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Group Decision Making Approach to Flood Vulnerability Assessment
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Abstract

Increasing complexity of the basin environments makes it difficult for single decision maker to consider
all relevant aspects of problem, and thus the uncertainty of decision making grows. This study attempts
to develop an approach to quantify the spatial flood vulnerability of South Korea. Fuzzy TOPSIS is used
to calculate individual preference by each group and then three GDM techniques (Borda count method,
Condorcet method, and Copeland method) are used to integrate the individual preference. Finally, rankings
from Fuzzy TOPSIS, TOPSIS, and GDM are compared with Spearman rank correlation, Kendall rank
correlation, and Emond & Mason rank correlation. As a result, the rankings of some areas are dramatically
changed by the use of GDM techniques. Because GDM technique in regional vulnerability assessment may
cause a significant change in priorities, the model presented in this study should be considered for objective
flood vulnerability assessment.

Keywords : flood vulnerability assessment, Fuzzy TOPSIS, group decision making, rank correlation analysis

2 X

el 3ol digh Bxde] Sk b o ARl o AMAA A e BE s aEete S A o Brbss)

Al REE7] wite] B B Skl "ok weba] 2 AT e PAAR IS ARESke] S-Euhet %{Vi‘ﬂ

T FAHE BEEeke ALHs AASEATE Q1Y AEwE F48H71918] Fuzzy TOPSISE AHS-sH L 7H<1

A& 29 532 913 Borda count, Condorcet 722 i Copeland ®#-& AF&3}It) miA o 2 =55 Eﬂr** Fuzzy
TOPSIS % e tﬁ”*}ﬂ]—r, Emond$} Mason©] #| A&

TOPSIS®] kst ul skl 25 ofqk =91 43 55k Ate]

EHILAE o188 £A) IAE 1 EEE &L 2 Fow s e
AT, TN A WG] AW AGBYE AT AT LA o] F + AonE T4 Ao
AN B QAT AN mEe n T

AN
JW

* 7| F S-S FAT A AY AT (e-mail: md004@kricces.com)
Korea Research Institute of Climate Countermeasure Strategies
# WA A}, M ey Eten AMA 2T AT 204 (e-mail: eschung@seoultech.ackr, Tel: 02-970-9017)
Corresponding Author, Department of Civil Engineering, Seoul National University of Science and Technology
wr el AR T WS (e-mail: kilselee@snu.ac.kr)
Department of Civil & Environmental Engineering, Seoul National University
ek G G A - Bt AT D B A9 (e-mail: yjkim@kei.re kr)
Korea Environment Institute

464 29k 20134 2H 99



.M B
FquedEl o Bk 5% 54 59 e v
A AEOZE Frhsh] o] WEA YA 2HS
T A4S FYHOE BAT + Y FEAS
=

(Index) <} TheFst 2] #(Indicator) E°] Z 231 ©
H Aol FH o] FofHaL ATHKo and Kim, 2009;
Chung and Lee, 2007; Chung et al., 2008; Jun et al., 2011;
Jung et al., 2011; Son et al., 2011). &3t A== 7idshol|
o] theFet 49 W ARES T8I w2 AT

ol o7 oAPAA7IH(Multi Criteria Decision Making,
MCDM)< ARH&-3Fth olglgt MCDMZ |92 B7171&E

(Criteria) &9 U4 T2 5}t 7 gigke] 7} 7] it
AZEE F4sh= Ao Fasith 1eu f99] 32
AF3, A, 715wskel e JAAAAE P glom

S

o
ry

ol BAAES] Aol HostA tHet J= Bae
Alzaeloln), walA Frpr)Ee] 44do) thkslal 71y
Aol W g HE=u 7Ex7} D} atel 3171
wf ol Tl SJALAA AR} of thEe] AR} %045

= 15 2JAFA A (Group Decision Making, GDM)<- g2
24 EAE Fola FEAQ] AHE EEdloF ghth
webs] o= vyl APAA 7 o] 9F At A
THEC] Thgl ool Al A|QtE| AL QT

Cho et al. (2006)-> 7+ JAFAZA =] Fa2?1 7t
o o3l o] HE FEH o7 FHAA Fro|ors k= FA|
£ slAst] A8l A AYHEE o] &% tE 1
APEA 7198 AlAIgEE itk Shih et al. (2007)2
G318 f8l) ALAES Hrlel= GDM Aol tiEl
MCDM7 1% 8luql TOPSISE 24819131 7+ A2 A
AEe] Aaws sl =&
tion measures)E A= 7)SE TS o] &8t S
H e SAAE AR ol& B8 74 <
= 243} Qlth Lin et al. (2008)& 34 A XAl
21¢] Shih et al. (2007)¥} 22 WHS ARSI oY B5
3 ARE Ast] 918 HAG(Fuzzy number)®] 5
W3k Alo] 22 grey numberE 483k} Qlth Ye and Li
(2009 %= A FEUE AAskeE 215 APEAEA
TOPSISE 483t vl 91t} Huang and Li (2010)+= GDM
LA TOPSISE 483 uff 7} oJA} AZJ Ao
&ll(Ideal solution)2] &&ol &3l A3k vl U

H Yo7t & e FofellA] Qo] Haw
1% B F Voting rule 715 4183
v} QoK Smith, 1973; Armstrong et al., 1982; Forman

£, o

& oy

=
=
Hgo] o

100

and Peniwati, 1998; Cook, 2006). Srdjevic (2007) 2.}
ol 609 67] 1o R TAE B HAw 93N &
W E g 570 AY F e AFS AAsHE A
ol AHP®} Borda, Plurality, Hare 5-2] Voting rule 71%-<
83} 21t} Morais and Almeida (2007)= A W&
HZANA = EAol s PROMETHEE V 7|H-S- 7Rk
o7 3t aF oAPAA 7IHE A&Et vk Morais
and Almeida (2010)= 2k &2l & A HES Y &
45 SA7IE 2F AP EAll dial Condorcet
W3} Borda WS A &-3kn} 9ok T3 Morais and
Almeida (2012)+ 7155 Voting rule 71H<] T8-S BHsH
N 2L 78S Beba el Hydrographic Basinell %]-&3}o]
A el Taol AstEE AS W] Qg ijks
< HrFelRal 71¥E9] Borda &< W v gkl Q)
uEbA] 2 AT H‘%V‘é% 71t W’Fiﬂ 94"}75@
ApEo] Fogt 7 it
Fsbl9lsl 15 SJArA7 o“%ﬁ—% %8 “P?i‘jr 2 Oﬂ?oﬂ
A ANgE mEe] A8 HES
A AAEE -Evet 1670 F9A- 4—°ﬂ gk S5 H kA
LAl A8t on o] wj ARSH 1178 9] 7HAE 1170
0] Fofgk 7heA 2 7Hg s

2. 0|EH A
2.1 o7 W

B Aol AL Fig. 13 o] 24 4D‘r7ﬂi Tg
= 9t} Step 10914+ 11709 15°] Z+ o8- 4= (proxy
variable)oll thall F-oJ&k 7kl whef 117119 H‘%“é 2
W& E=Egh Step 2004 E=EF 179 FHepd A

-

Step 1. Flood Vulnerability Index Calculation

Step 2. Aggregation of Index using Group Decision
Making

Step 3. Comparison of Results According to Methods

Step 4. Rank Correlation Analysis

Fig. 1. Procedure of Flood Vulnerability Assessment
using Group Decision Making Techniques
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Table 1. Weighting Values for Flood Vulnerability Assessment

Criterion GR1 | GRZ | GR3 | GR4 | GR5 | GR6 | GR7 | GR8 | GR9 |GR10|GR11
Sensitivity 035]04 |03 | 043]035|045| 035]045| 04 | 03 | 05

Adaptive Capacity 03503 [03 |026]03 |025]03]025|02 |02 |025

Exposure 03 {03 [04 |031]03]03 |03 |03 |04 |05 |025

Cl |Low-lying Area of less than 10 meters (km®)| 0.1 | 01 [ 015[ 01 |01 |01 |01 | 012]| 005]| 005]| 015
C2 | Low-lying household of less than 10 meters | 0.1 012 | 015 0.1 0.1 0.1 0.1 0.12 | 0.05| 0.05 | 0.15

C3 Area ratio with the banks (%) 0.05] 0.08| 005| 007 | 005| 005|005 00701 |01 | 015
C4 Population density (persons/kmz) 0.1 0151 005|013 02 | 015 0.1 014 | 0.1 0.15| 0.1
C5 Total population 01 |012]005|01 |015,01 |01 01101 |005| 0.1
C6 Regional average slope (deg) 01 |01 |005]|012]|005/01 |01 |01 |015|02 | 015
C7 Percentage of road area (%) 005] 00501 |01 |005|005|005|009|01 |005|0.1

C8 [Cost of flood damage last three years (10° won)| 0.2 0.15] 0.2 0.18 | 0.15 | 0.2 0.2 0.17 | 0.15 | 0.15 | 0.05
C9 |Population of flood damage last three years (10° won)| 0.2 | 0.13] 0.2 | 01 | 015] 015| 02 | 008 | 02 | 0.2 | 0.05

C10 Financial Independence (%) 01501201 | 01501 |015]| 015 015] 0.15] 0.15| 0.1
C11 |Civil servants per population (persons/10° people)| 0.05 | 0.08 | 0.1 0.07 | 0.05| 0.05| 0.05| 007 | 0.05] 0.05| 0.1
Cl12 GRDP (10° won) 01 ({01 (01 |01 |01 [015]01 |011|01 |01 |O0.15
C13 | Number of civil servants related to water | 0.1 | 0.1 | 0.05| 0.08 | 0.1 | 0.15| 0.1 | 008 | 0.3 | 0.25| 0.1
Cl4 Rivers Improvement rate (%) 015 01502 | 013] 015|015 015|011 |01 | 015| 0.15

C15 Capacity of drainage Facilities (m®/min) 025]023(02 | 022]025|02 |02]02 |015] 015 0.2
C16 | Flood control bility of reservoirs (10° m?) 02 |022|025]02]025|015| 02 | 028]| 015|015 0.2

C17 Daily maximum precipitation (mm) 03 | 025]05 |028]03 03|03 |027|03 |03 |03
C18 Days over 80 mm rainfall (day) 03 | 025]015]025]02 |025)03 |025|02 |025|0.1
C19 |[Maximum rainfall of 5 days period (mm/5 days)| 02 | 02 | 015|021 02502 |02 | 022]01 |01 | 025
C20 Surface Runoff (mm/day) 0.1 0.151] 0.1 0.13] 0.1 0.1 0.1 013] 03 | 025 | 0.25

C21 |Summer Precipitation (June to September) (mm)| 0.1 | 0.15| 01 | 01301 |01 |01 | 01301 |01 |O0.1
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Table 2. Example of Condorcet Decision Making Matrix and Copeland Decision Making Matrix

Condorcet Rk Rk RE
DM, d 2 a
A Rf - 1 0
A, R 0 - 1
A, R 1 0 -
Cop;e]l;nd A, A, A Y
A - 0 1
A, 1 - 1
A, 0 0 ~ 4
ML 1 4 5
Mw-¥1 2 1 -1
24 2oINTEN !
a;; = —1
B AN 2 el whE 91e] FREAE 24} 0
71 519 7F3 o) AL Sl SIol EAHA) i7h jRt 417 or )
9} Kendall (1948)°] #|A| 3t 7, 2} Emond and Mason (2002) §7F iRt =97 9 )
o] AXT 7. & 4Hgsirh 9] w919k jo] &7} B e =9 o
p Hlolg 7} —’E/ﬂoﬂ oJgk HQl Hgo A= 3% Emond and Mason (2002) 7} A|AgE 7, & 22 =97
2] 2717} 2% ) 85 ASHE WHORChung  EAIE A5 ARIAE Tok E T Eeldaay
and Lee, 2007) Eq. (3 3} 7ro] Axbgct H*gi Kendall (1948)01 AANE 7, 7F DA o] A Eol
) A 5% 9le] MRS As ARASE F4
6> (R(z,)—R(y,))* = b 7 = BY9E =99 AUAES st A
Pl () A =9l o uAeE #3997, & Ba 69 2
SEEEEE
o714, AU o) ivA BEA) 2912 R, = .
Bl A8 ol iwA BER 0] €98 R, = U S ap,
Witk e Wge) % sjdroln =TT )
7, Kendall 1948) 9] &% Sejz 2 w97}
EAD A5 WA 7o) BARES A 915 Ak i7h | JETH297h AL
 Wpelth A Bof Adl te nAle] £917k EA i ] Eas el et ee
A% nxn A9 (a; 15 AT 7,3 Eq, (D 2o] PZ I R A P E R
el 0 _sal
2.5 Fuzzy TOPSIS
7 () TOPSISE= %9 o]/4<1 @ll(Positive Ideal Solution,
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Table 3. Flood Vulnerability Rankings According to 11 Group Weighting Values

Name of Province | GR1 | GR2 | GR3 | GR4 | GR5 | GR6 | GR7 | GR8 | GR9 | GR10 | GR11
Al 15 15 15 14 14 15 15 15 15 15 15
A2
A3 6 7 7 6 8 3
A4 11 12 12 11 12 14 13 13
Ab 7 6 6 7 6 10 10 6
A6 14 13 13 11 13 13 14 13 12 12 12
A7 3 3 3 3 3 3 3 3 5 5 3
A8 13 14 12 15 15 14 13 14 13 14 14
A9 9 10 11 12 11 9 9 10 8 7 9
Al10 12 11 14 13 12 11 12 11 11 11 11
All 16 16 16 16 16 16 16 16 16 16 16
Al2 10 9 10 10 10 10 10 9 9 9 10
Al3 4 4 4 4 4 4 4 4 3 1 5
Al4 3 3 9 9 8 8 8 8 7 6 7
Al5 5 5 5 5 5 5 5 5 4 3 4
Al6 2 1 2 2 1 1 2 1 1 4 1
Table 4. Flood Vulnerability Rankings of GDM Methods
Name of Province Borda Condorcet Copeland
Al 15 15 15
A2
A3 6 7
A4 11 12 12
A5 7 6 6
A6 13 13 13
A7 3 3 3
A8 14 14 14
A9 9 9 9
A10 12 11 11
All 16 16 16
Al2 10 10 10
Al3 4 4 4
Al4 8 8 8
Alb 5 5 5
Al6 1 1 1
gl 4= I3t TOPSISSF GDM< Hlual & 23 A6 S A&sk Aot a8R] g2 A7 &4 WE dUs
o] A-¢-7F 8910l M 1391 & 7P & WS Bylon 1t A 7] feke] 7HE efise] FuelA= Abell sl

£ o7 A9 Al4oM F=Ezl =9 WES Feldd 5 9
Aok AAH o 2= TOPSISY] A} Fuzzy TOPSIS

o 37k GDME A8 w 91 W] Wtk GDM

¥
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A Bkt Table 33 Zo] Asoll tigk 117 252 #HeF
A =95 II7E 6, THE s YA 271 1095 s
o 1170 Z159] BE =917} Fuzzy TOPSIS ®oh 394
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18 - Vulnerability

Al A2 A3 Ad A5 A6 A7

~Fuzzy TOPSIS  =Borda

A8

—Condorcet

A9 Al10 All Al2 Al13 Al4  AlS

—Copeland TOPSIS

Fig. 2. Flood Vulnerability Votings of Fuzzy-TOPSIS, TOPSIS, and GDM
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Table 5. Results of Rank Correlation Analysis

(a) Spearman Rank Correlation Coefficients (p) according to MCDM techniques

MCDM technique Fuzzy TOPSIS Borda Condorcet Copeland TOPSIS
Fuzzy TOPSIS 1 0.84 0.83 0.83 0.69
Borda - 1 0.99 0.99 0.92
Condorcet - - 1 1 091
Copeland - - - 1 0.91
TOPSIS - - - - 1
(b) Kendall 7, according to MCDM techniques
MCDM technique Fuzzy TOPSIS Borda Condorcet Copeland TOPSIS
Fuzzy TOPSIS 1 0.68 0.63 0.63 0.47
Borda - 1 0.96 0.96 0.79
Condorcet - - 1 1 0.80
Copeland - - - 1 0.80
TOPSIS - - - - 1
(¢) 7, according to MCDM techniques
MCDM technique Fuzzy TOPSIS Borda Condorcet Copeland TOPSIS
Fuzzy TOPSIS 1 0.68 0.63 0.63 0.47
Borda - 1 0.96 0.96 0.79
Condorcet - - 1 1 0.80
Copeland - - - 1 0.80
TOPSIS - - - - 1
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