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Environmental Factors 
and Fluctuations in 
Daily Crime Rates

Introduction
When introducing the routine activity theory, 
Cohen and Felson (1979) stated three factors 
must be present for a crime to occur: motivated 
offenders, suitable targets, and the absence of 
capable guardians against a violation. Their 
study stated the likelihood of these factors 
being present at one time can be altered by 
changes in routine activities, thus potentially 
creating increases in crime rates over time. 
Sherman (1995) explained how just having 
a target and an offender is not enough for a 
crime to occur, further stating that place is 
also an essential component. Weisburd and 

coauthors (2014) determined how offenders 
in immediate situational opportunities are a 
signifi cant factor to the development of crime 
hot spots and reported that the likelihood of 
being in an area of chronic crime was statis-
tically signifi cant near public facilities, bus 
stops, arterial roads, and vacant land. Simi-
larly, Eck (2002) outlined likely places for 
target/offender interactions as stores, homes, 
apartment buildings, street corners, subway 
stations, and airports.

Rotton and Frey (1985) alluded that some 
types of weather caused behavior that required 
police intervention after reporting that the best 

predictor of violent episodes was temperature. 
Additionally, aggressive crimes were found 
to increase by 50% when apparent tempera-
ture increased to 25 ºC from -10 ºC (Butke 
& Sheridan, 2010). Rotton and Cohn (2000) 
elaborated on this research by considering the 
impact of temperature on disorderly conduct, 
and found temperature was signifi cantly asso-
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ciated with this type of crime. Studies have
also looked at the effects of weather variables
like temperature and relative humidity in rela-
tion to crime. In a study focusing on the U.S.,
researchers analyzed 30 years of crime and
weather data and concluded outdoor tem-
perature had a strong effect on crime (Ranson,
2014). In a similar study conducted in New
Zealand, temperature and precipitation were
both identified as having had a significant
effect on the number of violent crimes com-
mitted (Horrocks & Menclova, 2011).

Several other studies have also reported
temperature as being significantly related to

homicide (DeFronzo, 1984), assault (Bush-
man, Wang, & Anderson, 2005), domestic
violence (Cohn, 1993), robbery (Sorg &
Taylor, 2011), violent crimes (Cotton, 1986;
Field, 1992; Gamble & Hess, 2012), property
offenses (Cohn & Rotten, 2000; DeFronzo,
1984; Field, 1992), and overall crime rates
(Mares, 2013; Salleh, Mansor, Yusoff, & Na-
sir, 2012). Furthermore, seasonal weather
changes have been reported to interact with
temperature changes, impacting crime rates
(McDowall, Loftin, & Pate, 2012). Brunsdon
and coauthors (2009) evaluated the spatial
patterning of disorders and disturbances with

police calls for service, and reported outdoor
temperature and humidity had significant
effects. In addition, Hipp and coauthors
(2004) reported property crime was associ-
ated with pleasant weather, while Harries and
coauthors (1984) reported assaults peaked
in the summer. Similarly, Cheatwood (1988)
reported the months of December, July, and
August were the most likely months for peak
homicide rates.

As a result of regulatory efforts that
required the removal of lead from gasoline,
air–lead concentrations were reduced by
94% between 1980 and 1999 (U.S. Envi-
ronmental Protection Agency [U.S. EPA],
2017a). When plotting violent crime rates
in relation to air–lead concentrations after
lead was removed from gasoline, an observ-
able statistically significant decline in vio-
lent crime was identified (Nevin, 2000). The
ability of lead to cause adverse outcomes to
the brain, including reduction in cognitive
function and IQ, has been recognized for
decades (Canfield et al., 2003; Cecil et al.,
2008; Denworth, 2008; Gilbert and Weiss,
2006; Jusko et al., 2008; Lanphear, Diet-
rich, Auinger, & Cox, 2000; Lanphear et al.,
2005; Mielke & Zahran, 2012; Nevin, 2007;
Stretesky & Lynch, 2004; Needleman et al.,
1979; Needleman, Riess, Tobin, Biesecker,
& Greenhouse, 1996; Pihl & Ervin, 1990;
Wright et al., 2008). Few studies, however,
have analyzed potential associations of other
outdoor ambient air pollutants that are rou-
tinely monitored by government air qual-
ity monitoring stations. Research has sug-
gested other types of air pollution could be
responsible for similar neurological impacts,
potentially causing cognitive delays (Calde-
rón-Garcidueñas et al., 2008; Freire et al.,
2010; Power et al., 2011). Neurodevelop-
mental effects of outdoor air pollution are
important to the research of crime and its
relationship to outdoor air pollution expo-
sure, as decreased cognitive function could
perpetuate crime due to the known relation-
ship between low IQ and increased crime
rates (Bartels, Ryan, Urban, & Glass, 2010;
Beaver & Wright, 2011; Burhan, Kurniawan,
Sidek, & Mohamad, 2014). To date, no study
has explored the effects of acute exposure
to multiple outdoor air pollutants on crime
rates. This study, an exploratory ecological
study, aims to identify potential relationships
between environmental factors and crime to

Crime Category Availability, Standardization, and Exclusion

Chicago Houston Philadelphia Seattle

Standardized 
Categories

Raw Data Categories

Assault Assault/battery Aggravated 
assault

Aggravated 
assault

Assault

Burglary Burglary Burglary Burglary Burglary

Homicide Homicide Murder Homicide Homicide

Motor vehicle theft Motor vehicle 
theft

Auto theft Motor vehicle 
theft

Vehicle theft

Robbery Robbery Robbery Robbery Robbery

Theft Theft Theft Theft Theft

Subcategories Raw Data Categories

Arson and reckless 
burning

Arson N/A N/A Reckless burning

Damage Criminal damage N/A N/A Property damage

Disorderly conduct N/A N/A N/A Disorderly 
conduct

Harassment N/A N/A N/A Harassment, 
malicious 

harassment

Interference with 
public officer

Interference with 
public officer

N/A N/A N/A

Rape and sex 
crimes

Criminal sexual 
assault, sex 

offense

Rape Rape N/A

Trespass Criminal trespass N/A N/A Trespass

Note. For Chicago, the following categories were excluded: deceptive practice, gambling, intimidation, kidnapping, 
narcotics, noncriminal, obscenity, offense involving children, prostitution, public indecency, public peace violation, other 
offense, stalking, and weapons violation. For Philadelphia, the following category was excluded: recovered stolen motor 
vehicle. For Seattle, the following categories were excluded: animal (bite, cruelty, other), bias incident, counterfeit, 
dispute (civil property), court order, disturbance (noise, other), drive by, driving under the influence (liquor, drugs), 
eluding–felony flight, embezzlement, endangerment, escape, extortion, false report, fireworks, forgery, fraud, harbor 
criminal code violation, illegal dumping, injury, liquor law violation, loitering, narcotics (all), obstruction, pornography, 
public urination/defecation, property found, prostitution, soda violation, traffic, warrant, and weapon.

TABLE 1
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support future research on the acute impacts
of environmental exposures on crime.

Methods
The data for this study included outdoor
air pollution data and daily crime data from
2009–2013. Data for this study were obtained
from the U.S. Environmental Protection
Agency (U.S. EPA) and open access crime
data sources. The data used for this study
are de-identifi ed and publically available and
accessible online. Therefore, this study did
not need additional precautions to protect
personal information. This study was thus
approved with nonhuman subjects determi-
nation by the Rutgers University–New Bruns-
wick/Rutgers Biomedical and Health Sciences
Institutional Review Board (Protocol Study
ID Pro20150001205).

Study locations were selected to obtain a
diverse representation of climatic zones and
demographic characteristics and were based
on the availability of daily outdoor air pollu-
tion data from U.S. EPA and daily crime data
available from 2009–2013 with the time and
location of each crime. The cities meeting the
parameters for the study period of interest
were: Chicago, Houston, Philadelphia, and
Seattle (using City of Chicago Data Portal,
Houston Police Department Crime Statis-
tics, Open Data Philly, and Data.Seattle.gov,
respectively). These locations represent mul-
tiple climate zones and have varying popu-
lation age ranges, jobs, income, housing,
races, and ethnicities. (For a demographic
and environmental comparison of the study
locations, see online supplemental tables.)

Crime categories were standardized, col-
lapsed, and matched across locations to cre-
ate models for analyses based on similarities
among locations. A primary dataset was devel-
oped to include the following standardized
crime types: assault, burglary, homicide, motor
vehicle theft, robbery, and theft. City-specifi c
datasets were developed to include additional
crime types reported within each city. Table 1
shows the crime types available for each loca-
tion, how they were standardized across loca-
tions, and all crime types that were excluded.
In some cases, crime types were eliminated
because they would have required preplan-
ning to commit the crime and therefore would
not be affected by the environmental attributes
in this study. Categories like counterfeiting,
forgery, fraud, eluding–felony fl ight, embez-

zling, and extortion are examples of crime
types that required preplanning or previous
actions that require more than impulse. Other
categories were eliminated because they were
noncriminal reports held by the local police
department such as animal bite, false report,
traffi c, property found, and recovered stolen
motor vehicle.

Daily data from outdoor government air
monitoring stations in Chicago, Houston,
Philadelphia, and Seattle were downloaded

via the U.S. EPA public air monitoring web-
site from 2009–2013 (U.S. EPA, 2014). The
outdoor air pollutants monitored for each
city and downloaded for each study location
were as follows: nitrogen dioxide (NO

2
), par-

ticulate matter ≤2.5 µm in diameter (PM
2.5

),
particulate matter ≤10 µm in diameter
(PM

10
), ozone (O

3
), sulfur dioxide (SO

2
),

carbon monoxide (CO), and lead (Pb); how-
ever, in Seattle, NO

2
, PM

10
, and lead were not

available for this study period. City averages
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were calculated to determine a daily aver-
age based on local air monitoring stations
within each city. These data were matched
to each city’s crime data. Secondary datas-
ets were created based on the categories of
crime available by location and air monitor-
ing station data. Due to missing data, Pb was
removed from the analyses.

We sorted the ambient outdoor air quality
data by geographic coordinates of the moni-
toring stations to determine the readings from

within each city. The locations included air
monitoring stations within a radius extend-
ing outside of city limits. In these cases, the
monitoring stations were in nearby towns
and were removed. The study utilized data
from 10, 11, 10, and 4 air monitoring stations
within Chicago, Houston, Philadelphia, and
Seattle, respectively (locations of air moni-
toring stations considered in this study can
be found in the online supplemental fi gures).
City averages were calculated to determine a

daily average based on local air monitoring
stations within each city. These data were
managed and cleaned in Microsoft Excel and
subsequently matched to each city’s crime
data. This method created an aggregate daily
data report of crime and air pollution con-
centrations for each location to analyze the
potential relationships between changes in
outdoor air pollution concentrations and the
number of crimes reported by day.

Air Pollution Variance Between Cities by Crime Type 

Pollutant and City Assault Burglary Homicide Motor Vehicle 
Theft

Robbery Theft

CO 

Chicago 0.002 0.034 0.010 0.002 0.007 0.016

Houston 0.008 0.005 0.091 0.008 0.005 0.007

Philadelphia 0.001 0.002 0.061 0.095 0.001 0.011

Seattle 4.739 3.128 1.049 1.233 2.154 3.377

O3

Chicago 0.224 0.099 2.639 0.263 0.175 0.046

Houston 1.015 1.200 32.454 1.275 5.486 0.754

Philadelphia 1.444 0.508 8.608 17.269 0.360 0.134

Seattle 10.641 33.942 156.640 23.686 18.039 12.178

PM2.5

Chicago 2.00 x 10-6 5.86 x 10-7 1.71 x 10-5 7.23 x 10-7 5.76 x 10-7 8.56 x 10-7

Houston 8.00 x 10-6 7.84 x 10-6 1.00 x 10-4 7.00 x 10-6 2.12 x 10-5 5.32 x 10-6

Philadelphia 8.00 x 10-6 7.79 x 10-6 1.00 x 10-4 2.89 x 10-5 3.74 x 10-6 1.77 x 10-6

Seattle 1.28 x 10-3 1.00 x 10-3 1.00 x 10-3 6.00 x 10-4 1.00 x 10-3 1.44 x 10-3

SO2

Chicago 7.83 x 10-7 1.64 x 10-5 1.67 x 10-5 5.72 x 10-6 1.21 x 10-6 1.14 x 10-6

Houston 1.08 x 10-5 7.87 x 10-6 1.00 x 10-4 2.00 x 10-4 7.87 x 10-5 2.26 x 10-5

Philadelphia 1.16 x 10-5 1.05 x 10-5 6.38 x 10-5 7.42 x 10-5 1.56 x 10-5 1.02 x 10-5

Seattle 1.06 x 10-5 8.74 x 10-5 5.75 x 10-4 2.00 x 10-4 1.00 x 10-4 4.31 x 10-5

NO2

Chicago 8.83 x 10-8 2.45 x 10-7 1.09 x 10-5 8.18 x 10-7 3.43 x 10-7 1.78 x 10-7

Houston 3.02 x 10-6 1.21 x 10-5 6.13 x 10-5 4.23 x 10-6 6.85 x 10-6 2.40 x 10-6

Philadelphia 8.98 x 10-7 2.85 x 10-6 5.78 x 10-5 1.00 x 10-4 2.75 x 10-6 3.15 x 10-7

PM10

Chicago 5.83 x 10-8 3.28 x 10-7 5.38 x 10-6 3.00 x 10-7 2.00 x 10-7 -1.70 x 10-3

Houston 1.46 x 10-6 1.26 x 10-6 3.44 x 10-5 2.00 x 10-6 1.46 x 10-6 6.88 x 10-7

Philadelphia 4.80 x 10-7 4.85 x 10-7 7.61 x 10-6 4.00 x 10-5 1.12 x 10-6 7.68 x 10-7

CO = carbon monoxide; O3 = ozone; PM2.5 = particulate matter ≤2.5 μm in diameter; SO2 = sulfur dioxide; NO2 = nitrogen dioxide; PM10 = particulate matter ≤10 μm in diameter. 

TABLE 2
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Weather information was downloaded
from a database maintained by the Weather
Channel. A summary of the weather variables
exported to create the weather data portion of
the dataset can be found in the online supple-
mental tables. These variables were used to
calculate temperature (C), visibility (km),
wind speed (m/s), and precipitation (mm).
The humidity index, referred to as humidex
(Masterson & Richardson, 1979), and appar-
ent temperature (Meng, Williams, & Pinto,
2012; Steadman, 1984) were also calculated
to create two additional independent variables
for analyses to consider how the combined
temperature, relative humidity, and air feels
outside; we used this calculation to deter-
mine the likelihood of a crime occurring when
the humidex and/or apparent temperature
values were high, and thus known to cause
discomfort. See online supplemental figures
for apparent temperature (Meng et al., 2012;
Steadman, 1984) and humidex (Masterson &
Richardson, 1979) formulas.

Due to the similarities of different weather
variables, not all variables could be included
in the datasets because they were recognized
by SAS as similar variables and therefore
removed from the analyses. The final datasets
included the following weather/climate vari-
ables: apparent temperature (°C), humidex,
mean visibility (km), mean wind speed (m/s),
precipitation (mm), and cloud cover (%).

The number of degree days (heating and
cooling), were calculated based on the U.S.
EPA climate change indicator definition of
heating days having a temperature colder
than 65 °F and cooling days having a tem-
perature warmer than 65 °F. This informa-
tion was compared with weather and season
information for each study location to pro-
vide a better understanding of the climate
distribution by year.

Maps were developed using the Geographic
Information System (GIS) ArcMap platform
from Esri. The maps included data from Topo-
logically Integrated Geographic Encoding and
Referencing (TIGER) shapefiles downloaded
from the U.S. Census Bureau. Other data in-
cluded the use of standard roadway curbing in-
formation from state TIGER files (U.S. Census
Bureau, 2015). Information about local emis-
sion sources was downloaded from the U.S.
EPA air emission sources database to show the
location of the crimes in relation to prominent
outdoor point and area sources of air pollu-

tion. The crime data provided by each mu-
nicipality included the latitude and longitude
information so each crime could be mapped

by point, with the exception of Houston. The
Houston data had location information by
block and by police beat (geographic patrol

Quartile Summary by Location and Air Pollutant, 2009–2013

Pollutant Quartiles Location

Chicago Houston Philadelphia Seattle

CO (ppm) 0% (minimum) 0.1 0.2 0.2 0.1

25% quartile 0.3 0.3 0.3 0.2

50% quartile 
(median)

0.5 0.3 0.3 0.3

75% quartile 0.6 0.4 0.4 0.4

100% (maximum) 1.8 1.8 1.8 2.8

NO
2 (ppb) 0% (minimum) 3.0 3.6 3.5 –

25% quartile 27.0 14.5 14.5 –

50% quartile 
(median)

34.6 22.7 22.7 –

75% quartile 42.6 33.0 32.9 –

100% (maximum) 87.5 54.6 60.7 –

O
3 (ppm) 0% (minimum) 0.003 0.007 0.006 0.002

25% quartile 0.020 0.030 0.030 0.020

50% quartile 
(median)

0.030 0.030 0.030 0.027

75% quartile 0.040 0.040 0.040 0.033

100% (maximum) 0.090 0.100 0.100 0.050

PM2.5 (µg/m3) 0% (minimum) 2.4 2.6 2.5 1.5

25% quartile 7.9 8.5 8.5 5.0

50% quartile 
(median)

11.0 10.7 10.8 6.5

75% quartile 15.1 13.8 13.8 9.2

100% (maximum) 43.1 31.5 31.5 37.0

PM
10 (µg/m3) 0% (minimum) 4.0 0 4.8 –

25% quartile 15.0 2.2 21.0 –

50% quartile 
(median)

22.0 10.2 28.0 –

75% quartile 31.5 27.0 38.0 –

100% (maximum) 109.0 129.0 129.0 –

SO
2 (ppb) 0% (minimum) 0 0 0 0.2

25% quartile 2.0 0.9 0.8 0.9

50% quartile 
(median)

3.7 2.4 2.2 1.9

75% quartile 6.0 4.8 4.6 4.4

100% (maximum) 29.0 22.8 38.4 52.7

CO = carbon monoxide; NO2 = nitrogen dioxide; O3 = ozone; PM2.5 = particulate matter ≤2.5 μm in diameter; PM10 = 
particulate matter ≤10 μm in diameter; SO2 = sulfur dioxide.

TABLE 3
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area), which we used to aggregate crimes into 
centralized points within each block (City of 
Houston, 2015). Crime data were aggregated 
using Microsoft Excel to determine the num-
ber of crimes for each specific geographic loca-
tion (i.e., latitude/longitude combination [or 
block]) to determine if some areas were more 
prone to crime than others.

In some cases, the complete set of data 
points was not included on the map because 
the crime type had many data points over the 
5-year study period. In these cases, a sample 
of the data was used to create the map, though 
in these cases, which remains unnoticeable 
because several points were located in the 
same geographic location and would have 
been masked by an already existing point. 

Univariate analyses were conducted to 
describe the distribution of each crime vari-
able focusing on median, mean, mode, range, 
quantiles, variance, and standard deviation. 
Dummy variables were used to code data to 
indicate federal holidays and observances to 
consider the likelihood of changes in human 
activity patterns during these days because 
people may have days off from work and/or 
children may not be in school. We considered 
these variables to see if they have an effect on 
the results when compared with regular days 
throughout different days of the week or sea-
sons. Differences between days of the week 
were assessed by assigning each day of the 
week as the reference day to see the variabil-
ity of each weekday in comparison with the 
reference day. Weekdays and weekends were 
also compared post analysis to see if the likeli-
hood of each crime type could be attributed to 
weekend behavior versus weekday behavior. 

Poisson regression was used, with the 
crime data as the dependent variable to con-
trol for population size and potential zeros 
in the data. Study models were corrected for 
overdispersion, season, day of the week, and 
holidays using the SAS GENMOD procedure. 
Results for continuous variables are pre-
sented based on interquartile range (IQR) to 
compare the difference between the 25th per-
centile and the 75th percentile. In the model 
with all study cities, the cities were coded to 
account for differences between locations. 
Analyses were conducted in SAS version 9.4. 
The environmental variables included in 
each model are outlined in Figure 1.

Sociodemographic factors were considered 
post analysis and were not considered poten-

A D VA N C E M E N T  O F  T H E  SCIENCE

Summary of the Number of Heating and Cooling Degree Days  
by Location and Year

Location Year Degree Day Type # of Degree Days/Year

Chicago 2009 cooling 102

heating 263

2010 cooling 125

heating 240

2011 cooling 111

heating 254

2012 cooling 130

heating 236

2013 cooling 122

heating 243

Houston 2009 cooling 240

heating 125

2010 cooling 235

heating 130

2011 cooling 251

heating 114

2012 cooling 273

heating 93

2013 cooling 233

heating 132

Philadelphia 2009 cooling 120

heating 245

2010 cooling 145

heating 220

2011 cooling 139

heating 224

2012 cooling 135

heating 231

2013 cooling 126

heating 238

Seattle 2009 cooling 75

heating 290

2010 cooling 37

heating 328

2011 cooling 45

heating 320

2012 cooling 49

heating 317

2013 cooling 91

heating 274

TABLE 4
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Crime Across Study Locations Considering Daily Air Pollution Concentrations and Environmental 
Parameters 

Parameter  IQR Assault Burglary

Risk Ratio 95% CI p-Value Risk Ratio 95% CI p-Value

Federal holiday   1.06 (1.02, 1.09) .0006 0.86 (0.81, 0.90) <.0001

Observances   1.03 (0.99, 1.07) .1706 1.04 (0.97, 1.10) .2661

Average of daily 8-hr  
maximum CO (ppm)

2.00 1.10 (1.04, 1.17) .0018 0.84 (0.77, 0.92) .0003

Average of daily 8-hr  
maximum O3 (ppm)

0.02 1.00 (0.99, 1.01) .9232 1.00 (0.98, 1.01) .5853

Average of daily mean PM2.5 
(μg/m3)

6.50 1.03 (1.02, 1.03) <.0001 1.01 (0.99, 1.02) .3468

Average of daily 1-hr  
maximum SO2 (ppb)

3.60 1.00 (0.99, 1.01) .9117 1.00 (0.99, 1.01) .6236

Apparent temperature (ºC) 18.60 1.70 (1.32, 2.18) <.0001 1.12 (0.79, 1.60) .5204

Humidex 20.70 0.70 (0.54, 0.89) .004 0.93 (0.66, 1.31) .677

Mean visibility (km) 1.60 1.02 (1.01, 1.02) <.0001 1.00 (1.00, 1.01) .2853

Mean wind speed (m/s) 2.20 1.04 (1.01, 1.06) .0018 0.99 (0.96, 1.02) .4074

Precipitation (mm) 1.30 1.00 (1.00, 1.00) .0154 1.00 (1.00, 1.00) .5281

Cloud cover (%) 5.00 1.01 (0.99, 1.02) .4679 1.03 (1.01, 1.06) .0022

Parameter  IQR Homicide Motor Vehicle Theft

Risk Ratio 95% CI p-Value Risk Ratio 95% CI p-Value

Federal holiday   1.17 (0.99, 1.39) .0651 0.90 (0.85, 0.95) .0004

Observances   1.01 (0.81, 1.25) .9322 0.98 (0.91, 1.05) .5155

Average of daily 8-hr  
maximum CO (ppm)

2.00 1.25 (0.90, 1.72) .1782 0.92 (0.82, 1.02) .1224

Average of daily 8-hr  
maximum O3 (ppm)

0.02 1.01 (0.96, 1.07) .6385 1.01 (0.99, 1.03) .3196

Average of daily mean PM2.5 
(μg/m3)

6.50 1.02 (0.98, 1.07) .3205 1.01 (1.00, 1.03) .0792

Average of daily 1-hr  
maximum SO2 (ppb)

3.60 1.03 (1.00, 1.06) .0665 1.01 (1.00, 1.02) .1687

Apparent temperature (ºC) 18.60 1.85 (0.47, 7.31) .3786 0.26 (0.17, 0.39) <.0001

Humidex 20.70 0.75 (0.20, 2.87) .6733 3.79 (2.51, 5.73) <.0001

Mean visibility (km) 1.60 1.01 (0.99, 1.04) .2549 1.01 (1.00, 1.02) .0319

Mean wind speed (m/s) 2.20 1.03 (0.92, 1.17) .5909 0.89 (0.86, 0.93) <.0001

Precipitation (mm) 1.30 1.00 (0.99, 1.00) .5221 1.00 (1.00, 1.00) .5377

Cloud cover (%) 5.00 1.04 (0.96, 1.13) .3257 1.01 (0.98, 1.04) .4617

TABLE 5

continued 
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tial confounders for analyses because they do
not vary by day. Variance calculations were
completed to consider intracity variability
in comparison with variance across cities
for each pollutant by crime type (Table 2).
The formula for the variance calculation is
shown in the online supplemental figures.
Variance was considered to determine if the
model joining data from the four study loca-
tions could be combined and presented as
one dataset.

Results
Daily average air pollution concentrations
and weather variables are summarized by sea-
son and location in the online supplemental
tables. Table 3 summarizes the air pollution
concentration distribution of each pollut-
ant for the study period (2009–2013). Aver-
age numbers of heating and cooling degree
days by year are summarized in Table 4. In
Chicago, Philadelphia, and Seattle, a major-

ity of the days throughout study years were
heating days. The average number of daily
crimes in cooling and heating degree days
suggested a higher average was observed for
cooling degree days. Indeed, across crime
types and locations, there were higher daily
average numbers on cooling degree days—
with only three exceptions. These exceptions
were for homicide in Philadelphia and rob-
bery in Seattle, where the average daily num-
ber of crimes was the same on heating and
cooling degree days. The third exception was
in Seattle, where the average number of daily
burglaries was higher on heating degree days.
This was likely due to the number of heating
degree days in Seattle.

Table 5 presents results of the model across
study locations. There was a 1.10 (95% con-
fidence interval [CI] 1.04, 1.17) or 10%
increase in assault crimes when CO concen-
trations were in the 75th percentile versus
the 25th percentile. Likewise, there was a

1.03 (95% CI 1.02, 1.03) or 3% increase in
assault crimes when PM

2.5 
concentrations

were in the 75th percentile versus the 25th
percentile. The highest increase in assault
crimes was seen when apparent temperature
was at the 75th percentile in comparison
with the 25th percentile, with an increase of
1.70 (95% CI 1.32, 2.18) or a 70% increase
in assault crimes. Wind speed and visibility
also showed slight influences on increases in
assault when comparing the 75th percentile
with the 25th percentile, by 1.04 or 4% and
1.02 or 2%, respectively.

When looking at burglaries, higher CO
levels appeared to result in a decrease in
burglaries, with burglaries occuring 0.84
(95% CI 0.77, 0.92) or 16% less often when
CO concentrations were in the 75th per-
centicle compared with the 25th percentile.
Burglaries increased by 1.03 or 3%, however,
when the percentage of cloud cover was at
the 75th percentile versus 25th percentile.

A D VA N C E M E N T  O F  T H E  SCIENCE

Crime Across Study Locations Considering Daily Air Pollution Concentrations and Environmental 
Parameters 

TABLE 5 continued

Parameter IQR Robbery Theft

Risk Ratio 95% CI p-Value Risk Ratio 95% CI p-Value

Federal holiday   0.93 (0.88, 0.97) .0018 0.87 (0.83, 0.90) <.0001

Observances   1.03 (0.97, 1.09) .4085 0.93 (0.88, 0.99) .0126

Average of daily 8-hr  
maximum CO (ppm)

2.00 1.04 (0.96, 1.14) .3393 0.68 (0.63, 0.74) <.0001

Average of daily 8-hr  
maximum O3 (ppm)

0.02 0.96 (0.95, 0.98) <.0001 0.98 (0.97, 1.00) .0093

Average of daily mean PM2.5 
(μg/m3)

6.50 1.00 (0.99, 1.01) .8906 1.01 (1.00, 1.03) .0079

Average of daily 1-hr  
maximum SO2 (ppb)

3.60 1.01 (1.00, 1.02) .0158 0.99 (0.99, 1.00) .1703

Apparent temperature (ºC) 18.60 1.12 (0.79, 1.59) .5199 1.58 (1.17, 2.14) .003

Humidex 20.70 0.95 (0.68, 1.34) .7697 0.67 (0.50, 0.90) .008

Mean visibility (km) 1.60 1.01 (1.00, 1.01) .0056 1.01 (1.01, 1.02) .0001

Mean wind speed (m/s) 2.20 0.98 (0.95, 1.01) .1669 1.00 (0.98, 1.03) .8296

Precipitation (mm) 1.30 1.00 (1.00, 1.00) .7497 1.00 (1.00, 1.00) .3594

Cloud cover (%) 5.00 1.05 (1.02, 1.07) <.0001 1.01 (1.00, 1.03) .1277

IQR = interquartile range in daily air pollution concentrations; CI = confidence interval; CO = carbon monoxide; O3 = ozone; PM2.5 = particulate matter ≤2.5 μm in diameter;  
SO2 = sulfur dioxide.
Note. Numbers in bold indicate statistical significance.
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Motor vehicle theft had an inverse relation-
ship when comparing data to humidex and 
apparent temperature calculations. The num-
ber of motor vehicle thefts increased by 3.79 
(95% CI 2.51, 5.73), or almost a factor of 
4 for humidex increases, while decreasing 
0.29 (95% CI 0.17, 0.39) or about 70% for 
apparent temperature increases. Similar to 
burglary, robbery crimes increased by 1.05 
(95% CI 1.02, 1.07) or 5% when cloud cover 
was higher. In addition, when the maximum 
daily 8-hr ozone concentrations reached the 
75th percentile, compared with the 25th per-
centile, the number of robberies decreased by 
0.96 (95% CI 0.95, 0.98) or 4%. 

Theft crimes decreased as CO and ozone 
increased 0.68 (95% CI 0.63, 0.74) or 32% and 
0.98 (95% CI 0.97, 1.00) or 2% (with border-
line statistical significance), respectively. Like 
motor vehicle theft crimes, theft crimes had 
an inverse relationship when compared with 
calculated humidex and apparent tempera-
ture values. The results were the opposite, 
however, with theft crimes increasing by 1.58 
(95% CI 1.17, 2.14) or 58% when apparent 
temperature is at a higher IQR and decreas-
ing by 0.67 (95% CI 0.50, 0.90) or 33% at 
a higher IQR for humidex. Assault crimes 
increased by 1.06 (95% CI 1.02, 1.09) or 6% 
on federal holidays while burglary, motor 
vehicle theft, robbery, and theft decreased by 
0.86 (95% CI 0.81, 0.90) or 14%, 0.90 (95%
CI 0.85, 0.95) or 10%, 0.93 (95% CI 0.88, 
0.97) or 7%, and 0.87 (95% CI 0.83, 0.90) or 
13%, respectively.

The results of the individual models for each 
study location discussed below can be found 
in the supplemental tables posted online. 

In Chicago, increases in apparent tem-
perature from the 25th percentile to the 75th 
resulted in increases in assault (risk ratio [RR] 
3.39), burglary (RR 1.99), robbery (RR 2.33), 
theft (RR 1.50), and damage (RR 9.59). Similar 
increases in CO concentrations also resulted 
in increased numbers of assault (RR 1.45), 
burglary (RR 2.00), motor vehicle theft (RR 
1.69), robbery (RR 1.64), damage (RR 1.97), 
and trespassing (RR 1.64). Increased concen-
trations of SO

2
—comparing the 75th percen-

tile of the IQR with the 25th percentile—were 
associated with increases in burglaries (RR 
1.03), motor vehicle thefts (RR 1.05), robber-
ies (RR 1.02), and interfering with an officer 
(RR 1.06). Rape and sex crimes increased by 
1.09 or 9% when at the 75th percentile of vis-

ibility (95% CI 1.03, 1.14) and 75th percen-
tile of percent of cloud cover (95% CI 1.02, 
1.17) compared with the 25th percentile val-
ues. Increases in wind speed were associated 
with increased assault (RR 1.10), burglary (RR 
1.06), and damage (RR 1.19).

Several environmental factors were also 
associated with decreases in crimes. For exam-
ple, assault crimes decreased when humidex 
(RR 0.38) and PM

10
 (RR 0.96) increased and 

burglary crimes decreased on federal holidays 
(RR 0.83) and humidex (RR 0.56). Decreases 
in crime were found when PM

10
 increased for 

burglary (RR 0.94), motor vehicle theft (RR 
0.97), and damage (RR 0.93). 

The Houston model had much less signifi-
cance than the previously discussed models. 
Burglary and theft crimes decreased on fed-
eral holidays by 0.77 (95% CI 0.62, 0.98) or 
23% and 0.76 (95% CI 0.62, 0.94) or 24%, 
respectively. Rape and sex crimes decreased 
when CO and PM

10
 increased from the 25th 

percentile to the 75th percentile by 0.12 
(95% CI 0.02, 0.87) or 88% and 0.87 (95%
CI 0.76, 0.99) or 13%, respectively. Motor 
vehicle thefts also decreased by 0.94 (95% CI 
0.90, 0.98) or 6% when SO

2
 concentrations 

increased from the 25th percentile to the 75th 
percentile. When looking at homicides, both 
apparent temperature and humidex were asso-
ciated with increased numbers of crime from 
the 25th percentile with the 75th percentile of 
measurements.

The Philadelphia model, like the Chi-
cago model, showed that increases in appar-
ent temperature from the 25th percentile to 
the 75th percentile resulted in increases in 
assault (RR 9.16), burglary (RR 3.65), rob-
bery (RR 5.84), and theft (RR 2.88). Motor 
vehicle theft crimes increased when O

3 
(RR 

1.16), SO
2
 (RR 1.08), NO

2
 (RR 1.22), and 

visibility (RR 1.08) increased from the 25th 
percentile to the 75th percentile. Increases 
in PM

10
 concentrations were associated with 

decreases in burglary (RR 0.96), motor vehi-
cle theft (RR 0.86), robbery (RR 0.96), and 
theft (RR 0.96); however, rape and sex crimes 
were found to increase by 1.18 (95% CI 1.09, 
1.27) or 18%. 

For the Seattle model, it is noteworthy how 
when PM

2.5 
concentrations increased from 

the 25th percentile to the 75th percentile, 
there were strong associations with crime as 
observed for assault (RR 1.31), burglary (RR 
1.29), motor vehicle theft (RR 1.20), rob-

bery (RR 1.26), theft (RR 1.33), trespass (RR 
1.33), arson and reckless burning (RR 1.45), 
damage (RR 1.29), disorderly conduct (RR 
1.95), and harassment (RR 1.23). The other 
significant air pollution-related observations 
resulted in a decrease in crime incidents. 
Increases in CO concentrations had an asso-
ciation with decreases in burglary (RR 0.53), 
motor vehicle theft (RR 0.70), robbery (RR 
0.60), theft (RR 0.51), trespass (RR 0.49), 
damage (RR 0.50), and harassment (RR 0.47). 
Likewise, increases in O

3
 concentrations had 

an association with decreases in burglary (RR 
0.88), motor vehicle theft (RR 0.91), rob-
bery (RR 0.89), theft (RR 0.92), trespass (RR 
0.14), damage (RR 0.90), and harassment 
(RR 0.86). In addition, SO

2
 increases resulted 

in decreases in burglary (RR 0.95), motor ve-
hicle theft (RR 0.94), theft (RR 0.96), damage 
(RR 0.96), and harassment (RR 0.95). 

When looking across models, increases 
in CO concentrations resulted in decreases 
in crime, with the exception of assault in 
the all location model, and for assault, bur-
lgary, motor vehicle theft, robbery, damage, 
and trespass crimes in the Chicago model. 
The models had few clearly statistically sig-
nificant results for O

3
 and decreases in crime 

incidents, with the exception of motor ve-
hicle theft in the Philadelphia model. Simi-
larly, many of the results for PM

10
 were not 

statistically significant and the few that were 
resulted in a decrease in crimes when con-
centrations increased, with the exception be-
ing interfering with an officer in the Chicago 
model and rape and sex crimes in the Phila-
delphia model. Also, when PM

2.5 
concentra-

tions increased, crime incidents increased. 
This was most commonly found for assault 
crimes across models. Across models, except 
the Seattle model, increases in SO

2
 concen-

trations resulted in increased crime incidents. 
See Table 6 for a full cross-model comparison 
by environmental factor and crime type.

Maps analyzing potential hot spots by crime 
type considered emission sources including, 
but not limited to, industrial buildings, gas 
stations, main roadways, and power plants. 
In Chicago, theft hot spots were observable 
surrounding the location of emitters and bur-
glary crime hot spots are also proximate to 
emission sources. Assault hot spots were more 
evenly distributed across Chicago. In Hous-
ton, some U.S. Census blocks had increased 
numbers of crime; however, when looking at 
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the placement of the local emission sources 
on the maps, the crimes seem to be dispersed 
throughout Houston instead of in areas sur-
rounding multiple emission sources. Local 
emitters are concentrated towards the cen-
ter of the city and eastern roadways outside 
of the city boundary. Hot spots fell outside 
of the immediate city limits with the excep-
tion of assault crimes, which were present in 
hot spots closer to the center of the city. In 
Philadelphia, emitters are evenly distributed 
throughout the city and crime hot spots were 
also evenly distributed across the city. The 
highest numbers of hot spots were observed 
for assault crimes. In Seattle, the center of the 
city had the highest concentration of crime. 
Hot spots overlapped areas with more emit-
ters for assault, motor vehicle theft, robbery, 
and theft crimes. Homicide hot spots did not 
fall in the central area of Seattle, near the con-
centrated emitters, like the other crime types. 
The hot spot maps created for the four cit-
ies as part of this study can be found in the 
online supplemental figures.

Discussion
This study supported that acute exposure to 
air pollutants can impact behaviors that in-
crease and decrease crime rates depending 
on daily air pollution concentrations and 
weather variables. CO is known to cause ir-
ritability in people exposed at high air con-
centrations or doses (Agency for Toxic Sub-
stances and Disease Registry, 2015). Based on 
this observation, the results from the Chicago 
model would be expected. Six of the seven 
significant results in the model suggested 
when CO concentrations increased from the 
25th percentile to the 75th percentile, crimes 
increased. The Seattle model, however, had 
opposite results, with significant findings 
showing a decrease in crimes when CO con-
centrations similarly increased. The aver-
age daily CO concentrations in the present 
study’s time period were higher in Chicago 
than in Seattle; however, it is unclear if the 
differences observed between models were 
simply due to Chicago having higher concen-
trations. In addition, the overall concentra-
tions of CO throughout study cities were low 
and in most cases less than 1.0 ppm, which is 
8.0 ppm less than the current National Am-
bient Air Quality Standards (NAAQS) 8-hr 
standard (U.S. EPA, 2016a).

In all but one case, the statistically signifi-
cant relationships associated with increases 
in O

3
 resulted in decreases in crime. The 

U.S. EPA (2016b) has outlined many known 
adverse health effects of O

3
, including respi-

ratory symptoms such as coughing, throat 
irritation, pain, burning, or discomfort in the 
chest along with airway inflammation. Future 
research could further investigate impacts of 
secondary air pollutants and other factors on 
urban crime. 

NO
2
 is also known to cause airway inflam-

mation and other respiratory effects (U.S. 
EPA, 2017b). In the Chicago model, NO

2

concentration increases were found to have 
a relationship with decreases in crime. This 
finding was the opposite from what was 
observed in the Houston and Philadelphia 
models; however, the NO

2
 concentrations in 

the present study’s time period in Chicago 
were higher; increases from the 25th per-
centile to 75th percentile of concentration in 
Chicago likely approached the current U.S. 
EPA outdoor air quality standard of 53 ppb 
(annual mean) (U.S. EPA, 2016a). 

The results for coarse, respirable particu-
late matter (PM

10
) further suggested crimes 

decreased when outdoor air concentrations of 
pollutants causing irritation increased. PM

10
 is 

known to have an adverse respiratory effect, 
causing trouble breathing (U.S. EPA, 2017c). 
In 13 of 15 significant results, increases in 
PM

10
 resulted in decreases in crime. Decreases 

in crime rates relating to outdoor air pollut-
ants known to cause discomfort suggested 
irritation and/or discomfort could be relevant 
social/behavioral factors, which resulted in 
different decisions being made, thus reducing 
crime rates. 

Unlike PM
10

, higher outdoor air concen-
trations of fine particulate matter (PM

2.5
) 

seemed to have an immediate impact on 
crime increases, with statistically significant 
findings, resulting in an increase in crime 
when PM

2.5 
concentrations increased from 

the 25th percentile to the 75th percentile. 
The difference between the two types of par-
ticulate matter might be in part due to the 
ability of PM

2.5
 to penetrate deeper inside 

the lungs (U.S. EPA, 2017c). More research 
is necessary, also, on neurological impacts 
of particulate matter. The concentrations of 
PM

2.5 
observed throughout the study period 

suggested the significant increases in crime 
rates could be more apparent for these results 

because the observed concentrations in the 
3rd–4th quartiles were more likely to exceed 
the current NAAQS. 

Though SO
2
 is also known to cause respi-

ratory problems such as bronchoconstric-
tion (U.S. EPA, 2017d), the results differed 
between models. In Chicago, statistically 
significant results were related to increases in 
crime, while in Seattle, statistically significant 
results were related to decreases in crime. 
Therefore, additional research is needed 
to understand how SO

2
 can impact crime. 

The slight increases in SO
2
 concentration 

observed in the winter season in Chicago, 
Houston, and Philadelphia suggests the role 
of home heating via fireplaces and/or other 
means (i.e., beyond electricity-generating 
coal-fired power plants) as sources affecting 
urban area outdoor air quality. 

Genc and coauthors (2012) outlined how 
PM, and even nanosized particles, can translo-
cate to the central nervous system (CNS) and 
activate an immune response, and how emerg-
ing research evidenced the idea of air pollu-
tion-induced neuroinflammation, oxidative 
stress, microglial activation, cerebrovascular 
dysfunction, and alterations in the blood-brain 
barrier contributing to CNS pathology. Glass 
and coauthors (2010) explained how neuroin-
flammation can activate microglial cells, which 
then infiltrate T cells and monocytes, which 
is thought to lead to neurodegeneration and 
depression (Maes, Kubera, Obuchowiczwa, 
Goehler, & Brzeszcz, 2011). Block and Calde-
rón-Garcidueñas (2009) proposed cytokines 
might impact the peripheral innate immune 
cells, activating peripheral neuronal afferents, 
which then enter the brain through diffusion 
and active transport to cause adverse impacts 
to the CNS. In addition, affected circulated 
cytokines produce systemic inflammatory 
response markers, such as TNFa and IL-1b, 
which can cause neuroinflammation, neuro-
toxicity, and cerebrovascular damage (Perry, 
Cunningham, & Holmes, 2007; Qin et al, 
2007). The aforementioned studies support-
ed the hypothesis of how both psychologi-
cal and physiological mechanisms can play a 
part in the present study’s findings. Additional 
research is required to better understand ex-
posure to air pollution in each city and deter-
mine if inflammation is able to be observed 
and linked to neurological outcomes.

Differences in results might also have been 
due to the different climates in each city. The 
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coldest average temperature was observed in
Chicago and the warmest average temperature
was observed in Houston. The highest and
lowest amounts of daily precipitation were ob-
served in Seattle, with 4 mm in the fall and 1
mm in the summer. Chicago also had a high
of 4 mm in the spring. In addition, the aver-
age daily air pollution concentrations varied
across locations. SO

2
 values were low and

comparable in three of four seasons, with win-
ter concentrations slightly higher in Chicago,
Houston, and Philadelphia. The highest aver-
age concentrations of NO

2
 were also observed

in the winter in Chicago, Houston, and Phila-
delphia with 39.4, 29.3, and 37.2 ppb, respec-
tively. Average daily PM

2.5 
and PM

10
 were high-

est in the summer in Chicago and in Houston.

In Philadelphia, the average daily concentra-
tion of PM

2.5 
was highest in the summer and

for PM
10

 was highest in the spring. In Seattle,
the average daily concentration of PM

2.5 
was

highest in the fall.
This study suggested environmental fac-

tors could have an impact on crime rates with
both positive and negative associations pos-
sible. When looking at the weather/climate
variables, for example, as apparent tempera-
ture increased, so did the number of several
different crime categories. Fay and Maner
(2014) reported heat exposure promoted
hostile social responses, supporting the find-
ings that increased apparent temperatures
related to increases in crime. Similarly, Ely
and coauthors (2013) reported increases in

ambient temperatures over short periods of
time can lead to fatigue, confusion, anger,
and depression. The findings of this study
supported how feeling hot and being exposed
to increased ambient air temperatures could
promote anger and hostility, increasing the
number of crimes of various types.

Interestingly, only 2 of the 11 statistically
significant results for humidex were associ-
ated with increased numbers of the particular
crime type. Additional studies should explore
this association, as it would seem reasonable
for the same irritation or anger observed dur-
ing higher temperatures to also occur during
higher humidity and/or higher temperature
and humidity combinations (e.g., urban
summers). It is possible higher ambient air

Cross Model Comparison by Environmental Factor and Crime Type

  Crime Type CO NO2 O3 PM2.5 PM10 SO2 AT H V WS P CC

Al
l

Assault ↑   ↑   ↑ ↓ ↑ ↑   
Burglary ↓           ↑
Homicide             
Motor vehicle theft       ↓ ↑ ↑ ↓   
Robbery   ↓   ↑   ↑   ↑
Theft ↓  ↓ ↑   ↑ ↓ ↑    

Ch
ic

ag
o

Assault ↑   ↑ ↓  ↑ ↓ ↑ ↑   
Burglary ↑ ↓   ↓ ↑ ↑ ↓  ↑   
Homicide             
Motor vehicle theft ↑ ↓   ↓ ↑    ↓   
Robbery ↑  ↓  ↓ ↑ ↑      
Theft     ↓  ↑ ↓ ↑    
Arson and reckless burning     ↓        
Damage ↑   ↑ ↓  ↑ ↓ ↑ ↑   
Interference with public officer ↓    ↑ ↑      ↓
Rape and sex crimes         ↑   ↑
Trespass ↑ ↑   ↓     ↑   

Ho
us

to
n

Assault             
Burglary             
Homicide       ↓ ↑     
Motor vehicle theft      ↓       
Robbery             
Theft             
Rape and sex crimes ↓    ↓        

TABLE 6

continued 
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temperatures cause a physiological response
that is muted when humidity is high, or
that humidity causes people to feel more
uncomfortable and crimes are not commit-
ted because they stay indoors. Future stud-
ies should look at the relationships between
these factors.

Statistically significant results observed
for visibility were positive. This finding
is likely due to more people being out-
side on clear and nice days, increasing the
opportunity for crime to occur. As noted
by Weisburd and coauthors (2014), offend-
ers in immediate situational opportunities
increased the likelihood of a crime occuring,
so good weather and good visibility could
increase these situations.

Wind speed had a significant relationship
with increased crime for 7 of the 10 signifi-
cant findings. When looking at the types of
crimes increasing with wind speed, data sug-

gested harsher environments caused by rapid
wind speeds could perhaps provoke assaults,
but might also result in the offender trying
to seek cover, leading to increases in motor
vehicle thefts and trespassing. Five of the six
significant findings for cloud cover showed
increased numbers of crime as cloud cover
increased. This supports Donovan and Pre-
stemon’s 2012 finding, which was small
obstructions were associated with increases
in crime. Though their study focused on
trees, the darkness created by heavy cloud
cover seemed to yield similar results in this
study. These findings indicated decision mak-
ing can change based on weather conditions.

This study was an exploratory ecologi-
cal study. The results can only be inter-
preted as observable associations; they do
not establish causation. Though this study
had specific crime data down to the time
and location by day, it did not include an

equivalent level of detail for outdoor air
pollutant concentrations. Outdoor air pol-
lutant information included daily averages
mandated by existing regulations; therefore,
any daily peaks in air pollution concentra-
tions potentially resulting in a subsequent
crime could not be identified. In addition,
ambient air quality measures from citywide
monitoring stations represent only air pol-
lution concentrations measured and do not
adequately capture individual exposure lev-
els. Future studies focusing on physiologi-
cal impacts of air pollution exposure should
also consider potential lag impacts 1–5 days
after exposure. The PM

10
 and PM

2.5 
data did

not include information on adsorbed chemi-
cals, particle-bound polycyclic aromatic
hydrocarbons—some of which are known,
probable, or possible human carcinogens—
or chemical speciation data useful for source
apportionment.

Cross Model Comparison by Environmental Factor and Crime Type

TABLE 6

  Crime Type CO NO2 O3 PM2.5 PM10 SO2 AT H V WS P CC

Ph
ila

de
lp

hi
a

Assault       ↑ ↓  ↑   
Burglary     ↓  ↑      
Homicide             
Motor vehicle theft ↓ ↑ ↑  ↓ ↑   ↑    
Robbery     ↓ ↑ ↑ ↓ ↑   ↑
Theft     ↓  ↑ ↓  ↑   
Rape and sex crimes     ↑ ↓       

Se
at

tle

Assault ↓   ↑         
Burglary ↓  ↓ ↑  ↓       
Homicide    ↑         
Motor vehicle theft ↓  ↓ ↑  ↓       
Robbery ↓  ↓ ↑         
Theft ↓  ↓ ↑  ↓    ↓   
Arson and reckless burning ↓   ↑         
Damage ↓  ↓ ↑  ↓       
Disorderly conduct ↓   ↑         
Harassment ↓  ↓ ↑  ↓       
Trespass ↓  ↓ ↑        ↑

CO = carbon monoxide; NO2 = nitrogen dioxide; O3 = ozone; PM2.5 = particulate matter ≤2.5 μm in diameter; PM10 = particulate matter ≤10 μm in diameter; SO2 = sulfur dioxide; AT 
= apparent temperature; H = humidex; V = visibility; WS = wind speed; P = precipitation; CC = cloud cover; ↑ = statistically significant increase in crime incidence when parameter 
increases from the 25th percentile to the 75th percentile; ↓ = statistically significant decrease in crime incidence when parameter increases from the 25th percentile to the 75th percentile.
Note. Empty cells indicate that an observation was not significant. Shaded cells indicate that a parameter was not available for this model.
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Lead was not included as a variable in this 
study because it was not available daily and 
had to be removed from analyses due to the 
amount of missing data. Therefore, this study 
can only inform future studies based on the 
use of mass data, and additional information 
would be needed in future studies to iden-
tify causal relationships. This study was also 
limited to the air monitors within each city. 
In locations like Seattle, fewer monitors were 
available within city limits and might have 
contributed to differences in results between 
Seattle and the other study locations. Stud-
ies should also focus on locations that can be 
analyzed by block or in specific sections to 
isolate demographic differences and incorpo-
rate more information on specific attributes 
of the built environment. This approach 
would allow for more refined indicators 
within each city to account for potential con-
founders not likely to change day over day, 
but which might change within the city. 

Crime data collection can vary between 
cities or within each city, depending on the 
reporting criteria used in local precincts. In 
addition, it is possible not every crime gets 
reported to local authorities. Therefore, the 
crime data in this study might have underre-
ported values, and can only be used as a base-
line indicator outlining the minimum num-

ber of known crimes for each location. This 
study did not consider historical factors such 
as gang violence, political climate, or other 
location-specific details potentially impact-
ing the baseline number of crimes through-
out the study period.

Additional studies are needed to under-
stand the acute physiological relationships 
between outdoor air pollutants and CNS 
inflammation. Future studies should also 
focus on locations with outdoor air pollu-
tion concentrations close to or exceeding 
the NAAQS to understand if locations with 
higher concentrations have similar find-
ings. Selecting locations with more govern-
ment outdoor air monitoring stations or 
supplementing with additional air monitor-
ing equipment for research will enhance 
future studies. Furthermore, differences in 
demographics and socioeconomic status 
were observed between the study cities, with 
Seattle having higher educational attainment 
and higher median income. Focusing on dif-
ferences in demographics within cities could 
help identify the impact of these differences 
in future studies. 

Conclusion 
While evidence of biological plausibility has 
supported how outdoor or ambient air pol-

lution could be associated with increases 
in crime, most studies to date have focused 
specifically on the relationship between 
crime and outdoor air–lead concentrations. 
Few studies have considered other ambi-
ent air pollutants monitored by government 
air monitoring stations. This study is the 
first to look at multiple air pollutants and 
weather variables in relation to daily crime 
data by city. Future studies should focus on 
both the physiological and psychological/
behavioral relationships of outdoor environ-
mental factors that potentially contribute 
to increases in reported crimes. Establish-
ing a clear relationship would be significant 
to public health in the U.S. and a starting 
point for both policies and national, state, 
and/or community-based programs aimed at 
reducing both environmental exposures and 
crime. 
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NEHA now offers two food safety auditor credentials. The Certifi ed in Food 

Safety Supplier Audits credential will prepare individuals to complete 

1st and 2nd party audits, as well as food safety supply chain audits. The 

Registered Food Safety Auditor credential is for individuals who will be 

prepared to also complete 3rd party food safety audits. Find out more 

about these credential by going to www.neha.org/credentials.
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