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GIS(Geographic Information System, |2 FE A| A=A Eol= Z7HE
A2 GISE &85t T HlolHE 43, 3], B4, FA|sk= o]t} GIS
=]

BRHEAL GIS Yol elo] that okt X e BUSH iR, B T
oA 1% IR 715 FHOR AT WA M (buffer) 7452
7] e Ak SPISfe Wl AR 5 o2 el el o
P BB BT 4 oIt o2 B, B4 A9 U 4N L, AN 5
o] 742 AR oleitt BAES BAlstel Wgle] TS Tord 4 9]
o}, ol EA] A, W o Mk e Sol 385 29 5= ek v 4]
© e EABTH Qo4 59 590) A1, o2 Bol 24417 HelolL} i
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SOl it 242 HF A mele] Z40] F8351H. ols F& 7N ARl Al
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AR B 2IE AL . 22 APl o2 93] 2He] A et ol
& ARE AXtste] 71 28Rl A2E ARt 2] AlSshs APIE
g0l of] FEA|eF=2A] Aol 9] 2|2 o] F F=E AT 4 3L, A=|et
AREE AlEste] 578 A Q0IA 7HE 77k A el 59 A
AEAEE 5 Ol & A7 E ol s BE 7R ARE 85t FH A|Y
o] E2j8Hd £ Altstal ol & 7[Rt 2 WA Mo BAE o5 UES
Sl 245

SZHREE(Space Syntax)} F=A] AA|, A58 H ARRJSlA F& AN EE
o|2 5 ¥4 kg, 370 /o] AREY FE, S AE HARRE, AIA
Aio] o]EA YIS MAEAE 7RI & Aol = DepthMapX2 &
&oto] L= HESRA YHE A M53lstalAt gtk DepthMapX L2719
2 55] m2o| AAYT} SRS BHRE o] R85} djE Sol, w4 12

= 2455} gt AP AAslel s
S BATORA, B 249 BUEE 24T & ok FREA E BA

£
m
i)
[
i
-4
o
Ql',
fr
<t
A
20
Kl

lo

2 HE 22l o] w2 Aor spiE. TS 24 58 E2
T2 AIIHES HTA, 984 T3 22 STEEA S0tk 242

to] Bk IESIZL] T} WA Aol 0]X|L SIS B4

@ OLS(Ordinary Least Squares) &2
OLS(Ordinary Least Squares) 3] X &2 St 7]9] &5} SHf oj4e] &=
YRS 7] Hp7ke] A TAS ERIsH| AR El= SAK ndg, &

S MFEe 94 BAE EIsk] Hsto] ARE -

O OLS s|H=2&2| 0[a

OLS AR FZ SHHFY glo] FoFZ W ol E7FF A AT = U=F5
e 3hS S5, dlSakat AARE Aol o] @&k] Al 71 FAslehe=
SHATE F5k= Al oltt o] WH-Z HlofE] Yol A BSE g2 7N e E,
Idlo] oj@A glo]Bl & A sh=A] BEoIA HojF= At ko|th ol&
B0l M 7H] TAIE A 02 Priet 4= 9l on, &Sl it S
O] FFZ AE L 4= AUtk EZE OLSE= TllofE EA0A A4, 594, 5=Ar
A, AT 59 780l 352 Wl A= & s AIE AlSRlh

3) S TEHFE 7H) ¥ BAIE ERIok= 54] 9] Eololt} (Wooldridge,
J. M., 2015, pp.22-35)



O OLS 3H=¥ 21t s

OLS ®&& OH A ti= 3 AAS (coefficient) 9] Ft pats @@—i xage
HHS7E FEHpo| v|A] = FIFS EQIT. 3l AG7E Fold SR
7} Z7}°H~§ FTEHFE S8, S5 4 L Hie] A7} I%EP*EP
E3, s S5 4 SR BAA oS FERIT & AFollA pgto]
0.05 °Js}R14) 3 Hto] F& ol FoJu]Rt JFS m] Tk sjAIskTh

O OLS 32 ds a5 &
OLS SJAEZS A5 52 B7Isl7] HeliA Bt s 2AHRMSE), Bt
A R XHMAE), 27 A5 (R) = ARESHH, 2 AtollA= ol e A5
HhHof 2712 AIC(Akaike Information Criterion)& AR&5lo] of|& EE o] 4
5= B7lskeith

L3

* A4 AFR)S

Tdlo] F& ¥40] HEAdS duht & A sheA] e gho] 10 717

7= o] Hlo|gE & dtth= oJn]olth. SHAIRE R-squared(R)7} =2

5ol I3 overfitting) 7Fs/d0] 0B 2 ThE HIS A TSI A &

afloF 3ttt Adjusted R-squared(R23H R?) +-2 R? 3+ SHHS0 5 17
AT ACE, T2 HAgE S 7 Bdlo|g: SRl U HEE

SopA|A " R g RV 2 19 ke S A Ee] &

© Bt Al 2AHRMSE))
RMSE= QAH0) AlgS Batdt & Alade FI o2, At 2= o 2 1
GEE Fofelth. RMSE gro] 2% o] AAIgtel o 7k oS4 2,
T12fut RMSE= oVg[o] Rt

4) (Wooldridge, J. M., 2015, pp.22-35)
5) R-squaredZ Akloh= 52419 Z0]¢} Aot Wooldridge, J. M., 2015, pp.38)

6) Root Mean Squareed Error(RMSE)S Alilol= 34]9] Zole} 3fj4olct
(Wooldridge, J. M., 2015, pp.22-35)



- B3 e} QXHMAEY)
MAE: 213t AL Ato]o] e 9Ake] e A glolek. gho] A2
= wEo] o2 A7} Ark ojulo|tt. MARE 7 01| Frighe AMgshe

2, QX0 WK/ 84S TeishA] gkt

* AIC(Akaike Information Criterion)®
AICE 2E9] Aot BERLE FA0 Agfsl= A HE, glo] A2rE £2
TR 7T AICE R0 e WAk f8l o B2 St
o] W92 Batss o)t

}

® 7IHEE/ /M Tkset Al 2

3el= 7R, ottt dE|ES o) mee 555t
HlolElo] thah 22 28t £ oA
ol I ZHAEE ALEFl o 7|A 50| 3

O HHEYAE(Random Forest)2| 0[5H9)

W ZHAE= ARG U] 7]RIRE 7] Algks Hdlo|th. QAR U= 7]
Aleks F12]E9] 9t SFE Ak oh52 SR R 3 Aol = ARGE]
™ o| & Q5| ZA| A| 7}A] BXE A& K Suthaharan, 2016, pp. 237-267). A
1=, SRR 2 Bgo)H HolelE Lk o /b3 GOl 5HE Al

3tk o= AE o5, AY A& S 22 71 w o] Rtk EA=, A

b}

|

0Ol

9 542 71203 Ho|e S W a0 2 T 0] 519] Mg ek o] 3}
A2 Yo7 323] Aolx AL B3] & o4 §-8314] ke K] AdEl
o}, nhAjsto & BES Wik 715 AR o2 Bol, uol gold xel
E 471 9% 4 oJ5}2 Wol AL, 7} YR 915t Hi o]So] ulu|d B
BEe W) oleitt IS Fol IAAHUTE dole g BRshAL o2
S e 25 At

7) Mean Abolute Error(MAE)& A= 5-4] 9] Z0]¢} 5|40t Wooldridge, ]. M.,
2015, pp.659)

8) OLSY] J5H7Fe flal AH8gt AICe] Akl F419] Eo|e} si4oltHQin, Liwei,
Wenke Zong, Kai Peng, and Rongpeng Zhang, 2024, pp. 10)

9) HHZHAE 71 9] ARkl A& HUHBreiman, L, 2001, pp.5)
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True False
o 4 AR
TIV \alse
HA =1

(23 3-3] QAFEHLIE OflA|

&7 leyking.tistory.com/entry/HA12{<-2JAA

(BM: 2024.06.10.)

BARALEE AR g 7o R 3
AYURE AYT PYR N
280). W HALEL 8 7]

T 7 %
71 AR83HKSuthaharan, 2016, pp. 273~
S Eg tfSa} o] o] o= H58 7

4E2|Decision-Tree-¥ 2|5

S5z ofe 7o) ot

A1 3L QA U] TS H ARt E5], of 2] 7]e] YARE G URol|A
£2E 85 52 0|3 2ok 2slel 25 oIS TORA Tl o =
O GBS T ehbe T SO BAS 24413 1o T 25 2
S 52 TR

HHEZAAE} ThE WA & o REEE IHHAE FAFo] ok
IHYAE RARL oFs} S5 (weak learners)S A3oto] st nd S AY
35k= YAFE 71Ho|tHChen & Guestrin, 2016). It AE AR O] T3
AR W E 0 2= AdaBoost2} XGBoost7} Utt. LT AE FARL2 OJAE
Aol v|wa o ket 26 B0 ik A, ol Ae) A RE

$2441 0 2 YHEo] o EF(OAAARS) 7} 1wy el 2k G 01

Heks}el 25Hel AiE B

QA BB THoIA Hojee] Bxke B

& P % ek

5 9 |58 4 9lek S, o4 oxpEd =i
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Single Decision Tree ® Random Forest

Y ez @

O O
®@ @ 00 0 |,

Class 2

Class 1

[18 3-5] QAZEH E2|Qt HEIHAE JiE Hlw

ZX: Maha K (2023), Understanding Random Forest: Differences form Decision Tree with
Simple Explanations and Python Examples, https://medium.com/@maheshhkanagavell/u
nderstanding—-random-forest—differences—from-decision—-tree—with—-simple—explanatio
ns—and—-python-722fa2a68222

(BM: 2024.06.10.)

O 71A8ks oA 2

W3 o2 L 345k W E0 2= SHAP, PDP, LIME 5°] Jth. ZH i
£2 99| o|& Ato] tfgt olsiE FaL, B FE/E wol= vl F8%
AL . & A9 o5 2 4dg fIsfiAl= SHAPSF PDP7FARSE AT

* SHAP (Shapley Additive exPlanations)10)
HAP £41.2 7|9] o|Zo] 7|85t ¥ o & o] 7} E4o] of|& Adlo] n]X|
S YFH 02 BT SHAP RHE T} B2 FHS ABAT.
K0] %010 WIS AT Ao, SHAP ZHS 7 S40] o] 2]
IR 3E YN EE RO ehde), 53] 2YT wdol
2} o] of @A) AH83R=A] 0|k o) -8kt

w

rlr

o
_I

d

10) SHAPS A4 95t 3419] Zo]e} s4L2 Zoj Xt Lundberg, S. M., & Lee, S.
L., 2017, pp.3)

58 AL StZMAH|(CPTED) 115t & QISH|E 7hM Wt



Output = 0.4 Output =04

I
e —
Sex=F )
Explanation m [f— Sex=F
oree 1] — BP =180
BMI = 40 ' [—
T
Base rate =0.1 Base rate = 0.1

[12] 3-6] SHAP 7H'E M L of|A]|

E£X: QEZF (2021), Shap2Z deeplearning model & ZITHoE X},
https://velog.io/@stella_y/Shap%EC%9C%BC%EB%A1%9C-deeplearning—model-%EC
%9D%84-%EC%A7%84%EB%8B%A8%ED%95%B4%EB%B3%B4%EC%9E%90
(HAY: 2024.06.10.)

e PDP(Partial Dependence Plot)1D
PDP= shH = F 79 ¥7} of| & Z3of| v A= B9 I AlZe)s
= WHolt}. PDP £49] =8 EXL th2at A}, £ ¥t ol mdol A4
o o1fﬂ7ﬂ PR oA T S 2]

20004 2000 4 20004

Predicted number of bikes

[+] 10 20 30 ] 25 75 100 0 10 20 30
Temperature Humidity Wind speed

[12! 3-7] PDP 22 GflA|
E£X: 243] (2022), Partial Dependence Plot (PDP) 2t?,
https://westshine—-data—analysis.tistory.com/134 (ZA4l: 2024.06.10.)

11) PDPE AWlsl7| A5t 54]9] o)} o4& EoJWtHFriedman, J. H., 2001, pp.
1219)



= 28314 94 B 9 o& pdlo] i (i olE nd)
9] &5l HE'%%*E'}XJEP. B o] AR Y R AE el HE mEo]
Y71 % Qe 8= (Accuracy), ' B5=(Precision),
A Oﬂg{RecalD Fl-score, €53 d(confusion matrix) 5= AR&-sto] o5 &
29 52 S5t 2 kol 28ttt

* &5 PY(Confusion Matrix)
Positive/Negative ©]%1 A& Aol A AA] B0l 2} & Hlo|&] o] Z12 H
Wsto] oS HHE0) 5-E Bl EF-E, AA| Hlo]E 9} oS Hlole 2] ghofl
whz} TPs, TFs, FNs, TNs& YERdIT

Actually Actually
Positive (1) | Negative (0)
T Fal
Predicted r‘ule E? ;e
S Positives Positives
Positive (1) (TPs) (FPs)
Fal T
Predicted . S.e ru?
; Negatives Negatives
Negative (0) (FNs) (TNs)

[13 3-8] =23 0f|A|

EX]: Zzaebok (2020), FRIA|AEI| AL L= metrics M2,
https://zzaebok.github.io/recommender_system/metrics/rec_metrics/
(A4l 2024.06.10.)

e AST(Accuracy)

B 9o] FET AR AVZE F TPsih TNsO] 1SS LeH 202 71 thesgh

A ABEE = TPsT} FPsQ] H]- 8-S UEHH A 0 2 PositiveZE 4
Nel =G

12) 714185 735 B7HE I8l AR&she WSl ek ARkl o] Al&=]o] Qlck
(Powers, D. M, 2011, pp.1-3).



o] whigt MA MEE 5 TPs¥ FNs2| vl UERH 2102 of|S o]

* F1 Score

]
I 710 FH-E H7oks o] AR FUEe fd e AdtE 544 7L
2101, o] 3k Zo| U9 =0 ThE Zo] WolX|= Z7Fo] U=H, Fl-score=
T A RS X35 2ot REo 52 Ko FH o2 e 4= Q=
A 3ot} WHkA], Fl-scorer= 55| B3 et Hlo|E|Alof|A] 5851, T=o]
Accuracy O 2= 157517 o] # - Ao A R E o] Ad5-S B71e 4= Qltt.
F1 Score Th&2] 4|02 ALK 4= Qlrt.

F1=2x(JE=xAEE)/(JE=+A1E2)

@ OF e x[2| 7t5 EHZE(MGWR)

MGWRMultiscale Geographically Weighted Regression)< 57| H&4
Doz TRt 31 AA YA HlolE 7k WAE £S5 A= T76=
Al3ret. o] ¥ 7 S§ H4o]| i A= o 3 RS =

(o) olx)
ol
Sk

o
o
-

% Aol dolel7t oA kA treh A ofsheks o}
MGWRE BH4] o] 442 3efste] 2 89140 9513, 2840
oS B2 wietolA] B7KE 4 G Bk o)z OLsH A mAAES} 5
7h54 ol Bl HNAQ] o] AEHe WAS Fusto], A% EA]
Bej3io] Walgo] v Qo] FA|2 0% deb WS AT 4 9
o). 2 ATolAE AL AE B4 AT 7902 07)9] wisE Agsto]

TNBALY L2 Fo WE A G, FHAS, 1 A 7

13) 37 7133 ER1sH] Yol A=l 1o tigh Adrgo] &4 9lthAnselin,
L., 1995, p.94)



Local Indicators of Spatial Association (LISA) 5°] 31t}
Moran's [5 AR&-510] ¥5=2] 37HA] A7 |3 g2 ERlst
B A7)V S5t MGWROA 583 Big=S0] oA 374 o=
HESH T ARG EA] 1Sk o]tk Moran's [ 9] 82 ¥ -2 2
E U, g FY S A1V 5= 29 S AP 1S o)

g}, ghol 09l 7Pher s A1 o] W QuiRith

O MGWR 2% Z1t sA14)

MGWR &g A¥l= t9Z(Bandwidth), 3]AAGCoefficient), A2 E(p-
value) g SR OE sfARit). 7+ 5§ W= 54 A FolA 11 o] 57H
FEHAHHEA Uehd 5= Qlou =, 7 Hapo] SIAAITE A9 H o= 54
Sttt o] & B8l 57 A HollA ofd ¥4=0] FaFelo] oA A-8-sh=AlE wet
o qlom, 11 o] S7H AR S Al 4= itk

o tfIZ(Bandwidth)

)Y FL Hdlo] Z7H IAE Lt w44 2 = (local) AHSH=AE HEIW
+ gefulEo|th. o] Ao o A2 A Yol 2|4 BAE HHgst
o, tjgEo] 2545 1 B2 A 99| Hlo|el & AREste] Hdle 753ttt £
H0] i Fo] ZhthH 11 W= A2 A ol Aet ofn] = sfjelZ Ho]A|qt,
o] Zohd o §2 X o]l A4 wiglo] fAFH Uehdt. thgE2 7]+
2 0 2 XA A 1 Esto] A=, o] B3l 31 0= TRt 1=
o] @S BAT 4= Qi

o SAAS(Coefficient)
MGWR HHEof|A 7+ ¥=0] 3l A= 302 W 4= gloH, oj= =4
At FEHS 710 WAL A Guict thE = 22 2 n[Rltt. o|nf) I HA S
= ZF A QoflA] SYHP7FSEHE) v X]= FS Holeth £ A FA
= A7 Sl ARt e Aol A= S5, S =1 B 93
o] Ao wz} vt ek o = yeRdth= 2 ofu|eitt. A 2719k
P2 50 S84 BAE UEH, =A% (local) SAATE EATL

2R 7 H49] Z7H] o] Z A (spatial heterogeneity)2 &R18F 4= lth.

14) MGWR= AlkFo7] flal] AR&El= 3-419] Eo|e} sfj4fo] 1o} QItKFotheringham,
A.S., Yang, W., & Kang, W., 2017, pp.1249-1251).



o AlF%(p-value)
p-value:= SAAIF7E SAIA FoAndS B7I8kE A FOth. MGWROIA 2
2| o] T3t 3| PAGLE Z7HE 0 2 ThE 4= 9ol A, A& 3] AIS=2] 8-94
£ 7sk= Ao] Wasit A4 F71A49] p-value”t0.05 o151 o S
w0 FAAGTHEAR 0 ojulsheka shaje 2 ik

O X|2|™ H3} A|ZksHGeographical Variation Visualization)

MGWRE] 523t sl Bl 5 Sh= A 2|4 §isle] A|Z3lo|t}. 2 '4=9] 3]
AAS, HEE, p-value 5 SAHHCE AJZ3lslo], H4=0] A4 BIE
ghs] mofgt 4= QY. o] 23t ARk A=Al A HE B HA Y p-value
EAgolv A71= Yeidof, 37H mielS A iAo = ofsfiet 4= U o}
20} 0|2 B B 20| Z7HA o] AL 7xetr, A o2 A

=2 O o o] g o1~
o180l AT AIXIEE 2 Itk o] WL BT BHON 55 BT EFE
clore B0 WErg Tefe 25 SAE Y AUt

O MGWR 2% 0% A5 T7}19)
MGWR Zg9] dl& 5 H7FE oA 2 AREe= WS R, 271 %
(log likelihood), AIC7} 9121, B dLoj|x= R7} 2 ARR-E] 9t

Hdo] F& W40 W3S duht & Agol=A] Uehdtt. gto] 19 77k
45 Hgo| tlo|eE & Aggitt= oulo|th. SHAIRE R-squared”} &2 %
of| &= 7&K overfitting) 7Fs/3°] YL HE = thE AF A ES7} T Zelsfiof
sitt.

e AIC (Akaike Information Criterion)
AlCe= HH9] Adrol BT & FAof 1fsh= A|#=, Fo] 225
BEE 13, Ak BE9] TS PA5] 9Io] o e M
ol W9E}2 bk Aol

i

rO
k2 rlo

I o

15) MGWRE] A58 H7}sl7] 8l ARgE]= vldo] tjgt AukalQl Aio] gA9)ch
(Fothermgham, A. S., Yang, W., & Kang, W., 2017, pp.1253-1254).



f
rlo
&
(@]
=
1o
E

o|N
L
_%
1o
3

oN
>,
-
3

Ho} 9414 A%
2 21 AL A 67 2] ol
95 QALY Q1% Aol T2 A% A |
4| Mol A ABAEE Y, U

USAE A2 FAPT g5 &7 ot

A
i*;

A
o
oN 1o o

Amlo
ok

1_4_12

o

&
PN

ol

(

o
rlo
o o
|
X
I o
T
T
1~ of
o
4,
o
o
rO
N,
ﬂl&
o
i
—lo ot

i
_OH

oldk

o
gl
fifo
e
%

ot
ol

F

ol g I
o)

oM.
o my 8

inoxe
i)
[t r

o Y
:
o

oN
M

n
%

_"

(-')4
)
=2
:V‘u
ol
o
£
i)
X,
0
o
¥ o
o

==

O MSAl Hx| ASAIE i

A AE A=A ARG HE oY A IS e 3287H°l‘1} 4
3BT TEFHFoT 52 AdE 1

IO R FAIE wetgct AZA] JIGAl
1787, #4914 02 SRIE|]]T). Al 9l
3= oln] 53 A9 o] 7P A, <
O] F0j R 1L US-Z Qfu[gltt. Q15 AlAdo] Q1S TAolA Cﬂ%ﬂiﬂﬂ%%‘
S Wok=t, /i ASE Aol s fF AT E

o ON mx
N Lo

0
>
e
2
u)
)
=
ro,
o[N
o)
2
X




MEA ASAE doiR

200 178

[T2! 3-9] MSA| QIZAIA A70IE 545}
E5: G Ay

F

A QIZAE0] ZZ Q1% Aki=201940] HZ A5H Aol 9172 713
woton, 1 o] Q1T A4} ache A Helh 2020%%13 R4
ohe HE2 Z2UH9 R3] Jeke A5l F 248 7

ofZrh AEAQ] AL thEE %132 20189} 20199 % 7é°ﬂ °lT°1 7iasy
IR

Mg 2=E(4)
100 o
80 72
60
& 0

38
22 24
. : . .
-
2016 2017 2018 209 2020 2021 2022
=1

[ 3-10] M2A| ABAIA 2= 15 A7)
SX: 17T &Y

8 B S A 191 39 A 312 A8, 07 1289 2
& A717} 7] 94%lo] QIA] ke e A9Itk LA 273749 HlelE o] 492 o
Ao A A X712 AR RglT 44 Ak Awe] A9, 20231d0] Y53

R - HE WY XHe| 75 EA 2P S5 2N 65



e, 1%"“7}1@ 1287]12] Aldo] A7 Ak ¥eton, of= o Ao

H]8f| TA5] 2 o]k, FEshd, AEAR= 2023900 A5 flRt X
ol GFHOR ofRolHe 2 HojEc
ME ZHZICTH(E)
140 128
120
100
80
% 60 55 Gl
40 ‘
17
20 4 5
0 | — | 1
2019 2020 2021 2022 2023 2024
s

[T 3-11] MSA ASAIE =P TUT A7)
EX: 77 2y

O MSA| 674 7 QISAIN Bzt
O thgoR, B Ao tael 6 BT, R, AET FHT S5
T MEDE PO ABA A1 RE A Hgi. 67 T = H2S
o] 7602 714 HokaL, 3529 H12, 10749] A7 WA,

MEA Y 671 7 ASAIE 2H0%

76

80
60
4 35
o 40
19
20
., 1N
U s Ha

[12! 3-12] MSAl 670 7 QAN A0 55}

SR H7T XY

bl

66 HEL SHZHAH(CPTED) =5t X QISHE 7hM W3

rx
[id

0
oo



AA 671 9] A5A1E9] Az A% AEE A4 A} HIST S
= =

[e]
o]z 9t 201999 |z QIFH Aol 41702 7P ©orom, J1 o] ¢ &,
|

F A%} Pashe AL Bl

MEA| Y 6717 E=21S(H)

41
40

32

30
&
L=l

20

n
10
2 I
(1] -
2018

2016 2017

20
12

|5 I =

2019 2020 20 202 2023
1213

[O2! 3-13] MSA| 671 T QAUSAIM Z[= QIF A|7]
Ex: G7E 2y
AEA] 671 9] QI5A1S] M Ak o] A9, AT 137, #4179 HA
G AZ17F 719 =] o] QA 2 FS A2t U A] 11649] HlolE 9] H9-&
tjaro 2 - At Al71E A EQtth 24 ek Ar 9] H9- 20230 E%
5| W2 Zicho] WAt 54712] AlAdo] 2023 ]| mRA|HO 2 XehE ’Igko
o, Xek it Aol JE6] 7 FA1E BT

MEA| O 6707 ZPHZICH!A)

54
50
40
4 30
o %0
19
20
1
10
. 2
0 ==
2020 2021 2022 2023 2024

us

[22 3-14] ME3A| 670 7 AUSAIE =M Z A7|

EX: @7 2y



I8 3-155 A2A] ASAE L] F4F 7|k = | of| vi3gs) A3t
AEollE AeA] Ao AR AFA S0l 4 H o2 HAH o] Qlot. T2,
4 A7 g A9 o= A o7l = £ CE EA|F O] o] GOt
L5 SRt A4k ALofA ISAES A o] Ao a2 22
Ho] Jlom, 53] =] AFHE BES Bl olHet B2 A &
3AA7 Eavt b 7 Aol sfig Al TSI, FEE 2 ASA=
+F =Yk HASH A AR,

=

24 T 671 0] B9 A5A19] L o, 4] Kol u]s) Q1A el
B WETHe8 AL ohr o]2fe Aol B3] 7 47 Aeo] thE X
o ]} 9l T A1) M7} ke S Mol Aol 4 qit. WA 7], 7%

[ 3-15] MEA| 2ABAIE X|= AlZteH (F2 HHE: 24 T 67H 1)

S AT 2

68 HZ0le SAMA(CPTED) =5t Y QISH|E JHAM Bisk



HE A A 2 T2 M2A ] vlolEE wAlskaL FAlske 2AE A
A Y= k. WA, 27] 5 QA dlolB = & 84,994%01 0. SEH |

o)
-,
et
2
5
o
fin}
o)
i)
fr
~J
[N
=
o
M
t-ﬂ?
m
>,
_?L
3R
lo
H
0,
By
)
>
o
S
N
o0
N\

of st ElofEE FE3 F HolHE 27,7137 22 S5 3o, 9714
44,6977 Tlo|E7} A Q= it theo = WA HEV} gl= dlolEE At
23} HoE= 25,3497 0.2 7Asklal, o] IoIM - 2,364719] HlolE 7}
AA= A, viA[ e 2 4 HRE X @ Tgsio] HHE = HERt 5 T Ho]
Bl 24,8797 0% gR1Eglon, o] @A oA F 470712 Elol&7} Al = A
o Aol ehd 25 AeA HE DA dolHE Ale 2 Uetd A= 1
© 3-167+ 2t

b
AS YE G0l =3 % &9l 2z (N=84,994)

-12,584 H|H
S5 Y (2uuA, B4, XY 5) HAH Z2MY 25 (N=72,410)
-44,697 H|AH
S 501 M= Hl0jE| == &= (N=27,713)

HX| FE Q= & A 2= (N=25,349)
[

F2 34 -) GEOCODING (X|12323) #HEt 45 (N=24,879)
< i

= i 4 o

[T 3-16] MSA| HZ| GIO[E] MY 2Ky

SX: 17T &Y

H3Y - A Y X U= TA S2HE EG 24 69



I

3

O M3Al 670 7 2 2 3

A AT AEA] 671 9] HE] ol (2021~2023) AH=S B-g-sto] WA
Q] Eg0] dit 7lesA A4S skt 1A 24 A fgE= A A
S5 vlasto] §= TS| 48 wetsieirt. £3], & Aol Tt £
A sl MFE B o = 2SI STl e &2, Ak, P AAFTS,
e, ARl g, M|} 84 AA(CPTED)ONIA ofstaiat sh= HE2te]
WS aEsto] sttt 24 23 st B S FE A w2 Y

rol

B AFE 71550 ek 2HL2 ¥ 16,3947 02 717} o] whA¥g W] 5
ojn], 1 thFO = H&7}9,0587 0% &2 Rl E Btk ojojA], 7+-7A|
3, A, ARlo] 247} 2,10371, 867, 7271 0= UEkith

thero = e Bl g s HE A A5E BA5to] F A AR HE
ge AT EYT WA 20219 5H 20239714 A= HFH TS 24T 2

T}, 20214¥9= & 9,96174, 20229 9,6067, 2023 8,146 2 T4 A4
£ 1ok

(2% 3-17] MSA| 670 7 2] 2o K| A|Zt5}
S5): 228 SR HIZO2 Azl Xy

Z|of Y SHAMA|(CPTED) 118t Y QIBH|E 7HA Bt

~
o
0E



ZEE Y U+ 8 2E0H

202 M Wy %6 T o n v w5 3 3 1
EEEEEEEEEEEEEREEEEEEEE
n b L4 & @ i
: : 5 3 s§*sF 2
w =
5 z &
Iy
(33 3-18] HEI(ZY)E 2y A==
SX): ZEH WSXE YOS 7T Xy

Y

[22 3-19] A=Y & A W 74
EX: Y KR HIZOZ 7Kl Ky

tho = o W WS B4 A3} 12¢€00= 2,0097], 1€ 2,0317, 2€
1,90771 08 AgFe| "7t 7P AA DAgstg o, 299 3o €e] 4
o|(Z)7t AL FFE U BHE AAE7KA= #F T A57 STk
5Yoll=2,65271 0 & X E 7|5 o] /M ST AR A HA T
AYo] FHasol= AEA e Hrh

H3Y - Ex LY XH A=A SS|#E S B 71



HE 5 Yz wy U
2652

2600 270
2524 2535
2500
2400 2389
2344
% 2100 | 28 20
L]
= 2200
2123
2100
2031 2009
2000
1900 1907
1 2 3 4 5 6 7 s 9 10 n 12
-]

[22 3-20] Y¥ & HZ| WM 245
SR ZAEH WEAIS HIELOR IRl XhY
St HF(EY, A%, IHAAFS, BE, ARDe] HAY A ArdE st
A3} 28 HFE= X432 0 2 7h4510] 2021301 2F 6,000749014] 20239
+= 9F 5,400 02 Aot YA W 9] A9 Ae=20214 9F3,00071
oA 2023 9F 2,700 0.2 AZ ZrASI T, FTHAAIFY, e, ARl HA]

o=
oRIo) 72 2412 BTt

s 5o WH w 2e

— vnunsn
—_— U
— 4
- us

— g

AEEE)

g

o

2021 2022 2023
e

[22 3-21] HIE'E BLH X 2l 244

SR ZAEH WRALR HIELO R IRl XhY
St HF| o] Y v A4S B A7}, Z2 fAE= vl 1,2004004] 1,600
7 Ao 2 ¥hAsh, £3] 5Y0] w2 WSS Bt A= e 80074
1,2007 Aol 2, 79-E& FAl 02 of -0 WA AL7t SV ol= A aFol UElR
72 X0 S+AMH(CPTED) =8t 2! QISH|E JHA Bisk



o}, 2 A0 A9 Eelvt b 2 B o] gl wAysto, Zet
MAL AL WEL vielelylo] WA 447} ek

TE SO YE Wy s

—— BS

1000! it
g | e L ]
800 |
S ‘
600 | |
400 ‘
200 _'_____‘_.—-—v——'——"\__ }
0
1 2 3 I 5 6 7 8 9 1 12
o

(72 3-22] &% 50 4 Wy e
SX: ZAY USXIE HIEoE BTl &1y

O MaA| 78 8 2y A

A2 67) ) WA WA WS TR B, AR, B ) Uy
S AR WA AA] ) FAET, AET FAT LSBT S,
Aol A ST HRE, A, AR, B, DS 2 7
2 S5kt WE A|oo] 24 Eejah A WA} Fa U4 5ol st
H2) QA) 7120 2 oI 7H B AL IS 9182 & 4 itk
7P AL WAL SRR T AT ek
[E 3-1] MSA| 78 5O HE| L3 Sish (29 2)
7 ZnZHEY 2= a1l =T =2
dE+H 674 25 17 1,247 3,317
45T 179 10 8 1,438 2,448
adg 76 6 9 975 1,449
PNES 396 8 6 1,286 2,078
st 296 14 9 1,878 2,829
2487 237 9 9 1,625 2,321

EX: 22 WRAZ Htgo= AT 2y



TE Yx g

5000 |
Y
g - 27 2HEY
3000 2=
Ei] - 0
= s
-1
2000 |
1000 |
ol B Je— :
T 287 EXES HER Py 23
?
[O23 3-23] MSA| 7 5CH HE| 2 S8t
EX: Z2E WEXE HIEHORE A7RZ =Y

Ther0 2 AA] 18 2] WS AR E R BASHGIT A7 =] Ay
O] AYHAQl B oF Al7tthel | AZM7 A4 0 2 o]oj A= HgS Ko
U, 24A(RF8)] 73 o2zt s ol 4] Hlofup vl i 2 o] JSH 1
&< B3t o2zt e 67 - ROl A UEhgtom, A7 AR HE W
Aol F5H 20 Uehb= A7 -2 Bojert dlE 9, ME 2y o
o[Efoll A A|7to] AR E]A] 2 -2 APgoll AT A o2 HA AL, A Al
Aol A Aol AR E]R] 9122 Uehi= 07kt AP Uehl= 0A] 3=
TESE 4= gl7] wio] Aok B 4= Utk

A AR (A~ 6AD Ol X T8 A4t 324 6] Aok, g o s e
522 QAFITE A A7 s Yukd 0 2 AlFE0] E5o] AL AJ7ttjo]7

uf 2ol W2 WAo] FolE= Ao R BAFTE

QA AIZH(7AI~11A)ON & ] A2 vl ] 2 g FAGI o] A7
= AltEo] EctobAY shato]l 7h= AIRM R 11 9] YRl Eso] WA ¢
o, webA HE] LAgo] 4 Ao At

—

N



5 ARFH(1240~234): 3 WA A4k A S| B7HsHe Ae Balt B
3] A4 2141014 244] Afolo] (& WAYES BT} ol Al S0l HE F 2
5o| gobi ARIdel7] HEo= Bal.
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=AY AR 3 A ST e,

Azt 297 s s

9 144 108 68 120 148 96
10 148 121 87 151 158 112
1 190 131 63 137 188 140
12 161 164 79 129 196 140
13 173 133 79 174 171 153
14 169 167 107 171 232 180
15 195 183 110 177 207 167
16 205 194 109 203 225 172
17 185 180 113 190 247 149
18 212 187 138 203 240 181
19 184 199 127 213 242 175
20 213 220 150 239 223 188
21 260 259 156 276 309 226
22 321 274 158 254 304 230
23 305 245 134 249 263 222
24 948 510 260 530 736 508
1 232 176 117 178 200 131
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4 167 95 86 70 83 80
5 130 57 71 68 81 77
6 106 62 48 47 77 65
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8 137 85 54 101 117 108
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0.829% 7MY} 2 A& Bt o= dk 2] Byo| o HE 719 ‘_4'
A58 ¥go] tisf =2 A 7HA AL 32 9fueith

ou
o 4719 2 H*JJ“OSSSEH]%?_—#Z'——J sopel Lepslc) 2 v
2 0,823, A WA/E R Aol Bejed WS ojs) 4es) @ A
BT e AR

HF AIZE 7120 24=, 5T W29 r-squared 4] 0.851 2 &2 A& F-AI5t
RO, A7t H Z HEE= 0.842% YEPT Ak HE A

o {2 e WSS HrE Sl w2 vEl2 d9g = 2S ERld

EEH O, B OLS S AR ARE W AR ¥ ARE B e 4



5L 43 2223 3| e |
TR AlZE 0.626 0.641 0.829
A 0.856 0.853 0.823
oAl 0.851 0.842 0.842

@ OLS =|#2¢ Zat - oo/t H
o o

O SCHAHZ| (A AIZE 71F)

B 20K o7 P 5, A 4, TG S0t e WSS 5T) W
el 09 AL Ao, ol A iEel A Aol w3
o ote A

PokE2 AARITE HH, 7H] 5, AFAIE ¢, B R Hajo] 2 A
ol AR oz =EE

FAH O R, o7IA1E 429 Coefficient -2 5.2302 7P =7 UeRGoH,

ol o7 Al o] g XYSE ST A W0l FTHE 5 a2 omRitt o]
& o7 FH0l B ARl BolHA AFAAHA 2 B 9190l 571
g Atk 2 s olfz dldsl = 5 Utk

H, 74| 4= M= Coefficient gto] -2.44=2 7P & ()] Adigt2 &
ZHilE 7T TR IR & g2 AR B 5 Ale Aol &5
, SAAS7E = yeRd Zlolt o= 7]'”1]7]' YASh= o] 7o)

2 27101, ZH7E St A =Rt E294717F thEofdnale S

Sk 4= 9Jt}. CPTEDOIA] &5 EAJ31E PX 0 2 AH= AL o]z AAo] HF

gl 382U &= VI 5 e olw7EE = S Aot

il
o

}



H 3-9] 50 X OLS ZAxt - M| AR |E

Coef. Std.Err. t P>1t|
QI & 0.000619 0.000303 2.039664 0.041482
KotEY 4 3.802143 1.039397 3.658027 0.000259
HAHIE &= 1.182969 0.231319 5.114005 3.38E-07
FRIE = 2.400245 1.00786 2.381527 0.017311
UFAL = -0.40684 0.102063 -3.98621 6.89E-05
7| 5 -2.44243 0.537366 -4.54519 5.73E-06
2 0.825671 0.237406 3.477889 0.000513
o 1.616237 0.088236 18.31716 1.07E-70
(G PNSES 5.239548 0.818997 6.39752 1.86E-10
SAH 0.05176 0.019865 2.605562 0.009223
EI/ NS B 0.660692 0.085658 7.713131 1.72E-14
oEAld = 0.364777 0.03454 10.56085 1.43E-25
EEINIS RS 1.29235 0.265028 4.876281 1.14E-06
Hil=Z By -0.00041 0.000179 -2.30963 0.020985
HE TH 0.037823 0.006661 5.67836 1.51E-08

M
Rl
re
-4
[al
A
0

O SCHHE (R AR 7IE)

25t ] LA 7HE 2 D2 = vAE R EEE 3 ol R

AZIeRe] ol2jet A 450l WY Al M W Aol & % 98-S AR
o WHE, QIRALE 5 WO 4, 71 5, HYR WA L MAEL 20)¢)
S UL MR WA Ao S S S-S HolET) 53 3% FULS
71Z0 3 Beai 2] Wl 47t A AYe] 89 RS vHL Ao
3 e maE R

LEE R DT FAZOE GO BA

I‘TN

b

Ir

oE

oE

E:-‘

ox

:
0

7 FERLEA] Q3L W A171e 53 2
2 29 AL Holo] A5k 97
Folehe oju]z A% 4 9l F3HA9 AL Rl W A7 71 A
Ao} 3 498 wast ok

108 (o)} SHMA|(CPTED) &5} 2 QST JHA Bigt



H 3-10] 504 HZ| OLS Zit - R ARPIE

Coef. Std.Err. t P>t

X[GHES 3.604849 0.503274 7.162796 1.02E-12
HALERE &+ 0.283902 0.112004 2.534738 0.01131

TR 1.436827 0.488004 2.944295 0.003265
HEAE = -0.15746 0.049419 -3.18634 0.001457
HOH -0.35101 0.149472 -2.34831 0.018931
71| =~ -1.03471 0.260191 -3.97673 7.17E-05
=2 5 0.752717 0.114951 6.548132 6.96E-11
EuEs 0.43619 0.042724 10.20953 4.93E-24
O7tAE == 1.718366 0.396557 4.333219 1.52E-05
EI/NFSE 0.572073 0.041475 13.79306 7.35E-42
oA 0.057497 0.016724 3.437898 0.000595
SHNE 0.624773 0.128326 4.868644 1.19E-06
sger HY 8E-05 3.31E-05 2.417009 0.015715
AHEL HY 2.85E-05 1.39E-05 2.057998 0.039687
HlzZ ¢y -0.00022 8.65E-05 -2.51338 0.012016
2= 0.051372 0.019862 2.586476 0.009749
U2 = 0.016194 0.003225 5.021006 5.48E-07

EX: A2 2

O 5oz (2 Al 71E)

HFAIRE OLS B4 2k, o /A1 4, 27 %, M2 9} 28 S0
Sel 24 Wl 74 2 )] FUL V1AL W S ol 1 A
7]—1:]]01] o]a}ﬁ]— /\]A-LEO] u]z]E] ;(] ] -] t@xﬁ Aﬂo] l-—_o]-7<1 A0 1 0 o /\]/\}5_
o} 9, 7] 5, QAL 59} 2 MSEL 8()9) FRRE MR WS,
%3] W] Wold 5 9l AL 9IS 4+ S-S Hojzeh

>~

FAH R, o7 5=9] Coefficient 40] 3.522 7 & FHH2] #h= B
t}. o]z of7pA[ o] W [ olA] v A[ZH ST HE] HAY 7Rs/do] WS- =

£ A 9Ju|git}. 7R A2 v A7l AFEEO] A HolE AR, o]
g 3ol A= JE A 3ol S 4= Qi

HO o W A 24 Axfel i 2 W wAYT) ofo] A1 S el it
Z3H oz Brp, WOy ol W7} A7) dageiA gt dol = M7}

HAsto] S $UL 7120 2 wetst th W7} v AU o] whis)
L A7} gl ARIo] SRBHE 20 B 4 9l BE WAL fojet 7
7 gehdA) ok, 51 29 7% 4 Uehd B whnh g0 AL



ol
filo
d

AR 2] EAo] sk WAL Q7] Wizl Ao & siAle 4=k
T 3-11] 504 $X OLS Z1} - &t AZP|E
Coef. Std.Err. t P>1tl
QI 0.000406 0.000187 2.164381 0.030523
HAHIE &= 0.899067 0.142949 6.289406 3.71E-10
CCTV = 0.073578 0.025693 2.863761 0.004219
HUFAL -0.24938 0.063072 -3.95387 7.89E-05
HOIH & 0.69519 0.190769 3.644147 0.000273
7| 4 -1.40772 0.332078 -4.23912 2.32E-05
Eu s 1.180047 0.054528 21.64124 7.72E-96
(GPNSES 3.521182 0.506119 6.957223 4 35E-12
SAE 0.049066 0.012276 3.99686 6.59E-05
OEAld = 0.30728 0.021345 14.39578 2.6E-45
EEINSES 0.667577 0.16378 4.076051 4.71E-05
12 Th 0.021629 0.004116 5.254587 1.6E-07
SX|: AT XhY
O 2223 gz (A A2t 71F)
A AES 7102 R OLS 841 23}, of7HA A 5=, &3] 5, AshE o b
& HpEo] ARHEE 2 Aol 7 2 FHHY FFE lfq—‘:— HPE EEE]
et ol o]t AldEo] WHE A FollA A5 A WA 7Hsdo] ot
A 5 AS2 AIARIE W, 7H) o= 375 i 2] S oAk =09
3

1A=

HrE =EH

[ 3-12] ZZHE=2 Hx| OLS AT} - MA| A|ZH7]
Coef. Std.Err. t P>t

Xlohd 2 1.374385 0.653813 2.102107 0.035637
HAXMIZE 4+~ 0.539203 0.145507 3.705679 0.000215
CCTV = 0.064754 0.026152 2.476041 0.013346
mold & 0.840068 0.194182 4.326185 1.567E-05

7| 4= -1.46746 0.33802 -4.34135 1.47E-05
Sl 1.120531 0.055503 20.18854 1.79E-84
O7IA|A == 2.144249 0.515174 4.162181 3.25E-05
SA™E £ 0.041827 0.012496 3.347258 0.000827
QA 0.327717 0.021727 15.08335 2.12E-49
SEAA 0.947615 0.166711 5.684186 1.46E-08
HE M 0.023809 0.00419 5.682581 1.47E-08
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O 2723 83 (3 AREIIR)
FAZE 71202 OLS B4 23, Aobd ] 4=, &3 &, QBAd b2
HpEo] 7S W2 dAgo) (9] B 1A= HER EEF T o=
2 A7 o] o]=fgt A Eo] WA X FojlA A7 HE A 7Hsgo] =
oFd = U2 AARRITE BHA, 71| o= 3(-)Q] S vA = s, HE
RS oAIBHE RS T 4 %S ol
[E 3-13] AZt=2 Hx| OLS At - R ARP|IE
Coef. Std.Err. t P>[t|
NI E= = 1.280289 0.252111 5.07827 4.07E-07
O™ £ 0.166432 0.074877 2.222747 0.026316
7| 2~ -0.42997 0.130341 -3.29885 0.000984
=t 0.200456 0.021402 9.36617 1.55E-20
AOAIE 2= 0.048892 0.020777 2.353188 0.018685
O|ZAE 5= 0.072129 0.008378 8.609389 1.23E-17
SHIAA 0.346415 0.064284 5.388837 7.71E-08
=ger HY 4.83E-05 1.66E-05 2.913326 0.003606
AUEL HY 1.94E-05 6.95E-06 2.790983 0.005292
= 0.007385 0.001616 4571192 5.07E-06
EX: HAZX &Y
O Z7i=e) 8| (8 AR 71%)
HFARZFRE 71202 3FOLS 4 A3}, o7 A 4, &4 4=, Held e 22
HpEo] 7HEE WA dAgo) (9] P v MR EEE T o=
g AJZtdo] o]=jgt AldEo] WHE A|ojlA 7= HE A 7s/do] =
S 4 e AT B, Fh] 42, ARA 55, AFIALA 50} S WS
2 2()9] JIFL vIAE, WA BUS AR HTL T 5 Y HofET

H 3-14] ZZH=E3 W OLS 2 - Y ARV|E

Coef. Std.Err. t P>t

HASEN 5 0.48502 0.105854 4.581978 4.82E-06
CCTV & 0.061878 0.019025 3.25239 0.001159
AZAIE = -0.11426 0.046705 -2.44645 0.014491
mMo|H 0.673636 0.141264 4.768625 1.95E-06
7| 4 -1.03749 0.245903 -4.21909 2.53E-05
E e 0.920075 0.040378 22.78671 3.5E-105
7N & 2.078926 0.37478 5.547052 3.19E-08
SAE 4 0.037086 0.00909 4.079667 4.64E-05
ENNEES -0.08453 0.039198 -2.15659 0.031127
OZAIM & 0.255587 0.015806 16.17023 3.47E-56
SHIAM & 0.601199 0.121279 4.957155 7.6E-07

HE T 0.016424 0.003048 5.38834 7.73E-08

EX: AT 2y



] ARES 7205 B OLS B4 2, olhA14 4, XI5hAe) %, AvIAIH 4
9} 22 W4So] Aw WA Al F()9| FFS AL WhE EEE
o]t o] efat A4 S| WYH Aol AT WA A 7RsAo] obd & %S
2 AT W, Zh] 4, B %, GRAIA 59} 2 WAEL 99 B
e )X, M) TS AP GBS T4 Y Holxeh 59 §4F
o] 29 FFL o} 8459

AX
S u|X| = 8oJu|gt HELR T ET o] 25 ushH
Coefficient 72 —0.004162.2, &L Zro|y+ 84

Wz Aol dad 7hsgol e AR

I 3-15] HE HZ| OLS Z} - ™A AZP7IE

Coef. Std.Err. t P>t
XoEY & 2.401081 0.5646234 4.395697 1.15E-05
AYRE S 0.647476 0.121565 5.326158 1.09E-07

TR 1.440961 0.529661 2.720538 0.00656
AUFAE = -0.33081 0.053637 -6.16748 7.99E-10
HOI™ &~ -0.48269 0.162231 -2.97529 0.002953
7| 5 -0.98426 0.282402 -3.48532 0.000499
23 0.889461 0.124764 7.129157 1.29E-12
S 0.495616 0.046371 10.68812 3.87E-26
O{7tAId == 3.094835 0.430407 7.190479 8.34E-13
AOAE = 0.695097 0.045016 15.44115 1.37E-51
SHAE 0.326162 0.13928 2.341771 0.019266
ser HY 7.8E-05 3.59E-05 2.171241 0.030001
HilZ MYy -0.00032 9.39E-05 -3.40584 0.000669
2= 0.052291 0.021557 2.425689 0.015345
HE = 0.013389 0.0035 3.824798 0.000134
EME -0.00416 0.001961 -2.12076 0.034034

X AR 2

O HE 2] (R A2 71D)

AR E

71%0% 3 OLS 14 23k, 5HAY %, oA 4 FA4g S0k
o] A W W] Y1) JFL 1AL AT =E2Hl. of
Fefo] oJeft A4k So] W A oA Hix W] WA 7K ot
o AARRICE, W, 7hol 45, WO 4, ARAL 49 22 WAL

= DAl MR UERET

N

o
rE
=

o

m
il
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r\l
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o

go w rjr
$oAn T
b
1
il

N
o)
of
Ol

112 HEOL SH4HH|(CPTED) 115t X QISHIE 7h4M Wt



HFAIIHE 71202 9 OLS 4 23, o7 ¢, AR RA 7, AviAld
4 A HF] W0 FH] FFE vAE MR =E2EHA
ot o= °] 5‘&/\]@—5: | 2 Aol A 1 A7 e i H A 7sAdel

P"«}. J M =, QAL 5, AlEha poh 2 s

I 3-16] Mk HZE| OLS Zit - ¥ ARPIE

Coef. Std.Err. t P>|t|

XoHEY =+ 2.297708 0.352251 6.522924 8.22E-11
HALRE &+ 0.22938 0.078394 2.925989 0.003463
TR 1.067972 0.341563 3.126717 0.001787
7Dy 2~ 0.000728 0.00031 2.346681 0.019014
UTAIE = -0.1931 0.034589 -5.58279 2.61E-08
O -0.51155 0.104619 -4.88964 1.07E-06
71| 2= -0.59638 0.182113 -3.27481 0.001071
28 5 0.662228 0.080457 8.230861 2.87E-16
ECR 0.235143 0.029903 7.863461 5.37E-15
O7tAIE 2= 1.657589 0.277558 5.972055 2.65E-09
EN I N 0.518515 0.029029 17.86168 1.68E-67
SHAE 5 0.273589 0.089818 3.04604 0.002341
Haliz HE -0.00018 6.05E-05 -3.03971 0.002391
L2 = 0.035941 0.013902 2.58537 0.00978

HE M= 0.008654 0.002257 3.833845 0.000129

S5 A7 By

T 3-17] H HZ| OLS Zat - 2t AZP|&E

Coef. Std.Err. t P)|t|

ol = 0.000137 6.91E-05 1.977277 0.048113
HALRE &+ 0.418096 0.052738 7.927788 3.26E-15
NNES F 0.008344 0.004161 2.005285 0.045033

UFAE = -0.1377 0.023269 -5.91781 3.68E-09
MIEA 2= -0.16622 0.084072 -1.97712 0.04813
71| -0.38788 0.122513 -3.166 0.001563
=28 5 0.227233 0.054126 4.198253 2.78E-05
==+ 0.260474 0.020117 12.94807 3.1E-37
O7tAIE 2= 1.437246 0.186721 7.697278 1.94E-14
SAE £ 0.011639 0.004529 2.56982 0.010229
AOAE 5= 0.176582 0.019529 9.042027 2.88E-19
OIEAIE = 0.049758 0.007875 6.318645 3.08E-10
=gEr HY 4.78E-05 1.56E-05 3.069635 0.002165
H3lZ MY -0.00014 4.07E-05 -3.33227 0.000873
U= M= 0.004734 0.001519 3.117525 0.001843
E8E -0.00195 0.000851 -2.2872 0.022262

H: ST 2hy
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oz
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[72) 3-38] & A7t 7I= Mz Qo|0j3t #H: A2}

EX: AT 2y

2) Random Forest/SHAP/PDP Zi1}

® Random Forest

HHEAAE WS S8 sff %], S jlF, A HEo] et oS 4
5= H7lelal, ZF HE] 5ZEE Test accuracys 71502 B 52 H]
WOt B2 AR AIZE W AIZE HE AREO 2 AlESlele] X glom, i
9] 52 B (Accuracy)E 8 BV EE AREsto] HI7IE QI EX=

3§ o5 452 Aol g B 5 Uk

AFEHAE HHO| HAE HE L= AA| A7t 7]& 0.8782 7H =7 YE}
o v A7 0.856, B A7t 0.8519) HEHeE 7|1=E519E ol = 1
dlo] AukA 0 2 5tf] HZ]| df&o] 5= Ko, 55| W AIZIHETE HA| A

I
7ol o 2o HES 7|S3 AL T % A

A

6
oX,

Z37HES Ao gt HHAEHAE RHo] HIAE P = AA Az 71E
0.855= UEF o, B A|71o]l= 0.853, B Al7tolli= 0.842 = H| W 4] W2 423
£ B3t} o= 7HEE WA tist & Aol AlZIo] w2 2ol §
O}, v AlZF = ethe] A5 Akt A2 2|ttt

A {1 di&o] izt AHEHAE o] HAE A= HA| A7t 7|2
0.829% 7V WA Uehgon, ¥ AlZtoll= 0.823, W AlRtolk= 0.842% ek
ot 53] A= H29] 39, Aol B &2 S BT, ole WA
bl 54 wido] ¥ F35HA YEhd o5 Adse] FdE S 7ol -

116 S0 SHAMA(CPTED) =8t X QISH|E JHA Hisk



51 3] 222 vl HE 3l

TA| Al 0.878 0.855 0.829

AR 0.856 0.853 0.823

oAz 0.8561 0.842 0.842
@ SHAP/PDP

SHAP(Shapley Additive Explanations)@} PDP(Partial Dependence Plot)+
gl ojSof 7+ nA7} nA= FFE AlAH R QoFsto] HojEr SHAP
plot T %] 2] & T8 =9} oS Afete] WA IS Aol Aldsleh, 2+ 3
of 91xJ9} M2 S 14 glo] o0l vIA}e S 4= 02 ehic. 1}
2 742 517 gho] Y 1, W7LAY L glo] 52 S ek, 3|37} o]
of vlAj et RRE Fhzo] elet 2 et

PDP plot& 718 142 wate] T2 o gto] WS HolZe, ol 5o} 5
% WA} F71ekAv g W) 2R o] ol ) WskenE Aua s
o 4= 9lom, wEo] oppage] SR NASS F A8 5 ek

wetA 2 G704 SHAPS} PDP B2 B3] W o mEolq $a8 7
A5S B15k, 7} 117} 2 W 7Rs el o B QRS mX| A wotst
of, o] uleko e el W) o] MG Syshe v Beskast Bt

O 5t & (Hx Al 71E)

SHAP 4] 23}, stif H2]0] A ARE 7120l A QIFE &, & i, 2413 &
|AE, CCTV 7= 59 ] HirEo] ZE &0 S8 JFS vA= Aoz

L}E}%} o] L5 2 T 7Rs/dol tit mhQ] oflEof A 7]osk= o

AEE I

QI =7 SRS MR, 2SS WA W dlSgte] SIek= A

T HRItk SHAP plotof| A Q19 7} 32 W SHAP gho] Y= LERH, o]

= A7 I3 Aol HF T 7Fs7do] B Atk A onIte) PDP plot

oM Q-7 Sl whet oS ghge] 7htEA dsthe Ae IUd =
et 53] ©F 1000782 A1H7HA] dlSgtgo] 34 Aoohe 2e S
At A= e A SR USE, AE 47 S7HES M DA oS0
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[13 3-39) 5tf
S3f: A7E Ap

HE|/HHAIZE 7|Z SHAP Y PDP Z1t

O 5t #H2l (Al 71E)
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In South Korea, Crime Prevention Through Environmental Design (CPTED) has
been actively introduced in policy projects and other initiatives, entering its
maturity phase. Consequently, there is growing interest in verifying the
sustainability of CPTED interventions and their crime prevention effectiveness.
However, there are also cases where initial CPTED projects have been poorly
managed or have failed to achieve the intended outcomes. This is due to the fact
that although the physical environment of buildings, cities, and communities are
organically interconnected, each project and policy only achieves goals within its
individual scope, resulting in limited overall crime prevention effects.

To address this issue, integrated physical environment improvements in
architecture and urban spaces are crucial. By systematically verifying the
effectiveness of CPTED and implementing policies based on these findings, crime
prevention effects that encompass urban spaces, public facilities, and private
buildings can be expected. Currently, there are various systems related to
CPTED, such as urban space environmental improvement projects, crime
prevention environmental standards for buildings, and the private building crime
prevention excellence certification program. This study focuses on the
certification program aimed at encouraging private sector participation and
discusses ways to improve it. Furthermore, to analyze how physical environment
factors impact crime for policy—making, an analysis was conducted in areas
without CPTED projects from the central government. This analysis aimed to
identify the relationship between physical environment characteristics and crime
occurrence and propose improvements to enhance the crime prevention effects
of CPTED projects.

The goal of this research is to identify the linkages between spatial environmental
elements and crime prevention factors, discuss the direction of CPTED, and
explore ways to encourage private sector participation to strengthen crime
prevention in private buildings. To achieve this, the study derives physical
environment factors that should be included in crime prevention strategies, and
proposes strategies to enhance participation and effectiveness in private building
crime prevention. The study analyzed the impact of physical environment
characteristics of buildings and urban spaces on crime occurrence, derived

relevant variables, and collected expert opinions to evaluate the effectiveness and



need for the expansion of the National Police Agency's private building CP'TED

certification program.

This chapter reviews prior studies on crime prevention through environmental
design and identifies physical environment factors related to crime prevention.
The physical environment factors were analyzed by categorizing them into
architectural elements and spatial environmental elements, with factors derived
from prior CPTED studies and key projects by the National Police Agency and
the Ministry of Justice. Among the five principles of CPTED, the study focused
on access control, surveillance, and territoriality, which are closely related to the
physical environment. Specific cases analyzed include major prior studies, the
National Police Agency's crime prevention building certification checklist, and
the Ministry of Justice's regional crime prevention environmental improvement
consulting materials. The physical environment factors derived from this analysis
will be used as independent variables in the next chapter for analyzing the impact
on actual crime occurrences.

In the analysis of prior CPTED studies, six studies focusing specifically on
physical environment characteristics were selected to derive architectural and
spatial environmental elements. These were classified according to the main
CPTED principles of access control, surveillance, and territoriality. Architectural
elements include clear entrances, locks, intercoms, CCTV, sensors, and safe
lighting design. Proposals for enhancing surveillance include using transparent
materials for open building layouts and installing CCTV to improve visibility.
Furthermore, the study discusses strengthening territoriality through clear
distinctions between private and public spaces, design reflecting local
characteristics, and resident—participatory designs. Spatial environment
elements include creating open, wide spaces instead of narrow, long alleys,
enhancing natural surveillance, and establishing safe zones. Moreover, the study
suggests measures to prevent crime by ensuring adequate lighting through
streetlights and security lights, and by creating community spaces such as rest
areas, playgrounds, and community facilities.

In the analysis of the National Police Agency's Crime Prevention Excellent
Facility Certification Program, the checklist was examined to derive architectural



elements, The certification program, which began in 2016 for parking lots and
expanded to small residential buildings in 2018, aims to promote crime
prevention environmental improvements in private facilities. The checklist is
composed of categories such as management and operation systems, design, and
security and safety facilities, with evaluation criteria based on the CPTED
principles of access control, surveillance, and territoriality. Access control
includes installing entry control systems and reinforced security devices at
entrances and windows, and applying measures to block intrusion routes in
outdoor spaces. Surveillance emphasizes natural and video surveillance,
minimizing visual obstructions, removing blind spots and hiding spaces, and
requiring high—resolution CCTV for 24—hour monitoring and video storage.
Territoriality is secured by applying boundary markings and design elements to
walkways and parking lots, as well as considering the needs of vulnerable
pedestrians. Additionally, principles of functionality and maintenance are
incorporated by arranging commercial and community facilities to activate
activities and requiring maintenance of the facilities.

In the analysis of the Ministry of Justice's crime prevention environmental design
projects, regional crime prevention environmental improvement consulting
materials were examined to derive spatial environmental elements. Initially, these
projects were promoted through collaboration with private sectors and local
governments but, since 2016, have expanded in scale and expertise through
partnerships with the Ministry of Land, Infrastructure, and Transport and the
Ministry of the Interior and Safety, linking urban regeneration and safety
projects. From 2019, these initiatives have been linked to urban regeneration new
deal projects, industrial complex regeneration projects, and fishing village new
deal projects, and since 2024, rural center revitalization projects have also been
included. The most recent three years of projects were analyzed based on
architectural and spatial environmental elements following the CPTED
principles of access control, surveillance, and territoriality. Access control in
architectural elements considers factors such as the location of entrances and
windows, building age, and the number of vacant houses, while spatial elements
include shielding vacant land and the proportion of parks and green spaces. To
enhance surveillance, architectural elements focus on the placement of entrances
and stairwells, installation of CCTV and lighting, while spatial environmental
elements emphasize surveillance equipment and lighting for alleys and blind

spots. To ensure territoriality, architectural elements include fence placement



and the proportion of mixed—use areas, while spatial elements focus on

preventing illegal dumping and designating protection zones.

This chapter aims to analyze the impact of architectural and urban physical
environment characteristics on crime occurrence and provide the basis for
integrated strategies in crime prevention through environmental design. The
target areas for analysis are six districts in Seoul (Seocho, Gangnam, Songpa,
Gangdong, Geumcheon, and Eunpyeong), selected based on high crime rates,
crime occurrence, and per capita crime rates. Some analyses were carried out
focusing on four districts (Seocho, Gangnam, Songpa, and Gangdong), where
spatially continuous analysis was possible. The target areas were analyzed by
aggregating crime occurrences and physical environment characteristics in
250—meter grid units.

The analysis method is composed of three main stages. First, the impact of the
police department’s crime prevention certification on crime occurrence was
analyzed to assess the crime prevention effectiveness of certified facilities.
Second, the impact of physical environment factors on crime occurrence was
analyzed through regression analysis (OLS), machine learning (Random Forest),
and spatial regression analysis (MGWR). Spatial correlations between major
physical environment variables and crime occurrences were assessed to identify
how these variables influenced crime across different areas. Models analyzed
crime types (violence, theft, etc.) and occurrence times (day, night, etc.). Data
preparation involved collecting population, crime data, and urban
environmental variables, and deriving relationships between major variables and
crime occurrences through OLS regression. In machine learning (Random
Forest), the importance of variables was evaluated, and through spatial
regression analysis (MGWR), the differentiated impacts of physical environment
factors on crime were analyzed by region.

First, using the police department’s crime prevention certification and crime data
for six districts of Seoul, the characteristics of certified facilities and crime

occurrence trends were analyzed. The analysis focused on 24 certified facilities,



selected from 130 facilities initially certified between 2021 and 2023, for which
data was available. These facilities included parking lots and one-room
apartment buildings, and crime data before and after certification was compared
to assess the effectiveness of the certifications in preventing crime. The crime data
was processed to exclude duplicates, identify the five major crime categories, and
convert address information into coordinates, leaving 24,879 incidents for
analysis. Descriptive statistics showed that violence (16,394 incidents) and theft
(9,058 incidents) were the most common crimes, with a decreasing trend in
crime incidents over the years (9,961 incidents in 2021, 8,146 incidents in 2023).
In the analysis of the effectiveness of certified facilities, crime rates before and
after certification were compared within a 100—meter radius and at the building
level. A 25% reduction in crime rates was observed within the certified facilities
and a 16% reduction within a 100—meter radius, though these reductions were
not statistically significant. This result was attributed to the limited sample size,
and the interpretation also took into account the trend of decreasing crime rates
over the years.

Next, regression analysis, machine learning, and spatial regression analysis were
conducted. Physical environment variables selected from prior studies, police
department's CPTED certification checklist, and Ministry of Justice projects
were gathered through public data sources and reclassified according to
population and physical environment characteristics. Population was treated as
an independent variable, and the remaining physical environment variables were
categorized into land use, road network, building forms, street facilities, and
building usage. Physical environment data was obtained from a variety of public
data sources such as VWorld, local government administrative approval data,
public data portals, and Kakao APL The analysis was conducted on a 250—meter
grid unit, and the dependent variable (crime occurrence) was processed either as
a binary classification or continuous variable according to the model's
characteristics. Only crimes occurring at the building level were included in the
analysis. After adjusting the scale of variables, outliers and missing values were
addressed, and variables with low multicollinearity and correlation coefficients
were selected for analysis.

The analysis showed that in most models (OLS regression, Random Forest,
MGWR spatial regression), population density was positively correlated with
crime occurrence. Among land use factors, commercial and mixed—use areas

showed a positive correlation with crime occurrence, while green spaces showed



a negative correlation. In road networks, road width was positively correlated
with crime, while pedestrian pathway area showed a negative correlation.
Building-related elements such as the number of buildings, floor area ratio, and
building coverage ratio were positively correlated with crime occurrence, and
some building heights showed a non-linear relationship. The relationship
between the number of CCTV cameras and crime occurrence showed mixed
results, including both positive and non-linear correlations. Regarding building
usage, restaurants and convenience stores showed a positive correlation with
crime, while cafes and office buildings showed a negative correlation. In
conclusion, factors such as population density, commercial area density, and
green space had a significant impact on crime occurrence, while the relationship
between CCTV installation and crime prevention requires careful interpretation,

as it may not be causally linked.

Based on the analysis of the impact of physical environment factors on crime
occurrence, the aim is to advance crime prevention through environmental
design and evaluate the performance of the police department's certification
program for private buildings, ultimately proposing improvements. A two—stage
expert survey was conducted to gather opinions on the effectiveness and
necessity of expanding the certification program and to discuss policy
implications regarding physical environment factors for crime prevention.

In the first survey, experts provided feedback on the police department's crime
prevention certification program. Fifty—three percent of respondents were
positive about the program's awareness, though some pointed out a lack of
awareness and insufficient promotion. Forty—one percent rated the program's
operation positively, with many commenting that it was systematic and
practical. However, concerns about inadequate recognition, effectiveness, and
lack of incentives were raised. Sixty—eight percent evaluated the operation
method positively, considering the on—site diagnosis and re—certification system
appropriate, but issues such as insufficient information provision, lack of

substantial benefits, and limited scope of certification targets were identified.



Regarding the checklist items and point allocation, 82% found it appropriate,
but concerns about the lack of rationale for the point system, excessive item
segmentation, and subjectivity were noted. Seventy—nine percent rated the crime
prevention effectiveness positively, although the lack of specific validation data
was mentioned. Regarding the need for expanding the certification program,
97% expressed positive views, believing that its expansion would improve crime
prevention and enhance the physical environment of private buildings.
Suggestions for expansion included providing incentives, enhancing promotion,
offering legal support, linking with public facilities, strengthening research, and
supporting professionals.

In the second survey, based on the analysis results of the impact of physical
environment factors on crime, experts provided opinions on the policy
implications. The positive correlation between population density and crime
occurrence highlighted the need for more detailed analysis considering
population characteristics (e.g., age, gender). Further research was also required
to include social class and lifestyle patterns. Regarding land use, the tendency for
higher crime rates in commercial and mixed—use areas was emphasized.
Although green spaces showed a reduction in crime, concerns about hidden
crimes due to visual obstructions in green spaces were raised. In road networks,
narrower and darker roads were found to be more prone to crime, and
expanding pedestrian pathways was seen as helpful for crime prevention. In
terms of building forms, areas with higher building coverage ratios and floor area
ratios had higher crime occurrences. Various factors, including building form,
density, and age, were assessed to influence crime. The relationship between
CCTV installation and crime occurrence revealed that CCTV was installed in
high—risk areas and showed a positive correlation with crime. However, experts
pointed out that the causal relationship is unclear and that increasing the number
of CCTV cameras alone may not effectively prevent crime. A strategic approach
considering the location, management, and regional characteristics of CCTV
was recommended. Analysis of crime occurrence by building use revealed that
crime is frequent around facilities with high public use, such as entertainment
venues. Experts proposed specific policy improvements based on physical
environment factor analysis, such as subdividing populations, reflecting regional
characteristics, considering building age and size, and optimizing CCTV

installation locations. They also suggested strengthening the expansion and



efficient operation of the certification program, providing incentive systems, and

developing data—driven research to support better decision—making,

This study aimed to advance crime prevention in architecture and urban physical
environments, with a focus on enhancing the police department's crime
prevention certification program for private buildings. It utilized statistical and
machine learning analyses of crime occurrence and physical environment data to
provide objective evidence and derived policy implications based on expert
opinions. The study explored various methodologies for crime data analysis and
applied multiple approaches to assess their applicability, with expectations to
refine these techniques for more sophisticated crime prevention policies in future
research.

The ways to advance crime prevention environmental design are as follows:
First, social surveillance can deter crime, and to enhance this, it is essential to
expand public spaces and resting areas while improving the safety of parks and
green spaces through design. Second, CPTED standards should be established
based on population characteristics. Third, areas with high building coverage
and floor area ratios show a higher potential for crime, so applying CPTED
standards by land use zone and offering incentives should be considered. Fourth,
narrow roads may increase crime, necessitating interventions in such areas. Fifth,
additional analyses should consider the relationship between building
deterioration and narrow alleyways. Sixth, CCTV installation should focus on
optimizing locations and establishing an efficient management system rather
than merely increasing the number of cameras. Seventh, further analysis of crime
patterns around popular public facilities is required. Eighth, a barrier—free living
environment should be applied, and additional analysis should consider local
income levels and population size. Empty houses or vacant buildings, which are
highly correlated with crime occurrence, should also be included in the analysis.
Ninth, the impact of physical environment factors on perceived crime insecurity
should be analyzed, and based on this, policies for crime prevention
environmental design should be set.

Proposals for improving the certification program are as follows: First, to raise
awareness and increase participation, it is necessary to conduct broadcasts and

systematic promotional campaigns, sharing certification cases and showcasing



the effectiveness of the program. Second, a broader target area should be
considered for certification, encompassing not only private buildings but also
public spaces, along with measures for building managers' responsibility. Third,
clearer rationale should be provided for the certification program's checklist and
point system. Fourth, the program should reflect local characteristics in the
certification process. Fifth, the certification program should be expanded to
include larger—scale buildings, with a focus on areas with high crime rates. Sixth,
regional experts should participate in decision—making. Seventh, experts
recommended that post—certification evaluations and monitoring be conducted
periodically to ensure sustained effectiveness. Lastly, incentives should be
provided to encourage private buildings to participate and maintain certification.
The statistical and machine learning analysis techniques used in this study can
serve as useful tools for gaining a deeper understanding of the relationship
between Physical environment factors and crime occurrence. This study was in
the exploratory stage of examining methodologies suitable for crime data
analysis, applying and comparing various approaches. It is anticipated that
future research will refine these analytical techniques to establish more

sophisticated crime prevention policies.

Crime Prevention Through Environmental Design (CPTED),
Physical Environment Factors, Private Building Certification Program,
Machine Learning
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