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The Impact of Urban form on Damage of Natural Disaster
: Using Spatial 2SLS Analysis Model
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Abstract

The purpose of this study is to analyze the impact factors of natural disaster damages considering the interrelationship
with urban forms. Disaster damages are expected to increase owing to climate changes. Therefore, it is necessary to
analyze the impact of the disaster and take measures. A compact city is being proposed in the form of a resilient city
worldwide. There is an argument about the effectiveness of the urban containment policy. In this regard, there are prior
studies on the influence of natural disasters in compressed and dispersed forms. In another respect, a qualitative research
has shown that large-scale disasters cause population movement and redistribution. This study is based on the idea
that this process would affect the urban form. Further, it aims to prove the need for an urban containment policy, such as
land use regulations, by setting the hypothesis that the influence of the urban form is more significant than the area of
urbanization. First, the Durbin-Wu-Hausman test is conducted to analyze endogenesis between natural disaster damages
and urban forms. The analysis is performed using spatial 2SLS considering the autocorrelation and endogenesis of
dependent variables. The study targets 188 areas among all cities, counties, and districts that can subscribe to data. The
dependent variable is adopted as the annual average natural disaster damage over 10 years. The explanatory variable uses
a split index among landscape matrices to measure the urban forms. Control variables are those that consider climate
and natural factors, physical and architectural environmental factors, and social and economic factors. The Durbin-Wu-
Hausman test results showed 99% reliability, proving that endogenesis existed between the two variables. In the spatial
2SLS analysis, the confidence level of the urban form was 95% and that of the urban area was 90%, and both showed the
(+) impact relationship. The precipitation represented the highest significance with a 99% confidence level. The decrease
in the urban area considering the impermeable surface area is also important, but primarily, maintaining the compact
form of the city should precede creating a resilient city. Therefore, it can be suggested that an urban containment policy is
necessary to manage the city’s disaster damage.
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i o F FAF3-2 U o AQoA F53E L A
o}, 20204 7-8¥olli= 2 &<t o]oj%l 71 At QI 32
o] th= AT, A= 89 7Y, 13, 24 3AFEo AA F
3870 Al 3670 W ES SEAGR G R HEsigle
u],V o] 9] tfEAJR| %] F4it QIFE A4 E QI "]sfEe] Z}
T AEE T3 HEE

IPCCQ019)= §Fo& 7|38zl Qla] 3= WAYEHEo] ot
Achar ol &3tal glom, S AR A2 AR A 8] ©A]
FoFo] oA Aojeta Agsigict. T3t 714 (2018) 0l 4=
RCP AlVEeE Fal itz &) diy] 214)7] Fylof
3.3~13.1% W 919] Zgko] $718 202 oAt glon, i
3| A9 A 7|7kl AR g F7HE SISkl dck

A3 7|38} Lol A Afsfof| gt f-g-Ro] FasR| 1L gl
o}, E3], - 9F oz LABE 3t 9-&F Z7IE AHAAE)
o] 08f) 7} F71ekAL Qlrke QAo A&H R A7 L
oel, =AM W =A1] Fefjof gt =271 P asirHF Fel,
2003; oJu|¥-§F3, 2016; Brody et al., 2017). 1l=2] Z<-
AZEZ A ff3l Al9] o] 8-S ARt AL Sk
om, L QIS A FEE ARKC, SRR A 5t
Alsks AYe: BEA 7149 A5-& o1, 34 5 Y134l
¥ Ao ol A}, of2|dt B2 A= Al
O FRE F7H7)= A2 o]0 HtHBurbby et al,, 2001). ¥
H, Ao 93] Hito] AAA] gafE S/ Itk =2
7F A7 =] EA] e kS oAeha BEshs A el °
84 E3 A 7]E]3L AcHBrody et al., 2013: 5 21, 2019).
ojggt =2= A9] Fejet A-ARsfof chgt a2t} S A
of gt 7 e] RS A7IRct vEo] kA9 9
o] ¥&5E AsfulE7t F7181] wiel, =AIE QFHsHA de]
3t7] 913l Hafie] eEEls A4E AaAT]e WEoRE o]
T ElojoF & AAHct

Asfusls FUES] UAH T2 3 o]FF WA=
dl, o]2 <lsf =AlQ e Y B W3l vepd 4 9tk
(Hunter, 2005; °12, 2020). A&HAHC2 5.9 Ao o33t
7] S18l A Bke] I o] A m| Al et ope} AFd
A7t =ALE S]] ol FE3loRstc, o2jdt 8
& olalE o, -2j= At ] - dagt BAIE Sig A
3t AL ARKEE 4= Qi AT 71E Aol AlE =AY A
52 E ol AR A P eol] gt Al wlslE FE el £
Aqk, AR w2 WIS A geje] Hsle] digt F3S
g B RS A A] ohghet, o]of] & Aol AR

3l galie} A Peo] AE PSRt A4S Al=starat gt
o}, 2009~2018\ T 1089] 9 WS FH1LY 7|Foz
EAWELO] L50] 7Radt Al 1887 A ¥E o
A A8t

I, AT 0F
1. EAISEHS} XiixKsHol cfet 0|2 Dt

1) AIZENol| 25k 3t

EAIGE= 224 g ool JRo] 55, FARFH 2
S HIETA A 5 o2 SES 2T 4 lon(qt4] ¢,
2005: Kropf, 2009), sprawl, compact city2] =A] Fefof
3 A-5o] #s] 3EaL Qi olRt Ao FEl= e,
A z|of FaFE v]A|n 2oz A alsfiete] ek #A E3t
A= AL ]l

sprawl> AUE, A A, shEskE A vl A
&2 993 it 5L ZIRITHY2A €], 2006). WA=
compact cityw= L8 - 250 oy 2] A& =AIFEHE T
SR SR, 2020). A&7RsE A N 5 olF
compact city =A]2] Fefo]l gt =2]7} A|7]E1 9len] 1
924 A, dis s Al2g o) dA, 224w 32o] sprawl
e s 5AE 7 BA e Aojstal ArHRs- &
21, 2020).

Ewing et al.(2003)2> sprawl& A5 Q19 B, EJ}FEA|
€, BA F4Y AFE, B2 IS B8sle] AL ol
g Q45o] aF T o' FIFS A=A BAEH
Kang et al.(2019)3} Bereitschaft and Debbage(2013):> %A|
FEiet di7]19] Ao WAE FH8IU. F A= Ewing et
al.(2003)2] Aol AIRHE sprawl indexs HESH Q7
&, £ EA o] f, AFEE $A R FEqlch v A
) AolA Ao FHE SR, U] A HFE
735 ths Ao AU A HEA A sprawl HE7F RA &
39 4= glon v A et 22 sprawl?] A4S 574517
OJHTHUSZ- %Y, 2015 FAA 2, 2018 FE - FA,
2020). ¥H Bereitschaft and Debbage(2013):= 7] sprawl
A8k ApEol AA4T ERAE SA) oS A4
3t E2)9] ulH3lE FAshe BUATE EAFHE A8t
+ A R2 ARSI, sprawl®] BIAE A Q] ZAIFE o] o3 &
Z9] o] W E o] kAl W FA), 52| 5] EX7} vA43]
o] #H3Kfragmentation)d EA2| WS YerfA Het
(Irwin and Bokstael, 2007; Shahraki et al., 2011; Jang and
Jung, 2020). ©|2{§t Ex]9] sl& v]E=A| A H 2] RAAH | 2
5 A E e 232 B85 (Lewis and Knaap, 2012), 2
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sy wlsfe] FFE utopsl Aol AREEHL Ut
(Brody et al., 2013; 7% 2], 2019).

2) T Al2F XixHsH m|SH

S38te] 2k oMIEZ} WHAYSIS: uf, Aol AFE e F
8kl Woldl 4= gl digol 2= HA A7 Ay gt
(Kates, 1971). Q17to] 153t A|ARLS tl#dh= EAIQ] A4¢ih]
3l GH7F ARHA] o]of thgt A2 SREA Bafo] FobElct,
1990l v|=te] ]2)#|2l Andrewe} 2] o} ot 2|7
o7 Qe & EAo] WAEHAX AAAoR AAA ] gl]et o]
£ Ashs el F52 WA HATHBurby et al., 1999).
SUelHoR s Helahr] sl w3l A0S vEdE
At7h APElQict, ch=o] At AL AAIA a4,
24 4% 8744 a4, AAF a4 Fo| 71448 aset A
gsted sl Aol WAsh= AL HaWcHASFY, 2003;
2004: Brody, 2013; ojuld-ZF35, 2016; Brody et al., 2017;
AE-AFH, 2017). A3 BAY 4= Q1A FHS 34
Aoz Qe Qg 7o R BASHY Z-AA et A3
2 Forgol & FAL W FHHAS vl&S &8 7
A faes AR 2708 RE 2T = e FUAY, A
AR E 59 WEES E83THFSF, 2004; v - TF3,
2016). E2|& - 7% B3 A 84= EXO]F(A7IBA Y, =AIH
EX|o]l§), EYEINE, BEFFHA T Zo] BABLE Q13 WAy
3hs EX )50 AHE Uehlls W4 AL QIvHEF9,
2004: Brody, 2013; °Ju|%- 3FE, 2016). 715 S AAH 84
£ PR, AR &2 9] Wl 722 A FEE A A §
Bfo} 73 9-F 3t 7F9-2] Al71ek o] 714 sie-& HeE 1esial
ATHFF2], 2004; Brody et al., 2013; °Ju]$ - FF3, 2016).
53] 392 23t = 4wt w419 S o] FH
5 w37t Az}, AgAtoals mAL AHE A5 o,
FEAOoR TSR Q3| AT =A1A Exo] g} BESH
Ao 23& WAL k. EANLR Q) Ex]9] Fzo] ¥t
EHA 2AQ] EX] s Fago] WolA|A €t HF7H5-71H A
B Al ol2jgt EX= A4S T 4 g Hol, xEHoR 7}
S5 FE3s @ kL o] = & EAIQ B4E oPIEHA
HCHEPA, 2013; 3H3F B4, 2017; 259 9, 2019).

3) TAIZEH} XIHxHsH mIsH

392 AT AAAAE ook T8 AACR EANLR
3l MY Ex]o] HAo] meE L grk. ¥ Yolrh WAL
ofet Ao Al = AR wshof FaFE vxE 82
o2 AAE|T QIet, Brody et al.2013)3} 75 21(2019)9] &
FolAs A ApEaE Rt AkAA s dE)e] BAE ok
Sl Ao ELAE 283 A7E YA Brody et al.(2013)
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& HAE AR g e R RFE duEo] Fwe &
AR ojojfE mEsIrt. U= Y 29 F Ao w2
252 Aol (-) 92 viA s, A7 e wlgo] $7}
A A = e QB FUE A AAg0l F
75 AAA s wsfe] (-) FEE vrebiet. FU=E AL B
LA EE A A Dol Fel digshs et
TEEAL 3Gl o2t AE 3 7SR E UL
= R - QF P dRshe AvtE S AASkL 2|9
ABla} A 0] FRAJE ZxsPAA, FAMR AUE A siE
Hop e SYAHE TS Zyh Zsd Q019+
glol8 F-50] 7hsdt =i 1827 Al- - 75 dide= st
gt AAA s ws) 2ol wAE 2AR. A At A7
49| A7) A2 gfef (-) & Uehd o= Asfulshol] A%
3he 4k Yehiley, SR=E vehd 21571 AR s wslE
HaAIts 23S =EFT Brody et al.(2013)2] ¢ollA]
© B9 Foret A Aol W= AL, 5
21(2019)9] 739 A& e AT7E A AT W
= SRR, =ASNE Ex]e] FF FhE EA] FEe] e
o 33 9 Adol AAA wsfe] FFE v|Ath= 354
ANE =& 58] 7 A 3 ACE BARHE BA
95 2ARE B89 L& FUATE N fEo s
i AAAo] Wil Ao ke A Gt AdAe] wsE
7T 3829 AT EET o’ Ak kA9
Fe7t Hedagt wAE Aske b Fa3t A2 AEY
& AARSEAL et

2. RfARHSHE 218t AlQ] el HE}

At F push-pull?] 82150 2H5(Belcher and Bates,
1983)3HHA] QI QI E, 8 Tl Q11| TheFAof Wists &
tHolE, 2020). push 881 252 YA 47 o|FE o]&EY
Az Q13 e HZRE 2HAe] ukd, 9 W AW Fom &
4= k. WHHE pull 8812 A3 & ] A Hog S0]2= o]

& FIAIE For A By AR AAA 7]3],
MEE- 1187]3] F2& & 4= 3Ith(Belcher and Mates, 1983).
GlEo] B abof A d=o] A 9 A4k gl sfiof] ok o8- 52
= Qg Ao 23] Wsly AR, Bl Al WAsk=
A A28 7S Aol Y¢S A= F4A A Y-S &
A17171% reHPais and Elliot, 2008).

Belcher and Bates(1983)+= etglop|2]71E iAo 3]
0|32 o|Fof thet A-tollAl Azt 7H412] 7187} E 425 QAL
AT AEME 7REAIZ i A5 AR AdE A
MNEES YRt AEHAE 31, AFEY 015 o=
grtHMorrow—jones and Morrow=Jones, 1991). ©|=¢]
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Katrina, Q1=9] 2upn|9f 22 dist = 2R s)E o EAYEt
UAIZ| o7t G2 o]FE o]ojA|7| ke ji, o) A3 keE
of digt Foa, ok FA 71ER A2 AA 718 SOl
push?| ¥¢1o] FIthAfifi and Jager, 2010).

2005 ZFER|u} o] F w52 ALt AsfeiRiA ol 1Al o
3 132 FAA1717] 918 buyout, ofF2h - vl T3
< AIRMHCigler, 2009). Sl A% 20031 - vju]= <1gt
e ma) o] o] AA oFd, AP $A, A% o Sl
AFshe FUEC] A olFE A FYEs 20208 o5l
AR A3 o] A A4 219 o)A vheE tide R e
OJFE FAI5tL et

AR R e AR E F3) 452 9, Asf w7t 2 A
Aof|A] Q1A B2 Ao Wit o] o) Q2] AjLul
7k AL 952 wperd 4 Sl 53] Aol %5 o5
GAE A 2R E=AH Jido] op7|dH. Belcher
and Bates(1983)= 2tlotH|2]7te] it A3) o] H|:=A|A]
49 A7t BAA 718] 32 bE ff8f =AIHA| o o
F7t dofgror thE yeke] Aol e etk 2|
3 olF o] ARuiE 7R} Erhs A AR ol
Hgh= Ex]9] ¥st Yl A 7]WkA o] A s= A AA
A Y] Hoe] S E & USS GARM AAA 7
Ao} 222 HkE op7|e mAgE| S "] Y-S w]A)Y]
w2 o WAE 2Rt AAA 3 u]F faof gt EAjo] F
a3},

3. =8t

o

thtit A= Q-S] RS oF7|sln ol & AP 9
Bzt FFE |k, AYAFE Sl AR Ao} A
o] 7k M2 FES v 5 U 7Rl EARS =E2T
= ek, 27710 A et ZpAA s wsfe] A RS HA
S|, 5 WEALolof| Aol Ay Zlofeh: TS A& B
87} 3ltk. Brody et al.(2013), 759 212019)9] A= &3l
A9 ARl ATt A0 FE7E AR sl B Fadt &
Qo] H 4= Y Adsdct, A FE7E WEshs a4 B
Ak, & AT A= sprawl @] EAIFH B2 vERt £2]9)
Hglof FFakaLA} gk, sprawl FE Y 7-9- wA4kE AL A2 0]
w2 utE gee] sjgo] vepd Zlolt oj2idt AAE W,
Aol it FHoFdE 27| 913l EA|ol§-2 Bt vl
A djzo] Haghs ge|A o Y 4= 9& 2ol E3t
HelAdagt mAIE A5 S8l Al FeElE arjsfioReict
© =95 AT 4= S Aoltt, o]of & Aollils vt 2
& A ZAL} 7 & A skaat gt

- A7 2AI: =AY 7 R wjfol] S vIX=7N?

7H1. A sfaje EAl0] Hehs AR ke ol Ui
Ko) ZA)E Ao,

7hay, EAIS A oheh EAFE 18 el o)
Aplfs) sfafo] $-oJ3t Qake % Aolxt,

. =AIZEN} XiHxish TisHoll olxl=
ol et =4

1, B W W 4

1) 24 gy

£ AFoAE o] & W AT 1AS BT A9 Fejet
A s osf 7t 33 FFEA T 2RSS WS A7 EA]
& Aolgks 7ML sk, WA EAIZE S A8 1L
A A 3ARgQ ‘A7t FE5Ue} SR o HX
ol it} "= T8 7S SulsHA| He Aol HeE A
Yt 91 gt opet 5 Aol € ute] gl & A
A EAZE EAE - LY FAAE A=E 4= A =
w0] 77t BRI R Sojueiete RATE) ghol #=A] o
£ & AtolA e oA o8 SRIgH A efet Z-AAE] 1)
3 Afolo] Y-S AR ERIsH| 94519 Durbin-wu
Hausman TestE 28313t} Durbin-wu Hausman Test&
3l EAE A} oF 9% oA FEHR AAAA ] sfet
EYPA ZAIFE | Afolof] Aol EAdtt: AR}
A2 AEsh= 202 YeRETHTable 1).

WAL EAIE sidshr] ikt e AL Byges &
Bk Who] ot £ dollA e 2EE 27
AA] A83h= 2SLSQEHA HaA4eH) BE-S Egstaat gt
2SLS EAolA WA EAIE siZsh] HdliAle SHvses
A3 ABHAE 7 E FEpols 9 A e w4t
HeEE ARshs Aold, & AtoMe mtds A4S S8l
A BA BAE ST 5 Al W YA 3 e E =R
= AAER

37| HlolE = AR AT & EAS 7Y, s
2]2019)= 290l 2J3t AAA ] w7} FHE A7) 7t
A3 YE-& FHshal F3EHIE AR "o ARt

Table 1. Durbin-wu Hausman Test results

Tests of endogeneity
Ho: variables are exogenous

Durbin (score) chi2 (1)
Wu-Hausman F (1,185)

6.36255 (p=0.0117)
6.48033 (p=0.0117)

Joumal of Korea Planning Association Vol.56, No.2 (2021) 211



UMZ- G- B

& 9IQ016) T FUH ATAS Telstol i) 3
& RSk, B8 ABA) 2T A9 W BAI%

TUHA 1A4A Y 3|y o] SPHeet B F2 7
& et HeE Adte] @215 WaLslA Hol BYA] T
o] & el gltk, SR IR0l EAE S-S 131H)
HGE 2o vigste] A7 ddS SAsks S AR Y S
283} BLUE(Best Linear Unbiased Estimator)#k& 5438},

AR al w3 o] F7HA A7) S T8 918 Moran's

1 A5 AAIBITE Moran's I Al 32 158 19] gk 714]
o 19] 7M1 A fARE 3 717 A 9o] Q13ste] A1k
AL R AL 0o 717k Y= oFst S| E 7t
AL Qokal Eok, Moran's | 752 =3317] Yairl= 3247t
A MEYAE F53of shzt] & dAtelie A IH A9
(Queen Contiguity)S &-83I3ic}, A A A9 $77154
EAE Z-85 AAAS) #]8]2] Moran's | 2 99% -2l
olA 0.294%2 YUebdthFigure 1), & AR A9] Ao} upit
7= ZHAA S wlsls BAK SR frofjt EollA] QR A
9] Fjgfol] FFS A= AR wEY weha] & At
Mg SRV AR Q8 HA7Fs R A s A
A WA 8l A HeE A 2ol Hhgslof
3102 ekEh

i Aol A FAJERaLA} Sk AR S w3 W= WA &
Ao} F7HA A7) dHg FAIR Qe A AF SR oR
A - Tl HoE A o R oA, & =A|
o] gefot 2-AA 3| w3l Alo]e] F3F BAE AEEHA AF81]
J34+= Spatial 2SLS AT HS E-g-afof & 2oz wehd
o}, & Aol A<= Spatial 2SLS 42 91314 GeoDaSpace &
2L F8skt

Table 2. Variables

Moran’'s | =0.294
(isolates in weights are removed)

Ijon denpeows
'

. B Py
Aneincmins

Figure 1. Moran'’s | anaylsis result

B AT A A2 78 e MeE T3, 7]
w0} e Jyx|oe] xR A8 FEo| Bl
o), 7 A7BE 7Pgel7] el EAXSE Aol 1887

Al A HE o R Bt BA S Y3 s AT
oA =&3 AL A a4 EelA- A% B4 a4, A
=2 125t 4930cHTable 2).
XP“‘ZHEH@!E—I g 8319 2009~2018'
< 10417 AR S9-mjsfoh ARSSoITh 9] o] d
oA AR AN A E9- et FAE FLHARE APshaL
ek zrdusfe] 8 aQ1E 7] 918 i) AtoflA] 59-

FauaL

Large category Detail category Variables Reference
Dependent Natural disaster Heavy rain damage Average annual heavy rain E:fé‘ﬁgﬁé%%17)6’)Ch°'(2004)'
variable damage damage (10years) Kang et al.(2019)

Urbanization area
Physical and Urban form Landscape Index (SPLIT) Jaeger(2000)
Architectural Lee & Hong(2016),
environment Impermeable area Urbanization area Kang et al.(2019),
Brody et al.(2013)
Independent - Average annual precipitation .
variable Climate and Precipitation (10y egr s) precip Choi(2004), Lee & Hong(2016)
Nature
River area River area Choi(2004), Lee & Hong(2016)
) Population size Number of population Jung & Heo(2014)
Social and - o 5 py -
Economic Inancla egree Ot financla .
independence independence Choi(2004), Lee & Hong(2016)
Instrument variable Number of unplanned Lee & Gwon(2012)

locations of industrial firms
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sjajlE E-gstar glon, TSR Tajdo] "0 o] WAYS}o]
#Ao] ofgje-m T 10\ HlolEE =odTh 25-21(2003:
2004), 759 21(2019)9] A7-E F3h Ashu]sh gkl A1 2
7b A7)0f F45152 Ardusfoe] 27 g HAS o, 2
o] *1““?1°l A% AR yephdth, E3F giango] 7S

SYHLE0) Hslo] ue} FE5Hp0 SRS SN 4= V)
off o] =BT S-21, 2003).

-] 7Hdef upet wA|shE HAT wA2] FH|(EA|Ee)

Fel) T Folol o Fajt Y& vA=AE LFsfor gt o
woll ARl =A] Fef= w7 4 FeiE PEE A
AE 24T & e ZAUAFE 288 Agoile *P‘d
W A4z o] AP 3&*—}5}/] o1l B A5 B8,
Al GO M= sprawld}t Zo] A9 FEE HJr‘li?J T Sk
(Jang and Jung, 2020). Brody et.al.(2013), 7% 21(2019)9]
ol Wt EA| 9 AA2E Fragstats T2 192 §3f A
TE =S FAFHE LA LA AlF T 20101
22018~20194) thiF EATEEL] X718t A2A4E F4
o2 FAZ AARIGIH, dlif EASEE 30MT ] siE
ojf 77l FEA7IEH A2A Y, FAAY, A, 24, &
A, WA, ooz EREHogl 2F Al7keh AR 942 F
AXY, $UAA, ZAA Y, AFAGFE, I, A, =2
& Zgelar ok, PR sEo] FHE A Qe
Arc GIS Z2OHE $3| BEAVHREES AlTH9= 53100
Fragstats 221304 Alttuitt ZeA|eE =230 o
oA T 2 Aol A= SPLIT Q19 AS B85t

Jaeger(2000)+= 72| A4 (Land fragmentation) 5782
A3l Division(D), Splitting index(S), effective mesh

~

Table 3. OLS and Spatial 2SLS analysis results

QAAE AQHHTE, o] A ¢1E) A= subdivision met-

rics®= 5=, Figure 299 0] & subdivisions 972
do] Rar ahH e sy E]lot,

7] A HAD, fjxje) B A g3l %lg‘ L&
ah=t] U34S Y= Coherence(C) 1YAE 7|22 1
t}. 7% Splitting index(°]3} SPLIT):= €3S A2 A4t
e I grol ARSE w29 Aol Wolx| il upHsHY
L7t 8 AHE RS Uehdis SAFHR A 4 Qi
Al QeEjaet FEH40] JEFS a3t ﬁ'ﬁ&% :1 3
SPLIT IEAE E83h= 20| 7MY 8ol 2o

SPLIT QU&= Thaat) 22 A4S 7171,

size(m))

_,Z:l:a” (1)

a, =area(m”) of patch ij
A =total landscape are(m?)

Low subdivision

High subdivision

Figure 2. Insights on subdivision Metrics
Source: McGarigal, K. (2017)

oLs Spatial 2SLS

Parameter

Coef. Std.Er  Probability Coef. Std.Emr  Probability
Intercept -34824921 52415554 05064340  -4.0984534 16204937  0.0114343
W_damage 01763925 00711539  0.0131742
ggﬁ%za“"” arealandscapeIndex  ( nn00731 00001284 08574693 0.0000098  0.0000046  0.0346982
Urbanization area 00006879 00038833  0.8593993 00003047  0.0001849  0.0993340
avg;:gf’s?“”ua' precipitation 0.0087051  0.0053150  0.1014533 00087209  0.0011556  0.0000000
River area 0000000 0.0000006  0.9896572 00000000  0.0000000  0.0933090
Population size -0.0000021 00000111 08511772  -0.0000009  0.0000013  0.5076052
Degree of financial independence ~ 0.0696367  0.2156102  0.7467141 00378188 00194657  0.0520348
R-squared 0.1515 0.3752
Spatial Pseudo R-squared 0.3148
Anselin-Kelejian Test (Probability) 0.176(0.6745) 12.717 (0.0004)

N=188
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tEo] LA F40] Fa7h 2919 mARIR QIR EF wA
& A7) 93 G FFA7RE A2 )9 HAS ey
= CA(Class Area)S AW B8330th 7152 840 ¥
= 2009576 2018'd2] 10197 AR+t e AR
AR 7)V8AR R A 38k on] AU R o] H
o] Al A SRS aLejste] SRS ATt AHAA
[4RE sPIWAoR oju]d- FFE(2016)2 2F2(2004)2]
AtollA 3.9 A R0 o e WSk wslE aresio] A
B3 FAolT), o= AREAFEFTAL 20181 =AAHEH
R I = e s I s i R S R S B R e
29} AYAPA-ES AEslen] KOSIS(EAH)NA 2018
de A= S 45T,

2SLS ¥AS sl F5Hpele A3to] giAINE o] 9
e T B E ARk Y-S SAIsHooF St Lee
and Gwon(2012)2 3742 7HEYA7} A1) dofdo] 2
n|Achs A5 F3l NEAA 3789 A7t SPLITS gl @
& vE Zolet asqict. ol KOSIS(EAI)elA 2018
EAIR S APEYA] 3RS AR 387 AmE 285k

IV. Spatial 2SLS 241 Ziz}

. ArelAl = EAFE 7L AFAA ] gafel njAl= FE S B
A5}7] 9184 Spatial 2SLS w412 E83130ch E3F Spatial
2SLS A2 WA 37 A7) A A0S ot
oFst7] 913l OLS A= 31| =851t (Table 3).

OLS #4] At ZAIgE), ZABE, 7=, sPddd, Q1
T, AR M B AR s wjsfe] FAAH R f-on|gt
FFE AR Zahe AR vEydt, o] W Agd
Ao} v| sl & wf OLS ¥4 2Fo] A& AFE 4 ik
£ A< ERIE 4= Y, ol=dt Avbe & AtollA 53 1Y
W EAehs WAA 9 A714EE A4 diEe] Aes wdd
t}, 53] 2% A3}=E #4815 = Anselin-Kelejan Test 23}
& SAACE FoulstA] 3 Ao Yeht OLS 2% #42
3l e&et Ak dnislel] o2& Ao ® wekE

31 Spatial 2SLS 4] A3 EAIFH|, A W71 95%
oA Z-AA el o FAH R o]t FFS vAH, =
AlBPAA A, APARE W7 90% ol FAHL
2 fFonidt G vjA= AR Yepgt & dolA F3
Hog HAst L YA EA|9] FE(SPLIT)Y] -5 =AI7F 24t
H FeUE 2 w7t bk AoR Uit 53]
OLS 4] Axtof| vjaf =A|Fe 2] A4 ghol ZrolHrh= HoflAl
WAHS7} v 3= Gl g7t EAIE At AeR
wohgich, =3 7o) Wl A UE A w7t St
k= AR Uehydtt, olelole ERpHA 0| SIS, 1A

214 "BEAE, Hs6H M2 (2021)

HAo] F7FArE, APAYEI} wobAE AAA S| w7t
F7t8he Ao® deydth, 53] sPHA ] 2L Als ghol 2
A o= 78t OLSollA AHAA sl ool 32 & v
F21} Spatial 2SLS #4104 &) FFE v|H = AoE Y
Efgths A% FESfoF gtk OLSOllA] 2ot 4= 1 9| 9
A A Heo] YA 24 R SRV o] A A
ol9]o] M==7} AAA 3] ulsfe] vz FaFol HEsHA FHE
20 wotEd, F5Hp 7KAE S A8
(W_damage)®] 7% 95% s==ollA] foJu]gh 2102 et 2
AtofA BE3E FEHAEFTE FUA Aol EAES &
QU E3 2F A= BAAE 99% oA FAA
o8 fon|3t Ao R e A9 93] ghito] A 1)
ol vl = S A feliie F e HAEIEE 2L
2j3fjof gk & thA] ERlaiF3let. #9t oh g} R-squared
ko] 37.52%, Spatial Pseudo R-squared %o 31.48%% &t
t OLS®]l H]8] Spatial 2SLS #4] 2& 0] § A3tsith= 2lo2
WA 4 Qlok, dubAo® ARB|HstolA] ATk BA AT Al
R-squared #}°] 30% o)golH 2F o] AAFrtar ghekdt
T %= vHAIEE 9, 2018) £ 979 BEE HAs] AR A
o wehE

°]F 2SLSE F3l 90% F=olM TAH = fojulsietal
ERt WS(ZAIFE(SPLIT), EAIWA(CA), 1097 75 3
wH(Average annual precipitation))?} 1067+ $1%F 2-9-9]3)
o dloje & A Ett Te-ujsiyo] 2 49 1071 A Fof|A
SAFE(SPLIT) W7} 71 =2 47 A|Fo], TARA(CA)Ol
W A9 A 17471 Z3FE o] glo] EATHARERE of e} A
o] ezt Aol g2 FFE viAe Aer dHEHG
a3 o] 4H9] Ao F U= PR, A, dehRe Kokt
I} 2] SPLIT W7h & 222 Yeh A 49| ZA|FH
9 Fefof gt AE7F B A Ao A

V.2%HEE

B A= Ao Fejrh ZdAs) glsfef gEke | A|=71Y
AEAIR A=hal 5 7HA] M-S &Rk A #A 7t
AL AR wjEhel mAle] Fel= AR P Fol WA
o] EAgt Zlo|tt, "o}, o|& 58317] $13 Durbin-wu Haus
man TestE &3l W] A 3| wafiel SHped 2A|
FEN(SPLIT) W= Atolofl WAFAe] ERfshe 2& eIt
E5t Azt FHA 2 YIS viFvhs At uke)
A7 FAEAE ANk, WA S A7 SAl6
223 4= Q= Spatial 2SLSE #4 W o &2 Aegct F WA
7P “w A SFA AR of 2} AP ElR QIR Y A
ZpAAfsl wjsfo] o3t S & Aolh"R kAlst B S F

=9
=



SAIZEf7E XiGxts Disholl Olxl= Sgholl et A+

AsE EA e beg AUdss AAsia 242 AAs
ik, 71 A3t ZAIFE] W= 0,05 WIYE ZA18E WAo] 0.1 1]
TE] §-9] 2 RojFo® (.197He] oo EAIRA
I P B5 FAHOE FoS HYeR, wAZE $AME §
gi12] AA4go] 2 FelR wfA o] Y=A7E A sfol] F
FZ v|Fths A7 7HdE S8k 2709 7ol et At
£ 38 eA e A a]sfo] @3S vlA|aL, AHdu]s o
T B} A o] A&k Hislshs 7| S RskR
At w3|7F F7FE Zlolehz A& oI&E 4 QU

Brody et al. (2013), 7% 2](2019)9] $7¢} vjEo] £ A7
o] As 5o eibE =AIFE7E Asfuise] (+) FFEE Y
R QoS S8kl B e AdAgt mAE Ss) Y
0] A7 =& A FEit BaFhs Aok}, o]
o] & 3tof A= A A7 F AFHordhe Al
Burby et al.2001)= A8 4AE Alsh= AR50 EA|
o[- JHAIEt =Ale] FejE ARFSole Btk B 5
&9 A 2A& Ay, ol2idt Ak AR AA F
FE Q7| Eh= 2] 91 =Eo] 22 ofl Al € A
7t 97 AgElojof WBE AaAI = ASS R A
2| Fo] E2] A A o] F7Igtel| ukel A7 AT
U5 (Burby et al., 20002 g2 &L 9 tf7je T2
123t Hof 2]&47ks3 2A] FEiE el #AME HF(Decen-
tralized Concentration) 2] ZAIE A 23] Eoh(ZlsH @
2009).

EZF A o] FEE a2{shA] oS B Aol EREFRA
S8 AOyE= wAls} HAo] AAAf o] F4 aQlo® Yehy
i ok, 392 QA7 =AIZpo] th3ah] ffal =AY Bt
2 WA Yztok 3 Zojtt, A& 9](2014)= 1¥R1Eete]
S8 A7 BAA S HFste], 5 FoF A%
AR a-elaze} AR ngS Ayt ahEete] AR
AA=A] b, EAOA FAE% 52 9 Y, EREE A7
AGFNL(LID) 71 AHES AAIEAT Alves et
al. (2019} 1R-5F Q1] T A o SHf, W7
AN AAE R oldA] Aok, di7|A A, gaAdt 2
ofg] 712 FlES 23S u, WEEH 22 AIjtEE F2AA
2 iR 8ejo] ¥ 12 A& e W) e Wt &
A HL 7|2 o wAof thgdhe Qe w3t 250iA Q=
dl, A St 7|9 HekE aeste] a2l LelE A
3 253l Ltof it

i Aol AP R AIHE AAA et A F e 2
RS Rk, Asf o] F WAISh= eAlo] HARS oF A
H2F AQ7EE vl ofof gict, kAo FAto] Uojub=
& YU U] 913, $E5A 0= st AAAA 7 EAYR
Ao ozt e 2 A7 AsPEjofopdt Ao}, w3t 3|

2 sl WAsh= 9 G o5l S e R 7 AA
A77F A YT, Asfoll sl Hl A At EAE FA
317 S1% A YIS AAE 4= S AR 7|,

T FE = 2020 88 24U0]| TEELE 2 Lohs YU 2071 Al- 227
367 & - & SHRAX|S MEGRSIUCHEFEE HEX|F)

2 Zdnt s UL EE ¥ 52 01F FH0| EL
ZIFBIACE 0l2fEt Aize FMULS, IHUUS, ZHUUL 5 21ES Sl
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