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Abstract

This study aims to predict the future flood damage cost of 113 middle range watersheds using 26 GCM outputs, hourly maximum
rainfall, 10-min maximum rainfall, number of days of 80 mm/day, daily rainfall maximum, annual rainfall amount, DEM, urbanization
ratio, population density, asset density, road improvement ratio, river improvement ratio, drainage system improvement ratio, pumping
capacity, detention basin capacity and previous flood damage costs. A constrained multiple linear regression model was used to
construct the relationships between the flood damage cost and other variables. Future flood damage costs were estimated for different
RCP scenarios such as 4.5 and 8.5. Results demonstrated that rainfall related factors such as annual rainfall amount, rainfall extremes
etc. widely increase. It causes nationwide future flood damage cost increase. Especially the flood damage cost for Eastern part
watersheds of Kangwondo and Namgang dam area may mainly increase.

Keywords: Flood damage cost, Constrained Multiple Linear Regression, RCP Scenarios, GCM

26 GCM Z1|= 0|35t 0|2]| £4~15HeH of|=

hed
2 Ae 2| H2E 11371 SHSG0)| TSt 7| #3510l ThE 0|2f 24 TsHA2| 0 =2 2I510 2671 GCM ZHO0I|A MAtst ZRA 20t 1AI2E 2
24 102 2|0 24T, 12 Z420] 80 mm 2utst U4, A 2|0 24T, L4, RADE, APIEIE, oI UE A UL, =20t 2
A2 2V AlY, st7leg, stk BE5 8, BiIeBIAIY, RFAI8Y L M7 54 N5 2= E SESIRUCH FSE AH=20| CHsto] 714 Cf
M&3|7| 23 (Constrained Multiple Linear Regression Model)2 &5t0{ E4= ||} O{Et UHRIZ AtO]2] ARH2AHE 25t RCP
2} 8.501| Cht 2678 GCM 28 AHE2IR E 285101 0|2 4= T|sHUS =5, SLlsoll =& 2010| £l= a4, F2| AR S
A 2AS0| dB o2 ZTt6t0] 0|2 QI5t0] 1k S42 Q15 IIsHA0| FHL|5HH 71 Ao 2 Ttz 1w £5] oot 2 H2H /9
[2He] ETisHt0| =2 C2 = 2Tk 2oIC.

oN rlo 2

IN

o 40 &
=

2 N

g
0z
ofo
2
Ofol

4 o, 74 CHE M|, RCP AlLI2|2, GCM

.M 2 & BolobA stof e T 719t T A e
757k Z71ekA Bk HBe] T 9 AE55-0) WAy Wl

2271505t JFO R Qsto] TR e LY S| SR SRR Q15w B S Shol 9
a0 SNSRI B SO 2 ] 4R A% 8] FRE F7HA7) At olof Aet,

i

— -
* : . _873._ _ = s = _ -
Corre.spon.dmg Author. Tel: +82.53 950-5614 A ] 9 2 o] 85t A8l A 9ot -2 A A1} f
E-mail: kimgs@knu.ac.kr (G. Kim)

© 2018 Korea Water Resources Association. All rights reserved.



1150 M. Kim and G. Kim / Journal of Korea Water Resources Association 51(S-1) 1149-1159

i)
ko
Hu
52

t}. o] & fIsto] = 9] ohefst 7] el A B
ol D agt 28 2|52 7idste] -85t
, o2 FH O] Z-917d TR A 7t Al E] o] ALE-E]
LS4 A A4 D FHoFA] 4] AFY W B Y
== 24 0 &2 Z|&E5A o] 0124l 9l 0 ™, Kandilioti
and Makropoulos (2012)= EA| oA 8] 4= 98-S 75” 3}
S17] flel AHS-E = 8 S S| AlAlsk, o] & v
©° 2 71 AAsH A A HhE-S 9t 2t 4
st o, 218 7155 ARgste] 34 919 f
=S A9ttt Masood and Takeuchi (2012)= T}
Z| o] th5lo] DEM (Digital Elevation Model) At=.2f ~F
St T Hlo[E| S 7[HEe 2 5 D §A4] ISt AYS &5
2 AFAEE Jdote] 84 18-S H7FsH3A T Aronica
etal. (2012)= T2 35 W Aot TA| 3 M4 2
dlof| gt A 27 BeAd o] Y2 B7fota, B7F 2xt
E 123 7S 54 IR A o] AARS 919t Ak Q1 Hi e
=5 4 SHTh Juner al. (2013)2 &5 1A =E ARl
o] 715 S} Pk Aot A A1 A Q1 AAE AR
T}. Ettinger et al. (2016)- #|5=-2] o} 2| Fu} 2] S of| A Ak
o] tiste] logistic 3] FHS AHEslo] AEL] FoF
Aol sl B7F5F3TE. Zachos er al. (2017)2 5E1} EA]
FANA 7|8 AT x| A H5=7H A8 erS o, 3
=2 Qo F ok IrE 9ot Ao XA L& F1 A1 E
5}3tt. Hatzikyriakou and Lin (2017)2 2% Sf|d o] |
7= 22 FoMd& BrYel7] flote] S48 13
Arg-ote] BRI @A B AASHIH

ol A &80k Q= BT s Al 5 (Potential Flood
Damage, PFD) A|4—= FEWgHo|A =Hg 24477
FEA(2000)014 A ASFHLH, A 7ido] obd W 7iid
= T{iote] 2|4 D979 2|54 AR A A 1 714
£ B7FE 4 QLS 1M A2 A = 1507 2|5
e R Faof o] A e1dE Bt e @
92 A5t EE Frke otk Kim et al. (2003)2 Al
AF 919 A E| o] Rk ] R]= vhekRt a<lof Tl =
Aot & FEEH 59 AL 7544‘— A A5t sk T e
A1) A5t AR EE FEelohs A7E A A5 Kim er
al.(2011) 3o k5% ;‘]oﬂJ A, AR &5
g, 3571 A ﬂME o 2244 mofE B2 4 Q= AdH]
= 8ot T HYE A BE P 0 & A ste] 3ot
SFCE. Kim et al (20112 Fuzzy Ago| 2 A-gsfo] 215
Hp7E 712 = 224, | ol A elM o - 28 8y
T2 A AHof| A 518 7HE R RE A A E 2R 7

g2 H
ral
ot

kil ¥o do ¢x
o oot flo

30,
w

—_

2
ol ml
tlo oft

mlo r{m u

o,
ot

Olt
—-

NI

U
T,
oérﬁu

Mo > o > of 4

ofl

A

rol,

‘37}0}931E} Sung etal. (2012)L /\_]E 11 9"%% ElW ° = 5}
71535} 2l 71T H 50 2 QIS B -F ok E B A5, H]

A4S 3123 FVI (Flood Vulnerability Index) S &85
of nj2fj o] FrF o & AT Park eral. (2013)2 &=

A%l P& A= JIAE EE3HAFEAR]
AR FoHd B7PTH o] A2 ISk Lee er al.
(2013)2 SRV AV B w5l -3 S u o At
A& 53] Z4ul5]] F2F4 Z15%(Flood Damage Vulnerability
Index, FDVI)E A|215FATE Yoon et al. (2014)-2 &4 7]
of| thek A4 aatet g e19dofl thet E 712] 2|79 oF A
FIFE BAste] Al 7|28 SRAFA] 7] 1 A AR o] A 2]
o] tist Y19 Sole= XA E Yotk Kim et al.
(2014)= 71E9] B Al do] 2FE5HA] sk 8¢ 54

29 9] 2P A< 83l SO QI A o & ZouloiE
YJolopt k= 2| H-& A{8rF oMol w2 A Holal A
Ofsotal, Algte 1-HE5F g A B EE U
EfU}7] 913 o 2 7 of ek Eofol 2k AME-E = BCG
jEYAE ARt Forol A -85 1ol PRE 2] ~(Flood
and Damage Matrix, PCD Matrix)E A

b3 _I>_4,
Zi

2
rO
oR

Ol

Protection Capacity a

O}ﬁ}‘ﬁ ct.
T2 150 thste] &7 02 A5 $l5te] G99
EA 9 29 wof ufet ol tfilS st 2|43 2y

l

|7t m e 2 G B491ge] gelH o oA e
BUE 2 7R $o] dell 4 54 Wsjet wiw
TS e 0 2 Ansha, e ik Ana
Aol wsiolof e el A sl
© 2= 1PCC (Intergovernmental Panel on Climate
Change)Oﬂﬁ AARE 715 H3}F Fob 7 o] &(Flood
Vulnerability Index, FVI), OECD (Organization for Economic

Co-operation and Development)©]|4] 7§23 PSR (Pressure

e jo &N @ g

oL Il of to ot
ol ol wg >{‘
‘l‘

EE o

State Response) 2%, EEA (European Environmental Agency)
o4 7iEket DPSIR (Driving force Pressure State Impact
Response) 23 5] 2THIPCC, 2007; OECD, 1993; EEA,
1999). 11t 71Ef AlA E RPE2 284 T of -3l
tisto] 7] sto] wkE vl o] B4 w5 = utefstr]
B g8z o 2 52 013 AL 2 A A|511 Qlo] 4= 1]
S8 A4 el QAL Sl 2 AT T
Q) nalgiel A 3e] B4l Pl 45 Aol
A2l R g2 485t AAR E 71 2 A=



M. Kim and G. Kim / Journal of Korea Water Resources Association 51(S-1) 1149-1159

7551, °] 5 W22 RCP AlU] 20 thet GCM B3HE
2-g5to] THR DIl thet vl o] B4 wsfdS Agstal
A S el S et A4S uEARES
200095-E 2015702 =515t |7 Bl 212 k= =
FEARE 13 3EH DR Are F501%eH, vlE o
=5 R YA E =267 GCMETE 7122 /53l

2, 72 £4 U slHEM
2.1 Ak2 23

52 wsoe] st mlfe] 212 A SlaE
A% ujofo] Wzolm, B4 ujsl) el @ molS $18IA

nJshg -GSk QeG4 TelE AN 5 9l A%

FHIANG, {285 5o AmE st
St A 7144 FETAFTEA] A -l A T3]
L AP e Al Qo) Al gshe AFa oA A

Table 1. List of input data

2
ol
o

>
ot
>
(Y
b b
°
ol o

oli
L

4 n
op L

ol
£ 5

N
o
By
Hll
i)

N
oy X2
rH T

18 12

B ST IS/ TS
o)
il

> A
g 50 by

wE o |o o

d
J
o3
N

NE T
O oN
n &
o
i oX
_0|L

i
d

& FEslsick A1

et 2ASHE QLT E

NO
IO‘{N
B H
2 I8
2 lo

o

4
of

A
—
St Sl FUTE ATEAE Fot o
o
-

% glon], QLFEFRAL FUSE
9912 42 E AFH oA e 2 4
o FUEF ATLEA ARE A1) 2l
o AL FE BE R A geks

off Bt AAE A <F 27155 5 A=
o, Al @912 Al E s A 7HAE Aol 2
AP 7P AEE ARk EEotth HENEEO|
SrsAlAolA YL Qs sk o= TR Al 2| o
ot Aot dEe Fotol 24 S el 3l st
et s -85 metstgl o st HEE, ol
A B ] B2 SRl B = AlEShaL QL
skl SAIE ol-8ste] THGE = AHSHThTable 1).

5 e

&4 M

o
of
.
ol
=2
o)
W

ol

-~

g
ol
o

e oo

1151

ol b
® o

N
= 3

o 5
o,

ol N
j? ol
Mo ok
J|mt
¥
o

=2
£
2L

rir
9 o i i

2l ol ol
4o oftt n%t ok rw

X H 4
rr oft w=
i oo 2 HT X
2
ol Y, o
f
>

=)
H-]
N o
o
olr
o
2

|;Ro
o

5
[

7,

ol rok
O

2

3]

N
1= -

ot

+
o

715ste] e nje) 54 wshel G52 gIstel 2670

GCM R3Ol A AYAHE 7392k m 5 ARg-stal om 2 dtol
AEeF GCM I3 9] FE-2 Table 20|14 Al A5t =52t

AEE2 01} 1 Aol o] gho & A Fsls|

ol-gsttt. 5ot ool A &3] AHg-H = Fterehe W

Slsted Bq. ()%

WO A, A4S o ol T BiRT BERAS

Indicators

Source

Type of data

Hourly maximum rainfall (mm/hr)

Ten minute maximum rainfall (mm/10min)

(a) Hydrological

characteristics Aotal days of heavy rainfall (day)

Korea Meteorological Administration

Annual precipitation (mm/year)

Daily maximum rainfall (mm/day)
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DEM (m)

WAMIS

Basin

Density of population (A/km?)

Ministry of the Interior and Safety

Dong, Eup, Meon

(b) Basin characteristics Density of asset (W/km?) Ministry of Land, Infrastructure and Transport
Urbanization ratio (%) City, Gun, Gu
— KOSIS
Road statistics (km)
River maintenance ratio (%) Han River Flood Control Office Basin
(c) Flood Defense Supply ratio of water supply and sewerage (%)
Measures Pumping capacity (m*/min) Ministry of Environment City, Gun, Gu
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(d) Status of disaster Damage cost (W)

Ministry of the Interior and Safety of Korea

City, Gun, Gu
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Table 2. List of used GCMs
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No. GCMs Resolution Institution

1 CMCC-CM 0.750x0.748 Centro Euro-Mediterraneo per I Cambiamenti Climatici

2 CCSM4 1.250x0.942

3 CESM1-BGC 1.250x0.942 National Center for Atmospheric Research

4 CESM1-CAMS5 1.250x0.942

5 BCC-CSM1-1-M 1.125x1.122 Beijing Climate Center, China Meteorological Administration

6 MRI-CGCM3 1.125x1.122 Meteorological Research Institute

7 CNRM-CM5 1.406 x 1.401 Centre National de Recherches Meteorologiques

8 MIROCS5 1.406 x 1.401 Atmosphere and Ocean Research Institute (The University of Tokyo)

9 HadGEM2-AO 1.875x1.250

10 HadGEM2-CC 1.875x1.250 Met Office Hadley Centre

11 HadGEM2-ES 1.875x1.250

12 INM-CM4 2.000x1.500 Institute for Numerical Mathematics

13 IPSL-CM5A-MR 2.500x 1.268 Institut Pierre-Simon Laplace

14 CMCC-CMS 1.875 x1.865 Centro Euro-Mediterraneo per I Cambiamenti Climatici

15 MPI-ESM-LR 1.875x1.865

Max Planck Institute for Meteorology (MPI-M)

16 MPI-ESM-MR 1.875x1.865

17 FGOALS-s2 2.813 x1.659 LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences

18 NorESM1-M 2.500 x 1.895 Norwegian Climate Centre

19 GFDL-ESM2G 2.500 x2.023 Geophysical Fluid Dynamics Laboratory

20 GFDL-ESM2M 2.500 x2.023 Geophysical Fluid Dynamics Laboratory

21 IPSL-CMS5A-LR 3.750 x1.895 ) ) )

» IPSL.CMSBLR 3750 % 1.895 Institut Pierre-Simon Laplace

23 BCC-CSM1-1 2.813x2.791 Beijing Climate Center, China Meteorological Administration

24 CanESM2 2.813x2.791 Canadian Centre for Climate Modelling and Analysis

25 | MIROC-ESM-CHEM | 2.813x2.791 | Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research

26 MIROC-ESM 2.813x2.791 Institute (The University of Tokyo), and National Institute for Environmental Studies
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Fig. 1. Average Flood Risk Index According to FVI, PSR, and DPSIR Methods (2000-2015) (Kim and Kim, 2018)



Table 3. Correlation Coefficient by Flood Damage Cost According to
FVI, PSR, and DPSIR Methods
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Year FVI PSR DPSIR
2000 0.25 0.48 0.43
2001 0.34 0.61 0.72
2002 0.13 0.89 0.50
2003 0.19 0.72 0.30
2004 0.00 0.18 0.08
2005 0.03 0.47 0.03
2006 0.06 0.67 0.17
2007 0.35 0.66 0.13
2008 -0.01 0.06 -0.01
2009 0.49 0.51 0.34
2010 0.57 0.61 0.43
2011 0.37 0.59 0.44
2012 0.10 0.49 0.01
2013 0.24 0.26 0.18
2014 0.60 0.77 0.58
2015 -0.25 -0.07 -0.12
2000-2015 0.14 0.66 0.16
Average 0.22 0.49 0.26
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Fig. 2. Comparison between Flood Damage Cost Observation and Estimates Using CMLR Model (2000-2015)
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Table 4. Test Statistics of the Flood Damage Cost Estimates by the
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CMLR Model
Year RMSE R MAPE
2000 0.18 0.38 0.10
2001 0.24 0.37 0.12
2002 0.46 0.97 0.12
2003 0.52 0.92 0.11
2004 0.33 0.28 0.16
2005 0.24 0.34 0.13
2006 0.46 0.80 0.11
2007 0.12 0.53 0.08
2008 0.11 0.03 0.07
2009 0.14 0.57 0.07
2010 0.17 0.53 0.10
2011 0.21 0.56 0.12
2012 0.24 0.21 0.12
2013 0.21 0.34 0.12
2014 0.17 0.67 0.12
2015 0.32 -0.13 0.24
Average 0.26 0.48 0.12
FVI 1.86 0.22 1.51
PSR 0.71 0.49 0.51
DPSIR 0.48 0.26 0.11
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