest tem-
perature that can be reached through the process of evaporative cooling and is, therefore, always
lower than the corresponding dry-bulb temperature. This characteristic reflects the wet-bulb
temperature’s role as a measure of the cooling potential of the air. Secondly, the relationship
between wet-bulb and dry-bulb temperatures is not a straightforward linear one. This non-
linearity means that a simple one-to-one comparison between the two temperature readings is
not possible. Instead, this relationship is influenced by a complex set of atmospheric condi-
tions including relative humidity, air pressure, and the thermal properties of water vapor, all
of which affect the rate of evaporation and the consequent cooling effect.

B Weather datasets: NOAA-NARR and CONAGUA

Table B.1: Correlation Between NARR (NOAA) and CONAGUA Dry-bulb Temperatures

NARR CONAGUA

NARR 1.000
CONAGUA 0.577° 1.000

Notes: Pairwise correlation computed across municipality-day observations between modeled dry-bulb tempera-
ture from NARR and observed temperature from CONAGUA. " indicates significance at the 5% level.
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C Linking Mental Health Data and Weather Data at the Weekly

Level

In this section, we describe the process of linking weather data and mental health data at the
weekly level. Although both datasets are initially provided at the daily level, we aggregate them
to a weekly level due to concerns about potential measurement errors in the daily data.

The mental health data presented measurement concerns at the daily level, showing unusual
patterns of data accumulation at the midnight (00:00), specifically. We were not able to identify
if these records actually occurred on that day or were automatically registered from the previous
day. To minimize potential measurement error from this timing uncertainty, we aggregate the
data to weekly measures.

Similarly, the weather data exhibited some suspicious patterns at the daily level. For in-
stance, some daily maximum temperatures were recorded at 9PM (although we do not utilize
the maximum-minimum temperature information because of this reason), which is implausi-
ble in Mexico where maximum temperatures typically occur in the late afternoon (3-6PM). This
further supported the decision to aggregate to weekly measures.

The weather variables in this study consist of ten temperature bins that count the number of
days in each week falling into specific temperature ranges, as detailed in equation 1. Crucially,
these variables require a consistent seven-day base for proper measurement. Each temperature
bin variable ranges from 0 to 7, where 0 indicates no days in that temperature range during the
week, and 7 indicates all seven days fell in that range. These bins are mutually exclusive — for
instance, if the 10th temperature bin equals 7 (indicating all days were above 30°C), the other
temperature bins must equal 0.

To link these datasets, we need to construct a unique week identifier. Stata’s built-in date
functions proved inadequate for this purpose. The week function generates values from 1-52,
but this creates problems for partial weeks at year boundaries. For example, 2024/12/31 falls
on a Tuesday, meaning the 52nd week of 2024 would only contain three days, and the 1st week
of 2025 would have four days. This breaks the 7-day consistency required for defining the
temperature bins variable in equation 1.

We also explored Stata’s yw function, which generates weekly dates similar to Stata’s daily
date variable (counting from 1960/1/1). However, when examining our sample data, which is at
the state-municipality-week level, this revealed instances of 8-9 day weeks, particularly around
year-ends, making it unsuitable for our analysis which requires consistent 7-day periods.

To address these issues, we created a custom weekly variable using the following formula:

myweek = floor((date-1)/7)+1, where date is Stata’s built-in daily date variable (counting days
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since 1960/1/1). The floor function returns the largest integer less than or equal to the given
number. This formula ensures that each week spans exactly 7 days, satisfying the 7-day con-
sistency requirement for defining our temperature bins. For example, 1960/1/1-1960/1/7
corresponds to myweek=1, 1960/1/8-1960/1/14 corresponds to myweek=2, ..., 2007/12/29-
2008/1/4 corresponds to myweek=2505, 2008/1/5-2008/1/11 corresponds to myweek=2506,
and so on. The subtraction of 1 from the date variable before division, combined with adding
1 after the floor operation, ensures that each week contains exactly seven days.

By constructing the week identifier in this manner, we ensure the integrity of the weekly
measures while avoiding the limitations of irregular week lengths that would arise from us-
ing Stata’s built-in week functions. The resulting dataset allows for consistent analyses of the
relationship between weekly temperature patterns and mental health outcomes.
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D Primary ICD-10 Code Assignment for Emergency Depart-

ment Visits

Primary ICD-10 (International Classification of Diseases, 10th revision) codes in emergency
department (ED) visit records capture the condition requiring the most significant medical
intervention. These are determined through a systematic process implemented by the Ministry
of Health (Secretaria de Salud) (Secretaria de Salud, 2023). The attending physician evaluates
the patient’s symptoms and records all relevant ICD-10 codes during the visit. After diagnosis
and treatment, the physician designates the primary ICD-10 code among those to indicate the
condition most responsible for the ED visit.

For example, we observe a patient in our sample with depressive symptoms (F32.3) and
benzodiazepine poisoning (T42.4) might have T42.4 recorded as the primary code if the poi-
soning was the critical issue. For another example, a patient presented with four ICD-10 codes:
alcohol dependence syndrome (F10.2), volatile solvent dependence syndrome (F18.2), other
disorders of the lung (J98.4), and residual and late-onset psychotic disorder due to multiple
drug use (F19.7). Among these, the primary ICD-10 code was determined to be residual and
late-onset psychotic disorder due to multiple drug use (F19.7), reflecting the most critical con-
dition driving the need for emergency care.

Finally, the hospital’s billing department verifies the selection to ensure alignment between

diagnosis, treatment, and resource utilization.
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E Secondary Outcomes: Stress, Blood Pressure, and Smoking

Behavior

To further investigate the relationship between weather and mental health, we study secondary
outcomes that may be influenced by mental health strain. We focus on psychological stress,

blood pressure, and cigarette smoking.

E.1 Stress

To measure psychological stress, we utilize a sentiment score dataset provided by the National
Institute of Statistics and Geography (INEGI) using data from X, formerly known as Twitter.
In 2015, INEGI began collecting geo-referenced public tweets within the Mexican territory and
in the southern part of the U.S. By employing various algorithms, they categorized each tweet
by its emotional tone (positive or negative). This information was then used to calculate and
publish a sentiment score, representing the ratio of positive tweets to negative ones. This score
serves as our proxy for population-level stress. The index is available from January 2016 to June
2023 and is provided at daily, weekly, monthly, and annual levels for all states in Mexico. We
use the sentiment score at the weekly level, which is consistent with our temporal aggregation
strategy in our baseline specification. Our analysis builds on the framework established by
Baylis (2020), who demonstrated a significant relationship between temperature and expressed
sentiment using Twitter data in the U.S.** This method leverages social media sentiment as a
high-frequency, real-time indicator of psychological stress and well-being. However, it is worth
noting that this sentiment data are provided only at the state level, limiting our analysis’s spatial
granularity.

We explore whether elevated heat and humidity worsen temperament (measured by senti-
ment score using X data) and mental health outcomes. Since the sentiment score is only avail-
able at the state level, we aggregated the mental health outcomes to the state level as well. For
this state-by-week analysis, we control for state-level rainfall exposure and incorporate the four
sets of fixed effects: state, week-of-the-year, month-of-the-year, and year-fixed effects.

The coefficients estimated for the relationship between sentiment score and wet-bulb tem-
perature in Panel A of Figure E.1 are mostly imprecise. Estimates for mental health emergency
department visits (Panel B) and suicide rates (Panel C) are also less precise compared to those
estimated at the municipality level in Figure 3. From the state-level analysis, we do not find

**Baylis (2020) identified an inverted U-shaped relationship, with sentiment peaking at moderate temperatures
and declining at extremely hot or cold temperatures.
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clear evidence of a stress mechanism linking mental health outcomes to wet-bulb temperatures.

Our main specification, which uses municipality-by-week data from 2008-2019, benefits
from greater temporal variation across 12 years, enabling more precise estimates. In contrast,
the state-by-week analysis relies on data from 2016-2019, with only 4 years of variation, which
likely contributes to the imprecision of the estimated coefficients for the main outcomes in Panel
B and Panel C, E.1. This limited variation may explain why significant relationships observed
at the municipality level are not evident in the state-level analysis, also showing imprecise

estimates for the sentiment score in Panel A, E.1.

Figure E.1: Relationship between Temperature and Sentiment Score at the State Level
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Notes: The estimated coefficients and the 95 percent confidence intervals using standard errors clustered at the
state level. Note that our social media data is only available at the state level, not at the municipality level. The
reference temperature bin is 20-22°C, chosen as it represents the middle range of the temperature distribution
in the sample. All specifications control for state, month-of-the-year, and year fixed effects, as well as weekly
humidity and rainfall exposure. The data was collected, processed, and maintained by INEGI from 2016-2019.

E.2 Blood pressure

We analyze blood pressure as a physical manifestation of mental health strain, given its known
association with stress and anxiety (Liu et al., 2017; Johnson, 2019). Using the National Health
and Nutrition Survey (Encuesta Nacional de Salud y Nutricién, ENSANUT) conducted by the
Secretariat of Health in Mexico (Secretaria de Salud), we examine systolic and diastolic blood
pressure data collected in 2006, 2012 and 2018 waves.** Consistent with the medical literature,
we define hypertension as having a systolic blood pressure of 140 mmHg or above or a diastolic
blood pressure of 90 mmHg or above (Carretero and Oparil, 2000).

*The 2006 and 2012 waves publicly report the survey date, while the survey date for the 2018 wave is obtained
from Cohen and Gonzalez (2024).
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Our results in Figure E.2 indicate no significant deviations from the baseline at moderate
temperatures. One possible explanation for this lack of effect is that we aggregate the mea-
sures at the weekly level, which may obscure short-term variations in blood pressure. We also
interpret this result with caution, as we are not able to observe the baseline blood pressure for
individuals.

Figure E.2: Temperature Exposure, hypertension, and Cigarette Smoking

A. Hypertension B. Number of cigarettes smoke per day
.02 5
} } % . R S B T T
& O AT e 2
& &g
g g
o O -5
= =
£ -02- 5
£ £
g - b
53] &3]
-.04
1.5
T bI q]) T T ; bl a T T T é < T T T é %I’ T T
N Q X Q V Q X
X N oo o > < N N o o) o o » L
N N A A S P A N T A A S A A
Dry-bulb temperature bins Dry-bulb temperature bins

Notes: This figure presents the relationship between temperature exposure and hypertension (Panel A) and the
number of cigarettes smoked per day (Panel B). We use dry-bulb temperature and control for relative humidity.
We clustered the standard errors at the municipality level. The reference temperature bin is 20-220C, chosen as it
represents the middle range of the temperature distribution in the sample. We control for municipality by month-
of-the-year effects and state-by-year fixed effects.

E.3 Smoking behavior

We analyze smoking behavior as a coping mechanism for mental distress, measured by the
number of cigarettes a person reports smoking per day. Using the same ENSANUT dataset as
for blood pressure, we hypothesize that extreme temperatures may heighten stress, leading to
higher smoking intensity (Friedman, 2020). However, Panel B of Figure E.2 shows an inverted
U-shaped relationship, where cigarette consumption decreases at temperature extremes. This
pattern suggests that while extreme temperatures may induce mental distress, they might also
simultaneously suppress smoking behavior. Possible explanations include reduced outdoor
activity. Extreme weather likely discourages outdoor smoking, especially given restrictions on

indoor smoking.
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F Appendix Figures and Tables

Figure F1: Annual Trend in Temperatures Dry-bulb (top) and Wet-bulb (bottom)
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Notes: These figures present national average annual temperature trends in Mexico from 2007 to 2020 using the
North American Regional Reanalysis (NARR) data from the U.S. National Oceanic and Atmospheric Adminis-
tration (NOAA). Temperatures are aggregated at the annual level for the entire country. Dots represent annual
average temperatures, while the solid line represents the fitted linear regression trend with a 95% confidence in-
terval. Wet-bulb temperature is calculated using the SAillGnethod (See Appendix A).



Figure E.2: Inter-annual Temperature Variation: Dry-bulb (top) and Wet-bulb (bottom)
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Notes: These figures present daily temperature patterns in Mexico using the NARR data from the NOAA. Data
cover the period from 2007 to 2020 and are aggregateg pgross years and municipalities for each day of the year
(January 1 to December 31). The solid red line represents the average temperature for each day of the year, while
the blue shaded area indicates the observed minimum and maximum temperatures for that day. Wet-bulb tem-
perature is calculated using the Stull method (See Appendix A).



Figure E3: Distribution of Wet-bulb Temperatures (horizontal) by Dry-bulb Temperature Bins
(vertical)
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Notes: Observations depicted are the average dry-bulb and wet-bulb temperatures, calculated weekly in each year
for each municipality in Mexico, covering a period from 2007 to 2021.
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Figure F.4: Falsification Tests using Lead Weeks

Panel A. Extreme Mental Health Outcomes Panel B. Self-reported Mental Well-being

A. Mental Health ED B. Suicide A. Life Dissatisfaction B. Composite Dissatisfaction C. Languishing
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Notes: Panel A: All dependent variables are presented as rates per million residents within each municipality. All specifica-
tions control for the municipality by week-of-the-year fixed effects and state by year fixed effects, as well as weekly humidity
and rainfall exposure. Standard errors are clustered at the municipality level. For additional details, please refer to the notes
for Figure 3. Panel B: All measures range from 0-10, with higher values indicating worse mental health outcomes. All spec-
ifications control for city by week-of-the-year effects and state by year fixed effects, as well as weekly humidity and rainfall
exposure. Standard errors are clustered at the city level. The data come from quarterly surveys (January, April, July, and
October) conducted yearly from 2013 to 2019, and all specifications are weighted using survey-provided personal weights to
ensure national representativeness. For additional details, please refer to the notes for Figure 7.



Figure E5: Wet-bulb Temperature Effects on Self-Reported Mental Well-being
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Notes: This figure presents the relationship between dry-bulb temperature exposure and various well-being out-
comes. The reference temperature bin is 14-16°C in wet-bulb temperature, chosen as it represents the middle
range of the temperature distribution in the sample. The outcomes are (A) General life satisfaction, (B) Com-
posite dissatisfaction index averaging twelve domains spanning personal, social, and environmental aspects, (C)
Languishing scale adapted from Diener (2009) measuring eudaimonic well-being, (D) Pseudo PHQ-2 depression
screening capturing fatigue, anhedonia, and depressed mood, (E) Anxiety, (F) Psychological distress adapted from
the psychological well-being scale measuring optimism, purpose and daily meaningfulness in Diener (2009), (G)
Lack of control measuring perceived agency and autonomy, and (H) Negative feelings from the SPANE measure in
Diener (2009). All measures range from 0-10, with higher values indicating worse mental health outcomes. The
estimated coefficients and the 95 percent confidence intervals using standard errors clustered at the city level are
depicted in this figure. The reference temperature bin is 20-22°C, chosen as it represents the middle range of the
temperature distribution in the sample. All specifications control for city by week-of-the-year effects and state
by year fixed effects, as well as weekly humidity and rainfall exposure. The data come from quarterly surveys
(January, April, July, and October) conducted yearly from 2013-2019.

Al4



Figure E.6: Temperature Exposure and Physical Activity — Participation and Intensity

A. Physical Activity Participation B. Exercise Intensity (cond. on participation)
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Notes: This figure presents the relationship between temperature exposure and physical activity outcomes: (A)
Physical activity participation based on the survey question “In your leisure time, do you practice any sport or
physical exercise, such as soccer, basketball, aerobics, cycling, walking or other?” coded as yes=100, no=0), and
(B) Exercise intensity (conditional on participation in physical activity, coded as moderate=0, vigorous=100), con-
ditional on participation (A). The survey data come from annual surveys conducted each November from 2013 to
2019 across 32 major cities in Mexico, using the Sports Practice and Physical Exercise Module (Médulo de Practica
Deportiva y Ejercicio Fisico). The top panels represent the relationship between dry-bulb temperature and sports
exercises, and the bottom panels represent the relationship between wet-bulb temperature sports exercises. The
temperature bin in the middle for all the analyses is dropped as the reference. For dry-bulb temperature analy-
ses (top), monthly relative humidity is additionally controlled for. The estimated coefficients and the 95 percent
confidence intervals using standard errors clustered at the city level are depicted in this figure. The reference tem-
perature bin is 20-22°C, chosen as it represents the middle range of the temperature distribution in the sample.
All specifications control for city by month-of-the-year effects and state by year fixed effects, as well as monthly
rainfall exposure.
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Figure E7: Temperature and Mental Health by Age Group
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Notes: All dependent variables are presented as rates per million residents within each municipality’s correspond-
ing age group’s population. All specifications control for the municipality by week-of-the-year fixed effects and
state by year fixed effects, as well as weekly humidity and rainfall exposure. For additional details, please refer to
the notes for Figure 3.
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Figure E8: Air-conditioned Households (%)

Notes: This figure presents the percentage of households with air-conditioning facilities in each municipality. Air-
conditioning penetration rates are derived from the 2018 ENIGH, where households reported their possession of
air-conditioning facilities.
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Table F.1: Questions from Self-reported well-being survey (BIARE)

BIARE Associated
Code Survey Question Measure(s)
pl Could you tell me on a scale of 0 to 10 how satisfied you are currently with your life? Life Dissatisfaction

On a scale of 0 to 10, how much do you agree or disagree with the statement ...

p3_1 In general, I feel good about myself. Languishing

p3_2 Iam always optimistic regarding my future. Languishing, PD

p3_3 Iam free to decide my own life. Languishing, LC

p3_4 Ihave strength in the face of adversities. Languishing

p3_5 T usually feel that what I do in my life is worthwhile. Languishing, PD

p3_6 Iam alucky person. Languishing

p3_7  Whether things go well or badly for me depends fundamentally on me. LC

p3_8 Ifeel like I have a purpose or a mission in life. PD
p3_10 Most days, I feel like I have achieved something. Languishing
The questions I am going to ask you next are about how much of yesterday you felt...

p4_6  ..in abad mood? Feeling

p4_7 ... worried, anxious, or stressed? Anxiety, Feeling

p4_8  ..tired or lacking vitality? Feeling, PHQ?2

p4_9 ..bored or uninterested in what you were doing? Feeling, PHQ?2
p4_10 ..sad, depressed, or despondent? Feeling, PHQ?2
Here the questions refer to your satisfaction, no longer with your life in general, but with some specific aspects.

p5_1  How satisfied are you with your standard of living? CD

p5_2  How satisfied are you with your health? CD

p5_3  How satisfied are you with your achievements in life? CD

p5_4 How satisfied are you with your personal relationships? CD

p5_5 How satisfied are you with your future prospects? CD

p5_6  How satisfied are you with the time available to do what you like? CD

p5_7  How satisfied are you with your citizen security? CD

p5_8  How satisfied are you with the main activity that you perform (work, chores, study, or caring for a relative)? CD

p5_9 How satisfied are you with your dwelling? CD
p5_10 How satisfied are you with your neighborhood? CD

Notes: PD stands for Psychological Distress, LC for Lack of Control, Feeling for Negative Feelings, PHQ2 for Pseudo PHQ-2, and CD for Composite Dis-
satisfaction.



Table F.2: Summary Statistics of Weather Variables

Variable Mean SD  Min p25 p50 p75 Max
Dry-bulb temperature ("C) 21.18 544 -1.91 17.23 20.81 25.02 40.19
Relative humidity (%) 56.22 17.28 6.84 4395 58.36 69.76 96.72
Wet-bulb temperature ("C) 15.37 5.01 -4.84 11.91 14.88 18.73 28.73
Precipitation (mm) 251 3.67 0.00 0.03 082 3.77 68.11

Notes: Weekly averages calculated from daily municipal-level measurements spanning 2007-2021. Precipitation
measures rainfall in millimeters. P25, P50, and P75 represent the 25th, 50th (median), and 75th percentiles,
respectively.
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