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Development and Evaluation of Potential Flood Damage Index for Public Facilities
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Abstract

Since public facilities have high property values and are directly exposed to the flood hazard, they account for the highest share of disaster damages
compared to other assets such as housing, industry, vehicle and agriculture in case of floods. Therefore, this study was conducted to develop and suggest
the potential flood damage index for public facilities to evaluate potential flood damage of specific local government directly or indirectly as a tool for
decision-making related to flood prevention, maintenance, management, and budget allocation. The flood damage assessment system proposed in this
study was evaluated in 231 local governments nationwide. Evaluation results showed that higher values were obtained in Seoul metropolitan
government, Gyeonggi-do (province), coastal areas in Gyeongsangnam-do (province), and Jeju island.
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oIk oS AARl] WREY A, A 941 o] s EAjA}

A g B 26} 20k | 4|59 11, Ologunorisa (2004)
T FoPdE =24 400 whet TSl A& AR,
EAA|Y, 2 QXS o = FRslo] A o] v St
2R AASIRAH: Birkmann (2006)0fl4= Asf 1@l d2] 54
O A1) - ZAAIA A5 7S] flsh F1oHd Ao S8
ofl thall Zg =gt 1l k. UNDP (2004)fl 4= =7} 7] Afsf 9
A 248 Q5 A Y& A& (Disaster Risk Index, DR)E
79519937, Connor and Hiroki (2005)+= S<3|ekAR)4
(Flood Vulnerability Index, FVI)E A|A|5}o] Z<=of thal Azt
A8 PHIRISTE 417 ol = S alict

2] S Kim and Kim (2003), An et al. (2007)9]4= 3]
Ao S Gl oA (PFD) S THRSITL Park etal
(20052 ol A Bgsio] FopIEe) ssjle]
S ABlo] SRR NISHSACE Lim etal. (2010)2
Fomiahe] QRARRE B9IEAE RSO, Jang

s BtslmE g AlssH A4S, 2016 * 97



SSAIEE EMETsiXle MA L 2 Eot
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AU Q5 d2fslo] T3iopd 22 SRl =E AR A= 3L
t}(Cho et al., 2015; Lee et al., 2011; Kang and Lee, 2012). ¢]
A E U A5 g Wyl =y e Q7R Ala e
) Salelo] 1ezspel Al glo] Hakd A2 SRS, ofeie -
A= B AVIE 7o s A9 52 79 11 BluE golsH
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B 32 0}419] A vk W, A (indicator) =
o) 12, 1k B S 58 o] 1 TS ol
3 Qe ol ) Teg Mol g Sl
cfaket Aol ofel ZAle] tlake 2wS BhE 0 2 Lehyy]
913t ER A ARRE|L QJTh (Aall, 2005). o] X4 A=

A3] £/d& 7HAIAL Q7] whzol] A7} E e QLo & ©)
el Aol 712810f Aeichs 7 u%aaa LREE
o Ailzolehs SHoM Al &2 S Ak He Y B
= GEA 0 2 ARGRITE ouj o o= 7151@&}11%5 =il
A R %, Al W e =R A, Fotelol T ghe
2 of=m, of= RS SR AR Aol T8t 2AE
Alggt = At o Tt A3t 2|42 7id B WA= & L°ﬂ ot
2t Al o] oM Aol = Lo, SAIE 0= A=A
FHUSPIE = Agofet

A5 7Nl St = -4 elalolal AR HAE A
#oF 5=, Nardo et al. (2005)°f)4= (1) ZH UL AT, (2)
dlofe] =5 S BRI ATE, (3) TR, (4) PP A= A
2], (5) Ak 322k, (6) 71 A1 o WAL (7) ﬁi‘é ik
(8) B R3] AAV, (9) AFARY 32, (10) U3 W H59] 10
A AR FRESto] AL HARE A ofRt v Qlct.

Q] A&} 7124 Maclaren (1996)+= “H7}X] 79| A2 %]
Sope] 1 Z At Bl At ]S 91 chee] WAk
£ 7Izxslge) 94 AL A olslal, AR HrA
o] wigje} kel AEE 52 9| slofof gt o)1 A
BRI AT NS 97 A Tl Y a s HAsio) AR
Alele] 031 sled sl A e 6} | 91 2ug
B2 S RIT o] 2] AN ES Aeek, o] 7her]
HAF A FEL HZ Aol AR /ﬁ ol A B2 0] 85

o

2. E7HHA A U

A= flolA] AGTH Al7IEe] 72 eE 2 =
°}°q A= g eix4= (P-PFDI)E Fig. 1-4 A2t
ol whel Asisich. $-4, el Al Rl PILE F
2 AR STl o] 2 HR0R A% et
A3 (latent indicator)E A8t AR = &5 7}
S -F1 E DB A =i - 9] 71E Sltella] Ak
AATES a1, of2A) A4 27te) ATIEES wsle}
HAiro] Alo|al7| wiof] 535} (normalization) A2 Q&
sh, 30l GRS 7 0= A= 7] LHXﬂ A =5
GRS ol g0l Ak olulE Hojal R



Literature review

~[Data collection }

Available statistical data

| l
]

A set of latent indicators

]

Factor analysis

I

Weights determination by AHP

]

P-PFDI evaluation system

]

Nationwide evaluation
(231 cities & counties)

*[ Normalization }

Fig. 1 Research flow chart

(factor analysis)2 =343}tk o7 A, QQ1E AL =m0l
Fa47t glom, thiel Bl Pudue Hassivi
0] 8107 JORsl= AV IOl o714 p7ie] et
(), @y -+ Ty 1 kAN QR (f1, far -+ f1)3 p7HE]
SARA €, 6 - e, 2 A (1) 0] T 4

= A fr Ay T ARf T FALS T e

Ty= A f1 + A fo T Apfat o FAyf 6 N

2, = Ay f1 A fo T Apfat o FALf e,

A7V, ARATE A Aigr A 0 A B 29k Q21 £}
©] Q131 (factor loading)o|H, ofi= 2} W40} 2Q17ke] 4}
YA A=E ofuRic). Q1A Avteiie] 2iE e Hes
= R WrE (VAR E EEsielen, =3t Hes
= W7HRER IS, 7 QRS AlRAIR ARESISIT
th2o 7 X3 7ko] A4 Q% (weights)~= AHP (Analytic
Hierarchy Process) 7|9ko] ZHE7 A (expert survey) 1S
Hpo 2 AAslolal, 714 0 2 HESE s S vhgsto]
SAE A TsiRla AAE EFEsisict o=t YR
RS 2= 23170 e - = P-PFDIE 716130tk

. B7Ex|ze| MH
1. &xix|z A ojole &

7 HAISE 2ol Q4] 2 ohe} o] of ik §1 (risk) B2
913l (hazard)'= Tl QA So] B340 2 ANE BE7H)

dol7] whizell o5 =4, Jddew HyE ZH U=
(framework) S AN 7} ek s @jollA] Puba o= A
BE= A7 Z 2= (1) FY-9E3, (2) 4=, 3) T
~dE-RES0] glom, 2 A= TPCC (2001)0f|4] 7|3} 5
O3S A o] Mg b olis, A Ame o) ot 2
s} el AelE FeH 0 Tejsks “RelAteukg” =
USRS 750 BAHES ARSIk

EQJ-AJE-HES- (dose-status-response) ZH|ULTE 4]
072 FFAEE] A Zpula A=E Arst| Qe £
HE2 oA AEYIACL IA Rl 7|2 A AR
B[R] ol9] & At PAlEl= QIR - AR, AF - 8, A7
Hhe 4, o] = RE B4 ko A ojul= Whae Ald]
e SIS ol 7o ® Ao A - 1A e
2 A 7R3 IR S-S A Estolof skt & A=A
Sl Al I 7150 A9 7120 A A E 3L
Slo] RIS 1Hsfslgl o, 71 Aol A thRA] g3
SAVAET IR Apae A, S8 AlG glo] AEste] %
197118] FAYA 5 A7k o714 9 AR et 7] FA
SAtofl A ARG A8} 85 7RsRt 77|3] DBE Ralst
o] AEigt P-PFDI AAIE 918 20281 2325 onght.

TSl A AR SHollA 240 AlmE S8 2| =
AT FSRE A 7 I Aba S S8 R, T1e]al g7 SHollA
Frejoluh st a2 S RIS AAstolof gt 2uet
O] 73-9- A PIAYA] AL 25 A hePA L SEAG S AT
slo] wafg o] we AR T = A YefE AASaL QL
], SEAEE AT 7)E ATt iR S 7S
B A= 1 arsto] FATRIE A 23 17 Al e
2 51iek @A (2010 7157) A=) Al A% 2307H0]u,
A o] U f1oto] T AU T Y A, mhekA, Zlsh
ALE HESIIAL, 3780 B8 S Rl A Al
A 270 AIFHRIE 1702 71510] o |BlE A15315ik

AITHA S A= AFR 0] £787171] Zpo] izl Uetel, o
9] = AT 5 F U RIRIRE S UAIAHF =), 2 At
= AR S AT S S aresio] AREA S
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Table 1 Data collected for latent indicator

Classification Latent Indicator Unit Data Source Data Period
Annual average day more than Annual climatological
—2
il 80 mm rainfall days/year report 19732010
Dose Climate P2 Annual average day more than days/year Annual climatological 1973-2010
Exposure 150 mm rainfall vsly report
P3 |Annual mean occurrence of typhoon times/year Annual disaster report 1990-2010
Resi . -
P4 Population intensity 1000 person/km2 esident reglstratlon 2010
population
’ " P5 GRDP per person 1,000,000 won/person| Statistics yearbook 2010
umanity - -
& Social P6 Number of establishments number/1000 person | Statistics yearbook 2010
P7 Worker density person/km2 Statistics yearbook 2010
M hicl i i
P8 otor ve |cs:rsrzglstrat|on per number/person Statistics yearbook 2010
P9 Percent of urbanized areas % Statistics yearbook 2010
Terrain & ) .
Status En\(jirrrc?rlwr:nent P10 Percent of Public areas % Statistics yearbook 2010
P11 Unimproved ratio % Water vision report 2006
P12 Road density km/km? Korean ”aé'g”a' traffic 2010
P13 Stream density km/km? WAMIS 2010
Infrastructure | P14 Small stream density km/km? WAMIS 2010
P15 Railway density km/km’ Korean ”aD“é’”a' traffic 2010
P16 Water treatment plant density number/km? WAMIS 2010
A I d density of
P17 nnua avZLabg:iec f:(r:?”aﬁg:S enslty o 1,000,000 won/km? | Annual disaster report 2001-2010
Disaster Annual mean occurrence of flood ) )
Response Damage P18 disaster times/year Annual disaster report 2001-2010
P19 Percent of Inundation area % Annual disaster report 2001-2010

2. Mxl® SHH Y
23171 At 9] B0l st Table 29} o] AH&H

AR GhES HiF2 2 7|2 Al ARSIl A9 2
[e]

43} S 7H ol ol theket EAIAIE UeRH o, A
o H AR FFE TS Fig. 29} o] thokst B g B o)

& A 71E S A A A ek ApEelE S At
of T A= A, WS oll A o] S84 HE AR
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Table 2 Summary statistic of latent indicator variable
Latent indicator Mean Min, Max. SD
P1 2.51 1.23 4,90 0.64
P2 0.38 0 0.93 0.30
P3 0.12 0 0.55 0.12
P4 3,864.91 17.72 27,548.21 6,132.73
P5 26.07 7.38 131.24 15.71
P6 32,48 15,562 251.84 20.09
p7 1,327.41 2.62 33,264.10 3,247 11
P8 0.37 0.21 0.56 0.06
P9 19.94 1.34 90.07 22
P10 11.53 2.28 54.09 9.04
P11 17.44 0 89.27 18.52
P12 3.81 0.28 24.96 5,06
P13 0.31 0 0.74 0.14
P14 1.8 0.02 3.57 0.82
P15 0.19 0 8.67 0.88
P16 0.046 0 0.29 0.04
P17 49 0 61.18 7.58
P18 0.45 0 2.00 0.34
P19 0.07 0 13.54 0.89
P
4- «— (Eigenvalue > 1)

P14

P18

- P11
& ;
“ 3
i B
P15
%
-
- 7
-
P19

Fig. 2 Latent indicator value by 231 cities & counties
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Fig. 3 Scree plot by principal component analysis

Fig. 33} Zo] 11.837k0] 1 o]Ae] Q9218 67|12 & R BALS
72.1 % Argsial Q= A 0 2 VRG] U A 7R
o] 1QIZASHEAYAE (PS), 10007 ZAAAS (P6), 1314
SARSE (PR), S5 HHE (P10), u7i4=& (P11), H=d
T (P15), IR E (P19)2 HE AEolA 8147 7F] 0.5
ola= th2 W50l vla]| that/do] "olAl= A iUrE}”E}.
APREA3ES] AALe g lHslEFo] 0.55 702 Thdslgl o
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Table 3 Extracted specific indicators and factor loading

Sub—index Specific Indicators Factor loading
Climate CE; Annual average day more than 80 mm rainfall 0.874
Exposure CE; Annual average day more than 150 mm rainfall 0,731

HS; Road density 0.869
Human HS2 Population intensity 0.802
Settlements HS; Worker density 0.739
HS, Percent of urbanized areas 0.645
WE; Water treatment plant density 0.799

Water .
. WE Small stream density 0.612

Environment

WE3 Stream density 0.539

DDy Annual mean occurrence of typhoon 0.734
Disaster i

DD, Annual mean occurrence of flood disaster 0.726
Damage

DD; Annual average damage density of public facilities 0.607

AR SR FololA] gk WS AlLlEII) A, A AR
S 7k 9 7780 HiaES AlLfE A 1271] HaE2 Al
HA#E Ak

[QRNEAS Folo] HFH 02 2E3HTIA] 1279,
IR, = 3, Alda]ao]n, ol 223 el Al 87 =
Table 32} 2} A1 A 82191 79 ke2of| Z3lE Al FA HE=
73955 80 mmo e ATHUeF 795 150 mmo g A7
FrolH, QRINFSFFS0.874, 0.731 2 LElt] & WA 7
Fa0loR FRl AA|Ee ERAEEE, QI E, AR
e, AZBPHAE 408 9o1HEEES 0.869, 0.802, 0.739,
0.645% UERdTh Al WA S3173 8R10 8= Aokl dd
T, AP, sl o, FeleE 0.799, 0.612,
0.5390]c}. upxjako & ejgu]s] Sl Spluja]] xSl
AR A ST =Tt A dufEl el o 2%
I QOIHEEES 0.734, 0.726, 0.607 2 LFERGTE

4. AHPO|| 28t 7FEX| 4HY

AHP 7|Hol|A] 2} A|5-] T8 5= B7 15 TH ]l 2
woll Hieh SEEN= 2w, dibzos T Ao
PRI b el o] Uijlo] ofsfslr] of et 7l
A U2 B A1 e = S sk 2ol vi2ls)
ct. oo i Aol A= ARY A 2ok A7 HB D E HHde
2 i o Ao HES AXEET AiR|aes 1o 9
THAIE] oFE 7l AR Lro] SRS ook 91 AR 5}
o, Level 1 55 (4, A, WE6) ] 789 A 2o A
+ Gl - A7) w2l Hrk 2Rl A2l 1007
o= HAEsirk

SHH, AHP<= 7HSIE vl E e 7|shgutE: o851

102 * Journal of the Korean Society of Agricultural Engineers, 58(4), 2016. 7

] A TS TR TR, TR 4Ol E S AL
21X, 2 A SR ke SASIE S 71

oX,
ok
po)
o

EAgsE Z101X)o w2} ALY (Aggregate Individual Judgements)
HIAE ATP (Aggregate Individual Priorties) H4] © & JLEEC)
7|4, AlJ 'ALE oA A ol et A Q1 A A -
738 ofol thet 7t Rkt vl el et o
APAZYALof| o2 ZHEBh= W, AIP {12 RbA) o & 7to]|
Tolahz A ke] Aske Kk Aol Saeow v
OBk B ) 2 ARGEICE B Ao 7] W 71
o, AEdRbEe] HIE A eal ex|2k= AHPZ el tha]
A5t W) P o) mefgulin A] AL SAla7]7)
HA] o431, TSR oA 7 AR WEol obd 74 S
ejolol SR TR oA RN AL A A
SIoIck. R, AEabg ol Z)QIE k] Ay do] WEsHA| ¢
275 (FdHE 0.1 23 A dwsielct. o2jet g o= it
] 275 7F5A= Table 49} Tt

IV. P-PFDI XA & =7}

1. W7

FRAUE AT AR (P-PFDDE A= h2 ehelo}
982 A BATES AR 00141 14jele] o 1
S0, o] SIalAS 4 2)eh o] 127] e 2 8t
sjol wisitt 2(7) 27154 W2) kg S Baw g o
g ARAZ QA ARBle] Heleke 4 ()3 ek oA,
OB ANFied A%, HS'= QRPR A WES B8 3%,
DD A 145 SJoalel, 4] (3)elHe) /1A AR
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Table 4 Summary of weights by AHP Z07 2357 o6t 23 AL Tl & sleg), ks o= 2}
P T Lol & Weights Composite F AMEEE sl z-score, re-scaling, categorical
Weights scale, distance to reference to country ¥ 50] 9t} (Nardo et
Dose 0.39 al., 2005). T2} o] ZFE 7} 3k (transform) == 7o)
Climate Exposure 100 039 A‘PL:_‘ }\E]X‘“ %}]:_g_ QH:‘—’—?.‘—)‘}- 78‘_?_7]_ 2 H]_}\g-%]__zll O]L‘E” E_ Oq‘?_
CE 0.34 0.13 = z-score W1, re-scaling W} kg A7t golgt 44
CE 0.66 020 re-scaling ¥ TjAFO 2 7} 1235 uh o] A AL Hrlst
Status 0.28 7] 918l A7 )= AP gAko 2 nizte S B 1:}
Human Settlemesnts g;lz (())(1):23 o7, z-score HPHL- A1 (5)2h 70| HE AJRE-S HT-0-0,
H
S R SN 0] S5 TG g Ahze) A} 1 )
BTy FomnE mEUAo) ¥ ) Bt HolA JA|S Haske
HS3 .27 | -
SEH ZgEo &2 3gich
HS4 0.32 0.04 U2k o
Water Environment 0.58 0.16 _
WE; 0.2 0.04 gt X (5)
WE; 0.37 0.06 g
WE; 0.41 0.07 .
E— 05 re-sealing (2710 R Wi 4 (6)7 2o Az W)
B of 7]9be: & Sk 0.2, SESYE GH 0ol 1 AJole] 9]
o T oz o 277 Wjio] &7k IR ool sl el gol golet
oo, | o0 | 00 o 9lck. 3]k 7|20 A} o] FHIZE AIat 4= gliz o4
o T 0w T o 7H8 5 o} ofefat A1) wizkel Aol A e &
Sum 1.00 T & = 3k
i_o/] H3}s Zi]o] T; — Xnin
Zo) Bzl Aol Z=% —x ©
max min
P—PFEDI= Y, Z(L) « W, ) _
wlR|ekO &2 424 re-scaling FHHH-S- =gkl hE =t a s
Sl Ak 7 o] Aol stk ol v
P— PFDI= 0.39CE+0.12HS+0.16 WE+0.33DD  (3)

O ARAIEL] QIR0] CE, HS, WE, DD+=4] (4)e}+ 7+
o] ABAIS-2] e BRI Gt VIS A| 2 AR,
7] X ) 7S A= 7S A7Ford AR A B7 A+ 3F
SIS AE Qndt

CE= 0.34 Z +0.66 Zy
HS = 0.227, +0.19Z,¢ +0.27 2,6 +0.32 7,

4
WE=0.22Zyy +0.37 Zyyp+ 041 Zy @)
DD = 0287, +0.26Z,, +0.46 Zy, 5,
2. EE5H YAl T2 DIZE 2
B/ G Beieh i Aiziolol 4l
WS QLS ofgi7) Sk whebd] WSS F U5

SR=HP O R, B o= o]
o] Holshs o ek s
outlier) S AR5, o714 Sdolabd o=t
E9o= H 9] (interquartile range ; IQR)E 7|& 02 BlA oFH 0|
A 3IQR HAE BloThe A= E oJn|ich.

o|@7| Ftto|AA|E A A3k re-scaling WS A L3517 9
A= Al (7) T 22 A A S Feto AR o st 3o 2 A

A4 A A (boxplot)
A9l ol Ad (extreme
“olek Fig. 49} o] A}

OfEm, 714 X, OF Xy & VIR AATE A= lA
o] 2Tz, FggkE omgick
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Fig. 4 Extreme outlier in boxplot

Table 5 Sensitivity by normalization method

. modified
z—score re—scaling .
RMS (%) 1.760 1.832 2.396
MAD (%) 4.370 4162 6.243
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— _ 9
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z-score T} re-scale W2 H|w A ch Wstol] wk2 izherL
1.760 %, 1.832 %= Lo} mf-¢- -Q-ARSHEFH, =7 re-scale B
0] 749-2.396 % $F| F HhHof| vl tha =2 VIS H Sl
o} HFH, MADO] A= RMSQ} ul7FR| 2 =4 re-scaling
HhHo| 713 W=7} =911, 4.162 %S B2l re-scaling WY
o] 7P W2 Bhs/dE Hlrk webA] 2 AR dif ol g
B} A5 WRITHY, z-score W2 tAo] =2 9s= ¢

104 « Journal of the Korean Society of Agricultural Engineers, 58(4), 2016, 7

A7 1= s, ANEA QI =985~ re-scaling ol 71
SRk 59), 28t Aol &F (H9] grez ANE=
re-scale 2] 24 12§10 P-PFDIO|A Q] F&5} HiH o
2 re-scale i AHsIT) UHH, =4 re-scale L Al

8] BAEI9] ol A] oS Helste] /1A 2RPEo
= B AR H e e, e sk A
057 BER Aol EE 2] 4| YAreE HFH 02

3. M= P-PFDI H7}

re-scale WS X, X, OF S 7GRS BRE 5=,

0] Aol ot THESHA A= S aLesto]
AL 0] 323 A] A0 R Sli= X Yol R eho]| thste] 713
TIPS T1451= Holt) &, t T AfERkE tV e =
517] witol| AV ] Bk QLo ti AT it Aot
A| Api0] ofo] HE3E 79- o 7SR E AlssHA Hk E
gk A2 A4S O el A8sHA, di e e 7
§- IS A8 Alute} 71227 Rl | wiiol] A2 9l Blalefw
ghgo] 7ksditt kA & A= Harksdt e O, &
= AR (231705 71208 sk A #E3HE il
ouff 7|EA = T3S 4] Hoh A<l oulE 7 FA 4= Q)
t}. Table 6-2 A= 2317 ARAE 7|50 2 A H re-scaling
Ho] st 7]Ex]ock

2 AollA AR W7 5 Aol F (1)) R
< 7HX|H, Fig. 2258 71 XA AME F7EA] 3k gLe = RE
#23R 7l AHPESRE] 2% 71A1E o= 4] (2),
(3), (4)°ll &J5t P-PFDIE =1 23171 AR AIE iAo 2 H7}
skoick. Fig. 59F Zro] ASE5-8A] Wi 1571 A AL} 71 2] AA|
Al, )AL, SEAL FRRKE, QEFAIZEP-PFDI 4] 2074 2|4
of a3t=|o] FFAE AT e =2 A o= HrlEY
t}. P-PFDI7}0.45 71550 8 =2 I 5 HRl A H9& FA|
= = P AESEAl W 2471 AR, 775 W 127
AAHA, 78/ W 570 ARRA], Hepa o 17] 2|2, A5
(AN 1702 7] o, A& - 77|t g5 323kt & 4l
QAN =2 3k H ok

2

o I

1 Aol BB ) A S us A (P-PEDI) 7k
& 9f8f ol X - PHA O 2 AR WS AT,
2184, 7157 24, BEIRPUS HESIe] P-PEDI 7L A7)
2 ANBIIEE AR RE S0 AR HelehA theat 2k



Ys - waE - YR - Yy
Table 6 Reference value for generalization A ARAE gare 2 Ao 25 A-FE=3V) 71
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