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Bus Stop-Environment Connection
Do Characteristics of the Built Environment

Correlate with Bus Stop Crime?

Robin Liggett, Anastasia Loukaitou-Sideris, and Hiroyuki Iseki

Can we understand why some bus stops are safe and others are crime-
ridden? Can we predict which features of the bus stop environment are
hiely to encourage or discourage crime? Can we design safer bus stops?
These guestions are addressed by exploring the relationship between
envirommental variables and bus stop crime. An earlier study used
crime dats, along with environmsental indicators, for a sample of 60 bus
staps in downtown Los Angeles. Crime rates were higher for bus stops
near alleys, multifamily housing, iquor stores and check-cashing estab-
lishments, vacant buildings, and graffiti and litter. In contrast, good vis-
ibility of the bus stop from its surreundings and the existence of bus
shelters contributed to lower crime rztes, This earlier study was indica-
tive but not predictive of the elements that contribute to bus stop crime.
With the geographic and temporal expansion of the data (covering a
larger aity part over a longer time span), a series of regression models
was generated that identify environmental predictors of bus stop erime.
These medlels show that the most important predictor of crime 15 loca-
tion. If the environment 1s controlled, undesirable facilities and litter
result in higher crime rates, whereas visibility and many pedestrians
lead to lower crime rates. The presence or absence of certamn charac-
teristics in the bus stop microenvironment can affect crume. Also, the
appropriate design and layout of the physical environment can reduce
epportunities for criminal actions.

Can we make bus stop environments safer for passengers by giving
guidance 10 policy makers on the location and design of bus stops?
Followmg the work of cruminologists, environmental psychologasts,
and planners, 1t 18 argued that the effects of the built environment on
bus stop cnime can be measured and used to precict whuch bus stop
locations tend to invite a higher proportion of crimunal acts This
analysis, m tarn, can lead to general recommendations on land use and
other butlt environment features that would promots safer bus stops
This analysis expands on a previcus study that attempted to mea-
sure the effect of certamn environmental vanables on bus stop crume (1)
The imtial study used exasting crnme and ndership data, along with
environmental and land use indicators, that were documented
through exstensive fieldwork for 60 intersections with bus stops 1
downtown Los Angeles The tentative conclusions in the first study
were mostly based on r-tests comparing average bus stop crime rates
between imntersections categorized by the existence of particular
environmental charactenistics (e g , presence or absence of an alley)
The methodological approach was himuted because of the rather
small sample s1ze In this new phase of research, the study area and
the ime frame have been expanded With the expansion of the sam-

Department of Urban Planning, School of Public Policy and Social Research,
University o Cahfornie-Los Angeles, 3250 Public Policy Building, Box 851656,
Los Angeles, CA 90085

ple size, & series of regression models were generated that identify
envronmental predictors of bus stop crime Because of the spatial
nature of the problem, 1ssues of spatial autocorrelation have been
explored and accounted for in burlding the regression models The
expanded sample and scope of the research enabled some of the
methodological flaws of the previous study to be corrected Given
the results of ttus expanded stedy, drawing conclusions about which
environmental factors create opportunities for or hunder bus stop
crime can be done with more confidence

THEORETICAL FRAMEWORK OF THE RESEARCH

Increasmngly, criminologists have become aware of the importance of
places of crime (2) A place s a very small areg, a street corner, a bus
stop, or an ntersection. Researchers have noticed that crime often
tends to concentrate heavily and disproportionately m a few places, or
“hot spots” (3—5) Such observations have led to arguments for areor:-
entation of crime prevention efforts and a focus on the environmental
context of crime nstead of the socio-demographic charactenistics of
the offenders (6)

Ttus debate underhines two distinct approaches in crime research
studies (see Table 1) So-called composttional or nonecological stud-
1eg stress the mmportance of the offenders’ socio-demographic char-
actenistics Therefore, these studies seek to identify relationships
betweesn a neighborhood's cnime level and the charactenistics of race
and ethnicity, age and gender, poverty levels, and social mobility of
inhabitants Some studies have also attempted to cormrelate cnme with
measures of famuly disroption (e g , percent of divorced househoids
or female-headed families with children)

In contrast, ecological studies focus on physical attributes as
covariates of crime (7) For such studies, 1t 15 the Jocation and phys:-
cal context of crime—not the socio-demographic characteristics of
the offenders—that acquire sigmficance Of particular interest are
place charactenstics (land use, built-forin condition, visibility levels),
as well as a site’s access charactenistics

Clearly, the two approaches of crime research lead to different
types of crime prevention strategies Compositional studies target
the potential offenders They advocate social and educational ser-
vices to tackle teenage delinquency and recidivism. They argue for
changes 1n the system of policing (e g, commumty policing) and
reformulations of the crimunal justice and penal systems to address
crime

Implicit in the ecological studies 1s the belief that the redesign
or transformation of certan place characteristics can lead to lower
levels of cnme These efforts are called “situational” because they
hink crimunal activities to the specific physical attributes of hot
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TABLE 1 Crims Studies

Ecologscal Compositional

# Importance of physical and ® Importance of socio-
ecological attributes demographic attributes (age,
ethnicity, gender, class, social
mobilsty)
@ Stady of the environmental e Study of offenders

context

i l

Crime Prevention Strateges

e Target environmental context e Target potential offenders

(“designing out cnme”™)
o Situational crime prevention s Socizl/educational services
& Crime Prevention Through s Policing

Envircnmental Design

(CPTED) e  Criminal justice

spots Ecological studies lead to crime prevention efforts that use
environmental design as a tool for “designing out” crime. Envi-
ronmental design 1s used to reduce the attributes that are believed
to enhance crime and increase the “defensible space” elements that
are believed 1o block opportunities for crime (8, 9). Before such
design efforts and prevention policies are implemented, however,
tke different physical atimbutes that can encourage or discourage
crime must be cjearly understood

Thes study falls in the ecological category and 1s imntended to :den-
tify and objectively measure the spatial parameters of come The
selection of the ecological approach has more to do with gained
kaowledge than with the belief that ecological studies are inherently
better than compositional stadies These two perspectives are not
viewed as antsthetical, because they can bath contubute to the better
understandmng of crsme and its prevention

BUS STOP CRIME IN LOS ANGELES

From previous studies, bus stop crime 1n Los Angeles was found to
be prumarily concentrated in certain hot spots {7, 5) These areas tend
to be mostly 1n downtown and its outlying areas, Some hot spots are
spanally clusiered, while others are 1solzted In the previous research,
the unportance of the envircnmental setung on bus stop crime was
established Bus stops i proximaty, along the same bus routes, and
presumably with passengers having the same socio-demographic
charactenstics were marked by different crime rates (0) Evidence
was also found that certain urban form and bus stop charactenistics
tave an effect on crme Crime rates were higher at bus stops near
alleys, multifarmly housing, undesirable estabhishments such as liguor
stores and check cashing establishments, and vacant buildings, and
where graffiti and hitter were present. Posttive environmental factors
(that often transiated mto lower crume rates) included good vistbility
of the bus stop from surroundmg establishments and the existence of
bus shelters.

Previous studies have been indicative but not predictive of the
physical elements that coninbute to bus stop cime (/, 5, 11} The goal
of thas study was the abihity to predict, with a sigmificant level of cer-
tanty, the physical elements at bus stops that would affect bus stop
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crme Measuring the effect of each attribute was also an objective and
required & sigruficant expansion of the existing data.

The data were expanded geographically (covered a larger part of
the city) and temporally (crime data for a larger time span) The
expanded sample mcluded 100 imntersections with bus stops i both
downtown Los Angeles and in the adjornung neighborhoods of Pico
Umion and Westlake. These areas were selected because of thewr
disproportionate concentration of bus stop crime mcidents m Los
Angeles (12). The map displayed i Figure 1 shows cnime and nider-
ship levels for the selected bus stops The high-crume bus stops are
concentrated along certawn mam streets o the downtown area, m
what is considered the old hustoric core and along one of the major
arteries through the Pico Union and Westlake areas

Crime data collected by the Los Angeles Metropolitan Trans-
portation Authonty (MTA) Transit Police of a1l reported crime mci-
dents at bus stops from 1996 through 1998 were merged with bus
stop crime data collected by the Los Angeles Pohce Department
from 1994 to 1998. Because crime data were normalized by bus nd-
ership to examne crimes per nuder, data were also obtained from the
MTA for average nurnbers of passenger boardings and alightings
per bus stop. The umt of analysis for which data was collected and
analyzed was the intersection where bus stops were located Allbus
stop crime and ridership data for bus stops m a 46-m (150 £t) radus
of an intersection (about one-third of a city block) were aggregated to
form a single observation in the data set This was accomphished using
Environmental Systems Research Insttute’s ArcView to geocode
data to the closest iptersection

The database consisted of 2,805 bus stop crimes (erumes against
peopie whe were waiting for a bus or who had just come off a bus)
recorded at the 100 study intersechons Crimes were categorized into
one of two types, ranging from senicus crume (Type I) such as rape,
robbery, and assault, to less senious crimes agamst people (Type 1),
such as pickpocket and jewelry snatching and public nusance or
public offense such as public dunking, lewd or disorderly conduct,
and drug dealing About three-fourths of the crime mcidents were
Type 0 crimes (2,228), 577 incidents were Type I cnimes Sixteen of
the intersections in the sample bad more than 50 crzmes, only 4 of
which were outside the downtown area

Rudership, which is measured as the average daily boardings and
ahghtings at an intersection, ranged from a mimmum of 158 riders per
day to a maximum of 12,685 Eighty-three percent of the mtersections
had less than 5,000 nders per day, with only two intersecticns having
more than 10,000 daily riders When crime per intersection was
normalized by the number of nnders about one-half of the mter-
sections (45) had more than one crimae per 100 riders. Of the top 10
mtersections in total crume per 100 niders, 8 mtersections were n
the downtown area

ENVIRONMENTAL INVENTORY DATA

Ag in the earhier study, detailed pnmary data of environmental
indicators were collected at each of the intersections added to
the study [see Loukaitou-Siderzs et al {(J) for details on the data
collection process] Data were collected for three groups of char-
acteristics: (@) urban form charactenistics around ntersections,
which included informatron on the Iand use and condition of the
surrounding area; {b) bus stop charactenstics, such as the existence
of bus sheiters, visibulity, and hghting; and () street charactenstics,
such as street and saidewalk width, on-street parking, and traffic
levels
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FIGURE 1 Crime and ridership in the study area

Table 2 lists environmental vanables measured and associated
correlations with crime counts (number of crimes) and criume rates
(crimes per 100 nnders) Thus simple correlation analysis led to anom-
ber of tentative conclusions about the relationship of certamn physi-
cal attributes and bus stop crime These conclusions are summarized
in Table 3

Urban Form Characteristics
Altey and Midblock Connections

Sixty-two of the 100 intersections had either an alley or midblock
connection Although a moderate but sigmificant correlation was
found between the existence of an escape route such as an alley or
midblock connection and crime counts, no significant correlation
was found when looking at crime rates

Land Use

Land use was measured 1n the field by counting the number of estab-
hishments 1n a particular classification (e g , number of single fam-
ily homes, number of surface parking lots} in the area defining the
mtersection In addition, as a surrogate measure for the length of
street front dedicated to a particular land use at each intersecnon, the
percentage of lots dedicated to a particular land use was calculated

A 0-1 vanable was used to measure the absence or presence of a par-
ticular “negative” land use (e g . hquor stores, adult movie theaters
and bookstores)

Hesidential Single family housing was present at only four inter-
sections, however, multifamily housmg existed at 30 :ntersections
Contrary to stucies that found residential crime correlated with
multifamily housing, thus correlation was not found between such
housing and any of the crime measures (13-75) This result also
contradicts findings 1n the prehminary study that considered only
bus stops in downtown Los Angeles where there was hittle residential
housmng (I)

Commercial Three commercial land use types were measured

small or open-air establishments {concessions, kiosks), small or
closed-front establishments (retail stores), and large or closed-front
establishments (e g banks, departmment stores). Only 20 percent of
the mtersections had small or open-air commercial properties, while
almost all intersections (86 percent) had small or closed-front
commercial estabhishments About 80 percent of the intersections had
at least one large or closed-front commercial land use A moderate
correlation was found between the number of small commercial
establishments (etther open air or closed front) and crime counts.
Small cornmercial establishments had a significant correlation with
nidershup (busy wntersections tended to have small commercial estab-
lishments) A weak but significant negattve correlation was found
between crime counts and crime rates and the number or percentage
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TABLE 2 Gorrsistion Between Enviranmeantal indicators end Bus Stop Crime

Totat Typel
Crime Counts Crime Rates Cnme Counts Crume Rates
Urban Form Characteristics
Factors Facilitating Escape
Alley/Mid-block Connection 0529 *= 0113 0.248 * <0091
Land Use
Sgle-family Restdentisl -0 08] <0 105 0071 4033
Mulh-family Residential 0003 0078 0047 §037
Small/Open-Air Commercial 0462 *+ 0041 0253 * -0 085
Small/Closed Front Commercsal 0493 ** 0008 0.363 * <0 094
Large/Closed Front Commercial -0 025 -0 121 0.294 * -0 235
Lsquor Stores 0191 G287 ** 0163 0123
Check Castung Estsblishment 0158 * -G 017 0 164 -0 046
Adult Movie Theatres 0014 0 165 -0 075 <0117
Adult Book Stores {only ons)
Surface Parking Lot -{ 145 0045 -0 007 0105
Fenced -0 048 0.305 *= «0 136 0085
Unfenced «0 126 -0 206 * 0111 0047
‘With Atendant <0 159 -0 096 -0 159 -0 096
Parking Structure 0057 0032 -0 053 -0 084
Condition
Vacent Lots -0 131 0023 ¢ 059 0.241
Vacsnt Buildings 0130 0.356 ** <0 102 0126
Run-down Establishments <0 042 0.249 * -0 157 0247
Graffitt 0.307 ** 0036 0.202 * <0 058
Lstter 0419 *=* 0279 ** 0402 * 0129
Visibility 0148 -0 308 ** 0.266 * -0 240
Standard Street Light -0 016 0049 0 166 0136
Pedestrien Street light 0293 ** 0021 0180 =0 008
Other Lights 0037 -0 078 -0 084 = 087
Public Phones 0238 * 0034 0362 * 0082
Bus Sheltess -0 123 0250 * 0043 -0 117
Visible Cerstaker/Guard 0239 * -0 034 0159 -0 080
Police Substation 0 404 ** 0189 0059 - 039
Pedestrian Presence (Wait Tume) 0493 *=* 0252 * 0466 * «0.274
L 8 CLErISUCE e
Street Vehicle Traffic -0 070 0214 * 0750 -0 026
On-strest Parking 0 100 0156 0016 0051

* Comelation Is significant at the 05 lsval
= Conelation Is significant at the 01 lave!

of large or closed-front commercial establishments The reason for
this finding may be that most of these estabhshments were banks and
department stores, which typically have an added layer of secunty,
with roving secunty guards m thewr immediate vicimty.

Undestrable Establishments The previous stedy indicated that
certain establishments close to a bus stop can increase crime rates

In this study, 39 mtersections had at least one Liquor store (five
mtersections bad the maximum of three lhguor stores) and
17 intersections had at least one check-cashing establishment A
moderate positive correlation was measured between the existence
of a hquor store and total crime rate This relationship did not hold,
however, when looking only at Type I (serious) crime rates. Only
six intersections had adult movie theaters (there was no difference

TABLE 8 Envirenmentel Verisbles Helated to Bue Stop Crime

Variables Associated Variables Associated
with with

Higher Crime Rates Lower Crime Rates
Total Crime Rates
» Liquor Stores and Other Undesirable e Large/Closed Front Commercial

Establishments s Visbihty

e Vacant Buidings and Lots & Bus Shelters
s Rundown Buildings e Street Traffic
* Level of Litter ® Pedestrian Presence (Wait Time)
Type I Crime Rates
e VacantLots e Lerge/Closed Front Commercial
e Rundown Buildings e Visbility

Pedestrian Presence (Wait Time)
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in average crime counts or rates between mtersections with and
without adult movie theaters), and only one mtersection had an
adult bookstore Summing all types of undesirable establishments
per tatersection, 2 posittve correlation was found between the exis-
tence of an undesirable establishment and crime rates (r = 0 322
for fotal crime rate).

Parking Surface parking lots were located at 76 intersections.
Lots were classified as fenced and unfenced, assunung that fenced
lots provided a safer environment because ciminals could not escape
by running through the lots Unfenced parking lots were located at
27 intersections The relationship between the number of parking lots
and crime rates was the opposite of that expected Total crime per
100 nders was positively correlated with the number of fenced park-
ing lots and negatively correlated with the number of unfenced park-
g lots As aresult, no sigruficant correlation was found between the
total surface parking lots (fenced and unfenced) and crume rates
Data were also collected on whether or not there was an attendant
at a parking lot Thurty-one of the intersections had parking atten-
dants The presence of an attendant and crume rates had no correla-
tion, however, information was not coliected on the hours an atten-
dant was present Therefore, it was not known whether an attendant
was present when a crime took place Fifteen intersections had
parking structures Crime and the existence of these structures at
an intersection had no relationshup

Vacant Lots and Buildings Vacant lots existed at 18 mtersections
More than one-half of the mtersections had from 1 to 20 vacant buld-
ings A posihive correlation was found between the number of vacant
lots and Type I crime rates, as well as between the nurnber of vacant
butldings and total cnme rates Summung the number of vacant lots
and buildings per mtersection, a correlation of § 361 with the total
crime rate was found

Built-Form Condition  The existence of rundown establishments
at an wntersection and the total cime rate and Type  cnme rate had
& weak but signsficant correlation Only 13 intersections had build-
ings classified as randown A sigmficant positive correlation was
found between total crume count and crume rate and the level of lit-
ter at ar intersection (the level of litter was measured on a 24-point
scale) Altkough the imtial study found that crume rates were higher
at intersections where graffit: were present (also measured on
a 24-pcint scale), this relationship did not hold 1z the expanded
data set

Bus Stop Characteristics

Visibili'y was important for bus stop safety All crime rates
tended to be lower at intersections where bus stops were visible
from establishments (there was a direct line of sight from & nearby
establishment to 2 bus stop) No relationship was found between
crime rates and the presence of streethights at bus stops However,
the fieldwork was done in the daytime and illumnation levels
at each intersection were unknown A positive relationshup was
found between the existence of public telephones at bus stops and
crime counts, but not crime rates The police stated that public
telephones are often used as hangouts for drug dealers Bus stops
at 32 intersections had shelters Bus shelters and total crime rate
bad 2 weak but signtficant negative correlation No correlation
was found between the existence of a visible caretaker at an estab-

Transpartation Research Record 1760

Iishment &t an intersection and crime rates Only three intersec-
tions had police substations and these tended to have higher lev-
els of crime However, it might be expected that station locations
were selected because of crime levels and are an effect rather
than a cause

A measure of pedestrian presence in the vicinity of bus stops was
calculated using the average ime that lapses between two consecu-
tive buses weighted by the number of boardings (wait tume) This
measure 1§ negatively correlated with all crime rates, indicating
lower levels of crime where there are more “‘eyes on the street™ (16)

Street Characteristics

Street or sidewalk width and crime rates had no correlation How-
ever, 2 negattve correlation was found between the level of street
traffic and total cnime rate Fagher levels of traffic were associated
with lower crime rates The existence of on-street parking and crime
bad no relationship

Table 3 is a prehminary summary of environmental variables asso-
ciated with bus stop crime rates Photographs in Figure 2 show envi-
ronments typically associated with high- and low-crime bus stops
The environmental vaniables were selected as potential mdependent
vanables for a multiple regression analysis

CTEET AR gy

FIGURE 2 Tymcsl high- and low-crime bus stops {a) high-crime
bus stop, (b} low-crime bus stop
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BUILDING A REGRESSION MCDEL

A set of multiple regression models was explored to measure the
effects of environmental factors on cume rates Plots of remaduals from
the imtia] regression models indicated problems of heteroskedasteity
(unequal vanance) This variance was corected by a log transforma-
tion of the dependent variable The four best environmental predic-
tors of the natural log (LIN) of total crimes per 100 nders are shownm
Model 1 i Table 4 These predictors mclude the presence of liquor
stores in the near vicumty, the amount of ktter at the mtersection, vis-
thility of the bus stop from adjecent establishments, and wait tume
(a measure of pedestrian presence). Crune rates were higher (positive
regression coefficients) at mtersections where htter and hiquor stores
existed Crime rates were lower (negative coefficients) when visibil-
ity and pedestrians were present at the bus stop The adjusted R-square
for thus model was weak (0 249), and coefficients for two independent
vanables—lguor store and wait time—were significant only at the
0.08 level.

Noting the lugh concentrations of crime mn localized cornidors in
the study area, dummy vanables measuring location were tested in the
regression equation, Only one location vanable contributed sigmifi-
cantly to the mode]— location 1 the historic core of downtown Los
Angeles The adjusted R-~square for this model (shown as Model 21
Table 4) mcreased to 0 389, with sigmficant coefficients on all var-
ables Althcugh the magmtude and signs of the coefficients on the
ongmal four independent variables remarmned similar to Model 1,
the standardized coefficients (beta weights) mndicate that location
1n the historic core had the largest effect on crume rates, followed
by levels of litter and pedestrian presence (wait time).

TABLE 4 Regression Models

Psper No 01-D447 BB

Spatial Autocorrelation

Because of the spatial clustering of the data, there was concern
about the possibility of spatial autocorrelation Problems with the
regression analysis because of the spatial nature of the data can
lead to incorrect conclusions about the effects of the mdependent
variables on the dependent vaniable For example, there 1s the prob-
lem of model misspecification because of possible spillover effects
The number of crime incidents in one area can be expected to
affect the number of crumes in nezghboring areas If the model does
not account for spillover effects, these effects may be mcorrectly
attributed to the independent variables in the analysis Also,
the correlation between error terms of the regression mode] for
spatial units that are near each other (spatial autocorrelation) vio-
iates one of the assumptions of the regression analysis, Roneek and
Montgomery provide a more detailed discussion of the statistical
consequences of crume 1n one area bemng affected by crime 1n its
surroundings (7).

As a first step 1n testing for spatial autocorrelation, the Moran’s
I1ndex was calculated using a program recently made available by
the Crime Mapping Research Center at the National Institute of
Justice (18). Sigmificance tests for the Moran’s I 1ndex indicated
spatial autocorrelation mn the dependent varable (LN of crime per
100 nders) and 1n the residuals of Model 1 However, the value
calculated for the Moran's I index for the residuals of Mode! 2, which
wmcluded the dummy vanable for historic core, did not mdicate any
significant spatial autocorrelation This finding led to the belief that
the spatial autocorrelation m the data set mainly resuited from the
concentration of high-crime ntersections 1n the historic core

MODEL 1 MODEL 2
b BETA  sig b BETA sig.

Constant -0 736 0002 -0.853 0 000
Liquor Store (0,1) 0449 0163 0080 0452 0164 0051
Litter 0111 0377 0000 0096 0324 0000
Vistbility (0,1) 0755 -0280 0003 £593 0220 0011
Wait Time -353E-05 0170 0080} -598E-05 -0288 0002
Histonc Cere 1269 0398 0.000
R-square (Adjusted) 0249 0380
Moran's "I" (Z-score) 4 850 1852
Akaike Critenion 320 013 300 252
Schwariz Crterion 333039 315883

IMODEL 3 MODEL 4

b BETA  sig b BETA sig.

Constant 0513 0010 -0 652 0001
Liquor Store (0,1) 0453 0164 0024 0481 0175 0028
Litter 0063 0213 0005 0060 0202 002
Visibility (0,1} 0492 -0182 0014 0662 5246 0028
Wait Time -527E-05 -0254 0001} -807E-05 -0389 0000
Historic Core 1088 0341 0000
Spatial Lag 0654 0261 0000
Crime Potential 1165747 0547 0000
R-square (Adjusted) 0471 0 460
Moran's "I' (Z-score) -0 091 1560
Akaike Criterion 286 989 287 959
Schwariz Criterion 305 225 303 590

Nortz. Dependent vanable = LN (crime per 100 nders)



86  Psper No 01-0441

Altnough a sumple mdex such as Moran’s I can be used to identify
whether spatial autocorrelation exists, more complex techniques are
available for estimating the effects of spatial autocorrelation on a mul-
uple regression model Two approaches were explored Fust, a spa-
tial statistics package, SpaceStat, was used to control for the degree
of spatial autocomrelation by mcluding a spatially lagged dependent
vanazble as an independent vatiable 1o the multiple vanable regression
model (I9) A second approach was adapted from work by Roncek
and Montgomery that included an independent variable in the multi-
ple regression that measured crime potential (17) Although Roncek
and Montgomery suggest this approach as a way of handling spatial
autocorrelation in large samples, the approach was adapted as an alter-
native means of mcluding crime spillover effects i the regression
because of how the sample was structured

Including a Spatially Lagged Dependent Variable

The SpaceStat program was used to estimate a regression model that
mncluded a spanally lagged dependent variable as one of the inde-
pendent variables A spatially lagged dependent vanable 1s calcu-
lated as a weighted average of the values of the dependent variable
at all other observations (1.e., intersections) In this study, the value
of the ]agged dependent variable for each intersection 1s the sum of
the natural log of crume rate (dependent variable) at each other inter-
sectior weighted by the square of the inverse distance between the
two mtersections The resulting regression equation enabled an
assessment of the significance of the other mndependent vanables
after the spatial dependence was controlied

The best regression model generated using the spatial regression
package for predicting the dependent vanable, LN (czime per 100 nd-
ers), 1s shown as Model 3 m Table 4 The beta weights mdicate that
the historic core dummy vanable contributes the most to the predic-
tion, followed by the spatial lag variable This finding corroborates
earher results that spatial location is the most important determinant
of the crime rate at bus stops After the effect of the spatial lag van-
zble 15 1emoved from the dependent vanable, the same variables a5 1
earlier models significantly contribute to the explanation of crime
rates The signs and magnitude of the coefficients remain constant
Intersections with hquor stores and itter tend to have more crime per
rider, whereas visibihty and pedestrian presence (wait time) have
lower cnme rates

Although Table 4 shows a higher R-square for the spatial lag
model (Model 3), it 1s not appropriate to compare this R-square to
one gererated by ordinary least squares (OLS) Two alternative mea-
sures of fit reported by SpaceStat are directly comparable between
models generated by OLS and spatial regression models—the Akaike
Crtenon and the Schwartz Criterion The best model 1s one with
the lowest value for these cntena, in this case, the spatial lag model
has shightly lower values than the OLS model

Crime Potential

Most of the hterature addressing issues of spatial autocorrelation
assumes that the observations are spatially contiguous Although
observatons may be pomnts on a grid such as intersections, or zones
such as city blocks or census tracts, all spatial units are assumed to
be mcluded m the analysis A mawn aspect captured in a regression
model with a spatially lagged dependent variable 15 the spillover
effects of cime from adjacent areas
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The present data are somewhat different Because the resources
were not available to collect environmental inventory data for each
mntersection 1n the area, not all mtersections, and thus not all bus stop
cnime mcidents, are included in the database Also, a random sample
of intersections was unavailable. All intersections with significant
levels of bus stop crime were included 1n the study, with a random
sample of low-crime intersections to compiete the 100 cases Ths
method of sarmple selection has two effects on the analysis. As noted
before, many of the high-crime intersections are concentrated on two
streets 1n the historic core of downtown Los Angeles This area not
only has common values for the dependent vanable (cnime levels),
but also has similar environmental characteristics Therefore, the
effects of the independent variables 1n the regression are overstated
because of fewer independent observations If a correction 1s made,
for exarnple, using a spatially lagged dependent vanable n the regres-
sion, spilover effects from all crimes i the adjacent areas are not
actually accounted for, because these crime data are not necessanly
in the database

Roncek and Montgomery ntroduced a crime potential variable
mto their regression analysis to account for spillover effects (/7)
The crume potential 1s based on the generalized potential model 1n
which the crime potential at each observation (in this case, mnter-
section) 1s calculated as the sum of the cime levels at every other
observation divided by the distance to these observations (calculated
1o the same way as the lagged dependent variable in the spatial
regresston analysis) This crume potential variable captures possible
iffusion from ail locations of the study area so that rmsspecification
of the exact range of diffusion effects 18 not a concern

To approximate a crime potential variable given the limitations
of the data set, two additional crime vanables were aggregated for
each mtersection’ () bus crime in a radius of 153 m (500 ft) of the
intersection, but excluding the 46-m (152-ft) radius that defines the
dependent variable and (b) bus crime 1 3 radrus of 229 m (750 ft)
but not within 153 m. A crime potential variable was created that
weighted these two aggregates of crime based on distance from
the intersection (again selecting the square of distance as the best
function) and mcluded ths potential variable m the OLS regression
equation Model 4 1n Table 4 shows that thus cnime potential van-
able contributed significantly to the explanation of vanation in the
natural log of crime rates and increased the R-square to ¢ 460 Co-
efficients on the other mdependent variables were all significant,
with shght changes in value The beta weights show that cnme poten-
tial has the greatest effect, followed by wait tupe and vistbility (eyes
on the street), as 1 Model 3 Litter had a smaller effect than mn Mod-
els 1 and 2 The hustoric core varable and crume potential could not
be included 1n the regression model because of multi-colinearity
problems (they have a sumple cormrelation coefficient of 0 830)
Clearly, areas with the ughest crime potential are 1n the astoric core

Although the calculation of the Moran’s I mdex for the residuals
of Models 2, 3, and 4 indicated no significant spatial autocorrelation,
more confidence rests in the results of Model 3 Although the sam-
ple composition had problems, the sumilarity of results among the
models mdicates a reasonable specification for the medel Clearly,
an important predictor of crime 15 the location—physically related
to factors associated with the hustoric core After controlling for the
location, undesirable facilities and hitter result in higher crime rates,
whereas visibility and many pedestrians lead to lower crime rates

Using Model 3 as a starting point, specific design variables—
presence of bus shelters, public telephones, and a caretaker—were
tested for theiwr effect on crime rates None of these factors added
significantly to the equation, after the basic factors were controlled
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Type I Crime

A simlar analysis was conducted considening only Type I crime The
interest was m whether different environmental factors were related
{0 IOre SErous Crines against persons, such s murder orrape A sim-
iler patterr. was found as that for total crime—the most important
environmental factors were pedestrian presence (measured as wait
tune) and vistbility, which were both pegatively correlated with crime
rates, foliowed by the existence of htter, which was positively corre-
lated with crime rates The existence of undesirable estabhishments
such as hquor stores did not enter into the regression model Location
m the hustoric core had no relationship to Type I cnime, rather, the sig-
nificant location dummy vanables were location m the skud row area
m downtown and the Westiake region of the expanded study area.

CONCLUSION: WHAT CAN BE DONE
ABOUT BUS STOP CRIME?

Thus analyss indicates that ecological and compositional perspec-
tives can be complementary in explaimng crime mwcidence Most bus
stop crimes tend to occur in dangerous places. Why these places
have a lngher crume potential than others can be partly explained by
their social and compositional charactenstics But withun these dan-
gerous locales that concentrate many hot spots of crime, some
spaces are rnuch more dangerous than others The design and layout
of the phys cal environment can be conducive to cruse or can reduce
opportumties for criminal actions. This study found many instances
of bus stops i the historic core (an areg with hugh cnme potential)
that were crime ridden, whereas others i the same area and along
the same bus route were mostly unscathed On the basts of the find-
1ngs, 1t can be concluded that the presence or absence of certain
environmental charactersstics in the microenvironment of a bus stop
can affect the incidence of cnime

Transportation and mumcipal agencies can draw certain lessons
from this study Because crime tends to be concentrated dispro-
portionately in specific dangerous locales, intense bicycle and foot
patrolling by police in these areas should reduce opportunities for
crime. At the same tune, an array of policy and design options—
some quite simple—can complement policing Good visibility from
the surroundmg buildings and pedestrian presence are important
variables in reducing crime. Every effort should be made to site bus
stops away from desolate spaces, empty lots, and vacant butidings and
1 front of estabhishments that offer opportunities for natural surveil-
lance The placement of bus stops near undesirable establishments
(liguor stores, bars, adult bookstores and movie theaters) and near
facilities that favor many cash transactions (pawnshops, check-
cashing esiablishments) should be avoided Sometimes, this may
smmply mean moving 2 bus stop a few yards up or down a street or
at the opposite corner Bus shelter design should not create an opti-
cal barner to viewing & bus stop from surrounding establishments.
Finally city agencies should strive to keep the bus stop environment
free of graffiti and Iitter, thus sending the message that someone
other than ihe criminal 15 in control of the bus stop environmen.
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