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Abstract

Conventional MCDA techniques have been used in the field of water resources in the past. A GIS can
offer an effective spatial data—handling tool that can enhance water resources modeling through interfaces
with sophisticated models. However, GIS systems have a limited capability as far as the analysis of the
value structure is concerned. The MCDA techniques provide the tools for aggregating the geographical data
and the decision maker’s preferences into a one-dimensional value for analyzing alternative decisions. In
other words, the MCDA allows multiple criteria to be used in deciding upon the best alternatives. The
combination of GIS and MCDA capabilities is of critical importance in spatial multi—criteria analysis. The
advantage of having spatial data is that it allows the consideration of the unique characteristics at every
point. The purpose of this study is to identify, review, and evaluate the performance of a number of
conventional MCDA techniques for integration with GIS. Even though there are a number of techniques
which have been applied in many fields, this study will only consider the techniques that have been applied
in floodplain decision—making problems. Two different methods for multi—criteria evaluation were selected
to be integrated with GIS. These two algorithms are Compromise Programming (CP), Spatial Compromise
Programming (SCP). The target region for a demonstration application of the methodology was the Suyoung
River Basin in Korea.

Keywords : GIS, MCDA, flood damage, compromise programming, spatial compromise programming, fuzzy

e X

5221 T2 AP (Multi-Criteria Decision Analysis, MCDA)7 12 B4 tjotS 77| oA A A B9
Ao ool whet Frtete] f-9 dytel A HA oickS: Ak vl o] E&A 0= AMSHE 7otk sHARE EH
HEE AT 7 Hdutell 2 rbAA AEE 97 S5 S Qe 3 RsAS AAH R sotd
UE s AgS W ok o]e} TSt HAURE AGA A 2FEAA (GIS)] 482 A&t Aeet JrE

o >

Faha, FAHe AL oplslE B Adnt FelHel 4919 o8 R whE 52 FAshe] Y 714 Hopel
T"?__‘ A

7Faat AT dxtse] AR lN e 4E ARE

il
oH
S
Mz
H
oft
Ru)
Bt
N
>,
et
s
s
2
0%
of
_O|L
rr

* AR, =L EAL Kwater A7 AP A4 (e-mail: okaylim@kwater.or.kr)
Corresponding Author, Senior Researcher, Korea Institute of Water and Environment, K-Water, Daejeon, Korea
= A A FAL K-water A7 915-A79 (e-mail: kjoocheol@kwater.or.kr)
Post-Doctor, Korea Institute of Water and Environment, K-Water, Daejeon, Korea
o F A FAE K-water 979 AU AT9 (e-mail: ehhwnag@kwater.or.kr)
Senior Researcher, Korea Institute of Water and Environment, K-Water, Daejeon, Korea
ok P A A FAE Kowater A7 A7 (e-mail: Isu@kwater.or.kr)
Senior Researcher, Korea Institute of Water and Environment, K-Water, Daejeon, Korea

W44k 1258 20114 12H 1015



el B 9] ATE AeofA, TGS AW NAYE AT+ T ok

£ AFAME T5F &4 okl A GIS9H MCDA 719
o] 1Al MCDA7|H

o
(¢
o
4
By
S
e
o
o

ol e I E o] 52 HA
2 A E HBA = FES O]k SolA HA ks &
ks A0S A= ohE JRHA
¥} oA AR ALY A w7t E3EE 53 oA
o] e Hh

MCDA (Multi-Criteria Decision Analysis) 7182 %
Hek AR g digk SRR 48d 5 7] o
ol FRHIAIE ] FobollA] EEAQ 7IHoE i
7hE o] $iT. TX}"LT':O}:OH}\-]E w3 Helghe] o
2 A=A MCDA 712! CP (Compromise Program-
ming, ASAGH)7IHol FARANL Fe] Fofell A
de] AREE AL dth MCDAS] A #of A&
AR g3 2ok 94 =99 A5 Kane et al. (199
2 Aol Ak Aol thsoAbAd 2]
KSIM A28t} Dauer and Krueger (1980)= A3 %
ol F-ollA] data} TazdTH, I7sH Alolo A
wrEoll7] 913 HEA W (Goal Programming)
g3t SRS Agsts o, AeAde] 4
auxe et al. (1979)7} Z22]3¥1o}5= Shasta A5+] &
A AlgHS ARt A wH g s
T 5 A &40 Haslel AR HE Hojs)
#sk= | MCDA7IWE ARE-38H3ith Novoa and
Halff (1977)= o7 A& FstA] &= B-5olA5H st
SN FALAT DEk ] AR S )] o] 2=
Z M9 SHA A S Hrkekdtt 8719 titAlI g =
= Wrksta =& a7l s 7@ (weighted
average method)©] AFEE Ao} F742 E3E o] o] dA
aefekA] eal HA] A el gk it ghs ZHE"“B‘P’%
hS FrbeR Bl Hteo] =9 AFAlE ] A
T} 74, Askret 34, st T ohde ¢ }1
Hob=ollAl MCDA7WH ol o]-85 il 3l Aok =

b

> o

mt 4 o2 o mo ofw
JZi 2 4

=2 flo

1016

& AFEF

3 MCDA”Z®)3ste] &3]3 A2 Hr1S

H

%1 CP (Compromise Programming)®} SCP (Spatial Compromising
Programming) 7% -85 913 4t 797 9l gk AHATE
o GIS¢} A3 SCP7IW& e AXAIF 9] S5
AQAAEANAl AAE 5 AT

Fato] 2842 WA A% CPM e g 7

oZ:

24l Hokoll ) MCDA 7o) =24l A golu} 245}
2 e k8] Aok At
ek vkt ok gl a9l (2000, 2001,

T, AR
TR EY geH SRR B9 FeN 24yl
A5o] FaAEA HEA} 9817 (2000 MAUT

(Multi-Attribute Utility Theory, &4 2-83H%)7]
H3} PROMETHEE-TI7|H-& o] &3to] X4k 1193}
Al 25 #AT8FA AL, BHeld (2002)
Hierarchy Process, Al53t A1H)7IHES o] 83t 3
Aol ToEE Wrtskaith d=dATd
HIEFd AL S 918 Tt A e Aol
71Hs &85kt Tt o]aizﬂg} A3 (2002)2
7ol o8 7] Sl A9 E AR ST ©
Ad =dle] 4 AHP7]HJ°] FE AR
T dom, o} AR Akl Eoke] ol
olle] wholu thnA AA 7Y &
g o) A o] WRlo] AREE AL

BT, S F A7) FEH oA
S pVAR=

b}

o
filo
1

xo K
¥
O []10

2
S~

He
e

e 2o
o o
o

= o
o= &R

O
—

AL 9

&

2 rlo

N

>
X
2

)
JHT %0,
)
a
r‘O
—1> J
_>,i
ro,
B
o
P
1)
_lZi
=
2
2
>
il
4o O
rot

-

2] it 7|58 a8k 94/\}7%4& o} ah= Ak
A sk vk weba] olE gk AEEE
NFENA A ) YeteS 2 o]2 AAs] Y8
HEo] thsoAbd g 7o)k ARt

= A AE FYs

9 R geulo] e At vl
L | EA A A7 H )

GISE] B2 7152 olgsto] thyd TR S

BEKERBEMNE



E2 HAZFANA At ES g HS A
skoith gk 919 JiES AREste]l SR o Adolgh
HA sarolg A Uiste] AAEH T

GIS (Geographical Information System)= 2JAFZ Ao
dag 4RE Y] S8l 245 R A, A%, &

2l 9 Aok Ae B X9k Agne A2
l S1AE vehaL, 54 A3le] A2A A9 b A
22 g1x]oke] TP R wA|, = A Aol B A
& AR 9lo] GISE ol &sto] oAb AS 913 713
A ARE 752 5 ok (HA, 1999). ¥, GIS
ol M= Aragate AF3e] Aeg sfdatA £
ah= TS AU AL 7] wel] A8t gt 2=
3 olF g S WA A HEAS e sha vk
=, GISE AZEAES 3ol xdsta 2 detss
wasl) 5= ool o, oardAel S VA=
WSl BAE BAEA Rett

SAtE ol 7Hs g ke S APddte] WhE dijkE
S Hlal-grigte mA HH o) weks Addehs T4
(dynamic process)oletal & <= It} B2 FH| &

T FollA 2 ARE FASE o dehks JRE
Azt AsE Bhs Iy Theshs dule] e Sl 9

3

N

= BEE DAdslaal w3 ol oapAAe] i
(multi-ohjective)o] At T} 1% (multi—criteria) ! o 2JA}
ARl gL gS olHAXA Ak oleldt oaraAe)

AL EUEAE T AR TR 544

4

w s Aol =24 ko] Basi). o Ag there
el g0 ] A3 Yol MDA 7Y

)

B tgk o] =71 WA A4 vk
oA 54 MCDA 7I1%¥ GISe] Al upe

MCDAE theFsh & °lf°ﬂ A

ER P ack oo} st AT
5w A EA A

44t H125% 20119 121

9 AT AAAEE AT A 9T B
o Be AT A} wasn gk A2 Fof Fetel

2 WG] 98 tEAAER NS 488 At
S gk el felueke] B4l Agae) e
A BAe AR sl Aol T olAa
ol BAHOR 21WE 3 Yk IAN HEHA A
M7\ FAAE AR iR WEe] A3 flel, ARl
AR 2A 0] Aol vlg-Ae) WS T SH29) 2
Aol AgEIE SHor, ol Fe] SR IEAAE
A, BUA, AR Bohele] BUAEE mEela,
ol 93l ApAe] T $H9E AHHES B9
ou HOIHAR) SIF A

Fe ZHo] EA59)

2.1 ch7|&E2 A2 "7|'H (MCDA)

MCDA® o#l Ao FHAdiehs st & wff =
aEsfof g o] 7]Eo] FEete] SArAA o] HA &
735-oll m=]ui3} (nondominated solution)2] Fgte]gh=
Mas =9ste] HAueks ohfli= 7ot H]=]u|
gk ojwl ZA| 9] F|7} ok ol oA E A=A e
o, o]Z vR|ujel = 9| E (pareto) Ao ot
(o] A&7+ L*%"é 2007). MCDA+= 543 Sl th7]
erﬂi/ﬂ HHE ool wet o

2 54518 & v} (Goicoechea et
al,. 192): (a) =12 éﬂi(OutIanking Techniques); (b) ©F
47 1% (MAUT, Multi-Attribute Utility Techniques);
(o) FelAI

cHE2Y7E

¥ (Mathematical Programming Techniques).
rﬂo]- /] »y]_o]L} o= ];HO]-oﬂ 74;] ;dxlj
Q1 Hla7p A e8] wiitel wlolEmlo]~e] et B
AR] GA7 S, 4ol B9 olele §42 47
Hoz waaHelA €. MAUT /e she] 714
7L Qg degt AR o Y FIHEe o F

1017



A Hol H34ek A
o] F-=3heh wheba] ols K
S| oﬂl: sl ?grg}.;q 0}
MCDAE &4 ‘jxﬂoﬂ sl o] 7o ZAA o)
Qteol tidt Aol =M E AASAY shtel 24 digh
glal= ol 1t 7kEs E ARE 7HA
FE Aol A HA ekl AR HA = F1te 7]
2420 Hre} oabAAHAte] A il gt
EAI,

o, oX
4
oM.
—10
‘O,
>
=
(e}
e
)
il
=5
[4_82
ol
rir

oo, rlr mlo rf

il

%
z:,’l_
3% (preferences) =

2.1.1 Compromise Programming (CP, E&HA|
)

Zeleny (1973)7} 7§23 CP
g ol &= FElAE ]‘?ﬁii ALH s 7zt
o)de] AA| & o] Folx £
= HAIE sAsk] #1814 ol Ak WA=
o] AREE = A 3kel 7)ol g MCDAVAol 4§
= B3 MY SA A AHEEHA AREE S
Z& 7P o7 o)Ak (ideal solution)oll 7H4 =43} )
st S8 AR EE A5y 52 o)kt
o g 5 k. FEAIF 7 HS it
2 AA AN 2 ATe] A5 olhkd

M ot oM
ﬂ

X= {xl,xQ,.,.,zk} (1)

TE goke poe] &4 o8 4 Xojdria g
W, kWA ek (3 AL Eq. (209} o] 7%t

Xk:(l’]f,mg,...,zi) k=1,..K (2)

SJ71A, 2F e kA Azte] Al 4
A é—*u RE ARt go= ol%ﬂﬁ H
Eq. (33 #Zo] 2= Z+ AAp7t 7k £42 24

A3 715 F, ol el W o7t A%
o ouf EA ] HH S o) st 2 ARt
7 EAQ 2,719 Aol B HAndels A2 B A

A Ea. (4)

T

A0 ZA = nle H7W1E mole] dijkER
T E ZA N AYAFA (DM)E T3] A7k &4
ot}

X, :<$},,zf) 3
1018

7fz“j
—f

o] 1/p
} )

.
e pfi
= sz’ *

i=1 | f;

o714, DM= iRA digke] o] 4 A3 o o] 7

E @b, w,e WA Bl digk T o,
fie g9A dige] B8R iR Ar1ER ol f]
= A E7lEdl gk oA FH A (the most
optimal value)o|™, f; &= A F7}7]50l thak o] 44
%42 (the least optimal value)™, p(1 < p < o0)E A
FEFEA 1614 T 7] FoJ Rk pak o)A A
A3 2F gieizke] AglE Skt vdetl 482
Ak i=1, 0 7P 2L j=1, mS iRk
(S Ri=

SAAARAAE Eg. (4)°] 7 H7pleEe] 8%
of wl 7hEAE FolatA Hrt pakd o] oz
=SiHak F8445 vehd7] 918 AR8-E v (Romero and
Rehman, 2003). ©]&]3}F CP 712 —%7]— A z85E A
o] aatA il T R o] wisfFE] gk ARt
o7 o] AEE WA g o] A Foke] a4
ol Al wol 8% vk 53] CP= 732 A
2l tiRFE=RE HA ] dFslE 2= AAdA 2E
o= o]8= 4 v (Nirupama and Simonovic, 2002;
Zeleny, 1973, 1974).

*0‘} J%E Nirupama and Simonovic (2002)+= CP 7|'H 9]
B &g Al He=W CP VMo R 73 4 o
SR SAAS 7t A o Aol gk etk

AR5E AR M 5 UL AR

R

[o 2 o
b rlo

2.1.2 Spatial Compromise Programming (SCP,

SUEABAHEY)

3 MCDA7I'H<! CP71ol xZ3hs
A7)sE0] F7kel whel wMaet

A EA 2 7§—°r H]?ﬂ A< 7Hg ot}
an = CP 7|9¥
A3 Thekek EH?}T?_‘ o digt 7IEFkEC]

Zb= 34 WS s flste] A=Ak SCP
(Spatial Compromise Programming, &7+& &4 &%)
712 ok vEE flste] WUt 71 AR " IR
wstel] whE 2tg 7t F sk olefg ARES AMAA
o] Q3 74 AHE A== GIS 2 MCDA 7|
o e} 7k 2 AElEh & SCP 7He] 8 §4o=
= Al A HA gk A Al aFElof & o7 7t

r.“é 4 ol

[oN
w
2§ -
i 5
-
%‘i

BEKERBEMNE



o Mz

=

=

[e)
oA

T

kL

7)%2)
qerasl 705
7} o]ef] tf

mEIT
Coa ®
Mﬂmmﬂﬁuﬂwﬂlo
M?%Q%M%?ﬂo
= r ; —_—
ﬂbﬂwﬂmoq%f@ﬁﬂﬁeV?
o ﬂ.ﬂxﬁurmdﬂbrm_%mroﬂt?lﬂ
o : 7.1.!. o] )
Nro‘,lqﬂo‘nm\uﬂioﬁo% LWIrﬂ‘,HEF‘.%ﬁA},.{.‘_%E —
quonIu DZLW6L0M03TZO T "
G+ mﬂ,##Guuuﬂ_Eaaﬁea iﬂawmoga
%@ﬁmﬁmﬁ%ifﬂﬂ@%ﬂr% ol ﬁ%wl
ﬁ@nlo%zﬂ.owuiﬂ&rﬂwﬂ? mwlo]zﬂMoﬂA
wﬂﬂwm#%vwa%gw@ Q%XEGM% i
oﬂoﬁlé>gA{¢.EH & Elrogz.ﬂds =
u.?ﬂﬁﬂ%%ﬁﬂbzobﬂa?ﬂ% E_aﬂolﬁoao;ﬂ Rl =
RS g1geﬂ1§am4ulgﬁjoni_f < 7 7
%%w@idwgﬂaLﬂ%gwaan@&% 3 T
u%“&rn%mtu%%#@ﬁ{%ﬁ;ormﬂiioiﬁr 2 %%@
ﬂm% ujemo%ﬁ@mﬂau;oﬂ ﬂﬂ_fiﬂg% - W S
1MDqﬂmL.mEm aaziﬂ%ﬂm%;}@% %0 Tl o Ll
° RO —— T N ~ ‘Wu __001 fory 0% 7l N m N I~ 1% 1 _A_._u — % Lﬂﬂ
]Cé;oo nJL,wrozoEoﬁaoL}éawd. LUﬂuuu# N Zﬂﬁn i oldms;o
%ﬁMﬂr%drmoHa.eajﬁd'mﬂ?ahuliﬂ)éi Ho _yfAio o ﬂOtM%Aﬂn w
ﬁ@ﬂo_aﬂm% .}ﬂnw%%A%ﬂgwﬂ%;m i > 5 4 o ﬂﬁ1m_zr T
E%@z(@ﬂbdﬁae»@l@.@&ﬂliﬂ = wanva = ﬂeﬁoﬂlo :
ﬁaﬂﬂ7o1rmﬂ ﬂmMo.nE_ﬁﬁe% ,ﬁ@ - - oA o zﬁmﬁdu.ld oy
o P N 2y e K 3 i <o oy = - ®° op il ok 3 o o
w Lamﬂ%ﬁbw ﬂanmo@ﬁlﬂ,nznﬁ% 3 43@ s LO)OMﬂu% i
AT oéweugm@m%uﬂwwﬂﬁ o TR 5 l.%mmg4 .
mﬂwgo%mﬂ aummmollza(mﬂ&;ldr.ﬁoﬂ H aa@ua l Ur.g;oﬂﬁo ol
ﬁ%%mn 5 xsy%mwaggkm oy s ATa®%@w =
ey g i e ) o RS 5 o _% 7l = W 2, + I &% n =< 0 nmm
TR R hgeaa_ﬂ N ur1hl, o HgEyJ of og7§@ x
}@ﬂ@@ == TETE g_ﬁ_av@q S ﬂgzw g % %g%mfﬁrﬁ
‘WLEV‘A Lﬂor% ;O‘LF‘HI 7M‘MMI‘UI 3_ T_IG‘WLX _ m._n OWM._VNH._E#' 17A
ﬂﬂGO,Mﬂ N Eeﬁoﬁeﬁoxl —~ w5 0 M.lﬂ_rmﬂ 5] <0 o ° 1r1ﬂy|0Mﬂ4_ou
ﬁaqqe omﬂﬂm#ﬁ.ﬁaﬁawﬁ = ° TR o =T onwﬂéﬁ )
L%%%M o & e s . o HZ;E% wmo- mﬂoe%%mk
s B 7Eﬂ%mq}§sQ G I=w a - ®8x B A
sETIuE ﬂamaﬂg%l : S LM¢kW%W%
W%dr.m_lx. Qﬁ?@@@%@ = 1% W E iy e @ﬂ%mvoﬁp%wﬂ
mQWM% %w@?%%qq — =3 AT EE gWM%QW%
= ﬂW, hm Ho :ﬁ ﬂﬂ o ) wp eﬁ OT = 19 > ﬁW B ﬁ LT w B Wﬂ _6* HM P - %W ~5
= oH o % ,Moqs ~ 5, B e ﬁ7Lﬂ_1m OMkEeLI < A ]7
AeMothmao»o:ﬂqunIumrﬂEd fuma ox mxio,mﬂw_qlloomﬂ7ﬂ ,Eomﬁdo
;oomm%#ﬂoﬁqwﬁzﬂum s 2T aaﬂo%Wﬂ@ﬂ@M@ 27
ﬂﬂﬂ7ﬁ§ﬂﬂﬁo_ﬂﬁcq® | 2 N Niogur @o%ﬁemﬂ_l/ﬂm
wwf@m%gﬁﬂgleﬂ< g C ko:o1giorﬂﬁofov T F
]WITSJ;H Em ﬂmﬁ v )f m,ﬂ 7anoﬂ_rﬂo‘mwﬂlﬁ0ﬂmo K ~ = =
%%m@womngﬂwﬁwm £ s %?ﬁ@mﬂy@%gﬁ% mmaaa
_mﬁﬁﬂJmmﬂﬁﬁﬂmcoxwwwmﬁ Ral Sy )4MoweemﬁﬂAﬂﬂohﬁo ﬂz%wq
faﬁiﬁﬁamﬁa ﬂgaurmxﬂ PR 2 ® gﬁﬂgoﬂgmﬂ@éo% a.ﬁe,@wﬂ
Mo z}P%ﬂﬁglﬁeﬂo I : 5 unu?oﬂo@ W E T W hmm
T T Q - T J O ) }#Luei o <
< o 5 0| > I oy = s = = i il o o o o
qﬂs@@ﬁow@ﬂ%_? = a@qﬁmémm_nﬂwoﬂ%wm mo@?%ﬂ
i+ X o LW = %4}501Hi ! X Gl
aﬂ%am@ : 14%;@gyg@omﬁwﬂgw HE
oerﬂ_. B I by X X o je%dﬂg.e Hr on _ﬂa]r‘_f I
WOW o x%% RO tﬂ@ﬂ%gwﬂnﬂwk»w@ @mﬁawLﬂmM
=T aaaﬁﬂfﬂ;ogﬁow;m%h gﬁﬂo_&r@
ﬂ‘fi K dh‘_f@o}il]ge%éo ﬂ%mﬂudo
@b,@ 2#5%&%&8%%@&? %ﬂma%%
o %ﬂoemﬁoﬂ%tqiwae)mﬂa%ﬁﬂ
‘_Tﬂmo»JMWﬂ.,rﬂmeE‘mMﬂ%7duﬂoam
T ﬂ]ﬂ 5 QH%IE%EN&]
Hweﬂﬂﬂ1plﬂohuoﬁ1ﬂoéﬂommﬂo
7m¢§ﬁw%ou%mmﬂo_@m§ﬁ€ﬂoa
@u%wvuﬂw o Mloﬁfr
OMWEW@,Vdr.Aﬂr
E1Eq1ﬂ1
° Naofuo
aaur}ﬂ_.
ufmdn

1019

g 20114 12)]

o

n

i/

4% 5§12



(a) Map showing the study area (the Suyoung River Basin) (b) Model schematic for the Suyoung River Basin
Fig. 1. The View of Suyoung River Basin in Korea

(b) Computing water surface profile using HEC-RAS
?‘

(¢) Floodplain delineation overlaying various layers (d) View of flood-affected areas based upon a 100yr
using HEC-GeoRAS Flood

Fig. 2. Hydraulic and Hydrologic Data Development
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Table 1. Calculated Flow Characteristics Including Design Floods, Time to Peak by Location and Basin Information

. . . Suyoung River
Data Duration Return Heoidong Dam | Sukdaechun Joint | Onchunchun Joint Downstream
Series Period
Q,(cms) | T,(cms) | @,(cms) | 7,(cms) | @ (cms) | T,(cms) | @,(cms) | 7,(cms)
10-yr 512.6 742 682.2 7.25 1034.5 7.00 1071.9 7.00
20-yr 642.5 7.25 849.7 717 1280.9 6.83 1325.3 6.92
Annual o ol s0oyr | 8175 | 708 | 10763 | 700 | 16144 | 675 | 16688 | 675
maximum
100-yr 956.2 7.00 1254.7 6.92 1876.3 6.67 1940.4 6.75
200-yr | 1100.0 6.92 1439.2 6.92 2115.9 6.67 2190.1 6.58
Basin characteristics HD J3 J4 J5
Watershed area A (km”) 99.84 128.05 192.14 199.60
Channel length L (km) 20.54 23.70 27.83 29.54
Channel slope S (H/L) 0.0341 0.0301 0.0257 0.0243
Effective basin width A/L (km) 4.8606 5.4015 6.9039 6.7554
Form factor A/L’ 0.2366 0.2278 0.2481 0.2286
CN (AMC-IID) 75.87 77.04 79.82 80.27
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Table 2. Comparison of Actual Flood and Simulation (Standard metrics)

Area Peak Discharge (m®/s) Inundated Area (km?)
1991 Gladys Simulation 1991 Gladys Simulation
Geumsa 924.3 957.0 0.65 0.60
Banyeo 1190.7 1255.6 0.88 0.75
Table 3. Submerged Area—damage Relationships for Small Town (Unit: million, Aa)
Area type Type Constant Submerged area term Fitness
Building 0.55283 0.182.5* 0.52
Agriculture 0.63246 0.150.5 0.50
Small Town
Public facility 0.85311 0.060.5* 0.45
Etc 0.12471 0.356.5% 0.54

1. S=Submerged area (ha) divided by average submerged area for each area type (ha)
2. Average submerged area (ha): Big city 875.3, Mid-sized city 303.0, Garden city 1,001.4, Rural area 761.2, Mountain area
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Pumping:

To install pumping
facilities to drain the
flood water

Channelization:

A stream
channelizationmay
be undertakenasa
flood control
measures

Building Levees:
Traditional engineering
tools for controlling
floods

Combination:
Combination of
channelizationand
pumping

‘—@

/Flood Damage

Reduction
~_ Alternatives

No action:
To leave the floodplain
area as it is with no
additional action

Fig. 6. Defining the Flood Damage Reduction Alternatives
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.
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waorst values from each GIS image)

.

| Apply MCDA techniques(CP, SCP)

Examine the rankings of the alternatives

Fig. 7. The Framework for the Multi-Criteria
Decision Analysis
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