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Abstract: Whether newly implemented public transit stations influence the nearby crime pattern has
been debated for years. In ZG City, China, 2 new subway lines and 20 new stations were implemented
in 2017. This intervention allows us to test the plausible relationship between new public transit
stations and thefts in the surrounding areas. We use the difference-in-differences (DID) model to
assess the theft in the treatment and control areas before and after the implementation of the new
stations, with necessary socioeconomic and land-use variables and time from the addition of the
station being controlled. We also explicitly examine the impacts of the proximity of the stations and
the Spring Festival on theft. The results suggest the following: (1) theft around the new subway
stations significantly increases after the stations’ implementation, while the control area does not see
much change in thefts; (2) proximity between the neighboring stations’ increases thefts; and (3) theft
near the new stations significantly decreases during the month of the Spring Festival. This study
contributes to the literature on the relationship between the subway system and crime, especially
from a Chinese perspective. The finding of the research can bring insights to urban transit planning,
allocation of the police force, and crime prevention.

Keywords: difference-in-differences; subway stations; theft; Spring Festival

1. Introduction

Public transit systems’ construction and development can change a city’s spatial
structure. The spatial structure of the city influences citizens’ routine activities, which
are closely related to crime opportunities [1]. Thus, public transit systems are expected
to be closely related to crime patterns in the city [2]. Abundant studies have suggested
that crime tends to cluster in and around the public transit system, rather than the places
far away [3–9]. There are two possible reasons for this: (1) people waiting at the transit
stations may become potential targets/victims [10], and (2) motivated offenders may use
public transit as their commuting method and rely on the large population nearby for
concealment [11,12]. Many studies have suggested a significant relationship between
public transit and crime in both small cities with bus transit systems [13,14] and large cities
with complex transit systems that may consist of buses, light rails, and subways [15–17] in
many countries.

Most previous studies mainly focus on the relationship between bus transit stops
and crime. Gaziarifoglu et al. analyzed 1371 robberies in Newark, NJ, and found that
the spatial distributions of robberies and bus stops were highly correlated [18]. Other
studies on this topic also suggested that street robberies tend to concentrate around bus
stops [6,16,19,20]. Stucky and Smith used 500 × 500 square feet grid cells to assess the
relationship between bus stops and various crime types (rape, robbery, aggravated assault,
burglary, and larceny). The results of the negative binomial models suggest a statistically
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significant relationship, with socioeconomic and land-use conditions being controlled [21].
Gerell verified such a relationship by using negative binomial models and 200 m buffers
around bus stops in Malmö, Sweden [22]. Liu et al. went a step further and found that
the addition and removal of bus stops influenced nearby street robbery incidents. They
applied difference-in-differences (DID) models to test the influences of time from bus
stops’ addition/removal on street robberies, with necessary socioeconomic and land-use
conditions being controlled [14]. In summary, existing studies have provided sufficient
evidence on the relationship between bus transit and crime, but the relationship between
subway transit and crime has only received limited attention.

The intra-city railway transit system serves as one of the most sufficient methods to
optimize the traffic pattern in many large cities. The implementation of the railway transit
system promotes the green commute, which not only settles the cities’ traffic congestion
problem, but also improves air quality. However, citizens’ concerns about crime may follow
the expansion of railway transit. The construction of the railway transit may raise citizens’
fear of crime, especially property crimes, such as thefts [12,23]. The implementation of the
railway transit system is likely to lead to the concentration of the population, which may
increase crime opportunities [24,25]. This is because the newly established railway transit
system will change the distribution of the nearby ambient population and their routine
activities. Consequently, the coexistence of motivated offenders and suitable targets are more
likely to happen around stations, which leads to a change in crime opportunities [26–28].
Rational choice theory tells us that motivated offenders will weigh the needed efforts
against potential gain before committing a criminal act. Motivated offenders usually have
limited financial sources, and the development of railway transit can reduce their travel
costs, allowing them to explore more places and more opportunities in and around the
railway transit [7,13,29]. Most offenders usually travel only 1.6–3.2 km to commit crime
because a longer journey requires more time, money, and effort [30–33]. However, offenders
are likely to recognize the convenience that the railway transit brings to them and take
advantage of that to expand their radius of action with a minimal increase in transportation
costs [7,13,29]. Some surveys have found that citizens living near the railway transit
thought the traffic congestion was eased, but they also expressed concerns about crime [23].
People living in suburban areas also complained that the railway transit bore issues, such
as crime, gangs, and drugs [18,34]. On the contrary, one study in Atlanta, GA, found
that crime increased downtown but decreased in suburban areas after implementation
of the railway transit system [35]. This may be because the development of the railway
transit system promotes the convergence of more people from downtown, including
potential offenders and targets [2,15,36]. People who routinely visit the railway stations
may become the new potential targets for motivated offenders who were familiars with the
place [2,11,37]. These transit stations and the surrounding areas may attract large amounts
of commuting people and become crime generators [38–40]. This has been confirmed by
multiple studies [26,41,42].

However, whether railway stations will inevitably result in more crime is debatable.
Block and Block found that alcohol-related crime was significantly related to the expansion
of the railway system in the city of Bronx and Chicago [11]. Phillips and Sandler found that
crime was decreased in Washington, DC, in the metropolitan area when the railway system
was shut down [43]. Christopher and Andrew et al. also found robbery frequency during
temporary subway station closures, with larger reductions occurring in closer proximities
to the subway station in New York [44]. Estévez-Soto found some crime categories to be
declined in association with the reductions seen in public transport passenger numbers
due to the COVID-19 pandemic in Mexico City [45]. On the contrary, Deangelo et al.
found crime to be increased during the public transit systems’ (including railway and bus)
strike in Los Angeles, CA [46]. Billings and colleagues used the DID method and a quasi-
experimental design to study crime and the light rail transit system in the city of Charlotte
and found that crime did not increase because of the construction or implementation of
the light rail [47]. Ihlanfeldt’s study in Atlanta, GA, argued that crime near the transit
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stations changed because of the socioeconomic factors’ drastic change after the implantation
of the railway system, not the usage of railway stations [35]. Sedelmaier studied the
relationship between expansion transit stations and crime for several years, and he found
it not necessarily to have a criminogenic effect on the neighbor-hoods served [48,49]. In
summary, studies in different cities with different data and methods did not yield consistent
results. In particular, we do not have sufficient evidence on the impact of new stations on
crime; to determine whether they are likely to increase/reduce crime, additional tests are
necessary. Moreover, the existing studies mainly focused on the western population, but
the Chinese case has rarely received attention. This study aims to fill this gap.

People tend to have different travel patterns on holidays, especially in cities [50],
and such changes may influence the crime pattern. Cohn and Rotton found that general
holidays do not alter the crime pattern, but important ones tend to witness more violent
crime incidents, with fewer property crime incidents [51]. In addition, Vania Ceccato found
that stations’ environmental attributes affect crime at different times [52]. Ridership of the
subway in ZG City can be different on holidays too, especially during major holidays, such
as the Spring Festival, so we include the holiday factor in the analysis.

China is experiencing rapid modernization and urbanization, and the urban popula-
tion is drastically increasing. Subway transit systems have become the major commuting
method for many citizens in many large cities in China. By the end of 2018, 36 cities in
China implemented subway transit systems, and the total length of the lines exceeded
5494.9 km [53]. ZG City ranks near the top in terms of subway transit systems in the nation.
We focus on thefts in this study because, among all crime types, theft is usually the most
frequent one and is closely related to people’s routine activities [41]. Theft has received
special attention from Chinese criminology scholars because it seriously influences people’s
property security in our routine lives [54,55]. In this study, we will assess the plausible
relationship between theft and new subway stations in a large Chinese city. In particular,
we will use DID models to test whether the newly implemented subway stations result
in more thefts in the nearby areas, with necessary socioeconomic, land-use, and holiday
factors being controlled.

2. Study Area and Methodology
2.1. Study Area

ZG City is an international, large city, located in southern China. It is large in both size
and population: the total area of the city is 7434 km2, and the population was 15 million
in 2018. ZG City is composed of 7 old districts and 4 new districts (YP, DH, CZ, and HC).
The rapid development in the economy generates more working opportunities and attracts
more people to this city. To accommodate the large population’s commuting demands, ZG
City established and continually advances public transit systems, especially the subway
system. By the end of 2020, there were 16 subway lines in ZG City with a total length of
553.2 km [56]. Subway platforms are almost exclusively underground. Unlike the light
rail stations, subway entrances do not take up much space on the ground. Thus, many
commercial activities happen around subway entrances. As Chen and colleagues (2015)
stated, various facilities, such as restaurants, supermarkets, shopping malls, etc., are located
at or adjacent to both regular and interchange subway stations [57]. These facilities serve
subway passengers and nearby residents (Figure 1a). Additionally, small retail shops,
laundromats, and ATMs exist inside the underground subway stations [58]. Passengers
can use cash, credit/debit cards, and digital wallets for transactions at these underground
stores (Figure 1b).
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Figure 1. Facilities related to the subway station: (a) near the subway station entrance; (b) inside the
station (underground).

Increased coverage of the ZG subway facilitates urban expansion. Many people take
advantage of the affordable housing in the suburbs and commute to work at the city center
via the subway system. The low fare, high frequency, and convenient transfer of the subway
make it the main public transportation tool for citizens. During the rush hours, key transfer
stations are flooded with passengers (Figure 2a). Even during non-rush hours, stations are
still crowded with passengers (Figure 2b).

Figure 2. Passengers lining up into the check point (a) and passengers in the carriage (b).

The subway system of ZG City is solely invested and managed by the local gov-
ernment. Therefore, accessibility, equality, and social justice, rather than the return of
investment, are considered the priorities when the subway transit is planned and con-
structed [59]. Consequently, subway systems in Chinese cities, such as ZG City, link not
only populated and wealthy areas, such as the downtown area, but also less populated and
non-wealthy suburban areas. For the sake of promoting local economy and accessibility, the
ZG City government added 2 new subway lines (Line 9 and Line 13) to link new districts,
including CZ, YP, and DH.

As shown in Table 1, both Line 9 and Line 13 started to operate on 28 December 2017.
Line 9 has 11 stations, and the total length is 20.1 km. It is interchangeable with Line 3
and Line 8 at one station. The daily ridership of Line 9 was 106.7 thousand in 2018 [60,61].
Line 13 has 11 stations, and the total length is 27.03 km. It is interchangeable with Line 5 at
one station and will be interchangeable with Line 7 and Line 16 in the future. The daily
ridership of Line 13 was 110.5 thousand in 2018 [60,61].
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Table 1. A partial comparison of Line 9 and Line 13 (in 2019).

Line 9 Line 13

Construction starting date 29/09/2009 End of 2013
Operation starting date 28/12/2017 28/12/2017

Total length 20.1 km 27.03 km
Coverage DH District, YB District PH District, CZ District

Number of stations 11 11
Service time 06:00–22:30 06:00–23:19

Maximum speed 120 km/h 100 km/h
Connection with other lines The northern extension of Line 3 Line 5

Average daily ridership 106,700 (2018) 110,500 (2018)

2.2. Research Questions and Methodology
2.2.1. Research Questions

This study aims to answer three questions: (1) Will the new subway stations influence
the nearby theft patterns? (2) Will proximity between the neighboring stations increase
thefts? (3) Will the relationship between theft and subway stations change during the
Spring Festival, when most people’s routines change? Our hypotheses are as follows:
(1) The implementation of new subway stations may attract people and create more crime
opportunities, so thefts around new stations may increase. The infrastructure around new
subway stations would attract a large number of passengers/people. Crowds gather at and
around the station, as passengers line up to enter the station, buy goods, recharge transit
cards and wait for their friends or family. It provides an opportunity for the occurrence of
crime. (2) When stations are located closer to each other, thefts may increase. The closer
stations are to one another, the more conducive this is to the flow of crime. If two stations
are very close to each other, offenders in a station who successfully commit theft are likely
to continue to the next station, thus increasing crimes. (3) During the Spring Festival,
ridership will decrease drastically, and consequently, crime opportunities and thefts shall
decrease as well. ZG city is a large migrant city. Most of these migrants will go back to
their hometown for the Spring Festival and return after the holiday. During the Spring
Festival holiday, the residential population of ZG City decreases significantly. This may
affect the subway passenger flow. After a sharp drop in traffic, criminals lose potential
targets, and the proceeds of crime are lower than usual. The offender may choose to delay
or abandon the idea of committing a crime.

2.2.2. Methodology

The difference-in-differences (DID) model was firstly used in economics to evaluate
the effect of the policy [62]. This method was then used in various fields, including geogra-
phy [63–65], planning [66], and crime [47,67]. We use DID to evaluate the differential effect
of the implementation of subway stations on nearby thefts. DID and a quasi-experimental
design can help induce the possible causal impact of an intervention on the subject [68–70].
Our quasi-experiment design considers these new subway stations’ nearby areas as the
treatment area and areas along the subway route, but without subway stations, as the
control area. The radius of the nearby area is decided based on the “a quarter-mile as-
sumption”: most pedestrians are willing to walk, at most, a quarter mile (about 400 m) to
take public transit [71–74]. To test the potential distance decay of theft patterns around
the subway stations, we create multiple rings around stations from 400 m to 1200 m,
with an interval of 400 m. Figure 3 shows a clear distance decay phenomenon of thefts
around stations.
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Figure 3. Distance decay of thefts around new subway stations.

As shown in Figure 3, the thefts density is higher than 120/km2 within 400 m of the
new subway stations. This number rapidly drops to less than 80/km2 in the range of
400–800 m and the trend continues from 800 m to 1200 m around stations. Following the
literature [71–74], we select 400 m buffer around each new station as the treatment area.
As it is the core area adjacent to the subway station, land-use change in this area is bound
to be the strongest before and after the opening of the subway. There may be additional
infrastructures that follow around the new station, such as supermarkets and pubs [75]. To
account for the influence of crime displacement [76] or diffusion of benefits [77,78], we also
create a 400–800 m ring around each station as the buffer area and a 800–1200 m ring as
the control area. Each subway station only has one treatment area, one buffer area, and
one control area. Since the distance between some neighboring stations is less than 1600 m
(double 800 m), the buffer areas and control areas of these stations may overlap (Figure 4).
In such cases, priority is given to the treatment area, followed by the buffer area and the
control area, which is last. For example, if station B’s control area is overlapped with station
C’s treatment area, the overlapped portion will be regarded as station C’s treatment area. If
station B’s control area is overlapped with station C’s buffer area, the overlapped portion
will be regarded as station C’s buffer area. If station B’s control area is overlapped with
station C’s control area, the overlapped area will be regarded as the control area of both
station B and station C.

Figure 4. The treatment areas and control areas around new subway stations.
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3. Data
3.1. Subway Stations

We collect the information of subway stations for Line 9 and Line 13 from Gaode
Map (also known as Amap). The information includes stations’ precise spatial locations,
names, associated lines, etc. The point-of-interests (POI) data from Gaode Map were tested
reliably by various studies in China [79–81]. We use ArcGIS 10.2 to perform all spatial
analyses. It is necessary to mention that Line 9 has a pre-existing station that used to belong
to other lines and is now shared by Line 9. A pre-existing station exists on Line 13 as well.
These two stations are excluded from this study because they are not newly implemented.
Consequently, the sample size of this study is 20 stations, 10 on Line 9 and 10 on Line 13.
Line 9’s stations concentrate in the DH District, while Line 13’s stations are spread from
the PH District to CZ District.

3.2. Dependent Variable

Theft is a major type of crime in the public security system. Roughly 90% of thefts
are pocket-picking. The theft data used in this study are of thefts that occurred outside of
the ticket gate of the subway station. The cases inside of the ticket gate and in the subway
are reported to a special traffic-control department, and are not included in this study.
We study thefts from 1 January 2017 to 31 December 2018. The beginning of the subway
operation of Lines 9 and 13 was 28 December 2017, right in the middle of the two years, so
we can compare the monthly changes of thefts before and after the operation of these two
subway lines.

As the law of crime concentration indicates, criminal acts, including theft, are not
randomly or evenly distributed. Rather, they are highly concentrated in spaces [82–84].
Consequently, the distributions of the theft or its density are not normal.

Because the DID model is a linear regression model, it requests the normal distribution
of the dependent variable. To normalize the distribution of thefts, we use the natural
logarithm of theft density as the dependent variable, following a previous study [85]. To
avoid the logarithm of 0, we add 0.2 (half of the smallest non-zero number 0.4) to the crime
density before performing the natural logarithm [86]. We use crime density because it can
eliminate the influence of the size of the area, as some control areas’ sizes may be different
from each other (see Figure 2).

3.3. Independent Variables

Three dummy variables are implemented in DID models. They are Dummy addition
(1 for the treatment group, 0 for the control group) for controlled comparison, Dummy 2018
(1 for 2018, 0 for 2017) for before and after comparison, and Dummy interaction (calculated
as Dummy addition*Dummy 2018). Dummy interaction tests whether there is a significant
difference between treatment and control areas before and after the implementation of the
new subway stations. If its coefficient is positive, then the crime density increases in the
treatment area after the implementation of new stations. On the contrary, if its coefficient
is negative, the crime density decreases in the treatment area after the implementation of
new stations. The significance of this variable is also important.

We also add another independent variable, Time from addition (by month) to measure
any potential time decay effect of new stations on thefts. The implantation date of these
20 stations is 28 December 2017. We then assign 1 to 12 to January to December of 2018,
and –12 to –1 to January to December of 2017. Because the new theft hot spot may take
time to emerge, this variable is necessary.

As introduced earlier, holidays may temporarily change people’s mobile patterns and
influence the ridership of the subway [87,88]. The Spring Festival is the most important
holiday in China, and people who work in big cities will return to their hometowns to
gather with families and relatives. As one of the largest cities in China, ZG City holds a
large number of domestic migrant workers, and they usually go home during the Spring
Festival [89]. This may have a major impact on the subway ridership, so we add a dummy
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variable, Dummy Spring Festival, to assess its impact on thefts. The Euclidian distance (in
natural logarithm) between one station to its nearest neighbor on the same line is added to
assess potential spillover effects between stations. Table 2 shows all the variables we use in
this study.

Table 2. The attributes and definitions of variables.

Attributes Definitions

Dependent variable Ln(Theft density + 0.2) The natural logarithm of the theft density in the
treatment area and the control area

Independent variables Dummy addition 1 = Treatment Area, 0 = Control Area
Dummy 2018 1 = 2018, 0 = 2017

Dummy interaction The multiplication of Dummy addition and Dummy
2018

Time from addition Months from the implementation of the new subway
stations

Dummy Spring festival 1 for the month(s) during the festival, 0 otherwise

Distance to the nearest subway station The distance from one station to its nearest neighbor on
lines 9 and 13

Control variables Density of schools The density of schools in the area in 2016
Density of parks and squares The density of parks and squares in the area in 2016

Density of shopping malls The density of shopping malls in the area in 2016
Density of bars The density of bars in the area in 2016

Density of hotels The density of hotels in the area in 2016
Density of internet bars The density of Internet bars in the area in 2016

Density of hospitals The density of hospitals in the area in 2016
Density of banks The density of banks in the area in 2016

Immigrant population rate The proportion of the population who come from other
cities in 2010

Young population rate The proportion of the population who are 6 to 18 years
old in 2010

Population density The density of population in 2010

3.4. Control Variables

Following the literature, we add necessary land-use and socioeconomic variables in
DID models as controls [35]. We collect POI data about schools, parks, shopping malls,
bars, hotels, internet bars, hospitals, and banks from Daodaotong Map in 2016 [90]. These
eight types of POI were tested as crime attractors/generators for thefts [91–97]. Social
disorganization theory argues that if a community lacks efficient social control, then
residents in the community are less likely to intervene when abnormal activity happens,
and thus, crime in the community may increase. The weak social bonds, weak affiliation,
and weak surveillance of the community will weaken informal social control. The high
proportion of the migrants and young population may even worsen the social bonds and
informal social control, and in turn, relates to more crime [98–101]. Thus, we include rates
of migrants and the young population in the DID model as controls. Routine activity theory
suggests that the concentration of population may create more crime opportunities [26,102,103].
Thus, we also add population density as a control variable. To reduce the influence of
heteroscedasticity on the model, logarithmic processing is performed for all continuous
variables in the independent and control variables. We add 0.001 to the original data on
which the logarithm operation is performed to avoid the case that the value is 0 [104].
Table 3 shows the descriptive statistics of all variables.
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Table 3. Descriptive statistics of variables.

Types of
Variables Attributes Minimum Maximum Mean S.D.

Dependent variable Ln(Theft percentage + 0.2) −1.61 4.02 0.95 1.68

Independent
variables

Dummy addition 0.00 1.00 0.50 0.50
Dummy 2018 0.00 1.00 0.50 0.50

Dummy interaction 0.00 1.00 0.25 0.43
Time from addition −12.00 12.00 0.00 7.36

Dummy Spring Festival 0.00 1.00 0.13 0.33
Log(Distance to nearest subway station + 0.001) 3.00 3.47 3.21 0.14

Control variables

Log(Density of schools + 0.001) −3.00 0.60 −0.98 1.42
Log(Density of parks and squares + 0.001) −3.00 0.39 −2.06 1.36

Log(Density of shopping malls + 0.001) −3.00 0.60 −1.02 1.39
Log(Density of bars + 0.001) −3.00 −0.01 −2.09 1.32

Log(Density of hotels + 0.001) −3.00 0.84 −1.45 1.57
Log(Density of Internet bars + 0.001) −3.00 0.47 −1.54 1.48

Log(Density of hospitals + 0.001) −3.00 0.29 −1.54 1.47
Log(Density of banks + 0.001) −3.00 0.47 −1.62 1.54

Log(Immigrant population rate + 0.001) −1.40 −0.15 −0.59 0.32
Log(Youth population rate + 0.001) −2.55 −0.84 −1.32 0.43

Log(Population density + 0.001) 3.24 3.90 3.56 0.19

4. Results
4.1. Results of Exploratory Analysis

We calculate theft density in the treatment area, buffer area, and control area in 2017
and 2018 by month (Figure 5). After the implementation of new subway stations, the
theft density increases from 4 to 8 per km2 to 12 per km2 in the treatment area, while
the theft density stays around 4–6 per km2 throughout the study period in the control
area. As shown in Figure 5, it can be seen that before and after the opening of the subway
station, the crime trends of the buffer zone and the control zone tend to be the same,
and are not affected by the opening of the subway. Only the treatment area shows an
obvious change trend. It can be confirmed that there is no strong contamination between
the treatment area, the buffer area, and the control area in the range setting. Clearly, theft
trends in the treatment area and control area are different after the implementation of new
subway stations.

Figure 5. Theft density in treatment, buffer, and control areas from 2017 to 2018 by month.

Figure 6 shows the annual average theft density in the treatment area and control area
in 2017 and 2018. From 2017 to 2018, theft density increases by 55.91% in the treatment
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area, while it slightly decreases in the control area. It can be found that the case densities in
the control area and in the buffer area are basically on the same decreasing trend. Given
that the most obvious change in the treatment area is the implementation of new subway
stations, the different trends of the theft density in treatment and control areas suggest the
possible relationship between the stations and increase in theft. We also test this with DID
regression models.

Figure 6. Annual change in theft densities in treatment and control areas in 2017 and 2018.

4.2. Results of the DID Model

As Table 4 shows, the variable Dummy interaction is related to thefts at the significance
level of 0.001, and the coefficient is 0.611. This means, as hypothesized, that the new subway
stations indeed correlate with nearby increase in theft after the stations’ implementation
in 2017. The model’s R2 is 0.669, and the adjusted R2 is 0.663, indicating that more than
66.3% of the variance in dependent variables can be explained by this DID model. The
variance inflation factor (VIF) of each variable is less than 7, indicating the model does not
suffer from the serious multicollinearity problem [105]. It is not unusual that the dummy
variables are highly correlated in the DID model.

The coefficient of Time from addition is positive, but not statistically significant. Thus,
the increase in thefts around the new subway stations over time may be non-linear. This
may be related to the influence of the Spring Festival. The variable Spring Festival is
significantly negatively related to thefts, indicating that thefts significantly decrease during
the months of the Spring Festival, as hypothesized. This is because during the Spring
Festival, people who work in the city are most likely to return to their hometowns, and
the ridership and crime opportunities in/around subway stations decrease accordingly.
The motivated offender may need to exert more effort to commit thefts with higher risk.
Rational offenders may look for other opportunities during this time. The significant
negative relationship between thefts and the natural logarithm of the distance between the
subway stations indicates possible spillover effects between the neighboring stations: the
closer the stations are, the more numerous the thefts.

Schools have a significant negative relationship with thefts, which is different from
the findings in American and European cities [94,106], but aligns well with findings in
other Chinese cities [107,108]. In China, teachers, security guards, and staff in schools, as
well as students and their parents, are likely to act as capable guardians, and thus reduce
crime opportunities around schools [108]. Shopping malls, bars, hotels, and internet bars
all positively correlate with thefts. The large ambient population but weak guardianship in
such areas may generate more crime opportunities [91,97,109]. The percentages of the young
population are positively correlated with thefts, as indicated in previous studies [110–116].
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Table 4. Results of difference-in-differences model.

Variables

Unstandardized
Coefficients

Standardized
Coefficients t-test p-Value VIF

B β

(constant) 0.367 - 0.289 0.773 -
Dummy addition 0.261 0.078 2.578 0.010 2.581

Dummy 2018 −0.187 −0.056 −1.155 0.248 6.622
Dummy interaction 0.611 0.157 4.850 <0.001 3.000
Time from addition 0.012 0.051 1.089 0.277 6.353

Dummy Spring Festival −0.315 −0.062 −2.780 0.006 1.420
Log(Distance to nearest subway station + 0.001) −4.097 −0.337 −13.930 <0.001 1.666

Log(Density of schools + 0.001) −0.189 −0.160 −6.634 <0.001 1.649
Log(Density of parks and squares + 0.001) −0.028 −0.022 −1.098 0.273 1.178

Log(Density of shopping malls + 0.001) 0.101 0.084 3.274 0.001 1.857
Log(Density of bars + 0.001) 0.120 0.094 4.454 <0.001 1.278

Log(Density of hotels + 0.001) 0.096 0.090 2.711 0.007 3.157
Log(Density of Internet bars + 0.001) 0.404 0.355 14.066 <0.001 1.809

Log(Density of hospitals + 0.001) 0.039 0.034 1.425 0.154 1.647
Log(Density of banks + 0.001) 0.005 0.004 0.122 0.903 3.272

Log(Immigrant population rate+0.001) 0.045 0.008 0.319 0.750 2.000
Log(Youth population rate + 0.001) 0.394 0.102 4.568 <0.001 1.407

Log(Population density + 0.001) 4.235 0.481 17.686 <0.001 2.102

In summary, the DID model’s results show that, as hypothesized, the implementation
of new subway stations in 2017 significantly attracted more thefts to the nearby area
(<400 m), and the Spring Festival did witness fewer thefts. However, the time from
addition does not have any significant impacts on thefts.

5. Discussion and Conclusions

The test on the potential causal impact of new subway stations on crime is rare in
China. We used a quasi-experimental design, a DID regression model, and necessary
control factors to test the relationship between thefts and new subway stations. Unlike the
findings from the previous studies arguing no relationship between crime and new railway
transit stations [47], we found a significant positive relationship between thefts and new
subway stations, that is to say, new subway stations indeed attract more thefts to the nearby
areas after their implementation. The possible reason may be related to the differences
between light rail transit [47] and subway transit, though they are both considered railway
transit. Light rail transit is on the ground, and the function of station buildings is obvious
and specific. Only light rail riders and light rail operators are likely to visit the stations. The
security equipment of the stations, such as cameras, may deter motivated offenders, while
subway stations are usually underground and do not obviously alter the building structures
on the ground. The station exits on the ground usually have limited security surveillance
and may not deter motivated offenders sufficiently. Consequently, new stations of light rail
transit and subway may have different impacts on nearby crime.

Our findings are consistent with the rational choice theory. Rational offenders usually
evaluate the risk, effort, and potential gain before committing crime. Only when the risk
and effort are marginal while potential gain is considerable will they take action. The
implementation of new subway stations attracts a large population and provides more
crime opportunities because guardianship among strangers is weak. Potential offenders
can take advantage of the convenient transportation, concentrated crime opportunities,
and weakened guardianship to commit thefts and flee from the scene.

However, this study also has a few limitations. First, we used socioeconomic data
in 2010 and POI data in 2016 as controls in the DID model to study thefts that occurred
in 2017 and 2018. Changes in the socio-economic data and POI from 2017 and 2018 are
not available and thus, were not implemented in the model. However, the 2016 data are
the most up-to-date data and are closest to the study period; therefore, they are the most
logical choice. Second, the coverage of Line 9 and Line 13 is in suburban districts, rather
than CBDs of the city. Is it possible that thefts are displaced from the CBDs to the suburban
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districts? We examined the temporal change of thefts between the two years. Compared
with 2017, thefts decreased significantly in YB/DH/PH and most of the other districts in
ZG city in 2018. The only exception is the CZ District, where thefts increased slightly. It
appears that crime displacement from the CBD to these four suburban districts is not very
likely, although future studies are needed to further examine this issue. Further, subway
stations tend to attract not only thefts, but also robberies [117,118]. However, this study
only focused on thefts. Robberies are left to future studies. Last but not least, because of the
data limitation, we did not analyze passenger numbers, a key variable that can represent
“potential victims”.

Nonetheless, this study contributes to inferring the possible causal effect between the
subway and theft. The key findings are as follows: (1) theft increases after the implementa-
tion of new subway stations in their nearby areas, while it decreases in the areas without
new subway stations; (2) locating multiple subway stations in proximity could further
increase theft; and (3) theft decreases around subway stations during the Spring Festival
because of the decrease in ridership. In addition to the scholarly contributions, the findings
in the study bring insights into the planning of subway transits in urban settings and
public safety. The operating organization of the subway should pay special attention to the
security measures in and around stations to prevent crime. Local law enforcement forces
also need to optimize their patrol strategies to adapt to the change in crime opportunities.
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