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Keywords: This study asks whether deficiencies in transportation are associated with disproportionate
Cyc_llflg policing in Chicago using the case of cycling. I examine how the number of bicycle citations is-
Policing sued per street segment are influenced by the availability of bicycle facilities and street charac-
Mobility justice - . L. . . .
Infrastreture teristics, controlling for crash incidence, police presence, and neighborhood characteristics.
Safety Tickets were issued 8 times more often per capita in majority Black tracts and 3 times more often

in majority Latino tracts compared to majority white tracts. More tickets were issued on major
streets, but up to 85% fewer were issued when those streets had bike facilities, which were less
prevalent in Black and Latino neighborhoods. Tickets were not associated with bicycle injury-
crashes and inversely associated with vehicle injury-crashes. Infrastructure inequities com-
pound the effects of racially-biased policing in the context of transportation safety strategies.
Remedies include the removal of traffic enforcement from safe systems strategies and equitable
investment in cycling.

1. Introduction

In 2010, 623 cyclists died in traffic crashes in the United States, the lowest total since 1994. But fatalities have steadily climbed
since then. Just eight years later, the most recent year for which data are available, 857 cyclists lost their lives in traffic crashes—a 38%
increase and the highest reported number in over two decades (National Highway Traffic Safety Administration, 2019). Pedestrian
fatalities have reached record highs, too. Researchers and safety advocates have called for an overhaul of the traditional 3 Es approach
to safety focused on engineering, education, and enforcement to one that mitigates the impacts of crashes through a safe systems
approach (Dumbaugh et al., 2020). This approach, which places much more emphasis on using data to target and design the most
effective roadway countermeasures that would eliminate traffic fatalities, has been adopted in the United States as Vision Zero
(Fleisher et al., 2016).

The data-driven approach to crash reduction has revealed stark disparities in who is most vulnerable and where. In San Francisco,
for example, 31% of city streets are located in communities of concern—that is, neighborhoods with high concentrations of low-
income residents, immigrants, and seniors—but 50% of the streets with the highest number of traffic injuries are located in those
same communities (Vision Zero SF, 2019). Similar patterns are evident in other large cities, such as Los Angeles and Chicago (City of
Chicago, 2017; City of Los Angeles, 2015). And the patterns in national, individual-level statistics are no different. Between 2016 and
2018, 15% of all bicycle fatalities involved Black cyclists, but Black people made up only 12% of the population, accounted for 6% of
all bicycle trips, and contributed to only 4% of total bicycle miles traveled. Latino cyclists comprised 16% of all fatalities while making
up 18% of the population, but made only 12% of cycling trips and contributed 13% of cycling miles. White cyclists were over-
represented in fatalities relative to the share of the white population, but underrepresented relative to trips taken and miles traveled
(Federal Highway Administration, 2017; National Highway Traffic Safety Administration, 2019; U. S. Census Bureau, 2020).
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Understanding the distribution of vulnerability and harm calls attention to equity and justice issues in safe systems approaches like
Vision Zero. Communities of concern—including Black, Latino, and low-income neighborhoods—tend to be the most dangerous places
for cyclists and other road users, a result in part from historic disinvestment and failure to provide adequate infrastructure. And though
not the emphasis as in traditional safety strategies, safe systems approaches still call for an element of traffic enforcement to combat the
most dangerous driving behaviors. When police are deployed to neighborhoods with this objective, it raises the likelihood that stops
unrelated to direct safety needs would proliferate. For this reason, advocates and scholars alike have questioned the need for policing
as part of a holistic safety strategy in approaches like Vision Zero because of the disproportionate effects of policing on communities of
color, and have called for alternative methods of engagement that do not involve armed law enforcement (Conner, 2017; Shahum,
2020; Untokening Collective, 2017). Indeed, some cities, including Berkeley, Calif., have adopted policies to remove armed police from
traffic calls. But strong racial justice advocates must be engaged to push these kinds of policies forward to planners and city officials
focused broadly on Vision Zero outcomes (Abonour, 2018). Planners must grapple with the unintended consequences of safety efforts;
while there is plenty of evidence through lived experience that shows how policing has been harmful to Black and Brown communities,
there is little research to quantify the extent to which transportation infrastructure can correct that damage.

Using bicycling in the city of Chicago as a case, I describe the extent of racial disparities in citations issued for riding a bicycle on the
sidewalk and ask whether street infrastructure mitigates those disparities. Drawing on the literature about cyclists’ preferences for
dedicated bicycle facilities, I hypothesize that the provision of facilities on higher-traffic streets will be associated with fewer citations
because cyclists will feel more comfortable riding in the street rather than on a sidewalk, and I expect that these patterns will hold to a
greater degree for separated bicycle infrastructure. However, given extensive documentation of racial bias in policing, I hypothesize
that infrastructure is not enough to counteract racial bias in policing, and I expect that disparities will remain after accounting for
infrastructure. The results bear these hypotheses out: I find that while evidence exists for persistent bias in the distribution of bicycle
citations in Black and Latino neighborhoods, inequities in cycling infrastructure are also associated with excess tickets in communities
of color, representing compounding inequities. While this is not evidence of a biking while Black effect, it does suggest a relationship to
biking where Black, in which neighborhood conditions, including sociodemographic characteristics, are associated with excess
policing. I proceed next by reviewing the evidence detailing the incidence and effects of racially-biased policing in traffic stops, as well
as the literature that shows how bicycle infrastructure affects behavior and safety outcomes.

2. Literature review
2.1. Policing mobility

Recent events in the United States have drawn global attention to the violence that Black communities face at the hands of the
police (Taylor, 2020). Traffic stops are the most common form of interaction between the police and the public, and a wealth of
evidence points to persistent disparities in stops, tickets, and arrests for Black people compared to other groups. One study that
examined data from 20 million vehicle traffic stops over 18 years in North Carolina found evidence for pervasive racial bias across
police departments of all sizes, many times because traffic stops were used as a strategy of targeting communities of color for additional
policing (Baumgartner et al., 2018). In another North Carolina study, researchers interviewed 2,920 drivers and found that young
Black men were stopped twice as often as white men (Warren et al., 2006). In a wide-ranging study that examined data from 100
million traffic stops across 50 municipal and state police departments, researchers found that Black drivers are stopped roughly 40%
more often per capita than white drivers (Pierson et al., 2020). By adjusting for time of day, they found that Black drivers make up a
smaller share of the total number of drivers stopped at night. In other words, when police could not readily tell the race of the driver
because it was dark, Black people were stopped no more often than white people. Stop rates are not static, of course. Between 2015 and
2017, traffic stops tripled in the city of Chicago and Black drivers saw a disproportionate share of the increase. In 2015, they comprised
49% of traffic stops; in 2017, they comprised 60% (ACLU of Illinois, 2019a).

In addition to racially-biased policing at an individual level, evidence exists for disparities at the neighborhood level. In many cases,
the patterns of traffic stops reflect a policing strategy that seeks to impose order on “disorganized” neighborhoods. One way this is
theorized is via the racial threat hypothesis, which suggests that those in power seek to impose greater control on the Black population
as it grows (e.g. Eitle et al., 2002). Implicitly, this is reflected in statistics that show either a greater number of stops in neighborhoods
of color or low socioeconomic status neighborhoods, or by regulating belonging. In an unidentified city in the Southwestern United
States, researchers found that regardless of race, gender, or resident status of the drivers, more traffic citations were issued in
neighborhoods with lower residential stability, higher poverty rates, and higher proportions of Black and Latino residents (Ingram,
2007). Others also find evidence for a “race-out-of-place” theory, where people are more likely to be scrutinized if they do not match
the majority demographics of the neighborhood. For example, out of 52,165 traffic stops in Kansas City, Missouri, more searches were
conducted in neighborhoods with a higher share of renters or a higher share of Black residents (Novak and Chamlin, 2012). White
residents were also more likely to be stopped in a Black neighborhood, as were Black residents in a white neighborhood. Similar
patterns were found in St. Louis, Missouri (Rojek et al., 2012).

Explicitly, an aggressive policing strategy is reflected in policies such as Broken Windows policing and related strategies that seek to
deter crimes by aggressively enforcing minor infractions, including pedestrian or bicycle violations. Several authors have argued that a
zero-tolerance policing strategy that has been associated with a reduction in violent crime, especially that employed by the New York
City Police Department in the 1990s and 2000s, reduced quality of life and limited the mobility of people of color (Howell, 2016;
Kaufman, 2016; Lieberman and Dansky, 2016). When police departments shift their traffic enforcement efforts to focus on safety
violations and reduce the number of discretionary violations they flag, they eliminate the racial disparities in stops and citations (Fliss
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et al., 2020).

Few academic studies have examined the enforcement of bicycle infractions specifically, but several journalists have documented
disparities. The Chicago Police Department issued a disproportionate number of bicycle tickets in majority Black and Latino neigh-
borhoods, actions they justified as part of their violence reduction strategies (Greenfield, 2018). Until recently, riding a bicycle on the
sidewalk was one of the top four most common summonses issued by the New York City Police Department (Levine and Siegel, 2014;
New York City Police Department, 2015). Most tickets were given in majority Black or Latino neighborhoods. More recently, 86% of
tickets for biking on the sidewalk in New York City in the past two years were given to Black and Latino cyclists (Cuba, 2020). One
academic study of bicycle stops in Tampa, Florida, found that large racial disparities in stops were uncorrelated with bicycle safety
incidents but were associated with neighborhood crime rates (Mitchell and Ridgeway, 2018).

2.2. Cycling safety and sidewalk riding

Dedicated cycling infrastructure has objective benefits for cyclist safety. In general, cyclists who use on-street infrastructure such as
cycle tracks, bike lanes, and bicycle-priority streets have lower odds of getting into a crash or sustaining injuries relative to cycling in
mixed traffic (Bhatia et al., 2016; Reynolds et al., 2009; Teschke et al., 2012). Facilities that are physically separated from traffic lower
the risk of crash or injury the most, though precise effects are difficult to discern because studies are not consistent in how they measure
safety improvements (DiGioia et al., 2017). Cyclists perceive separated infrastructure to be safer, too, which can lead to higher rates of
cycling (Buehler and Dill, 2016; Monsere et al., 2012; Pucher et al., 2010). That enhances safety in turn, because the rates of crashes
and serious injuries decline as the number of cyclists on roadways increases (Elvik and Bjgrnskau, 2017; Jacobsen, 2003).

Not all cycling infrastructure is the same, however. Cyclists may use sidewalks if there is no dedicated road space for them when
traveling on major, high traffic roads, especially if they are timid or less confident in their cycling abilities (Aultman-Hall and Adams,
1998; Kang and Fricker, 2013). But cyclists are not necessarily safer on sidewalks. A study of 2,468 cyclists in Toronto and Ottawa,
Canada, found a higher incidence rate of collisions, falls, and injuries on sidewalks compared to other infrastructure types (Aultman-
Hall and Adams, 1998). A survey of 690 injured cyclists in Vancouver, Canada, found a sharp divergence in how they perceived the
safety of sidewalks (i.e., about 40% thought sidewalk riding was somewhat or very dangerous, and about 50% thought it safe or very
safe), yet the odds ratio of incidents on sidewalks was higher than most other types of streets with bicycle infrastructure (Winters et al.,
2012). A review of 23 studies on cycling safety estimates that the risk of collisions while riding on the sidewalk is 1.8 to 16 times that of
riding on the road—a wide range to be sure, but all indicating that sidewalks carry more danger for cyclists (Reynolds et al., 2009).

In many—but not all—places, riding a bicycle on the sidewalk is illegal for adults owing to potential conflicts with other street
users. Cyclists pose a danger to pedestrians because they move at three to four times their speed, and they face danger from vehicles
when sidewalks pass across driveways and intersections. Yet cyclists will knowingly (or unknowingly) break rules when they perceive
it to be safer than the alternative. Researchers conducted a global survey of 17,851 people to understand law-breaking behavior across
all modes of transportation. Nearly all respondents reported breaking a traffic rule regardless of travel mode; the most common reason
cyclists did so was for personal safety (Marshall et al., 2017). A study of cyclists in Montreal, Canada, found that only 0.6% of survey
respondents consistently followed all traffic laws (Chaloux and El-Geneidy, 2019). Given a set of four hypothetical scenarios, cyclists
most often chose to break a traffic rule when they felt it was safer than precisely following the vehicle code. Sidewalk cycling is likely to
be a behavioral adaptation in response to inequitable infrastructure. For example, focus groups with predominately Black residents of
south side neighborhoods in Chicago expressed frustration with receiving citations when there was no safe alternative to the sidewalk
(Coren and Lowe, 2020). Cyclists generally break traffic rules for rational reasons.

2.3. Not all safety is created equal

Structural conditions create more dangerous environments for cyclists of color. In Chicago, for example, a 2015 analysis found that
presence of bicycle infrastructure was correlated with wealthier, whiter neighborhoods (Prelog, 2015). Lower socioeconomic status
communities have less access to infrastructure as a result of historical disinvestment (Braun et al., 2019; Cradock et al., 2009). This in
turn can create dangerous conditions for cycling, even when bicycle lanes are eventually provided. In the San Francisco Bay Area, for
example, one study found that Black cyclists were disproportionately at risk of being involved in crashes in high-poverty neighbor-
hoods, but streets that had bicycle infrastructure and lower traffic volumes did not reduce cyclists’ risks of being involved in a crash
(Barajas, 2018).

Apart from inadequate protection from cars, Black cyclists face other barriers to personal safety and security. Multiple studies with
Black participants have found that not feeling safe from crime was a common barrier to cycling (Brown et al., 2016; Schneider et al.,
2018). In Boston, cyclists from low-income neighborhoods and neighborhoods of color preferred cycling on highly visible
streets—often those with greater traffic volumes—rather than traveling on streets with adequate bicycle infrastructure because pro-
tection from crime was more salient to them (Lusk et al., 2019). By one estimate, a reduction in crime by 1% per census tract would
resultin a 2.1% increase in bike ridership (Caros and Chow, 2020). Racial profiling by the police was another common barrier for Black
and Latino cyclists in New Jersey (Brown et al., 2016), while Detroit, Tampa, and Chicago all have documented instances of
disproportionate policing against Black cyclists (Hoffmann, 2016; Wisniewski, 2018, 2017).

The evidence for the benefits of cycling infrastructure with respect to safety are clear, as is the evidence for racial disparities in both
provision of that infrastructure and police enforcement of traffic laws. There has been little examination of the intersection of the two
domains. Where there is evidence that a lack of safe cycling spaces might contribute to disparities in enforcement, planners might use
their positions to advocate for explicitly anti-racist policies for infrastructure provision to eliminate the harmful effects.
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3. Chicago context

The setting for this study is the city of Chicago. Chicago is a racially diverse yet starkly segregated city of 2.7 million people. The
population is 33% white, 30% Black, 29% Latino, and 6% Asian; segregation indexes of the region rank within the top 10 of all
commuting zones in the country (Acs et al., 2017). The south side of the city, which is majority Black, has comparatively worse access
to jobs and other opportunities by all travel modes compared to other areas of the city. Chicago has over 200 miles of bicycle lanes with
645 planned as of 2012, the most recently released bicycle plan (Chicago Department of Transportation, 2012), but the infrastructure
is disproportionately absent from neighborhoods of color, particularly on the south side. Bicycling accounts for 1.6% of commute trips,
for which the city ranks 13th of large cities (League of American Bicyclists, 2020).

The Chicago Police Department has long struggled with discriminatory policing and causing disproportionate harm in communities
of color in general, and in Black communities specifically. The Illinois Torture Inquiry and Relief Commission was established in 2009
to investigate the credible claims that CPD had tortured people in custody to elicit confessions (State of Illinois, 2020). Evidence
indicates that 125 African Americans were tortured by police during the 1970s and 1980s, and currently 400 cases are before the
commission pending investigation (Ralph, 2020). Less insidious practices have also had significant negative impacts for Black people.
In an analysis on how CPD uses stop-and-frisk, a practice in which police stop individuals whom they have a reasonable suspicion of
carrying weapons or having committed a crime, the American Civil Liberties Union found in 2014 that the CPD stopped 9.4 out of every
100 people, a rate four times higher than New York City in 2011 at the height of their own stop-and-frisk program (Illinois, 2015).
Nearly three quarters of those stopped in Chicago were Black. The report led to a negotiated agreement between the ACLU and the CPD
in which the department would collect and report data more transparently and would train officers on the correct legal conditions for
investigatory stops (“Investigatory Stop and Protective Pat Down Settlement Agreement,” 2015). And yet CPD is today under a federal
consent decree to institute comprehensive reforms to their use of force, community policing, hiring, data management, and other
aspects of operations (Illinois Attorney General, 2019).

These discriminatory practices extend to bicycle enforcement as well. Between 2008 and 2016, the top 10 neighborhoods for tickets
issued were all majority Black or Latino, and twice the number of tickets were issued in majority Black neighborhoods as in majority
Latino or white neighborhoods (Wisniewski, 2018, 2017). A decreasing number of tickets have been issued since the ACLU-CPD
agreement went into effect in 2017 (see Fig. 1). At the same time, the gap between majority Black neighborhoods and others has been
narrowing but as of 2019, Black neighborhoods still received a disproportionate number of tickets (Wisniewski, 2019).

4. Data and methods
4.1. Data

This study relies on multiple data sources, including police stops, street infrastructure, neighborhood characteristics, and cycling
volume. (See Table 1 for a summary.) Via a Freedom of Information Act request, I obtained a dataset of citations issued by the Chicago
Police Department (GPD) for bicycle-related offenses that occurred within city limits between January 2017 and December 2019." The
original dataset included all citations, but the analysis for this study includes only citations issued for cycling on the sidewalk. This is
for several reasons. First, sidewalk cycling was the most commonly issued citation by far: 90% of all bicycle-related offenses consisted
of citations for riding on the sidewalk. Second, it is an offense that can be linked to the presence or absence of bicycle infrastructure.
Third, as described elsewhere, CPD has explained that issuing tickets for bicycle offenses is part of their overall strategy for crime
reduction, and thus there is a muddled link between traffic stops and enforcing safety violations that is necessary to examine.

The dataset of bicycle citations included the time, date, and street block where the stops occurred, accurate to the block face.
Because CPD did not release the exact addresses of the stops, we did not geocode stops to points in space but rather matched the
citations to a street segment by address range in the City of Chicago street centerline file. If there were multiple street segments within
the same address range, we randomly assigned the citation to one of the segments. Using this technique, we were able to match 98% (n
= 16,918) of citations to the street network.

Infrastructure data included information about bicycle facilities and roadway functional classification from the City of Chicago.
Bicycle facilities were classified into three types: on-road facilities, which included signed bike routes and neighborhood greenways;
bike lanes, including traditional bike lanes and buffered bike lanes; and separated bike lanes, such as cycle tracks and off-street paths.
These data were spatially joined to the street database. Roadway functional classification stood in as a proxy for traffic volume. The
street database was filtered to include only arterial, collector, and local streets. Larger streets like expressways are prohibited to non-
motorized vehicles, while other street types like alleyways or recreational pathways would not have sidewalks on which to have tickets
issued. Functional class is an imperfect proxy; actual traffic counts would be a better theoretical representation of potential danger to
cyclists but such information was unavailable for most city streets. There is a general correspondence between functional class and
traffic volume, but it is likely that in some neighborhoods—particularly those in which the population has declined and investment has

1 The citation data are publicly available at https://doi.org/10.17605/0sf.io/t6gjh. The posted dataset includes citations beginning from January
2014.
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Fig. 1. Citations for cycling on the sidewalk per year.
Table 1

Summary statistics and data sources.

Characteristic

Summary statistics’

Source (vintage)?

Street segment characteristics
Sidewalk bicycling citations
Bicycle facility

None

Sharrow/Route

Bike lane

Separated facility
Functional classification
Local street

Arterial

Collector

Street length (km)

Average annual daily bicycle volume

Tract characteristics

White (%)

Black (%)

Latino (%)

Asian (%)

Poverty (%)

Population density (1/km?)
Employment density (1/km?)
Serious/fatal bike crashes
Serious/fatal traffic crashes
Mean police officers assigned
Bicycle commute share (%)
Number of bicycle trips
Mean annual violent crimes

0.13 (0.85)

47,572 (93%)
670 (1.3%)

1,255 (2.5%)
1,558 (3.1%)

37,831 (74%)
6,265 (12%)
6,959 (14%)
0.41 (0.20)
1.1 (5.0)

31 (30)

36 (40)

26 (29)

5.7 (9.4)

21 (14)
7,253 (6,040)
2,848 (13,423)
3.2(4.5)
32(29)

341 (52)

1.6 (2.2)

188 (211)
210 (199)

CPD (2017-2019)
City of Chicago (2019)

City of Chicago (2019)

City of Chicago (2019)
Strava Metro (2019)

ACS (2015-2019)

ACS (2015-2019)

ACS (2015-2019)

ACS (2015-2019)

ACS (2015-2019)

ACS (2015-2019)

LEHD (2017)

City of Chicago (2017-2019)
City of Chicago (2017-2019)
City of Chicago OIG (2017-2019)
ACS (2015-2019)

CMAP Travel Survey

City of Chicago (2016-2018)

! Mean (SD) / Number (%); 2 CPD = Chicago Police Department, ACS = American Community Survey, OIG = Office of Inspector General,

CMAP = Chicago Metropolitan Agency for Planning
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moved out—streets are overbuilt for present-day capacity needs. In these cases, functional class may more accurately represent risk of
injury severity from vehicles traveling higher speeds rather than crash incidence.” In either case, the impetus for improving safety
remains. Future research might incorporate both traffic volume and speed as variables of interest to determine relative effects and
priority locations to address safety.

Neighborhood characteristics aggregated to the census tract level included sociodemographic data from the American Community
Survey (ACS), employment density from the Longitudinal Employer—-Household Dynamics program, and policing and safety data from
city sources. Sociodemographic characteristics included race/ethnicity, poverty, and population density. I obtained data on the
average number of sworn officers assigned to each police district from the Chicago Office of the Inspector General. Because districts
encompass multiple census tracts, I assigned the total average annual number of officers to each tract within the district. I also obtained
data on the average annualized number of violent crimes per tract. Violent crimes use the definition provided by the Federal Bureau of
Investigation Uniform Crime Reporting codes. Finally, the analysis considered the number of bicycle crashes that caused severe in-
juries or death as a key variable of interest, in addition to the number of traffic crashes involving any type of vehicle. Infrastructure data
came from the most recent snapshot available (2019, the end of the 2017-2019 study period). Safety, crime, and officer assignments
used data from the most recent three-year period. Since serious and fatal crashes are rare, I used the total number of crashes over the
period, whereas for the other variables I used the average over the period to smooth out variance.

4.2. Cycling exposure

I used three data sources to estimate bicyclist exposure to potential policing actions. The first is the 2019 average annual daily
bicycle (AADB) volume from the Strava Metro database. AADB is calculated per link by matching OpenStreetMap links to the Chicago
street centerline file. The second is the bicycle commute share at the census tract level from the five-year 2015-2019 ACS.” The third is
the weighted number of bicycle trips per census tract from the Chicago Metropolitan Agency for Planning (CMAP) 2018-2019
household travel survey. The CMAP survey data are weighted to three zones within Chicago; I allocated the zonal trips proportionally
by population to each census tract.

Each method has its advantages and disadvantages. Strava Metro data can be assigned to each roadway link, leading to a realistic
distribution of cycling activity at a micro scale. However, Strava does not encompass all cycling activity done by all people. While it
does contain both utilitarian and recreational trips, users must possess a fitness tracker and opt in to data reporting. The data represent
up to five percent of total cycling volume and tend to overrepresent white, middle-aged men (Lee and Sener, 2020; Nelson et al., 2020).
Research has shown that, with adjustment, Strava Metro data can predict cycling volumes with under 30 percent measurement error
(Dadashova et al., 2020). But others have shown that the data by themselves serve as reasonable proxies for cycling exposure (Lee and
Sener, 2020), and so I use the Strava data here without adjustment. Both ACS and CMAP travel survey data have the advantages of
being more representative of the population but can only be applied over zones rather than over road segments. ACS bicycling data
contain only commute share in the home census tract and suffer from relatively large margins of error but are comprehensive for the
city. The CMAP travel survey data contain trips for any purpose and for any origin but are weighted to be representative of larger areas;
allocating data to census tracts introduces inaccuracies. For simplicity in presentation, in the main text I describe only the model using
AADB as the control for cycling exposure and discuss the other two models in Section 5.3.

4.3. Methods

I estimated a multilevel negative binomial regression model to examine the influence of street and safety characteristics on cita-
tions, controlling for sociodemographics, neighborhood policing, and cycling activity. The dependent variable for the model is the total
number of sidewalk cycling citations issued along each street segment. Key explanatory independent variables include dummy var-
iables for the type of bicycle infrastructure present on a street segment (none, bike route, bike lane, or separated bike lane) and the
functional class of the roadway (local, collector, or arterial). The models include interaction terms between bicycle infrastructure and
functional class to test whether the number of citations issued varies across the combination of infrastructure types. Control variables
of the population include the share of the census tract population who are Black, Latino, and Asian, the percentage in poverty, the
logged population density, and the logged employment density. Neighborhood control variables include two measures of traffic
safety—the total number of serious or fatal vehicle and bicycle crashes—and the annual number of violent crimes. The models also
control for the annual number of police officers assigned to the district in which the census tract was located. They also control for
street length.

Negative binomial models are appropriate when the dependent variable is a count, when the actual counts are far below a theo-
retical maximum, and when the variance is not expected to be equal to the mean. The distribution of the sidewalk cycling citations met
these characteristics. Multilevel, or hierarchical, models are necessary when one unit of analysis is nested within another unit of
analysis, accounting for both variation between the higher-order groups and for errors when multiple observations are associated with

2 For example, early evidence indicates that the median speed on principal arterials and major collectors increased 5-10% between June and
December 2020 when traffic volumes were significantly lower as a result of the Covid-19 pandemic (National Highway Traffic Safety Adminis-
tration, 2021).

3 Because many tracts reported no cycling to work, I added 0.1 percent to each record ensure observations were not dropped from the statistical
models.
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the same set of higher-level characteristics (Gelman and Hill, 2007). In the case of this study, the unit of analysis for the dependent
variable is the street segment, which is nested within census tracts. Street segments carry characteristics of the number of citations
issued, bicycle facility type, functional classification, and cycling volume. All other data is specified at the census tract level.

I estimated the simplest version of a multilevel model with varying intercepts for each census tract, sometimes also known as a fixed
effects model. The model coefficients, shown exponentiated as incident rate ratios in Section 5.2, represent the effects of each variable
on the expected rate of tickets over the time period regardless of tract. The predicted number of tickets would need to account for the
intercept associated with the census tract. Models were estimated using the glmmTMB package in R (Brooks et al., 2017).

5. Findings
5.1. What are the disparities in bicycle citations and associated characteristics?

Descriptive statistics indicate the extent of the disparities in bicycle citations issued (Table 2). An average of 2.9 bicycle citations
per 1,000 people were issued per census tract over the study period. Census tracts with a majority Black population saw an average of
5.9 tickets issued per 1,000 people, three times more than the average issued in majority Latino neighborhoods and eight times more
than were issued in majority white neighborhoods. The high number of tickets in majority Black neighborhoods came despite having
the fewest serious bicycle crashes, defined as those where the cyclist was killed or had an evident injury. Black neighborhoods,
however, had the highest number of serious crashes of all modes on average. Black and Latino neighborhoods had higher shares of
arterial streets, although the difference from other groups was not statistically significant. The same groups also had higher shares of
streets without bicycle infrastructure compared to majority Asian or white census tracts. In tracts where there was no racial or ethnic
majority, those where Latinos made up the greatest share of the population had the highest average number of tickets.

A descriptive spatial analysis reveals the geography of these patterns. The distribution of sidewalk cycling tickets was concentrated
primarily in majority Black neighborhoods on the west side and south side (Fig. 2). There was little apparent correlation between
dangerous locations for cyclists and where tickets were issued (Fig. 3). Most bicycle injury crashes occurred in the neighborhoods
surrounding Milwaukee Ave., a major cycling thoroughfare, whereas comparatively few bicycle tickets were issued in the same
location. These patterns suggest that bicycle tickets are only weakly associated with safety needs, if at all.

5.2. How is infrastructure implicated in policing inequities?

The key set of variables in the statistical model tested the relationships between street infrastructure and bicycle citations (Table 3).
Tickets were more likely to be issued on busier streets. On streets without bicycle infrastructure, the rate of tickets issued to cyclists was
15 times higher on arterial roads and 7 times higher on collector streets compared to local streets, adjusting for street segment length
and bicycle volume. These street types comprised about 23% of the total non-freeway street length in the city, yet accounted for 71% of
tickets issued. These patterns suggest that cyclists are more likely to ride on the sidewalk on busier roads, placing them at a higher
likelihood of receiving a ticket. The higher rate of ticketing may also be exacerbated by heavier police patrols on arterial and collector
streets, though the data available do not allow for confirmation.

The analysis of street functional class together with bicycle facility type suggests the extent to which bicycle infrastructure might
reduce the incidence of citations. When major streets had any kind of bicycle infrastructure, the rate of tickets issued decreased by up to
85% from the baseline, as reflected by the interaction terms in the model. For example, cyclists received tickets 54% as often on arterial
streets with bike lanes compared to arterial streets without bike lanes, and 47% as often on collector streets with bike lanes compared
to collector streets without. Separated lanes appeared to have the strongest effects. On arterial streets, cyclists received citations 25%
as often when there was a separated lane compared to no bicycle infrastructure, although the estimate was just outside the 95%
confidence interval. On collector streets, cyclists received citations 15% as often compared to streets without bicycle infrastructure.
Curiously, on-street facilities on arterial streets, which are exclusively shared lanes, were also associated with a large decrease in the
rate of tickets issued, on par with the effects of separated facilities. Most shared lanes on arterial streets in Chicago are used to fill gaps
between other bicycle facility types, so this finding may reflect either a sort of spillover effect from other lane types or their relative
rarity compared to bike lanes. The baseline (non-interacted) terms for bicycle facility type reflect infrastructure effects on local roads.
In these cases, bicycle infrastructure was associated with a higher incidence of tickets, statistically significantly so at the 95% confi-
dence interval for on-street facilities, but not for bike lanes and separated infrastructure. This may indicate that even on lower-volume
streets, shared lanes are not enough to help cyclists feel safe from vehicles.

Indicators of neighborhood disadvantage were associated with higher numbers of bicycle citations issued per street segment,
consistent with expectations. Of the socioeconomic control variables, tickets were most strongly associated with neighborhood
poverty. For every percentage point increase in the census tract poverty rate, the rate of citations issued for cycling on the sidewalk
increased by 3.0% per street segment. All else equal, the rate of tickets issued was also positively associated with greater shares of the
Black and Latino population, but not significantly associated with the share of the Asian population. Recall that the demographic
characteristics apply at the census tract level. In other words, regardless of infrastructure, cyclists are more likely to get a ticket in a
neighborhood of color compared to a majority white neighborhood. The other population-related characteristics tested, namely
population and employment density, were both positively associated with tickets, reflecting how intensity of activity increases the
probability of encounters with the police.

The third set of variables controlled for characteristics related to the enforcement context, including crashes and police presence.
The number of crashes involving cyclists who were killed, severely injured, or visibly injured was unrelated to the number of bicycle



Table 2

Comparison of key variables by neighborhood racial composition.

Tracts with racial majority

Tracts with no racial majority

Characteristic Overall, N = Majority, Asian, Majority, Black, Majority, Latino, Majority, White, Plurality, Asian, Plurality, Black, Plurality, Latino, Plurality, White, p-
800’ N=6 N =277 N =170 N = 242! N =6'2 N = 15'2 N = 24'2 N = 60'2 value®

Bike citations per 1000 2.9 (5.4) 0.4 (0.6) 5.9 (7.5) 1.9 (2.9) 0.7 (1.3) 0.5 (0.5) 1.1(1.2) 2.7 (5.4) 1.3 (4.0) <0.001

Serious bike crashes 3.2 (4.5) 4.7 (4.1) 1.6 (2.0) 2.8 (2.5) 5.1 (6.6) 5.3 (5.0) 2.2 (2.2) 3.4(3.1) 4.4 (4.6) <0.001

Serious crashes (all 32(29) 26 (28) 36 (24) 29 (19) 32(37) 41 (23) 30 (36) 24 (12) 32(37) <0.001
modes)

Mean officers assigned 341 (52) 363 (8) 368 (42) 347 (43) 316 (54) 327 (39) 348 (27) 289 (54) 310 (45) <0.001
(annual)

Mean violent crimes 210 (183) 127 (118) 296 (150) 161 (87) 169 (244) 200 (127) 181 (107) 148 (77) 167 (153) <0.001
(annual)

Local streets (% length) 77.3 (11.4) 80.9 (10.2) 77.4 (10.4) 80.3 (9.0) 75.0 (13.4) 81.7 (7.4) 75.3 (12.0) 76.9 (9.1) 77.1 (13.0) 0.005

Collector streets (% 12.8 (10.2) 10.8 (9.1) 12.0 (9.7) 10.0 (7.7) 15.6 (12.0) 8.5 (6.7) 12.8 (8.9) 12.6 (9.6) 13.7 (9.9) <0.001
length)

Arterial streets (% 9.9 (7.8) 8.4(3.8) 10.6 (7.0) 9.7 (7.8) 9.4 (8.7) 9.8 (5.5) 11.9 (10.5) 10.5 (7.2) 9.2(7.7) 0.2
length)

No bike facilities (% 93.0 (9.0) 87.8 (9.5) 93.9 (8.6) 96.2 (5.7) 91.2 (9.4) 91.2 (12.4) 90.9 (10.4) 92.6 (8.4) 88.1 (12.1) <0.001
length)

Bike routes (% length) 1.5 (3.9) 0.0 (0.0) 0.4 (1.7) 1.2 (3.1) 2.1 (4.7) 0.2 (0.5) 2.1 (3.8) 3.9(7.7) 3.8(5.9) <0.001

Bike lanes (% length) 5.0 (7.7) 10.4 (7.6) 5.1(7.7) 2.4 (4.6) 6.2 (8.2) 3.5(5.6) 6.0 (9.5) 3.2(4.7) 7.4 (10.6) <0.001

Separated bike 0.5 (2.1) 1.8 (2.3) 0.6 (2.2) 0.2 (1.6) 0.4 (1.9) 5.1 (8.0) 1.0 (2.3) 0.3 (1.4) 0.7 (1.9) <0.001
facilities (%
length)

Total street segment 26 (18) 21 (12) 29 (17) 26 (15) 25 (20) 24 (9) 22 (28) 21 (12) 23 (17) <0.001
length (km)

2Notes: Race/ethnicity identified under “Plurality” is the largest group in that tract when it is<50% of the population. Serious crashes defined as those resulting in fatalities, incapacitating injuries, or non-

incapacitating but evident injuries.

1 Mean (SD)

3 Kruskal-Wallis rank sum test
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Fig. 2. Distribution of sidewalk cycling citations with bicycle infrastructure.

tickets issued. Furthermore, the number of serious crashes involving any vehicle type was inversely related to the number of citations
to a small but statistically significant degree. The number of tickets was positively associated with the number of violent crimes in a
neighborhood, holding constant the number of officers deployed in a police precinct. Put together, the trends lend credibility to the
claim that issuing tickets for riding bicycles on the sidewalk has not been a tool employed to improve safety outcomes.

I computed the predicted effects of bicycle infrastructure on ticketing for various values of race and ethnicity (Fig. 4), holding the
rest of the variables at their average values. The results illustrate the outsize influence that neighborhood racial composition plays in
the rate of citations issued per street segment—attributable to biased policing—while also showing the role that infrastructure could
play in mitigating that bias. As an example, in census tracts where the share of the Black population matched the overall city share
(30%), cyclists would be expected to receive 0.22 citations over the three year period per 0.41 km of street length. By adding a
separated bike facility to that same road segment, the expected number of citations would nearly halve to 0.12. In census tracts with a
Black population of 90%, adding a separated bike facility on an arterial street segment would be associated with a reduction from 0.80
citations to 0.44 citations. An illustration of the global magnitude of potential effects across the city is instructive. Using model
predictions, if separated bike infrastructure were installed on every street that had at least three citations over the study period (i.e.,
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Fig. 3. Bicycle crashes per census tract in Chicago with bicycle infrastructure, 2017-2019.

one per year), majority Black neighborhoods would see a reduction in citations issued from 4078 to 3754, or a decrease of 8%." While
this is a small decrease relative to the effects of race on citations issued and is subject to model uncertainty and the feasibility of
installing infrastructure on these segments in practice, it does illustrate how a lack of bike facilities contributes to excess policing in
neighborhoods of color.

5.3. Sensitivity analysis

As described in Section 4.2, I tested different model specifications using three measures of cycling exposure; namely daily cycling
volume per segment as recorded by Strava Metro, presented in the text, census tract bicycle commute share from the ACS, and the
number of bicycle trips per census tract from the CMAP travel survey. Cycling volume was positively associated with the number of
citations issued, an intuitive result in the relationship between number of cyclists and opportunities for police interaction. Neither
commute share nor number of trips per census tract were statistically significant, indicating that area-wide measures may not be good
proxies for cyclist exposure when examining street-level outcomes. Although not the focus of this study, the differences across the

4 Using the original data, the model overpredicted citations by 0.2% compared to the actual number issued, indicating a relatively good predictive
model.
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Table 3
IRR 95% CI p-value
Black (%) 1.022 (1.017, 1.027) 0.000
Latino (%) 1.019 (1.014, 1.024) 0.000
Asian (%) 0.996 (0.984, 1.007) 0.470
In poverty (%) 1.030 (1.021, 1.038) 0.000
Population density (log) 2.286 (1.978, 2.643) 0.000
Employment density (log) 1.161 (1.070, 1.261) 0.000
Bike facility type
Bike route 3.635 (1.940, 6.814) 0.000
Bike lane 1.499 (0.949, 2.367) 0.082
Separated lane 2.223 (0.928, 5.329) 0.073
Street classification
Arterial street 15.355 (13.716, 17.190) 0.000
Collector street 7.268 (6.417, 8.231) 0.000
Interaction terms
Bike route x Arterial 0.209 (0.092, 0.472) 0.000
Bike route x Collector 0.272 (0.130, 0.565) 0.000
Bike lane x Arterial 0.541 (0.321, 0.913) 0.021
Bike lane x Collector 0.468 (0.281, 0.778) 0.003
Separated lane x Arterial 0.250 (0.059, 1.052) 0.059
Separated lane x Collector 0.148 (0.051, 0.429) 0.000
Street length (km) 9.036 (7.230, 11.292) 0.000
Serious bike crashes 1.002 (0.975, 1.029) 0.902
Serious crashes (all modes) 0.991 (0.986, 0.997) 0.001
Violent crimes per year 1.002 (1.002, 1.003) 0.000
Officers assigned (mean) 1.000 (0.998, 1.002) 0.977
Cycling volume (Strava) 1.015 (1.005, 1.024) 0.003
Intercept 0.000 (0.000, 0.000) 0.000
SD (Intercept) 0.864 (0.249, 0.290)
N 50,867
sigma 0.269
log lik. —12949.448
AIC 25950.897

Notes: IRR = Incident rate ratio Reference values: Race = White (%); Bike facility = None; Street functional class = Local street.

models illustrate the importance of selecting an accurate representation of cycling volume. Nevertheless, magnitude, direction, and
statistical significance of model coefficients were consistent across the three models with a few exceptions for statistical significance
among facility types.

The model was sensitive to the definition of bicycle facility type. In an earlier model specification, buffered bike lanes were
included under the definition of separated bicycle facility. That categorization yielded counterintuitive model results in which the
interaction term for separated facilities along arterial roads was not statistically significant (p = 0.14). A visual inspection using
Google Street View revealed that some buffered lanes were buffered with paint only from the parking lane and not from the vehicle
travel lanes. This suggests they might function more like non-buffered bicycle lanes. As Table 3 indicates, the re-specification yielded
more intuitive results. While it would be preferable to specify bicycle facility type directly, there are too few of some individual types to
adequately include in the model.

6. Discussion and conclusion

This study offers new evidence that transportation infrastructure is intertwined with unjust policing practices. The analysis of
citations issued for riding bicycles on the sidewalk in Chicago supports other data that show majority Black and Latino neighborhoods
were targets for policing, accounting for other factors. Bicycle infrastructure on high-traffic streets was associated with a lower
incidence rate of enforcement actions, but that infrastructure was disproportionately absent from neighborhoods of color. Bicycle
citations were not associated with safety needs in higher-crash areas. Instead, underscoring statements from the Chicago Police
Department itself, the analysis suggests that bicycle enforcement was instead tied to crime prevention strategies.

The results draw attention to the complicated relationship between planning, infrastructure, policing, and race. Planning cannot
solely be held responsible for failure to provide bicycle infrastructure in communities of color. The development of transportation
infrastructure involves a complex array of factors, including political decisions, funding availability, competing goals and priorities,
and community needs and desires. As other scholars have documented, when cities have prioritized bicycle infrastructure, they have
often done it explicitly for economic revitalization purposes, leading communities of color to be suspicious of and to reject their efforts
(Flanagan et al., 2016; Lubitow and Miller, 2013). Nevertheless, a bicycle plan is a city’s most visible commitment to the provision of
cycling infrastructure, and previous analyses of Chicago’s bicycle plan and infrastructure have documented inequities in communities
of color (Greenfield, 2015; Prelog, 2015).

The conclusion that planning via policing or the assertion of police powers has been racist in intent or outcome is not new. Single
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Fig. 4. Effects of bicycle infrastructure on sidewalk riding citations by street functional classification.

family zoning, for example, effectively excluded people of color from white neighborhoods, and the development of many freeways
and railways divided and destroyed Black and Brown communities. In Chicago specifically, research has traced how planning for
redevelopment around the University of Chicago campus coincided with a geographic expansion of university police patrols whose
purpose was to regulate belonging in a racially-mixed neighborhood surrounded by majority Black neighborhoods (Sherman, 2020).
But various traffic safety approaches, including some implementations of Vision Zero, link together transportation planning and
policing in explicit ways. Whereas previous strategies in which police enforcement was a central element of harm reduction—seat belt
enforcement and drunk driving campaigns, for example—have largely not had a strong planning component,” safe systems approaches
call for data-driven identification of problem locations, traffic enforcement, and the planning and engineering of new and better

5 Jaywalking is arguably an exception (Norton, 2011).
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infrastructure to work side-by-side. Careful examination of the unintended consequences of this synergy elucidates how planning has
been complicit in the continuance of state violence against Black communities. It gives urgency to the need to repair harm in
meaningful ways. Planners should thus be aware of these histories when advocating for what is on its face a reasonable strategy to
reduce traffic violence. Scholars have argued that differences associated with marginalized identities should be made central to bicycle
safety planning because not everyone experiences streets in the same ways (McCullough et al., 2019), though this is difficult to do
because planners often do not have a full picture of who is cycling without specialized engagement and data collection (Golub et al.,
2016).

While there is ample evidence for racial bias in the distribution of cycling tickets, it is also important to recognize the tickets were
issued because cyclists were riding on sidewalks in the first place. Many sidewalk cycling tickets would not have been issued if the
infrastructure associated with improved safety perceptions were available. In this light, bicycle infrastructure might be seen as a tool to
advance racial justice, in that it helps provide cyclists in Black and Latino neighborhoods a small but important measure of protection
from police overreach. This infrastructure is particularly important to keep cyclists safe when they feel the need to be seen on major
streets, as described earlier. However, it is just as plausible that an infrastructure fix would shift cycling citations to other enforcement
activities without sincere police reform.® Regardless, planning and investment failures compound other inequities.

The evidence thus points to creating separated or on-street bike lanes as a safety intervention when travel routes take cyclists on
busy streets. But those solutions must be created in close collaboration with community members. Cycling has been seen as a symbol of
gentrification in low-income communities of color, including in Chicago (Lubitow et al., 2016; Rigolon and Németh, 2018), and
advocates have become skeptical of bicycle infrastructure as a means to creating safer cycling conditions without community building
and engagement. By some accounts, creating bicycle infrastructure in gentrifying neighborhoods could lead to increased enforcement
and nuisance reporting against young people of color (Harris et al., 2020). While this study does not allow for an examination of how
gentrification differently impacts cyclists of color with respect to policing, evidence from other studies links increased order main-
tenance policing of people of color—a category of enforcement that sidewalk cycling citations might fall under—to the changing
economic conditions in postindustrial cities (Laniyonu, 2018; Newberry, 2020; Sharp, 2014). While re-examining the role of
enforcement in a holistic safety strategy is a necessary first step to improving cycling in all communities, it is not sufficient. Removing
inequities in cycling infrastructure provision, while also ensuring communities are fully represented in bicycle planning processes, is
crucial.
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