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Does a compact city promote the pedestrian safety?

- Examining the association between spatial scale of analysis unit and pedestrian crash -

SCIRC A S
Park, Yuna - Lee. Gain - Cho. Gi-Hyoug

Abstract

Hypothetically, a compact city form decreases Vehicle Miles Travels (VMT) and the reduced
VMT indicates lower exposure of pedestrian crash. The evidences of empirical studies,
however, have shown a mixed findings. We speculate that the mismatches between theory
and empirical evidences may be caused by the spatial scale of study areas, focusing on
spatial distribution feature of job and housing density. To explore the relationship between
compactness of the built environment and pedestrian crash, we conducted regression
analysis at both city and neighborhood scale. The results showed that the association
between compactness and pedestrian crashes varies by the spatial scale of study areas. At
the city scale, the compactness does not have a significant association with pedestrian
safety, whereas, at neighborhood scale, density of employment was associated with greater
risk of pedestrian crash while population density was negatively associated with pedestrian
crashes. The finding implies that the spatial distribution of housing and jobs do an
important role in pedestrian safety. In addition, we found larger than moderate level of
confounding effect of demographic features in explaining pedestrian crash risk.
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Figure 1. Proposed hypothetical relationship
between the built environment and traffic
safety by Ewing and Dumbaugh (2009)
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Table 1. Review of the literatures

Devendent Independent
Authors | Spatial scale |O‘ variables related to Results
variables
the compactness
. land use variables In Bronx and Manhattan, the
. pedestrian- | . ] ; ; :
Aziz et . . including  industrial | commercial land use lead to
neighborhood | vehicle . . ;
al. (2013) land use and increasing the risk exposure of
crash data . .
commercial land use | fatality.
destri
- es‘rlan density including net | More compact neighborhoods are
Cho et al. . and bicycle . . ;. . .
neighborhood population  density | positively associated with the actual
(2009) crash .
and lot coverage crash risk.
data i i ]
Clifton severity of ‘ Populatl‘o‘n density and ml‘xed use
mixed land use are positively related to higher crash
and : crash : :
neighborhood road density severity.
Kreamer-F crash population density Population density is positively
Its (2007 f .
it § ) requency related to higher crash frequency.
edestrian connectivity
Clifton et neighborhood Severit of commercial land use | The connectivity is negatively
al. (2009) 9 i y residential land use associated with pedestrian severity.
injury .
mixed land use
neighborhood 3
characterized by
ixed land ; ’ .
Elias and child le)?fient?; uoe Children who live near the
Shiftan neighborhood | pedestrian L neighborhood 3 zone has high
commercial and : ;
(2014) car crashes . - pedestrian crash risk
public buildings
around the main
road
population density
total job count The population density and
Kim et al. neighbsrhod peo!estrian land use‘including commercial land use are ‘positively
(2006) accidents commercial,  school, | correlated to the pedestrian
hospital and park accidents
land use
The population density, job  density
population density and land use mix index are
job density positively associated with the
housing density pedestrian  crashes, but the
Frequency number of housing density and the number of
of intersections. intersections are  negatively
Ouyang . . ;
L . pedestrian land use mix index associated.
and Bejleri | neighborhood . .
crashes street length The population density and land
(2014) o o
and fatal number of street use mix index are positively
crashes segment associated with the pedestrian
destination fatality, but the housing density,
accessibility job density and the number of
number of bus tops | intersections are negatively
associated.
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Table 1. Review of the literatures (continued)

Dependent Independent
Authors Spatial scale |O‘ variables related to Results
variables
the compactness
land use focusing
residential use Detached house and multipurpose
Lee et al. . traffic including apartment, | house area has higher risk exposure
neighborhood . . .
(2008) accidents detached house and | of traffic accidents than apartment
multipurpose house area
area
PaFE ‘ ped‘estrian— Bopulstion dendity Population densit‘y‘ and co‘mmer‘cial
neighborhood | vehicle . land use are positive relationship
(2014) . commercial land use . . ;
accidents with pedestrian accidents
Population density, community and
building land use are positively
. . associated with the pedestrian
Priyanthae pedestrian . . . .
. . population density causalities  regardless of time and
t al neighborhood | and cyclist .
. land use age in NCL Zone and GSF Zone.
(2006) casualties . .
Retail land use are negatively
associated with the pedestrian
causalities in NCL Zone
Population density and industrial
Ukkusuri pedestrian . . land use are positively associated
) ) population density . . .
et al. neighborhood | accidents land use with the pedestrian collisions and
(2012) and fatality fatality, but residential land use are
negatively associated.
vehicle-ped | resident population Resident population, employee
Wier et neighborhood fes.trian employeg population populatic?n‘ and commercial ‘Iand
al. (2009) injury commercial land area positively associated with the
collisions area pedestrian  collisions
Lucy ; traffic . . Low population is positively
t . lat d t ¥ o
(2003) b fatality popuiation aensity related to the traffic fatalities.
Bwing et ‘ traffic sprafv‘vl index SpraV\(I index‘ is positively ‘
city . positively related to associated with all-mode traffic
al. (2003) fatality . .
density fatality
compactness index
< bining density, . : :
Yeo et al. . Fatalities comboining ; S Urban sprawl is associated with
city . land-use mix, degree . .
(2015) per capita . greater numbers of traffic fatalities
of centering and
street accessibility
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0] HORILR= A¥E &L (Ouyang and
Bejleri 2014; Wier et al. 2009).
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Table 2. Variables for analysis of association between compact city and pedestrian safety

Source
Variables Unit i
City Neighborhood level
level
Traffic accident
Count
frequency
Traffic accident
frequency per Number
dependent Pedestrian 100,000 persons TAAS
variable Safety Traffic accident (taas.koroad.or.kr)
; Count
fatality
Traffic accident
fatality per 100,000 Number
persons
Net population 100,000 Statistics Korea
density person/k:m2 (http://www kostat.go.kr)
Employment 100,000 Statistic Statistics Seoul
density person/k‘m2 s Korea (stat.seoul.go.kr)
Built
environment Road density km/km2 Statistics Korea
variable
(context) SGIS
Building densit ti
utiding gensity proportion (http://sgis.kostat.go.kr)
independent Environment Spatial
variable Nonresidential area proportion Information Services

(http://egis.me.go.kr)

Demographic
variable
(composition)

Proportions of

ol AIshk= 2010 4 &
AGe= AeAl SAENA]

gololal, =

RIBSR= BAE 85101 TETIGIT

1]01&(Pearson) ARRIA EAL
ot HIA} g AAGHE 5
E4olz ZI08A, B HEE &
oA LR 710 AE

BIsH) 9igt 2otk
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male proportion Statistics Korea
Proportions of
population under proportion Statistics Korea
agel5
Proportions of
population over proportion Statistics Korea
ageb5
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Table 3. Descriptive analysis of variables

City level (n=227) Neighborhood level (n=424)
Variable
Mean STD Min Max Mean STD Min Max

Traffic accident

ratic acciaen 43608| 40645 1200 210000 51.23 3507 300 26800
frequency

Traffic

‘ ‘ 1773 1323 0.00 68.00 112 127 0.00 11.00
accident fatality

Traffic

aceident 24831 25098 407|  237232|  29681| 58265 2603 828804
frequency per

100,000

Traffic

accident fatality 15.08 17.83 0.00 17457 7.66 2931 000| 54348
per 100,000

Net lati

et popuiation 0100 0098 0012 0384 0305 0119 0008 0,654
density

Employment 0040|  0054| 0004 0483 0114 0117 0013 0,960
density

Road density 1841 17.15 1.09 246.86 2250 1131 307 10492
Building density 031 022 0.00 150 031 0.09 0.10 0.64
Nonresidential

azzrey entia 019 0.10 005 055 015 013 0.00 071
Proportions of 049 002 045 056 049 0.02 042 061
male

Proportions of

population 015 003 0.06 023 0.14 0.03 0.05 022
under agel5

Proportions of

population over 017 0.09 0.05 0.39 0.10 0.02 0.05 018
ageb5
WEAY WIEQl Qo5 WAZ K] L9k 2 AT SV FORdold EE
o, o7 EMo] me =% ggs tA Hog LRt EFe A¥IAA e T
UF Y49 vigdt u3EA H1E0] WeE ul ot IAE BoFEQd, o7y EE6E
SARIS] HIEE= S7IYCE 9 108 e A, aedsel 2L Heso] gHEAAE
AL YIRS SSHSE ARESE 271 489 KOt IAE = ZeZE LERIA] o,
A BEAo il 208t glEAe duel E} H4E EA&G Aglohe ARdTT =
FABRE 108 HE ALEE OETFAE S5 HEk wEAlr £20jts 480
LElE B08 @4 Zo] ABEEQ K9 EE5A VERTR= Folt

o 89 g HRem, olg Higol =7
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Table 4. Correlation coefficient

City level (n=227) Neighborhood level (n=424)
Traffic Traffic Traffic Traffic
Variables Traffic Traffic accident | accident Traffic Traffic accident | accident
accident | accident | frequency | fatality accident | accident | frequency | fatality
frequency fatality per per frequency | fatality per per
100.000 100.000 100.000 100.000
Net population
. 0.68 024 0.05 -0.31 -0.25 -0.26 -0.38 -0.27
density
Employment 0.50 016 005 -023 046 032 069 050
density
Road density 0.03 -0.03 -0.01 -0.04 0.16 0.08 0.07 0.02
Building density -0.15 -0.29 -0.18 -0.21 0.28 011 0.16 0.07
:C;Zres'dem'a' 037 039 015 0.06 042 028 0.40 026
Proportions of 017 021 0.15 0.02 001 005 016 011
male
Proportions of
population 0.38 049 0.23 0.03 -0.37 -0.19 -0.37 -0.22
under agel5
Proportions of
population over -0.68 -0.51 -0.23 017 -0.02 0.09 0.18 0.08
ageb5
ROl HeE0 AUER] EEE ullsty] 9 = o2 FHSTIL
sl HESHAITBetaE  AMGIRLE 94 ke ©e1e) ARYEE 246t 208 3%
1000009 & ARIE=S] 7R & deks NjRle= it 10T ALINIEE E5HeR 0j88 2
Qee AEEROW, IFEA Qg HadlE, TR dgeldel dik= ool Aegl &b
15K Olal QIS +C2 HnFESHAG Al ot g W gARE Ak HOFELE QdE
gt 2717 FA LERer TIE gETAl 949 7V YA, A% 4 =01 I8dE 2 HEA
BESHAT Dl whe HA LERTE dubso 8E9] HIE0] =245 BHA nEAhl 991 5
2 HARAAS( Variation Inflation Factor: ZlelRdt. EulE e & R2UEE AQlsh
VIF)Q] o] 108 & 2% =gl T UEE LA B R SARCE ROJst Z10% Lt
Adoll Clstol el AlEldol Aok ElTE B3] nEAll Wiks QdErt Wl
de = Qe 2 Al HE9 VIFgt IEHT seeRn SVicke A0 AR,
2 100Iok2 UEkten, Ss] 9EEAl Q4 O AREAC] Aifel UXlok= ASZ AYA
o] VIFe= 4ol UEht UEa3dd EXe Aof Bzl 1 wEEo] JEEL, AtiEez
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Table. 5. Estimation results of total accident frequency models.

City level Neighborhood level
NB model log linear model NB model log linear model VIF
(Traffic accident ) (Accident per 100,000) (traffic accident) (accident per 100,000)
Coff. z Coff. Beta t Coff. z Coff. Beta t
Net population 0.92 144| 025 0.04 030|  -100 *** 360| 212+ 036  -1018 3.84
density
Employment density 0.39 045 0.65 0.05 0.59 0.79 #++ 2.66 1.98 *** 033 9.04 215
Road density 0.00 -0.32 0.00 -0.01 -0.21 -0.85 -0.32 246 0.04 113 1.04
Building density -0.88 *** -541 -1.13 #** -0.36 -5.96 204 5 5.38 2.08 *** 0.27 6.79 1.03
Nonresidential area 0.38 0.83 0.13 0.02 0.24 1.04 *** 4.09 0.68 *** 012 354 194
Proportions of male -28.08 *** -8.83 -8.04 *** -0.19 -2.07 -3.34 #+* -2.35 0.74 0.02 0.65 227
Proportions of
population under 0.01 0.00 292 013 116 -2.38 *** -2.06 -3.37 #** -0.14 -3.70 361
agel5
Proportions of
population over -12.32 #** -11.25 -1.89 -0.26 -1.45 -4.48 *** -361 2.20 ** 0.07 2.30 9.10
ageb5
Constant 2175 11.95 942 425 5.70 7.53 481 7.81
AIC 2,841.8 431.8 3,839.3 403.1
Log likelihood -1,410.9 -1,909.7
Adjusted R? 0.205 0.694

note: *** p<0.01, ** p<0.05, * p<0.1
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Table 6. Estimation results o

1=
30

F

Lt - of7ret -

FA
10

f total fatality models

City level Neighborhood level
NB model log linear model NB model log linear model VIF
(traffic fatalities) (traffic fatalities per 100,000) (traffic fatalities) (traffic fatalities per 100,000)
Coff. z Coff. Beta t Coff. z Coff. Beta t
Net population density -0.66 -0.96 -1.98*** -0.23 -2.18 -2.04%** -3.31 -2.00%** -0.30 -4.59 207
Employment density -0.79 -0.81] -0.69 -0.04 -0.56 0.72 1.44 1.95%** 0.35 5.27| 213
Road density 0.00 -0.59 0.00 -0.02 -0.40 474 0.85 2.94 0.04 0.76 1.63
Building density -1.10%** -6.10) -1.08*** -0.27| -4.81 119 1.39 0.44 0.05 0.77 219
Nonresidential area 0.61 1.22 0.30 0.04 0.48 0.91* 1.80 -0.11 -0.02 -0.31 1.86
Proportions of male -17.39%** -4.72, 1.28 0.02 0.30 -1.66 -0.62) 310 0.08 1.60 111
Proportions of
population under 448 1.95 5.51** 0.20 0.19 092 0.37 -1.78 -0.07| -1.07] 1.94
agel5
Fopartions of 5,82+ 497 3400 0.39 234 012 009 7.20% 0.22 4.00 139
population over age65
Constant 12.02) 5.82 0.83 0.33 0.68 0.47 0.18 0.17
AIC 1,574.6 476.8 1,184.7 414.1]
Log likelihood -777.3 -5024
Adjusted R? 0.329 0472
note: *** p<0.01, ** p<0.05, * p<0.1
Journal of Korea Planning Association Vol51 No.2 (2016) | 1858
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Figure 2. Confounding effect of demographic
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