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INTRODUCTION

Climate change is widely recognized as one of the
most significant global challenges faced by humanity
this century [1]. It has various adverse impacts on public
health, including increased respiratory and cardiovas-
cular diseases, injuries, and premature deaths related to
extreme weather events, and changes in the prevalence
and geographical distribution of food-and water-borne
illnesses and other infectious diseases [2].

Despite the growing recognition of the health im-
plications of climate change, relatively less attention
has been placed on how rising temperatures may affect
possible changes in human behavior that negatively im-
pact health and society, such as aggression and violence.
Research conducted thus far on the association between
temperature and aggression is still in its preliminary stag-
es, and the findings have been mixed. A previous study in
the United States found that average annual temperatures
were positively and significantly correlated with violent
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a. Temperature distibution in Seoul, South Korea (1991 — 2020)
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b. Time-series plot of temperature in Seoul, South Korea (1991 - 2020)
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c. Monthly temperature statistics in Seoul, South Korea (1991 — 2020)

- . [ N ¥
(SR T 2 -
= ® T ! % + T
P 2 o ! lf‘?. T;* -QT -$T 9;' . T
5 | H B m, ¢ ¥ M+ T = T
= 3 * L + + ¢ ¥ |$l T B T
5 o o8 ¥ LR =, Wl 4 + [ S} -- T
g - T !'-.. = *‘LA H ] .EI TI-
5o 5% wf W ' N
> - R - ¥ i [
T 1 ; t ; t L
a o & * ¥ B min O mean B max +

N

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months

Figure 1. Climate of Seoul, South Korea, between 1991 and 2020.

crime rates (homicide and assault) but not with nonvio-
lent crime rates (burglary and motor vehicle theft) [3].
Another study in Spain found that heatwaves were asso-
ciated with an increase in intimate partner femicides [4].
In contrast, a study in Colombia found no evidence of an
association between weather patterns and homicides [5].

Therefore, in the context of climate change and pub-
lic health, it is crucial to understand the impact of rising
temperatures on aggression across locations, as this in-
formation can help policymakers develop effective public
health interventions to mitigate the negative effects of
climate change. This study investigated the association
between ambient temperature and aggression using as-
sault death data from Seoul, South Korea.

METHODS

Study Location and Data Collection

The research was conducted in Seoul, the capital and
largest city of South Korea, which is characterized by
a high population density with a total population of 10

million residing within a 605.23 square kilometer area.
Seoul has four distinct seasons accompanied by varying
temperatures, called “Dwa” in the Kdppen climate clas-
sification [6]. The city experiences cold and dry winters
from December to February, with daily mean tempera-
tures averaging around -2°C in January, which are the
coldest months. Summers are hot and humid, with daily
mean temperatures ranging from 23°C to 26°C from June
to August (Figure 1).

In terms of safety, South Korea exhibits lower rates
of crime, homicide, and gun homicide than other high-in-
come countries. According to the United Nations Office
on Drugs and Crime (UNODC), the intentional homicide
rate in South Korea was 0.7 per 100,000 population in
2018, which is lower than the global average of 6.1 per
100,000 population [7]. Additionally, the firearm ho-
micide rate in South Korea is one of the lowest in the
world, at 0.0005 per 100,000 people [7]. We collected
assault death data, which were defined according to the
International Classification of Diseases, Tenth Revision
(ICD-10: X85-Y09, Y871, U01-U02) between January
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Table 1. Assault Deaths in Seoul, South Korea, Between 1991 and 2020

No. of cases (%)
Total 3,593 100
Season Warm (Apr-Sep) 1,883 52.41
Cool (Oct—Mar) 1,710 47.59
Sex Male 2,067 57.53
Female 1,526 42.47
Age (years) 0-9 234 6.51
10-19 175 4.87
20-29 521 14.5
30-39 701 19.51
40-49 816 22.71
50-59 608 16.92
60-69 286 7.96
Total (Subjects over 18 y of age) 3,242 100
Education None to Primary School 706 22.26
Middle School 646 20.37
High School 1269 40.02
Undergraduates 524 16.52
Graduates 26 0.82
(Missing) 7 219
Occupation White collar 529 16.37
Blue collar 478 14.79
Service and sales workers 638 19.74
Unemployed 1587 491
(Missing) 10 0.31
Marital status Single 945 29.15
Married 1510 47.14
Divorced 464 14.49
Bereaving 284 8.87
(Missing) 39 1.2

1, 1991 and December 31, 2020, from Statistics Korea.
Meteorological data on 24 h mean temperatures (°C) and
relative humidity (%) were obtained from the Korean
Meteorological Administration (KMA).

Statistical Analyses

A time-stratified case-crossover design analysis
based on conditional logistic regression was used to
analyze the short-term effects of ambient temperature on
assault deaths after controlling for the relative humidity.
The time-stratified case-crossover design is a study de-
sign commonly used in environmental epidemiology to
investigate the effects of acute exposure to environmental
factors on short-term health outcomes, such as hospital-

ization, emergency room visits, or mortality [8]. This
design allows for the evaluation of the short-term effects
of ambient temperature on assault deaths, while mini-
mizing the potential for confounding by controlling for
temporal factors and time-invariant confounding factors.
In this design, cases are defined based on the occurrence
of an outcome of interest, such as a death from assault.
Control days were selected from the same month and year
as the case and matched by day of the week to account
for any weekly patterns in the outcome occurrence. By
using the case as their own control, any time-invariant
confounding factors are automatically controlled by this
design. Additionally, matching by time helps to control
confounding due to seasonality, long-term trends, and
other time-varying factors. A conditional logistic regres-
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Figure 2. Exposure-response curve between the ambient temperature and assault deaths after controlling
for humidity in Seoul, South Korea, between 1991 and 2020 in a. all seasons, b. the cool season (October—
March), and c. the warm season (April-September). The solid lines represent the estimated log-odds ratios of the
temperature variable, and the dotted lines represent the 95% confidence intervals. The solid vertical lines at the
bottom of each figure indicate the reference values for each temperature value, which were used as the baseline for

the log-odds ratio estimates.

sion model was used to estimate the odds of assault death
on the case day compared to the control day. Additional
potential confounding factors, such as relative humidity,
were also adjusted for in the model.

The exposure-response curve of the association
between ambient temperature and assault deaths was
also explored. Temperature-assault death associations
may vary with the time of year; therefore, seasonal vari-
ations in the temperature-assault death association were
further analyzed in “warm” and “cool” seasons, defined
as April-September and October—March, respectively.
We visualized the relationship between the temperature
variable and the log-odds of the outcome in a conditional
logistic regression model using a natural cubic spline
function specified for the temperature variable. Although
the exposure-response curve was quite linear during
the cold season, we observed a flattening of the curve
at some point during the warm season. To identify this
temperature point at which flattening was observed, we

fitted piecewise linear regressions to the spline curve ob-
tained from the conditional logistic model [9,10]. A grid
search method was conducted using an equally spaced
grid of 0.1°C from a temperature range of 20°C to 30°C
to identify the temperature that produced the minimum
Akaike information criterion (AIC).

Temperature-assault death associations could pos-
sibly be modified by sociodemographic factors, and we
conducted stratified analyses based on sociodemographic
characteristics, including sex, age, education level, occu-
pation, and marital status. We calculated the odd ratios of
mortality for a 1°C increase in ambient temperature, and
the results are presented as the percent increase in assault
deaths, with the corresponding 95% confidence interval
(CI). The statistical significance of the difference between
subgroup-specific effects was evaluated using the p-value
of the interaction term.

All analyses were performed using the statistical
software R version 4.1.1 (R Foundation for Statistical
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Table 2. Odds Ratios from the Stratified Analyses
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OR (95% CI)

Total
Season

Sex

Age (years)

Warm (Apr-Sep)
Cool (Oct—Mar)
Male

Female

0-9

10-19

20-29

30-39

40-49

50-59

60-69

70+

Total (Subjects over 18 y of age)

Education

Occupation

Marital status

None to Primary School
Middle School

High School
Undergraduates
Graduates

(Missing)

White collar

Blue collar

Service and sales workers
Unemployed

(Missing)

Single

Married

Divorced

Bereaving

(Missing)

1.014 (1.003, 1.026) *
1.025 (1.005, 1.045) *
1.009 (0.994, 1.023)
1.023 (1.009, 1.039) *
1.002 (0.985, 1.019)
1.012 (0.968, 1.057)
1.073 (1.016, 1.134) *
1.004 (0.975, 1.034)
0.988 (0.963, 1.014)
1.026 (1.003, 1.050) *
1.030 (1.003, 1.058) *
1.005 (0.968, 1.043)
1.011 (0.970, 1.054)

1.042 (1.016, 1.068) *
1.017 (0.991, 1.044)
0.993 (0.975, 1.012)
1.011 (0.982, 1.041)
1.010 (0.889, 1.147)

1.017 (0.989, 1.046)
1.004 (0.974, 1.035)
1.014 (0.988, 1.041)
1.013 (0.996, 1.031)

0.997 (0.976, 1.019)
1.015 (0.998, 1.032)
1.020 (0.988, 1.053)
1.032 (0.992, 1.074)

aCl: confidence interval

Computing, Vienna, Austria).

RESULTS

During the study period (1991-2020), there were
3,593 assault death cases and 12,256 control days, yield-
ing three or four controls for each case (Table 1).

We observed that the ambient temperature was posi-
tively associated with assault deaths in a curvilinear man-
ner (Figure 2a). The overall risks significantly increased
by 1.4% [95% confidence interval (CI): 0.3% — 2.6%)]
per 1°C increase in ambient temperature. For a 1°C
increase in ambient temperature, 0.9% (95% CI: -0.6% —

2.3%), and 2.5% (95% CI: 0.5% — 4.5%) increases in the
risk of assault deaths were observed in the cool and warm
period, respectively (Figure 2b and 2¢). Through grid
searching, we identified that the flattening-out tempera-
ture was 23.6°C during the warm season (Figure 2c). Risk
increases in males [2.3% (95% CI: 0.9% — 3.9%)] were
higher than in females [0.2% (95% CI: -1.5% — 1.9%)],
yet the interaction term between the two groups was not
statistically significant (p=0.09). Teenagers [7.3% (95%
CI: 1.6% — 13.4%)] were found to be most susceptible
among the age groups. Among the assault deaths of over
18-year-olds, the highest associations were observed
in the group with the least education [none to primary
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school, 4.2% (95% CI: 1.6% — 6.8%)]. Occupation and
marital status did not appear to considerably modify this
association (Table 2).

DISCUSSION

This study investigates the association between am-
bient temperature and assault deaths. The results showed
that the overall risk of assault death increased by 1.4%
per 1°C increase in ambient temperature, particularly
in males, teenagers, and people with less education.
Occupation and marital status did not appear to consid-
erably affect this association. These results are consistent
with previous studies and can be explained by several
plausible justifications. Heat stress may increase irritabil-
ity and aggressive behavior by affecting cognitive pro-
cesses and neurotransmitter activity in the brain [11,12].
Another reason may be that there are more opportunities
for assaults. As the weather gets warmer, more people go
outside and days are longer, increasing social interaction
and, in turn, more opportunities for interpersonal conflict.
This suggestion is supported by Routine Activity Theory,
which states that for a crime to occur, there must be a
motivated offender, a suitable target, and the absence of a
capable guardian [13]. In warmer weather, there may be
an increase in motivated offenders and suitable targets,
such as individuals spending time outdoors, which can
lead to an increase in interpersonal conflict and aggres-
sion. Additionally, an increase in social interaction during
warmer months may decrease the presence of capable
guardians, such as law enforcement or other authority
figures, leading to an increase in aggressive behavior.
Overall, these explanations suggest that temperature can
have a significant impact on human behavior and social
interactions.

The overall shape of the exposure-response curve
suggests a positive relationship between temperature and
assault deaths, implying that as temperature increases, the
likelihood of aggressive behavior also increases. How-
ever, the curve flattens, especially in the warm season,
as the temperature reaches 23.6°C. This finding aligns
with research by Baron and Bell, who conducted exper-
iments on the relationship between heat and aggression
in humans and found that extremely high temperatures
can inhibit aggressive behaviors [14]. This may be be-
cause excessively high temperatures can lead to physical
discomfort, fatigue, and dehydration, which can increase
irritability and decrease cognitive function, potentially
limiting an individual’s ability to engage in aggressive
behaviors. Additionally, during the hot season, people are
more likely to seek shelter indoors, which can moderate
the effects of temperature on behavior and reduce oppor-
tunities for social interaction and interpersonal conflict.
However, it should be noted that the confidence interval
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above the threshold temperature is wide, largely due to
the small number of very hot days. We also acknowledge
that the existing literature on the association between
temperature and aggression has produced varied findings.
For example, Anderson et al. and Mullins et al. have sug-
gested positive linear relationships between temperature
and aggression without clear flattening points [3,15],
while Heilmann et al. have suggested an inverted hockey
stick shape, and Baylis suggested an inverted U-shape
[16,17]. The differences in the reported temperature
thresholds and the association patterns for aggression
may be due to contextual differences across studies or
focusing on different outcomes. For instance, Heilmann
et al. focused on the crime rate, Baylis focused on tem-
perament on Twitter, and Mullins et al. focused on mental
health. Additionally, it is important to note that the effects
of a given temperature on health outcomes vary spatially
based on how unusual the temperature is for that location.

The findings of this study indicate that certain sub-
groups of the population may be more vulnerable to the
effects of temperature on assault deaths. Teenagers and
individuals with lower levels of education were at higher
risk of temperature-related assault deaths, possibly be-
cause those predisposed to aggressive or violent behavior
may perceive them as easy targets. In fact, research by
Parks et al. suggests that teenagers and young adults are
more susceptible to heat-related assaults because they
are more likely to be out and about during the summer
months when temperatures are higher [18]. Contrary to
expectations, we found that males experienced a higher
number of assault-related deaths and were more vulner-
able to temperature effects than females. It is important
to note that these results are based on an observational
study and do not necessarily indicate causation. Further
research is necessary to explore the underlying factors
contributing to this disparity and to develop targeted in-
terventions to address this issue.

This study primarily investigated the short-term
effects of temperature on aggression; however, it is im-
portant to consider its long-term impacts on collective
mental health in the context of climate change. The CLi-
mate, Aggression, and Self-control in Humans (CLASH)
model theory posits that rising temperatures can lead to a
loss of self-control and planning for the future, further ex-
acerbating aggression and potentially leading to violent
behavior [19]. Economic factors are also important con-
siderations [20]. With climate change, extreme weather
events, such as heat waves, droughts, and floods, have
become more frequent, resulting in food shortages and
economic losses that disproportionately affect vulnerable
populations. Income disparities and poverty rates may
increase, which can contribute to feelings of resentment
and dissatisfaction with life, potentially leading to violent
behavior.
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It is evident that climate change is no longer just a
concern for scientists and environmental groups but an
undeniable reality affecting our daily lives. As urban-
ization continues to increase, these negative effects may
become more pronounced [21], making it imperative to
adopt adequate adaptation measures to mitigate these
impacts. Education and awareness-raising efforts tar-
geting the public, along with policy changes made by
government officials and politicians, are crucial steps in
addressing climate change and its impact on violence.
Additionally, law enforcement and community leaders
should be vigilant and proactive in identifying and pre-
venting potential incidents of aggression or violence,
especially those targeting vulnerable groups.

In conclusion, the results of this study indicated a
positive and curvilinear relationship between ambient
temperature and aggression. Furthermore, certain popu-
lation subgroups might be more vulnerable to the effects
of temperature on aggression. However, this relationship
is complex and influenced by various factors such as tem-
perature levels, time of year, and individual differences in
cognitive and physiological responses to heat stress. Fur-
ther research is necessary to fully comprehend the mech-
anisms underlying the relationship between temperature
and aggression and to create effective interventions to
mitigate the negative effects of extreme heat on human
behavior. By identifying the underlying mechanisms,
we can develop targeted interventions that aim to re-
duce violent crime and promote public safety during the
warm season. It is also crucial to note that public health
interventions aimed at reducing violent crime during the
warm season should target vulnerable groups specifically.

Although there have been other studies on the
subject, we believe that ours is the first to explore the
relationship between assault deaths and temperature spe-
cifically in Seoul. Despite the importance of our findings,
several limitations should be taken into consideration.
First, owing to its observational design, it was difficult to
establish a causal relationship between temperature and
assault deaths. Another limitation is the lack of data on
perpetrators. While we utilized national mortality data to
examine the association between assault deaths and am-
bient temperature, we did not have access to data on the
perpetrators’ characteristics, including their demographic
information. This limits our ability to explore how heat
can influence aggressive behavior for various subgroups
of perpetrators. We recognize the significance of investi-
gating this issue in future research. Lastly, the data were
obtained from a single city, which may limit the gener-
alizability of the findings to other settings. For instance,
South Korea’s stringent gun regulations have resulted in
an extremely low gun homicide rate, which may not be
comparable to other countries. To address these limita-
tions, future research should employ a multicity-based

195

approach to investigate the association between tempera-
ture and aggression in diverse geographical locations.
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