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3. 112411 gjo|g &&

1) 112211 HIO[E| 22 Af|
® 02 911 HAAD G0 22| XIOH K Atz

o FEA19 CompStat A|AET Operation IMPACT #A=F

1)

47327 (NYPD)> CompStat A| 28 53 2| HoJg £4 23S whgsto] dA 73

Z}
=
e S wAE SliA oA H2 A B oS Y3 Operation IMPACT 212

CompStat(Computer Statistics) A28 1994 T J=|o] AA7HR] A AlA H2 23] 9]
WA nb] Bd 2 E-857 k. CompStat A|AE 911 AT Hlo|HE 35 2] 1
S AAREO R S5l A4S 4T ZRAAS 2Tt 1) Aot 443t JH S
A, 2) A48 A viA], 3) B Q1 A 7, 4) A|E5A Q0 4 3 (Police Executive
Research Forum, 2013). 911 A1 gjoJEl= A&EEg 7|69t W T2 7388 5] A 25}y
of, W2 w4 9IA19} weio] AEAlo] ANze2 FHH

b

NYPD CompStat 2.0

[22 2-2] NYPD CompStat A|AE!
ZX: https://urbanomnibus.net/2018/06/policing—is—an—information—business/ (ZA&: 2025.6.13.)



CompStat A|AFRZ 911 A1 HoB & tha3h 42 W4 0 2 Shagith AA, HE 911 4l
= AAREO & AAE Al A o] JEE| o] XY HAIARI(GIS)E B9l AZ=Ado] #AIE
E4, o] dlojg &= A, X9, H&] fYHER BEFE o] fjel 24o] o] o]zt AlA,
23] A== CompStat 319]0|4] Zh A 2|3 EE0] @ A 99 Ha] 53 HiIo

1 S AR =93t (Weisburd et al., 2004).

o

Operation IMPACT+ 20034 #|o]E #2](Raymond Kelly) Z7g°]l o] A2+ #lo]
715k SkAT E2]/ Aol o] B2 1994 =4 CompStat AIAH 9] 4t 4] A=
(ol Al AR A H, 41453 A i %], ARl M, A&A Q0 FA TS 7N
2 AAIE Ak Bureau of Justice Assistance, 2013). Operation IMPACTE= H&] A1 ¢
ol el e} X2 g HAIARN(GIS)E E-8-5to] A1 F A9 'Impact Zone' 2 & A5kl 2
optdv] EYBE A HiXIoHs WA 0 Z 2YE It Smith & Purtell(2007)2 °1&
"CompStat on steroids'2}1l &3} 7= CompStat 2L} B2 F&5A 0|11 A A3t o] g
71RF Z|Qt Ao gkar B3

1

43 49 3 3 THAAT WA, 2 BEAE A ol BHE BRI
HAE AT T, B 0 $HUI E AR 2 BE 5 A% Impact Zone B

Hd

o O, mRAEro g 419 AR A5 v A Ay BYEHSHES SHITHNYC
Global Partners, 2010). 27| 247} A|Hoj|A] Al&toto] Z|of 307 WA 2 =30
Z} Impact Zone<> 671 &utth A 7HE o] 2 el ¥slo] weh 2 A=Y 55 A &
5, ek A, 3358 HF A9 A B 02 5F9l o A|7582HA(75th Precinct)
9] 7% Operation Tridentgh= My HE-S 5o WA HAAE 37 +9 o2 Boboto] &
FA

CompStat¥ Operation IMPACTE= 37 7|8 2|QF A2
= Aol A Qo7 et A} 2 7to] &5 A543
A o 2 df-Zof A W oo = 90] A4 ¥skE o] &0 WthBureau of Justice
Assistance, 2013). 3] Operation IMPACTE F&A HA| T&A 9 25%0] Exisl
Impact Zone®] 8 ¥ 9] 30-40%5 XX gth= 24 Ay vigto 2 AghE el A
A Hj A& Fofl o s 2ot B2 AA S THSmith & Purtell, 2007). T3+ 4]
G4l SN FE T /1A, AEE7E Ed8) AAIZE AT I AAE 501l AlSA
HRAA HESA] w2 2ZF 02 0] HILE o]To|YthBureau of Justice Assistance,
2013). o]+= X9t HolE Jo] EE| o] CitiStat, HIEHWE StateStat 5 LF AT A ZHHA
Fo] B A A 0 = SR o] HolE 7R 35 A1t wel o] =8 Y 5 shuE H7t
W31 QltiHenderson, 2003; Behn, 2008).
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B Z2A0HMYA PredPol HIS& X|OF A|AE

ZARAY A FAZAH(LAPD)2 20109 9= X9 (Predictive Policing) A|2~&191 PredPol
S E43EY o= Ak A Q12 o2 1,302kro] Eok= e A A|HS BIpH o2
e sfjof shi= A4 F QoA HZE At Beck & McCue, 2009). ©] Al

o X o& RS HEF oo A-85 Ao g HH 9| AlF7H S AHY AdE EESHA
THMohler et al., 2011).

PredPol:> 911 41119} ¥ AP HIAE 7]REo = E7 AJZtt]e} F7kofl 4] gt A&,
AT A, Ak 52 W e S AT Al2=2 3 H27HEAERE 150m x 150m 4
A 1AS FHOT FE 1247 o he] A RS AEs 1 % U RO A%
202 7 94 o & A3k (Brantingham et al., 2018). O] 3 HHA2 "7H7RE A|
ZEt Aol A AR HE7H AL 7Hs/do] = W F s o] 2ol 7]HEstH o] darE|&o]
& Ak 7| BA7H 71N Al AR R oF 1 48jof| A 2,24 Qo AA| 2ol A8
S o Hot 7.4%9] HF T4 895 AFJAHBrantingham et al., 2018; Mohler et al.,
2015; Ratcliffe, 2004).

Evening I & @

rime Types

W Burglary
W Vehicle Crime
= N Theft

W Assault / Battery

!
W Robbery

W Criminal Damage  *

W Gun Crime

Crime History

[2& 2-3] PredPol
Z£X: Degeling, M., & Berendt, B. (2018). What is wrong about Robocops as consultants? A
technology—centric critique of predictive policing. Ai & Society, 33(3), p349.

LAPD< PredPolo] /et o|& A =& v & oF J—W Hz gelste] g &2 AgS Y
SHTH 2 732 Bt 7)71E B9 ST oIS AEE AN = 215kl 214 H 4

3) PredPol A|[AERI2 UCLAS] Jeff Brantingham 4=, Santa Clara University2| George Mohler 157t 72 2411
2|E2 7HeE AXEUCE



A FHOAM F 4 158 ol &2 B2 T AsHoF A er(Perry etal, 2015) GPS & % %
8 =& A3 o5 A
°] 10% S7+e wwtet
2014).
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A,
18
2
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w3
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)

LAPD F4] B 110 @29, PredPol =Y ¥ 2013~2014d Ato]of] A #=]|&o] oF 20% 7
aFlom 53] AP = 20%, Few 32% H40hs 5 AR Fouiet Ayl gkl
HAH(Los Angeles Police Department, 2015). 18U EH 4]0l & Q152 Hf A5
St 32 A AIBHAT Ratcliffe (2019)= 152 AF Al&8 0] SAH 2= B} QA
TR E FET A 9EE a3 WAL Aokl A A5 BlE0] Richardson et al. (2019)
= PredPolo] 7] 22 B59] WA tlo|ES shstel 954 - o4 WakS AAAle)
= BA7} ek Hwai et Sol 9 slAn A% Aelo] tigt o) w3 Alua As)
$212 ololzt.
A2 QI8 LAPD= 20209 PredPol®] AFE-2 553 Lum & Isaac (2016)2
2 DA 714 FEHgol A o ARl AlF, St s, 4l
/g 50| BHI= ojofF gt} al 35ttt LAPD= o] ¥ HlolE 7|5t |t A=k
] HALS] o g 7|Hto = o =2 A|AH] Jdo] F=5tal Itk (Los
Angeles Police Department, 2021).

5)
<t

4o © 8
oN o e

o
o e do

0,

19

ox.

o

lo

Fﬁ

2,
ol
L
W
X,
A=)
A,

W PO X|2|™E J|Ht e x|of et KK

F=re] A ZHE 7]8E Ao A2 HHFA A H(Crime and Disorder Act 1998)=
o 2 AT o] 2 F= AEe A AAE T2 2R MY 4] HER
A 53] section 115 AYAAGHA|, 42, AFA B A 5 5578 M) E 75 HA
o2 BARto 2 XYY EAIAR(GIS) 719 H o] HA EE nistyt

P2 A G E 719 o o A F AL HofE 282 t5A A A A flof
ZE AT} Police Act 1996 Section 44+ W5Ao] F2g4goA 2|t L&t dAE &
A tlole] FE o] HHE YA 4= 3l o] AEsItal B Ao R FHSIES Q-
o 4 ok HehS Folgo =M {2 AL Hloly ayat 3719 A4 WA LAE vk
At o] WA HIS v O R YHH = National Crime Recording Standards
(NCRS)2} Home Office Counting Rules (HOCR)E A|Asto] A=& o2 g HF Al
tloly = AAE S

E3H Crime and Courts Act 20132 =7PHFH(NCA) AHS &
7+ B3 &g AAE FEch £3] Section 72 NCA 7|5 5

off & AL dlo]E 9] =
EZ o2 JHE NCAY

o%vo
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T 4 3™ NCA= B2 NCA 753 et 253 YR E AR 4= Aokl 114
sto] oh71 3 3] A3 dlof8 9] F9 24 ¥ ZAE AT, o= 9= 24bd blo]
HHlo]AE S7H Aold EdstEs AU 7AA WA Bt HACIAIE,

2019).

o 7 ERENIM)I HE A3 glolEH o A AH &
20009 & =95 27 B 2 d(National Intelligence Model, NIM)-= HZ| A3 fjo|H
O AAA EA 7 S8 ATt #oh T JYIE AF Ut NIM HE] AL HoE &
A9 (Level 1), 9 (Level 2), =7F=Al(Level 3)9] 3TA| 2 F-E-0}0] 2 THA|of] 2 &5t 24
71 AEoHeE AA S5 HWeir & Bangs, 2007).
Level 1914+ 7HE 42bA B 49 f HF] 4131 Hjo]E & 7|§O. 2 3t 2| SEAT B4 0]
Y, Level 2014+ o8] 24 BT 19SS uUE= 13 AT fiE-S
HFA}LO] o5 AR} &5 W8-S mHositt. Level 304w 71 AF Q] A A1 77 o] g H|
O|AE &850 AW F 9 FHH EHAE A7

* Police.uk: ¥ 4111 glolg 571 AH]l
20114 A& Police.uks= H3] 41311 Hlo| 8| & A 2| Y HA| AR} A4S A A 2|29 F=
Ao ozt H =] A= AH| Aot} o] AqH| A= 20109 AEFFC T84 FHof what A
2zl gl o v 7RAIE= HE AL Hlo| 8 & AT B E AlZE}sto] AlSRit. o] AE|A
= "H3 SAY A=Y A, AGA] S Q] AR A AT, AR FE Al olgk= Al 7

2] BEHE BA9 8 HTompson et al., 2015).

Explore crimes

Click on a hotspot to see more details. Alternatively, view as A-Z list. Edit crime type and time period

n it 3/ \ AllCrimes (277) -

, 20 0 ‘
2 %, 4

40 D/f% “%/g\c \ April 2025 -J

277 crimes were reported here in
55 15 April 2025
Wy, & Anti-social behaviour 74

. “ ‘o &
X " A &
12 v, & N Violence and sexual offences 53
Sape,, Shoplifting 33
fec Upper Holloway &
= ) All other crime 117
St a e 26

21
e

{ov

O ol rage + View crime definitions

Download area crime data [

HOE{ 02025 T00m L %@ XE2RHD

(222 2-4] Police.ukOliM BIHE HE| K= & SA

EX: https://www.police.uk/pu/your-area/metropolitan—police—service/junction/?tab=crimemap (ZAY:
2025.6.13.)
https://www.police.uk/pu/your-area/metropolitan—police-service/junction/?tab=statistics ~ (ZAM:
2025.6.13.)
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ol HAS WH) AL Ho]el S
4 272 ABAAT ww$%§%ﬂ
Heh A

St S e Ak A|ARS ST AR HE A Aol A et ol 5| YA ofl FAISH
o /1A EE H S5l /\11:-_ National Crime Recording Standards®l] Wz} 7| S5 YTt
= Zgsto] flolg AE/4dS SEh

Theft from the person (3) Theft from the person

Investigation complete; no suspect identified

Action: Date: Status:

Crime April
reported 2025

Police April Under investigation
actions 2025

This crime is currently being investigated by the police.

sssss | offences. April Investigation complete; no suspect identified

2025
There is insufficient evidence to bring anyone to justice at this

time. The investigation may be reopened if more information
becomes available.

[2& 2-5] Police.ukOflA] B1Z| A0 2 X2| EFEQ
£X: https://www.police.uk/pu/your-area/metropolitan—police-service/junction/crimedetails/?sid=bf9
eafb6-e380-45c8-ad92-06f9908e6226 (ZAL: 2025.6.13.)

+ A" AEY] M) AL Hlole Ag1h BA
2 FE AT ML Ho]5E FUshA BAlske] 29 | WA 9w e
AEs}aL o} 7|eho R FAA B A W A WA S Su EA ARE AN
S}, o] Al w5 Blo] B S AZBtehe 458 ol ARb-87t Zavtdn S Bot o
24 oha giat 2ol S NS B A ofe] A4 HakE QS HCHs ol A 4
2 oJu)7} =k

A AE7E A HE e FHE fF o R molE ik AN |
ojE & &85 &4 A, AA AF A= F 2F 75%7} QEH}O] Ao sigst 53] 2
AZE Ol ASEH k= AR E43 A, sig HE7E S 4 o2 AR A Hol= o] §At
A& FAgo] DR =] AFo] ERIE . T2yt ol FAMgoll = A=
UE BAEJETF A= 0] YA grot H# TAL -BolsHA sh= =814 &4
o] A5} thHome Office, 2005).
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Time of day Time of day

(22 2-6] 24T S XKy VT HAL 24
Z%*{: Home Office. (2005). Crime mapping: Improving performance — A good practice guide for front line
officers. Home Office Communications Directorate. p8
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38,
i
S
=
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N
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=R

IOIE1 GIs 14 A ASolel st A%k} A A BAEE, £, A5
B4 238 vgoR BA Zendde 4 3
Belo] 98- ALk A, 3 4% melAto]Z F37 o] JALIE 4

123, 33 11‘%1]*194 olgA A WA e w0l YA Aadter ol W4l
§ilag z

T 2 Al A 8 Ao BEYSo] AR|E QAISH YR W] SkaTto] A4 413 7]
Sho® b W Baxel A ol HoIrHs AE Eejyict o2 9l8) ¢3 Ao}
A9l w17) 5418 A 7Nl Hlo]e] F]xko 2 HgE|gon ofiz o] Edat ohja}
2 29o] o] ok 48 WAlo] A% MHTHChainey & Ratcliffe, 2005).

B&701 2021 5EHH A=A 0 g2 2Pkl A= HA N e oS- EAA L5 27t
(Pre-CAS, Predictive Crime Risk Analysis System)+= 112411 go|E|& H4] 24 94
2 G835k EAR] aI5A A3t AlAdolnt, Ze)7As IS A S(ADT HHo[H & &
sto] SRA S Aty HE EAY AL E Aot AARC R A0HFFHolHE &
ezt HlEolH & 4l FEES A-85 AFA T o= BATHHEEA, 2021).

o] A|A”IZ X|QtH| o] B9} FFH|o|H & T4 02 E-E-3trt. i]o]":]o]ﬂoﬂb 1124131
o, ®3F SAKICS), B8 4, 344 = 9

QI o], 714, &Y, WAL A, ALEAH, JAIA|7E 5—.]'5’-'%%'5\-”1?_ ﬁfw\- -

ke 3.

clRet EAAS 8 RS eItk R



[23! 2-7] Z2|7tA(Pre-CAS)
EX: 0|RX](2021) 25 A S| H2|-- Al= 0|0] L1 AUt 918 J|AL
https://www.hankookilbo.com/News/Read/A2021091617580002935 (ZAH: 2025.6.13.)

A& Aats A mhE sl X" £2219] 112 WHAle|A AlA"I s o] 193
AR A Gof| i Abd 2 gt AR R AR sl Ao D AzE ol <=
ZSHe g A Ao H 2 o|g) of Bi= AIAR]E 53l AAIZEO & 21 4= QlTh ERE
7tne A9 EAA EAS WHGste] TAIR, AP, W 5 o7l fFBoE LR HE
P LSS ALk ek A A H2Q Aol 2 ¥ dS s 5F
73~89% TES 7|E o WA B Y=L 83.1%= UERFTHAEZA, 2021).
ol2|gt A Al A& e P ofet AR =7 HAol| = A JFE vHt 2022
| 71& Ze7tAE B3 F 8 A 15 F 93.6%7F ol B o o]= Ad thH] 3.8% St
Z|o]th(H 2, 2023). W& DA E L 112413 A50] HA| AL EQlE]o] ZaEj7pa
7F AR W3 A 8IE Ut B7PF AAE ATHE R, 2021).
ne7tae A9 AR FEY] AL AR s wakel wE A B4 E, 3714 &3t
O] SHAIE BAlOl *FAL U= AL E BIhE AL JrkEHIR] & FFHI, 2022).
o= Eokal T ej7kAE 1124100 HlolEE e Bld|o] g 7|8t M F| oS A A9
8T 7FsE AT AFRIEA 21917k itk o= =] A<t Ao Hlol ¥ Z]RE o F4]
A==

=

b}
s
=
=
ol

og = H A2 7|8 o R FF LS A wEy Hus) 1Y SA,
=gy 733} S0 B E3) o2 15k W v} 9t tEo] Lajypao] Huks T

gl tis S83 AlAES Al

)
A
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Y
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Z-score S B-85l0] S-S0 oA & HAISHA LW, Z-score go] +3& 25t
+= "lol"HE AA A tHIglewicz & Hoaglin, 1993). ©]& 5ol AA|& <l dlo]g £ E 9f
TA7 = F9EY JFS AT)skelH
« AZA] AA

AEA = 249 Ageet BEo] Uuls} 58& ASHAIA 4= Q= 8.°0om Adgt A7 A
o] g 8 51tH(Little & Rubin, 2019). & AtollAl= B+t G4k 2RI oA B oAl
=4 &91Q1 3,456709] 18|E F QI57F 0] 1Y E, AEo] MRS 17t S5E 17
EE AlASH 2FH o= 2713719 8 1 EE SESIGIT ol A5 H +4 7k
A9E AP AR =H B sk B8/} A=) =o17] Agt A

« T3 Al B2 ¥ A
oA 7 9] W7t ofd Al 7 ol4e] W 2He] AL Qe AS ERit
(James et al., 2013). ¥ 7+ t55-A14 (Multicollinearity)2 3]7] Al49] £ A} o
A Ao 2T 4= loH o] HH9| oS 5ol FAHZ Q] JFE nFH 2 A+
ol A& de Jongh et al.(2015)9] 7] w}2} VIF(Variance Inflation Factor) %to] 15 oJAF
A W5 thsaAlAdo] kil weksto] A ASHIT 0]o]A] Gregorutti et al.(2017)9] Al
Qtof whet A AlS(Correlation Coefficient) gkl 0.7 ©]4%] W= 4 F shHE 7140
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2 Attt o] I S3f W I FEAT oS 2 A overfitting) 7Hs =
)

@23, S4o] 7Pt mY 7EE sy

B S7t XA 24 (Moran's |, LISA)

S A7V AL A i dAdo] A2 A 0= Q1T TIE Alo]ol A dubut kst
A BEH=AE FFAH 0 R Briote 7O R, £ AFollAE A=Al W 112411 71429
SRR ES ASA 02 FASHIIA} gt o] & I8l WA A4 X H(Global Moran's
DE &&sto] AAA sjeS A5t o]ojA] =44 A|H(LISA: Local Indicators of

=

Spatial Association)S &

ofo
ol

ol Al Zrel el S mjokst At Sick, o]9) e et

A 24 A4S vigoR TR Adn AUE (%S o5 TR, oI F 71T -<
T ARRAAA eete] BA AL 918t 7% AEE 75T ool

o A9A T A7) AR (Global Moran's 1)

Y Moran’s = A4 A+ A WollA] H4=(1124100 147 F1HE 0 2 FARRE Aok 7
AEAE 9 ARZE HeEPAHMoran, 1950). g A= -15F +1 Alo]9] gk 7HA]H,
+19)| 7P7heSE SARSE 2H7]E] ldstol A ®of Q1= 3K positive spatial autocorrelation),
-19)| 7S48 A2 g2 el A-5 A3 (negative spatial autocorrelation)S 2]
gttt ghol 00l 77k A5 57H8 F2H914d(randomness)& A4S < Moran's I+ &
Al A FGollA B 7F 37 A7) AREA Q1 g mhetelr| fsf the] Ao o
2} Ak

WZZ‘(.Z'Z‘ - ;)2

0171 n® B2 A2 %5, 2 (A1) 112413 A%, 7 AR A3 A% WE, ;e
o] BAE HHh= 37 7HAl, Wz e w;; O] & QJu|ghch AREE 1952 - 100141 +1
Aol & 7M1 +3L4E FAFSH A3 Bl ZF - -(positive autocorrelation), ~#ETE
o] &4 gk 7 3 (negative autocorrelation), 0 A< 7219 22& e & A+
A= GeoDa £2ZE 9ol E ARESHo] $1t 7H5A] B2 +53FL Moran's IS AL A1

olet.

Rl



= A4 37 A7 (LISA)

o] Moran’s [&= A4 &7 @il A 9] B2l 51t A7 |4 B whetshs o /-85
W, LISA(Local Moran’s D= 78 A&} 20419 24 33 27148 B71ste] A
Y2 §3S TE5te o 88 HAnselin, 1995). £3], LISA £42 4
Moran's [7} Z2FSHA] Zoh= 7iE AA 9] 5414 el & HEsh7] {18l 1= ]le
LISA 412 7t AA9] gho] =1 731]'—4 S Ao FARSEAL o] A A RIAE Bl et
2H 37 el S v] 7HA] o RSt Ao R w2 glo] £ w2 dEY
ol F3st A9+ High-High(Hotspot) ¥ Ffo] ¥ W2 =7} AAESH A= Low-
Low(Coldspot) 2.2 ZJJHr} ¥, =2 gho] ¥ gr&of E24Q1 4-9+= High-Low, &

2 Fo] =2 #E0 =R 9= Low-HighZ ERFHch

S )

g

l

[H 4-5] LISA &M 21t 27

FHARL =2 3 FHAXL: 2 2t
ofie Zxy: =2 a High-High (Hotspot) High-Low
ofie Ax): H2 at Low-High Low-Low (Coldspot)

LISA ¥4 ZA3}= ArcGIS E+= GeoDaOllA] A|8-5H= Moran Scatterplota} LISA cluster
map 7|5 &-&5to] A5t Agolrt. o] B3 AZAl W 9 A9 (Hotspot) 2t ¢
o] A o= W2 X Y(Coldspon)e] F1H BAE o] AlHstal 7 S AH {FE
EAZEQRIE ), A HIE, QI EE, e85 U 59 ST_’J_' A 2 v o B

EH 1124130 A wAY Sl tieh S R1 olshE Asl 282 <ot

mEA H MG 7 oIS 2

W 291 1Fsto] 112413 Ao S viA= EAASE 845 BA s HAlE
714 SR Y SASARY S £ dIS5 RdE L85t
* XGBoost

- XGBoost 3]HX B (XGBRegressor)
XGBoost= 7]29] AXE g 7|4l HAE & 718]|2L /) AIst

=
Al 282 o of 2] 7je] et AP ERE &AM o= o
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S vHEoJWTK(Chen, et al., 2016). Z} v:bq]oﬂ/q TEo o)A djZ9] Q2E Heleh ulek
k& 5o o] g3t HEAl 0 2 AA| & A5-S 247 0 & FAIAFITE XGBoosto] 71
& Stute S TAls| f1et 7@%@} 7)%0 2 mdo| AU A BASA = A
171 918 E2lo] 27|y tx0f sjdElE Fofgltt}. o]& F5f Sk tlolEofut ZstA
Tdo] g A& AL MZE dlold tisfiAz dutdl 52 AR E3
XGBoost= 2 HoJEoxz a1}& 0 Z A5t 4= QI E HEY A8, 5l4 Hlo|g &
3}, AN 8, TAT 7]8 ks 5 Thofs A|AE A5 74 E3tekar glo] AR E0
A EFE T QFEARI o So] 7hsdt md R de] E8F T k.

- XGBoost 24 9= d5 H7}

=2
o

o g HU
0
ol ot

SE o rlu
e

ol

XGBoost 29| A5 H7h= AHATRY), FAE2LAHMSE), Bt d | LAHMAE), 12
1! RMSE(Root Mean Squared Error)2} -2 ThfFst (| HE 7|90 2 P Hr} AG A=
& WY WA $ Bdo] A9she BlEE U 19 775 d&go] #HiL
SiAE Tt 12y o] X EREe 2= Hdlo] AP EQI=A] o FE wstr] ofF7] wiol
UhE 7 AEST BPsto] sfjAlst= 2ol BRI Wooldridge, 2016).

RMSEE= ol& @29 Al Bt 9] Algo = ALtE &7 2458 ¢ & HdE &

Sh= 540] At ghol 25 all&o] ARGl 77hE2 2Ju|SHAIRE o] of U]7T'6}t4—
+ ©ol Utk MAE+= dlSgkat AAgk 2He] Ao @Ato] B o g AtEH BE QA=
LY HFom Wgshy] "ol siAe] ZEAo|il o|FA[e] FIFE ¥ We=Th
(Wooldridge, 2015).

F

« LightGBM
- LightGBM 8 9|4 X%

LLightGBMZ di|& H& et 2 F48 7| = Jei ME}EEM oH
A 75 e S 25HA thFolRit). £5] 354 H AbE ol &85 = s F Y 4
el st o0 7 sl S TR AT 2 o AT L
olof| =}t LightGBMOAl&= W4 59 T (feature importance), SHAP(SHapley Additive
exPlanations), 12|31 FEx} B4 (residual analysis) 5°] 8 4 A E=E &-8Hr}.
A, My ST HHo| al&E ¥5ks ZHgolA 2 A7t drfyt A 28 7%
08 ARBEHIAIE 7122 ASEHY. F2 split 7I2(Hp7F ANGE H1E) gain 7]
(7 2E G5 A 71043t ) o' 5T o] F5f 4 o] A4 dFE=
gl 4 Atk ¥ S8 == Hdlo] ANk 125 Qo5 8 274 202 mefsh=
9| F-&oht 2 2-g A v Y BAZA = §EGSHA] Fsh= HA17F tHLundberg et
al., 2020).

i



S, SHAP ZE2 A2 7]4ke] 7|0l 24 whl 0 2 7} o 2:gto] Tha wE o) 7]o]
©2 esiaith SHAPE 7+ QJ2izto] ol33ES 71t base value)ol Al Aot ¥R
A5 Uer 2 sS4 o] a4 A A0 ASte. 53] SHAP summary
plot, dependence plot ‘& A28} 7|H-S E-8-5H A

o] 31 2= 9IeKMolnar, 2022). SHAP gk 4] 0] TAgle] A 2 Sl 4-80)
9loU} A} BT o e E ZAsiT)

R, R A AT AT L) Aol B 2 AYY LAY A2

ot Zgolch 5] o] £, 9.3} wjel, _zg Szl Alo] A T Ei )
o2 o}% 52 F8) mao] 724 FA dole 5 mwﬂﬂw- SRR
o}, ol Bl A ARt ofule YA 149 S Susk o] W4Eel Axjolct

(James et al., 2013).
- LightGBM 9% 35 57}

LightGBM 9] o} /d52 7] 18] F2 ARSE= A e, HY
%<, 1831 AUC-ROC —_%%Lrﬂ\:}. Ol A M= 77} |5 At TRt S etel

A = AA| S SolA AA gt DARE BlE2 ou]st Rdo] dulut B2 g|o]
HE Ags| dl&R=AE Bojett. 18y S A B4 A7 EAckE AF A8 ==
Q=d A5 H7FE =AY 4= JAtHZhang et al., 2021).
AhEe Zdo] YR &3 Al § AAlR I HlES YEiH Q&K (false
positive)s It ERE=AE B7Fohe ol F-8&5tth W, QA2 AA 44 Sl 2E
o] ¥ Lz ZHIEA ST vlE& 2 A S (false negative)S YUY EA=AIE BHoh=
7]0] Ht}. o] &+ ]:1?‘-h ok ARl o= o5 Y A ALEsh] fsh F1 A
TFARGE F1 Aas AR = A S0 290 R T AR EFS 25l Y
o] FHAN 7 452 B H(Yaday et al., 2022).
QM AUC-ROCE R 9] 257 BA4L Wsto] thE Y= d-&)2t Eolk 719 trade-off
£ AlASRE FA4lolH T o HA(AUC)S &3l RE o] ANtAQl &7 582 |2kttt
AUC ol 10| 7har5 ol 2Rl 5 52 4% 222 IHFHHKe et al., 2017).

5] T Y & @1 2 of| & g 7H‘Q'er;q°ﬂ A B9 AlE) g3} eSSt o] 243
O] =72 7|%53%tHZhang et al., 2021).

1FH
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* RS AMLR)
- MLR 8 o4 A3

TEAY 37 (Multiple Linear Regression, MLR}x= 7H 7] 220 A &= @] ARE-H =
A 7o g S HapEo] T Wgol mA & 9FZ sAl B 4= 3L %%‘@
It} MLR £4] 7&#3 AT vz Dt AL SAS dol mElo] AgE, W §94,
3 7Hg = o F 52 S o2 v BT
MLR®| HE2{Q] 34 R 2= BYAFR)L} T4 E 28 A (Adjusted R)°IH. 2F A1+
= Zdo] F& H40] BARS duht AYst=AlE et gho] 19 77heas w2 4
FES gttt Ty 51 WU BE5E R 902 F71RE 5 Q7] 2ol AA
H w1 s ofl= Adjusted R*7F Bf 238ttt o]i= W= 7ot H2 42of whet € gho

2 743 93-S IA BB uredshs o] gk AR R MLRS AFRS o F X HE EA]

off a&sk= Aol gtk 2 of2] Aol F2E v Iti(Zhang et al., 2018).

N8 0] YFHL2 39 A8 Lof| Hiet 7214 A (p-value)& B3l Tofd 4= 3l
o} ﬁ:rq Aere g =9 Hert 5 Hao] nAe axe] 4719 ks UErH
p-valuee 1 837} SAFOE FORIAE WHste 7IEolt. BESHE IAAS
(Standardized B)E AF&oIA A2 THE & 71 WSS 7 FFH S v & o=

HolA e e ¥ %

_4

- MLR 9% 45 B7t
MIR 2512) 54 237} 2Re) APEE B/Ao o $-8oked ol 45 B
AAZAR] &8 7MsdE Aok AR S 4= U 9] o5 HlolEof gt =2 A
o] RIE=A] A2 glo|E oA = Ad Hrt= A2 gl7] w0 Heo] H7F AAp7t vt
2 85}t
HIAE d|o]g 7|5t9] 3 71o]| A += RMSE(Root Mean Squared Error), MAE(Mean Absolute
Error)2] o5 A} X| 7} ARE-ET}. o] F RMSEx A9 Al B9 Al &2 A4k
= o]AFx]of| F1gtslth= E/d0] Ut v MAE= Al 7]50]7] w0 4t o2 o]
AA9] P d Hr=rt. o] 23 Oefs A 5 HEF o2 E-8oto] o] & E o
Z 072 @rlok= Aol WQ5ltKYadav et al., 2022).
ESH Bdo] duksl s AdE o171 ol AIC, BIC 59] 7|2 B85 g A9 3
= Ao O]% A F= ‘:4]—4 EAEoL A g SAo IEste] At B F1lof e



IS VOIS B

A9 7k 3 AEB(GWR)

- GWR 58 314 x| &
GWR(Geographically Weighted Regression, A|2]|& 0.2 7}&5 3| HEA)S Z7H4 H|1 A
XA (spatial non-stationarity)< BF95}17] Y8l /WgEE SA4 4 7|Ho 2 F5USHESH
A2 A4 Aol A8 0 7 H a3l A=A Q:HE%]A S HA3ITHFotheringham
etal, 2002). &, GWRZ 7MY ZF Aol A S Rlet S5 7k A7 B =A Yet
g5 e WA= 5HH o] & ALEsto] Z+ Hi] 2 oIzt I AARE FAHT o] 2Rt H
T A9 A o]@ o] Aot AR ANA, A, S EAISAHY S AT o oS-

8514 B8 tKChen et al., 2020).

GWR2] =8 54 l = 7%] A 7HA 2 2T AA, 4 2 A A S (local coefficients)

OFT

L7 BEAEE SYUST S U5 v G| 27)9H TS Uehhict. o2 5
54 ¥0) 5517} 314 02 ool ol SIS A s Slov] 304 2
O A1 492 A T 2 Skl et ol 2019), oS Fol Q7L 42
3 W50] G0l wA| ZARL} ozt AL olsH] Lreht B9, T4 FAAS]
B BEE F3) Aol 2 AZH 0% A5T 5 Ut

A, YE(bandwidth)}> GWRE] 4] j7/fH-E T-7HE 7153k (spatial weighting
function)®] & 24Tt GWRE B A9 2] t9Zo] FUstth= A& 7Pttt o
CﬂéEo] 1:1 L= 7(]—0 11] ETZ‘WO] _];I-X_] ?J(overﬁttmg)% Ho—] ] 9}\_]'1 J—l‘il]i *1‘:' E_D‘-‘] —1—7]-?(-] ;(]—O]
£ WHg5HA] Eohe et BESHsmoothing)7H AT webA] o &2 HE o] A5
Auts} 7HsAd Atel o] #B2 2 Esh= 5 A% QIAto|H o J—Z—l—o—i AlCc F| 43} Ee= o
AP S (cross-validation) AAFE &3l | Zgko] APdEHtH(Paez et al., 2011).

I O

ey

npR]ak o 2 AlCc(corrected Akaike Information Criterion)s= Z@ 9] BTl A&
SAlol B7Foh= A|# = gho] R&= tlolElof B At R g IHEETh GWRAA = &
o] {5k 9 2| 9A 3] fAG2] =71 dvt F ARG H et @] g Fof] AlCc HP7E 28
o 2 HAT 7S SASFHHuang et al, 2010). °|& 53 GWRS 1Y A5
OLS(Ordinary Least Squares)t} SAR(Spatial Autoregressive Model) § T2 -7t g3}
A}A 0 2 v WSk 4= Qi)
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- GWR 9= A% 7t

2] 7} 3]H(Geographically Weighted Regression ©]3} GWR)}:= 3714 o]&A
(spatial heterogeneity)< §rgsto] 2+ A1 H 2 Ao|3t 39 A& F7g5t= =414 3
Lot o]2|3t £ 2 & QI8 GWRY] A5 5 B71E o= Tdt A I AL F
= THEE A EY 54 Bilo] 8T 55] 3 A Y, 7kAte] 3114 e, B &
A DA 91 AJeE FFH 0 1Sk 20| Fa5lH
AA|, GWRE] tHHEAR! A5 B7F A= =7 A7 A1 (local R*)°IHt. o= Z+ A4 =
AAo s FFHE ARG T W H4hE Ay AYst=AlE UEdle AEE
< Weols A4 32 SEETh 5 R FE2 00141 1 AtelQ] gk
7HA ] 7S 2 HA e 4 9lo g i A ZKEE B X9 A ElQ] Ajo)
£ whotsh= Zo] HigAlsitt, Eet A S|AR G| A5 vl s s HA meof gt
AD A A5 (global RHOE WYste] A=E 4= At (Fotheringham et al., 2002).
A, GWRY] A= B7h= AL 245 B9l Hot A sHA o 3t AlFEHResidual
Sum of Squares, RSS) ¥ 29| F7H4 27143 A7 (Moran’s [ 5)= &ofl o] A5}
A T2t ZHA L 27F EAoh=A] o RS Tk S Sl £5] ZRo] 3 SR A Po]
Jot = A%, GWRELE AHE R gh2 T3 37 TS AlARH o= F714%1 &
7t 23} E= W o] " Q3 oJu|StH(Czarnota et al., 2015).
AA, GWRE B3 A9E 719 432 B7I5H7] dll AlCc(Akaike Information
A} B4 2 2) 7 EEE T AlCcE A RS WHgst
H 71E0 g o] A2545F LYo At fohS UEhdith 53] GWRE] tY & A
ol A AlCe F|43HE 7|02 2|4 mj7/fH4E A sk=d4l0] @] AREHH o'= A
A P9 & 2 #ARE U H oS A= E wdchs B A EE Z-EF olet
A a3} AL (Effective Degrees of Freedom)+~= GWR 2 & 9] E8AS A4 02 A
Aok d) 7198 (Fotheringham et al., 2002).
- O H9 AE 715 AAEB(MGWR)
MGWR(Multiscale Geographically Weighted Regression)< 7+ =5 ®SHITH A2 THE
S 2A Do A FPATE AL S Y= 1PHO T Z7H o]- X (spatial heterogeneity)
= 2L sto] A BAE FLYHA steld 4= A tk(Fotheringham et al., 2017). ©l=
OLSY Y ZHAE Rdo] HHH(global) YIS S4ok= Hl 1A= AE 55

LA ASE70] 112415 EA0f v A= A H(local) = S o= e 42 7RI

Criterion corrected)2} (%t

P



- MGWR 49 3|4 &
MGWR E29] gfA4-2 tjFZ(Bandwidth), S|AAIG(Coefficient), A E(p-value)E 5
A0 &2 $3= i (Fotheringham et al., 2017). MGWRE ZF SHHL7T A2 o2 Z7H4
T HAE 7H = S FAR st R e S AARE A ©RlolA s sk= Ao|
g i]olt}, o] 5 Fofl o X Fof| A EA W47} 738 YRS ¥ ot=A1E Hdstal 1 5

o) s} A0 o] 1k AT VOWRS) E CHE F o1 .t A x]
2124 AZ4Stolek S, NI, pvalue 58 A5 9] AASHE0 2 W] B
el A7 02 olshe 4 9o ol A8 W& 112415 thg HeF S0 §-83¢ 2
A Agz gaw

- MGWR 2% 9= 455 B7}

_I

MGWR 23 9] & 52 ZAAS(R)L} AIC(Akaike Information Criterion)E &9l 3
7ve ok AR ASE BEo] & M4 HARS Ay AYsh=AE UEtl= A E= gho]
19 7P7ha5 HEo] A go] wrhe A& Rt (Wooldridge, 2016). 1214 R
A o 5 wetslr] olH7] fizoll thE A5 A1} *3sto] sfjAlsk= Zo] viE] st
AICE 2E9] AP w9t B L& TAO] 2ok 7|28 glo] a8 £2 Rd R 1
HHQin et al., 2024). AIC= ¥l 71 B2 R0 s B E Fatote] 2 ehg WA=
S ot thefet B 7t BlwofA -85 -8 Hth(Fotheringham et al., 2017).

£

re
|.|-|
0
b
foi
Kl
0o
%
x

7145 & 2ES Sj4oHs WHE 0 24 SHAP, PDP, LIME 5°] Slth £ dAFojile
SHAP(Shapley Additive eXPlanatlons)T:x_— Z83f AS2F = A5 SHAPS 711 9]
SHE A9 fe7ix] dad g W) 7o e g HFereto A BReh v &

rl
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do A= £/ A7 =T
e SHAP (Shapley Additive exPlanations)

SHAP-Z A}l o] 7|8kt 84 7" o & 7} 40 o & 7| g AFH o & BHrlgith
(Lundberg & Lee, 2017). °o]+= 8= 74]?:101]/\1-4 7o AHg ®H2]91 Shapley Values WAl
g Lo H-83 A0 R ¥4 23 JFEE ALketo] ZF iS40 FAT 7| = E A
k4= oot AEA R ¥ S8 X (feature importance)*‘: el A XA Mt dut
U a3t ofgt <= jslels= o] X ok SHAPS /i &) 3204 “ojH "7 o=
groll dupt oj | wigko &2 A8 =R"E HUstA FHed 4= Sl

‘Black box’ model prediction ‘White box’ local explanation
Age =65 Age =865 — +2.5
BMI = 40 BMI =40 | > +0.5
Blood pressure = 180 Blood pressure = 180 - — +3.0
Sex = Female Sex = Female | <+ 2.0
Mortality risk score = 4 Mortality risk score = 4

(323 4-10] SHAP 7ig A 2 Gi|A|

ZX: Lundberg, S. M., Erion, G., Chen, H., DeGrave, A., Prutkin, J. M., Nair, B., Katz, R., Himmelfarb, J.,
Bansal, N., & Lee, S.-I. (2020). From local explanations to global understanding with explainable Al for
trees. Nature Machine Intelligence, 2(1), p57

SHAP] 2.9 A7 314, 2 cl&gtel ik shale] 7Rssteks Holth. %, 2 wagto]
o W47k Quele 7o AIS A28k 4 ik B, SHAP 4he 9o W
o ko & Vbt 2 B4 vt ol 2ghe S7MAEA B AN AEAS HEs
#1150l SfeRE R sfele] Zbssiets Hold e

—_

E-5] SHAP global importance(A¥ 52 %)+= B5 "W Ao SHAP(mean |SHAP|) =
& AAIsteH ol s S4go] AA| oA 52 Lt Aot ESU=7HE &4
2 wolzet Tt of AT WAL WIS QO TR AT A AN A
SHAP summary plot (8. Z25) 0.2 3 0101012 Sttt QOF 50 A x5 SHAP ZHRE
RS o2 7], ABUSE o3 714, y B HoRolp] He] S T BEANAL) W
& 2715 YutiEA =4t &, ”Jra}‘%l ). o) W3t HE0] EZ £ W
1 ¥40] 2 gho] dl&2 ST IE AT S SRt Wt = vk HE0] REFof HolH
ol A2 T4 o2 Z7b UERIT L Mg B 45 Ag A5 R S4E 5 et



AE] Mol YeHS(EY Hato] 2
%02 71 Tel7t A7 E FAA YAl

S48 A5 7705 A, 4548 5L SHAP dependence plot(F]ME2 28) 0.2 4
WA S1% 4 ek o] SRS xZo] g U] g yZol 1 BEH ] SHAP 4hE
o] “go] AYSE &) Ao} H(EL D) FFS FLA'Y 712718 A Holxek. 2
Aol UPOHH FoIAE 770 YA threshold) FHIF Hek. ofefat B4 P 59
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m 2| 1071 H==0f| Ciet SHAP QJE: Z5 oliAd

SHAP 2} %= E5X(SHAP dependence plot> ZF HEgH(7HES)0] dllSof 7|03t SHAP %t
N2} o' BAE Z=A BSA] D912 Holth 4 shirt shue] A3 #5A & 9
njshH Al2%0] 0t 21 S5 Wpgho] 11240855 58« WFe R 0Kt 210 H
o= WgFo & 7)o PSS Sttt A2 AL IEX] AP E O] FA)H FA(AFY TA)
< Uehdith, o] 522 H+ohd ant Hoj= 90F 13} 2 gho] &2 A=
TS 71907} dupt o] A AR 7HA] 1 &= vk 3o itk
AToA &7 = A AolA @R F71ok= S Holw o 10715 71;8% 71047}
2()oA FHHZ A== o] BRIHETE SA1- -7 = oF 257 HFof|A] Z(-)ollA]
F(H) o2 2§ F 100707H] 551 o] F F7F Zo| Aubsi A= Bt WEEh &
A = oF 10705 71H 22 2ol FHHoE He & A&H 07 F7she fEHS
Holoj WAl = B o] 1t FaFo] wlmlsiert oF 771E 71 S 25 H FH(+)<] 7]
of 7} w2 A S == S BRItk UE 7o sAHF 9 BEE Holw A oA
BERSEARE OF 4007115 713 o & H§F F1te] P Hids Helth A Hle-2 F 8%E
710 ® F(+) Aol FHEAI L 35% AT A S7HAI7L E8te= e o] T = H
O = F4NE 71- 2R Z(-)ollA ot("')—— B QS = P Bk 54 HE2 2(0)
o] v A% TAZE 2 F 20%F 7|2 KA ()02 HeE = hS Hel
o}, o]= =A17F 20% oY W 1124137 74} Aol okl siAd 4= vt FAIA7H=
A7} Ftel A Go] AAY ot ()2 BAE BolAW F-1VtE A4S HHoR
HHH = S Btk w&-FJAE = AR 0 & 11241194 2(0) 9] AL HolH oF
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bollAl SHAP A FoEs AES 49 107 H4E Y22 MLR(Multiple Linear
Regression), GWR(Geographically Weighted Regression), MGWR(Multiscale Geographically
Weighted Regression) @& 55111 71 4352 H|W ST MLR & A|Hof| 51Lte] A|
5 H8ol= HY(baseline) LPOZ A}t o] thedlal 7|24l o] Aglsi
GWRZ 1A & AL7hgebd 4= Atk 371 o] & /dS Hhgsl Al e s 2313
MGWR-Z o719l B3 Hputt} 255k 37 |97 HE o 22 al2{sto]
B OE I &S A= ofd Rl {

JFo] FEHAEAE FAO) gt RE 2P 53U FE-FY HEZE skEDIo
Log-likelihood, AICc, R?, Adj.R?, RSS & 35 A HE L

o] A= Adaptive bisquare H'@3} AlCc 7|5t G = 2| X3+ 285 T3k A Feht 74

32 oAt

B HAAIZE 2 SSEt

AR AZN A GWRI MGWR 25 MLR thH] 3712 o] A4S vkl AJso] 7i4
At OLSE R*=0.819 & HQl ¥HH GWR2 R*=0.929% AHAFTrl IA FAEHAL

MGWR-E R*=0.906°.8 GWRETH= OF7F WA|ut AICc7t 1946.9300.8 714 WoHGWR

1970.126, OLS 2995.152) 23 7t 7|04 MGWRE] #+3 4 9-4=/do] ERl= it

H 4-11] MLR, GWR, MGWRO]| L5t 2% H7HHH|AIZE

Diagnostic Information MLR GWR MGWR
Log-likelihood -1485.516 -254.812 —-627.152
AlCc 2995.152 1970.126 1946.930
R? 0.819 0.929 0.906
Adj. R? 0.818 0.909 0.893
RSS 476.438 187.141 248.286
B3 A7 B

4) @ Log-likelihoodi= S| BEO| FO{FI B0|EIS 20fLt & SHEH=XIS LIEHLY= XIH0|D, B2 Hi=2 00| 77}
SHE(0| 348) S48 @ AlCc BHS| SHEQ} HBES SAI0) Do/0] DY 740| 2443 HlTol= XE
2, DY NBEO SYE0| R KHE 0| HS4E 248, @ RS BH0| SH8140| A HSYS MGt HiS
(0-1)2 2l0latny, 10] 7S4S D] SBA(IS2)0| 3. @ Adjusted R°S S| T2} S01=0f K2t
ZEAR7H IR0 HOIRI= B2 225 IO TNE IBS Vsl ZHo| MuiiS o BEs Tk,
® RSSE= L0 O[3t OISR ALK 253 HOIFRNE HF{01 BHArE ZTf0|BH, DEO| HBGHK| Rt HSHS
LiEf



AR 8587t

A7 BEo A F7 B o] o] o] TR Ftt. MLRY] A2 R*=0.785% 7|4 Al

P GWRS R*=0.909= A} =7t A /= o] 571 o] A/ g9 75 Kol
H MGWRZ R°=0.883 2.2 GWRE T} Tha WA AlCc=2565.1292 Al B3 5 7Hg 2t
TS 71 2(0LS 3452.861, GWR 2612.644)3}19] djl&8-E4 % FFolA 22U AAL
=7

e rlo oﬂ

[E 4-12] MLR, GWR, MGWRO]| L5t 25 TIHSIA|ZH

Diagnostic Information MLR GWR MGWR
Log-likelihood -1714.371 -576.071 -914.036
AlCc 3452.861 2612.644 2565.129
R? 0.785 0.909 0.883
Adj. R? 0.784 0.884 0.866
RSS 566.857 238.840 308.712
X AT 2

m EARZ RY 5T}

A BEo A= 33 a3 5 A5HA UrEME}. OLS9] R°=0.821°] H|3] GWR2
R°=0.938% 7Fg &2 A9 Hol otto] 2|9 el S A TsHA Z2jIth MGWRS
R°=0.9152 GWRETh= RATF AlCc=1722.243°0 % Aﬂ 1y F | A(0LS 2973.842, GWR
1804.949)5 71E5}to] B3 7F M| 7|29 A= MGWRO] 71 9-4=5}t}. S8olH o2
SAIZE thE] A9 2| 37 H A E Q] oW o] oftto]] £5] ZJet F3HA o] A ut g &
& 2AYD Zol7F EARES ofn|sh o] %S4 Al Zstof| A AAIR AJZFE i) @9 2
o] ZA7} €k

T 4-13] MLR, GWR, MGWRO| CHEt & TIHELA|ZE)

Diagnostic Information MLR GWR MGWR

Log-likelihood -1474.861 -80.887 -497.784
AlCc 2973.842 1804.949 1722.243
R? 0.821 0.938 0.915
Adj. R? 0.820 0.918 0.903
RSS 472.598 163.989 225.056

M 17z &}

M
0x
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@ S8 2" M Ayt
= MLR 22 olid

* MLR 2 &-AA A7
MLR AAAZE REof A= tfFE2] 7t 112413275 §-2fm]51A] 7] 3 eH(p<0.001).
53] &4 (Est.=0.533, t=34.06)7} 7F A%t F(+) aTE Hol Itk "oy o
(Est.=0.201, t=10.62), 2-&A]A 4(Est.=0.132, t=11.52), & Al 4=(Bst.=0.110, t=9.04),
HE7R(Est.=0.106, t=9.35), FAIA7HEst.=0.096, t=8.34), FHH|-&(Est.=0.063, t=5.08)
=0 2 1124137 A<pof| i3] H(+) 71047} SRl th, Wit &2 54| 8]&(Est.=-0.040, t=-3.94)
< A=) BT FolohY A1 -7HH| 42(Est.=-0.144, t=-5.88) 3 () 2= FHE|]]
o, W& F-FA 42(Bst.=0.027, p=0.024) ¥l= &3 37]+= AT 11241 0.1 4=9}9] oF
(H)9] ATZ HAKp0.05).

H 4-14] MLR O{7HEH==0f] CHSH QS AI(TIRIAIZ)

Variable Est. SE t-value p-value
Intercept 0.000 0.008 0.000 1.000
=8> 0.533 0.016 34.060 0.001
SAH 7| 5 -0.144 0.024 -5.877 <0.001
ENUNE=ES 0.110 0.012 9.039 0.001
WEAM 0.132 0.011 11.522 0.001
=M 0.106 0.011 9.349 0.001
SedE 0.063 0.012 5.079 <0.001
HOH 0.201 0.019 10.622 0.001
=XHlg -0.040 0.010 -3.936 0.001
SAIXZt 0.096 0.011 8.335 0.001
s IZAE £ 0.027 0.012 2.258 0.024

EX A8 2y

« MLR Z&-2A7H
MLR RAIZE B4 1124127452 93k HHe TAE Uee Heye < &
(Est.=0.352, t=20.630), AWA]AE 4 (Est.=0.150, t=11.361), WZA]D 4 (Est.=0.170,

t=13.535), AE7N4 (Est.=0.108, t=8.741), “dAH|E& (Est.=0.106, t=7.873), I &=
(Bst.=0.178, t=8.639), FAIAI7} (Bst.=0.147, t=11.756) H4E IF p{0.0012 F-25t &
7t =EEH A v 2417718 S (Bst.=-0.089, t=-3.323, p=0.001)2} =R H]& (Est.=
-0.047, t=—4.174, p<0.001)= ()2 TA=Z FoJsHA =&=3UL

g FIAE ¢



(Bst.==0.002, t=—0.139, p=0.889)= 2] F3FS Ho|A|qt FA[T oA = FolotA] k2 W
2 E&59th

T 4-15] MLR DH7HEA4:0 TSt QUEH|(KEA|IZH

Variable Est. SE t-value p-value
Intercept 0.000 0.009 0.000 1.000
== 0.352 0.017 20.630 0.001
SAHE 7| -0.089 0.027 -3.323 0.001
AOHALE == 0.150 0.013 11.361 <0.001
SN 0.170 0.013 13.635 0.001
raiss 0.108 0.012 8.741 <0.001
SHlE 0.106 0.014 7.873 <0.001
HOJH = 0.178 0.021 8.639 <0.001
=XH|E -0.047 0.011 -4.174 0.001
SAIXIZt 0.147 0.013 11.756 <0.001
us IZSANE £ -0.002 0.013 -0.139 0.889

EX: AL 2y

o MLR Zd&-9FA7F
MLR WAIZE HEofA 1124100 Al 71 & H+) E3E Hol+= ¥y &4 5
(Est.=0.633, t=40.603)°]8 o]o] oA 4= (Est.=0.210, t=11.160), AE7N4 (Est.=0.102
t=9.046), TEAA 3= (Bst.=0.106, t=9.267), AMA]A = (Est.=0.082, t=6.763), ZA| X7}
(Bst.=0.061, t=5.366), W& ITFAE 4 (Bst.=0.043, t=3.720, p<0.001), FHv|&
(Est.=0.034, t=2.785, p=0.005)°] X5F F+HOZ {3t HERE EEHUT A H&

=

(Bst.==0.035, t=—3.472, p=0.001)2} =414-7}¥| 4= (Bst.=—0.174, t==7.167, p<0.001)
22 Folot J&Fo] 7|7t AA = RO FH+H) L2 Fooftt. A7 L v wohH
A HOH 529 F+Ho Bt A Eglon WEAL ATH] P thh SAE YT

247-7H) 4:9] 2(-) ATHe SehE Aoz Bl

[ 4-16] MLR O§7HtH=01] CHEH QOFSAI(RIAIZH

Variable Est. SE t-value p-value
Intercept 0.000 0.008 0.000 1.000
=3 0.633 0.016 40.603 0.001

A 7 = -0.174 0.024 -7.167 0.001
AOHAIE 0.082 0.012 6.763 0.001
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WEAE 5 0.106 0.011 9.267 0.001
UM 0.102 0.011 9.046 0.001
JeHIE 0.034 0.012 2.785 0.005
Holy 4 0.210 0.019 11.160 0.001
=XHlE -0.035 0.010 -3.472 0.001
SAIXI7H 0.061 0.011 5.366 0.001
ws I3AE £ 0.043 0.012 3.720 0.001
EX: A7 2

= GWR 2 oA
g3l A Hgo] FA]7] 41 3 Aol &

_‘T_
A=t ﬁ‘i}. Mean %kﬂ AR 2 4H =4 9A S HtgkelH STD= 1 A=<

S (A 24 Fm)S etk B3 BE W7 22 =4 M 9] (Bandwidth:
=) 2 2= Q7] ol M4 7F Mean-STDE A< v e 4= Qlct. waka GWR A3}
= OLSOlA] SRl B3k 9 83t 72719 A HAE ERIAA &

* GWR H&-AAAIZE (bandwidth 97)

AAAZE GWR oA = BE M57E 5Y A E97)014 FH = At ded = Aok
H &4 $(Mean: 0.383, STD: 0.345)%= 1124177 A5=910] 9K(+)9] a3/} Yo HEA
T ZHOE Hojxith o]= 112410450} F71eF & 3=io] glom X Zol7t 2 A2
2 s 4= ek 41371 (Mean: 0.058, STD: 0.391)= F(+)2 YT Holvt Bt
FFH2 Aom HEdo] F AFS Hoj QIR o] AJol7h Aol A& Hofxith
ATAAE $(Mean: 0.168, STD: 0.329)9F I-EAA 4(Mean: 0.120, STD: 0.104)= 25+
Bt F(+)2 B HolA W A= WE/do] vl A 211 9 A= WE/dol A2 Ho g 1
Bl 20ATE o= Al Zpol7F AL WA S= ¥ A QREA Yehdthar gordt
4 At} A&7 (Mean: 0.081, STD: 0.227)= HwH 02 WH+)9] FFS 7HAwA ¥

go] 7t ol F o & |} A7) A7} 1] Hi= Holrt AdH]&(Mean: 0.038, STD: 0.155)
< B OE oRE HH| I wﬂ T UEAE Holw HO Fx(Mean: 0.124,
STD: 0.192)= AHl&ol Hlsh= A8t K+ dFH H &2 HedS Hol= 2= Ur
EPgth A8 &(Mean: -0.039, STD: 0.134)2 Hwtd & 2(-)9] Z3p7} e ¥

g H|A] 22 wolgt MutbF o g 39] ko] Yehdtial siAd 4= Qlh. A 117}
(Mean: 0.164, STD: 0.222)%= B F(+)o|HA HE o] 7} olA}o = F3} 37| 27} )
£ Zof &3} vpA o 2 W8 FFAA F(Mean: -0.011, STD: 0.226)= 70| 0] 7}
7H] MG A Wk ol oFshAlRE S(-)9] ko E UEiu MEAdS & Ho R o] X
g o] @ o] AdjH o g A Yehdth= AL AR

¢



T 4-17] GWR O{7HEHS=01 CHEH QOFSH|(TIX|AIZY)

Variable Mean STD Min Median Max Band
width
Intercept 0.032 0.157 -0.488 0.045 1.012 97
ESE 0.383 0.345 -1.481 0.377 2.074 97
A 7| 2 0.058 0.391 -1.472 0.045 1.629 97
A0HAIE 0.168 0.329 -0.850 0.132 1.440 97
uUSAE + 0.120 0.104 -0.185 0.113 0.575 97
Fal=o = 0.081 0.227 -0.517 0.064 2.311 97
JedE 0.038 0.155 -0.895 0.035 0.570 97
HolH += 0.124 0.192 -0.546 0.117 1.418 97
=X|blE -0.039 0.134 -0.596 -0.026 1.442 97
SAIXIZt 0.164 0.222 -0.744 0.137 1.127 97
U SSAE = -0.011 0.226 -0.689 -0.026 1.363 97
EX: AT 2y

* GWR 2g-2A|17} (bandwidth 97)

WAIZE GWR B A MAAIZF GWR HE} v A 2 BE #1575 G E(97)0
A A=t WEE B &7 4(Mean: 0.205, STD: 0.420)= 1124130459} B4
(+)9] ATHAE Kol HEAo] uj > & Holt}, &A1 71| 4x(Mean: 0.109, STD: 0.461)
T BHAH R K+ AThE HolX Wt &7 SR 22 QS /L HeAdS 8 A
A g1}, £mA1A $x(Mean: 0.233, STD: 0.383)= Bt F(H)2] Yol M= 2
2] &3k LEA F(Mean: 0.152, STD: 0.127) T3 Bt F(+HS] FF& 7w &
54 v wZ AL Hog IWAo] &t AETNF(Mean: 0.069, STD: 0.225), AAH]&
(Mean: 0.079, STD: 0.163), B9H $(Mean: 0.105, STD: 0.238)= Fa F(+)2] JFS
ZHAW v A ot 5 3HE Holw §5Ad2 F1F =0l &3t KA H[E(Mean: —0.053,
STD: 0.146)<> H+to] 1124131759} 3(-)9] Y-S 7AW o] 1124104 ZHasof] JaF
S FE= H4E JAE 5 Y3 HEA é% =7 &0t ZAIA7HMean: 0.191, STD:
0.236)= H3 9K(+)9] I3, HEAJL 27} o]Ao g Qokw Tt mx|uo g o TIAAL
$*(Mean: —0.041, STD: 0.246) 3t 5AH| &} vV 2 oA 02 3()2] FF= &
ojm HE/dL HAHEET} B 37 Hojzich,
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H 4-18] GWR OH7HEAZ=0]| CHEH QOFEH|(RA|ZH

Variable Mean STD Min Median Max Bandwidth
Intercept 0.032 0.168 -0.549 0.039 0.819 97
R 0.205 0.420 -2.763 0.224 2.369 97
SAHE 7 2 0.109 0.461 -1.457 0.057 3.369 97
AOHALE £ 0.233 0.383 -0.969 0.162 1.878 97
WSAE £ 0.1562 0.127 -0.231 0.132 0.618 97
A= 0.069 0.225 -0.999 0.077 1.781 97
dedE 0.079 0.163 -0.662 0.063 0.735 97
HOIY = 0.105 0.238 -0.960 0.100 1.199 97
=XHlE -0.053 0.146 -0.846 -0.028 1.100 97
SAIXI7H 0.191 0.236 -0.691 0.176 1.257 97
WE I3AE + -0.041 0.246 -0.802 -0.047 1.326 97

« GWR Z&-2rA17} (bandwidth 89)

HFAIZE GWR B2 2E HEE 5 G EQ9)0IA FF o Hae
5hH, &3 £ (Mean: 0.481, STD: 0.357)= B4+ ¥Fo] § AR 1 HE
Ao ® ZFetal doE H+) Aol Yehdthal sjA7kssith 2413 7H 2(Mean:
0.040, STD: 0.403)+= B+ FFo] ZolA| 1L HEAHk AstE| o] FHTh FFeo] Aty o
2 2AHE Zog HojAt} AujAlA 2(Mean: 0.116, STD: 0.333), X 5A| A $*(Mean:
0.098, STD: 0.103) GA] F1} ¥5/d0] BAlol TF4s| ofgtoll= WET; a3k7f oFstal &
7+4 x}olE Fol=E Aoz eldrt AEZN 4 (Mean: 0.086, STD: 0.256)= Bt ‘ﬂ%
‘go] B F7Fsto] Wl FFE T AR AL A 2o e S Ei= A2 H Itk ]
g(Mean 0.010, STD: 0.174)2 Bto] A RoA| AL HE/d-2 thar A oftofl= A%t
ol oFsfAl= Al A HAk= AT siAE 4= Aok HOJH Sx(Mean: 0.129, STD:
0.184)= Bwto] F7Fokal HE/d-2 #4xsto] ol ¥ 2kl v w2 1.8 f(+)2] it
ZHh 528 E&(Mean: —0.031, STD: 0.144)2 &(-) 2717} 43|11 W= FALSHA
L &Z ZHassto] offtol= A B3yt BET tha oA 2 oR Helth FAIX]7t
(Mean: 0.143, STD: 0.239)+= Hto| AoFX]| 3L 5/ 7 9] B|Z:5}0] oftofl= Wt
ol ta EARE A Ao] 2 FAIE 1S FFAIA
0.228)%= Bwto] 00l ¥ 77 AIH H(+)2] Bit= AL T H542 Ha 6}04 °F7}°ﬂv—
ARtA o g gup7f wju|siR]| il F7HA Aol 7 S4H A0 F S H

=

i*
=
a
jas}
=3
=]
o
(=]
~
]
,_I
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T 4-19] GWR OH7HEAZ01| CHEH QOFSH|(REA|ZH

Variable Mean STD Min Median Max Bandwidth
Intercept 0.032 0.167 -1.114 0.041 1.176 89
ESE 0.481 0.357 -1.195 0.468 2.580 89
A 7| = 0.040 0.403 -1.502 0.025 1.348 89
ADAIE 0.116 0.333 -1.325 0.097 1.636 89
WSAE 0.098 0.103 -0.2562 0.096 0.582 89
Fal=o = 0.086 0.256 -0.373 0.060 2.836 89
dgdlE 0.010 0.174 -2.382 0.009 0.492 89
Mol 0.129 0.184 -0.582 0.118 1.578 89
=XHlE -0.031 0.144 -0.584 -0.022 1.954 89
SAIX7t 0.143 0.239 -0.844 0.101 1.367 89
U SSAE = 0.007 0.228 -0.726 -0.011 1.438 89

EX: G7E &Y
= MGWR 2% a4

MGWR 22 ¥ 2 | E(Bandwidth)S HE R Z245l0] 7+ A8 Ak

o yl=
ZHkol W AT 9919 S R, ofF 242 B BENS
) WELOZ 912 5 9t o] Fh2 AlCe HATHE A5 2 Tt MGWR 232 %
() 271 (Mean) HEA(STD)N B15) 215 M=) A A4 % ek,

+ MGWR R2&l-A A A7t

o 12 o fr

MGWR AAAIZE Bl A5 AmEH, &5 (Mean: 0.505, STD: 0.147, Bandwidth:
57)= B H o2 112410 A5} F(H)Q] TAE 7HAH 9 A2 I E0 2 A4 wie]
o] ZZzxHth A1 71 4x(Mean: -0.170, STD: 0.001, Bandwidth: 2626)= B4 02
()9 TAE Eol1 tdFo] uf-e- A F7T ARt A A9 gt G337t vepdtt. AdfA|
A $*(Mean: 0.163, STD: 0.078, Bandwidth: 221)= F(+)] FAE 7HH F7F  F =0
A Z2 = Atk XEAA (Mean: 0.146, STD: 0.002, Bandwidth: 2633)%= %(+)2] 34
£ Hol1 ofF Z YFE3} v 9 Z2 MEA 07 P 0] ATy fEH S Holt AR
7H4=(Mean: 0.073, STD: 0.195, Bandwidth: 57)= F(+)2] BA| 0] 1L 22 tHZ o)A HE
/o] Bl & Ho g FHE AT AAHH|&(Mean: 0.065, STD: 0.092, Bandwidth: 176)
< FHolH S HIYHZ Z=tt HFH F*(Mean: 0.140, STD: 0.001, Bandwidth:
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27T £ MGWR XI5 B Al2t3 (HXIAIZH

e d

2048 £ MGWR X2 B Al2st (HA|AIZH

U274 MGWR XI5 B A3} (HAAIZH

HolF £ MGWR X2 B A2t (HA|AIZH

. d

SAIXIZF MGWR X B Al2tst (HA|AIZH

SAIE-7IH &= MGWR X[ B Al2{zt (TKIAIZH

o

WEAM &= MGWR K| B A2t (HIAIAIZH

i

H4YHI8 MGWR X9 B AlZtst (TH|AIZH)

=X[HI8 MGWR X9 B AlZist (TH|AIZH)

R A

H
==

F S

I] ZZAIE = MGWR X B AlZfst (HM|AIZH

I

0@

~

0@

~

0@

~

0@

2

1
0a
El

2



2633)= F(+), oFF 2 H9ET} F9] 22 MsAH R 3 wglo] FEth 5A]HlE
(Mean: -0.025, STD: 0.002, Bandwidth: 2633)2 &()9] &35 7HAH o} & =3}
A2 Mg o] Aukzoz bFARl fidS El. SAIAI7HMean: 0.146, STD:
0.002, Bandwidth: 2626)x= (+)°1H 2 HFF3} vll-¢- 22 WS 22 33 22 4
/go] ZRIH}, uixeto 2 W8 F-FAd $(Mean: 0.057, STD: 0.055, Bandwidth: 399)
© Rt e FAE HolH FHEG Z 53 FHHE oz gofH H2ohy,
MGWR Z¥t= &3 = AE/eAE 22 HgFoA +4€ et wsAd 3oy

S XUl FA S AE 7h S o 2 B4 A Qs ekt g

S 728l FH AAE GRS 1S FEAIE = T ARe] ] FXE oA 7= o

W4 A5 2AY Aol Bes] Hojzd,

H 4-20] MGWR DH7HeH01| i3t QOESAI(TARIAIZE

Variable Mean STD Min Median Max Bandwidth
Intercept -0.018 0.095 -0.277 -0.010 0.261 89
ES 0.505 0.147 0.100 0.495 1.013 57
=4 7| 2 -0.170 0.001 -0.172 -0.170 -0.167 2626
A0HAIE 0.163 0.078 -0.005 0.1562 0.439 221
uSAE 0.146 0.002 0.143 0.146 0.148 2633
ra=vl s 0.073 0.195 -0.436 0.072 1.972 57
JgHIE 0.065 0.092 -0.289 0.069 0.2565 176
HolE 4~ 0.140 0.001 0.138 0.140 0.141 2633
=XblE -0.025 0.002 -0.028 -0.024 -0.022 2633
SAIXZ 0.146 0.002 0.143 0.146 0.149 2626
U SSAE 0.057 0.055 -0.034 0.044 0.21 399

EX: AT 24y

* MGWR Z&-ZA[7t
MGWR RA[7F Bl 275 AW 2 H &3 4= (Mean: 0.304, STD: 0.157, Bandwidth: 57)

£ HdHo=Z 11240459 F(+)9] &S HolH 22 tfgZ 02 2% Zjo|7} v
A 735H]) vt =t S414-7H) 4= (Mean: -0.074, STD: 0.000, Bandwidth: 2633)= &
H

(9] TS Hol 1 W Ao

REEE DR FEE PES RN EEDRE

01-
gFo] Yehdt} AmjAA 4= (Mean: 0.196, STD: 0.114, Bandwidth: 177), XA &=
(Mean: 0.168, STD: 0.071, Bandwidth: 175)= ¥(+)2] 3= 7HA|H S7F 24 3=
FEo] A £FA9] Aol7t HEEHS & 4+ ot AENS (Mean: 0.077, STD:
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0.160, Bandwidth: 89)+= 9¥H(+)2] 215 Ho|HA HE
Zog IAA|HQl o]Fgo] T/ {EEY & # At gy
GFHO 23 Holul ¥

0.123, Bandwidth: 89)=

A28 Hjolt vlma A et o

d

@ k.

/gol 33t

o

0.002, Bandwidth: 2633)= ¥(+)9] 2375 Ho]il HEZAJo] uj&
Ak o2 AT A BT A e = Qlrt. 54]51& (Mean: -0.036, STD: 0.002,
54o] A9] glil AL FoA A0 2 et

Bandwidth: 2633)
U o]z Adwtzo=
0.001, Bandwidth: 2631)=
2 Qo] v} BaECh 2 4 ok 1%
Bandwidth: 412)= ¥(+)9] 37t I=ET ¥4
Fo|A 4= o] ALHZ dolAl= oA Zs

2()9] £3HE Ho]u]
29] Tt et
(40 T3k} 3 WEAo] 23] 2

T 4-21] MGWR DH7HEAZ01| CHEF QOIS H|(SAIZH

o}
=

o

T

L o
o]‘\_ El:l =

(¢}

=

F2 520

ANZ
fLs

QLN

=

/Jo] 3k =5 olifol &2t
S (Mean: 0.112, STD:
oY 2 gz o7
Ho]A 4= (Mean: 0.127, STD:

ZFom 3 o o A

= Atk ZAA7E (Mean: 0.174, STD:
o v 2t A el A o
B3A & (Mean: 0.023, STD: 0.053,
19 878 2 &7 gy

selg 5 3k,

Variable Mean STD Min Median Max Bandwidth
Intercept -0.013 0.099 -0.319 -0.008 0.278 89
B 0.304 0.157 -0.106 0.289 0.776 57
24 7| -0.074 0.000 -0.075 -0.074 -0.073 2633
ESI NS 0.196 0.114 0.003 0.168 0.506 177
WEAL 0.168 0.071 0.043 0.155 0.388 175
HENS 0.077 0.160 -0.331 0.088 1.239 89
dgHlE 0.112 0.123 -0.224 0.101 0.514 89
HOH 0.127 0.002 0.124 0.127 0.130 2633
=XH|E -0.036 0.002 -0.039 -0.036 -0.032 2633
SAIX7E 0.174 0.001 0.172 0.174 0.176 2631
s ZSAE 5 0.023 0.053 -0.085 0.010 0.156 412

EX: A7 2y

* MGWR =2&-2}FA|7F

MGWR BFAIZE el 235 A EH &3 4= (Mean: 0.611, STD: 0.156, Bandwidth: 57)=

wrofl Blsh Bt H(+) B} 28 71 AdetE o A2 " HE o A =44 2pol & A5t

A WFoke Ae G 4 ok 221371 4= (Mean: -0.221, STD: 0.001, Bandwidth:

2633)= (2] AT} VT o Eatsa oS- 2 el =)t 7o) o] 7i7ke: WA

o2 37 Aute] Yl k4 AIE GAHLE AHAA S (Mean: 0.137, STD: 0.077,

Bandwidth: 221)= H(+)2] B 7AW tiv] gt a7} oha S4E o] S A



27| 4 MGWR XX g A|Z3} (&)

g

200 4 MGWR X|ZE B Al23t (&)

AE7H4 MGWR XX B Azt (&)

oM 4 MGWR XN B AlZtst ()

G

SAXIZE MGWR XX B AlZtst (%)

d

SAHE- I 4 MGWR X|HX B AlZ3} (&)

WEAM 4 MGWR X=X B AlZt3} (&)

ARIHI2 MGWR XIZH B AlZt3t (W)

SX|HIE MGWR X[ B AlZf3} (&)

~

WEAM £ MGWR XX B AlZtst (&)

~

[T 4-19] HE MGWR Al 21 (HA|ZH
7 PAY:(+) EH/IERA (<) WY/ 34 : HIROIX|2H(p)0.05)
S5 GILE AN

137

R

1% HT O 09t0Q M >t B L0%NT kIr>no — — oMo gD



138

—IrQ 000Q M > 2 202U LIrx=no — — oMo U

Yol A LatkstA 253tk WEAIA 4= (Mean: 0.118, STD: 0.000, Bandwidth: 2633)%= 33
A 2AGoA BEAdo] AL 002 FUT F(HQ It FAEH FHTE Bt F7]= &
t}. AE7HS (Mean: 0.083, STD: 0.228, Bandwidth: 57)= 0]|A| & AA|Dof|A] HE4Jo] ¢
AA E3] Hol] A9 o]d/go] = BEgS BRIk AYHlE (Mean: 0.030, STD:
0.115, Bandwidth: 137) Bt H(+)2] A7 EETH 243 1 F3F o] 5} t HZFo A 1t
2 Zpoli= A=t HOH 4= (Mean: 0.143, STD: 0.001, Bandwidth: 2633)%= FH % &
ADo A o 22 W53 A D3 FHH) O Bt A& E WH B2 AE A
o}, 5248 (Mean: -0.020, STD: 0.002, Bandwidth: 2633)2 2] A7 A4 HEA]
o] A9 i (-) A= RHE} ot A3t FAIA7E (Mean: 0.163, STD: 0.096,
Bandwidth: 177)i= 29 39t 4 sfofA] Hol= 7t Y Z 0 & o5kl A/ o]
A ofzte]] 2|9 2po|7} Kty A Y 50 2 AT 1S ZFAIA 4= (Mean:
0.065, STD: 0.062, Bandwidth: 399)+= B0 &% H(+H)] WFoE AR AL ¥ME42 H

o pES RIS S I QFA 2HEshe Bae HH-

T 4-22] MGWR DH7HEAZ0f| CHEF QOFEH|(REA|ZH

Variable Mean STD Min Median Max Bandwidth
Intercept -0.017 0.107 -0.281 -0.005 0.275 97
SR 0.611 0.156 0.216 0.600 1.130 57
SAHE 7 2= -0.221 0.001 -0.223 -0.221 -0.218 2633
AOHALE £ 0.137 0.077 -0.007 0.131 0.448 221
WSAHE £ 0.118 0.000 0.117 0.118 0.119 2633
A= 0.083 0.228 -0.343 0.064 2.409 57
dedE 0.030 0.115 -0.479 0.042 0.236 137
HOPY = 0.143 0.001 0.142 0.143 0.144 2633
=AHlE -0.020 0.002 -0.023 -0.020 -0.017 2633
SAIXI7E 0.163 0.096 -0.074 0.157 0.382 177
WE I3AE + 0.065 0.062 -0.021 0.043 0.250 399
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o
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1. 99 A3}

u =o|akg 2010] 1124130 T DXz = 500m Xt HeZ SHEAH & 7|AlSt
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7|'8E A8t FE 24
2 A= 11247 S EE A9 EA AR A E4S AAZ & F85HLA AZA|
Y-S FLT500m x 500m AAE AlEgFste] 1124130 HAY A4=9] A3 B2E =
A 02 FA5It). ok d] TA| EE3H 8.9l Al ¥l o @A Hofsh=A] ol &5l 4]
7rs e ZAE HHEIRt e 24 F3F T919] 91 291 weta AWM A JiQ) A EESHT
FAROZ ALA G257 AR HE LR 1124131 Hlo|E8E ZHEA7H(LISA)S
S35) EA5ta kAT (High-High) ¥ 223 Low-Low) A9 %% 105 =]4-AH5] 4
3= vl HFSIAT ok&E AA| AL glof o] thrtt ey HbE APt F, &
A9 AE EY 7|8t a5 P S Shs- A 5ot B WF oAb %*é%‘ 7 AL 711
SHAPO 2 Frgo}sto] M=0] 7]of WRKS7H/ 34 A7), YATAT 2 G2 2-8-2 sfAlst

Atk B Yo7t GWR 2 MGWR 3338 A B2 4-8-5to] X E= Ao| et Al4(F%H] o]
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¥4 LISA ei26 9 S B¥l StAs(High-High) §3 ZAHs A4 o] Afeht
£5] 24 W dRA SUA) WEHE PP BTk PETE 4402 TH B S
A2 BYT FF BT GEET S AT 2%} 571 7 vhepdeh v Boag
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UPATO B B2 YEYD SHoH B2 2L SAR A o] BFH O B YA
opg e AGAol Ik, A AH| TN fAPIT Aol S HAT AAH O I
1!

% 4ol9ict. 2
78] slofeka 171el Tejt 9gich

S & WSAE-AMAE-24E = S0l ML F
7t B QRI0= =XHIE- USTSAE = M1 4 Q019= UEHH

JIE_ [e] =
2 Aol Tt "SR /S8 S dol 7 M W (+), 719 =271, g2 H 9ol
H]AE HES, A (FAFDE A whetd = Qo A& S0l e = A 7
gl 3

=
A ZAFo=AE XA 02 HojEoh AYRG(MLR)S AA| Wy} Hat B35 7HE 3]
R d o] &

A8 7124dE AT GWRE YA A7 EefAls $734 o1 ddS whgs 219

8BS S 2 Stk MGWRE © Lol g 24 ool 2 243t0 24 ojd
et B on AE I ofH Wat Feldow Ashy Fie] £ ARKos

’E s [e] o

d Wl EAT- =74 7AH el 5 724 A A HED = Sl oA 4
Z5go] “Folo] FRH=7VE Tell Eohd 33 H 2SS = et oA o &
Al

U= AAS AP E B = Sl



112405 P X2 2Hol0] S2|2t80| g 2 3 FEMO| 0|xl= &
Off ChHet 71E 8S 500m AAt +Z0|A HSotALE oA 710

Toll A AR 8= AP A] Wetof|A] sfAlshA o2t At &2

AR A9 Fa= 192 BEE e e 112415 A 3710 A 71014 e
FHO HAE B om 53] ofgtol Tl vyt FtE T 3l FotE= AR UEr
T} Ol= 2 WA D7t H8- e F 9 A AR [FoJR HH Y TS B
C\’l‘:}'\: 9] A AT At AN Toomey et al, 2009; Gruenewald et al, 2006).
QY AT IS A 2ert £ HEet FHF o= APEo] S HHAF o
(Toomey et al, 2009), 53] &G HIF AFHIE X Q1) 5& FAS A9 Tt &
OJu|st AFA 7} A2 FQI5FH HGruenewald et al, 2006). °]& E8] &¢F S AAE
TR g A o= 24 A1 S 9] A4 8 A= S g o] 2Rt Wkl A
‘e 9 JF B £ A9 7o olRt FAIA =25 112411 Ho|HE &5t
500m x 500m A2} @12} H]A] F7tof| A AFstith= Flofl /it

"
fo
rE
3
jied
n

R rle
re
r&

[‘_u

l‘

THE $ M5B HE 2 AT ABE Fotel vlA| 20 52 Y e a1z 4 919
oh 53] SA1E T &, 20 4 MO S 5 YA B WSS A 112401 A%
2719} foleh Qo] BAS Hole A0 ek of= A A59] FHo] 1T £
32, o B A7 F71E Zestol WA WA Z15)9 A B4 RS FA
o ek ol 49 2B T Yol An 191 ke PSR 7 felo
2 453 5 922 ANRTHAAE 9], 2024). £ AT H olr} 3418 71w 47}

S00m500m 24 9 257) 2201 11241 skl AV} S0 ) sk
Agkem] HOojx] =71 oF 47 ol A (+) WFo = A= 5 A4 #AE EHst
ek HolA <o)t et

A A HAG T & TLEAA 5 A 112417 A9t 725 F(+) 2] TAAS ZAnt

ol gt QARS vl WAl A A, 1R}, WA B Al A 27t T E R SEs
HE] YRR 7153510 QAJEEs0)2 W 5)j9] ATt Axfe}l Hesk} Loukaitou-Sideris(1999)
© 22 20N £ WA Tl AR Ee FAMY StAagt o HHEE= A
H R Stucky & Smith(2014)= o UZ| A0A HAH TG A7 Fe-de 59 ¥
F| o} o5t ABEH 53] -5 A GOl 1 et Fohe = A2 #1153
oh & A79] Aibe ol et A ATt AT A B Yokt 500mx 500m AAF Wi oF 7719
AEAE o HejolA Gt S()0llA ez A= v AE SAsIAH.
MGWR &4 23} A H2 0 2= g7H] HE/dS 24 2 He=E ERIESL

wAH] 8 WSe} WG BEAH 4 AHH 02 2()9) AT Yehith S Hx9] 4
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%, oF 20% 7= ¥R AR oA s B 35 B B 7/ o] TEE A
o B AF Ao E EA| =A== & T 7SR =X]9] A - AL FHE 7O
SH| ‘;%ﬁ"‘— AR A A E 5A] = A H 7] 92 AlFe] AES =Y 5 e Aol
HHE B T ETH(Wolfe et al, 2012: Wo et al, 2024). A& HALO.Z 3F CPTED Ay A0
A= 522 (NDVDo| A7 S B8l /42 W1l 994 et olvjA] 7l &
7t Q= AL 2 WA RN, 2018). ol= & AtollA T4l AR SlolA +2 =4
H|&o] A Ash= 2o} Attt

=4, H4lgd 9Z(XGBoost), AE7Fs
< A Hoj| A ‘ojH 3+ Qlo] o] =F3}
AL A 01?1 ‘%}Q—QE /ﬂ—l— H u*% = E=d5st=7tE iﬂﬁ]ﬂ——i Zﬂ/‘] 59Tt o]

- O — = f B B = |
B | 24 20 Qof (2 &) 0|21 ZH (3t 218) | 2 |- &2 atH|

@ 11240 B710) Lol(+) B B | Daim) 277} AERIE ZR{OIM &

+/7t8 2 7101 7K 20| O 00 2100 ZX 2T | J2EY &% 44 517t
@ B ZOIH 10 20N SC) | & Ajoje] ZbE oo spolE|  EY/MEHS U Asta
OlM (2= Tt = 37t (Huang et al, 2025) kS
S 2 | @ Yol P(+) Fa7F K| 28] O | - =2 WA HHo| SH22 AN, 2 |@ HOKORD Al &3 Y
235t 21 RO TR &, Ha2Ael= A Y EZEH USRS
® DA Hefe Fat™ 2 5)2 T LR FMECR | @ & = JIAM B0 o
® D7 HEA0| M2 X[ H} ARl 202 K{AR(Nesoff et al., PTED 7|& 23t

fyI=3 2018).




wa | 2M oo (= o) 02418 27 (3t 91R) 3ol 2l 317 STt
- IJAE ZC SAIMO| A7} =2 3
jAE T EE R o o e
MEHHAZ0|H =2 A= 2RI e
. AERE S)0f et 577}
(Singleton, et al., 2022) Tt o) 7 =
@ M2 S710 LA BFE | | o101 ooy afie QoA 29} B et %2 x| 712 0F3
B [ oo [ =1 O A, =\o
@ =01 2 2671 R20M S() | Aol SO A7} Q= O LIEHL @ HeI# BLOHH S)oI A
bS] Zz = =X|2 o
SaE | OIM Yo Hat 5 57 = iE1 T2 Qiolk= Q2| 217t 9l f{ N ;ﬂfl . .'i}; el
T+ | @ ol 80 Bt Ect ZslE | £ 02 Ut aBse Zaptgs | o o R e e
@ 7| THQlo| uskE 2oz HQl(Sohn, D., 2016; ZOA it i 5
k=1 S =l
® B Tolon 7o sty | Fosenthal etal, 2010) R ienti i
- FHHE= ARSI SIE QF £S E5f ¢ YU OFt: 2 e A
o= o e AHCH Q=S A7 Higy
HES Ul HOR OPEWo,| Lo oo T C
J., 2016) -
@ 112411 Z710]| Qo|(+) st i | — A0 Al 7t &2 0] H2AE0| =
© Z4810| H0J= % LIE| = ~
@ 4240|2107 E201M 2(-) EA"LO = |9 omfxrjrizqolt O I LBEF T
ez sagst | ISEESTESSHSATIS| g o xe e s
_ = Z(Rosenthal et al., _

A0 | @ H2te R% o) angLoln | o " Y @ BHE Y olBY 25t 9|
A | ool a0 A% 24 o ool Anfe we Ay | S CPTED I =)
= — - — o (=jmjm! -

@ DAHEHEEGETH S I8k 7}QIOL} 2 WIMO0| E5| HEQ} = Q) MEH HRo RS0UF 7|
— — = Io -
® BT US| MEXAL B o maye mope zoz som| o Ao BHX] 2XE
ol
M (Cameron, M., 2022)
@ 112410 Z710j| Qo|(+) s e |~ AIOHE G2 EE R = Ha R
AR 7584920 ol Lo}
@ pegoig iz gom| T2 T SEEE) SECR 6 s asneng 9 7
M H+HO=E Met & Bt I IS =S98t 201 AA| 2E 245}
i LEE(Irvin-Erickson et al. 2015 Cees
= - _ = ckson et al. )
o | @ R EE OK+) FIE HO| @ WEHA LY X|0ie TR}
NSRS , - WEAM I XHRH|ECH=s 1O ZHo| & e e
0| IER0| AZ ZhA ol Mg: =M TJIA
B} Al LRI E40] HE|QF o Lot A U <
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Effects of Physical Environment on 112 Emergency Reporting

Ahn, Euisoon Kim, Youngwoo Kim, Eunhee Lim, Lisa Kim, Yujin Lee, Jounghyun

Aewwing

Chapter 1. Introduction

Fear of crime is a psychological phenomenon that refers to subjective anxiety and
concern about becoming victims of crime. Fear of crime, in particular, reduces
individuals’ participation in social activities and acts as a factor that undermines the
effective application of CPTED principles such as natural surveillance, access
control, territorial reinforcement, and activity support, thereby exerting a negative

influence on the creation of safe urban environments.

A 112 emergency reporting call involves a concrete action, a 112 call represents
concern about crime that is manifested behaviorally. 112 call data can provide

essential empirical evidence for establishing policies related to fear of crime.

The purpose of this study is to identify the relationship between physical elements of

architectural and urban spaces and the occurrence of 112 calls.

This study proceeds in three stages in order to empirically analyze the impact of
physical environments on 112 call occurrences: (1) analysis of the 112 call system and
its utilization, (2) descriptive statistical analysis of 112 call data, and (3) empirical

analysis of the effects of physical environmental factors.

The spatial scope of this study is set as the entirety of Seoul Metropolitan City, and

the temporal scope of the study is set to the one-year period of 2023.

This study conducted a literature review covering laws and institutions, domestic and
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international cases, academic research, and media reports. Prior studies and CPTED
checklists were also extensively reviewed to inform the selection of physical

environmental variables for analyzing their effects on 112 calls.

GIS-based spatial analysis were conducted at the 500 m grid level for physical
characteristics of buildings and urban spaces as well as 112 call occurrences. To
analyze the relationship between 112 call data and urban and architectural
environmental factors, multiple spatial regression and machine learning models
were examined. Ultimately, MGWR was adopted for spatial regression analysis, and

XGBoost was selected as the primary machine learning prediction model.

Chapter 2. Legal Framework Governing the 112 Call System

With the enactment of the Act on the Operation and Processing of 112 Emergency
Reports (“112 Emergency Reports Act” for short) in 2024, a more integrated and rapid
response system was established compared to the previous framework that had been
operated under National Police Agency regulations. The Act also introduced detailed
operational systems such as strengthened protection of callers, enhanced information
management, training of specialized personnel, and the construction of advanced

information systems.

The 112 Emergency Reports Act mandates the establishment and operation of the
112 system and requires that records of call reception and handling entered into the
system be stored and preserved for three years. When necessary for handling 112
calls, linkages with information systems of relevant agencies may be requested. In
addition, statistics on 112 calls must be regularly analyzed and reflected in public
safety activities, including the formulation of crime prevention measures. Information
on 112 callers may be collected, used, or provided only for the purpose of handling

the specific call or with the caller’s consent; use for any other purposes is prohibited.

The 112 call classification system consists of five levels, from Code 0 to Code 4, based
on urgency and the need for on-site response. Code 0 represents the most urgent
situations requiring real-time dissemination and immediate dispatch, whereas Code

4 refers to non-urgent civil complaints or consultation calls.

Emergency call data have been widely used both domestically and internationally as



evidence for establishing crime prevention policies. International cases, such as the
CompStat system in the United States, demonstrate that data-driven crime prevention
policies contribute significantly to crime deterrence and efficient police deployment.
In Korea, the Pre-CAS system utilizes 112 call data to predict crime risk and support

strategic patrol allocation.

However, while the 112 Emergency Reports Act strongly emphasizes the protection
of callers’ personal information and the principle of minimizing data use, it does not
provide a clear legal basis for supplying data for research purposes. As a result, there
are practical difficulties in actively utilizing 112 call data for crime prevention policy

development and academic research.

Chapter 3. Descriptive Statistical Analysis of 112 Call Occurrence

The subject of analysis consisted of 112 call data recorded within the boundaries of
Seoul Metropolitan City during the one-year period of 2023. To ensure anonymity

and protect caller information, spatial data were aggregated at the grid level.

Call data were refined to include the date and time of occurrence, emergency codes
(Codes 0-4), and grid-level location information. Outlier detection analysis confirmed

the absence of significant anomalies, and the full dataset was used for analysis.

Analysis of Seoul’s 112 call data by emergency code showed that the majority of calls
fell under Code 2 (potential risk) and Code 1 (dispatch required). When examining

temporal distributions by emergency code, distinct time-series patterns emerged.

Emergency calls corresponding to Codes 0 and 1, as well as Code 2, which is formally
classified as non-emergency but requires immediate dispatch, showed similar
patterns of concentration during weekends and nighttime hours. In contrast,
non-emergency calls under Code 3 and civil consultation calls under Code 4 were

concentrated during weekday working hours.

To focus on crime occurrence and fear of crime as captured through behavioral
indicators of emergency reporting, this study set Codes 0 through 2 as the focus of

the empirical analysis.

To further examine the nature of 112 call patterns, a spatial comparison was
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conducted between 112 calls (Codes 0-2) and actual crime occurrences (the five
major crimes) in four districts that are Gangnam, Seocho, Songpa, and Gangdong.
The resulting correlation coefficient of 0.854 indicated a strong spatial correspondence

between 112 call occurrences and crime occurrences.

Chapter 4. Empirical Analysis of the Effects of Physical Environments on
112 Call Occurrence

To analyze how physical characteristics of architectural and urban environments
affect the occurrence of 112 calls, spatial data analysis using machine learning and
spatial regression models was conducted. The analysis focused on 112 calls classified

as Codes 0-2 that occurred in Seoul during 2023.

Physical environmental variables related to buildings and urban spaces were
preprocessed at the grid level using the same 500-meter aggregation method applied
to the 112 call data. Exploratory spatial data analysis was then conducted to visualize
spatiotemporal patterns of 112 calls and to establish directions for subsequent
analyses. Finally, machine learning and spatial regression methodologies were
applied to identify key explanatory variables and to examine their effects on 112 call

occurrence from multiple perspectives.

This study applied the same physical environmental factors used in the previous
year's research, which analyzed the effects of physical environments on crime
occurrence. These variables were derived from a wide range of domestic studies and

CPTED checklists, and limited to those for which public data were available.

The final set of variables included factors related to population characteristics,
building and land attributes, neighborhood convenience and commercial facilities,

transportation and infrastructure, and road network structure.

Preprocessing variables involved scale adjustment, outlier handling, and removal of
missing values. Multicollinearity and correlation analyses were then conducted.
Variables with variance inflation factors (VIF) exceeding 15 and variable pairs with
correlation coefficients above 0.7 were excluded. For pairs of area-based and
corresponding ratio variables that showed near-perfect correlation, only the ratio

variables were retained for ease of interpretation. In population-related variables,



strong correlations between total population and age-group variables led to the
exclusion of total population. Variables such as road integration, sidewalk integration,
sidewalk connectivity, road connectivity, and building age, which exhibited VIF

values above 15, were excluded.

Global Moran’s I was used to assess overall spatial autocorrelation and to confirm the
necessity of spatial regression analysis. The Moran’s I value of 0.485 indicated

significant positive spatial autocorrelation.

Local Indicators of Spatial Association (LISA) were then applied to identify regional
clusters. High-High hotspots, areas with high 112 call occurrences surrounded by
similarly high areas, were particularly concentrated in urban centers and the

Gangnam region.

The effects of physical environments on 112 call occurrence were examined upon
hotspots compared with cold spots and background areas using the nonparametric
Mann-Whitney U test. Comparisons between hotspots and cold spots showed strong
statistical significance across all variables, confirming a significant relationship
between physical environments and 112 call occurrence. Hotspots were characterized
by higher population density, higher land prices, and greater building density than

cold spots.

Further analyses compared hotspots within each district to district-level and citywide
background areas. While most variables showed significant differences, some did not

exhibit statistically significant mean differences.

For machine learning analysis, XGBoost and LightGBM were trained for predictive
performance comparison. Both models showed high predictive accuracy but
XGBoost exhibited a slightly higher test R® (0.85) than LightGBM (0.83) and was

therefore selected as the final model.

To interpret the machine learning model, SHAP (Shapley Additive exPlanations) was
applied. Global feature importance, measured by mean absolute SHAP values,
indicated the relative contribution of each variable to prediction variability. The top
ten variables were bars, restaurants and cafés, retail stores, public transportation
facilities, number of buildings, proportion of commercial zones, convenience stores,
proportion of green areas, officially assessed land value, and educational and public

facilities.
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SHAP dependence plots were used to analyze the relationship between variable
values and changes in predicted outcomes. Bars, restaurants and cafés, retail stores,
public transportation facilities, convenience stores, and land value showed increasing
effects on 112 call occurrence, with relationships that were often nonlinear. Green
area proportion and educational/public facilities showed decreasing effects on call
occurrence. In particular, 112 calls were highest when green area proportions were
very low, decreased until approximately 40% green coverage, and showed no further
reduction beyond that threshold. Variables such as number of buildings and

proportion of commercial zones exhibited mixed effects.

Using the top ten variables identified through machine learning analysis, multiple
regression models—including multiple linear regression (MLR), geographically
weighted regression (GWR), and multiscale geographically weighted regression

(MGWR)—were applied and compared.

Both GWR and MGWR outperformed MLR in terms of model performance. While
GWR exhibited the highest coefficients, MGWR showed similar coefficient levels
with a lower Akaike Information Criterion corrected (AICc), indicating better overall

model fit. Accordingly, MGWR was selected as the final spatial regression model.

Results showed that bars, restaurants and cafés, retail stores, public transportation
facilities, convenience stores, green area proportion, and land value exhibited
consistent relationships across Seoul. In contrast, educational and public facilities
were significant only in certain areas, and variables such as number of buildings and
proportion of commercial zones showed mixed effects, including positive, negative,

or insignificant relationships depending on location.

Chapter 5. Conclusion

This study quantitatively analyzed the effects of physical environmental factors on
112 call occurrence using spatial statistical and machine learning techniques. We
confirmed that 112 call occurrence is systematically linked to complex factors and

explained its structure across space and time using data-driven methods.

Exploratory spatial data analysis using LISA identified hotspots and cold spots of 112

calls. Hotspots were concentrated in urban centers mostly in south of the Han River,



and showed significant differences from cold spots across most physical and social
environmental variables. In particular, large differences were observed in population
and building density, suggesting that areas with concentrated calls generally correspond

to densely populated spaces.

Machine learning analysis identified the top ten variables influencing 112 call
occurrence. Bars, convenience stores, public transportation facilities, retail stores,
and number of buildings were associated with increased call occurrence, while green
area proportion and educational/public facilities were associated with decreased
call occurrence. Spatial regression analysis showed that most variables exhibited
consistent relationships across Seoul, whereas educational/public facilities were
significant only in certain areas, and variables such as number of buildings and

commercial zoning showed complex, location-dependent effects.

This study is significant in that it extends the use of 112 calls as a safety indicator and
empirically validates, using call data, existing claims regarding the influence of
physical environments on crime occurrence and disorder. The finding that commercial
facility-related variables, such as the number of bars, increase 112 call occurrence is
consistent with prior research. In contrast, findings regarding green areas have been
mixed in the literature, and this study newly demonstrates that green spaces in urban

Seoul are associated with reduced 112 call occurrence.

Despite its contributions, the study has several limitations. First, due to the requirements
of the 112 Call Handling Act, only grid-level aggregated statistics were used without
distinguishing call types, limiting more granular analyses. Second, the grid-based
approach prevented the inclusion of physical environmental variables that are not

available at point or grid levels.

Future research should incorporate analyses across multiple spatial units—grid,
administrative district, and national levels—and extend the analysis beyond Seoul to
examine regional differences. Such follow-up studies could support CPTED policies
and programs that are grounded in empirical evidence and yield substantive

effectiveness across different regions.
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