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BACKGROUND: Heat is known to affect many health outcomes, but more evidence is needed on the impact of rising temperatures on crime and/or
violence.

OBJECTIVES: We conducted a systematic review with meta-analysis regarding the influence of hot temperatures on crime and/or violence.

METHODS: In this systematic review and meta-analysis, we evaluated the relationship between increase in temperature and crime and/or violence for
studies across the world and generated overall estimates. We searched MEDLINE and Web of Science for articles from the available database start
year (1946 and 1891, respectively) to 6 November 2023 and manually reviewed reference lists of identified articles. Two investigators independently
reviewed the abstracts and full-text articles to identify and summarize studies that analyzed the relationship between increasing temperature and
crime, violence, or both and met a priori eligibility criteria. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guide-
lines were used to extract information from included articles. Some study results were combined using a profile likelihood random-effects model for
meta-analysis for a subset of outcomes: violent crime (assault, homicide), property crime (theft, burglary), and sexual crime (sexual assault, rape).
This review is registered at PROSPERO, CRD42023417295.

REsULTS: We screened 16,634 studies with 83 meeting the inclusion criteria. Higher temperatures were significantly associated with crime, violence,
or both. A 10°C (18°F) increase in short-term mean temperature exposure was associated with a 9% [95% confidence interval (CI): 7%, 12%] increase
in the risk of violent crime (1> =30.93%; eight studies). Studies had differing definitions of crime and/or violence, exposure assessment methods, and
confounder assessments.

Discussion: Our findings summarize the evidence supporting the association between elevated temperatures, crime, and violence, particularly for vio-
lent crimes. Associations for some categories of crime and/or violence, such as property crimes, were inconsistent. Future research should employ
larger spatial/temporal scales, consistent crime and violence definitions, advanced modeling strategies, and different populations and locations. https://

doi.org/10.1289/EHP14300

Introduction

Violence and crime are worldwide problems and are currently
on the rise.! While crime and violence are affected by complex,
interconnected social, cultural, economic, and health systems,>
extreme temperatures could be a contributing factor.*~® One study
suggested that long-term temperature increases could contribute to
35,000 murders in the US over the next 90 years.” Many studies
have provided evidence for the relationship between temperature
and crime and/or violence, including elevated rates of violent
crime,%®? assaults,'%~!2 robberies,'*~!> property crime,'*!¢'7 and
sexual crime.'®29 If high temperature is associated with crime and
violence, rising overall temperatures and heat extremes from cli-
mate change could result in a larger public health burden than
anticipated.

Previous studies identified different risk factors of sociodemo-
graphic variables (e.g., age, sex, race, income) that are related to
crime rates in communities.?’>> However, temperature may also
play a role. Various hypotheses have been proposed to explain the
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association between temperature and crime and/or violence. First,
the routine activity theory suggests that the weather affects an indi-
vidual’s activities, attracting people to public spaces and fostering
social interactions, which might lead to criminal behavior.!”?3 The
heat—aggression hypothesis posits that heat serves as a fundamen-
tal factor contributing to violence and crime. According to this
theory, elevated temperatures induce physiological discomfort and
intolerance in humans, thereby intensifying tendencies toward
aggression.?* Furthermore, the economic theory of rational crimi-
nal behavior posits that one compares the benefit of violating
the law with the possible cost.?> For instance, property crimes
decreased as the daylight hours increased, likely due to the higher
possibility of being witnessed or caught during the daytime.>°

The temperature—crime relationship has been examined in
many ways, comparing different seasons, years, months, and loca-
tions with studies in different cities and countries. Hsiang et al.?’
synthesized 60 studies regarding human conflict for time periods
spanning from 10,000 BCE to the present day. Their meta-analysis
estimated that one standardized deviation change in temperature
was estimated to correspond to a 14% change in intergroup conflict
and a 4% change in interpersonal violence.?’” However, comparing
results among different studies is challenging, since most previous
studies focused on the temperature—crime association for one city
or one specific type of crime or violence. Previous studies on other
impacts of heat indicate different associations by location and pop-
ulation.?®-3Y Further, the definition of a particular type of crime or
violent act may not be perfectly consistent across location, time,
and study. A systematic analysis of the scientific evidence on how
high temperature affects risk of crime and/or violence is needed to
inform assessments of the health burden of climate change and to
examine how impacts differ across location and population. Such
information could also inform strategies (e.g., heat action plans) to
address the public health burden of high temperatures and add
communities in addressing crime and violence.

We conducted a systematic review and meta-analyses of epide-
miological studies examining the relationship between increased
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temperatures and the risk of various types of crime and violence.
Through this review, we seek to inform future research directions
and policymakers with insights into the characteristics and poten-
tial magnitude of health effects arising from the interplay of tem-
perature, crime, and violence.

Methods

Search Strategy

We conducted literature searches through Ovid MEDLINE (1
January 1946 to 6 November 2023) and Web of Science (1 January
1891 to 6 November 2023) databases for English-language papers.
The specific search strategies are indicated in Table S1. A combi-
nation of terms related to crime or violence [e.g., homicide, bur-
glary, intimate partner violence (IPV)] and increased temperature
(e.g., extreme heat) were used for the literature search. See Table
S1 for the full list of search terms. The reference lists of identified
papers were examined for the studies published up through
November 2023 and added to the list of potential studies.

This review was prospectively registered (PROSPERO
CRD42023417295), and the systematic literature search was
conducted with PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.>'

Inclusion and Exclusion Criteria

The studies included met the following inclusion criteria grouped
according to the population—exposure—comparator—outcome (PECO)
framework>>33:

¢ Population: human, population-based studies with no restric-
tion on sex, age, or study location.

» Exposures: studies of short-term (daily) or long-term (monthly,
yearly) temperature exposures, including maximum, mean,
minimum, heat index, or extreme temperatures.

e Comparators: observational and analytical studies reporting
the effect estimates [e.g., odds ratio (OR), relative risk (RR),
percent change] by comparing the risk in different exposure
levels (e.g., 75th percentile vs. 99th percentile, 1°C increase).

e Outcomes: studies reporting crime or violence, or both, such
as robbery, gunshot, and sexual assault.

e Studies published in a peer-reviewed journal with full text
available and written in English.

Studies with the following descriptions were excluded:

¢ Population: nonhuman studies (e.g., animal studies).

e Exposures: studies focused only on the seasonal effect of the
outcome.

e Comparators: studies without direct comparative risk effect
estimates.

 Outcomes: studies without assessment of human related crime
or violence.

* Nonprimary studies (e.g., commentaries, books, or reviews)
were excluded.

Study Selection and Data Extraction

The titles, abstracts, and full-text articles were independently
reviewed by two investigators (i.e., dual-reviewed). Conflicts were
resolved through discussion among the investigators. Investigators
independently dual extracted the following data from each article
at full-text screening: a) study information including the study
location, study year, study design, statistical method, factors
adjusted, mechanisms used to explain the relationship between the
exposure and outcome, and the main findings; b) characteristics of
the exposure used in the study, exposure method, and exposure as
linear or nonlinear; and ¢) crime and/or violence outcomes consid-
ered, including the source of data on crime and/or violence, effect
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size [e.g., relative risk (RR)], uncertainty of the effect size [e.g.,
confidence interval (CI)], and risk increment [e.g., 1°C, interquar-
tile range (IQR) increase]. All of the information was extracted
directly from the publications, and there was no contact with the
authors. Discrepancies were resolved through consensus after dis-
cussion with a third reviewer.

Study Quality Assessment

For each identified study, quality was assessed using risk of bias
(ROB), which is an adapted tool of Office of Health Assessment
and Translation (OHAT) Risk of Bias Rating Tool for Human and
Animal Studies.?* There are various methods to evaluate the risk of
bias in observational studies, and the OHAT method is based on
the Grading of Recommendations Assessment, Development and
Evaluation (GRADE). The GRADE framework?? is employed in
experimental designs, particularly in randomized controlled trials,
and penalizes observational study designs. However, studies on
the association of temperature and crime and/or violence are obser-
vational in nature, not randomized controlled trials. OHAT is the
revised version of the GRADE approach to include observational
human studies. It could be independently applied to human data,
particularly in the context of epidemiological studies.*® In total,
eight categories were assessed: Three key criteria (exposure
assessment, outcome assessment, and confounding bias) and
five other criteria (selection bias, attrition/exclusion bias, selective
reporting bias, conflict of interest, and other sources of bias) were
evaluated for each study. For each category, the risk was rated and
graded (scale of 1 to 4 with higher score indicating higher risk of
bias) based on the specific guidelines of the following design char-
acteristics that were met [low risk of bias (score 1) if all conditions
met, probably low risk of bias (score 2) if most of the conditions
met, probably high risk of bias (score 3) if a few conditions met,
and high risk of bias (score 4) if none of the conditions met].
Specifically, we considered the reliability of the exposure and out-
come assessment (e.g., is the dataset from a reliable source) and the
overall study design (e.g., did the study account for temporal trend,
season, day of week, and other important confounders); selection
bias (e.g., was the study population selected without bias and repre-
sentative of the group); attrition/exclusion bias (e.g., did the study
appropriately handle missing data); selective reporting bias (e.g.,
did the study report all of the study estimates); conflict of interest
(e.g., what were the sources of funding); and other sources of bias.
The specific details are shown in Table S2.

Statistical Analysis

Measures of the relationship between hot temperature and crime
and/or violence from studies were combined using meta-analysis
to obtain the summary estimates. We conducted a meta-analysis
for each crime and/or violence category with five or more effect
estimates.?® The definition and the categorization of crime and vi-
olence are different by city/country and study. However, most
studies grouped crime and violence into three broad categories:
a) violent crime including aggravated assault, simple assault, rob-
bery, murder, and homicide; ) property crime including bur-
glary/trespassing, motor vehicle theft, and other types of theft;
and ¢) sexual crime including rape, sexual assault, and intimate
partner violence.’”*° The specific details of the definition for
each type of crime and/or violence differed by study location and
the dataset used; however, when crime and violence was catego-
rized into the three categories, the general characteristics and def-
inition of crime and/or violence were similar. We reviewed all of
the included studies with caution and extracted the outcomes
with the most similarities among the studies: violent crime, prop-
erty crime, assault, and homicide.
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For the meta-analysis, we extracted the effect estimates from
studies with @) the same type of crime or violent outcome, b) the
same exposure (mean temperature), and c) effect estimates derived
from a regression model adjusting for confounding variables. The
point effect estimates were represented as the relative risk for a
10°C (18°F) increase, and the 95% confidence interval (CI) was
derived. We converted Fahrenheit to Celsius temperature and cal-
culated the estimated risk for 10°C (18°F) increase before convert-
ing into the relative risk. If the risk estimate compared two
percentiles (e.g., 99th vs. 75th percentile) and the specific tempera-
ture value [e.g., 99th percentile as 30°C (86°F) and 75th percentile
as 23°C (73.4°F)] is shown in the study, we calculated the esti-
mated risk for a 10°C (18°F) increase accordingly. We considered
studies examining temperature and crime and/or violence as a lin-
ear or nonlinear association. Studies reporting the effect estimates
within a limited temperature range (e.g., crime or violence risk
above a certain temperature) were excluded in the meta-analysis
due to inability to compare between different temperature ranges.

The relative risks were combined using a profile likelihood
random-effects model to account for variation among studies.*®
The statistical heterogeneity among studies was assessed using
the I? statistic.** Studies not reporting a quantitative association
between temperature and risk of crime or violence (e.g., beta
coefficient, RR, and percent change in effect) were excluded from
the meta-analysis.

Sensitivity analysis was conducted by excluding each study for
each outcome to explore the robustness of the overall effect esti-
mates for each temperature—violence and/or crime association.
Forest plot and contour-enhanced funnel plots were generated to
differentiate publication bias by examining the asymmetry of the
funnel plot.*! Also, the Egger’s test of the intercept for statistical
precision was conducted to assess publication bias,*? where if there
is no publication bias, the regression intercept is expected to be
ZEeT0.

Analyses were performed in R studio (version 4.3.0). All sig-
nificance testing was two-sided, and the results were considered
statistically significant if p <0.05.

Results
A total of 14,741 unique published papers were screened after
removing the duplicates (6,724 papers from Ovid MEDLINE,
11,254 papers from Web of Science, and five additional records
found by the reference lists). After we excluded the duplicates and
then screened the titles and abstracts, 147 papers qualified for full-
text screening (Figure S1). Excluded studies did not address crime
or violence as the outcome, did not consider temperature in the
study, or did not assess the relationship between temperature and
crime and/or violence. In total, 83 studies were eligible for inclu-
sion in our review and 25 studies were eligible for meta-analysis.

The basic characteristics of the included 83 studies are described
in Table 1. Studies were mostly conducted in North America
(n=39, 46%), Asia (n=15, 18%), and Africa (n=10, 12%).
Included studies mostly had study timeframes of 5 to 9 years
(n=27, 32%), and about 48% of the studies (n =40) focused on a
study period after 2010. Most of the studies explored a single city
(n=41, 49%) or considered multiple cities from one country
(n=23, 27%), and more than half of the study was based on the
daily temporal scale (n=50, 60%). Approximately 53% of the
studies (n=44) considered temperature as only the linear func-
tion when exploring the temperature—crime and/or violence rela-
tionship. More than half of the studies focused on violent crime
(n=064,55%), followed by property crime (n=27,23%) and sex-
ual crime (n= 14, 12%).

The geographical location and the specific crime and/or vio-
lence type are shown in Table 2. If the study had more than one
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Table 1. Basic characteristics of the included studies on temperature and
crime or violence (n = 83).

Study characteristics n (%)
Temperature linearity
Linear 44 (53.01)
Nonlinear 25 (30.12)
Both (linear and nonlinear) 5(6.02)
Not mentioned 9 (10.84)
Crime and/or violence type®
Violent crime 64 (55.17)
Property crime 27 (23.28)
Sexual crime 14 (12.06)
Other” 11 (9.48)
Length of study
<5 years 14 (16.87)
5-9 years 27 (32.53)
10-14 years 14 (16.87)
15-19 years 9 (10.84)
>20 years 17 (20.48)
Else® 2 (2.41)
Median year of the study period
<1990 7 (8.43)
1990-1999 12 (14.46)
2000-2009 22 (26.51)
>2010 40 (48.19)
Else® 2 (2.41)
Spatial scale
Multicity from one country 23 (27.71)
Multicity from multicountry 12 (14.46)
One city 41 (49.39)
One country 7 (6.02)
Temporal scale
Daily 50 (60.24)
Weekly 1(1.20)
Monthly 17 (20.48)
Quarterly 1(1.20)
Annual 14 (16.87)
Study continent
Africa 10 (12.05)
Asia 15 (18.07)
Europe 7 (8.43)
North America 39 (46.98)
Oceania 7 (8.43)
South America 1(1.20)
Other? 4 (4.82)

“If a single study addressed multiple types of crime and/or violence, each was counted
separately.

bOther crime and/or violence types (e.g., civil war, angry tweets, political violence).
°E.g., different study periods by city/country or different temporal scales (monthly,
daily).

“Other study continents where there are multiple countries spanning multiple continents
analyzed for the study.

study result (e.g., separate results from violent crime and property
crime in one study), those findings were considered separately.
Most of the study locations focused only on violent crimes [60%
(6 out of 10 studies) of studies in Africa, 20% (3/15) of studies in
Asia, 43% (3/7) of studies in Europe, 46% (18/39) of studies in
North America, and 57% (4/7) of studies in Oceania], and most
focused on a single city [30% (3/10) of studies in Africa, 46% (7/
15) of studies in Asia, 57% (4/7) of studies in Europe, 56% (22/
39) of studies in North America, and 57% (4/7) of studies in
Oceania]. The detailed summary results for all 83 studies are
summarized in Table S3. The majority of the included studies
focused on all seasons throughout the year [96.3% (80/83)]. The
spatial and temporal resolution of the exposure varied from
hourly to annual. Most of the studies assessed daily exposures
[59% (49/83)]. Annual temperature exposure was the most used
exposure timeframe for studies with multiple cities or multiple
countries. Modeled or satellite temperature exposure was used in
26.5% (22/83) of studies, whereas 73.5% (61/83) used monitoring
stations (Table S3).
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Table 2. The geographical location and specific crime and/or violence used as outcomes for the included studies (n = 83).

Study continent Number of studies Total crime

Violent crime Property crime Sexual crime Other”

Africa 10
Multicity, multicountry
Single country
Multicity, single country
Single city

Asia
Multicity, multicountry
One country
Multicity, single country
Single city

Europe
Multicity, multicountry
Single country
Multicity, single country
Single city

North America 3
Multicity, multicountry
Single country
Multicity, single country
Single city

Oceania
Single country
Multicity, single country
Single city

South America
One city

Other”
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“Other crime and/or violence types (e.g., civil war, angry tweets, political violence).

bOther study continents where there are multiple countries spanning multiple continents analyzed for the study.

Most of the study results indicated a positive association
between temperature and crime and/or violence (Table S4). Table
S4 describes the included articles, divided into different types of
crime and/or violence and summarizes the studies’ findings for
temperature—crime and/or violence associations. Most studies
observed a positive relationship between violence/crime and tem-
perature, and most of the positive associations were statistically
significant. Most studies considered mean temperature for the ex-
posure index, although other metrics such as maximum tempera-
ture were also examined. The most commonly studied type of
crime and/or violence was homicide, for which 12 estimates (from
eight studies) out of 19 estimates (from 12 studies) identified statis-
tically significant positive results.*>=° Eight studies investigated
property crime in general, with different groupings of the various
property crimes by study.!?28:29-31-55 Burglary and rape were the
most investigated crimes in the categories of property crime and
sexual crime, respectively.

Among the included studies, there were a total of 188 study esti-
mate results, and about 70% (132/188) of the quantitative study esti-
mates indicated a positive relationship between temperature and
crime with p-values of <0.05 (Table S5). Approximately 50% (93/
188) of the included estimates were from North America, and about
63% (59/93) of those from North America showed a positive associ-
ation between temperature and crime (p-value <0.05). Forty-nine
estimates were from Asia, and more than 80% (40/49) showed posi-
tive results (p-value <0.05). Estimates from Africa (20/188) mostly
focused on violent crimes (7/20) or conflicts (5/20).

The ROB assessment for the included studies is shown in Table
S6 and Table S7. The heat map is shown in Table S6 for eight differ-
ent categories (key criteria: exposure assessment, outcome assess-
ment, and confounding bias; other criteria: selection bias, attrition/
exclusion bias, selective reporting bias, conflict of interest, and other
source of bias), mentioned in Table S2. ROB was scored with a scale
of 1 to 4, with higher scores indicating higher risk of bias. The spe-
cific reasons and criteria for the grading are indicated in Table S7.
Some studies had high risk of bias for exposure and outcome
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assessment categories. Various types of crime and/or violence was
examined by the included studies. Some studies examined crime
and/or violence as a grouped outcome (e.g., violent crime, property
crime, sexual crime), and other studies examined a more specific
type of crime and/or violence (e.g., homicide, burglary, intimate part-
ner violence). Due to different exposure/outcome assessments, we
grouped studies by the timeframe of the exposure: short-term (daily
or weekly scale) exposure on an acute outcome (lag day 0) and long-
term (monthly or yearly scale exposure) and an incident outcome.

Association between Crime and/or Violence and
Temperature

There were eight studies focusing on the association between tem-
perature and total crime in general.!629->2:54-8 The meta-analysis
for the eight studies was not conducted due to variations in the total
crime definitions, aggregating the violent crime and/or property
crime as a whole. While looking at the individual study results, all
of the study results indicated a positive relationship between total
crime (aggregating various crimes in one category) and tempera-
ture. One study in Vietnam estimated a 10.1% (95% CI: 3.7, 16.8)
increase in all crime types for a 5°C (9°F) increase in daily mean
temperature from 2013 to 2019.32 A study in Malaysia suggested a
positive association between long-term temperature exposure and
crime, and this was the only study looking at the long-term temper-
ature exposure.”® A 1°C (1.8°F) increase in monthly maximum
temperature was associated with an additional 22.811 crime inci-
dents per million people in Virginia, USA.>3

The association between short-term temperature exposure (e.g.,
daily or monthly) and violent crime was assessed by 22 studies, and
eight studies were included in the meta-analysis: five studies from
the US,%#351:3%:60 ope study from Vietnam,>? one study from South
Africa,?” and one study from Taiwan.>? The meta-analysis using the
eight studies indicated that a 10°C (18°F) increase in short-term
mean temperature was associated with violent crime risk [1.09
(95% CI: 1.07, 1.11), heterogeneity 30.93% I*] compared to no
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Study Estimate Relative Risk (95% CI)

|

Violent crime: short-term i
Baryshnikova, Davidson et al. in 1.09 (1.07. 1.12)
Berman, Bayham et al. 2020 e 1.14 (0.12, 7.18)
Cruz, D'Alessio et al. 2023 |- 1.52 (1.29, 1.77)
Le. Berman et al. 2022 - 2.69 (0.97, 6.78)
Michel, Wang et al. 2016 - 1.08 (1.06. 1.10)
Potgieter, Fabris-Rotelli et al. 2022 i 1.23 (1.09. 1.38)

-
Wesselbaum 2022 I 0.93 (0.87. 1.00)
Yu. Mu et al. 2017 :' 1.21 (1.13,1.28)
Overall ¢ 1.09 (1.07,1.12)

Heterogeneity 1>=30.93%, p<0.01 |

Property crime: short-term !
Baryshnikova, Davidson et al. 2022 ; 1.06 (1.04. 1.08)
Berman, Bayham et al. 2020 —. 1.06 (0.20. 4.45)
Le, Berman et al. 2022 |—— 1.99 (1.05, 3.61)
Potgieter, Fabris-Rotelli et al. 2022 - 0.80 (0.71. 0.87)
Yu. Mu et al. 2017 . 1.02 (1.00. 1.04)
Overall <§ 1.01 (0.97,1.05)

Heterogeneity 1>=68.48%, p<0.01 f

i

I I I I
0 1 3 5 7

Figure 1. Meta-analysis of studies (n = 83) on the association between mean temperature (short-term: daily or weekly scale exposure) and violent and property crime.

Crime or violence risk for 10°C (18°F) increase.

temperature increase (Figure 1). The pooled relative risk was robust
to sensitivity analysis by excluding each effect estimate in turn
(Table S8). The funnel plot (Figure S2A) and Egger’s regression
test (p=0.3279) indicated statistically insignificant asymmetry.
Many studies suggested a long-term relationship between tempera-
ture and violent crime. In St. Louis, a 0.56°C (1°F) increase in
monthly temperature was associated with a 0.689% increase in vio-
lent crime®’; and in Virginia, a 1°C (1.8°F) increase in average
monthly maximum temperature was associated with an additional
1.146 violent crime incidents per million people.>

There were a total of 16 studies examining property crime, and
five studies were included in the meta-analysis assessing the rela-
tionship between short-term temperature exposure (e.g., daily or
monthly) and property crime.282%31-53 The meta-analysis results
using the five studies suggested that a 10°C (18°F) increase in short-
term temperature exposure was associated with the risk of 1.01
(0.97, 1.05) for property crime (e.g., daily or monthly) (Figure 1).
Statistically insignificant asymmetry was found by funnel plot
(Figure S2B) and Egger’s regression test (p =0.6772). In the long-
term temperature exposure (e.g., annual) and property crime rela-
tionship, an additional 16.235 per million events were associated
with a 1°C (1.8°F) increase in monthly maximum temperature in
Virginia, USA,> and 0.56°C (1°F) increase was associated with a
0.309% increase in property crime in St. Louis, Missouri.>’

Three studies examined the association between sexual crime
and temperature.'820-2° All of these studies focused on short-
term temperature exposure, and most of the study results had a
p-value of <0.05. One study found that a 1°C (1.8°F) increase in
daily maximum temperature was associated with a 3.4% (95%
CI: 2.8, 9.7) increase in sexual assault.'8

Association between Specific Crime and/or Violence and
Temperature

There were 21 studies examining the relationship between short-
term temperature exposure and assault, of which eight studies were
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analyzed for meta-analysis assessing the short-term temperature
exposure and assault,!244:33:60-64 The meta-analysis results includ-
ing the eight studies suggest that a 10°C (18°F) increase in temper-
ature was associated with a relative risk of 1.23 (0.91, 1.63) in
assault (Figure 2). The pooled risk for the sensitivity analysis was
robust (Table S8). The funnel plot is shown in Figure S3A and the
Egger’s regression test (p = 0.2445) exhibited statistically insignif-
icant asymmetry. Eight studies focused on the association between
long-term temperature exposure and assault.”-10-53-57:65-68 When
exploring the individual study results for the eight studies, a 1°C
(1.8°F) increase in monthly maximum temperature was associated
with an additional 1.257 and 5.43 events per million people in the
rates of aggravated assault and simple assault, respectively, in
Virginia.>> Another study in the US found a 1°C (1.8°F) increase
above the expected monthly temperature was associated with a
1.42% increase in monthly assault levels.®® However, there are
conflicting results from one study in the US, which found that for
temperatures below 9.4°C (49°F), the assaults increased after tem-
peratures decreased.” Different cities in British Columbia have
examined both positive and negative associations between temper-
ature and assault.5”

A total of 20 studies assessed the relationship between homicide
and temperature (10 studies for short-term temperature exposure
and 10 studies for long-term temperature exposure).”:10:43-50:57.68-73
For the meta-analysis to examine the effect of short-term tempera-
ture exposure (e.g., daily or monthly) and homicide, seven out of 10
studies were included.”**#74° Among the 10 studies examining
long-term temperature exposure (e.g., annual) and homicide, five
studies were included in the meta-analysis for the association of
long-term temperature exposure and homicide.!%4830.7273 e
extracted seven effect estimates from the five studies; if a study
included an effect estimate from more than one city or location or if
the study results indicated the total effect, we used the aggregated
effect for the meta-analysis. For the meta-analysis results, a 10°C
(18°F) temperature increase was associated with an increased risk of
homicide [1.12 (95% CI: 1.02, 1.22) and 1.34 (95% CI: 0.90, 1.68)

132(10) October 2024



Study Estimate Relative Risk (95% CI)

Assault: short-term i

Jung, Kim et al. 2020 l - 2.62 (2.41,2.84)
Lemon and Partridge 2017 v 1.10 (1.00. 1.20)
Mapou. Shendell et al. 2017 ;. 1.33 (1.16, 1.52)
Rotton and Cohn 2000 - 1.32 (0.34, 4.41)

Stevens, Beggs et al. 2019 ] 1.05 (1.05, 1.06)

Stevens, Graham et al. 2021 - 0.64 (0.35. 1.14)
Williams, Hill et al. 2015 - 1.02 (0.77, 1.34)
Yu. Mu et al. 2017 'm 1.16 (1.14. 1.18)

Overall 1.23 (0.91,1.63)
Heterogeneity 1>=99.75%, p<0.01 l

Homicide: short-term E

Gates. Klein et al. 2019 . 1.24 (1.19. 1.27)
Mapou, Shendell et al. 2017 —— 1:40.(0.66, 2.76)
Michel, Wang et al. 2016 . 1.06 (0.98. 1.15)
Rahman, Lorenzo et al. 2023 ]'_ 1.09 (1.03, 1‘16)
Trujillo and Howley 2021 —— 1.06 (0.82. 1.37)
Wesselbaum 2022 ++ 1(5)(1) 8(1)(2) ;gg;
Xu, Xiong et al. 2020 : . it
Overall he 1.12 (1.02,1.22)
Heterogeneity 1’=94.55%., p<0.01 !

Homicide: long-term ;
Algahtany, Kumar et al. 2022 -a L] 1.14 (1.13. 1.14)
Algahtany, Kumar et al. 2022 -b - 1.04 (1.02, 1.05)
Li. Fenget al. 2023 in 1.23 (1.23.1.23)
Lynch. Stretesky et al. 2020 -a .‘ 1.00 (1.00. 1.00)
Lynch, Stretesky et al. 2020 -b " 1.00 (1.00. 1.00)
Mares and Moffett 2016 I 1.74 (1.41, 2.16)
Wei. Shao et al. 2022 ! = 3.67 (3.46.3.91)
Overall < 1.34(0.90, 1.68)
Heterogeneity 1>=99%, p<0.01 :

| | |
0 1 3 5

Figure 2. Meta-analysis of studies (n=_83) on the association between mean temperature (short-term: daily or weekly scale exposure and long-term: monthly
or yearly scale exposure) and assault and homicide. Crime or violence risk for 10°C (18°F) increase.

for the short-term and long-term temperature exposure, respectively]
(Figure 2). The robustness of the meta-analysis is shown in Table S8,
which was similar for both short-term (ranging from 1.06 to 1.15) and
long-term (ranging from 1.33 to 1.47) temperature exposure for the
homicide outcome. There was a statistically insignificant asymmetry
for Egger’s regression test (p =0.163 and p =0.1634 for short-term
and long-term, respectively), and funnel plots are shown in Figure
S3B and Figure S3C.

Twenty-seven studies focused on other specific violent
crimes including armed violence,*>’*7 murder,’~%>% and
robbery.711:13-15:17.20.44.53,55.57.66-68,70.71.78-81 Most of the study
results showed a positive relationship between temperature and
these other violent crimes. Specifically, five studies explored the
relationship between temperature and armed violence. The
temperature-attributable risk of shootings was 6.85% (95% CI:
6.09, 7.46) for 100 US cities.” Studies showed a suggestive posi-
tive association between temperature and murder; in Virginia, a
1°C (1.8°F) increase in monthly maximum temperature was asso-
ciated with an additional 0.027 events per million people.>’
There were conflicting study results for the relationship between
temperature and robbery. There was a significant positive impact
of temperature on robbery counts, and in Philadelphia,'® an IQR
increase in temperature was associated with a 12% (95% CI: —21,
59) increased risk of robbery in four US cities (Chicago,
Houston, Philadelphia, and Seattle).** However, other studies
found that an increase in monthly temperature was associated
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with reduced robbery,> and negatively associated below a tem-
perature of 15°C (59°F).”

There were studies focusing on burglary, vehicle theft, theft,
larceny, and arson for other property crimes. Fourteen studies
focused on the association between temperature and burglary were
included in this study.”-13-17:44.53.55.57.66.68.70.71.79-81 Qpe srudy in
Virginia found that a 1°C (1.8°F) increase in monthly maximum
temperature was associated with lower risk of robbery by 0.358
events per million people.>> The maximum daily temperature and
burglary were negatively associated with temperatures below
9.4°C (49°F); however, they were positively associated with tem-
peratures above 9.4°C (49°F). A study in the US found that each
degree Celsius increase above expected temperature was associ-
ated with a 0.73% increase in robbery.®®

There were 10 studies on vehicle theft’:!6:44.53.55.57.66-68.70
with varying study results. Some studies found a positive rela-
tionship between temperature and vehicle theft; a 1°C (1.8°F)
increase in monthly maximum temperature was associated with
an additional 1.425 vehicle thefts per million people® and a 1°C
increase above the mean temperature was associated with a
0.59% increase in motor vehicle theft.® A study conducted in
four US cities indicated a negative association, a one IQR
increase in temperature [18.6°C (33.48°F)] was associated with
0.26 (95% CI: 0.17, 0.39) times the risk of vehicle theft compared
to no increase in temperature.** Eight studies on theft showed a
mostly positive relationship!®:15:17:4462.79.81.82.  tydy  results

s
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indicate that for every 1°C (1.8°F) increase in temperature, there
were an estimated 23 more incidents of theft per month®? and a
risk ratio of 1.58 (95% CI: 1.17, 2.14) for every IQR increase in
temperature [18.6°C (33.48°F)].** Other specific property crimes
such as larceny’>37:68.70 and arson®®72:83 also were positively
associated with temperature.

Rape was the most frequently studied sexual crime,
followed by intimate partner violence (IPV),'*8485 sexual assaul
and sexual offenses.”” Most of the studies indicated a positive
relationship between other sexual crimes and temperature. A 1°C
(1.8°F) average monthly maximum temperature increase is
expected to increase the number of rape incidents by 0.281 per mil-
lion people,> with positive effect above a temperature of 21.1°C
(70°F),” and a 1.5% increase in rape for each 1°C increase above the
mean temperature level.® IPV prevalence was associated with a
4.49% (95% CI: 4.1, 4.78) increase for a 1°C (1.8°F) increase in an-
nual mean temperature in South Asian countries.®’

Other crimes and/or violence were also explored in the included
studies: abduction,®® criminal behavior led by alcohol abuse,'®
assault deaths,®® break and enter,'®67-82 conflict,®”"* criminal
arrest,”* criminal damage,”®! domestic disputes,?> domestic vio-
lence,'*?>¢ drug,!” fraud,%? interpersonal violence,*® manslaugh-
ter,” minimal violent robbery (MVR),'"”! mischief,'® nonviolent
crime,>2 police calls or fire calls,®”%® political violence,” theft from
vehicle,'® angry tweet with violent behavior implied messages,*%*
urban crime,’ and violent mortality.'%

7.8,11,53,55,68,70-72
t, 10,66

Discussion

Based on our analysis of the 83 studies in this systematic review and
meta-analysis, we have seen various association between tempera-
ture and different types of crime and violence, where most of the
relationships have shown positive associations. Based on the meta-
analysis results, increased temperature had a significantly positive
relationship with violent crime, assault, and homicide across differ-
ent study regions, time periods, and temperature ranges.

The World Health Assembly announced violence as a major pub-
lic health issue in 1996.1°! In 2002, the World Health Organization
(WHO) released the “World Report on Violence and Health,” analyz-
ing various types of violence and how they differ by cultural, social,
and economic contexts.'%> Public health approaches to violence often
focus on prevention by addressing potential factors that influence the
likelihood of violence. Attention to violence prevention in the public
health era has increased since the 1970s. The number of publications
on violence increased by 550% comparing the 1970s to 1990s.!%!
Recognizing violence as a health problem is based on the understand-
ing that violent behavior arises from behavioral, biological, environ-
mental, and social stressors.!%> Every interaction within the health
care system is an opportunity to prevent violence and implement strat-
egies to reduce and eliminate violence. Developing a public health
model including the potential risk and protective factors (e.g., influ-
ence of environmental factors) affecting crime or violence among the
individual or a certain population group is crucial. Currently, many
countries focus on the immediate action after the crime or violence
occurs, ! whereas it needs to be accompanied with the primary pre-
vention of crime or violence before it occurs. To fully understand the
effect of crime or violence, various individual (e.g., age, sex), socioe-
conomic (e.g., income, cultural factors), and environmental (e.g., tem-
perature, greenspace) factors could be the point for intervention.
Incorporating all of these factors could help provide valuable guid-
ance in reducing crime or violence.

The current study results could be explained through multiple
theories. Within the same country, the association between tempera-
ture and crime and/or violence differed by city. Positive associations
were observed for maximum daily temperature and frequency of
violent crime occurring outdoors in Cleveland, Ohio,>® as well as a
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positive relationship between daily maximum temperature and
crime rates in Los Angeles, California.! However, in New York
there was a negative relationship between mean hourly temperature
and violent crime.’ Different socioeconomic status and environmen-
tal settings may influence people’s activity, prompting them to
engage in outdoor activities or stay indoors. The study results shown
in different regions could be related to different climate zones. Most
of the study results for locations in Asia showed a positive associa-
tion between temperature and crime or violence, which was not
the case for most studies of other continents. The Asia study loca-
tions examined were Saudi Arabia,'® Taiwan,>® Vietnam,>?
Malaysia,'% Tangshan,”! and Beijing!* from China, which are
part of the tropical, subtropical, and humid climate zones. Studies
from North America included cities in Canada'®®78283 and the
US,458.9.15,17.19.28.44.45.47.49.51.55.57,59.60,68.70,72.74.75.77,80.81.97.98.106-109
which are mostly in temperate climate zones with only a few cities
in humid subtropical climate zones (e.g., Dallas, Los Angeles).
When examining the individual studies, the regions in tropical and
humid climate zones (e.g., Saudi Arabia, Taiwan) have reported
mostly positive associations between daily or monthly or annual
mean temperature and crime, violence, or both (e.g., criminal
arrest, homicide, assault, robbery, burglary), whereas studies fo-
cusing on countries from the temperate climate zones (e.g., some
cities in the US and Canada) have shown positive, negative, or
both relationships between daily or monthly or annual mean or
maximum temperature and crime, violence, or both. These differ-
ences in estimated associations may partially be explained by the
heat-aggression theory.?* Furthermore, the comparatively low
risk of property crime compared to other crimes could partially be
explained by the economic theory of rational criminal behavior.!!°
Property crimes may be less susceptible to impulse control and
aggression compared to other crimes. However, further investiga-
tion is needed to explain the association between hot temperatures
and specific crimes. Violence exists everywhere and affects human
health directly and indirectly.'**!'! Our study results yield to sev-
eral different explorations of the temperature and crime and/or vio-
lence relationship. Exposure to violence could vary by different
life spans, different racial/ethnic characteristics, sex, and occupa-
tion. The US homicide rate is higher in black adults than in white
adults,"'? low-income neighborhoods have a higher occurrence of
crime compared to high-income neighborhoods,!'? and all ages
from children!!# to the elderly'!> are exposed to violence. Some of
these sociodemographic patterns also relate to environmental
exposures, such as higher temperatures in urban settings due to the
urban heat island effect, which is a phenomenon when the heat is
accumulated within the urban areas and result in higher urban tem-
perature compared to the surrounding rural area temperature.!!®
Additionally, climate adaptations, such as the use of indoor air
conditioning and the availability of public spaces, can influence
the levels of environmental exposure experienced by an individ-
ual. Exposure to violence is associated with an increased risk of
mental health issues, detrimental health-related behaviors (alcohol
abuse), chronic diseases (hypertension, cancer, and stroke), and
premature mortality.'!” Investigating the complex interplay of fac-
tors that could contribute to an increase in crime and violence risk
is critical for future studies.!®*!!8 Previous studies have found that
higher country-level income inequality has shown to be related to
higher rates of homicide and self-reported assaults.'!® Also, other
studies reported individual factors, such as underage smoking and
drinking to be associated with violent behaviors.!!*'29 However,
there are limited studies considering diverse socioeconomic and
environmental factors at both the individual and country levels
which could potentially affect the incidence of crime and violence.
Furthermore, focusing on the incidence among different types of
crime or violence would result in a better understanding of the
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complex dynamics influencing crime and violence and avoid mis-
interpretation of the results. The nature of crime and violence, and
therefore the association between temperature and crime and/or vi-
olence, could differ by community or country. Interpretation biases
should be considered while interpretating temperature and crime
associations, as further research is needed to better understand
these relationships.'?!

Our analysis included studies that examined the association
between hot temperatures and crime, violence, or both for differ-
ent timeframes of exposure: daily, weekly, or long term. Our
study results indicate that increases in daily mean or maximum
temperature are associated with higher incidences of violent
crimes, which accounts for the near immediate reactions or
actions from the preceding day temperatures. Notably, a majority
of studies did not account for the day of the event, overlooking
potential lag effects of temperature, which warrants further inves-
tigation. Recent research also focused on environmental hazards
influencing individual criminal behavior in the short term,!?%123
yet there are limited studies examining hourly effects of tempera-
ture on crime. The high hourly variability of crime within a day
could be influenced by the immediate physical environment, such
as temperature or air pollution. Also, the long-term effects of
temperature on crime and/or violence were explored in some
studies. An ordinary least squares regression model with annual
or monthly crime counts was used in some studies focusing on
long-term effects.

Due to the limited availability of data on long-term temperature—
crime relationships, the conclusions remain unclear. However, our
results indicate that long-term temperature exposures are associated
with higher risks of crime compared to short-term temperature
exposures. This could be explained by the short-term exposures,
including parts of the long-term effects, which might result in a
smaller effect size compared to the long-term effects.!?* In contrast,
the long-term effect reflects cumulative effects that increase the
effects of highly exposed subgroup populations, such as those with
disadvantaged characteristics.!?> This finding aligns with mortality
studies that found different risk effects for long-term and short-term
temperature exposures.'?*126:127 Most of the research done cur-
rently primarily focuses on the effects of short-term temperature
exposures, but our evidence suggests that this approach may cause
bias in the associated risks. While short-term temperature exposures
have traditionally been the primary measure for assessing human
health, our study highlights the importance of also considering long-
term exposures.

The pathways through which temperature influences crime
may differ between short-term and long-term exposures, although
such a determination is beyond the scope of this study and was not
illuminated by the identified studies. Most existing studies focused
on the short-term effects of temperature on crime. Short-term tem-
perature exposure can directly impact population behavior (e.g.,
more time indoors) and influence physiological responses to tem-
perature (e.g., intolerance).'?® Conversely, there is limited evi-
dence on how long-term temperature exposures affect crime.
Regardless of the mechanism, the patterns of the association
observed in this study and previous studies support the importance
of long-term temperature exposure on human health. Recent
reviews showed that long-term temperature exposure was associ-
ated with a wide range of adverse health outcomes.!?%12° To bridge
the gap between short- and long-term temperature effects, future
work should focus on comprehensive data collection, statistical
methods analyzing the immediate and cumulative impacts, and
various factors and mechanisms interacting with human health.

There are various factors influencing the temperature and crime
and/or violence association. A study in Los Angeles, California,
found higher rates of gun-related violent crimes and adverse health
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outcomes with a reduction in the use of outdoor park space.'?°

Also, higher neighborhood crime rates were associated with
increased odds of adverse pregnancy outcomes in Chicago.'3!
Another study found that individuals exposed to gun violence had
significantly higher levels of depression and suicidal ideation com-
pared to those not exposed. The association between gun violence
and depression was stronger among Latin persons and those of
“other” races relative to white persons.'32

Violence is not attributed to a single factor, but the causes are
complex and occur at various levels. Violence prevention involves
interaction between different sectors of society and organizations,
and less is known about the potential impact of environmental con-
ditions such as heat compared to other influences. The lack of
largescale datasets regarding violence and crime hinders research,
and many of the studies that we identified were based on single
locations, although studies are needed across multiple locations as
the weather conditions, populations, and socioeconomic and cul-
tural systems impacting crime may differ.!9!-!94 Further, the defini-
tions and categorizations of various types of violence differed
across countries and cities, which challenges comparison of
results.!! Future studies regarding the prevention of violence and
its contribution to health are needed.

This study had several strengths; this work included a compre-
hensive literature search with focused eligibility criteria, inclusion
of studies from around the world, assessment of individual study
quality and overall strength of evidence for each outcome, and use
of adjusted estimates from individual studies to estimate overall
associations. Also, the contour-enhanced funnel plot analysis sug-
gests that the review was not subjected to publication bias in which
studies with negative or null results were not included because they
were not published. While the true impact of publication bias can-
not be fully known, the identified studies include results that were
not statistically significant with null or negative results.

This study has several limitations. Firstly, only articles in
English were included, which might have excluded some studies.
Second, several other factors could affect the temperature—crime
relationship, such as race/ethnicity, socioeconomic factors, gender,
and age, although fewer studies have been published on these rela-
tionships. Third, this review was limited in scope in terms of the
types of violence and/or crime considered, and the meta-analysis
included only assault from the various crime and violence out-
comes. This was due to the different definitions of outcome, meth-
ods of exposure assessment, and risk estimates presented which
may cause biased results.'33 The studies used different definitions
and data sources for various crimes and violence, with some stud-
ies using government or police department data sources with a vari-
ety of formats and variables. Studies with insufficient information
in calculating the risk for a 10°C (18°F) increase, different temper-
ature metrics, or different assessment for exposure or outcome
(e.g., daily, weekly, annually) could not be combined in meta-
analysis. Considering these differences, the study results used in
the meta-analysis were selected for the most commonly examined
crime and/or violence categories and examined separately for
short-term and long-term exposures. Violent crime, property
crime, assault, and homicide are some of the most common crimes
in the US and worldwide.'3* Specifically, for short-term exposure
to temperature and crime, we assessed violent and/or property
crime in general; most of the studies were from cities in the US and
used the same definitions for crime and from other countries
(Africa, Taiwan, and Vietnam) that applied the same category for
defining violent and property crimes. For these studies, the temper-
ature exposure was assessed through monitoring stations or mod-
eled dataset on a daily scale. For long-term temperature and
homicide, most of the studies were global with a definition of hom-
icide from the World Bank,!3> and some studies were from Asia,
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North America, and Europe using the annual exposure assessment.
Different statistical methods were applied in the included studies;
however, most used linear regression models and considered tem-
perature as a linear function. Results were combined based on the
change in the risk of crime and/or violence per 10°C (1.8°F)
increase. Most of the studies considered temperature and crime
and/or violence as a linear relationship; however, recent studies
have shown nonlinear relationships. Some studies showed crime
risk decreases in extreme heat and higher crime risks in moderate—
high temperature levels.>13¢ Despite the similarities between
studies combined in the meta-analysis, some heterogeneity could
exist in the methods, outcomes, study populations, study locations,
and the association between temperature and crime and/or vio-
lence. Location-specific studies for a range of different popula-
tions, locations, and types of exposures are needed. While we note
that observed associations are statistically significant, such find-
ings should be interpreted with caution given the known challenges
of such assessments. Moreover, the study results do not suggest
that violence is an extension of heat, resembling environmental
determinism, but rather should be interpreted within the broader
socioeconomic and demographic contexts.'3”

Conclusions

There exists heterogeneity in the results by different crime and vio-
lence types; however, the evidence leans toward a positive relation-
ship between short-term increased temperature exposure and the
crime or violence risk. Overall, increased short-term temperature
exposure was significantly associated with increased violent crime,
whereas the evidence was weak for property crimes. It is important
to note several research gaps, notably the considerable disparities in
the definition of different crime and violence categories across coun-
tries and cities, as well as variations in modeling approaches and
study designs observed in prior studies. To advance our understand-
ing of the influence of temperature on crime and violence in the con-
text of climate change, more extensive research, conducted on
geographically and temporally larger scales and encompassing mul-
tiple crime and violence types, is needed.
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