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Abstract Urban crime may be an important but
overlooked public health impact of rising ambient temper-
atures. We conducted a time series analysis of associations
between temperature and crimes in Philadelphia, PA, for
years 2006–2015. We obtained daily crime data from the
Philadelphia Police Department, and hourly temperature
and dew point data from the National Centers for Environ-
mental Information. We calculated the mean daily heat
index and daily deviations from each year’s seasonal mean
heat index value.We used generalized additivemodelswith
a quasi-Poisson distribution, adjusted for day of the week,
public holiday, and long-term trends and seasonality, to
estimate relative rates (RR) and 95% confidence intervals.
We found that the strongest associations were with violent
crime and disorderly conduct. For example, relative to the
median of the distribution of mean daily heat index values,
the rate of violent crimes was 9% (95% CI 6–12%) higher
when the mean daily heat index was at the 99th percentile
of the distribution. There was a positive, linear relationship
between deviations of the daily mean heat index from the

seasonal mean and rates of violent crime and disorderly
conduct, especially in cold months. Overall, these analyses
suggest that disorderly conduct and violent crimes are
highest when temperatures are comfortable, especially dur-
ing coldmonths. This work provides important information
regarding the temporal patterns of crime activity.
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In 1996, violence was designated a public health issue by
theWorld Health Assembly [1]. Crimemay lead to person-
al injury and loss of productivity, impose a financial burden
on the medical system, disrupt families [1], contribute to
declines in mental well-being [2], and lead to less physical
activity among neighborhood residents [3]. In recent years,
great attention has been given to the relationship between
the social and built environment and criminal activity. For
example, higher amounts of vegetation in a neighborhood
have been shown to reduce rates of crime [4, 5]. Higher
densities of transportation networks have been shown to be
associated with higher rates of crime [6]. In addition to
demonstrating spatial patterns, crimes have been shown to
have seasonal trends [7]. Based on criminological and
psychological theory, there is reason to believe that seasonal
trends may be related to temperature effects [8, 9].

Whereas a large body of epidemiologic literature doc-
uments relationships between high temperatures and mor-
tality and morbidity [10–12], less attention has been given
to the relationship between temperatures and non-natural
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outcomes, including crime. Associations between heat and
conflict have been documented on a large, ecologic scale
(e.g., at the country level) [13–15]. In addition, psycholo-
gists and criminologists have investigated the association
of temperature with aggression and crime. Several theories
have been posited to explain the relationship [16]. The
negative affect escape model suggests that aggressive be-
havior will be highest at moderate temperatures, but they
will be lower at the highest and lowest temperatures be-
cause escape tendencies replace aggressive behaviors. In
contrast, the simple negative affect model suggests a U-
shaped relationship between temperature and crime. That
is, the model suggests that aggressive behaviors occur at
the coldest and hottest temperatures. Under a third theory,
known as the general affect aggression model, heat is
associated with physiologic changes, which lead directly
to hostility and indirectly to aggression. This implies a
linear relationship [17]. While these theories suggest that
a relationship between temperature and aggression results
from heat-related discomfort and aggression, the associa-
tion between temperature and crime might also be artifac-
tual; congregating among people in warmer temperatures
and months could lead to an association between temper-
ature and crime [17]. The latter idea conforms to the
routine activities theory, which treats crimes as events that
occur as a result of spatial and temporal meeting of moti-
vated offenders with suitable targets, and during times
when individuals who would prevent crimes from occur-
ring are absent [8]. This theory was supported by a time
series analysis of associations between annual tempera-
tures and annual rates of crime. Higher temperatures were
associatedwith higher rates of crimes that weremore likely
to occur when temperatures are warm and individuals
leave their homes (assault, rape, robbery, burglary, and
larceny), but not with murder, which the authors consid-
ered a crime of aggression [18].

The overall objective of this analysis was to investi-
gate the association between daily temperature and daily
crime rates in Philadelphia, PA. We used a decade’s
worth of crime data to conduct a time series analysis
of associations of temperature with crime overall, and
with select categories of crime. To understand the extent
to which temperature anomalies affect crime incidence,
we also evaluated the association of crime and devia-
tions of daily temperature from the seasonal mean for
that year. Key contributions of the present analysis
include consideration of relationships at a daily rather
than a larger aggregate time scale (e.g., monthly), con-
sideration of associations with several categories of

crime, and consideration of associations with daily tem-
perature anomalies.

Methods

Data

Crime Data

We obtained Philadelphia Police Department daily
crime data for January 1, 2006 through December 31,
2015 [19]. The data include information on the date that
a police officer was dispatched to the scene of a crime
and the type of crime. Types of crimes represented
include part 1 crimes (homicide, rape, robbery, aggra-
vated assault, burglary, and thefts) and part 2 crimes
(assaults, arson, forgery and counterfeiting, fraud, em-
bezzlement, receiving stolen property, vandalism/
criminal mischief, weapon violations, prostitution and
commercialized vice, other sex offenses, narcotic/drug
law violations, gambling violations, offenses against
family and children, driving under the influence, liquor
law violations, public drunkenness, disorderly conduct,
and vagrancy/loitering).

We used the published crime codes to generate the
crime categories listed in Supplemental file 1. We se-
lected categories of crime that would conform to theo-
ries on temperature and aggression, or with the routine
activities theory. In addition, we selected categories of
crime for which there would be sufficient statistical
power to observe an effect.

Meteorological Data and Calculated Variables

Hourly temperature and dew point data recorded by the
weather monitor at the Philadelphia International Airport
were downloaded from the National Centers for Environ-
mental Information [20]. Theweathermetrics package in R
was used to derive the heat index, which is a metric that
combines temperature and dew point and was developed
to represent thermal comfort [21]. The weathermetrics
package uses source code provided by the US National
Weather Service [21]. In addition to investigating associ-
ations of crime with daily mean heat index values, we
investigated associations with daily mean heat index devi-
ations from the yearly seasonal mean heat index value. To
do this, we first calculated the average of the daily mean
heat index values for each season (spring, summer, winter,
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and fall) during each of the study years.We then subtracted
the seasonal/yearly specific mean heat index values from
thedailymeanheat index (dailymeanheat index− seasonal
mean heat index). Values greater than zero represent days
on which the daily mean heat index value was higher than
the seasonal mean heat index value for that year. Values
equal to zero indicate that the daily mean heat index value
was equal to the seasonal mean heat index value for that
year.

Analysis

We calculated daily counts for each category of crime.
We used generalized additive models with a quasi-
Poisson outcome distribution to derive relative rate
(RR) estimates and 95% confidence intervals of the
association between daily heat index and crime [22].
The quasi-Poisson specification was used to accommo-
date overdispersion.

We ran one model for each crime category. In pre-
liminary analyses, we explored both constrained and
unconstrained lag effects of temperature. We did not
observe evidence of lagged effects. Therefore, lags were
excluded from the final models.

Temperature variables were modeled using a natural
cubic spline with four knots to accommodate non-
linearity of the relationship with daily crimes. This
parameterization was selected by examining AIC statis-
tics from preliminary exploratory models run using the
Poisson distribution; the AIC statistic is not available
from models run using the quasi-Poisson specification.
Final models were adjusted for seasonal patterns and
long-term trends by fitting a natural cubic spline with
69 knots (10 calendar years × 7) − 1. This spline func-
tion is commonly used in time series analyses of mor-
tality; it is believed to adequately control for seasonality
and long-term time trends while providing sufficient
information to allow exposure effect estimation [22].
We also included terms for day of the week and for
major US holidays (New Years, Independence day,
Thanksgiving, Christmas day, Christmas Eve, Labor
day, Easter) in all models.

In addition to evaluating associations for all of the
calendar months of the year, we repeated analyses,
stratified by warm (May–September) and cold months
(October–April).

For calculating RR estimates and 95% CI, we used
the median of the mean daily heat index as the reference
temperature. We used a value of zero as the reference

value for RR estimates of association with daily devia-
tions of the mean daily heat index value from the sea-
sonal mean heat index value. We calculated RR esti-
mates for the 0.1, 5th, 75th, 90th, and 99th percentiles of
the distributions for each temperature metric. These
values were selected to represent and show the dose-
response relationship between the mean heat index and
crime events. The mean daily heat index and seasonal
mean heat index deviation values corresponding to these
percentiles are given in Supplemental Table 1.

As a sensitivity analysis, we investigated the impact
of including different numbers of knots in the spline
function for heat index. We also ran analyses investigat-
ing associations with maximum daily temperature, min-
imum daily temperature, and mean daily temperature.

All analyses were performed with the R statistical
software version 0.99.891 [23]. The dlnm software
package [24] was used to run the analyses.

Results

There were a total of 2,035,062 crimes in Philadelphia
from January 1, 2006 through December 31, 2015
(Table 1). Approximately 40% were categorized as part
1, 60% as part 2, 22% were violent crimes, 4% were
robberies, and 2% were disorderly conduct. There were
approximately 20,000 crime events per year. Counts of
crimes demonstrated a seasonal pattern, with peaks in
the middle of the year (i.e., summer months) and the
fewest crimes in the early and latest portions of the year
(i.e., winter months). While this seasonal pattern

Table 1 Number of total crimes and crime categories in Philadel-
phia, PA, 2006–2015

N %

Any crime 2,035,062

Part 1 crimes 811,037 39.9

Violent crimes 435,015 21.9

Drunk driving 49,098 2.4

Disorderly conduct 38,288 1.9

Robbery 85,032 4.2

Daily heat index Mean SD

Spring 15.7 6.8

Summer 25.1 3.8

Fall 10.6 6.6

Winter 2.3 5.1
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remained consistent for all study years, the total number
of crimes decreased steadily from year 2006 to the end
of 2015 (Fig. 1).

Associations with Mean Daily Heat Index

Quantitative estimates from the primary analyses are
presented in Supplemental Tables 2 and 3.

The RR of most crime categories, with the exception
of robbery and drunk driving, increased in association
with higher mean daily heat index temperatures until a
threshold value was reached, at which point the rates
remained consistent or began to decrease (Fig. 2). The
relationship between the mean daily heat index and rates
of all crimes, part 1 crimes, and part 2 crimes was similar
in shape to relationships with disorderly conduct and
violent crime (Supplemental Fig. 1). The most elevated
RR estimates were for rates of violent crimes and disor-
derly conduct. Relative to the rate at the median of the
distribution of daily heat index values, the rate of violent
crimes was 8 (95% CI 6–10%) and 9% (% 6–12%)
higher at the 75th and 99th percentiles of the distribution
of mean daily heat index, respectively. The rate of
disorderly conduct was 13% higher (95% CI 6–21%)
and 7% higher (−4–19%) at the 75th and 99th percen-
tiles of the distribution, respectively. The rate of robber-
ies increased as temperatures increased until approxi-
mately the median of the distribution of mean daily heat
index values. At higher temperatures, the relationship
was close to the null.

Figure 3 shows associations between the mean daily
heat index and rates of robbery, violent crime, disorderly
conduct, and drunk driving, stratified by warm and cold
months. Supplemental Fig. 2 shows associations

between the mean daily heat index and rates of all crime,
part 1 crimes, and part 2 crimes, stratified by warm and
cold months. During cold months, there was a nearly
completely linear relationship between the mean daily
heat index and rates of disorderly conduct and violent
crime. For example, at the 5th, 75th, and 99th percen-
tiles of the mean daily heat index distribution, the rate of
violent crime was 12% lower (95% CI −14%, −10%),
5% higher (95% CI 3%, 7%), and 16% higher, (95% CI
12%, 21%) than the relative to the median. The rate of
disorderly conduct was 19% lower (95% CI −26%,
−12%), 8% higher, (95% CI 2%, 13%), and 23% higher
(95% CI 10%, 39%) compared to rate at the median
distribution of the heat index during cold months. There
was an approximately linear relationship between the
mean daily heat index and part 1 and part 2 crimes
during cold months. For warm months, RR estimates
were closer to the null. RR in association with violent
crimes, and with all crime, part 1 crimes, and part 2
crimes were highest at the median of the distribution of
the mean heat index values.

Associations with the Seasonal Mean Heat Index
Deviations

We investigated the effect of unseasonably warm or cold
temperature days by subtracting the seasonal mean daily
heat index value for each year from the daily mean heat
index. Seasonal mean heat index deviations larger than
zero represent days that were warmer than the seasonal
average for that year.

There was a linear relationship between the heat
index deviation value and the rate of violent crimes
(Fig. 4). Relative to days that had the same mean daily

Fig. 1 Daily number of crimes in
Philadelphia, PA, from January 1
2006–December 31, 2015
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heat index as that for the season and year, the rate of
violent crimes was 5% higher for days on which the
mean daily heat index was 13° higher (i.e., the 99th
percentile of the distribution of temperature anomalies)
than the seasonal mean (95% CI 3%, 8%). There was a
linear relationship between heat index deviation values
and disorderly conduct, as well. On days that were 13 °C
higher than the seasonal mean daily heat index, the rate
of disorderly conduct crimes was 7% higher (95% CI
−1%, 15%) relative to days on which the heat index was
the same as the average for that season and year. Asso-
ciations between the mean heat index deviation and
robbery and drunk driving were closer to the null. Re-
lationships with part 1 crimes and part 2 crimes were
approximately linear but remained close to the null
when mean daily heat index values were higher than
the seasonal averages (Supplemental Fig. 3).

When restricted to cold months, there was a linear
relationship between the mean heat index deviation and
the RR of violent crime and disorderly conduct. For
example, in cold months, at the 5th, 75th, and 99th
percentiles of distribution, the RR for violent crimes
increased from −7 (95% CI −9%, −5%) to 2 (95% CI
1%, 3%) and 10% (95% CI 6%, 14%). The RR of
disorderly conduct also increased from −12 (95% CI
−8%, −6%) to 2% (95% CI −1%, 5%) and 17% (95%

CI: 5%, 31%) (Fig. 5). During cold months, the rela-
tionship between seasonal mean deviation and all
crimes, part 1 crimes, part 2 crimes, and robbery was
approximately linear, although the RR estimates were
closer to the null. When restricted to warm months, the
relationship between seasonal mean heat index devia-
tion and crime was close to the null.

Sensitivity Analyses

Relationships of maximum daily temperature, minimum
daily temperature, and mean daily temperature with
crime were similar to those between mean heat index
and crime (Supplemental Figs. 5-7). Changing the num-
ber of knots in the spline functions for daily heat index
did not have any substantial impact on the results (data
now shown).

Discussion

Rates of crime, especially disorderly conduct and vio-
lent crimes, were highest when temperatures were most
comfortable (mean daily heat index of 22.6–28 °C). In
particular, rates of violent crime and disorderly conduct

Fig. 2 Relative rate and 95%
confidence intervals for the
relationship between mean daily
heat index and select categories of
crime, Philadelphia, PA, January
1, 2006–December 31, 2015
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were highest when temperatures were anomalously
warm during cold months.

Similar relationships have been observed in other
studies of crime and temperature. In Dallas, TX, there
was a curvilinear, inverted U-shaped relationship be-
tween temperature and violence; at moderate tempera-
tures, there was a linear relationship between tempera-
ture and higher rates of aggravated assault, homicide,
and rape. At around 90 °F, this relationship became
negative [25]. In Baltimore, MD,maximum temperature
was associated with increased rates of total crime, vio-
lent crime, and homicides; [26] however, the authors did
not investigate whether this relationship was curvilinear.
In Cleveland, OH, there was a linear relationship be-
tween temperature and aggressive crime, and the most
substantial association was observed with rising temper-
atures until approximately 18 °C [27]. In Minneapolis, a
curvilinear relationship between temperature and do-
mestic violence calls was observed. The authors found,

however, that the shape of the relationship could be
attributable to time of day [28].

Strengths of this work include the large dataset,
which included a decade’s worth of crime data,
documenting over two million crime events. Our anal-
yses adjusted for potential confounding due to long-
term trends. By modeling temperature using splines,
we were able to accommodate and explore non-
linearity in the association between temperature and
crime. An additional strength of this analysis is the
inclusion of multiple categories of crime. Also, we
quantified relationships of crime with daily temperature
deviations, stratified by cold and warm months. This
analysis provided important information about the im-
pact of comfort and temperature anomalies on crime
events.

Limitations of this work include the fact that the data
only represented crimes that were reported. If there was
a relationship between temperature and crime reporting,

Fig. 3 Relative rate and 95% confidence intervals for the relationship between the mean daily heat index and select categories of crime,
stratified by warm and cold months, Philadelphia, PA, January 1, 2006–December 31, 2015
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this would have biased the analysis results. Because we
did not have information about the perpetrator of each
crime, we were not able to investigate the potentially
modifying impact of individual level sociodemographic
characteristics of the relationship between temperature
and crime.

In this analysis, we investigated variability in
crime rates related to daily variations in temperature
from the year-specific seasonal mean values. We did
not investigate spatial heterogeneity in the effect of
the association between temperature and crime. This
will be an important extension of the analyses re-
ported here. Indeed, the routine activity theory sug-
gests that a convergence of a variety of factors in
both space and time contributes to higher rates of
crime [8]. While our analysis supports the temporal
aspect of this theory, it will be interesting to extend
this work to include spatial aspects, as well. Infor-
mation about spatial heterogeneity in the association
between temperature and crime could provide in-
sight into the mechanisms that underlie the

relationship and could have implications for struc-
tural and social preventative measures that can be
taken to prevent crime. A handful of studies consid-
ered the combined effects of temperature and neigh-
borhood level characteristics on crime. In St. Louis,
temperature anomalies, defined as higher tempera-
tures than the seasonal long-term average, were as-
sociated with higher monthly rates of violence, es-
pecially in the most socially disadvantaged neigh-
borhood groups [29]. In analysis of the relationship
between monthly mean temperature and monthly
street robbery events in Philadelphia, there was
intra-urban variability in the relationship, with a
stronger, positive relationship between higher tem-
peratures and robbery in higher SES neighborhoods
[30].

Results from these analyses have relevance to the
interpretation and conduct of epidemiologic analyses
on the impacts of temperature. Most of the epidemi-
ologic literature has focused on respiratory and car-
diovascular health impacts of extreme temperatures.

Fig. 4 Relative rate and 95% confidence intervals for the relationship between the difference of the yearly seasonal mean heat index from
the daily mean heat index and select categories of crime, Philadelphia, PA, January 1, 2006–December 31, 2015
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Additionally, many epidemiologic analyses are re-
stricted to natural cause mortality; non-natural and
accidental cause mortality cases are often excluded.
[10] However, this restriction ignores the potential
impacts of temperature on crime and other behav-
ioral factors, which might lead to non-natural cause
morbidity and mortality.

This work is particularly relevant considering our
earth’s well-documented warming temperatures. NASA
reported that year 2016 experienced the hottest February
on record; global land surface temperatures were 3.2 °C
higher than the twentieth century mean [31]. In its fifth
assessment, the IPCC projected that temperatures for the
months of December, January, and February would
warm from 0.3 to 1.8 °C [32]. These analyses suggest
the need to understand how temperature anomalies in

combination with structural and social factors impact
the incidence of crime.
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