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Fge Fo Am—,% S8, AEA dEge] B A oFe Yo
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Q| g+ A ok (Nilles, 1991; Brueckner, 2000; Holcombe and Williams,
2010; Nechyba and Walsh, 2004; Deng and Huang, 2004). o]&= Z=A]<]
e g=FS Aoketa, A Wl LS nZAT = 5 Ay A A A AL
34 H]E FU7FR o]olA 4= At (Ciscel, 2001; Carruthers and Ulfarsson,
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and Ashely, 2008; Frumkin et al., 2004).
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2. A AE #3 &4

2 AFgAM = Agke 2 Asd o] &2 4 wWIle] FAAS A|s)
HA FFAdA S48 8 54 A E (Dynamic Time Warping,

=
lo
Hl

DTW)E AH&3tH, °o] & 7] K-Z %70 Al (Medoids) TF &S &
st A std o] &2 9 o] FARRE o5 Ay
K-54MA g+ 59704 79 38 MY (Partitioning Around
Medoids)o]2tar = A 3] *| ¥, Kaufman and Rousseeuw (2009)7} =] <Fgk
THEA W Eolth o] duglEL Wi /iAW 7] ¥ (Representative
object-based technique) & sty =, T4 71A H(Medoids Points)3 =1
H dlolE Alole]l AgE v|Eow KM +3< dAstt. fAE
A dug]Eo2E MacQueen (1967)0] A|¢ket K-%H i (Means) &il
]

(E
i%

Zol gtk K-g3 dugde Ko &4 das AFdris dolA
A daglEFH FAeAIRE 2 O7EA] @ o] vk AR, K-
1EFE Y S FANNE AASGERE iy vE 24 A7t

g kA4, FRYE AAHED FAE 7 Agstr

3 5 A9g ¥ Aol F3E F At A Ho R +H
A Al Hatoll o]ESIE R o] 4] (Outlier) ol W73 tHSoni and Patel,
2017; Patel and Singh, 2013).

K-t duel5e] dide 2ad K-/ duedse 999 K
Mo FYMA (Medoids)E A e ste] 58 :
MNAE gh(value)o] obd FAHA 718 717k2 714 (object)th. 547
= HAY FHo] F4E wWrhA M zo] AAE FHEA Ao &&
®rh Han et al. (201194 A5 K-FY7/MA g+ DAl =4
= U5 % 2-15 F3 U+ Uk

o
™
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o}

fr
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@A Al Azt

1|28 R 24 TR FAMA (Medoid) 4%
i

4 | I &8 ARV FA &S wbA b A vk

£X|: Han et al. (2011)

H ATFNAE R 2-1d dFE A WA A+ FEKE A
W Al el $H(Within-groups Sum of Squares)S 7|2 AH E<Q|
(Elbow Point)7} #2438 Wal= X3S aLelste] 602 A3 :
Al A1 GAG FA AZFE(e]s DTW) darg]Eel 7|9kt njgo =
AAYE TS FdskAth 54 A& Bellman and Kalabo
(1959)7F A|gHgr dargjFoz o] AAL Axe 555 st
AMIE SAske dH AREET Y ¢agE 24 A (Amin and
Mahmood, 2008), =2}2l A7 213 (Sharma and Sundaram, 2017), &

2 Q12 (Celebi et al, 2013)°] gz AF&dT. FFU A
(Euclidean distance) 718Fe] FAMd SA o] F A A Fe] ddd Wi &
ZIgto 2 Az 3 Az o] wgte] wizkst =
3 =EHe FAE SAHS AR ARl 9 =
om 25 ke o]&(Shift) e L#ste] A S SAHERE Adoe=
47 (Robust) st 235 2F&E3vt= Fdo] Ath(Keogh and Pazzazni,
1999; Wang et al., 2018).

2 AFAA AAE FHEAS S

o] HE DTWE v % dvg =

(a, b)7} A3, T WE o

[m e

=

ol

bl el

=<
Aol Aol JFE WA o

-

l

ol

1_4

gol %

]

ge Az 55
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7HRe w ZF wE e da 7 AYE UBde 2= AddESs T
=gt olw FEEHet A E 3 jEY dihe o329 2 2-1%
2ol A & Utk

a = ay, y, Ay, -+, a 21 2-1

1 olF =7 =2 3¢ (Dynamic programming)S ©] 838t FF
ot Agdd 99k oy 38 849 HES agdte] FHAYY
gd= DTW Agdds 74 & vk DTW dde] A HA P>
de] e FEHUE= A dEe A A A Do ol T,
AA Pt j HA Ao das oo 2 222 ¥d3 &

~.

Y(i,5) = D, ; +min[y(i —1,5), y(6,j —1),7(i— 1,5 —1)] 2 99

=

# el 913 d=(Warping path)= 32 WolA 93 v-& ¥4
2-3)% Hxdlety =g 5 JvH(IH 2-1D. FAHeR oW A=

o ("

4 A @ ALAA 9 08 DTWa,b)& HABsE ArEe]
3 ME R Y ¥4 Ay FEe ARE V)FoE wiHE F wE
24 7k FAIEE YERAT
o~ Y
DTW(a, b) =min Y, w, 2 2-3

r=1

W= Wy, Wy, Wy 5 W, :max(s,t) < y<s+t+1
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a7 2-1. DTW 7|8k 1&g d=2 A

Cumulative distance matrix {¥)
H - ﬂ]_l n-zj- njradr ) ﬂs

Index 2 3 e 83 5.9 5
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1] 2
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e
5 3
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i .
~ I
T

19 F4el gk AetH ol &a ¢ A A=
74 29 7

v oA
W EA] 08, I -ALS]- A 544 % oad

Astd A4 7 A Tt
ABAS Fodr] Y8 HAA5H(Ordinary Least Squares, OLS)
AUE AFESEAT AstE S s dde® k7l Askd dAA a9l
o2 F4¥ A5FE & g HiASH 7R FIAEA S
oh&o] A 2-49F Zo] 184 F
k
ynza—lrlg)ﬁixi—lren 2 2-4
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(Chen et al. 2009; Kim et al. 2017; Kim, 2018), ¥ <70 A
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7
R 2AS AR WAE westel AREY £F
PN
T

g 713ke] A=U19 G ¢ Ase vl @ e A (Korea
Disease Control and Prevention Agency, KDCA)3} A& t]&ul o}A]o}
A3 A B AE(SNU Asia Regional Information Center, SNU ARIC)Z
T el ARl Aol Aldgh AW v X9
AneE WA A BB F(Ministry of Health and Welfare,
MOHW)ol A Al&ste ARES EXE #5530 S8ve 385
P ARG E Al A Al A s 2 e Ao g WEARE

of

i of
ro

< FA43517] 98l 2 ATl = AR AA, RARAF, A9 HE
A5 E xSt

A2 T4 e AstE olgA & A FRd w3 vT 3
A A e HPWMAE AL dddely FHS F3 FHE AsEHY
Ta2E 3R 3HGeo-coding)d & = 7Fa7Hd B E (National Spatial
Data Infrastructure Portal, NSDDo| A #|&3st= EX ol A A x4

14) 244 Exolge] d 5 =X, w4, 49, ¥4, Ad 2 23k, F12 A
5 6RAR FRe] A HAE ARE AR A8



o} EA A 8] WA 8] 2 (Statistical Geographic Information  Service,

SGIS)oll Al Alg st HAAT ARE Z&et] S50t TAA ==

TR b AetE Y 7)F " 500m AE kel fAEE EAlE
T A3, fsueAAd 2 HATE QAT 2 AY tiiEF Ve Al
SAA ARE E&sdth I AR5 FES A A 2 &8
500m+= ¢y EAAEY 2 #AA A A HY Al 7]Fo]
He At A B2 AsEY gAdES tE dPdATEANAE
AstE S W 500mE GAHe AYR 7|Fo 2 $h(Sung and Oh,

2011; Choi et al,, 2012; Kim et al., 2017; Cao et al., 2020).
B oAFNA mA St Ao mRU19 I BAS 9 &8z

ol B3 AR 2A= v % 2-28 S @A+ Ak

T A =3
X]é]—?ﬂ ) o
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of g WHI Ao Y& oM@t W, o] §4 FRI 4&
P8 FAAY, FEAM, FPAG WFo] ¥ Aow v} Y
FRe g5l UitE FAGA Anso] Y& FABT o= A3l
4 olg WE Fol YYHOR A AFAY(TH 1-9A5F 1579
o WFo] AuAoR Ee AL Eal HAF 5 ATHE 2-7),

o
21
2u2 |
i3
=84 |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
<>
= F=AXY = oY SRR = XA O E2 S USAE
m BTN m Q=X U Of7HA|A =REE ==
E 2-7. 2 FAXY o Fo 7Y
. e EE
B -
gt 135
A Lt 43.94% 33.33% 10.61%
-3 1 46.58% 31.51% 15.08%
Ty 2 51.25% 36.47% 14.78%
<3 3 46.39% 35.00% 11.39%
3 4 46.16% 37.90% 8.25%
<3 5 37.85% 31.60% 6.25%
<3 6 35.39% 27.49% 7.89%
F1: AHFE2 5F o|ghe] oAl CiMf 3 o= FEXE DEFE2 55 0|49
&5 ¢ oltEE 2lojgh
F2o 28Y FAXYG TR JHA W ZE EX & FAXYGLE o512 Us
Z4x e | H[ZS 2lol3.
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E AFNAE Z2Y199F 22 T Ui dFEAY 28 7HeA
= W7tst7] f8 AstE ol A ¢ A% dF5EAY F8 5AHA &
& EA ol re] ARAEdES EA ST AR AATA 2 A skA
o &4 WAdS TAT A WA Zd(Model 1) &3 EX|o]&o] I=
19 o] % A&tH o]&A A #Ho]l USE AAFsIH, EAol &
o] Aol =S5 AotE ol & TSR T|ddre= Y £
o] A= A AZ=(Choi et al, 2012). o] A= EX|o]&o] ik
2 =9 AGelA Astd o] & 7F A =199 Wetol A vt
ol Y T AR UEHEHT ofHdd &3 EA &S o8
o AWkl WEAdol] TS MA= AoRE H

AA 2ol F HA Zd(Model 2)ol A A7t 7H4 =30 A4 &
g AE FHI M= R embod4.343), R_rdfrns (2.583), K_pubins(1.534),

R_cmof1.256), Landusemix(0.747), Transer(0.719), Busstop(0.015),
Actden(0.01D)th. thFst EX|o]g WS EAlstH EX o] EFAF
(Landusemix)®] ATy #Aasts= Aoz YguAvh 2473 FouA
A HA RNt wpTA 2 FAET. F oA 2R EXo]g
AAF A= 3T EdolA FAEHA] &S o E EXo]§ FPo] A
I e gFFEAC EATS BAFr. wabA tFet EXJo]g X3t
o2 FAH AY 53] gFEACdAE 2199 22> A o) A}
= KN

H
o o] Fo] At F AF= HolE

a)
EXo]g Wy T dA EX WA giH] =2 2 uwFAAd HH v S
(R_rdtrns)2> 7181 2=, A AAA & AFES QAT & Jd& AN

o] A¥+= vtE A+ (Abdullah et al, 2020; Teixeira and Lopes, 2020)
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¥ 2-8 FHEM Aot

P 2d 1 =2d 2
Coeff. S.E. Coeff. S.E.
S 11.021 == | 1.068 10.753 x| 1.140
Landusemix 1.397 =% | 0.318 0.747  =x 0.378
R_cmof 1.256 = 0.63-
R_rdtrn 2.583  wx 0.956
EAo]l & ;
R_intma 0.289 0.951
R_pubins 1.554 0.467
F_opotre 0.002 0.655
284 A Busstop 0.010 = 0.006 0.015 = 0.006
&4 Transter 0.821 === | 0.117 0.719 === | 0.116
Actden 0.016 === | 0.003 0.011 === | 0.004
- AF3] R_p2064 1.987 1.371 1.824 1.380
AAAR 54 | R_eldpop 1.241 1.646 1.164 1.700
R_emiood 3731 sk [ 0.947 4.343 x| 0.956
T 293 293
R? 0.388 0.441
=449 R? 0.373 0.417
F-24 25,823k 18.40%x:
o 5A x0)=0.25 x)=0.26
(0.6163) (0.6127)
ZF1: 0| 24k 2 Breusch-Pagan/Cook-Weisberg ZAAIE Saff A&
i 2 Z2ZLH9 2 o|F 0| 8Kt
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A AFo] W FIAMH AR AFE i
A A, 2020). ol M H AP A o] AFEE F 9
= AA st TEAA L Mula A AR olojA g A H A
A FrEo] whEste] dojd & Jda(AAA, 2019) ol X A9
F = s W] & 2 olojz(erEA, 2011). o] &3k A}
A HEede Sk ?ﬁ%‘i -8 ek mhe 9 /\13H~ A=
et AT EAE A9 AT AE A F3d AT =Y
of 71¢lsta lom (o] A 9 2018; U<, 2020), HIEA] A 29
APE A FAaAlE A AaEe] FagloR Agetar gtk fEver AT
S A N R | A9 FHoZ 43 AFTx
‘ﬂi}—g zEfsta glom, Fakol&E QG /AR oo A u FHEt
ROl MR olojx = Ydor% FI|a vkl FA-AAS 2014;
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o AWAES 7tEstE QlorE AFHI QuHe) s, 2018 L
°l- 714, 2021).
2 3-1. ZobY DEAE T 0| ZDAUAE TP L2 odF MY

South Korea —213 7
Japan I 10
Canada INNNENEGEGEN 14
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18
N,
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2

Mulz=e] A 5 ggst 54 dFgFS w=1 (Champion et al, 1998;
Plane and Heins, 2003; Andrienko and Guriev, 2004; Ghatak et al.,
2008; Etzo, 2011; Simini et al.,, 2012; Cavalleri et al., 2021; WiSniewski
et al, 2021). ¢lo]lFo] 3t A= Erk=E(Todaro)2t E|F-(Tiebout)
o Zhdo] <3bS Fal Tk 7 AT AR AFAH g qle] ®zt

woll 2HE& Fof QlFolsS AW3s=A 4

B} EERE F oo = =
slofal AwA ol lyolgel R AFEe Al F RS S
Egz AToE fAS Sdan, B o 2Re Aeste] TolE
o] B ols]= thekst =W A el gl
Salal olte]l®E AL 2 Eyiel nlwa u Ao ExS
o od EA7F A &eke]

ZF el o] % (Inter—regional

migration)S AFZ o2 X3 Cavalleri et al. (2021)& v o1+

3D ETE 2y AY 3 75 Aol o3 =
B FaAr 2 o] glqtolwo] o]Fold & AdeS Awstal S (Tiebout,
1956; Harris and Todaro, 1970).

32) MEHoZ FHo T2 (Gravity Model) Aol Zorate] sfutd g8 &
HEF I qUyx] At gEo] IF3S Tk AL dAFskr] A& T
WAL & (Radiation Model)oll  2Hebsh gabwl WAl g o] FE2]$H(Andrienko &
Guriev, 2004; Ghatak et al., 2008; Etzo, 2011; Simini et al., 2012; Robinson et
al., 2020; Alis et al., 2021)..
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68 -

¥ 3-2. 7|AstE 22 J|gh Mt = o|SA = ol F ds
T5 Original Tuned
Z A train 0.6172 0.6780
5 o]% unseen 0.6569 0.5849
20-2941 train 0.7468 0.7896
& ol% unseen 0.6409 0.7270
30-394] train 0.6777 0.7384
& o) % unseen 0.7438 0.6752
40-49A) train 0.6665 0.6869
5 o]% unseen 0.6502 0.6245
50-644 train 0.7422 0.7760
& ol% unseen 0.7267 0.7432
654 o] & train 0.7790 0.7797
& o) % unseen 0.7881 0.7565
T2 AFolM XBGe d5 HItE R*E 7|E2E &
T2 2@ M5 g®ote| 71&E2 unseenel R Ftel
3 Originalt Tunede T2 M5 =SEE 25109 24 A RY =2HH2 HA
=X[2f of .
¥ 3-3 Mdesl7EA 22 7|g Mot = o|SA 5 olF M5
T5 Original Tuned
A A train 0.3364 0.3375
& ol% unseen 0.4978 0.4963
20-2941 train 0.4719 0.4719
5 o]% unseen 0.4694 0.4694
30394 train 0.4388 0.4402
4 o]% unseen 0.5526 0.5524
40494 train 0.2879 0.2895
& ol% unseen 0.4577 0.4572
50-644 train 0.5287 0.5287
& o) % unseen 0.5900 0.5900
6541 ] train 0.4885 0.4891
5 o]% unseen 0.5649 0.5637
F1: 29 M5 grtel J|E2 unseenel R* L.
ZF2: Original2t Tunede= T2 M5 =2 E 25109 24 A RY A2 HA



Jdot. Al 7HA AE 5 MAPE(Mean Absolute Percentage Error)<}
RMSLE(Root Mean Squared Logarithmic Error)2 7| A8t 7]HF o =
mdo] dF HrF A giide® &85 Xunod). 7k Hdd dig 2

H oS4TS el EE, e A FolA XGBE &3 o So] AE 3]
AEA RE(LRET ¥ U2 s Bl AoR e THe.

1=

Ja M w9 R RMSLE MAPE

A7 XGB 0.6569 1.3308 1.9813
= ol LR 0.4978 1.5832 6.0847
20-294] XGB 0.7270 0.9294 1.0327
= ol LR 0.4694 1.3143 1.6322
30-394] XGB 0.7438 1.2602 1.7483
T olE LR 0.5526 1.5794 5.3865
40-494 XGB 0.6502 1.2089 2.9598
T olE LR 0.4577 1.5624 5.5990
50-644] XGB 0.7432 0.9597 2.2913
T olE LR 0.5900 1.3306 2.3262
654 o] | XGB 0.7881 1.0824 1.8538
T ol LR 0.5649 1.2657 2.2734

F1: o{7|M XGBE =t JsiC|dE FAE ZEZ RS2 U3 HEA 22

=
F2 Feb o BHY S Ognal?t Tunedel Z2t 5 2 o7olM &5

= =
7t 7|Z2o2 A2 unseen?l R? Zt0] 2 HE g

45) o] Sw olel A®s gor}, B AT FLucle]l Ay Huo] wel vhe
FEE g golA R duden @ gFHe ARE A4 £,
46) R*s} 28] RMSLESt MAPE® 09 7V7be ¢S 7HA5FE ndo] £2 o=

H5e A= AL o,

MI
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# 4-3. Yol A 2ol wE X9YH o2k F0], 2009-2020 (EHel: £)

F2 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 7
A5 1066 | 10.85 | 11855 | 27557 | 374.17 | 43524 | 746.25 | 859.24 | 83357 | 89436 | 967.04 | 120K | 6,726
421 | 1066 | 1085 7.18| 6921 | 10201 | 9311| 99.00 | 91.36| 77.35 | 41559 | 481.05 | 51389 | 1,971
222 0 0| 11137 | 20636 | 272.16 | 342.13 | 647.25 | 767.88 | 756.22 | 47877 | 485.99 | 686.92 | 4,755
A% | 1066 1085 | 86.25| 220.75 | 26837 | 327.20 | 324.03 | 32592 | 22643 | 49.42| 59.76 | 26291 | 2,172
A1 | 1066 | 1085 7.08| 5888 | 8755 | 7545| 6476 | 59.07| 4433 | 094| 1295 20974 | 462
282 0 0| 7807 | 161.88 | 180.82 | 251.75 | 259.27 | 266.85 | 182.10 | 4848 | 4681 | 23317 | 1,709
A= 0 0 0 0 0| 213| 310| 348 298| 3314| 6818| 6460| 178
221 0 0 0 0 0| 213| 310| 348 298| 3314| 6818| 6460| 178
222 0 0 0 0 0 0 0 0 0 0 0 0 0
FHEE 0 0 0 0 0 0| 1390| 1367 | 1325| 38151 | 399.92 | 41524 | 1237
221 0 0 0 0 0 0| 1390| 1367 | 1325| 38151 | 399.92 | 403.04 | 1225
282 0 0 0 0 0 0 0 0 0 0 0| 1220 12
FHEE 0 0| 3330 | 5481 | 10580 | 105.90 | 40521 | 516.18 | 590.90 | 430.29 | 439.18 | 444.10 | 3,126
Q| 0 0 0| 1033| 1446| 1553 | 17.23| 1514| 1678 0 0| 254 92
52 0 0| 3330| 4448| 91.34| 9033 | 387.98 | 501.04 | 574.12 | 430.29 | 439.18 | 441.56 | 3,034
At 0 0 0 0 0 0 0 0 0 0 0| 1397 14
251 0 0 0 0 0 0 0 0 0 0 0| 1397 14
222 0 0 0 0 0 0 0 0 0 0 0 0 0
F: EO| £EEX o2 xofe wals A WMoz ol masl PrMoR Helsx| gt x|oigl
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E 44 AT AETH AME U HalE A 0|LM Al BUAIZ ZEE (29 Akg, £ Wot 9
TE ZE 1 A5 2
71z o EkA] A A} 3] 5 A) & oAy Al AL3 A
E r @ Fa Qa £AE P Q P, Q. ESEX
2009 3,423.75 | 494,491 | 3,423.64 | 494,502 41.24 | 2,060.70 418,366
2010 | 3,643.30 | 460,285 | 3,643.17 | 460,296 4466 | 2,121.43 307,821 ) :
2011 | 4,765.60 | 379,541 | 4,765.46 | 379,548 38.66 | 3,073.00 290,494 3,070.65 290,605 429.48
2012 5,267.85 | 394,596 | 5,266.44 | 394,665 41156 | 3,271.50 172,598 3,263.72 172,804 843.88
2013 4,382.35 | 493,701 | 4,380.97 | 493,803 o04.56 | 3,469.77 282,211 3,463.11 282,483 1,181.75
2014 | 4936.95 | 474,711 | 493548 | 474,804 o18.83 | 2,949.93 302,731 2,943.30 303,073 1,261.99
2015 | 3,898.25 | 582,846 | 3,897.11 | 582,945 454.85 | 2,367.03 260,974 2,355.38 261,621 1,903.22
2016 | 3,485.65 | 576,369 | 3,484.70 | 576,460 375.36 | 2,721.80 238,015 2,705.01 238,183 2,049.28
2017 | 3,603.95 | 545,349 | 3,603.07 | 545,426 328.60 | 2,700.00 265,756 2,685.30 266,512 2,495.02
2018 | 3,645.90 | 475,301 | 3,640.41 | 475,717 1,779.71 | 2,418.40 203,166 2,407.49 203,645 1,418.20
2019 3,611.25 | 535,324 | 3,605.66 | 535805 | 2,040.21 | 3,224.60 200,732 3,209.65 201,218 1,918.89
2020 | 4,820.95 | 422,116 | 4,810.85 | 422,630 | 2905.05 | 3,499.43 132,581 3,464.86 133,268 2,904.59
A 9,443.27 16,906.31
F1: 71F 714 & 2 2 A AE W Ao deE ke elolgl &, AA moirh gtdE dEollMe| AETYEE.
Fo: B BOIM ol Al BEIIH(P,)T PEAEQ,)S HolS A 0l Al AHE S AN FEIIAD S22 o3
X3 WS ojatez B WalE A malzh 2000 T 2010d0l S 8T R T ozl AT SMET AINFHEES 9lS.
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E 4-5. mof it AlLgld Tk X (B E)
h=]
e T FE 1 ZE 2
R1 3,408.17 857.86
ETTS R2 4,987.32 1,637.47
(12 A) R3 7,649.91 - 3,392.85 -
R4 16,307.50 5,655.43
R5 24,965.08 7,918.02
RI 2,979.99 7762
HE7 10km R2 4,360.75 148.16
gt R3 6,688.83 | (87.44%) 306.99 | (9.05%)
(B10) R4 14,258.74 511.71
R5 21,828.65 716.43
R1 1,861.55 526.15
HE7 30km R2 2,724.09 1,004.31
s} R3 4,178.40 | (54.629%) 2,080.93 | (61.33%)
(B30) R4 8,907.20 3,468.65
R5 13,636.00 4 856.36
R1 996.12 95.60
v 50km R2 1,457.67 182.47
gt R3 2,235.87 | (29.23%) 378.09 | (11.14%)
(B50) R4 4766.26 630.22
R5 7,296.65 882.36
F10 24k uhdol 02 FEAE J|E YMAS U He urdol k2 masiAl oie.
Fo B oko] 2 M B1S'2 JHHE JIEM AlLbalee FHS ulmal sl
X7} XX|st= H|ES AHX[st=X|E 2|o| g
2ol sasa Avtele BAS B FAT AT EARe
AVSE B4 Adpet g gs &4t Alve e 7Rkste] g% i Ask 4~
A WalE Adl HAE BAR Aotk AYIH AHFA EAE FA
A o] HuE 93] 7]Eol He ¥ vt fles 7HES A E (F),
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E 46, THEAN A|LIRIQE K2 10| A|RREMD} ALE A SAIR
(E49): kg =, WD 2
v 3 I A=
i R1 R2 R3 R4 R5
g4 | T
297% | 3.33% 511% | 108%% | 16.66%
e P, 487178
Qoo 540,986
P, 499514 | 495018 | 499286 | 513573 | 528516
s | Qg 537578 | 535999 | 533336 | 524679 | 516,021
e P 19.692.85 | 2880050 | 4450487 | 9621845 | 149.424.25
B
’ 075%) | (1.10%) | (1.69%) |  (365%) | (5.67%)
wo | Poioim 491839 | 494022 | 497739 | 5101.34| 523024
10km | @s106m 538006 | 536625 | 534207 | 526727 | 519,157
SRy 1720697 | 2523549 | 3885329 | 8384850 | 129.972.42
(BIO) SMBIOkm
065%) | (096%) |  (1479%) |  (3.18%) |  (4.93%)
w | Posoim 490081 | 491436 | 493733 | 501321| 5090.96
30km | @p300m 539124 | 538262 | 536808 | 532079 | 527350
SRy 1072070 | 15722.80 | 2417320 | 51.924.86 | 80,104.96
(BBO) SMB3Okm
041%) | 060%) | (092%) | (1.97%) |  (3.04%)
wt | Posoin 488798 | 480449 | 490668 | 494666 | 4.987.16
50km | @psomm 539090 | 539528 | 538750 | 536220 | 533689
SRy 573355 | 839633 | 12.80493 | 2760017 | 4242552
®50) | W Ens0mm
0220) | (0320%) | (049%) | (1.05%) | (1.61%)
=) B 19 FASE AT 1S QAo o F84 Atao Ba Az
=9) 7% A4A @ Zere 2021d T 20029 7kl 7.
=3) AR ) 279 FEAAN FAFEL 4 AU e we) Ard uw
2 Hesdo] Mo u LEEHE FE AT FREGS on o
=) 18T EAR(SWL) obd BE ote] g EAAel fiu] ¥] 89l
#5) 2ANNS SF FAA FREBE Fal|Fo] A
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F 4-7. TolEaE AlLt2| Y RS 20| AR T EHED} AL M 2AlR
(CHel: kg, =, ot g
] 3] 93 A=
_ R1 R2 R3 R4 R5
g3 | T2
1.24% 2.37% 4.91% 8.17% 11.45%
] P, 4,048.40
7%
@ 230,694
P 407748 | 410419 | 416530 | 424613 | 432937
S | Qg 229,836 229,057 227301 225,039 222,776
SrE sy o 431783 | 826879 | 17,260.07 | 29,048.02 | 41,065.90
B
’ 046%) | (089%) |  (1.85%) | (3.11%) |  (4.40%)
wa | Priokm 4051.02 | 405340 | 405877 | 406571 | 4,072.66
10km | @p1okm 230,616 230,546 230,387 230,182 229978
Ll o 389.42 74353 | 154162 | 2571.87| 3,603.88
'B10km
(B10) O 004%) | 0.08%) | (017%) | (0.28%) | (0.39%)
w | Posoim 406620 | 408248 | 411949 | 416797 | 421731
30km | @p3orm 230,168 229,690 228 613 227225 295,838
Ll 264462 | 505807 | 1052777 | 17,651.33 | 24,858.97
B30) | WLps00m
(028%) | (054%) |  (1.13%) | (1.89%) |  (2.66%)
w | Posorm 405163 | 405456 | 406118 | 4069.73 | 4,078.32
50km | @zs0tm 230,598 230,512 230,316 230,064 229812
Ll 479.64 91586 | 1,899.21 | 3,169.07 | 444161
®50) | W Ens0mm
0.05%) | (0.10%) |  (0.20%) | (0.34%) |  (0.48%)
FD) R Ee FAES A% 22 gAoR @ Ja Avde B4 And,
F9) 7|& 74A 9@ SR 202193 20224 kel Wzl
23) YAE W Ao FYAAS FPFFS A A ed g8 Fre u
2 Saedel Wy W B2 YA FEFLES oG
F4) VBT EAB(SWL) olg) ZH ote] gre ZAbel tu] v &9
F5) FANNLE A% FGNAN FFEFL FaFol A
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T oARg Ao W AL AR Wl Aue B4 4d
ZHE 12 dde= ¢ vbd 10km A9 o= &4F A (B10) 7HE & 112
of AEH FA EAo] Zeld Ao et whef ST A o] w4
olFo] Q= Aeige W FEuE Wzt BASe] A 19 A
o] Z+A(BI0-RDE wf oF 1729 ¥A(0.65%)° E3at= A3l 4 4 &4
of WAIS o ehyth Uolrh, A% Aol 2020 %E W7t @
Asto] Aibsko] 7HA(B10-R2)& wj= oF 2529 €4(0.96%), 7+ 337}t
AR Adurg wel7l waste] Aol Z2BIO-RIY wWi oF 389
o o] Gati AEA T4 £do] MAT Aow Uy, wA e
2, wet WalE A el b AW FEwd 0 10km e 48 1
A A G S oz WA H(BIO-R5), ¢F 1,300 €1(4.93%)° &3}
= AEEA edRe] WY now AN @W, 4B 25 W7

=
2 ok 279 9(0.28%, B30~ Rl)oﬂ/‘i 41’41 oF 249"H °J<266%> B30-R5)
of 'k ASIA F4 ol AR Ao vehdt

el A Fabel mE AT = 9= A FA EAEE A TR
glo] Ad Ry w7 10km A gozol FiHBI0)ANA Mg & AL FA

°F 1,336% (5.32%)°] & N
AsFa Eage uE

th ] =3
30km Ao zel 2HB30)NA 7H 2 HF <l 5.70%(F 1,0509 )

BF Aow dehgh @8, T 4

L -
NEom @ Wi WA

g AA s Ao VERTE 4-8).

olgh g A WA Ay wE A Ao BH Ans
Fol B oATE Ued 2o S E58 5 ok WA, §F e
ik el Mot Mz e R W 243 + A " Be
4k s Wl mheh AuAel Sa g % wel 24 A B8y
2 Fzdch 53, 7 9 Aol we 4B 12 Qo @ st
2 A wels AT A% Au ALl me FE Wy =3
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b Adslolel & o wuHth WY, 4F BAG 5 dn v it
b 4% 2nths A oA 2A F48 A B ATl 44F
o St 7b5 A g 19 FAATE 2487 wEole wrtHt) o
=2 T WAF A% 1E BAAGS JFOR S0kmrt Wi Ao
A BARTE A% 20 ANF gael 71 dd GA FAL 5
e GABTh WAFE A el WE At FF UL AL & 9
S wABTY, AF WS o @ Byl =2 2 A Add g
e B8 FuPd Ao ofAHY
B 4-8 TS AlLI2 Y AbsF4 2AE (SHel Wt 2)

5 3 e
g4k T R1 R2 R3 R4 R5

sAL 24.010.73 | 37,159.29 | 61,764.94 | 125.266.47 | 190,490.15
ol o | SWig,
e (1.21%) | (1.98%) | (354%) | (6.76%) | (10.07%)

1} 7 17596.39 | 25979.02 | 40,394.91 | 86.420.36 | 133,576.30
10km | SWLg00m
gt (0.69%) | (1.04%) | (1.64%) | (3.46%) | (5.32%)
1} 7 13,374.32 | 20,780.96 | 34,700.97 | 69,576.19 | 104,963.93
30km | SWLgs0im
gt (0.69%) | (1.14%) | (2.04%) | (3.86%) | (5.70%)
17 621319 | 931219 | 1479415 | 30,769.24 | 46,867.12
50km | SWLgsoim
iy 0.27%) | (042%) | (0.69%) | (1.39%) | (2.09%)

S

FD) W A FAEE 48 13 28 g @ A Ao w4 Al
Fd) AE A EAR(SWL) obdl HE kel ghe FAAL diul ugl,
F5) S 202093 20219 ABE Ao S galFel AN

O
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Abstract

Empirical Studies and
Management Strategies on

Societal Disaster Outbreaks

- Epidemics, Population Migration, and

Disaster Prevention -

Daeyoung Kwon

Program in Regional Information Studies
The Graduate School

Seoul National University

Following the economic growth, various forms of efforts to
improve individuals’ life quality are taking place in our society. Unlike
the past, however, human-made disasters are Increasing, 1mposing
new types of risks and negative effects to our society. Thus,
uncertainties, such as climate change, are increasing and are exposing
humans to more potential threats. Such impact damages our society
in both direct and indirect ways. Given our current situation, the

magnitude of damage caused by these undisclosed hazards will
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continue to increase in the future. Therefore, there is a need for a
broader scope of disaster response management policies and
institutions at the national level.

This study empirically analyzes the research on the occurrence of
epidemics, population migration, and pestilence among several social
disasters that have been recognized as human-caused disasters over
time. This study addresses the necessity, feasibility, and viability of
policy establishment regarding response and management to the
socletal disasters we face and its implementation of related strategies
and systems.

The first empirical analysis analyzes the impact of the COVID-19
outhbreak in metropolitan cities to evaluate the wviability of compact
development in urban space. We examined the changes in subway
ridership in Seoul, Korea, following the outbreak and spread of the
disease in 2020 and linked it with related disease response and
management measures and various attributes of subway station areas.
We utilized the data such as daily subway ridership, the govern
-mental countermeasure for infectious disease, and characteristics of
land use and demographics in subway station areas. Time series
clustering was conducted to categorize the changes in subway rider
-ship patterns in the context of disease outbreaks, and multiple
regression analysis was conducted to identify the association between
the degree of decline in subway usage and the characteristics of
subway station areas. Implementing various disease control measures
in response to the outbreak of COVID-19 slowed the spread, but the
spread of disease increased over time. This indicates that high-
density cities such as Seoul are vulnerable to the spread of infectious
diseases. In addition, the association between the decline in subway

ridership and the characteristics of subway station areas suggests
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that urban spaces with high-density and compact developed need to
be reconstructed with a multifaceted perspective in the future if the
exposure to high-risk infectious diseases is prolonged. This result
raises the need to formulate strategies for mitigating and dispersing
the impact of disasters such as infectious diseases in high-density
cities and to reconfigure existing land use distribution (i.e., an urban
form with a certain degree of polycentricity and dispersion).

In the second empirical analysis, we analyzed various regional
characteristics to understand the population migration phenomenon in
Korea along with a more multifaceted perspective. Korea’'s chronic
trend of low birthrate, aging population, and concentration of
population in the metropolitan areas are affecting regional population
structure and leads the population decline mainly in rural areas and
as a major cause of local extinction. Regional population outflows, a
major cause of rural areas’ depopulation, may lead to a deterioration
of the region’s finances and a decrease in investment in public
infrastructure and its service level, leading to a societal disaster
called local extinction. We examined population migration by sigungu
level in Korea and linked it to various regional characteristics. We
analyzed the number of net migrants with diverse variables such as
the gross regional domestic product, residential population, land use
area, and numbers of total housing units, industrial workforce, and
businesses. To understand the phenomenon of population migration
from a multifaceted perspective, we applied a machine learning
approach that i1s relatively free from the limitations of conventional
econometric methodologies to predict the number of net migrants in
five groups categorized by age. Furthermore, we conducted Shapley
value analysis, an explainable artificial intelligence methodology, to

interpret the prediction result of the machine learning model. The
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result showed that the application of the machine learning approach
could overcome the limitations of regression analysis methodologies in
terms of prediction, and it suggests that the characteristics related to
local amenities and the level of social overhead capital can act as a
countermeasure on the issue of depopulation. In addition, we identified
housing conditions, density, and living service characteristics as the
main factors contributing to population migration by group. The study
suggests further consideration of the above factors as a primary
element when establishing related policies and projects to respond to
and mitigate depopulation issues.

As a last empirical analysis, we analyze the damage caused by
pest outbreaks in Korea to assess the feasibility of implementing pest
control projects and measures. Previous studies have focused on the
negative impacts of climate change on crop productivity and the need
for specific policies and institutional support to reduce damage to
farmers. The increasing uncertainty of future pest damage levels due
to climate change and increased international trade in agricultural
products emphasizes the need for pest damage to be assessed from a
more diverse perspective. Based on related data, we analyzed the
potential future damage to two crops under disease A’s outbreak and
spread. We utilized the data such as the characteristics of the disease
itself and its damage and spread patterns, crop-specific cultivation,
average wholesale prices, and supply and demand elasticities. To
evaluate the social welfare losses caused by disease A’s outbreak and
spread, we designed equations to calculate the damage from the
disease A outbreak and designed disease spread scenarios using
relevant data to estimate the expected damage. The results of the
analysis showed that the intensity of damage response management

measures currently being implemented for disease A needs to be
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adjusted to take into account the distribution of affected crops in
areas where the disease i1s likely to be spread and that more
intensive and detailed measures need to be implemented in areas
where the more susceptible of the two crops are grown. This
analysis can enhance the economic methodology’s applicability in
assessing pest damage. It can be used as a reference for efficient
budget utilization and decision-making in establishing or implementing
future policy projects related to pest damage.

In conclusion, this empirical study on social disasters suggests an
analytical methodology to evaluate the risk of disaster occurrence
from a socioeconomic perspective and simultaneously provides
relevant quantitative evidence. In addition, this study can also
contribute to a better assessment of the social impacts of other
potential societal disasters and the establishment of policies and

programs based on the assessment.

keywords : Societal Disaster, Risk Assessment, COVID-19,
Population Migration, Local Extinction, Disaster

Prevention
Student Number : 2015-30386
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