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The Effect of the Neighborhood Built Environment on Pedestrian-Vehicle
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Abstract

The purpose of this study is to identify the physical environmental characteristics of
neighborhoods which affect pedestrian-vehicle collisions through investigating spatial patterns
of pedestrian-vehicle collisions with GIS and quantitative analysis. This study used the data of
pedestrian-vehicle collisions which occurred in Seattle, US., for 2000 through 2004. This
research employed negative binomial regression models to study the association between the
physical environment and pedestrian-vehicle collisions. The final spatial modeling, which
included all physical environmental characteristics which are found significant through
one-by-one test, showed that pedestrian-vehicle collisions were associated with the following
physical characteristics; 1) traffic circle density and traffic signal density among street design
characteristics, 2) the percentage of single-family housing areas, the percentage of commercial
areas, the percentage of mixed-use areas among land use characteristics, 3) the number of
bus stops among residents' routine activity places in the neighborhood. From the perspective
of urban planning and design, these findings can contribute to improving the safe walking
environment for pedestrians against vehicles.
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Table 1. Description of variables
TE R EE<E] =
Classification Variables Definition of variable Unit
20002 E| 2004E K| MM A E2He HiAist
T Etuxk—;tg* *EAfﬂu 1 a8 e Az
SENS T Y1 = S QT i S Number of
Dependent variable Number of pedestrian-vehicle collisions in
a census tract for 2000 to 2004 euants
SH| g4 - s ol
Controlling variable Population density person/km’
<t EEET W=
Cul-de-sac density number/km’
X2 el P bYA=l TH/km'**
Roundabout density number/km’
X3 Hesde 7H/km
Traffic signal density number/km’
Jt2stz e ol 4 ey 7 /k*
Characteristics of Intersection density number/km’
Street XS ot ae 7H/ ko
environment Crosswalk density number/km’
-l -
4R Sidewalk density kow/lx
TEHIIREE -
A Neighborhood street density ik
g =4 [ -
= Arterial density /i
X9 CHEFYX| g ' o+
Percentage of single-family housing
RN 10 CHCREAR] B8 e
TR Percentage of multi-family housing
Explanatory oIx| B[S
variables | Ex|o|2t21810] X11 SR HE ) g+
Characteristics of Percentage of commercial areas
Land use X12 2y EIlOlgﬂ | 23) %o**
Percentage of mixed-use areas
X13 FHEE D 5/km*
Residential density households/km*
- ygx|ol BE 858 e
Average FAR of commercial areas
X15 ot i A
Number of schools number
QEAT0|A 7
X16
Number of open spaces number
ANYSTL 1 28 % o
ZHEEol Number of bars number
Characteristics of X18 AR AZ T 7H
Routine activity Number of bus stops number
0 ES IS 7
Number of parking lots number
_—> ETIRTES o
Number of shopping malls number

* 2 E(square root) X &,

2 (log) Mg

* Square root transformation, ** Logarithm transformation

IEAE 147



1z

ol
Hot

7KL QT) whebs aHRAREY] Qe ARS A
S 24to] EHnh 3okl 7hEske 2018 3l
PHE AKESH= Z0] HE F#6HHGelman and
Hill, 2007). WetA] & AollAls /19 HElAt
- ESAI1S] Bt HEAEE Age HO
0z 2018 JFEFEE AREsSlo] 2ASIIN.
2 A7 ARRE 2018 JARMEFEY A}
Zrtt.

Y,’= exp(BoXo"_ ¢ @ +B me+P [)
o71A

Y, ESESEER DEA BAAS)

By, - - B, FANPEFEH(maximum
likelihood)& 0]&3510] FAH SHAS
Xo, » + - X, SAERQTEE)

2 Ayl (R E2E
e . : B0 101 BA] Z0Hgamma)
=
=

7¥set @A

#22018)

V. EMZI U )Y
1 7S SAT 24

0] FAE F AlofE0lA] 200085 E 20044
7HR] GBSt 27 W B BEA-ARERE SEAL
= 9F 23A0|H, 57 BR] S A9] Apargk wt
ASH MAA EZo] Qe BHH, 71 Ho] ghst
A= 24270l O Q) B AFrolA] edst
HOISS| 7|EEAEES AHEH 1 291 Lt

2. XpHTiE| 23X} ebAtne| £4

a8 2= RERb-RE SEANIY 23 B

148 | (AHOEEE-EAA

o
ol
o

HOIFI QUth F2 AEQ B4R

ERe R9e BHCE HQL ARt B=
AtaZt B0 Slshs Zg & 4 Atk 1 9 A
A2 AYFo= ridet dau: X8 HOF
1 U} ole} o] HER-xEt SSAI0 W
AT} RAYE o7 24 LERK= el
9] XYy etEE5-0] HAR-AHe SSAtIL ¢
HEe 7K Age FEE 5 Atk mebA &
HOoZRE oG HEEds Tl flsiie
oE9] =TA eFE-o] st A7t "Qsitt
1l s

=

Mo

0 K

3. One-by-one testE
gAQ10| 7iH Z0|E 2HEN

HUX-XEF SEADO ZUN £X ‘
Spatial distribution of collisions

No.

of collisions L
| 1-5 T
6-10

11-20
i 2140
P 41-60
. 61-80
. 80 0/ 4!

>t

2t

12 2. BRL-RpR

I
Fig. 2. Spatial distribution of

pedestrian-vehicle collisions

SAt

AT

e

Okt El
kJ
OH



TRIEZHO| BYX-KY SEMA0 O)X|= I

B2 BQE 7|eSAY

Table 2. Descriptive analysis of variables

T B Ha BEHEL | XAy Z|CHEk
Classification Variables Mean STD Min Max
EPNTPY SER-XHEE SEAL4(YL)
o =T Number of pedestrian-vehicle 23.798 28.059 1.000 242.000
Dependent variable collisions
EXH 217+ =(X100)
Controlling variable Population density PlaESiL EHELoN e e
SHAEE(XD
Cul-de-sac density 9.661 9.942 0.000 56.000
SH D2 Y E(X2)
Roundabout density 5.624 6.164 0.000 28.311
MNBESLE(X3)
Traffic signal density 8423 15.120 0.000 92.313
2R g
im0l A2 = (X4) 72339 | 27840 | 18445 | 177.238
A Intersection density
Characteristics o =
of Street ol i 44604 | 68720 | 1182 | 402483
environment rosswalk density
Ol = U= (X6)
Sidewalk density 8,055.66 | 4,285.88 325.51 16,536.27
ZRI7I2UE(XT7)
Neighborhood street density 7,947.22 191027 | 291351 | 12,73874
=2 U E(X8)
Arterial density 4,117.64 | 394054 214.37 21,058.63
=x o
SETFEUR HIBXO) | 34880 | 19571 | 0000 | 66353
Percentage of single-family housing
N CHMICHZ=ERX] H]-2(X10)
sges EX|0|& Percentage of multi-family housing 2555 A Ll g
Explgnsltory ol AR H|S(X11)
variables ot o
Charactfnstncs Percentage of commercial areas 5278 A 0.000 30.605
o = o
Land use SN EX|0|8A| B 2(X12)7 0028 | 0123 | 0000 | 1007
Percentage of mixed-use areas ’ ' ’ ’
FHEZ(X13)
Residential density 165.878 153.373 2.966 1,100.18
JExd B2 8B4 0458 | 0427 | 0000 | 3157
Average FAR of commercial areas ’ ’ ‘ :
st 7§4=(X15)
Kiuriiber of sctools 0.702 0.754 0.000 3.000
SEXHO|2 7H(X16) 2185 | 2608 | 0000 | 21000
A ERA Number of open spaces :
TRl &8 7Hr(X17) 0339 | 0709 | 0000 | 4.000
Characteristics Number of bars ] ] ] ]
of Routine A AR TH3(X18)
acivity st oF bus sies 32573 | 18364 | 1000 | 135.000
ALKF A
FAY 74(X19) 9355 | 15197 | 0000 | 96.000
Number of parking lots
I =2 2
£BE +(X20) 0226 | 0720 | 0000 | 5000
Number of shopping malls
FEAE | 149
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# 3. One-by-one testg St 22l2| 2|4 2tda0lo| Jid g0/ =|HE4 Zat
Table 3. Results of negative binomial regression by one-by-one test
e
Negative binomial regression
2 Hae . e e
Clasj;i‘c_ation Variajb_les i EHale ” SB_
2t = (X1) X1 -0.02 -0.351 0.726
Cul-de-sac density X100 0.715 8.946 0.000**
S IAZ L E(X2) X2 -0.098 2211 0.027*
Roundabout density X100 0.720 9.819 0.000**
AlS=aE(X3) X3 0514 7.103 0.000**
Traffic signal density X100 0.179 1742 0.082
st=ehy T2 Y (X) X4 -0.043 -0.216 0.829
sEBe Intersection density X100 0.738 7.582 0.000**
S EtE T Y g (X5) X5 0457 4310 0.000"
ShviFSRTaHTE Crosswalk density X100 0.266 2.016 0.043*
Ol &= 2l = (X6) X6 0.001 0.376 0.707
Sidewalk density X100 0.702 7.218 0.000**
2272 YU (XT) X7 -0.327 -1428 0.153
Neighborhood street density X100 0.722 9.719 0.000**
7K 225 (X8) X8 0.560 4779 0.000**
Arterial density X100 0.385 3.679 0.000**
CHEZRERX| H|8(X9) X9 -0.197 -6.024 0.000**
Percentage of single-family housing X100 0.377 4.097 0.000**
CHMICHZSERR| HIS(X10) X10 -0.036 -0.555 0579
Percentage of multi-family housing X100 0.757 7.947 0.000**
EX|0o|& AFOIR| H|S(X11) X11 0.304 4.209 0.000**
EEE Percentage of commercial areas X100 0.355 3121 0.002**
Charactensics I o1xy (0|8 A] HIB(129 X12 -0.805 1984 0047*
Land use Percentage of mixed-use areas X100 0.708 9.505 0.000%*
=79 & (X13) X13 0319 2,69 0.007**
Residential density X100 0.468 3.518 0.000**
AtOIR|o| TR BXNES(X14) X14 -0.209 -0.660 0.509
Average FAR of commercial areas X100 0.777 7.511 0.000**
Bt 7H4(X15) X15 0115 1373 0170
Number of schools X100 0.748 9.801 0.000**
QEATMO|A 7H4(X16) X16 0.063 2783 0.005**
Number of open spaces X100 0735 10.103 0.000**
UMSEXIA 27 I14(X17) X17 0.081 0936 0349
ol Number of bars X100 0.726 9.729 0.000**
Characteristics AR A Jj2(X18) X18 0018 6.330 0.000**
of Routine Number of bus stops X100 0.725 11.050 0.000**
actbaty FXFE 7H45(X19) X19 0022 4.906 0.000**
Number of parking lots X100 0.450 5.093 0.000**
ATE J§4(X20) X20 0151 1823 0.068
Number of shopping malls X100 0.721 9.748 0.000**
Note: * p-value < 0.05, ** p-value < 0.01
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Table 4. Results of multivariate negative binomial regression
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Negative binomial regression model
A O O|AX
R

: ; =TT
Viarfalslas Estimate t-Value Sig.
Intercept 1.684 1704 0.088*
SH|gel Q17+ 2 & (X100) "
Controlling variable Population density 0.025 LA e
SHAAZYE(X) "
24 Roundabout density il T s
2Ol M2 SHUE(X3) .
Characteristics of Traffic signal density L2Th =40 o
Street environment M= 225 (X8) 0,006 0.060 0,952

Arterial density
CHEZER] H[B(X9)

EX|0|8 Percentage of single-family housing S s B
ZHE Bl YR HE(X11) -
Characteristics of Percentage of commercial areas 1% 2574 i
o
L e EUH EX|0|8A|H|Z(X12) 0727 2272 0023+
Percentage of mixed-use areas
QIEAMO|A 7H4=(X16)
QUAMSEE XA Number of open spaces - R 0058
2ol HAZAE 7H4(X18) .
Characteristics of Number of bus stops 018 54 G000
. = T
Reting: Gebig TAE JH(X19) -0.000 0171 0864
Number of parking lots
Null deviance 587.79
Residual deviance 128.04
AIC 8515
2*Log likelihood -827.492

Note: * p-value < 0.1, ** p-value < 0.05 *** p-value < 0.01
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