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Application of Fuzzy Multi-criteria Decision Making Techniques
for Robust Prioritization

ABSTRACT

This study presents the feasibility of fuzzy multi-criteria decision making (MCDM) techniques for the robust prioritization of projects.
It is applied to water resources planning problem. Results from weighted sum method (WSM), analytic hierarchy process (AHP),
revised analytic hierarchy process (R-AHP), and TOPSIS are compared with those from Fuzzy WSM, Fuzzy, AHP, Fuzzy R-AHP,
and Fuzzy TOPSIS. For the calculation, all weights on criteria and the normalized data were obtained from the same investigation.
As a result, the rankings from four MCDM techniques are slightly different while those from fuzzy MCDM show the comparatively
consistent ranking. Therefore, it is desirable to use fuzzy MCDM technique when MCDM is used for the prioritization problem, since
fuzzy MCDM can include the uncertain variability of input data and weighting values on criteria.

Key words : Fuzzy multi-criteria decision making (MCDM) technique, Triangular fuzzy number, Robust prioritization, Water resource
planning
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1990}l o]~ MCDM$] 28] tisf 73] 75 o] Shrh
E JAHEA 7S teA] o AbE% 23 (multi-objective
decision making, MODM)3} tJ&:d X FEA 18 (Multi-Attribute
Decision Making, MADM) 2 2 22 4= It} (Hwang and Yoon,
1981). MODM<&- =88] 18-S Erf&2 ¢3<€4¢](continuous)
o] TS Fohll= =24 A8l (optimal solution)Z 3o}
U=t 8-83kck whHe) o)xKdiscrete) AR TAo) AMEEE
MADM<E frg7l9] tiRte] EAal7] wiize] H&elE 3=
RA R H2 Uk 49 E AXsked AREL) S, 11y
gh tiRE} A7l tiel] 7 9deet e dijbES AAle
7] Wzl AdoA v B2 EAE AT 4 Utk MCDM2
MADM#} 2% 2jo|7} Ql&el = B-atal thi-i-2] MCDM
FAS0] MADM O = 3§ 245]7] wjize]] MCDM &0} MADM
AN E &3] AREAL ) wEbA ATl = MADM
Al Hop kARl g0l MCDME ARS3H7 |2 gict

ZUle] 785 MCDM 71%& Ak AlE Zofel] ARgSE A
= Ko 5(1992)0] & 2%¢]] Compromise Programming(CP)
= A83] AR o]F A&H o AEH o] gttt Lee T
(20053 AJeAL3e] AlgIA] MCDM 7T 5 3R] Algskard=t
Z(Analytic Hierarchy Process, AHP)¥} T}&Ad&-8-0]2 (multi-
attribute utility theory, MAUT)S o|-83}a] X|etfiekse] X4
S1E AL, Kim 5(2006)2 H AMYe] FAAIEE
AAsE7] 9Js) ELECTRE I, 112} Compromise ProgrammingS-
ARE3IIHE Lim and Lee (2009)= Compromise Programming>}
GIS 7|5 Agste] A AzE APl tigh $4e9lE 4
g1k glow Chung 5(2011)2 FHSH7NE AMEES] e
NS A7) Sfel AEfERe] 2E] SWMM BgS: o8-8}
of AKSde] BIREAE skl AR, BAE, 8 VIeES
aeste] TRk e A7 S ARSI

=2]2] 73 Raju 5(2000) =¥ Alu] L] gk MCDM
W71 4388F7] 98l PROMETHEE II, ELECTRE III, ELECTRE
1V, Compromise Programming 5= ARk v} 131, Ganoulis
(2003)= ELECTRE 1II, ELECTRE IVE A-83}e] a15e2)4
Aol et Aeks HrFstedal Srdjevie 5(2004) TOPSIS
HRHS Akgsle] B3] AR ES 3718 vl 9ltk Elshorbagy
(2006)= ELECTRE 112} Additive Value S5 o]-834 <
e Zeado] g35 EAEI9I Levy 5(2007)2 AHPS
oVgalel F ST AL SIe SMFARALA LGS 55
3l Zardari 5(2010)2 ELECTRE H& o]&3}e] 585
S 913 AR S I o) Ul ohuel wee)
A= F MCDM 7S 2-8sto] Ttifsh tofelx] 333H9] aHl
AREHAL Sk

MCDM 7oA ARE|AL Qe 71 S37Exe] tigh &8t
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2do] WAl=AL Q7] wiiel] HZelle HA|o]& 5 Fuzzy 349}
MCDM 7[HES Ajlste] AMgsh AR} BIHEIAIAL QlTt Raj
and Kumar(1998)= HA|522} 7S o] 8ste] 59 Al 4ol
MCDM 71%& ARgste] Abge] 4595 ANG B 2L,
Gupta 5(2000)2 T8 35418 €S S8 2= SF7
£ Adesh= MCDM Aol 7] @A PES AR8-Sk vt Qlok
Hajkowicz and Collins(2007)= E3a] ol 289 e A}
B THES AR 1 Ad 7 AnEe] fERiEe) e
o] ESME allaslr] I MCDMe]| SRS A3sialon
53] TOPSIS 7ol 71 o] ARg-=ivkar ®argh v Qlck
Ashtian “5(2009)2 A|39] 7|55 24 of WAsl= B
< |a3p] Sl 77 3kS o838k Fuzzy TOPSIS B3 Akt
v} glek Alipour 5(2010)2 5= AR Agak7] Sl vl A
o] THAE tpde g 8712 7|l tiel Fuzzy MCDM 7]
WS 2831 v} 913, Afshar 5(2011)3} Krohling and Campanharo
(2011)3= Fuzzy TOPSIS W& o]83te] 24 S A<}
W 29 Wk =9 EA|S 35190aL Kaya and Kahraman(2011)
2 & S S AFEAE S8 VIKOR ¥H7 AHP W&
A%kt Fuzzy 7S 083Ktk SoltanPanah $(2011) 7|&
o] MCDM 344 ZA1E sidE 4= glom MCDMe]| H4]
oj&g Ao ZM & v At AdE IS F vkl FF
I ¥ uFEe] FHd A4E 2FgE71$13l Fuzzy TOPSIS
= 283} 1} 9k Farajzadeh S(2011)< 2|7le] st ok
255 s A AREY] BN witd] wRE
A%s} Fuzzy TOPSIS 2elkg 7lksh v} glck Yazdani 5(2012)
2 Fa3 ARB7IAPA S FHobd AE AREhET] A A
7} Bl afre] B3k wfie] 7t 7o) e RS ekt
3lo] Fuzzy TOPSISE ARESE v} Qo)

U] tite] FelME o] UkEQl MCDM 7HES
A 3x] =ES AE A A7) tiFaol ARk o] -
Aol tigh BEdo] wikg- Tk 53] A8 HE R v
At F=d 5 glern g HHsk MCDM 79 242 44
ek FAloltk wepx] B ArellalE Sufieelx] A8k vl gl
47e] MCDM "3} 2 go] A8l Q= A 73N,
A AlFSREA7Y, #12] FHAIZSHEA 71, HA] TOPSIS
78S A& =9 AFE vk 2 e olE 53l
7% MCDM 7|gE9] &4 7FsdS FRlstarat stk

2, A

2.1 g7 Hxt
MCDM# Fuzzy MCDM ®PH& Fig. 13} 2] BF 6%H]
& AXITE 19 tikke] 7, 29 77l A9, 3w



X

| Ve 8 7V e Fuzy 71eR1e) 24, 4 e1ad
< 913k viebH H71 (payoff matrix) B ¥A] H7|Ee] B,
5% MCDM 5= Fuzzy MCDM 7198 o] 43} 5=9]¢] 2%
o2 TAE] Itk B ATNE T ATARe Blag Y8
6t 5 Ayle] vlw FAE STt & 9= Fuzzy MCDM
7o) A Avte] TZo] FQ Exoln 1, 2uAle] FAT}
3T 7] B 9iR] ZEERe dukdo 2 uEE 4 e gk
S 7Fg319aL 4 MCDM wie] ARE-S- $J8) vk w7l
i Chung “5(2008a)0l4] =235k gh& T2 ARESISIT: wehy
2 7= Fuzzy MCDME $3H 4T, Se|o) 61718 S=39s}
Ak

2.2 IX| CPIE AREET|IH

Hxjoj2e BahIAe] AkAlE] QAL olREE BAS T
o] A3lak FokZ Zadeh(1965)0)] <J5) S 271591 Mamdani
(19757} S| aeizst B3ket Al2sle] ddojndlys: ofgs)]
Alojol] S-g3tHA Hxjo] o] BAH O 2 o]gu]y] ARtsieirh

ko 7 FaRolol A TR Sl WK crisp) SA1]
o} 7} 100)ekd Aeks] 102 oJn)sic) 17l S5 A
oM 2= S oo} ] AekshA] Wolx|x] = djgk 10
Aol oJn)g Z8= SRk ek SRk Fh HopolM Ag R
o] sz BN A JJol7} QAR o]e) ke ojn]
2 2431 ek mojsle] dZE AVSS P oldl sdEirkL
2 9ok

2] 5221 10 oF 10& Jmfakaet 109 7F5Ae] 714 =1
103} Wojas= Aoz 7PsAde] vholaltk. o]2jat w75
Ake] Fei= oje] 7BA7E AR 11 % AR5k riangular

Alternative Development

)

Criteria Selection based on
DPSIR Framework

N

N
Fuzzy Weighting Values
Derivation Using Triangular
Fuzzy Number (TFN) Concept

Weighting Values Derivation

v

Payoff Matrix Development
Through Alternative Evaluation

Fuzzy Payoff Matrix
Development from Alternative
Evaluation

Ranking Derivation Using Multi-
criteria Decision Making
(MCDM) Techniques

Ranking Derivation Using Fuzzy
Multi-criteria Decision Making
(MCDM) Technigues

> Ranking Comparison

Fig. 1. Flowchart of This Study

fuzzy number, TFN)&] ARE- 917} 718 =t TEN2 A 7)<
Mo FHsk 4= 9l7] wiel 71 sk, TEN,, A= (I,m,u)
o} Zo] BxdE 4 1 A4S (membership function)2] Fh

() = 1 S

m—u m—u
if z=[0,1]or [m,1]

if z€ [m,u] )

TEN o]e]o]] Apcfefs, ARF sjxj5zzt 5ol vk A 4%
st dite] e ARV EES ARt AM8Tbset
7] v EA7E1) WSM, AHP, TOPSIS 53} Agt]o] Ahgel
AHRE wie- ok Holke MCDM 7S] 7HAaL Qs B8kl
A& H3P7) S8 vkt Fuzzy o253 Agsle] AJ2&
7o) 7L Qlok Zbzbel] ik “HAlg t8-2 Makropoulos
and Butler(2006)7} Alipour 5(2010)9]] A=} glvk

ZF tijlel] gle] TENe| thigh 5915 A8l Sleire HRzl
Hlurh Fgsitt o915 Blashr] ffai TENS o]83) H|»ix|s}
(defuzzication)& F=3§3l|o} sht}. v||=|shi= TENS] &t 41
Best Nonfuzzy Performance (BNP) ko2 UEeRHT]: v]#=]s]e]
7 BEARI i o 2= AR, SYAN, alpha-cuto]
21t} (Zhao and Govind, 1991). £ 37-o|x= 7ieksla 7jele]
ks a7k e SEHANES ARSIt SRS

the Eq. 22 el 5 9ok
BNP, =[(u;— 1)+ (mo,—1))/3+1,, )

23 tHIE SNZEldel 58

A9 o 2 ol ARBBAL = 7 F B ATelx] ANBIA
ko b © 2= BakASIH(Composite Programming; Bardossy
and Bogadi, 1983)Z} Promethee ' So] Ut} EdHA| R
A5 S 98 7Ie] B3 %5 Compromise Pro-
gramming S Al 082 SFsA] ARggE 7ol ng 2 e
AR AgtebA] eb7lulol] Aeleklal Promethee MRS o]
B A-go] Fifate] shte] FAIR Hsokehrs £ A
S dAJekA] edot A|efstlt

2.3.1 7I=EAE (Weighted Sum Method, WSM)

VAR dukd o g2 7t A AR WPHOE m7l
o] thelt n7ie] 7Pl el vkt e ke o]-83fA
FHE T T HuFs FHalbest) tieko g A1
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P(z):Ean7, (‘;;]_.-, 7::172737“'77n) (3_])

o714 P(i)= MCDM .2 2g3k tish i 9] 371gkol q
= vt i8] 712 joll thak FEshenormalized) gHolP w, =
71% joll igk 7FEAeltk

2] ZERANEE TRt Ea. 3-29) 2o] AAmAN(a,, w)
2 olgste] AN % gtk

HZ) :Ea:ﬂl;ja (1\;__]', 121,273.,777,) (3-2)
j=1

2.3.2 /=32 0P (Analytic Hierarchy Process, AHP)

AlSSHEA 7 (Saaty, 1980) A8 Helgho <lsf
< 7P FeA 2851 Sl ol dRbE o R VlEA] Fgs
13 RIHEA] ARSEAIRE T2 YR A0 RS e
WiE 7o R 284 4 Stk WSMI the 32
7y Apge] F5ske Sl the Eq. 4151 o] el vijiee]
H7Rke] o= vprolr ARERITh= Folt = 7} 7| sl
e tikEd] @5 tshd lo] drk

Pi) =3, D)
Jj=1 Z”’k-j

k=1

7] AFsHATg e T Eq. 429} 2] A7 A19a, .
w)E olg3le] AR S gtk

i)=Y — |, (4-2)

A
k=1

2.3.3 $HAISSEEMIPY (Revised AHP, R-AHP)
Belton and Gear(1983)9]] 93] 7% 4 AHP WH(R-
AHP)2 Th3- Eq. 5-13} 32o] 7]&<] AHP ¥Pdl] EAllsk= 9
B4 (inconsistency)ol] tisl] G- 7BISH=S ANk F
ET3HE 3l 7€ AHP= 7Pl tijbEe] 7k §o =
vhed] Wil 44 AHPE 7P URkES] BE 5 e =
e RS ARSSIITE w2 1] disl o= shfe]

dioke b 10] EAfaek

N Qjj
P(i) = jzl[?axj o ]wj (5-1)
k
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BA] FAAASIEATA L TR Bq. 5-29F 2o] AR
(a,, )5 ol&3le] AT 3 Qe

i) = E[”M]&J (5-2)

2.3.4 TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution)

TOPSIS= k2] o)<l f|(Positive Ideal Solution, PIS)Z
FH 7P 7R Aol 9laLl 52 opdH<l sfi(Negative Ideal
Solution, NIS)2 REJ= 713 7] gl tjohe Agah=
o2 He] ikt Hoto] thieks Sl aLefate] ¢17te]
el Aelo] hsehes fushe Pelch e e Bl
A W Tiokse] i Whaske SYetel Hust & 5 ok
TOPSIS= o]&g o= W Ak oA wAl ol AMS-HaL
o} (Kim et al., 2012).

Hwang and Yoon(1981)9]] 2] #|A]¥ TOPSIS Hhy-&
ELECTRE HPHe| tioke 2 Jike|glom Hol ARERIEr} 5
75k gl o]k TOPSIS e el vile] o) dalideal
solution)of|x] 717 7P 22] o) d3l(negative ideal solution)o]]
A 7P de] bojrof gt Felx] ARberk TOPSIS WHie
F-80] eE=EA(monotonically) Z7}8}aL TAash= 208 714
sl ool 2¢] oS Aelsfokstal Euclidean A2 H-
HE 53 o] e 2HE FrskES =l
TOPSIS W& T3} o] % 6] vl 4o ek 1ebo]
= A8E Eq 65 o83l HF3RIT

ry=——e (6)

v m
2
E Ty
k=1

26| ol= 7= EE3 g (weighted normalized value)S -3+
o} & EEskel gl 7RIS 34 Eq. 78 o83k Heleitk

n' In

V= (N

WiTy Wolyy e W,T }

W Ty Wal'pyy - Wyl

3T oPdslel o] oPdsle Ttk BE Auiit Ha
5 o] g3t} 4AIM = oIl EHEIY] Euclidean A} 2
o] oPdall=HEle] Euclidean A2}E Eq. 8& 834 2HAJsict:



S = E(v,-,—v,*)? ®)

HA %(closeness)Z AAFEITE

C *751"7 9

6=V oPie e FKY APk ol g MR Fie
918 YTk

2.3.5 Fuzzy TOPSIS

TFN-S TOPSISol| 243171913 TFNS] M2 tfe 3&
TFN9] 2& FX8IEA vl 7Fs3k F2o 2 wFsis|ofsith
#2318 9% P2 RS Eq. 103} o] vkl 4= 9ok

) (10)

o714, r& FFsH TANS onjapy ie ZF A, j=
7} &30 A2 on|Rie B3k Egs. 11~149) B 9} € =
ZF AP IHEAAVE S5 U s 7193 vV G
A7 2EE o AeEe 7199 Adeltk

c;:mgx Cijs ifjen an
—~ a; : b C;:
r= (==t —4), ifjEB (12)
G G G
a;:mAin a;, 1fjEC (13)
-~ a a a
iy iy ij

PP, 1= (a0 By y,) B3 0 TSR 97 9 R
=] o] o)Akl &l (Fuzzy Positive Ideal Solution, FPIS)$}
R S-2] o)F=&Ql 3 (Fuzzy Negative Ideal Solution, FNIS)=
Eq. 159} o] Aedk

A+=v] 05,08 EE A—=v],0;,..0, (15)

PP, = (v w)), 0= (050 )OI, v = max
v =min a0tk A+(FPIS), A—(FNIS)?} 7} thek(i)zhe] 7
EFEEC{ 169} Zo] TN m= (my,my,m,) 3 TAN n= (ny,m9,m,)
o] AglE Tk WO R AR 4 9tk &gk A +(FPIS)St
A—(FNIS)& % 7t tjek(i) ko] 742 d o} d; & Egs. 17,
188 o83 f=3 & glon] 7} iote] Juja TP A%

(similarity), C+&= Eq. 19% o] 834 =3 & gtk

d(m,n) = \/%[(ml —n1)2 + (m2 —77,2)2 + (mg _77/3)2}

(16)

af = Yd(r0h) a7
i=1

4 = Yd(r0) (18)
j=1

RC. = L 19

2.4 20|

£ ] e ek f(Fig. 2) 0= At 40037k
FAT =ABLE Q) AL HAskE 1 osle Adeloct
(Chung -3, 2008a). ©|& I3l ThH AFgEC] A& R F31E]
3 Q] U SR e el ) 5 U B3 A1dE)
TE O)FaL Qo] At s 41e9] EAo] Brbssh eItk
Chung 5(2008a)ollx1= 1 el 197] AFGE A8k
olof] thgt e B4 e eRFEAR7TEE o83t At
9] PAE9E AR vt Uk AN -E8H wAEe] ek
3} PP el tisk 7ERe] BEIAE 18] aEER] §eke
22 B AFE o]8 e Fuzzy thIE A EA7 RS
g3tk

= Fuzzy MCDMS] EFAS A5317] 918k o=
197] 2143 w4l 718 oA 39 918 7153 571 digks
AdeEigiet. =, 718l Srsitial %7He 57H9] tiRks Atol<]
FeEQl 7 Seagsie] nAEk o] Q13 $-x1me)e] W)
£ RIS fIstelck 571 digtel] gk A2 Table 13 2L
$IAI= Fig. 10 A2FE kg A=) itk B drollx] gt
RKEE A5A] AVHAL 1), E7iskd (Al 2, 3, 4), AL
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HAE 4E9 AR 97 Fuy 1% GNAAYIHe] A8

skEAE)d (Al 5)olth 7] 918+ 5 (responseyS Z313HA| ghct. L2} DPSIR =3
thers-S Hrishs H7IAES DPSIR(driving force-pressure- al7)o] F 71A] 7o) Z7kEQdc) ¢17ke] BE-o F14) ><th
state-impact-response; European Environmental Agency, 1999) AL oL Aks]e] St AR e B Q17te] siE

AAE 018544 Chung 5(2008a)| 4] A|okst AHE o] 8514) FEES PIRITk=E Zloftk o2t 7ide ARSIH Q<N (driving force
t} DPSIR B3-& EEA(1999)7} 7122] OECD(1993)<] Pressure- or drivers)¥} g¥H(impact)el] §Fg=]o] PSR &3] F7}=]lrh.
State-Response(PSR) E3-2 7|23} 2|&7154d(sustainability) w2y DPSIR B33 Als)e] ALS)A g91o] QIZF ARSle) s
< Axskelr] fls) 7geldet 715e] PSR &S Eeh A A7)0 QFo] Aol FES PRl whet et vheS
1A It IRE 49 QIFHAIE AdrgEkA] Stk 53] AJE oplehs FFS et Tl REEE ool Ul 71A] 84
o] Wzl E A7)E J3Kimpact)S A& AslA] Eahs g 747k tA] @S mRIvhs @Al 2RIg o7 dEEe
< 7HIAL 42 Rt opje vkgo] AlElel] ks miAks dSks Aol GRS mR= AL AR QAR dukEo 2 S A1e]
HHdskA] Hghth 5 PSR &2 QIxke] E(pressure)o] $H3 AR, WS, AFARE, oUA] 2R Sl vk e
(state)ol] FFE WAL S T QIFEC = slofs ks 0] o] defol] ZA o= FRES M= ARAAR] 84 QO
sk, COx MiE 5] Utk AJele 749 A Akl
U AFH R Ssh= Ao R T B, 09 T
g T e 5] Itk G B4 et Ak BE, sk wpge
D \ WAk e sl A AAd) B0 HEE vEE Sl
oy AUtk &2 o] wstol] thgh AkSle] ko2 SIS
Y, [angang 9% e 9% 5ol olo] stk

B AT Eeghl 7P B2 9% P
ARBIA 8RI(D)E ¢17-¢F AT =R 7PgslaL
T B 8l 7Y EP)E HE 8AR o
SAAS BlE3 szl s o, AL X]OH— A
ARgERlen $vke] S9dlAE BOD, COD, SS, TN, TP
St vAe sk ol B BIE, RS 7Pgs)
Ak ol o R Qlal] FFS e AQYH 8he olF
SN 30N et gl e AeR] B3
erq Zrpado)| Uik H1e 2 7SI, AT SHAME 2
¥4 gi) BOD 3 ¥, UHus]-85-5 K total maximum
daily load, TMDL) t¥] BOD ¥ d&5s3k0 2 71gslith

lr
i

FO r
et
T
X, ﬂl@ )

& T o 7o

4>

Oft
FETS

Il Atternative 0 40 — & g5to] osla <lEf Q7oA YeR = ZHZI0] oJske o=

o a0 Ao AT FANFE 75U, S 9% TMDLE:
37-1510205'45‘00" 12,.0:.7001,?00 WESR] Bl A2 7AsIT) o2k o3RS FEslr] 93
Fig. 2. Feasible Alternatives for This Study 27}, AL, DR SoA] Alwsh= ol tors-g vkeolaka

Table 1. Specific Descriptions of Feasible Alternatives

Category of Alternatives Name of sub-watershed Description Name
Reservoir Gs - Proper operation Altl
redevelop-ment (release: 0.05 cms from Oct. to May)
) DJ - Covered length: 1.59 km Alt2
Restoration of SB -To remov; roads and restore the stream ~Covered length: 2.74 km Alt3
covered stream - Construction of sewers
SA - Covered length: 0.645 km Alt4
Construction of small .
onstruction of sma DR - Capacity: 19,000 m’/day Alt5
wastewater treatment
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sh BES0 R 1%k AvlE AHuSlel] el AdelE Zi2te] Vs
2 A=A o) 7Fss deiel kel QAEe] Wskks ARgS)
Ak oA7Ix wRge] aIkE AEsiel] Q13 WP lEe s Dot
£ AHESHA] e o= Dot P ZHAIE BisA7Iele dijks:

AR e o AH R oSt s s ofHY]
wjizo] ok

ek B Q= Chung 5(2008b)#= thaA] H]E(C)3=
< TRt S 6702 dkdtk ¥8- A4ss= Chung 5
(2008b)ell AN e o83tk tFHE ERARGS] Adee]
AL B/C ¥]&2] 77|12 2R3 9lor} Chung 5(2008b)silA
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Table 2. Original Calculated Data from Chung et al. (2008a) and Normalized Data for This Study

Original calculated data

Name of Alternative D P S I R Cost
Alt 1 0.063 0.323 0.682 0.488 0.674 0.989
Alt2 0.394 0.4385 1 1 0.312 0.100
Alt3 0.086 0.1315 0.42 0.326 0.3525 0.956
Alt4 0.226 0.211 0.0365 0.064 0.385 0.978
Alt5 0.761 0.6325 0.501 0.1435 0.557 0.357
Normalized Data
Name of Alternative D P S I R Cost
Weights 0.1 0.1 0.15 0.15 0.2 0.3
Alt 1 0.083 0.511 0.682 0.438 1.000 0.939
Alt2 0.518 0.693 1.000 1.000 0.463 0.100
Alt3 0.113 0.208 0.420 0.326 0.523 0.956
Alt 4 0.297 0.334 0.037 0.064 0.571 0.978
Alt5 1.000 1.000 0.501 0.144 0.826 0.357
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Table 3. Data for Fuzzy MCDM

Fuzzy ©1% SAE7IMe) A8

Name of Alternative Driving Force Pressure
Lower modal Upper Lower modal Upper
Weights 0 0.1 0.25 0 0.1 0.25
Alt1 0.066 0.083 0.099 0.409 0.511 0.613
Alt2 0414 0.518 0.621 0.555 0.693 0.832
Alt3 0.090 0.113 0.136 0.166 0.208 0.249
Alt4 0.238 0.297 0.356 0.267 0.334 0.400
Alt5 0.800 1.000 1.000 0.800 1.000 1.000
Name of Alternative State Impact
Weights 0 0.15 0.3 0 0.15 0.3
Alt1 0.546 0.682 0.818 0.390 0.488 0.586
Alt2 0.800 1.000 1.000 0.800 1.000 1.000
Alt3 0.336 0.420 0.504 0.261 0.326 0.391
Alt4 0.029 0.037 0.044 0.051 0.064 0.077
Alt5 0.401 0.501 0.601 0.115 0.144 0.172
Name of Alternative Response Cost
Weights 0.05 0.2 0.35 0.15 0.3 0.45
Alt1 0.800 1.000 1.000 0.791 0.989 1.000
Alt2 0.370 0.463 0.555 0.080 0.100 0.120
Alt3 0.418 0.523 0.628 0.765 0.956 1.000
Alt4 0.457 0.571 0.685 0.783 0.978 1.000
Alt5 0.661 0.826 0.992 0.286 0.357 0.429

Table 4. Preferences from WSM

Nameof |l A2 | A3 | A4 | Als
Alternative
Preference 0.732 0.544 0.535 0.486 0.569

Table 5. Summary of Alternative Rankings and Standard Deviation
from Various MCDM Techniques

Aﬁiﬁ;‘i’; WSM | AHP |R-AHP|TOPSIS| Ave. |STDEV
Alt1 1 1 ! ! ! 0
Ak2 | 3 | 2 | 3 5 | 28 | 04
Alt3 4 4 4 2 35 | 087
Altd | 5 | S | s | 4 | 48 | 043
Alts 2 | 3 ] 2 5 3 |12

uigh BFAE ek A Alt 59] A9 1.222 thE gigk
HlsiA A vel exte] 77t 7 & Z1o 2 YERter Al
12 22} 022 19] A= e MCDM 71He] <=9]o)4
2 ol Yo Zo = YeRith
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Table 6. Summary of Alternative Rankings and Standard Deviation from Various Fuzzy MCDM Techniques

Name of Alternative Fuzzy-WSM Fuzzy AHP Fuzzy-R-AHP Fuzzy TOPSIS Ave. * STDEV
Alt 1 1 2 1 1 1.25 0.43
Alt2 2 1 2 3 2 0.71
Alt3 4 4 4 4 4.0 0
Alt4 5 5 5 5 5.0 0
Alt5 3 3 3 2 2.75 0.43

* Fuzzy WSM, AHP, =4 AHP, TOPSIS 34 ut 7 751 92

4.

ny

=

Are EHRE e 2R A% R i ek FEAd
&2 B A Slsh AR Al Al
ek T thetsel ﬁ:‘7}7l—zr°ﬂ DH‘EF 2hge] #53) 714
7o) L TR fi WiE SR I
= ZPOL 3l Eaprh Sedsi dei 5 Sleol ElETh
SPARE SR e SRS 018 B Skl AN
| ApRe] B2 ke il 7l ale] EEde B
arefate] tiekEe] $AIEHE AN o Jlor e njuz] QP
A ARIE] w91 =2 o Slok weP Aljle] Alesle 2st
= wAlOA ARt 7R Eehdde aEd 5 Sl v
Wi 7S 263 35 e Hikz Q13 99
WIS FHastele] Ak 918 AlAehs Aol Bt e
Ttk - O A8 Al a7t

N
01'0 L rie
)

*R

}_

o X

Al =

B e ARt ) S Ao 4

References

Afshar, A., Marino, M. A., Saadatpour, M., and Afshar, A. (2011).
“Fuzzy TOPSIS multi-criteria decision analysis applied to Karun
reservoirs system.” Water Resources Management, Vol. 25, No.
2, pp. 545-563.

Alipour, M. H., Shamsai, A., and Ahmady, N. (2010). “A new fuzzy
multicriteria decision making method and its application in
diversion of water.” Expert Systems with Applications, Vol. 37,
pp- 8809-8813.

Ashitian, B., Haghighirad, F., Makui, A., and Montazer, GA. (2009).
“Extension of fuzzy TOPSIS method based on interval-valued
fuzzy sets.” Applied Soft Computing, Vol. 9, pp. 457-461.

Bardossy, A., and Bogardi, I. (1983). “Network design for the spatial

estimation of environmental variables.” Applied Mathematics and
Computation, Vol. 12, pp. 339-369.

Belton, V., and Gear, T. (1983). “On a short-coming of Saaty’s
method of analytic hierarchies.” Omega, pp. 228-230.

Chung, E. S., Hong, W. P., Lee, K. S., Burian, S. (2011). “Integrated
use of a continuous simulation model and multi-attribute decision
making for ranking urban watershed management alternatives.”
Water Resources Management, Vol. 25, No. 2, pp. 641-659.

Chung, E. S., Kong, K. S., Lee, K. S., Yoo, J. C. (2008b). “Evalu-
ation of alternative benefit using choice experiment methid and
alternative evaluation index.” Journal of Korea Water Resources
Association, Vol. 41, No. 1, pp. 101-113 (in Korean).

Chung, E. S., Lee, K. S., Park, K. S. (2008a). “Development of
alternative evaluation index using multicriteria decision making
techniques.” Journal of Korea Water Resources Association, Vol.
41, No. 1, pp. 87-100 (in Korean).

Elshorbagy, A. (2006). “Multicriterion decision analysis approach
to assess the utility of watershed modeling for management
decisions.” Water Resources Research, Vol. 42, W9407.

Farajzadeh, M., Ahadnezhad, M., and Amini, J. (2011). “The
vulnerability assessment of urban housing in earthquake against
(A case study: 9th district of Tehran municipality).” Urban-
Regional Studies and Research Journal, Vol. 3, No. 9, pp. 19-36.

Ganoulis, J. (2003). “Evaluating alternative strategies for wastewater
recycling and reuse in the mediterranean area.” Water Science
and Technology: Water Supply, Vol. 3, No. 4, pp. 11-19.

Gupta, A. P., Harboe, R., and Tabucanon, M. T. (2000). “Fuzzy
multiple-criteria decision making for crop area planning in
Narmada river basin.” Agricultural Systems, Vol. 64, pp. 1-18.

Hajkowicz, S., and Collins, K. (2007). “A review of multiple criteria
analysis for water resource planning and management.” Water
Resources Management, Vol. 21, No. 9, pp. 1553-1566.

Hwang, C. L., and Yoon, K. S. (1981). Multiple attribute decision-
making: Methods and Applications, Springer, Berlin Heidelberg.

Kaya, T., and Kahraman, C. (2011). “Fuzzy multiple criteria forestry
decision making based on an integrated VIKOR and AHP
approach.” Expert Systems with Applications, Vol. 38, No. 6, pp.
7326-7333.

Kim, W. G, Lee, G. M,, Park. D. H. (2006). “Investment ranking
decision using MCDA in dam projects.” Journal of Korea Water
Resouirces Association, Vol. 39, No. 12, pp. 1067-1080 (in Korean).

Vol.33 No3 May 2013 925



EHAE 9429 A

Kim, Y. K, Chung, E. S, and Lee, K. S. (2012). “Fuzzy TOPSIS
approach to flood vulnerability assessment in Korea.” Journal of
Korea Water Resources Association, Vol. 45, No. 9, pp. 901-913
(in Korean).

Ko, S. K., Lee, K. M., Ko, I. H. (1992). “Comparative evaluation of
multipurpose reservoir operating rules using multicriterion
decision analysis techniques.” Journal of Korea Water Resources
Association, Vol. 25, No. 1, pp. 83-92 (in Korean).

Krohling, R. A., and Campanharo, V. C. (2011). “Fuzzy TOPSIS
for group decision making: A Case Study for Accidents with Oil
Spill in the Sea.” Expert Systems with Applications, Vol. 38, pp.
4190-4197.

Levy, J. K., Hartmann, J., Li, K. W., An, Y., and Asgary, A. (2007).
“Multi-criteria decision support systems for flood hazard
mitigation and emergency response in urban watersheds.” Journal
of the American Water Resources Association, Vol. 43, No. 2,
346-358.

Lim, K., and Lee D. R. (2009). The spatial MCDA approach for
evaluating flood damage reduction alternatives. KSCE Journal
of Civil Engineering, Vol. 13, No. 5, pp. 359-369 (in Korean).

Mamdani, E. H., and Assilian, S. (1975). “An experiment in linguistic
synthesis with a fuzzy logic controller.” International Journal of
Man-Machine Studies, Vol. 7, No. 1, pp. 1-13.

Markropoulos, C. K., and Butler, D. (2006). “Spatial ordered weighted
averaging: Incorporating Spatially Variable Attitude Towards
Risk in Spatial Multi-Criteria Decision Making.” Environmental
Modelling and Software, Vol. 21, pp. 69-84.

Raj, P. A., and Kumar, D. N. (1998). “Ranking multi-criterion river
basin planning alternatives using fuzzy numbers.” Fuzzy Sets and

926  Journal of the Korean Society of Civil Engineers

Fuzzy ©1% SAE7IMe) A8

Systems, Vol. 100, pp. 89-99.

Raju, K. S., Duckstein, L., and Arondel, C. (2000). “Multicriterion
analysis for sustainable water resources planning: A Case Study
in Spain.” Water Resources Management, Vol. 14, pp. 435-456.

Saaty, T. L. (1980). The analytic hierarchy process, McGraw-Hill,
New York, NY, USA.

SoltanPanah, H., Farughi, H., and Heshami, S. (2011). “Ranking
repair and maintenance projects of large bridges in Kurdestan
province using fuzzy TOPSIS method.” Journal of American
Science, Vol. 7, No. 6, pp. 227-223.

Srdjevic, B., Medeiros, Y. D. P., and Faria, A. S. (2004). “An objective
multi-criteria evaluation of water management scenarios.” Water
Resources Management, Vol. 18, pp. 35-54.

Yazdani, M., Alidoosti, A., and Basiri, M. H. (2012). “Risk analysis
for critical infrastructures using fuzzy topsis.” Journal of Manage-
ment Research, Vol. 4, No. 1, pp. 1-19.

Yi, C. S., Choi, S. A., Shim, M. P., Kim, H. S. (2005). “Multi-criteria
decision making model for flood control project 2. selection of
most preferable alternative and determination of investment
priorities.” KSCE Journal of Civil Engineering, Vol. 25, No. 5B,
pp. 347-354 (in Korean).

Zadeh, L. A. (1965). “Fuzzy sets.” Information and Control, Vol. 8,
pp. 338-353.

Zardari, N. H., Cordery, 1., and Sharma, A. (2010). “An objective
multiattribute analysis approach for allocation of scarce irriga-
tion water resources.” Journal of the American Water Resources
Association, Vol. 46, No. 2, pp. 412-428.

Zhao, R., and Govind, R. (1991). Algebraic characteristics of
extended fuzzy number, Information Science, 54, pp. 103-130.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


