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Abstract This study investigated the long-term measures to minimize flood damage in the event of
flooding in urban areas. The relationship between urban spatial factors and the impact of flood damage
was analyzed, focusing on non-structural measures. The urban spatial factors were categorized into three
parts: open space, disaster prevention facilities, and urbanization sectors. Multiple regression analysis
was used to investigate how urban spatial factors influence flood damage. As a result of the analysis, the
crucial factors, such as the reduced green areas and parks included in the open space sectors, resulted
in an increased flood damage potential. The posterior factors, such as the population density and GRDP
included in the urbanization sector concurrently led to an increase in the flood damage potential.
Therefore, to better adapt to climate change, it is necessary to establish urban spatial plans strategically,
such as green areas and parks. Meanwhile, the population density and GRDP are also the main factors
causing flood damage. Therefore, when used appropriately in terms of resilience, it will serve as

adaptations and recovery.
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Table 1. Damage caused by natural disasters(2008-2017) in Korea
(unit: in million KRW)
2008 | 2009 2010 2011 2012 2013 2014 | 2015 | 2016 | 2017 | Average Prﬁp(‘;/;ﬁo
Heavy rain | 61,706 | 271337 | 185,353 | 50699 | 36,675 | 153358 | 138,655 | 1,232 | 37,129 | 101,592 | 149,403 | 42.85
SS:;XM 3868 | 13,603 | 67.987 | 46101 | 19422 | 11,000 | 31611 | 13,226 | 19335 | 83 22624 | 649
Wind wave 25642 | 7215 287 43 339 | 8590 | 605 4272 1.23
Strong wind| 1,184 | 7.489 179 25491 | 904 92 3,952 3,929 1.13
Typhoon | 911 176,888 | 209,783 | 957,850 | 1639 | 5159 | 13,615 | 221,886 158773 | 45.54
Earthquake 11401 | 85022 | 9,642 2.77
Total | 67669 | 318071 | 437,622 | 763,165 |1,039.438| 166,944 | 175517 | 32,364 | 298341 | 187,302 | 348,643 | 100.00
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Fig. 2. Influence factors and measures of urban flood
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Table 2. Urban spatial factors in previous research

Previous research
Main factors
alb|lc|ld|e| f|g|h|i
Green
Open area O]l Ol 0|0
space
Park @) O
Stream O O] O
DlSaS[EI: Embank-
preventi| O O
Urban on ment
spatial facility | Drain
factor system ol 0o o
PopulaFlo olololo
n density
Urbaniz [ perme
ation | PSR o o|o o
ble area
GRDP Ol 0|0l O

a: Meerow and Newell, 2017[17], b: Shin and Kim, 2011[8], c:
Kang et al., 2011[18], d: Lee et al, 2016[19], e: Park et al,
2013[20], f: Shepherd 2006(21], g: Balling and Brazel, 1987[22],
h: Oh and Moon, 2019[23], i: Kim et al., 2011[3]

AYPATLREE TA|Z7HE QRloz MAE XF:=
374] Open space, FAAYE, TS} §29] 3744 £3
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Table 3. Selection of urban spatial factor

Dependent variable Flood damage
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prevention
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Urbanization
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A= FAAFH(OLS; Ordinary Least Square)S A Province
|at, Qa9 AlFgo] H4s} B JAASE T G?‘;ivvv;‘ledo 16827,911,962|  2484745542|  7.21
=133l Chunglffoev"igfi’uk'do 7.407.846.534| 147,886,000  4.29
= N s puse 585 oFs} T A
= e SESS el B = Chungcheongnam-do| ¢ )79 199 360|  284682,173|  8.26
T BG4S 72t SYHHSEo| Hsmgdolgs & Province e e '
- = = Jeollabuk-do
EHgo] M JFES EASHI Province 8,069.069.517|  323371.990|  9.39
Jeollanam-do 12.343.575.972|  635.266.460| 18.44
Province
3, BN W TE Gye"‘;ff)i?jfsk'do 19.032.867.577| 255.213.902|  7.41
L. ESaeEd < AE .
Gyeongsangnam=do | 1,540 116574 487,996292| 14.17
Province
EIATIEH OO|O| &5 HA Jeju Special
3.1 E=llol 2219 #& &4 Self-Governing 1,850,159,471| 99,789,441  2.90
- = P i
T} Table 4, 5, 6, 72 A= TAES et T3 —=
H AxE 9% BojEnh

et 2 APPAA A S F T9of ot M
msiY d2 2018\ 71& ASiAE(2009-2018)5 =

Table 5. Current

status of open

government

space for local

Independent variable: open space

ﬂi JX_A]—?J: Qﬂ}— Table 49]- %}q— ;ﬂa}—]‘a}Eﬂ- Green area Park
635,260,460 0= HA[9] 18.44%= 87t 7+ 2 A | % | aream | %
Ao ol A7 49 9 .
A0 UEhtoH, 4 ]l:'— 569,088,205% € (16.52%), Seoul M&ttr;)pohtan 234.848.783 | 38.80 | 21.584.145 | 3.57
AT 487,996,29249 (14.17%)9] <22 £A 1 v—
usan Metropolitan
epde). o] Sguele] x|g]zol EAAL Yafob Hlo] City 546,228,649 | 70.94 | 10,999,668 | 1.43
BlEo S ol 7] fEel Aoz Eold. Paegu Metropolitan | 617,503,124 | 69.89 | 11688471 | 132
SH¥pol] doke Open Space, AAIE, BAISE  cheon Metropolitan| 287 660,507 | 27.06 | 26,194,637 | 2.46
o - . " 1669, X ,194, .
w20 8L KOSIS 7HEARDE g8l 4 A%
- - = wanju Metropolitan
RADARE SR, FURH, S, A, AU, iy P11 356764406 | 7158 | G687 | 136
A U5 AHGRDP) 59] A5 Table 5, 6, 73t Zo]  Dacjeon Metropolitan) 405 081 331 | 74,69 | 9.480,038 | 1.76
J=3519 -
e Ulsan Mgft$p°l‘tan 515,078,500 | 48.52 | 4,384,915 | 0.41
Sejong Metropolitan
Table 4. Current status of flood damage for local Autonomous City | 98705000 | 2123 | 4240992 | 091
overnment
& Gyeonggi-do Province|2,609,090,987| 25.61 | 77,410,038 | 0.76
Dependent variable:
Area(n) flood damage Gangwon-do Province| 794,355,604 | 4.72 | 6,206,442 | 0.04
Thousand won| %
i Chungcheongbuk-do c c
Seoul Mceittryopohtan 605.238.966| 58937525 171 Provinee 562,555,068 | 7.59 | 12,059,349 | 0.16
i Ch h -d
Busan Newopolitn | 769.930357| 197451981 573 Throvince | 098537441 715 | 15306029 | 019
Daegu Metropolitan eollabuk-do
iy 883,519.269 836,785  0.02 Jeollabuk- 607914845 | 753 | 9551225 | 0.12
Incheon - A
Metropolitan City 1063271304 25528863|  0.74 Jeollanam-do 1) 175 030,564 953 | 19293532 | 0.16
Gwanju Metropolitan -
‘ 501,175533|  20.833.056| 0.60 , }
City Gyeongsangbuk-do ) 364 764 124 7.17 | 11.621.884 | 0.06
Dacjeon. 539,532358|  8440,141| 025
Metropolitan City Gyeongsangnam-do 4 "
N : 1,474,575,8 13.99 | 15,308,923 | 0.15
Ulsan Mgittl;)pohtan 1.061.543.885 78.819.315 2.29 Province
j itz Jeju Special
Sejong Metropolitan 464912495 1830902| 0.05 Seli-Governing | 388.960.010 | 21.02 | 3.885.213 | 0.21
Autonomous City Province
Gyeonggi-do 10,187,788,175| 569,088,205 16.52
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Table 6. Current status of disaster prevention

facility for local government

Independent variable: disaster

prevention facility

Stream Embankment
Area(nt) % Area(nt) %
Seoul Mceittryopoma“ 52166221 8.62| 3.851.002| 0.64
Busan Néiry""oma“ 43749812 5.68| 2507.521| 033
Daegu Néeig"p"“ta“ 44215831 500 3988876 0.45
Incheon
Metropolitan Ciry | 6691802| 063| 3799252| 036
Gwanju héﬁ;“’""hm“ 20920929| 4.17| 1356101 027
Daejeon
Metropolitan City | 19645345 364| 1096814 020
Ulsan MceittrYOpOhm 30,100002| 2.84| 2057363 0.19
Sejong Metropolitan | /2057041 5331 1664204| 036
Autonomous City
Gyeonggi-do | 988 530|  3.98| 19.806,199|  0.19
Province
Gangwon-do |30, 305 78| 2.26| 18976012 0.11
Province
Chungcheongbuk=do |,y 300 061|  281| 13,078,137 0.18
Province
Chungcheongnam-d 1, /) 5731 63| 23596336| 029
o Province
Jeollabuk=do 1,5 550 700 3.41| 21,319454] 026
Province
Jeollanam=do 1, (5 541 356|199 28150344 0.23
Province
Gyeongsangbuk=do |50¢ 1 346 508| 30960839 0.16
Province
Gyeongsangnam=do | o, 519 6431 580| 32,840,080 031
Province
Jeju Special
Self-Governing 24,473,332 132 407,469 0.02
Province

Table 7. Current status of urbanization for local
government

Independent variable: urbanization

popula.tion GRDP
density
Persons/kr Won %
Seoul Mgi‘tr;’p"“m“ 16364|  422394.886| 2223
Busan Me}ropolitan 4479 89.726.236 472
City
Daegu Melztropolitan 2791 56.669.394 2.98
City
Incheon
Metropolitan City 2,755 88,390,043 4.65
Gwanju M?tropolitan 2.998 39.814.505 210
City
Daejeon
Metropolitan City 2,852 41,187,774 2.17
Ulsan Mg:y"p"“ta“ 1099 75636003 398

246

Sejong Metropol‘itan 439 11,108,745 058
Autonomous City
Gyeonggi-do 1226  473845008| 2494
Province
Gangwon-do 90| 46981996 247
Province
Chungcheongbuk-do 214 69657517| 367
Province
Chungcheongnam-do 256| 117,691,807 6.19
Province
Jeollabuk-do 27| 50967,668] 268
Province
Jeollanam-do 146|  76465519] 402
Province
Gyeongsangbuk-do 140| 100022995 574
Province
Gyeongsar}gnam—do 316 110,535,700 5.82
Province
Jeju Special
Self-Governing 327 19,910,936 1.05
Province
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Table 8. Analysis results of multiple regression

. Standa
Unstanfiajrdmed -rdized Collinearity
coefficients N o
variables coeffic statistic
Model -ients t p
Standa Tole-
B rd I3 ’ VIF
error rance
Constant 5.939| 3.402 1.746| .115
Open irrzzn -121| .050| -.534| -2393| .036| .758| 1320
SPA%e "park | -5.247| 3.429| -.886| -2530] .016] .105/9.550
Disast |Stream| -1.099| 1.790| -.350| -.614| .554| .108|9.245
er
e E&ﬂ'ﬁi 1825416045  436| 1.138| 285| .239|4.192
facility
Popula
Urbani | -tion 635 250 739|  2.539| .032| 4142414
zation | density
GRDP 515 219 .600| 2.357| .038] .583|1.714

R= 827, R’= 684, Durbin-Watson= 2.207

HA Durbin-Watson = 2.207% 20| 7F4al 0 EB=
48} 717 97) WiZel 2REY] Hido] S50 39
3ol At Ao R UEith SHHSo] AAE
Ueills o348 3448 BAR] SRR
(tolerance)@t A AS(VIF; Variance Inflation
Factor) #to.2 s} itt. AR g2 2+ 0.1 ©]
St LERRAL, VIF gk 941 10 ootz 4 =o] o535
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