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Abstract Violent crime increased and most prop-
erty crime decreased in many United States (US) cit-
ies during the coronavirus pandemic. Using negative
binomial regressions, we examined the association
between physical distancing (a central coronavirus
containment strategy) and crime within 16 large cit-
ies (in 12 US states and the District of Columbia)
through July 2020. Physical distancing was meas-
ured with aggregated smartphone data and defined as
the average change in the percentage of the popula-
tion staying completely at home. Outcome data were
obtained from the Gun Violence Archive and city
open data portals. In multivariable models, increases
in the percentage of the population staying home
were associated with decreases in reported incidents
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of aggravated assault, interpersonal firearm violence,
theft, rape, and robbery, and increases in arson, bur-
glary, and motor vehicle theft. Results suggest that
changes in the frequency of interpersonal interac-
tions affected crime during the coronavirus pandemic.
More research is needed on the specificity of these
assocations and their underlying mechanisms.

Introduction

In 2019, 19,141 people died from homicide in the
United States (USA) and many more sustained non-
fatal violent injuries or were victims of violent crime
[1, 2]. Exposure to violence—including direct victim-
ization, witnessing and hearing about violence, and
living in an area where violence is common—carries
substantial health and social costs (e.g., premature
mortality, depression, and reduced economic produc-
tivity) [3]. Exposure to property crime (e.g., burglary,
theft) may also result in diminished health and well-
being by affecting perceptions of safety and, in turn,
negatively impacting mental distress, outdoor physi-
cal activity, and social capital [4].

Violent crime increased and most property crime
decreased in many US cities during the coronavirus
pandemic [5]. Identifying the factors associated with
these changes may advance our understanding of
the etiologies of crime and inform opportunities for
prevention.
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One such factor may have been adherence to
shelter-in-place recommendations (i.e., physical dis-
tancing). Physical distancing was a coronavirus con-
tainment strategy, though uptake of shelter-in-place
guidelines varied across places [6]. Areas with greater
adherence may have experienced reduced rates of
crime due to a lack of opportunity if fewer offenders
and potential targets were in public, or they may have
experienced increased rates if fewer capable guard-
ians were present to intervene [7]. For the same rea-
sons, physical distancing may have reduced residen-
tial property crime (via added guardianship of home
and property), but increased violence at home (as per-
sons in violent relationships spent more time together
under conditions of stress and isolation). Physical dis-
tancing also disrupted social ties by separating people
from friends, school, and work and interrupted access
to support services. These changes may specifically
increase violence, for example, by increasing aggres-
sion, weakening social capital, or hampering commu-
nity violence interventions.

Several research studies have examined the link
between shelter-in-place policies or their adherence
and crime during the pandemic [8-15]. Some have
noted an associated reduction in robbery and theft,
but results have been mixed for violent crimes other
than robbery. There are some limitations to the availa-
ble evidence. Binary policy indicators (i.e., whether a
shelter-in-place order was in effect or not) [8, 12—15]
do not account for compliance, for example. Studies
that compare change over time in a single place [11,
12, 14, 15] (or across places with no variation in the
timing of policy implementation) [13] may be more
vulnerable to confounding than studies that leverage
greater variation in exposure over time and place.
Moreover, few studies have examined the association
between shelter-in-place policies and firearm violence
[8, 13—15], a particularly severe form of violence that
imposes substantial societal costs [3].

In the current study, we add to the evidence on the
relationships between adherence to shelter-in-place
recommendations during the coronavirus pandemic
and violent and property crime rates. We focus on
16 major cities in the USA and the acute phase of the
pandemic during the summer of 2020, addressing the
aforementioned gaps in the literature. Research on the
associations between physical distancing and crime
during this pandemic may inform responses to a
range of events, including the next pandemic, extreme

weather, and other crises or natural disasters that
affect mobility and routine activities of daily life [16].

Methods
Study Population

In this repeated cross-sectional study from January
2018-July 2020, we estimated associations between
changes in the percentage of the city population
sheltering in place and crime and violence incidents
within 16 major US cities (in 12 states and the Dis-
trict of Columbia): Baltimore, MD; Boston, MA;
Chicago, IL; Cincinnati, OH; Dallas, TX; Denver,
CO; Detroit, MI; District of Columbia; Los Angeles,
CA; Milwaukee, WI; Philadelphia, PA; Phoenix, AZ;
Riverside, CA; Sacramento, CA; San Francisco, CA;
and Seattle, WA. The unit of analysis was city-days.

Exposure

Using anonymized, aggregated smartphone data from
SafeGraph [17], we measured physical distancing
as the average change in the percentage of the city
population staying completely at home compared to
baseline (the week ending February 12, 2020, per
SafeGraph’s “Shelter in Place” index). A smartphone
device was considered completely at home in a given
day if it did not leave the location (~153 m x~ 153 m
cell) in which it spent the majority of nights in the
prior 6-week period [17]. By using smartphone data,
we capture the continuum of adherence to shelter-in-
place guidelines and maximally leverage variation
within and between cities over time.

Outcomes

We included 9 outcomes, all measured as the num-
ber of incidents per city-day (data on the number of
victims were not consistently available): instances of
intentional, interpersonal firearm violence, defined as
shootings in which at least one person was injured or
killed, obtained from the Gun Violence Archive [18];
and the 8 Federal Bureau of Investigation Uniform
Crime Reporting (UCR) Part I crimes, which include
4 violent crimes (homicide, rape, robbery, aggravated
assault) and 4 property crimes (burglary, larceny-
theft, motor vehicle theft, arson).
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The Gun Violence Archive [18] compiles reports
from approximately 7500 sources, including the news
media, police, and government. The 8 UCR out-
comes were measured with publicly-available police-
reported crime incident data, obtained from city data
portals. See Supplementary Table 1 for information
about data sources.

Analysis

We separately modeled each outcome with negative
binomial regressions. Models included indicators
for cities and the exposure period (beginning Febru-
ary 13, 2020), an overall linear time trend, sin-cosine
functions for seasonal and weekly cycles [19], and
city-specific time-varying covariates: cumulative
coronavirus cases and deaths per population, shelter-
in-place orders, incidents of police violence at events
protesting the murder of George Floyd during the
summer of 2020 per population, attendees at protests
related to racial justice and policing per population,
temperature, and precipitation. Models included the
log of the city population as an offset and a covari-
ate to allow for an association between population
change within cities and crime [20]. See Supple-
mentary Table 2 for additional information about the
covariates and their data sources. Physical distancing
and police violence were specified as 7-day moving
averages to reduce noise and remove weekly seasonal
variation. We used sandwich covariance matrix esti-
mators for hypothesis tests and confidence intervals
(Cls), alpha of 0.05 (2-sided), and controlled the false
discovery rate to adjust for multiple testing. Analyses
were done in R version 4.0.0 (R Project for Statisti-
cal Computing). The University of California, Davis
Institutional Review Board approved this study.

Results

Across cities, the percentage of the population stay-
ing completely at home was highest in April and early
May, though it remained above the pre-pandemic
baseline through July (Supplementary Fig. 1). There
was considerable variation in the magnitude of physi-
cal distancing between cities over time (median 9.3;
interquartile range 3.7-14.6).

@ Springer

Larceny-theft was the most common crime,
and homicide was least common (Supplementary
Table 3). Pandemic-era changes varied across out-
comes, with increases in several violent crimes.

In multivariable models, a 5% increase in the per-
centage of the population staying home per day was
associated with a decrease in aggravated assault (rate
ratio [RR]: 0.98; 95% CI: 0.96-0.99), interpersonal
firearm violence (RR: 0.94; 95% CI: 0.90-0.99), lar-
ceny-theft (RR: 0.91; 95% CI: 0.90-0.91), rape (RR:
0.91; 95% CI: 0.86-0.96), and robbery (RR: 0.96;
95% CI: 0.94-0.97), and an increase in arson (RR:
1.07; 95% CI: 1.02-1.12), burglary (RR: 1.07; 95%
CI: 1.05-1.08), and motor vehicle theft (RR: 1.09;
95% CI: 1.08-1.11) (Table 1). The association with
homicide was not statistically distinguishable from
the null.

Discussion

Among 16 major US cities, increased physical dis-
tancing during the coronavirus pandemic—a measure
of adherence to shelter-in-place recommendations—
was associated with decreases in reported incidents
of aggravated assault, interpersonal firearm violence,
theft, rape, and robbery, and increases in arson, bur-
glary, and motor vehicle theft from February 2020
through July 2020. We did not find an association
between physical distancing and homicide. Our
results are similar to those from some prior studies,
which found no association between shelter-in-place
policies or adherence and homicide; [8, 10] a decrease
in aggravated assault [8], theft [8, 10, 13], robbery
[8, 10, 13], rape, [8] and gun-related crime; [13] and
an increase in (non-residential) burglary [8]. Unlike
our study, other previous studies found an increase in
shootings [14, 15] or no association or mixed findings
for burglary [9-11], robbery [11], motor vehicle theft
[8, 10, 11], assault [9-11], and shootings [8].
Findings from the current study are consistent
with the routine activities theory of crime, suggest-
ing that, as more people sheltered-in-place during the
pandemic, accompanying shifts in routine activities
of daily life decreased or increased the opportunity
for certain crimes to occur [7]. There was a negative
association with most outcomes that involve direct
confrontation—usually in public—between a victim
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Table 1 Associations between daily changes in physical distancing and violence and crime, 16 US cities® January 2018 through July
2020

Outcome Unadjusted® Adjusted®
RR* 95% CI RR* 95% CI

Aggravated Assault 1.00 0.99 1.00 0.98° 0.96 0.99
Arson' 1.09° 1.06 1.12 1.07° 1.02 1.12
Burglary 1.05¢ 1.04 1.05 1.07° 1.05 1.08
Homicide 1.05° 1.02 1.08 0.99 0.92 1.05
Interpersonal firearm violence 1.04° 1.01 1.06 0.94°¢ 0.90 0.99
Larceny-theft 0.90° 0.89 0.90 0.91°¢ 0.90 091
Motor vehicle theft 1.05¢ 1.04 1.06 1.09° 1.08 1.11
Rape® 0.88° 0.86 0.90 0.91°¢ 0.86 0.96
Robbery 0.92° 091 0.92 0.96° 0.94 0.97

“Cities include: Baltimore, MD; Boston, MA; Chicago, IL; Cincinnati, OH; Dallas, TX; Denver, CO; Detroit, MI; District of Colum-
bia; Los Angeles, CA; Milwaukee, WI; Philadelphia, PA; Phoenix, AZ; Riverside, CA; Sacramento, CA; San Francisco, CA; and
Seattle, WA

®Unadjusted results are from separate negative binomial regression models with the log of the population as an offset, indicators for
cities, a linear time trend, and sin-cosine functions for seasonal and weekly cycles

¢ Adjusted results are from separate negative binomial regression models with the log of the population as an offset and covariate;
indicators for cities and the exposure period (beginning February 13, 2020); a linear time trend; sin-cosine functions for seasonal and
weekly cycles; and time-varying covariates: coronavirus cases and deaths per population; stay-at-home orders; incidents of police
violence at events protesting the murder of George Floyd during the summer of 2020 per population; attendees at protests related to

racial justice and policing per population; temperature; and precipitation

dRate ratios (RR) reflect the change in the outcome associated with a 5-percentage point increase in physical distancing

‘P <0.05

fRiverside, CA and Cincinnati, OH are excluded due to missing outcome data
£Boston, MA; Dallas, TX; Detroit, MI; District of Columbia; Milwaukee, WI; Riverside, CA; and Sacramento, CA are excluded due

to missing outcome data

All outcomes reflect incidents (rather than victims)

and offender (e.g., robbery). In contrast, physical dis-
tancing was positively associated with outcomes that
often occur in public, without interpersonal interac-
tion, and when no one is around to intervene (e.g.,
motor vehicle theft). The relationships with aggra-
vated assault and rape may be the result of fewer
social interactions, or they could be artifacts of report-
ing if coronavirus-related physical distancing limited
victims’ ability or willingness to report abuses. This
source of measurement error is less likely for inter-
personal firearm violence and homicide.

Overall, homicide, shootings (both lethal and non-
lethal), and aggravated assault all increased during
the pandemic. Our results suggest that, for firearm
violence and assault, these increases were larger in
cities with less physical distancing.

The data used in the current study do not allow
us to differentiate for all cities whether incidents

occurred indoors or outdoors (or, if indoors, in resi-
dences or other locales). It is possible that adherence
to shelter-in-place policies was differentially associ-
ated with violence at home versus in public, and these
differences would be averaged in our measures of
violence. There is some evidence that shelter-in-place
policies may have been associated with increases in
domestic violence specifically [11, 13], though find-
ings have been mixed [8, 10, 12]. We were only able
to identify domestic violence incidents in a minority
of city data portals; future research will examine the
association of physical distancing and domestic vio-
lence in relation to characteristics of neighborhoods
within these cities.

Other limitations include reliance on police-
reported crimes, possible measurement error, non-
representativeness, and unmeasured confound-
ing (e.g., cities that adhered to physical distancing
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guidance more strongly may have systematically dif-
fered from other cities). Results may not generalize to
other cities, non-urban areas, or to contexts outside of
the pandemic. Our selection of 16 large US cities was
based on convenience in accessing data.

Overall, results suggest that changes in the fre-
quency of interpersonal interactions affected crime
during the coronavirus pandemic. Future research
should assess whether the observed associations with
aggravated assault and rape are real or an artifact of
decreased reporting during the pandemic. Additional
analyses—including at finer geographic units and
with more detailed data on the nature and location of
incidents—would add to the evidence on whether and
how physical distancing was related to various types
of crime during the pandemic.
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