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An Analysis of the Influence Relationship between Urban Characteristics
and Urban Crime Risk through the Use of Spatial Models

: A Focus on Overall Crime and Sexual Violence in Seoul
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Abstract

Since measures required to secure safety differ according to a city's environment and functions, it is necessary to
develop crime prevention plans suitable for the characteristics of each urban environment. Accordingly, based on
security rating data between 2018 and 2021 provided by the Ministry of Public Administration and Security's Life Safety
Map, the spatial pattern of crime risk was identified, and factors affecting crime risk were derived. In this study, the
424 administrative dongs of Seoul were set as a spatial range, and the temporal range of independent variables was
set as 2020. In the analysis, the degree of crime risk was visualized for each autonomous district of Seoul, and spatial
autocorrelation was identified through Moran's |. Finally, influencing factors were derived using the spatial regression
model, and regional influence relations were locally confirmed through the geographic multiple regression model. The
analysis results confirmed that the number of entertainment facilities, security facilities, single-person households, and
redevelopment and reconstruction factors affected the risk of crime. The analysis results are expected to provide policy
implications for crime prevention measures in cities.
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Bzt A&Edhs Ao UehirH# AR, 2019). T4, £
Zlute] Ha A= 1990 71% 1149H0)1A 2016 184
e 2 N3] Frlehal Qe A 02 BAaEckER3], 2018).

HE 9 WA ALBle] RE £Fof 2A FFE v AA
Ao 2= ARBA HIE-E op7]sle] A 4%E BuA & 5 YL
o, HAF o R AR oS EXIRe 2N £A|Y HEE
of7|gtH(#4 ¢, 2018; Detotto and Vannini, 2010; Cullen
and Levitt, 1999). Yol7} =AINIOA A2l Faie-2 /i
3o, 4ke] A ASAIZ )= Hele] & 4= UcHHAA] €, 2022).
o|AY EAIMI S¢S EAIFZH] A IEEE AFfE=
847 Hog QR EAIEAE 2451 A3 A9 0]
Ya3IHA3E 1Y, 2012). 53] HELAYL AH7A] 74
2] EAJo Mgt 7113k o] ohe, =A] 87 W 5/ 23t
Aio)7|= 2, W7} YAYs= F1H A digt 0|37t
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mebA] Y7} AEs B9 37 BAS moehe A
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AA 9], 2022). & AFollAE ol BoAE viFez HAY
2| 9 H &2 =) YT v|A = EARE EAS Tosial
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A 59 B A= QF) MF el 2lolAl F ool 2 Ftoldt
(A1 - 2AF, 2014). E3+ S-2ulelA A7} 71 gel I
g AQog, HI WA Eo] i Ao AaA gl Wi
Hte] SAH 0 E A|A Eojof stk wslef dRE A
3ttt BAD9 = ALY Al BPFTeE HAYst
o] ZA| SR =0 FIFAAE nAH o0& njorsiia s9ict, Al
7H8] 9 AEREA oA QPR EE2) mieto] 7Hst 7171
20189 7E5E 202149 6 B2 455, £ Aol A48
oz 3 4EFo] F7I8kaL Qlrhs 4]olA A et 4

FES EA R R uA dcHH S, 2022).
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H B3RS westy] S5t ¥A AdEE AATER A4t
ot EA4), ¥ A= T A RS Blsta, 3t
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1. 0|2 X MAHF T3t
1. HZ|oj £ 47|(CPTED) 0|2

1961 A[Q1 Alo]F 2 (jane Jacobs)= A4 “The Death and
Life of Great American Cities A =A] 372} ¥ % 9] Aot
Aol il =3kt AlolF27t #1713 2] 9] &(Eyes on the
Street)- 7| 2] 2] B50] F7I51H A H ZAIAAZE B,
A2 FAll gt A A7 ok AAgeld Aolgae
AHFEo| Tt BAoA 7t2g ke o83 o, A ol
ZFshy, Ha P9 7HsAe Watal AWstAcHFE - &
A, 2020).

ol% 19704, #lo] AZe(C. Ray Jeffery)i= A4 “Crime
Prevention through Environmental Design 4] 24% 1%
AA 8 =AAE 52 530 HE 2 7|EE Eole WelE
91 el eS ANBAHZEAG - 234, 2009), EgH 24
7} 7+ H(Oscar Newman)<> “Defensible Space 4] Ho}57+]
Hd2 A, ol 3t AFEY Hdoly viA] 5=
gato] Ao F7E v R A AT A7) 2AHE
5 Adste A AuiRcHEI L oA, 2021). 7 ol
F7HE 7338 ZAIHIo)A 1 A Fo] wEjEal lcke A Y
5208 HejFo] HAE AP 4= 1A "ol FASUHF
3] -84, 2020; B3R, 2017).

Aol A= ool =915 Eui2 CPTEDS 7idol HE5Hl
3, o|F A2 9T BHF AR H ] FAHUHAEA-
¥pgot, 2013). CPTED:= A93 4, 43 A §4l, 99
7 B84 Fd, FREE oAl 7HA] EEE A E . BA
A3 FAle BPA7L FHE AT 5= YT dEU A4
29| &73E AASK= AoIthA@EA, 2005). A2 A AT
371z S AFEEC] AEYS Adste] FAYA wlsRte] of
AT oA UEE A WETHAEA, 2009).

FAolt B4 315 FHlo] A-5A o1&38tAY Hh-st
of Helg 4T = Y 99 IuitHHEEA, 2005). E8
4 e S8 ae] HiFt A2 ste] 219 A HAIE 73
ahaL, Q2 Aloe] WA 7S HaA7le AE T vl
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2, 2007). SRR ] 7] A2 chZa} o] #FE

y=pWy+pBX+e 6);

A7NA ye FSUTelH, e TWERE, pe T
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cHHAEA, 2007). B AR 9 AL chgt At
y=BX+AWe+p @
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A A7VES A5 W 7 588 Sl 37 A
A& Aoslke= Aol 3 RS 3 EdES 53l
FPL W, ARSH4] o= Rook, Bishop, Queen 4] 5] 3it},
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(°173¢F, 2016). ©l°ll & A= AWATE 1251 Rook ¥4
O] FWHSAEE A-83 FHEAE XS
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(FAE - A, 2019). 28y 27153l HEHL A Hulct 3
HAG7} th2oka 7pgste], #Ros sl dARS st
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7] wj&ofl, ZAnte] sfAjo] ofFchs o] Stk E AFeHE
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o0& folslA =& ATE A,

3. el M
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£ Ed2 AP8E 17 571A9] 5872 Aulsh, 530 &0t
ASGE A7} A F ez o] BAPSS Rt x|et
o ARe AT 9 EiHE S0 AYEER FEMeR
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284 QQnnolie ctheat 22 IS gl A7 ¢ ot
E4Y A05d ARE PHF GHE "Bt A, A+

o U shaae) 9i2sh BYTAS HESUANYHEY 2
el 23 W ARREATA'E o) ek, B4, BaTe
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A3 Hao] DTS thYstL, WALNSEE Y
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2 olefe] oAIAE Fg5el Ak ABsict
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919] 442 Rt 7R E B8R AT o R, 7 A7
% hEo] WA 71 Folalr] o] YRR B
HHe T4l S8R 9, 2021). 2 At AT
of A3t 2l7+d] § Ead AeH ARE JHE HH=
ARSI om, ol HF YR 22FFHoE Aot F
S04l BE A=) AL bt 2t AA, A7
2 mEal] g P Y-S Alsian. A,
BEE A7 % ek At Akews Asgen,
YARFE 3 =S of T2 Sl A&l

(AT 55+BA T 58)

L e EEEver @

2 A7 4 3459 A7 93e uisie] W]
AEE S Zolei: wHsle] 7154kaBate] ofd YnkikaTg
T olg3toint, A -wEad QoA P I
=R e A= AQHeaol T4k Axel7|d, A4
o] whAysHA Hck, wEkA 152E 57k Sy ARgd 22ks
T2 94 HpE HIE 9, £ oM F5HUpE A
Aot HES AP=s asislch WA HA ¥ es
oo RF Q1 ook, ARl mH, A, AZe, A, o 9 49,
Zg, slo] Al fEE THEIER, TA9] HAH AY=E
upeRdl 4= Qo= oA F4W4E ARSI A& dnt
o} A7 S718k gloH Alsjdos ge IS BeY
073 ke HollA & A1) E o2 FLHSEA 59
tHel st 2], 2016).

EYHeE QTEA, QHEA, BAIR 5402 BRI
o AFEACRE fEUTe AE AT, FAEAHH
734 2], 2000, A3D - Z2AF, 2014; 2R, 2018), =090
P& 4, 2016; TR, 2019), LA=ANF(EFE €, 2017), 4
B](A) - 2WF, 2014), £25FEELE A7, 2010), 191 7}
TEHI7, 201905 Esioict, QPAEA o 2= A, A,
whEAv) 29 ARMAA, WS CCTVE Ze3ic(ElEE
9], 2017; o]} 9], 2016). FHAtOE EAIRE B2 AL
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Table 1. Concept of variable

Variable Unit Definition of variables
: . Overall security rating from 1 to 5 by
The overall risk of crime ‘ government office
Dependent Rating 2 o T ———
. . exual violence security rating from 1 to 5 by
The risk of sexual violence government office
= : (Thousand) ;s ;
Living population People Number of living population
Youth population o Percentage of population aged 10 to 18 years
of age
; Old-age population % Percentage of seniors aged 65
Population 9€ Pop 9 9
factors Foreign population % Percentage of foreign residents
Gender ratio % Gender ratio (Male + Female x 100)
Income (Million) %  Average amount of income decile
Co o Percentage of single-person households in total
Single-person households % Bt i
Safety Security facilities % lr;lgirggiroil;gohce stations, district corps, and
factors - -
CCTV % Number of CCTVs for crime prevention
: & Ratio of redevelopment, reconstruction area to
independert Redevelopment, reconstruction % administrative building area
5 Ratio of bus stops to the number of living
Bus stops % population
- £ Ratio of subway stations to the number of
Subway stations % living population
Entertainment facilities % Number of entertainment and section bars
Urban LUM } LUM in housing, commerce, industry, public
environment affairs, and the cultural society
factors Building Low floor p Percentage of buildings below 3 stories
%
type High rise Percentage of buildings with 10 or more floors
In residential use Total floor area of residential buildings
Buildi Commercial use Total floor area of commercial buildings
uilding - . .
use Educational m’ Total floor area of buildings for educational

and social use

Industrial use

society

Total floor area of industrial buildings

A& A AFZ, 2015, HARFE, AFEAFHle &
tE, 2015; AAA 9, 2022), FFAA(BEE, 2018), EX|O1E
SHE=ERET o148, 2011), A& @AY 9, 2017), A=
SEFAA- A7, 20115 HE2 9, 20008 2SI A=
S A4 7H0l diet 352 B3 A5 =017 fisted
277 % gk ARESHATHRl 94 2, 2006).

V. 23524
1. EZ| faize| S7H oiH
2 A7 JUPAAES AT AR o188l A2A

20 ==, "ss M1E (2023)

A2 M =S wetsiint. W HAEE 157E 7K
9 SHLE, AL EoHETE AR =TT o 9ot

HA A jE AREe] oAl =E e edTL 1-2F
HOE JrjH o R obigt AT E HeHgl o, 2-35HoR
wobel 2= F 16712 IS RS 3-45 8o
golE X2 A8, 28T, AdEF, e, T BT
o, ST 4-55022 A M 3o 7P AR A
T2 BTt A& fF QoM BEA, =8 =4
T, SHET, BT, 84, B2 F T AAF P <
A 1-25d20 2 s It (Figure 1) 32).,

& G A9 RS vl 24 A, A
AT A 27|14 72 gestelen, AME W2 7
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The overall risk of crime

The risk of sexual violence

Figure 1. Spatial patterns of crime risk

Table 2. Basic statistics and multicollinearity review

Variable N Min Max Mean sD VIF
The overall risk of crime 424 1.00 5.00 2.78 1.42

The risk of sexual violence 424 1.00 5.00 247 1.48 )
Living population 424 36.14 806.87 190.93 91.36 2132
Youth population 424 1.48 20.58 6.61 2.76 4.088
Old-age population 424 7.45 37.02 16.24 3.48 1.942
Foreign population 424 0.00 69.22 5.05 7.28 1.542
Gender ratio 424 70.29 151.35 95.25 8.14 1.427
Income 424 223.07 694.58 346.08 101.93 2.289
Single-person households 424 1.40 52.68 14.44 772 3127
Security facilities 424 0.00 277 0.36 0.46 1174
CCTV 424 0.00 308.50 80.50 65.50 1.272
Redevelopment, reconstruction 424 0.00 0.16 0.00 0.01 1.086
Bus stops 424 0.00 60.66 14.78 7.94 1.349
Subway stations 424 0.00 277 0.36 043 1.159
Entertainment facilities 424 0.00 64.54 479 773 1.490
LUM 424 0.08 1.00 0.57 0.16 1.392
Low floor 424 4.35 94.39 43.49 18.24 2206
High rise 424 0.00 82.53 8.83 16.32 2.128
Residential use 424 9.82 16.74 13.29 0.67 1.648
Commercial use 424 6.88 15.33 12.07 1.16 2.333
Educational and social use 424 5.93 1414 11.30 0.94 1.681
Industrial use 424 0.00 15.29 3.18 419 1.305

28AF 9 VIF 2 sobstlt(Table 2) =), 3744 2
7174849 ZES A% LISA £49 Aae (Figure 20 B
(Figure 33+ 2}, WA 44 A HF = A ZE
9] Moran’s I= 212} 0.320, 0.2855 ¥XE &85 AgA1o|
A Moran's 17} 0.272~0,4495 YePH A} FARH g Bl

(014 9], 2012; ¥4 2], 2021; FFo}-ZA4A, 2021). A
Q] T A7) S YERE LISA AeE ERlst A3,
HH $3°] 3971, LL f-3°] 37702 Yehgon, A& ok g
A& t= HL 335 LH 732 247F 6702t 4712 gl i),
AEY =] LISAE HH +3°] 3670, LL §3°] & 3671=
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Figure 2. Moran's | and LISA maps of overall crime risk
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Figure 3. Moran's | and LISA maps of sexual violence

vebged], SRFE, 29% 4o 94%(1-2), AEE, AYs
A7k HH 58 efl sigslaz, 1 ¥te] HL #8297, LH +3
2 47) & Yepdtt,

2, {9Y 3U=d

1) ZiH| Mz Y@=

A&t vie} Zo] 2 dFolMs FH5UY] 3703 A1
S Fstden, ol EdiE Adt SR FE 95t
7] 130 LM H5-& HAIBHAH((Table 3 #%), & 7= 4%
Sl e [t s B e i A B i 0 o o L e Vo S R e
LM(lag), LM(error)e] A& vlasl= #olt}, IM(lagle
AR A F ol H)sle] FIHAIREF o] HgFsirh= ZS ofn|s}
B, IM(error)& $3F2AHEF 0] A33hS vttt Lagrange

22 "SEAE, M58 M1 (2023)

Multiplier(SARMA)E F7HA1713] 7o) 5822 it
IR Fof gt Ao R A BFS AN ) §-85HA AL
A ¢-=THAnselin and Rey, 1991; ©]412}, 2014),

LM %S A 23, IM(ag)} LM(error)®] 25 §-2|
1A =&Eict WEkA Robust LM SAHS v|wélglon,
TR o] B A3 Mg S BRI Byl gt &
A Azt FAAEF ] R’} AIC, SC2 2171 242} 0,358,
1384.660, 1473.752 UetH(Table 4) 32).

AA {2 fEE sl FI8E de AR Yeid B
191 7HH(+), ZIQMAA (), A7 A E(+), HARFA(-),
TAA), AFAE(HRE SRIET HA 19 7] Al
20.022 =29, ol= 13 7] vl&o] 1% S ),
A i3] $If =7t 557 71E0E 0.042 50 S A
S omjsict, BRES 2](2017)0 WEH 191 7 YYA|Go] ]
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Table 3. LM verification results

LM verification result of overall crime risk LM verification results of the risk of sexual violence

Test Value Test Value
Moran's | (error) g G Moran's | (error) 8477+
LM (lag) 91.393** LM (lag) 64,727+
Robust LM (lag) 13.966™* Robust LM (lag) 4.556%**
LM (error) 77.955%* LM (error) 60.546***
Robust LM (error) 0.529 Robust LM (error) 0.374
Lagrange multiplier (SARMA) 91.922%* Lagrange multiplier (SARMA) 65.102*

#5<0,05, **+p<0.01

Table 4. Analysis result of global spatial model for overall crime risk

oLS SLM SEM
The overall risk of crime
Coef t-value Coef Coef
. p (rho) 0.565%**
Spatial effect
A (Lamda) 0.604%**
N 424 424 424
Intercept -2.659 -1.258 -1.784 0.875
Living population -0.002 -1.526 -0.001 0.000
Youth population 0.082* 1.732 0.050 0.012
_ Old-age population 0.012 0.464 0.010 0.007
 Syen Foreign population 0.006 0.561 0.001 -0.007
Gender ratio 0.005 0.485 -0.002 -0.006
Income 0.001 0.895 0.001 0.002**
Single-person households 0.064** 4.335 0.042%** 0.043%+*
Security facilities -0.582*%+* -3.858 -0.605*** -0.584***
Safety factors
CCTV 0.001 0.599 0.000 0.000
Redevelopment, reconstruction 15.623** 1.968 14.352%* 14.992**
Bus stops -0.025%** -2.623 -0.016** -0.014*
Subway stations -0.107 -0.675 -0.062 -0.091
Entertainment facilities 0.022** 2.160 0.027%** 0.026™**
UiBaR LUM -0.298 -0.638 -0.237 -0.384
environment Building Low floor 0.002 0.305 0.004 0.003
factors use High rise 0.012* 1.873 0.010* 0.007
Residential use 0.196 1.582 0.098 0.017
Building Commercial use 0.058 0.691 0.026 0.087
type Educational and social use 0.035 0.391 0.048 0.063
Industrial use 0.016 0.881 0.013 0.010
R? 0.162 0.358 0.360
Explanatory AlC 1465.760 1384.660 1385.310
power of the
model SC 1550.800 1473.750 1470.350
Log likelihood -711.879 -670.328 -671.650
; Breusch-Pagan 6.534 0.485 11.420
Equal variance
Koenker-Bassett 11.799
Normality Jarque-Bera 17.379%**
Likelihood ratio 83.103** 80.45%*

*p<0.1, #p<0.05, **p<0.01
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Table 5. Analysis result of global spatial model for sexual violence

oLS SLM SEM
The risk of sexual violence
Coef t-value Coef Coef
. p (rho) 0.50%*
Spatial effect
A (Lamda) Qi
N 424 424 424
Intercept -1.392 -0.639 -1.362 0.568
Living population 0.000 -0.364 0.000 0.000
Youth population 0.059 1.216 0.033 -0.006
Old-age population 0.003 0.099 0.001 0.002
Population ; ) 1 7 5
factors Foreign population 0.000 0.008 0.002 0.009
Gender ratio -0.003 -0.258 -0.005 -0.009
Income 0.002** 2.263 0.002** 0.004%+*
Single-person households 0.074%* 4867 0.053*** 0.058***
Security facilities -0.427+* 2748 -0.473%** -0.484***
Safety factors
CCTV 0.002* 1.875 0.001 0.001
Redevelopment, reconstruction 8.308 1.015 7.967 9,186
Bus stops -0.019%* -1.939 -0.010 -0.007
Subway stations -0.093 -0.570 -0.057 -0.084
Entertainment facilities 0.030%** 2817 0.032%** 0.030%+*
Utbani LUM 0317 0.658 0.316 0.245
environment Building Low floor -0.003 -0.503 0.000 -0.002
factors use High rise 0.009 1.452 0.007 0.002
Residential use 0.110 0.863 0.082 0.007
Building Commercial use -0.01 -0.126 -0.039 -0.027
type Educational and social use 0.049 0.528 0.054 0.062
Industrial use 0.002 0111 0.005 0.005
R? 0.180 0.330 0.349
Explanatory AlC 1491.880 1433.090 1427.190
power of the
tnadl sC 1576.920 1522.190 1512.240
Log likelihood -724.940 -694.547 -692.597
, Breusch-Pagan 20.988 14.441 15.032
Equal variance
Koenker-Bassett 30.99**
Normality Jarque-Bera 28.19%*%*
Likelihood ratio 60.79*** 64.69%**

*p<0.1, #*p<0.05, **p<0.01

A E4E gslr] st A7l AR gS E8tgch A
a3t Hje} Zo| 2|73 AR RS F5 APz Qi A &
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EAE ¢3lsl7] ko] S AR FostA = W
e A7kl ARg el FUsith = Ak ARY
oA 90% FEO 2 F-oeHA =&H ke AlZslsigltt,

AA HF A= digt A AR Y 24 A=
(Figure 4) ® (Table 63} Zt}, WA A3 HAEE T} 2|27}

F3AZF] R7F Z42F 01612 0.2342 et 22|71 Al
2 BRleklh, A M A= Local R%= 0.144°14]
0.2672 75, S+ drje] AEe] 7MY w2 A= F]l
=2t AICY] A= 2do] A3 ddd AL, 4 o]
o7k g wf), A2J71Ee)HEFo| AF SR Blusle] 2
Fo] A= AL 5ArHE - - 2 Y, 2019). £ ATtlA
£ ARAAEZL 2752 ARFY AIC 3 Aol7t 1622
2 At E2E0, AR S O St HYeE
i), v e AR o AbEE tjg%e] 3
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Figure 4. Distribution of regression coefficients of overall crime risk
Table 6. Geographically weighted regression analysis results of overall crime risk
GWR
The overall risk of crime Coef
Std. Error
Mean Min Max
Intercept 2475 1.606 3.135 0.227
Single-person households 0.042 0.005 0.069 0.010
Security facilities -0.550 -1.074 -0.303 0.144
Redevelopment, reconstruction 19.232 25735 87.168 7.840
Bus stops -0.023 -0.037 0.000 0.009
Entertainment facilities 0.021 -0.006 0.051 0.009
High rise 0.015 -0.007 0.027 0.005
Explanatory power i il
AIC 1449.33
7]= 218.96mE ERI1E| Qi) - AAS, A, AFAEL FAF T Y(HY T2

HA WA HEES AL EEEANE AT 1A 7L Al go], AR AAAEL 509 FFE TR HeR

26 =EAE, Mss M1E (2023)
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Figure 5. Distribution of regression coefficients of sexual violence
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Table 7. Geographically weighted regression analysis results of sexual violence

GWR
The risk of sexual violence Coef
Std. Error
Mean Min Max

Intercept -0.098 -3.543 4.829 1.753
Income 0.005 -0.006 0.015 0.005
Single-person households 0.065 -0.022 0.125 0.032
Security facilities -0.479 -1.303 -0.028 0.284
Entertainment facilities 0.031 -0.030 0.093 0.026

R? 0.234
Explanatory power A P
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