WA Olis) b oylad 88 by sles YT Il ames (555000 5 5 Wl oo aloes
WAIYE 1 5 i AWAAY /YA 5o

(A R

‘gANP (5“&5‘9)“(54?.\?.}:’;;9% QM’ ‘5|ﬁ w\m ‘5\.&4&}“@'
u¢l§§ﬁ S d SS90 adlas GIS .]a.:?ujb ) 4...;.'&4

Ot Ol e (Ol g oSl ¢ sy (s aal 5 Ll i Sl 23l K o i

#0l ol Ol g ‘Q\J_gjalf_i.'«l:g&l:_wwéﬂj Al 5 Ll a6, 585 (o Ll (g —al e >

O it ol & O 5 oK 2315 g3 5l e \ 5l b 55 e >~ A >en

o] 50 & ol el e A2yl 5,18 L b 4.
Ol (Ol g O g o8l 5 a e (55 Al (5S> Sl o, iy
S
sgdme Jale S Olse an Of 5555 e O pims SCiaas 5 Sis bl o Ol 5558 5l Glodes i

s o eblae ol o3 T3S 5 e Slacd e sy ol o slacd 4 bl ol s 2 slaclab oS
s Ll OF 31 (630 5 Dl 5l () e 31l S OO sy S e Sl | Lo
U B PNV PP VIRER U 3% N N [ P P T U LV Wy
3 el DLl s Gl L U el s st ol 50 ) ol Sl O s gl b i e
S s e S Slles Gl gl Lo o o Smlis dMCDMD) o jlaed i (5 S el SLlp ot
ol ¢ iy (ol S i IS S el L A glmesls sl G pdite i s plobis Lo OLKL S
S3Leslal GIS Laos 3 caallae 35 5 acilain = 2S5 (S5 5 (55 58550555 (JLASH kil Bl (5 lS b
Super J1yle 5 53 4 e sla WIS 055 5 slame ;8 O35 oSS 4 o ammlis SANP g, sl esliad by 45 8

Slesli el s e A § Gl OO a5 (8l s sdiee (slols s das 4l e 55 .S 4 wlee Decision
Glaald G-l L acnly 5o lvasg ol e Sl 51 S5 o Gl oo | S GIS s ol
At g il U b SLLS 1 S iy s ol i ANP i 5l ST 03 el edd gy
Qos 55155 slasig 5o clel Ladlssul o a4y ddi ()= b SULS Gblis 5 5l 0L Joasgy ool bt
e led S a5l o pn V) i meS ot L SOl e 5 el (S50 5 55 sl 5 Qg 5 QF
en Od 1,0 5l S aS @3 S 1,5 o s e 35 e S Sl eslinad U i, ol 1 ol =k
3GIS L 54l ;s MCDM (sl s,y (6,8 5LS ams 0330 Lise Culy ‘wbi)'uLS e o sl gla las
el Ol 5l o gme 055 gl s Glaas o LLOKG Ll
OEL S GIS ANP. > 55 anlis o] e oo (M 15 1S (slao3l

sdas S )l Cudgdome SO Ol 4 ol e dedds —\
o e ol el s Bl e g s i sl Wl ml Gble 5l 6ol 5

=4S e oldles ol ool e jlad b e o o3l 3, 50 o e Lg

email: nasirih@ut.ac.ir CAYALYVVE L 1 g fos ki 45°



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

\E23

ol e Y s s p b8 L plasls
.(O’Hare et al., 1986)
Gl malis slaas o Sl a5 Ll
Jelss 53,5 i s p e D Sy
s S S sa =gl s ol eod s

el Slp i Sl el oy,
sl gl Lo 0T 5ils 5 (GIS) Llsl 2
s 33,5 oo gy lae el 5 e
o= 534S (SDSS) sl LS)'\-«AM sty
oo 5l il 545 e esli ol OF 5 Ghow
ol i DMl SLagt s 5 5 el S
el Slas 53 G 5 pde e
s ) .ssj_fj_?md:_wb cl_:;‘\_:.l_"jb
Slaos gl e oy e > o Ly o omaa (\YAV
iy s S byl 4S5 e sla i,
) eslil (b es el e Ut Uy Lol 5 035
bl Sledbl Lot oo 5l o
B LSJ—fgw*—@ Sl
A g s ¢ el 5 S5, Sy Ly (MCDM)!

Glaiw e JLOLSe Lol p o 1) age ik

Gl Cu e s OO sy b
Al Ll fe 25
slacl S s5,5liS glacles ol
ol =S 5 OLL S ailaie 53 e
Cpotl 5t St (150 5l S ) il
..U'LMJ_A)&JT T2 adane ol 5, g_.)T
2 a8 s L Gl o
bl glaa oo e 53 s LU cl sus

L Multiple Criteria Decision Making

s S o Ol s o mle e w5 )
U P B UL ORI NP N O 3 S JC
o 4 Ol doys Yo s> 44 25 GV
Lals 5 Labdl an 55,5 L SLeSU slacdn
Foltz, 2002, ) 5350 0 O > 3

.(Mohammadnia and Kowsar, 2003
S Gledas s Bl Lyl s o ) e
7l esdle bl ool G Shs 5l a5
o (S-S 5 Sl 1 3D S,
g3 4 oS ol s cas b el
s S) 20, S e el Jla s Gl
Laolssul o5 = oM i (Y000 oy S
ol i L0l sl o ian 4 I e
)l_é_n Ls‘j_’ g_,_ml.m LEJ”:‘J:_"’" A_i_: mx_.;
ot S e 5 (S L ablie e
3550 Sl an T mlis oy s (6l ol
Aol gl gl sla iy, ((ASCE, 2001)
o=l ke 31Dl anw g e s slac]
o 4 a5 g am Olp e LA iSO
4 (Oakford, 1985) s, o ,L_2 (s B
S 3 S e s A8 b
LlaSisS o e 1Sy o Tesle (o 4 sa



Vg0 ..GIS Lkow 4 T3] 4wglie 9 ANP 6\.&&}4“3?&364.1\;‘,3‘;9};@& PORES Sl el 6“‘“’}’0‘:‘:‘-"&

5 del 5 A o,3 0 3 S b el
Lo &l (555158 sloaniy

3 eslial L (V44A) (63 s 5 b5l
sl il 5o 5l Sl (555l
(AS Sty (oLl S ke
L Ll Gl 5 il 5 (85558050535
ShLe i asle SLeSbl slaaY L
e el o san 108 6l ks
A S e s s Rl Lsle e b s
L g e

Slesl Wl Lo (Yo ) OLL S 5 (5505
5 elblrr Sledbl s 0 5l Sl
i g elin GbLie MCDM (slaS_iSs
obades adlane )3 1y e s sl o s
e ns Sl LT s el e
3 G555 55 (iSRS et LS LB
S S Cfl_‘ Ailes gl eslin ) wbls s
53 GIS Uy Gails 53 MCDM LSS IS
Slal # e 3 o) ol Gble s
RGN EWVESTS

Seslit L (Y00 0) 0L, San 5 Ol unpd
e 5 bl rr DL eSbl gl aill
slaaY 5,5 L 5 (DSS) e Sl
GO SV -V WO SV S| WP, V%
Sble Oyl (KT o i 5 Ol oS
s Sl o pean i Gl ) el
o=l s A0 sed nd Olgiol A aaie 3

laa iy o s Vr sl > aS sl QLGS G

. saraf & Choudhury
°~ West Medinipur

S e 5 e S Sl ¢l
aibe 53 Ol by doa 5l dlacMw 5l o s llas
clas i a5 U s sl e 4 6,8 50
SLOLSG e S ol s el Ol
oy Slkes Gl Gl sl glras o
N Sore L L OKLS ety 5 O
o al b oLl aer Sledlbl slagi
sy s alie Sig5 5 (ANP) A

sl

G Al Y

i sl b bl (glaigy & 5o
Looler 5 Ol os (memd s sl o s
iy lapi 5 053 5l w5l esli
Sl ot L il 55 (S e
Ll )t a8 4 S ol Jladond il
Tl ol 6als Cfi RS

5088 ol Sea 5 gygebiy S

bl glag ¢l ~GIS 5 5 5l e
03 i Sl 8 s 15 Sl el
T delsr i S L A o ol
(b gl oS SIS sl
sl oLl 5 035 ad il 5 (81,5
seddeals olantl iy Jelse 5SS e a
—ao,e et Sledbl gla Y ol 5ol L
o=l s el ol S ol culis sloa

wbduufduswowM

L Analytic Network processes
2 .
- Krishnamurthy



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

Ve

L) gl e 5355 s 4 | i 8 6
Alos gad 4l J 28 glaalds L

31 sl L (AY) 0L San 5 o> b
slaslre gl = (ANP) Gl s s ol b
5 Slthes 5 oslaBl el (e
SlaOlSL GIS L il s e 03 ol i
LG gladilboy fille 35 ¢l b
JB LS 51 SUs s s s st
3 ol Ll ot 3 By (ol Js
sl Loy

Gl O s (WWAQ) DL San 5 3
Jbs dul B sy sl = 1) ol (s
S L sl S5 Sl esliul L oS
3,50 a5 oslasl (el gla el
S A e OLES Gk mlis L3ls 13 i
23 Lajlae 5 Lo ls Ol Sl 0 s«
g ol 58y e sl e sl
g dm 5L i sl 5 Laes ;S as
Q|J_Ej|a>u;_w\m_;wjv_ajl‘_}i"_~.»
m ANP ) mmen ol ol ls S
Jole bl 5 gl il s a5 bLs
Ol sy ol oy V¥ e LB Lslas

.MJ&

o sy 5 31pe T
gl il ol o IS i axdllas oyl s
s 00 I il GbLe Izl 48 o
dlast ediledl bl 5, = A Olles
s sl s ol Azt 523, 5 s

Q}:LJJJSL}_AWUW_MM&‘J_’

L;LACJ_ELS\J_:A_JLEAJJJ_AA_&EALSJJJSBJ
At ol OV A

S i 53 (Y0 V) LS 5 Ol s
o slaslae 3l esliul 5GIS (6, S,LS L

OV Sy CHNN S M B O ON W

Gl 8 il 55 Sl g pLS 5 by,
e e A5 Sl ) bl e
el Ol O el gLl sl
s e by el eslanul glaaY s gas
3 ol s s Gl Suse L 53U
Saeo 3 VY sl 4 S sl lis asdlas
Ao 3 A gl Yl s aalllas 5,50 4 U
el o i Slles (61 onlin T

GG L VA ULl 5 Ol
Slses 7S (8555850 55 et s el
S ol s s Sl (S
2l s ol ) e glada s
S 2 5 (L8 G (SLS e
e P AP I TR PP PR,
o g s ol 6l ) L (g5l 55510 )
Llo o

5l esla ol Ly (Yo A) Ol LS -@_;JT
Bl il it ea sl el
3PS Gy (gl 3k e
Site Gl el Glads o cns ] culbhs
e Joo ol s o L S
! Gl L Ll s 5l s GIS (6,51
o2l s s e B s L Y
b GlaglSe et (g5 sl ¢ LS gan



VeV GIS lazma 55 (g5 amalie gANP sla 29, 35 sl 5 8 gme 4385 6l e slaas o s

)Jjg;_.JaJ\_JcJ\JQL_JLJ\JL.Z)J&.:JLQ_J )Jeuasm\éu&j)jdj_ﬁ.]équ@
3 g 4 gl 25 4 el o el dul b (S b ety

e 4 4SS Sl ) el o e G

et Y o s (Sl e 2 il

W lonn 50 4Bds 8 2IOT oo

obs 28 dsb g 8 dlas e bl o
b las ole L alad g g L el Sl gl L Sadahomad} 8 el n sl LSl s
o T sl -
P L B e = Ut ol -
el St -7 Sipahigg] -7 i 1 T
) PURCY o 1
L
s 5313 & e palal
¥ ¥
Slns A Fla 258 Ll ek odg o=t
s Sy 4 S A ANP ouj e gl
; S dagma
bk Super Decision
¥
e T
5 o - L et gl RS A
b b L ERT SO ]
ANP T M aatall
ol

Y
e iy it 1 g i S 2 A2

GIS b o )lmaiiz (6,8 poonl (§Uapmmrs 3ol 51 03l b OV S50 ol lats 2 L0 Kl -y s

by il lags el gdadl Ll andlas 390 03 9 a0 — V-V
By o e i 655 3 OLOL S St slad b e Las 0LSL S 4l

ol o AV 1 s s Sl Sl 0n 4 Jls sla s, e 508 Lior g0/
OSle 5 ks YAYE 5 Y08 3 5 a4l s S LS VA s s YAV L LS YA

el 3 Kl s Yo O VL gLas Lo Lol edd Bl 5l d ed 52



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

VEA

Nb))}nﬁk&&g‘kb’.‘g&y@—YJﬁ

35 K ol adilane Lal sl gan s
godolor s asi Lt sl A das =l
SlLatlssul A 53 1y (5 %S s 45 o
DS el o5 ady 55,8l el S
L OLSSL S adae oLl g Cnbpe ¥ IS

Aas e OliS

e 230 gl ) bons —Y-Y
s S Gl A bl
50—y Sl past s O 51 (13 e 4
o Lol SIS gl 48 ds 555 ol
o plad Sl ol S e Jal e
Gl IS Sl Gos S a6l ol 5o
el Gla)ls a5 L Bl lags oo 1A
L0l s sl o i me 4y diS (Sape) 53 4B S
5ot Ol )8 05,8 Jlex ol b 5l sl
Aol sdan gy Lo QLS alor

S5 s b ) e OLSSL S A

L eSS ol Ol =l (= f s 03 03 2 ey
So Do an St o s L,
Ol 03 Sl el S el IS 63y 5 e A peS
Olysd ol ey a3 31 (g T ailae
Sl Ll g5 S eds s 5 Ul
ailain )3 bl e sl 5 o5 Oy
Al o s Olss gl Al oS
s e JS ) Al 5 s 0l wa S
Ly bl Sl ool s slaisl
oy g d 4SS A Y b g L5,
23 P e (e 5 oS3 by
e Al sdge 4 i Slaol ol LSis
s e Bl s 0L LS s
ooy 5555 ady 5, Al g0l
.,\_;mu_pJﬁi_:.J\)fLﬂQTcl_u s
S S YA spd > Js bosyjada 5p,aS i
das e 3505 i ) Sled s s



AFA ..GIS Lkow 4 T3] 4wglie 9 ANP 6\.&&}4“3?&364.1\;‘,3‘;9};@& PORES Sl el 6“‘“’}’0‘:‘:‘-"&

i Sal 5 el oiys lg pl ol OO
5 AT w5 sl 5 s 035 Ll
S5 sl b Sy 0l e ot
sl Yy ane dla e 4 o Ladl sl
L Sl s glansslo 5 (8o 5 2) lasls
Jlal o LB 5 Sl ool s )8
Gl ol L Gblis o tomen 5 A )ls (6 i
o Sl b Gl Ol e Ol
Chowdhury et al, ) L35 o O sz O
(2010

23 e Joelse O K S0 el s
bt e sl 138 s Ow iy
O e RUIT S i O O ]
53 s 2l s Ol Bl iy S
03 s Gilsn a5 ol 5 O
sy 53 058 L aS das e 0L st
i sl Ads 5 e T b o
4, s Sl il (S s
Gbla s sl slol slaclisle s ol
seas ol Ll 5o i S Ko Gas oS
el Ll 5l ol s o S
il o LET T, Jule

adbs Sl 6 lS a5l Bl 60
(St ol it gy ey L anlae 34
il e e 5 e 30sLES (T siosls
s 3 Sl slmel (sl
e ALS iy gl S el in ol
g Shls 4SS Ks ool 4 il
J=s i Dl 35 b o edls il e s

QUEEEWSJNS SO Y- WYV EED N G [P

“_)T < “é..< ‘L. -~ 5 d s >: LS)‘l fj,:_’,';u

(=2l G S (o Tl (il e
SR oS 5 S5 s e85 LS oL
B
A0S s i Jalpesl S i
slel 10 5 OO iy dats sl o o
23 ot sl P 4SSl o (e 2
21> G AisE s e dile el e S
ol 5 s Ol Sl el
7S et Dl o ol el
Krishnamurthy et al, ) o s —n,50 3

(1995

oRSia sl i ol cois
C.)L:)_w) é}pﬁj&w Jb_,a Q\)_:A socS
g_é)l_.m Ls‘j—’ k_a_..ﬂlﬁﬂ %)TW)))QJ‘H
ol a sl ad AS},« LA 5 oenlar ) ui
(TDS) St salusl 5 (EC) S, xS
sl 5l ams 5 eslal Lgl glaaiis 5 g, 550l

SLeSe Ol is WSy, EC 5 TDS laaiis oS
CEC s 5l b sl Saen Ly ails
A eslizal Of cuiS Slae Ol 5o

PRy u—" @;) VY LU S N LU
BT T G P S It} | BEY-S DU P
(S pdd st Oy (S5l Sl ot
ey d—aml LBy Sy i

o el glaa o o o8 el gy Wl



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

\LE

Al 20 b pedias adaly 5555 s ol
Lol s ool ab o

_xk
vy
PEVIRE PSRRI

(V) aal,

ol sl o colaw b Dl p A 5 as >
L s oS1,— (Chowdhury et al, 2010)
L S Sl oS ol (520558
Al g e | eSSl S (6 pdgd sl
e Ul ity 55 i g S e by
s S 3ol OLSGl ol sl 55 s e
Ans e el 1 e 4l WSS 2
oSl 5 el |l A8 i SoLs
SR s 5 oS (S B s s QLS
St VL (g A5 5 edims QLIS (ST 2als
D by A S e IS (ST
Sl i S St S e
(Y1) o5 aSlar Al o yae 4 dSS
elie Ghlos el Ol Ly 5y e dlie s
ol Ly el slacl o sme 4055 (5
MCDM LSS5 5 GIS 35 5 i 5|
Ol gmay i85 SISl omleds adaie o
oSl e sl g pd bk Sl glasla

28 S G adkds sl w |y S

Laesls 53GT 5 (6,557 oo V¥
Dl A glacsls ae oo ¢« la g ol 3

5ol gl S a5 gyl S
Gk o adllan 55 e 4 il (55T 505 5

Al S s e el L3
g 3 eSS A B 1Sl e S ) e
mebin OLSG s 5 e 1l
e (Ol (slaed s plel (sl
o e o Janl LBl LB
el (Sl ol 5l S (K
Y cslbs plas ol e ol oS

e s Jlaml LUy doas e 0Lz o]
s el Sl Sl p3lie bls Sl
e Ve B O Jlie Jame 5 b
I 3 OV chalior 5o 3) AS 0 i 555 50
Ol 534S Gl T =K %D Jlanl C b a il
Y sl s D Ol sul Sssie Colia K
D s S GB 5 op e el ]
Slgas O—e3l iy Ol (SJaods culis
ol ol i 13 (WWAA ( a5s)
S aadllan 5 e adlate s Ol sl (S
el odal s 0 Slay SlesT 3 b

23 S5 85 Slaa il g5y 85
ol a5 OS] AL aS bl
et Sl el (solre Ol e A5 s
o3l 35 50 Dl Sy le GbL
il slein OV caa i o B) U 5\ 3
LaaSGl by, e 5 Laciasdy (oSl i Ly
S{PEETPE (W CHVS VR SCIVAIVY | )
-0yl slag b sl sl e gls s
OYAL (GlaxD L5l o a8 S L 55 (o)l

5> Laaal )l dS Jpb i 2S5 oS1 5

aal T oS1 s Ol cols 4 sl as o SO



Slp el slaaw o s

SRl g P 40

LEA}ANP duu’&'-’J %

5 g

2]

BL

. GIS Lsw

Vo

vaib
&

I TR

3=, dd

o

Y.

5 S

J;.So)\‘}ALATM 0
| =

Ledb!l 4ty

el
C .

S

RPN Wk N S
R

A i) (S
PR P

R

N

Yorr Jlw Lib
a8

e

¢y

= b )
>4 GIS
Y

S

™

090% G—

S 9h o=

L

el

#
—

& . ;
GUM

ol g
3 9w 6‘)"’ f‘
Lo Sl oM

vy

BT

b

YOure

W

7|

I LS)‘-’,

f

S

Ol

o eS

<!

ol aallas

i

:\nn.hn

il 4 Gl
PO RD

L

Co

Leewl L oS

RO
)‘ 0>

J

oale_ul " .
L e

s
—
eSS

.J._ﬂ.ﬁ
d—a&

DL
‘ ).}

>R

)
PO

e

5

5 el 5
'bib—;')
S s

s

Y Vi A
a H‘)

ol

by e m slealr oo

:‘Md

sl

5|

I

Sedmee lols glaay

()

S bt
)JGJ_A)JA

NUURT VR

DL

51,8 3 5

oslaul 34 ol 4

3

b S s

7

S ela

|

J

ay

J}—E"‘"

092

UTO—“-"V—-"‘*—*‘-’

=t R)

PP =y

#3

2o

D

o

Y

sols

S sl

Jds

PP

e

!

Il o
—

=

f

\)\jA_JU-Ji) x .‘L§J€—*j’<_5"

5 8

L

N

ol

s

[CBPX

A

S 9hoe Q‘j_&

)

..)3

Jj_b BE FELY LS‘OMLMJ o

EC oLevbl

e

L

|4—>}J\JJ\_~L

o o

‘)‘ 1

—

S—
o

o //\.f
— .
|u u
-+ N.0S¥.82 N.0.0V.82 N.0SE.82 N.0.02.82
L 1 L L
= — w
T f
= o |58 e
: i S 2o Rl 3
= et e o R O e o
“ w et ine B o R 2 b
et v W ot o ot N
e ol v
e e R e e NI N
st W et
e S R s I Kk
. i % et e 7o G
P s s Sl
[4) et et it 25 pid w
— — e BT T 5 P z
Pl SEGI k o & 2 z
P e e ottt oty etety o
o J RS ottt e
B = ST ), B o g
e S B G S
I R s b
S
s
e
1 H 2]
S
s
S
£ % < <
et
S
° N, w
s u
SIS g
. w S =)
e b
o 5 Ho
~ i} 7 &
2 3 G ]
. A v H L w
o
L ©
> ~—~
5
p IS
KB ettt s
I BRI
A s =
A Rt org|w
S i £
w R =3
o 5 3
E Kich e}
o FELHl R 5 H
et A AT
. — “ b N e e
R S S R s,
Re] B B S S S
- e O e o e )
Sl e e O e e s i
b e S s
e e e et
e e,
n RIS 5 F -
S
R
et o L
. T T T
n
. k3
“.‘M E _H_ kY

Ol o
|)
Sles
.

3
4__~a‘}>-)b

NS W

Hu—a
g
=y
-

<

L

Y

L)

3 9w f‘y’ b o JS.::

<

sl

o

.

Ao

4&“&.6:)‘}4 2l PL



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

sl gl 1y 6 AHP S 5 b olas
S o bl b s S bl b el
g ot 13 el ol Ol 5 ANP
23l o bga 1 Ll 5 anal il

Sl Sl ANP (o5, 5L 5, S
el 03,5 5Kl ol ks Sl L1
Tl e bl S e 0T 51 S ol
YU Salw 4 Olps i | ‘515(":@ calises
(it o e L el ol
LS a0 oS Ol o g0l Sl 35 D5l
O Cpeat] ol S s de Laslas s Cea
ol S il e alds 53 ey S
Ll o Sl 53 Gl oy Koo s Ly 55
e Sl astl ol Al S 3t
33 A0 S il o YL s Ll b
Lee & ) il ubis sz Slapionw 3554
.(Kim, 2000., Momoh, 1998., Saaty, 1980
S by 4 Ol s | 62,5550 lapis
sl ot 5 -t Sl ol as
O ) oSl 5 e ke ey bl
OlaS s g 4t S 3 DLbLS 1 s s
= Y LaglaS g 55 o osly DL
35 Ol Jolime (Sl 5)ls (Sly Cgr
m e ol e Sy Ol 4w
" ooy DL 4 b s LAl iy 0 52
oS ol Oloe s Sly i
35 g ol QLS gl la0laS dones

5~ Feedback

IS Jdow Aul B ) = o9 0T
(ANP)
oAl Sl Sl s sl

S ol bl S el SlasiSS
ol sl S (Vo)) el gy abw sy
e e o sl b gl o die
TS ¥ S U G GO P W S I 2
COYAL gy nd®) Sl 03,5 51 e "
Jis 3 Shoe 555 = AHP s ol (5,8
-G teon 3 5 e Al YU slaes S
aib 5 o s slajbae 55 0T il sls
Chung et al, 2005., )o—uloa_i sl g L

&S peemad Jilows 31 (55— (Dyson, 2004
Sl e alid Sl S s Ol e |
PSRN WP W PO N P
Vo s sl 586 Lany a8 ool i i
Aol el e gl sSU g ol Sl
Sles sl Sl Ll SO gl L
Slpad e 3,55l s s o3l
23,8 il s A S e 3 el d oLl
Al s Jae el | zel
sl U Bls > ¢l = |, (AHP) 51
J= Sl 5 005 slgiy i sla g3l A1
s aels sla sl Al 5 Laslas L Blowe
03— il b gl o | du

Sy o S opd— (Lee & Kim, 2001)c .

4 Saaty



\oy ..GIS Lkow 4 T3] 4wglie 9 ANP 6“&})&113‘541\1;:&}# PORES Sl el ‘.;Lhw,ﬁ"ﬁ:ﬁ

cJ_?'- QL...»LJJ[SQ‘J_EJML\_JMJ&JJJJJ

L3 S eslazl

s laad e Ol Soaaly pend gl addlae

dolio ad> 0 3 A0 Geomen 5 ol

()
X et Y e Y
: ‘-;"-'—-;l,'—-:{u-—' l'ﬂ

(a.-ub‘;ﬁ C)L:J ‘J 6‘4&.’\: JL}&L& Lj ‘;:S‘Jd MJL&‘»’ 4....1\5.0 —i. Jﬁ

$aSs Sl (b ¢ e e o Al 3

S 6,500 GSLSS pl bl s S e
55 ks 1y ol e 0l Jlazml sla ol
St doas s (6 =Sl s 1 Ll
Sl (gl aadlas 0l 55 55 ol 51L
ssleul (ANP) Laal s 5,55 3l ol O

A2 S

Sl 5 Sl el s5badis Al 3 Ll

Ertay etal, ) 5,3 s o )Ll O 4 Jlax s S

:(2006., Sarkis, 2002

s Sl Sl (55l o5l LS

Ao s edd e Sd) S s anl d

dile (M 5 s i S 50

D g 4 e A

355l 5 s Slglie s Sl pss oLS

44— ANP 5 e 009 e I g O3

Cooed i LS ANP gy o IS 55 b 4
G S e e il i il
Sl p 3 e dlaslire 3 5 Lajlre 4SS
o S 5 Laad 5 obe Ol Ll
Jls ole 5 it glaalp s, 550
.(khan and Faisal, 2008) <l a2 3= &
i Jlw d ol b 5ANP i,
RGOV DI SO U BN P W | O S P RN -
O35 odzmy 5 La Sals (Jis 035 55,50
o el S el as (il L
Gt 2LS e sLayls S|, ANP
S Lol sl el La g, plu ao oo
o=l o3 el e 8 LSS sla e li 5 La sl
Sl sy bl gl s

03 WS l_asu_<:_m...\) o=l ladde ple g Les



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

Vot

) sde 4S (g pb 4 IS amasiie L aij=" gy
3 RS 95 e Sl St oS 2 s
—Sas Catl oy
N L B
ol ol ey (ay) osSae 2350

adlpen ;ST sl ade 5l tege ] S 358 e

g 0SS et led sde

(._M_m_ajyn g sl 53 S adls 5

L] 0 0315 QLI.J

wlie 3o b 5l Sle W AHP
L Lasbas 5 5 Laslas omes 055 0155 e 5
203 ole sy glaaolis 5, S ekl
)LWQMOTWJW‘QQ—‘)SL?@QA
sl a5 dn pLaSl AHP ) 4 oJ S
U S e SO e 5o s anslie gl
ol sl e .l e s as b oma |y
Ll s ade ol el 55 alis

ol e day e 0L L] Ui 4 4 g

¢ G G
€1 €12 - By - Bky B2 - Bymk  Eny Enz - Enomn
(581
e, — _
C, :
t, W11 Wik Win
1ml
€1
W= E?Z W]d_ Wige Wi,
' Cumi
n1 Whi Whk Wnn
c, &2 L —
n H
e nmn

A 5l g K5Il 3 -0 K

ob g sldde Sy Ay Of s a s
Slesli ol LW s,y o WA o5l
W ol a5y 5 s Jloso= Xqwy
230 s e ol el Al
Wit o Sl o S =l Sl
055 GsLe ala 5l Lalis 58500
o3l U et sl oS 355 4 eslizad Lajlas
D g dles 5 bl )

Amge— T

I = (1) ala

n—1

Sl— =i slraslie AHP s, 5o
W, 5 W, 05 polastl gl and 5] laadss
S 01 ) dm s e ezl "y s O35 )
o it bl S D5 A g aeslis
Ll s el 45 350 e mlons (W) 055
il 03 g0l sl

AXW =4 XW (Y) adal



Voo ..GIS Lkow 4 T3] 4wglie 9 ANP 6\.&&}4“}:&364.1\2}3‘;9};@& PORES Sl el 6“‘“’}’0‘:‘:‘-"&

i L omalie Oy olie 51 aSST gl (Wl
Al g e 52 4 S S8 O
3 g5 o lal s Sl D a5t S
S Al e e a g e Sl A o
sy dealg SOl OF Gl s 51 S n e
S Sl GBSl oy A g 50
el S sl Lz as Jlo e
Byt &S G55 e fle kil e e

23 i 58 I3 m Al ey rt—f
S Ol a5 Al domy >
ol ol d |, Sen o fle ole Ut s
il el s 5 el OF ke
Sy g yaseia o ges O3 13 cedal Sk

lim, ... w5 (£) i,

Al Odecs) Ol a3 S e 5o
S el g el T e s S
Sl il ea Lol e s sl
S il andls (6ol se s S e e g e
o bl Al e Sl s i L g3
3yh e 1SR 555 e s 5 D pe
fim (3) 2w

BL L_AJL:&A &Lg_: Q)} A._MLN ‘r_&w:v r\j

(0) akal,

slaadss 055 dodr e g Lals e o

Jj,:u&

o) amalae g, Y

/':\;- M}H )J

058 LS (!

Aol aslis a5l S CF 31 S s
B S D el el LS RE TV
Tad g e dlie 5 ole mha 3) Al e
53 Usiglis 5| ol L5 4 355 e ol (Lo
A Al 3l e Sl e

ot el Sl s B e S
o=l s S8 ks 5y s L ANP
L lrs 0l S el Ay Al 5 o0 olie
o s e S ol mls el o5
el e e O3 il 65
5 o ale AHP Sy, 4 b 55 annlis
S LS e 2l oSl s 53 Jol sless
A el | i slie ey ol alal
0303 QLIS 0 IS8 53 g Sla sy (0 50e B
ad gt o ld LI CN  ad o)yl ol
A Wij N st s el ac e N
AUW lalsy i sleiss bla S
ol plf iy c i s s b
gt pll i U ma ol s S
o Wij (s Soly o) sl aziln
ol o2 sdeel sy e Sl 25
25 s b sl s e g g e

s ol S ol oS
053 D13 Ao Sl e Sl s a0 e 31503
el Ll 316 o s 6 558 S5
e 48 3 s s DSl ol sl S
Al So Sl G 4l sl D5 o

S99 d)a—«ﬂﬁ)bd&bgﬁjﬂbfbpmb)



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

Vot

A= gy =120 (V) akal

Sl S 5 Al e Sl
el S AU s il Sl L S
535 ool O35 amalowe A3l S50 Sl
.J_ﬂu_» Cmwd 4 Q5w ole 055 Jl 5 3
tlons 2L S5 e 5le 45 I s Ll
Ser OF 0351 s a5 355 03l O35
Ot ) Sl A le 4 ail e ke B
(\YAL

Sl e Pold g, @

RSB N R PP

ST

ESCNCTR I

o5 1o i ) G ol 534S LT
sl a Gla S L0 auloee Cgr
e R oml e el S sl
e Sl S A Law o3 s B 5o

(A) bl
94w, + &y Wo + agawp =AWy
dgg W), + Wy + agpwg = Aoy
ingW, + 2pWs .. + appWp = Awg

o pll i o 5 Ol ey OF > &S

k)rfi%dj)j—g‘fi}@‘rfjﬂﬁg
3 St s ol Al e ol e S
2 Sl L 0TSl 48 il (6 5 5K

S ol o3 e s e S ciliis 5 b

®- Harker

o iy sl a0 JLOLSG
o s S el ul g aglas )
Ol =l solw Jl s o s 5L
SAoys aS Ah e (VA LS, ol et
VU ,S amad ($l s Ly ammibin Sl G el
Ol 3 (s3dnie Joalgo S oy Bls 3,50

el s aslie e ) s Lt
e ol O35 (on 555 S doas e 0L
6J—~§r~°—~é-> Pl s Lgdlad 5l (glae samms
LSl ol b ol s, S i |y o lmad
5 8 S Slalae sy 3l Coglad
~l8) 3551 e sy g 1y e S sl
oSl Ml O35 et 5 s dae 4 (OYAL 5y
ol S5 Laslae S o 6l ) Al
g Olome 2 by o Gla pOS) bajlma 5
e )3 A S S lie 5 s
53 patia s baslae 5SS s 4 25
ol Sl el U s 5 sl3 4 L5 Lo
ol e O35 ) Al e Sl
Al S AS s b a0, S el
S e 033 QLS 05 o a ) delds
J_ﬁa;.pa\.a.q,.,_w.;rf—i R e S 3 Olys &S
w5 e Laay 0S8 pase e Ly bl o]
Sy 3 Dm0 dm Iy LWy o pole 055

:(".’.J)T

33 Az - g
T (1) alal
3'I:Il 3'I:I: e 3'I:II:I
L



\ov ..GIS Lkow 4 T3] 4wglie 9 ANP 6\.&&}4“}:&364.1\2}3‘;9};@& PORES Sl el 6“‘“’}’0‘:‘:‘-"&

t awy ol o (a-a I xw=0
(YYAL Qs J«.ﬁ) S5d g dnnloue
G —4
Lesls 5.als 5 A5l 5 —V-¢

B35 o=l 02 Lmedls J ol Bls
slacl c i (oo sla il a4 5L
S« pl s i en
oS 5 S8 (sl Ll (S
Glwoslal 31 s ol 4 S oy 2S5
S S el Sledibl glaasY g
Sla IS O35 et = ) amlas s
s 035 G S ANP 2, 51 5 4N a
L8055 ot gl a5 esli ol Lo jlns
A5y As S eale .l Super Decision i 3l
53 OIS 50 slasbns 055 s Gl — S
L Al sy el glris 2 LI
93 Ay S Yo 5 ANP G, 5l esla il
Slasbne Joldad g aw 53 Lajlae (o) ()
Gl lne  (SSsh e S SIS gy
Lasbne plw 5 SOosdoodm i) 5 SOSdsm
obe Sl leas ad a b s a8l
Jsls 55 4SSl edle ole ol A ls I3
e laadst G s s b e oa 4 4
OLis N s s (Sly ool 4 Wl Sl

sl 0l 03l

il Ve 5 b Gy ) o e 055
Ll

Q) alal,
wi = = B aw, i=1.2,...n

Sy 4 Oy o |y G b OVslas oK
S,

(V+) alal

AxW=0LxW

Wy o) amslis G fle Olan A s
b ol JS SO A 5 05 Lls s Ol
3 A) e S o ) (il axlr i
S 55 e aniS wEL 13 LA sae 5 (W) s
ssb i Kb e A G Sl Gl e D W
Lol amloms Sl 05 ol Has 53 (S
s Joo 25 Jl e b AL

A ol dsle o Sl S SIS e

(A-M) oSl 055 jatin ®

SCA = M) G ls Oliwe 55wl @
i s AT s U 0 0113
A

53100 s odal Amax A o S5
Lol i3 (A 5 1) x W=04la,

adasly 5l eslanl



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

VoA

sl (Sl 3 Jdoan a8 cl S5 4 05

o=l et S 5 e a Gl WS O
St 5 dmslie Joll Aol 31 dsli
Olyme a5 Al Jany (b33 5 Lajlns o
ot an Ll o s amalie Jhg) 03 4 el
OF 035 ol e iy ot SLa oS (55 i
A b e gl LS Jsd s () i)
Jsdm) 5l Jeolm OF e 035 o) ot 4y slns
sdor as ANP 555 50 e ol LS| (Y
33 dsda 5 (P doia) adsl o Sl s
03,551 3 5 e s (8 Jds) Laslms olgs
A g Sl g s 5 (55 Al e Joler

.MTJ@&Q&J\JJF s 053

0399 o Olab ) amslie Jgdor -\ Jyu

Ll ek 5,5kl

v =Y Y-o0 0-A
" sves 053
Aoy | Aoy | Loy

doys oY ) ¥ 0 VA
Aoy Yoo | Ay ) ¥ VYT
Aoy 0-A | V/0 Y ) JAYY

= SLa IS O35 el s oLS

Slviig GIS Lo 5o i lizs glaa ¥ Y
b g e glaan¥ s Lajlas O35 s 23 S
LaaY gl Sldes 0T ool an 5 o o
POV | WP NG| P RS CIE LI
035 Mg ez Gl 5 4 8 ol (65
Sl gl g Sl el L g el as
e SlS 1 S iy il [ e
Sl 555 ) A Sy sl LS
ik Slib a La bl Gl e e
B s JLs 4 iy ol el sl b
il il e g Ol sl 0l
SOLS 1 a Gl 0kl ST 4y 5 Sk
sy el s slaes S Sl
Jis as osls (gdwaib iy, ol s @l
A e s La s o il )l Sals

1. Natural Breaks



WA gl g el laaw o (pmnd

23 (7o) amslis SANP b S, Gl sl 1 (o san

.GIS Lo

Vod

S

s by o gl NS =Y U

o b

59 8l a4 slee 2

“

)

3

(o e —_— TWIN Wo3 ZIN 03 'T 290 2sBO’ aO1d
ShD . "CWINCDON | NBIN'TOD | -SBIN‘ZeTd | pupy ‘Basd ad 60
‘o cRiAl
< — - — > 3 o
€00 i 3 < < > z e T
SCHS (FACEED | g s SankeSd e Fr et e om0 -
€0 7 340/ A3/ Ab\/e 3e0/s . -
gVl
Ile
~ CCeqw g oo | .\.MU <Y BVL = o= _
SN §H D g
0o . . . OA/ oA/ -
T 03) \ 0\ 3-ve0) 3
“an - O |.a.’ DR Sl ...A - -
SN o
S akad 033/ AVA/+ IVA/ SR - -
I#em
- e 04— *\ 00 — 04 00 < - -
SCHS =D
€00 b3+/0 b/ AVA/ A3/ - -
Sh sY s A= 3U\= A V-3 Vi< - -
Ghad 033/ “bA/e AL/ Tyl - - -
SK™HSD D |mmP Cede caL—eed e = ey ey < - - -
SOKad bLA/ VR 3%3/ AR/ S - - -




AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

AhY

adgl o e g s Jgdor Y Jgu

LE e
K | :
o . . . o ..';,__.._..‘_.. Sy A
gl il dmaae ..';.J_.._."_.rt_.._,_.' "‘;'J_".".—.*-\.l"".f“"‘ s o
"I;'J""l."‘."
Lo - Lo vl -
Nl oLl L C e LS ey
RN, - i
S b= = . . - f—
[T - = u_c'-f = e
i o \ 3 GE e
WoT HY 1 [ 3 il S kgl i
- & ey el e 3
e ey ¥ Ll " .
Ve i ol wrady "I;'J_"_"._"‘
\ ¥ - \ \ T e
oy Yo Al WA hY [ g
o fii i fny e L. v el
T JEEH ikl Uikl iy HJA__,*___.. __-_';__)_.___-‘_Ig gl it
¥ . e \ H v .
SH] AL {TLV T iEA [ [ LI ] _';._,...' by
" Pyl
- - B et e
e i jis aril i | e
\ \
1 iy WA JVET s
E CE o ,
R
ol 3
y s ey YA AN
FiTE T e

Super Decision i3 o5 3l ealsml b ool Slaia glajlas ol LO)s —8 Jgde

Ll s (s o) goaas (133 polic (a2 plf”) ladlade (233 -
Ve e -
TV < igladige g O Farad slayline
N Y -’-'.J-I)'.)'J‘.
il I AN —,‘T;_*_-‘-
[RETN s (VAT ':JIJ;
VEVE S ialasaahall 8 oD alasaa sl lne
R AT Sl e
Y VA e
ool W fTed G
Vi boslns 2l
Pl o fept .;'"I";IJJ'.":




AR ..GIS Lkow 4 T3] 4wglie 9 ANP 6\.&&}4“3?&364.1\;‘,3‘;9};@& PORES Sl el 6“‘“’}’0‘:‘:‘-"&

S 4...:‘.5.0 uﬁj)ﬂ\..so.l.ﬁ Shedg QYM&:}M ﬁu—vg}s‘f&

DL sl gy b ol sl 5 asls
milin 5 e SLS blis 2ty S das
5 NS5 A S o By ¢l
GlasSalb s e Gblis 53 S 5 bl
50 Qo Q%515 oy 55 5 2wl
S5 3 Al O SV il S 51,5 Qg
Glacai sy Laaal )l sl 3 ladsls oyl
ke (ST Sl sy ) s S5 (oS
=l o SRl 5 Jl S s el

Cl—so—— sl 4 J.i_.i.ssj_friliuul}

G bzl —5-Y
ey S VIVA s> LU S ey el
bl B e ey RS VOV b
VANY 5 alial b oo ey kS 0)/1VE
o Sldes Gl bl pm e ey S

Ol dod 5 ppp o kS ey OS2y



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

‘Y

ol sl Sledbl sblw Ly oy gie
s S

ety A b iy Sl aadlls s
Ol an iy oS (55515 gladss 5o Mw
L W U - U I W ]
Sldss b0 ssu> 45 (1YAL) e claasl,
o Cldes Gl e S A sy e
SrAFS Gloas o po 1) sy male OO
sl Kaales 35 LK

I S R T e L
5OTVA) DL San 5 aa s S ml 5L
o elbe gl o o S (V00 0) Ole 3
ol sl Ao 3 ¥l S O
sl s QLA S S c ) e A sls
s 53 82555 sl bl 5l S s ol
kS laa o o ool IUT 6l ol

J_QJJANPL):«))LJ u}j'ol 5o w,T&T’_‘“t"ﬁ

e

)‘:’J;J‘j—ggj—"”)f"J)—pl—aj‘:ﬂbli)‘&—l
melio LS S U Laas o opl GLkI Ol e
A3 S dloe b el 51 s

ka5l e adle il gla i sy
R O P P - WO
3 o 25 s S Slesle il Ly B,
Odt o251 5l Sl S w8 8 51,5 s
milin SLS s s sl slabas ol
Sl G LS am 035 i Sl
A0l Se ;3 GIS Ly 5l ,s MCDM
S0l a4 dR (gl sl glaas o
] L
o e d ey J 1S el
Sledb| e Ol son (5,8 5LS oy olLs
D (G S el Gl e 5 oL
L o oy ol bl lvagy ls
4 s s esls Slisen J, 8 law o o
Mol bl Ly 18 slses o St as
S Jeols s dias e 0L | el
il 534S W3l e Jde ol Jp3 BB LUl
OYAL) O S 5 b5 555 ,—go bl
@_.;JT}(M/\) IS 5 S 5ol 5
ot Slddes s 5 (WWAY) 0Ll S

sladie 5,5, s ads il 5 850

S99 Ll Cowl }:JUT BIEPN R Y L



\y ..GIS Lkow 4 T3] 4wglie 9 ANP 6\.&&}4“3?&364.1\;‘,3‘;9};@& PORES Sl el 6“‘“’}’0‘:‘:‘-"&

WJ_,L,_QMWL»/)MU slaaos el
NA 2l gl Szl s sy oY
G ks LS Glaes e s
Jies Comale RIUT bl ol o35 oS1 5 oS
N stz J2B S S el ol 5l (S
e g 4 ni e LS s

g bl 5l e e SLES (sla IS

el el S Ul e ) 5o Ol 4y

-w,;uﬁwg;_éﬁiuuq,uu_uus
Gae ANP 55, 3l ol s SLalS (sla
B L S P
L;l_aujp,\_.,@;vv./\u_;&ajvﬁj_?ﬂbl__f
N S S S S 1 e s SULS

Y o il 5o (o o skS 5o s kS

e ity Slles (gl p ool 5 51 OGS ks ol sy gl 4 -4 IS

T R e ey
edil | inao s 5 s Lol sl
o oS e i B OV sy
i et el S i e Olpe
e iy nlin (LGS iyl
ol aolie J S laiiom o 2B L e 53
slaaw e die gl oSy S sl
s 3 Jol e SULS LS s S
ke ool iy claa s s xLos) ANP
Sl ll b iy s (55 Slna o o

B oo Sl 31 La oS o ls J g —0 J gk

223 9 ashS e g lal

ol Sl La ‘;"%
(,\..9):) (ij fﬂ%)
oA [ARVAR] s gdoes 1Y
\ VIve lis Sals
VY Ao ol
YA/4 VoY o s
% 0V/\VE bl T
A VAAY el

Voo VV§/8Ve .




AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

Vg

L 2l (63,555 55 25 4—ulis 5 ANP
Sl s S ealial Ul ae SLeSbl 2
byl iy ety Sldlae s a5 Ll
sl L i 5 ) i o
o e gl e el Gl lse
RS Y WP - U N S R W
ANP g5 ds8 J=B LS 5l (Sl e
Sl acn) 53 sy GhLs e 30 02
Ol iy Slbee 6l cnlis glatlsee
st ANP s, S L ol 5l
o S e sy L Sl Ly SOl
ol Ols (S5 5 (s gl Sals pla
Lo e 5 o 1y a5
T B g Sl ol e A, sl
Jle gla Sl 4z a5 Ll oy S
Seslial (Lo 3550 b 50 o 5D aes
oo 51 1 o3Y la Sl iy ANP i,
S Fls Jom 03 Olsmanel 5 O AS S
S G 3 Al U aysl e Jos 4 O
aallas ool 5l sl cey e Bles
Sl o Sl (51 oS Ol e 4 il e
503 5 01 51 Hes esliwl 5 i3 LS
AL GIS L 3l s sLole slasls

23 i o=l e Sl eslial Ly S
sMCDM sl—s s, —ads 5,
5 Ol am Ll i LBl slaet
o=l 2l s o s glse s Ol saali
33 8 o ) Sslgniyg

O35 Slakes s oo w3y J a0
L il 5o Ll oledbl sl s
s Gl iass 5 4__alllas MCDM
O 35S 55 OV sy sl laas 0

Slaas o 53 v iy b sla oSy
s (28 Glaas o ol L) J 28
il Sl Ll Gl sn o o315 s s
Ol e A adaly G b Slas e 3 b s Jos
Slaiw o L lein glaw o LS e

el s J xS

(\V+) eyl
wolety slbae e ool

= ' =100

o sl o o le

AL WARRE A

El sl Jhs S Ol s C_BUJJA

L Ao Ve sl e Sldan 3l ewls
mao e Aoy Ve sgd Sl e ol Cens
S IS Glaaw o Ly culadlls sloa
e £
&Gub}‘ébw‘dw‘&heu

RGP S (R S W

laslgidn 5 (5S4m0
(_5J_:.>'Jt_~d¢)-k_n;j(5l_>'&_¢_ij,>h.;-’\_ij)
mal>Se LB ulh, sl aas s b pdS s
)‘ ks)bﬂ"J—@-.’Q‘}—:")"jt‘.—j’ ‘CP)J Q‘J—:‘."j
Gl s ALS sy 5 S 5 O sl
Shesteul gl gyl ols ]
L Ll 5 ol Sl s Lacd o
To 4 6\J_a b ﬂ\_..:.ﬁ‘)df_,_w‘ &U&j})‘éﬂ
)JJ))T‘J_AVA\J_%L_Q&.J%—M)‘U}J.E.A&)‘JJ;
c—be glaa o o o e lae 4 s ol
oo SO S i s O s ¢l



\1o ..GIS Lkow 4 T3] 4wglie 9 ANP 6&&§)&wéggﬁjw PORES Sl el slav o s

(b e 8ASls (Gl S 5 St
O oKl

Gl o gl sdis (VFAA) (A amus (a5
sl ol oS ST llasl s

33 sl OYAD) s ¢y s
Jdow a0 oolas i (68 e
il ol lisl Ol g (=50 ddes

Alesheikh,A. A., Soltani, M. J., Nouri,N.,
Khalilzadeh,M., (2008), Land

assessment for flood spreading site
selection using geospatial information

system, International Jornal of
Environmental Science Technology,
Volume 5, pp. 455-462.

ASCE STANDARD, (2001),

Environmental and Water Resources
Institute, American Society of Civil
Engineers.  Standard  guidelines  for
artificial  recharge  of  groundwater,
ASCE standards, EWRI/ ASCE 34-01,
106 pp.

Chowdhury , A., K. Jha, M., Chowdary,
V.M.,  (2010), Delineation  of
groundwater recharge Zones and
identification of artificial recharge sites
in  West Medinipur district,  West
Bengal, using RS & GIS and MCDM
techniques. Environmental Earth
Science, Volume 59, pp. 1209-1222.

Chung, S.H., Lee, AMH.L, PearnW.L.,
(2005),  Analytic  Network  Process
(ANP) Approach for Product Mix
Planning in Semiconductor Fabricator,
International ~ Jornal of  Production
Economics, Volume 96, pp.15-36.

Dyson, R.G, (2004), Strategic
Development and SWOT Analysis at
the University of Warwick, European
Jornal of Operational Research, Volume
152, pp.631-640.

Ertay, T., Ruan, D., Tuzkaya, U.R., (2006),
Integrating Data Envelopment Analysis
and Analytic Hierarchy for the Facility
Desighn in  Manufacturing  Systems,
Information  Science, Volume 176, pp
237-262.

Foltz, RC, (2002), Iran's water crisis:
cultural, political, and ethical

(S s S s el Sheslal
syl g T s e 0l

Od—ize b 5 oS ldl jstae ey o
Sl gaes 5o 62,5 Sl alas o
Rl s D S Gl e glae s o
eSS, S enle iy LK cla)ls
L (6 S el Gla s Ao gl s,
PROMETHEE I1.ANP 4
GREY SYSTEM THEORY [ELECTERE
33,5 eslizal .

lA'>.- )" g)l R

c\:.a
e@\) u‘)l—n:-:—,‘ L(dl—?l:.’) s:j.) J‘—L?-_LSJJJ.JKS

.Q‘J@

s Sladw t i QS > B
() e 020 ;S aabls (Sl 3
e s e il O COTAY) oy
A Al b e Sl eslinl U gl AU
s >l o2 (ANP) Ll (¢
oo ot ald—2b Ol B Ol el
AYV-VER amis o) oslad Ll

P N N SR S e S g
e e 33
e ol Ol i (YA
s Jadosd Jis sle o ol

Sl latagiy sy ST 51 eslinal
AY0-1 07 amis VY o 5led ¢l
Glpaig o OTVA) Bl el 50 3
Py s Gbls e Sl 5SS
les G b Jles (53, 50 iallian (D
Gblis Ll 5,8 Ayl uli S Lol



AWA Slas) o oyled df gls XY Jlo (Jases (55 ya0b p g LI o aloma

AR}

recharge of a groundwater system in the
Southern ~ Zagros  Mountains, Iran,
Jornal of Mountain Research and
Development, Volume 23, pp. 169-185.

Momoh, JA., Zhu, Jz., (1998),
Application of AHP/ANP to Unit
Commitment in the Deregulated Power
Industry, In: IEEE International
Conference on  System, Man and
Cybernetics, Vol. 1 San Diego, pp. 817-
822.

O’Hare MP, Fairchild DM, Hajali PA,
(1986), Center LW Artificial recharge
of groundwater. Lewis, New York, 419

Pp.

Oakford ET (1985) Artificial recharge:
Methods, hydraulics, and monitoring.
In; Asano T (ed) Artificial recharge of
groundwater. Butterworth, 767 pp.

Saaty, TL., 1980, The analytic Hierarchy
Process:  planning,  priority  setting,
resource allocation. McGraw-Hill, New
York, p 287.

Saaty, T.L., (1996), Decision Making with
Dependence and Feedback: The
Analytic Network Process, Pittsburgh:
RWS Publication.

Saraf, A.K., Choudhury, P.R., (1998),
Integrated remote sensing and GIS for

groundwater exploration and
identification of artificial recharge sites.
International Journal of Remote

Sensing, Volume 19, pp. 2595-2616.

Sarkis, J., (2002), A Models for Supplier
Selection, Jornal of Supply Chain
Management, VVolume 38, pp.18-28.

Zehtabian, G.R., Alavipanah, S.K,,
Hamedpanah, R., (2001), Determination
of an appropriate area for flood water
spreading by remote sensing data and
GIS. In: Proceedings of the
International Conference  on New
Technology for a New Century, Seoul,
Korea, pp. 1-6.

dimensions, Journal of Agricultural and
Environmental Ethics, Volume 15, pp.
357-380.

Ghayoumian, J., Ghermezcheshmeh, B.,
Feiznia, S., Noroozi, A.A., (2005),
Integrating GIS and DSS for
identification of suitable areas for
artificial recharge, case study Meimeh
Basin, Isfahan, Iran. Environmental
Geology, Volume 47, pp. 493-500. 9.

Ghayoumian,J., Mohseni Saravi,M.,
Feiznia,S., Nouri,B., Malekian,A.,
(2007). Application of GIS techniques
to determine areas most suitablefor
artificial groundwater recharge in a
coastal aquifer in southern Iran, Journal
of Asian Earth Sciences, Volume 30,
pp. 364-374.

Hayati D, Karami E, Slee B., (2006),
combines qualitative and quantitative
methods in the measurement of rural
poverty: the case of Iran. Soc Indic Res
; Volume 75, pp. 361-94.

Krishnamurthy J.; Srinivas, G., (1995),
Role of geological and
geomorphological  factors in  ground
water exploration: A study using IRS
LISS data, International Jornal of
Remote Sensing, Volume 16, pp. 2595-
2618.

Krishnamurthy, J,; Kkumar, N. V.
Jayaraman, V.; Manivel, M., (1996), An
approach to demarcate ground water
potential zones through remote sensing
and geographic information  system,
International Jornal of Remote Sensing,
Volume 17, pp. 1867-1884.

Lee, LW, Kim, S.H. (2000), Using
Analytic Network Process and Goal
Programming for Interdipendent
Information  System Project Selection,
Computers and  Operation  Research,
Volume 27, pp. 367-382.

Mohammadnia M., and Kowsar A., (2003),
Clay translocation in the artificial



Geography and Environmental Planning Journal
22" Year, vol. 44, No.4, Winter 2012

Identification of suitable areas for artificial groundwater
recharge using integrated ANP and pair wise comparison
methods in GIS environment, (case study: Garbaygan Plain of

Fasa)

H.A. Faraji Sabokbar. H. Nasiri. M. Hamze. S.Talebi. Y. Rafiei

Received: June 18, 2010/ Accepted: June 14, 2011, 41-46 P

Extended abstract
1- Introduction

Groundwater is the single water
resource in many regions of Iran. This is
considered to be a major historical
limitation in the social and economical
development of the country. Recent
studies on the management of water
resources in Iran have shown that out of
the 430 billion m3 of the annual
precipitation in the country, 20% is lost
during sudden floods which flow into the
playas, lakes and seas (Foltz, 2002;
Mohammadnia and Kowsar, 2003). The
climate of the country is mainly classified
as arid and semi-arid.
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In addition to the small amount and
unbalanced distribution of precipitation
(both spatially and temporally), high
intensity rainfalls  which result in
destructive floods bring about serious
damages to downstream towns, roads, and
agriculture, and sometimeseven cause
casualties (Hayati and Karimi, 2005).
Flood spreading on aquifers, thereby
artificially recharging of the aquifers, is
an efficient strategy for controlling floods
and managing water shortage and water
resources (ASCE, 2001).

Selecting optimal sites for flood
spreading involves integrating several
complicated parameters, which
necessitates the use of GIS (geographic
information systems) in combination with
MCDM (multi criteria decision making).

The groundwater-based agricultural
activities in the Garabaygan Plain and the
location of the region in the arid zone of
Iran have highlighted the significance of
water in this area. Considering these
conditions, the present study aims to
prevent the wasting of water in the region
by determining suitable flood spreading
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sites and using the floodwater optimally.
To this purpose, using the ANP and Pair
wise comparison methods in combination
with GIS, the suitable flood spreading
areas were located.

2- Methodology

The Garabaygan Plain (28° 30' to 28°
45' N and 53° 45' to 54° 01' E) is located
in the south part of Fars province of Iran
(Fig. 2).The mean elevation of the area is
1476 meters above mean sea level.
According to the De Martonne climate
classification, the area represents a dry
climate type with the average annual
rainfall of 259 mm, the average annual
potential evaporation rate of 2934 mm,
and the average annual temperature of
20.6 C. Garabaygan is an area located in
the folded Zagros Mountains stretching
like a folded belt from the northeast to the
southwest of the country.

2-1- Pair wise comparison

In the present research the Pair wise
comparison was used to determine the
weights of the sub-criteria. The Pair wise
comparison was first proposed by the
renowned mathematician Thomas L.
Saaty (1980) as an appropriate decision-
making approach to handle complex
problems with numerous factors involved.
This process is used to assess the
intangible qualitative criteria and the
objective quantitative criteria
(Ghodsipour, 2005). To assign weight, a
pair wise comparison matrix is formed to
make a pair wise comparison between the
classes of any criterion. In the pair wise
comparison, each of the classes was
assigned a weight ranging from 1 to 9.
For this, the local conditions of the
region, the relevant literature and the

specialist expertise were considered and
finally the relative weight of each class
was determined using the Eigen Vector
method in the environment of the Expert
Choice software. Tables of 2 and 3
presents the pair wise comparison matrix
along with the weights of the sub-criteria
extracted via the software.

2-2- Analytic Network processes
(ANP)

In this study, ANP method was
employed to determine criteria weights.
ANP is one of the most recent MCDM
techniques which have been proposed by
Saaty (2001). In fact, ANP can be
considered asa more recent extension of
AHP  for decision making with
dependence and feedback that can handle
a more complex decision structure (Saaty,
2001) such as food spreading siting which
is a complex network of various factors.
AHP is limited to relatively static and
unidirectional interactions with little
feedback among decision components
and alternatives (Sarkis, 2002). ANP
consists of three parts: the first part is the
control hierarchy for the network of the
criteria and sub-criteria; the second part is
a network of influences among the
elements and clusters; and the third is the
feedback between the various clusters and
elements within a cluster (khan and
Faisal, 2008).

For the case under study, four groups
of  connoisseur  experts,  namely
environmentalists, hydrologists,
geologists and GIS specialists contributed
to establish the ANP based network
model with the support of Super
Decisions software. To calculate criteria
weights by the use of ANP method, some
questionnaires consisting of pair wise
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questions for the comparison analysis
were designed. The experts participating
in the survey completed the
questionnaires. Then, through Super
Decision software, criteria weights were
calculated using information derived out
of the questionnaires.

3- Discussion

The overall process of the flood
spreading site selection has been
schematically presented in Fig. 1. The

collected data related to the eight
parameters (slope, water quality, geology,
alluvium thickness, land use,

transmissivity, geomorphology, and
the drainage density) was analyzed in the
present work. Having collected the
information layers according to the
flowchart, Pair wise comparison and ANP
were used to determine the weights of the
criteria and sub-criteria respectively.

After obtaining the normal weights of
all eight thematic layers and the features
of individual thematic layers, all the
thematic layers were integrated with one
another in order to demarcate artificial
recharge zones in the study area. The
Final map was classified in five equally
scored classes from the least suitable to
the most suitable areas. The final land
suitability map is presented in Fig.9.

The results of the study show that the
majority of the areas considered most
suitable and suitable for flood spreading
are located in alluvial and pediment
geomorphological units, and quaternary
Qg , Qb and Qgsc geological units.This
can be due to the location of the units on
the margins of the streams and on the low
slopes, the formation of these units from
lime, silt, sand and gravel, and the good
permeability of the units.

4- Conclusion

Soil erosion and the flood-proneness
of Iran have followed growing trends in
recent decades. Planning to use floods not
only can reduce their destructive effects
but also provides new water resources for
various uses. Flood spreading is one of
the methods which set the ground for
efficient utilization of floods. In this
study, the integrated MCDM-GIS
approach was used in order to determine
the suitable areas for flood spreading and
artificial recharge of aquifers. To this
purpose, the most important and effective
factors in selecting suitable flood
spreading areas were employed.

The results of the study indicated the
efficiency of the MCDM in flood
spreading site selection and the
effectiveness of ANP in the rapid
assessment of large areas. The present
work proposes a method for flood
spreading site selection and can help
policy and decision-makers to approach
water management issues with a deeper
understanding of environmental factors.
Key words: ANP, Flood Spreading,
Garbaygan, GIS, Pair-wise Comparison,
Water Resource Management.
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