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1. Geographic Information System
2. Standard Query Language
3. Weighted Linear Combination
4. Ordered Weighted Average
5. Analytical Hierarchy Process
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1. Crisp
2. Linguistic variables
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1976; Makhdoum, 1998.(



/0123#4 5671 3! 8,#9:;! #* =>13); ?$(@-A-B!  !-C 23#;

 ! " #$ %&'(GIS$)*$+
, $ ,-( , $ .!-/0 !-121388

21

HJ8'+# x)b@I@5( *(@[ HJJ<[

($ S,JN@KM HJJ<[HJ8'+# 6a)4O�)$4F)b@I@5( o.,"8 9,T(96"8',JB g)+<[9+.%,5 9,T)9+.%,5 4F)b@I@5( 068(
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$ X$6cch8 06cc8 '( 1&,=Ccc#( ,cc. dccJE7[ Hcc)( %&
1+-.D5%,j8 &z@U t(+G(  ),8_ S,<I,P8 s),CB '( 9+JO

4;cc>!8 +-cc3 $)Makhdoum, 1999(Dcc. DccL@[ ,cc. /
96c"8',JB /Dc2J8 $ %(@cM+. *,C#+-3 D. 4F)&QB9,cT

9+.%,5D. $ HJJ<[ +nB &%@8 9,T0$6cL S%@N2Dcy(%(
( 163Y#.

,cT%,J<8 Dc. r@c.+8 &(6c?( '( %@n"8 0$6L H)( %&
Y#( m+3 H)6.:

&(6c?( �,cM YcU,. %,J<8 %&1/2/3/4/5$6Dc.
S%,j? H)( 0&,<8 �J[+[6"C;T ,T:,c[ HJ:"c# 4c>JM

,c[ xj# /}#@C8 /HJ:"# ,[ }#@C8 /HJ:"# /HJ:"#
xj# $ }#@C8.&(6?( �,M d2? %,J<8 %&1/2/3/4/

5$6[ D.S%,j? H)( 0&,<8 �J[+6"C;T ,T:,c[ dcJ2?
D2JB /dJ2? /dJ2? 4>JMi5 /dJ2?D2JB ,[ d2?/dcJ2?

i5i5 4>JM $ d2?d2?.&(6?(  ),#+U %,J<8 %&1/2/
3/4/5$66"C;T ,-")( 0&,<8 �J[+[ D.:i5,c[ ic5 /

/}#@C8 /}#@C84c>JM ,c[ &,)' $ &,)' /&,)' ,[ }#@C8
&,)'.>e( %,J<8 %&&(6?( iJ1/2$30&,c<8 �cJ[+[ Dc.
iJcc>e(Dcc2JB /xAccM 9,ccTDcc2JB $ &,cc)' xAccMxAccM
}cc#@C86ccB(.&6cc?1�"cc# %,ccJ<8 %&0&,cc<8 %&,cc8
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D?@2!8�"# '( 9(Dc#,8 `8,3 ,TYcU+._ /�"c#9,cT
r$+h8 $ 4.WJ#D"FU(D),�T@5 9,Ti5 6)6L 9(/|,=[%(

&6?2D?@2!8 0&,<8�"# '( 9(/xT_ �"# `8,3 ,T
r$+h8 /YJB(+O /v% �"#D"FU(D),�T@5 9,Ti)6ce 9(
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6"CU+O.
068 g)+<[ %& D5 Y#( 9%$+k DCFB H)( +5�9,cT
9+.%,c5 4cPJ78 9,T',JB HJ. X$6h8 4F)b@I@5(9,cT

c"� ,c) x) %& g>Ch84B,c3@�2T &$6c78 DKchA8 6
&%(& &@L$.+c. 4c"Cj8 4I6c8 *(@"? D. X$6h8 068 %&

D. /HJI@. dP"86ca($ %& 9+.%,c5 +cT 4.,c)'%( %@cn"8
Y;)'4cPJ78 9,cT',JB DcJ>5 &@L$ /�hA8 4PJ78

Y#( 9%$+k *,8Q2T S%@N D. 9+.%,5 *_.

2-2-2-=>13); 0Q!' V#>+-WG =>>EC
Dcc. HJ8'+cc# 6cca($ X$6cch8 06cc8 %&6cca($ S%@ccN

Y;)'Yc#( 16c3 gc)+<[ `;cFJ^ ,c) 4PJ78.6ca($
Y;)'DAcEB 4B,3@�2T '( 4PJ78HJc8' `Fc3 6ca($

)DAcEB dcJ=>[|,c=[%( $ �Jc3 Yc-L /�Jcc3 9,cT(,cc.
$ 4T,cJO  c3@^ DAcEB ,c. ��c# $ �,M ~J[ DAEB

48 &,!)( /*_ i5(+[&&+O.4O�)$6ca($ +T 4<JjG 9,T
DAEB dJ=>[ '( HJ8'+#o.,c"8 9,cTHJcJ<[ 4F)b@cI@5(

48&@3.

2-2-3-#XX* =>13)XX; V#>+-WXXG DRXX(#F1
20713#>T2)*"#B 2#&#&

96c"8',JB ,c. HJ8'+# 6a($ S,JN@KM D;),E8 ,.9,cT
9+.%,56ca($ +cT xc)b@I@5( *(@c[ *(QJ8 /g>Ch8 9,T

48 HJJ<[ HJ8'+#&&+O.�#,"[ X$6h8 068 ,. d.,P8
$ xc) S%@cN D. 9+.%,5 +T 9(+. `;FJ^ +T+=cN ,c)

48 HJJ<[&&+O.,c) `;FJ^ x) %& +O( /+:)& S%,j? D.
Y;)' 6a($iT ,. 4F)b@I@5( 068 })(+3 DJ>5 4PJ78

+ccJf %& $ Ycc#( xcc) �cc#,"[ \'%( /6"cc3,. %(+cce+.
H)(&@. 6T(@M +=N ,. +.(+. S%@N.

2-3-Y:R>;Z#:7:;! 2#&23#4 )[
D.Dc>a+8 D# `8,3 6")(+U +T %& 9',U dP"8 9+JO%,5

9',ccU1&(& 9',cc#4cc<Pe $ 9',ccU p,C"Ccc#( /,ccTl9',cc#
4ccL$+MYcc#,T.Dcc. 4ccEJEa 9,ccT+JVC8 `)6ccj[ ,cc.

4B,cc.' 9,ccT+JVC8/9',ccU Dcc>a+81&(& 9',cc#X,cc!B( ,ccT
48&+JO.D.9',cU %& /DB@2B *(@"?�Jc3 %,cJ<8 9',c#
48S%,j? '( *(@[/ic5 /ic5 4c>JM �Jc3 4B,c.' 9,cT

c5 1&,=C#( &,)' 4>JM $ &,)' /}#@C8&+.`)6cj[ 9(+c.
oc.(@[ '( �z@c2<8 4B,.' 9,T+JVC8 D. 4EJEa 9,T+JVC8

48 1&,=C#( Y)@{?&@3.
9',U '( `je1&(& 9',#Dc"8(& +cJJV[ ,c. 4C;),. /,T

D"8(& D. g>Ch8 9,T+JVC8[0,1]/0,8+B1&(& 9',c#,cT
&+JO X,!B(.1&(& `)6j[ +8( H)(S%@cN Dc. (% ,cT*$6c.

;cJ8 &%(6B,Cc#( $ 6ca($4cc8 +&',c#.Dc./DccB@2B *(@c"?
481',. %& �z@2<8 D5 (% �J3 *(QJ8 *(@[[0,100]%(+ce

0,8+B 6N &6? +. iJ;E[ ,. /&%(&1',. $ &+5 9',#[0,1]

`F3 ,. d.,P8 (%3S%,j? ,.&(&  ),2B 4B,.' 9,T.

`F33.�J3 *(QJ8 9',U Y)@{? o.,[

`F3 %&3"c^ `8,c3 �Jc3 9',cU Y)@{? o.,[s
Y#( c 9',U &6? s"^ /*_ oj[ D. $ c 4B,.' +JVC8.&(6?(

$ *&@c. 0,c8+B 4cO�)$ $& 4C;c),. 1&,=C#( &%@8 9',U
6"c3,. DCc3(& (% q67[)Menhaj, 2008.(%& �z@c2<8

DcEB'$� $ 4c�>�8 9',U &(6?( '( Y)@{? o.(@[ g)+<[9(
48 1&,=C#(48 (% &(6?( H)( D5 &@3Dc. �cJ[+[ Dc. *(@[
) S%@N4),[%,-� xM (a,b,c,d)!Dc# x) $4),c[

M (a,b,c)!YccU+O +ccnB %&.QccJB (% 9',ccU &6cc? +ccT
48YcU+O +nB %& DP.(% x) S%@N D. *(@[.*(@c"? Dc.

D. D5 (% }#@C8 �J3 9',U &6? /0,�84),[%,-� S%@N
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M ( / , / , / , / )! 0 06 0 100 12 0 18   ! "#$%     ! &''()  "*+,   #-% 
 ./%*0 1* 2'#345*)1 ('(6 "#$% :  

 ./%*0)1(  
0 s 0.06

(s 0.10) / 0.04 0.06 s 0.10
(s) 1 0.10 s 0.12

(0.18 s) / 0.06 0.12 s 0.018
0 s 0.18

 !
" #  $""% &  $'
" #  $"

$"(

  

    7 #8 .90#: (;          1* <=*> ?(@A: .% .BCD ?>0 (% E
     ! 2'*' F#G0* ?1#H '<: '+7 . 0' I8*(%#A%GIS  ?*1* .-% 

     #% 0#$J! .BCD (;n     > ?1#H '<: n       (KD<-! *L-M! .B-CD 
  ! 0*(N  '($) .    ?1#H '*<:* ?>0 ?(OG P#$QR:     '*<-:* #-% 

         2'#34-5* #% ?1#H P#O5#S! F*+D* > T5* P>#34!  C$C=
   "#U!* V(4W) XY* 1*   T5* (8Z[ .     )'(4W) .% .G+, #%

 ! F+9+! A! <AD#! '+G+! \%#A! .% "*+,]#^) Menhaj, 

2008 ( '(6 .JG*(! ._<!   2'*' ?1#5       0' ?1#-H ?#;GIS 
     ! `;*(H *0 "#U!* I8*        * 2'#34-5* #-% .6 '1#51   P#-$QR: 

  ̀ $R@, X$QS,  D#7+aR;         *0 ?1#-H ?0#$J!<-Ab ?(-$)
   '(-6  ,#-$QR:)Parhizgar and Ghafari Gilandeh, 

2006.(  
   ̀4W$5 0' c>' .Q=(!    ]#4A4-5* ?#;      &?1#-H ?#-;()

 2'*' d$3Q,          .-% #-% .-6 T5* ?1#H ?#;      0+-,+! ?($)0#-6
     -! c#MD* ?1#H ]#4A45*   '(-$) .       d-$3Q, .-Q=(! I-8* 0'

2'*'  2#-e8#[ '#M8* #% #;  <-:*+N »  "f - (-)*  2#-) «  > ?1#-H
.%       `$R@-, _<-! ?($)0#-6        -! c#-MD* ?(-$)   '(8Z-[ . 1*

_<!           -! +)+-5  6#-, >  D*<R! ?#;        "*+-A: .-% "*+-,
_<!   ̀ $R@, ?#;            '(-% c#-D .-Q=(! I8* 0' _>*<4! ?($)

)Menhaj, 2008, Taheri, 1999; Phillis and 

Andriantiatsaholiniaina, 2001  .(  
   (%  D*<R! _<! 0'     ?1#H T8+g: P#G0' h$6(, ?*
 X--R: 1* ?'>0> \--%*+,  ?#--;()AND > OR 2'#34--5* 

 !  '+7 .    6#-, V>0 0'       i-j% +)+-5»"f   2#-) «  <-:*+N
  .-% ?1#H     .-/%*0 P0+-Y         -! k-8(J,  -9#80 ?*     > '+-7
 G>(l    ! '#M8*  C$C= (8'#C! #%  8#; ''() . P0#O: .%

  ! &(e8'        ]#4A4-5* ?#8*L! 1* V>0 I8* 0' .6 T3) "*+,
    ! 2'#345* (4R6 ?1#H  '+7 .        .-6 T-5* m$-9+, .% c1n

  6#, V>0          >  /l T$;#! ?*0*' oXp#W! 0' (4B$% +)+5

.A$^% Xp#W! I$AqR; .% ?1#5 T5* 2<7 .4H() 0#6.  
         #-8 r8 X!#7 sn+RJ! ?1#H ]#4A45* .Q=(!  G>(l
           C$C= '<: r8 .%  4W8#% .6 T5* ?1#H '<: I8<Ab

 ''() X8<O, .  J/N &.Q=(! I8*    2'*' ?1#5  #;1   '0*' c#-D  .
    sn+RJ! .Q=(! I8* c#MD* ?*(%   V>0 1*        > X-Ct L6(! ?#;

     ! 2'#345* `R8L6#! 21#% L6(!   '+-7 .     &X-Ct L-6(! V>0
              #-% &T-5* .-4H() 0*(-N 2'#345* '0+! d$CS, I8* 0' .6

 ./%*0 1* 2'#345*)2 ( ! c#MD* '($) .  

 ./%*0)2 (  
j j

j

j
j

a (s )
Suitability

(s )

%

&
%

)

)
  

 %*0 0'  ./)2 (   1* 0+KA!j(s )%     ?1#-H T8+g: .G0' 
  (8'#C!ja    .6 T5* j       ?1#-H T8+g: .G0' ($$u, (eD#$% 

T5* ?1#H ]#4A45* .Q=(!  G>(l 0' .  
  

2-4-         !" #$%&'( )*+,-.-/0 10-2 #$$32 450'% 
6& 7 89:%  

          r-8v+w+6* "*+-, I$-$J, X-=*(! .-% .G+, #%  0#4l#-5 > 
`4W$5   ]#4A45* ?#;        i-j% 0' .-6 ?1#H ()      X-ON ?#-;

          r-8v+w+6* "*+, I$$J, <A8*(H  Q6 0#4l#5 &<8'() .p*0*
       ! *0 ?1#H d/A! 1* 2'#345* #%         XU-7 #-% d%#/! "*+,4 

  '(-6 "#$%&             U8v+-w+6* "*+-, I$-$J, X-=*(! .-!*'* 0' 
 ! m8(B, ?1#H d/A! #% I$!1(5 '+7.  

  
2-4-1-6& 7  ;<= 6& (> ?@% A  B   B  

V>0 0'     >  D#--U! x0*+--: I$--% 1(--! &_>*<--4! ?#--;
yz6   X$UB, ?#;   .BCD 2<A;'      .%  U8v+w+6* \%#A! ?#;

    2(-$l{  -J/N P0+Y      -! ?1#-5   '+-7 .    "*+-,  %#-810*
   ]#4A45* `4W$5 0'  U8v+w+6*      k8(J, cLQ4W! &?1#H ()

      _<! 0+KA! .% h5#A! ?1#H T8+g: \%*+,      c#-^%* ?1#-5
 1(--! 0' '+--G+! yz--6 >  D#--U! x0*+--: I$--%  ?#--;

.BCD T5#; .  
                                                           
1. Defuzzication 
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 XU74 .?1#H d/A! 2'#345* #% I$!1(5  U8v+w+6* "*+, <A8*(H  Q6 0#4l#5  
  

          |-5*> "*+A: .% ?1#H ]#4A45* 0+,+! &(e8' }(~ 1*
.B--CD  \--%*+, k--8(J, .--% 1#--$D & --G>(l > ?'>0> ?#--;

  .BCD ?1#H T8+g:      '0*'  G>(l > ?'>0> ?#; .#A% I8*(%
_<!      _<! 0' '+G+! c#^%* ?1#5     "#!LR;  U8v+w+6* ?#;

 .BCD #%        T-5* ?0>(-9  U8v+w+6* \%#A! ?#; .  &.-!*'* 0'  
 _<! <D>0    .B-CD ?1#5      _<-! > #-;        .-%  U8v+-w+6* ?#-;

 ! m8(B, r$U3, <D'() .  
  

2-4-1-1- ?@%           #$!" &'!% CF F-G-% H I"0 6& (
)= *% JC0-K  

     ' #% h5#A4!  D+e$Q[ x0*+: 1(!      P0+-Y .-% .BCD TN
 2($l{  J/N    ! ?1#5         T8+g-: c<: #8 T8+g: > ''()

                k-8(J, ?(A8#-% P0+-Y .-% "+-e$Q[ (-; 0' .-/CD r8
 !  '+7 .      2<8<[ I$% 1(! & JN*> '0*+! hQ�* 0'     d-$N' #;

TW$D .              c<-: #-8 T8+g-: d-$N' 1(-! I$-$J, I8*(%#-A%
 T--5*  --QR:($� > IUR!#--D "+--e$Q[ r--8 0' T8+g--:

)Sunila et al., 2004, Moreira et al., 2003 .(  
   ! ?1#H d/A!        .B-CD .-$^, 0' <-D*+,       c#-^%* .-6 ?*

    2<8<[ I$% 1(! 0' '+G+!          > <-;' i8#RD *0 x0*+: > #;
    r8'LD `;  JN*> ?#$D' .%           \-N*> *0#-6 > <-$3! &<7#% (,

'+7 .    0' x0*+-: yz-6  M80<, ($$u, 0' '+G+! c#^%*
   Q[ I$% 1(!  "+)    #;)    6 >' 0' ($$u, <AD#!    �#-l yzA 

  >B (  ! *0        .-/CD r8 ?1#H T8+g: .G0' y#5*(% "*+,
 �jB! "+e$Q[ (; 0')r8 #, (3Y ('(6 k8(J,.  

     ! *0 ?1#H T8+g: .G0'           T-N' .-% .-G+, #-% "*+,
_<--! .B--CD  :+--9+! #--8  --5<A; '(--6 ?1#--5. T--N' 

           I$-$J, .B-CD (; y#$C! 1* 2'#345* #% .BCD  ,#S/W!
 !  ''() .    $C! 0' &_#�! "*+A: .%  y#1:250,000   T-N' 

     (-%*(% .BCD  ,#S/W!75    T-5* (-4!  .     :+-9+! T-N'
               .B-CD <-$w+, V>0 > c+-^3! .-% .-G+, #-% L$D .BCD    #-;

 T5* P>#34! .         .B-CD 0'  :+-9+! TN' &_#�! "*+A: .%
       TH#%  M80<, ($$u, 21#% �#l TH#%)     T-H#% (-$$u, ($KD

  |5+4! .% I$eA5 (          `$-QN* .B-CD 0'  :+-9+! T-N' >
   -, ($$u, _'#J!      ̀ $-QN* F+-D  M80<)      `$-QN* (-$$u, (-$KD
.R$D .% rBl rBl (T5*.  
   XU7 0'5)  T5*0 TR5 ( "+-e$Q[     ?#-;A   > B   .-% 

      2<-7 2(-$l{  -J/N P0+Y  <-D* .    0' '+-G+! c#-^%* (-)*
2($l{    "+e$Q[ 1(! ?1#5        .BCD  5<A; TN' (%*(% .5 #;

               1(-! 1*  G0#-l >  -Ql*' (H#-% .5 &'+7 .4H() (KD 0'
 "+e$Q[A ! `$5(,  () '') XU75�b TR5 & .(  

L$M  
N O P7 "  

DKN O 8  
Q+ ('7  

R$ST0  
U V2C0  

L$M PIG  
#$%& )( :M 

 ><WX 6&CA ;/1  
 ><WX 6&CA ;/2  
 ><WX 6&CA ;/3  

R/0'Y% Z2'%  
>D$= Z2'% R/0'Y%  

R/ Z2'%  R/0'2  
 ><WX )Y3:[ A )+ Y(AC \6'IM >3(-21  
 ><WX )Y3:[ A )+ Y(AC \6'IM >3(-22 

>;<=)GA'O 6 B >;<=  6FACA 6 B 

C-2-%  
] Y:Y(0  
6& 7 
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 XU75 .2($l{ .% "+e$Q[ r8 i8#RD > ?1#5 ?1#H >  J/N P0+Y  

  

           r8 (; .% *0 .BCD ?#gH 1* ./CD (; T8+g: .G0'
 "+e$Q[ 1*    ! #;             "+-e$Q[ 1(-! 1* .Q-Y#H hW-=(% "*+-,
'(6 I$$J, .  @jB! .QY#H 0' .6  ~#CD .$Q6 .:+RM!

      T8+g: .G0' ?*0*' &<A7#% "+e$Q[ 1(! 1*  "#W-U8    <-D* .
          0*'+-RD r-8 #-% sn+RJ! T8+g: .G0')   XU-76(   r-8 &
         -! "#$% T8+g: \%#, r8 #8 > _><G   '+-7 .    \%#-, r-8

  T8+g:(x)%&         ?1#-H T8+g-: 1*  47#eD x    ?#g-H 0' 
 �S% '0+!X 21#% .% [0 , 1]T5*  .   ?1#-H T8+g-: \%#,

 XU75 ! *0   ./%*0 #% "*+,)3 ('(6 "#$% .  
  

  
 XU76 . "+e$Q[ ?1#H T8+g: \%#, `$5(,A �#CD .QY#H y#5*(% 

 "+e$Q[ 1(! 1*A  
  

 ./%*0)3(  
x,y  {A-nd} ,   b=3,    n>b

b n x,y   {A-nd to A-(n-1)d}  ,  n={1,2,…,b}b(x)
(b ) n x,y    {A+(n-1)d to A+nd} ,  n={1,2,…,b}b

x,y   {A+nd}  , n>b

!
"
"
"
'
"
"
"
(

*
+ *+

% &
+ # *+

*

1

2 1
1

2 1
0

  

         1* 0+-KA! &2<-7 .47+D ./%*0 0'b     ?#-;(H#% '*<-J, 
  --Ql*') G0#--l ( 1* 0+--KA! >x, y {A (n )d}* # #1 

             .Q-Y#H 0' .-6 <A4W-;  ~#-CD .-$Q6 .:+RM!–nd   #-,   
–(n-1)d     "+e$Q[ 1(! 1* A   .-4H() 0*(N      <-D*) XU-7    ?#-;  

5 > 6.(  
  

2-4-1-2-?@!!%   _AC CF F-!!G-% H !!I"0 6& !!(
><WX ?A0@Y% 6@:"  
"#R;       .BCD sn+RJ! &<8'() (6{ .6 .D+)    ?#;(4!*0#[ ?#;

 21*<D* X%#N    d-8(~ 1* h$7 > F#3,0* <AD#! '0>f(% #8 ?($)

.CO~     ! .$^, _>*<4! ?<A% <D+7 . #% 2'#34-5*  k-8(J, 1* 
      -! h5#A! ?1#H T8+g: \%*+,         0' '+-G+! c#-^%* "*+-,

.CO~    _<! *0 ?<A%      .-CO~ > '(6 ?1#5       *0 '+-G+! ?<-A%
 JN*>    '*' c#MD* (, .   sn+RJ! ?1#H T8+g: \%*+,    y#-5*(% 

       2(^% #% > .BCD  :+9+! >  5<A; TN'        i-D*' 1* ?($)
 ! k8(J,  5#A70#6 <D'().  

.%     #3,0* 2'><S! &_#�! "*+A:    .Jw#/! '0+! .C/A!  :
  I$%1520   #, 3320        .-CO~ 0' .-6 '0*' 0*(N (4!     ?<-A%

 yz--6 0#--^b .--% _>*<--4!1520 #--, 1800 &1800 #--, 
2200 &2200 #--, 2600 > 2600 #--, > 3320 `$W--C, 
 !   '+-7 .            :#-3,0* T-N' .-% .-G+, #-% d-$CS, I-8* 0'
.BCD    ?#;1:250,000        & -5#A70#6 i-D*' #-% d%#/! >   

  +! c#^%* "*L$!       yz-6 21#-% k-8(J, 0' '+G      .B-CD ?#-;
 F#--3,0*100<--8'() �#--Sw (--4!  . .--G+, #--% .--% '0*+--!
i$[   ! &.43)     0' *0 F#3,0* .BCD ?1#H T8+g: \%#, "*+,

 XU77'(6 .K=z!  .  
  

  
 XU77 .F#3,0* "*L$! ?1#H T8+g: \%#,  

  
  _<!  [ 0'        +, #-% F#3,0*  M80<, P*($$u, ?1#5  .-G

   XU7 .%7  !          F#3,0* ?1#H T8+g: .G0' .6 T3) "*+,
1795           T8+g-: .-G0' 1* (4B$% &`6 F#3,0* yz6 ?*(% 

   F#3,0* ?1#H1805            .-% > T-5* `-6 F#-3,0* yz6 ?*(% 
        F#-3,0* T8+g-: .G0' h$,(, I$R;1805     ?*(-% (-4! 

            F#-3,0* T8+g-: .-G0' 1* (4B-$% |5+4! F#3,0* yz6
1795 F#3,0* yz6 ?*(% (4! T5* |5+4! .  
  

2-4-1-3- ?@%       ?@% CF F-G-% H I"0 6& (    6 !B
)*+,-.-/0  

        -)�8> 1* r-8 (-; T$R;*       .-% hW-4A!  -/$S! ?#-;

2600        2200        1800  

 !          !"#$          %&'(        %&'( )*+,      
1 

-&./01)2#$(  
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   ! "#$%&' ()*+,-.        /0')12  345 6-7#$ "##82 49:1$
    (&!4); %- <= &* (-&!          6)0#! >?)0!% @4)AB )! CD9E8$ F)*

>$  55&G .       >3.&H I=9JB K!-92 L=&82 M7NOP$ &$- "=-
(-&! (&!4);        I0'- L0NOQ$ ()0* .    RS0T 458   I0#E*- 

@4)AB *          49;U0$ K0!-92 L=&82 45 V5)WO'- 549$ >?)!% ()
   I'- V+T V5-5 6)X? .       %- 49:1$  ; I'- Y#Z92  ! M%D

 ()000*&O;-4);PF   L F M F H . V  "000=- /000#2&2  000! 
@4)AB    I'- >?)!% ()*:       . 5)0=% F[0'9O$ F\; F\; >N#H 

5)=% >N#H.  
  

  
 RST8 .B K!)2(&!4); (-&! ()*49O;)] /')12 (%)] I=9J  )*  

  
2-4-2-/0#1 2#3435!   

    X^? +#_92 %- +8!       X^? `#WN2 F>S=a9_9;- K!)1$ ()*    )0*
  >00$ 4-&00b &00:? +00$ 5&00#G .c.4  ()00*WLCF(%)00]   

REB  +B-9b . (%)] ()*&G»  6d 0 &0G-  V)0G «   (-&0! (%)0]
  X^? `#WN2               %- V5)WO0'- )0!  0; >S=a90_9;- K!)01$ ()0*

`e1$   V+T  #f2 (%)]          >0$ &0:?  0! /')1$ F+?-   +10'4 .
6)E*     V5)WO0'- `0#^g2 "=- 45 F+=5&G &;h CiAb  ;  ?9G

 +B-9b %-» 6d 0 &G- V)G « X^? `#WN2  N,&$ (-&! (%)]  )*
   I]&G 4-&b  392 549$ .     V5-5 `0#WN2 (-&! c.4 "=-    ()0*

   I000'- V+000T  000O]&G 4)000;  000! >?)000S$&#j (%)000]
)Andriantiatsaholiniaina et al., 2003, Phillis and 

Andriantiatsaholiniaina, 2001 .( >8' `#^g2 "=- 45
            V5-5 `0#WN2 45 c.4 "0=- >=-4)0;  0; I'- V+T    ()0*

          >0'4&! 549$ >S=a9_9;- 6-92 "##82 &! +#;k2 )! F>?)S$
5&#G 4-&b &OX#!.  

 !    V5-5 `#WN2 49:1$          +0B-9b %- V5)WO0'- )! (%)] ()*
+O!- F(%)] &l3)O1O'- +B-9b V)l=)m <= -» 0 &G- 6d   V)0G «

  (&!4); (-&! (%)]     >0$ 5)n=- )*   55&0G .      08_)e$ "0=- 45

(&!4)00; (-&00! o+00$ )00! `!)00e$ &00:? 54900$ ()00*  ()00*
          )0! . +T L=&82 (%)] I=9JB K!-92 FM.+Q$ >S=a9_9;-

 +00B-9b V)00l=)m F>00')1T4); p00?-5 %- V5)WO00'-»   0 &00G-
6d  V)G «    +=5&G L=&82 &:? 549$ (%)] .  0!      Fo)0q$ 6-901B

  *6!      /#T "#$%&' +,-. <= 45 7+ (89:)   c%4-1 ( .
  r)0H I])!  ;9<4=5 )   c%4-5 (      r)0H `0EB . >#=)0 

)  c%4-5 (   p=)'&] .  7+)  c%4-1 (  F+T)! ?  @#6   6-902
        ^As (%4.)X; (-&! +,-. 6d <=a9_9;-1   >#)0) c%4-

5 (I'- .    o.+03 453          (-&0! t90!&$ +0B-9b %- (5-+082 
^As (%4.)X; (&!4);  1I'- V+T V54.d .  

V5-5 `#WN2     +0B-9b %- V5)WO0'- )0! (%)] ()*»   0 &0G-
6d V)00G «   00! M7NOP00$ (%)00]    o+00$ <00= (&#G4)00;

\#Eu2             c.4 %- V5)WO0'- `0#^g2 "=- 45  ; I'- (&#G
            &vw0$ . V5)0' 4)OH)0' R#_5  ! >?-+E$ &q;-+, Rb-+,
             >0ENB Rx)P0$ 45 6d V5&OP0G 5&!4)0; "#1yE* . F6d

  I]&G 4-&b &:?+$ .       +1=-&] F(5+B >_)q$  x-4- )!  $-5- 45
\#Eu2          YZ-. @49z  ! c.4 "=- %- V5)WO'- )! (&#G    &02

>$ Y=&X2 55&G.  
             (&!4)0; (-&0! RP0S#m <0= /0')12 "##82 45 &G-

    ^As (%4.)X;1    /#T 6-7#$ 2/3      I0])! F+0T)! +z45 
         N0z)] 45 RPS#m >_. "#l1' r)H60      %&0$ %- (&0O$ 

    Kb-. "#l1' )2 ['9O$ I])!     r)0H `0EB . +0T)! V+T 
   N00z)] 45 RP00S#m >00_. `00#EB2 %&00$ %- (&O$900N#; 

           345 (5.4.  ' "=- "OT-5 )! F+T)! V+T Kb-. 69l#Nm
 {I'- 4+^| RPS#m "=- /')12  

   /#T 6-7#$2/3            RS0T  0!  0392 )0! +0z45 9    0! 
         (%)] I=9JB  345 )! \; >N#H /#T }i;4/0    ! . F

        (%)] I=9JB  345 )! \; /#T }i;6/0   54-5 `0N82  .
           Nz)] 45 "#l1' r)H I])! )! RPS#m <= I])! c%4-

60F"#l100' )002 [00'9O$ I00])! %&00$ %- (&00O$   %- +008! 
o)$&?     o5)8$ (%)'83/0 I'-  .    r)H I])! c%4-83/0 

     RST  !  392 )!10          )02 [0'9O$ r)0H I])! }i;  ! 
      (%)] I=9JB  345 )! "#l1'2/0        I0])! }i0;  0! . 
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     0B  345 )! "#l1' r)H    (%)0] I=9J8/0   54-5 `0N82  .
            N0z)] 45 `0#EB r)H `EB )! RPS#m <= `EB c%4-

2        o)0$&? %- +8! 69l#Nm %&$ %- (&O$9N#;       o5)08$ (%)0'
85/0   )2 1           o5)08$ o)0q$ "0=- 45  ; I'- 9/0    &0:? 45 

 +T  O]&G .           )0! `0#EB r)0H `0EB `N82 6-7#$ "=-&!)1!
    RST  !  39211            0345 )0! `0#EB }i; <=  ! [^] 

=9JB (%)] I154-5 `N82  .  

  
 o.+33 . ?9E?  +B-9b %- >=)* »6d 0 &G- V)G «  ^As (%4.)X; /')12 (-&! (%)]1  

J5
#4I

 

K
)#5
*1 

L#
: B

%M
 

L#
: N

1#E 
J9
O 

J5
#4I

 

K
)#5
*1 

L#
: B

%M
 

L#
: N

1#E 
J9
O 

J5
#4I

 

K
)#5
*1 

L#
: B

%M
 

L#
: N

1#E 
J9
O 

J5
#4I

 

K
)#5
*1 

L#
: B

%M
 

L#
: N

1#E 
J9
O 

J5
#4I

 

K
)#5
*1 

L#
: B

%M
 E

L#
: N

1# 
J9
O 

J5
#4I

 

K
)#5
*1 

L#
: B

%M
 

L#
: N

1#E 
J9
O 

2 3 4 4 3 3 1 5 5 3 3 3 4 4 2 5 1 5 5 2 3 3 4 4 1 5 1 5 5 1 

2 1 3 4 3 3 2 5 5 3 3 1 3 4 2 5 2 5 5 2 3 1 3 4 1 5 2 5 5 1 

2 2 3 4 3 2 3 5 5 3 3 2 3 4 2 3 3 5 5 2 3 2 3 4 1 3 3 5 5 1 

1 3 3 4 3 3 1 4 5 3 4 3 3 4 2 5 1 4 5 2 2 3 3 4 1 5 1 4 5 1 

2 1 5 3 3 3 2 4 5 3 3 1 5 3 2 4 2 4 5 2 3 1 5 3 1 5 2 4 5 1 

2 2 5 3 3 3 3 4 5 3 3 2 5 3 2 3 3 4 5 2 3 2 5 3 1 3 3 4 5 1 

1 3 5 3 3 2 1 3 5 3 2 3 5 3 2 3 1 3 5 2 2 3 5 3 1 3 1 3 5 1 

2 1 4 3 3 2 2 3 5 3 3 1 4 3 2 3 2 3 5 2 3 1 4 3 1 3 2 3 5 1 

2 2 4 3 3 1 3 3 5 3 3 2 4 3 2 1 3 3 5 2 3 2 4 3 1 2 3 3 5 1 

1 3 4 3 3 3 1 5 4 3 2 3 4 3 2 5 1 5 4 2 2 3 4 3 1 5 1 5 4 1 

1 1 3 3 3 3 2 5 4 3 2 1 3 3 2 4 2 5 4 2 2 1 3 3 1 5 2 5 4 1 

1 2 3 3 3 2 3 5 4 3 2 2 3 3 2 3 3 5 4 2 2 2 3 3 1 3 3 5 4 1 

1 3 3 3 3 3 1 4 4 3 1 3 3 3 2 4 1 4 4 2 1 3 3 3 1 5 1 4 4 1 

     3 2 4 4 3      4 2 4 4 2      4 2 4 4 1 

  
  

  
 RST 9. /#T `N82 6-7#$ 2/3 K!-92  ! +z45   

/#T (%)] I=9JB  

  
 RST10. `N82 6-7#$ 83/0 r)H I])! (%)] I=9JB K!-92  !   



 !"#$%& ' (%)*+ ,%-. 

   ! " #$ %&'(GIS$ )*$+  
 , $ ,-(   , $ .!-/0   !-121388  

28 

  

  
 RST11.N82 6-7#$  `9/0 r)H `EB (%)] I=9JB K!-92  !   

  

            F59039$ +0B-9b V)0l=)m 45 >OP0=)! IEP0b "=- 45  
       F\0; . \0; >0N#H )0f?d /#T 6-7#$  ; (+B-9b >$)E2
              `0EB . "#l10' )02 [0'9O$ . "#l1' )f?d r)H I])!

~)QO?- F+T)! `#EB )f?d r)H +?5&G. 45  4)f| I_), "=-
RST 45  ; V+B)b 12V+T V5-5 p=)E?  F+?- 54-5 593.  .  

         V5)WO'- )! >3.&H F(%)] I=9JB K!)2 �+B)b &* 45
    >$ "##82 +B-9b V)l=)m %-  55&G .        0392 )0! +8!  N,&$ 45

              I=9J0B K0!-92  0! RP0S#m (%)0] I=9J0B @)345  !
        >3.&H I=9JB K!)2  ! RPS#m I=9JB  345 F(5.4.

 >$  A')g$  55&G .      @)345 /#;&2 (-&! >?-+E$ o+$ 45
2 (%)00] I=9J00B &00lNEB %- (5.4. K00!-9AND o5)008$ F

  >$ V5)WO'- FRb-+,  59T . !        )! o.- V+B)b 45  ?9E? 6-91B
     I=9JB  345  ' "OT-54/0  F8/0   . 1    I=9J0B  345 

           >018= )f?d \E#1#$ &!-&! V+B)b "=- 45 RPS#m "=- (%)]
4/0I'- .  

  
 RST12 . (&!4); (-&! RPS#m <= /')12 "##82 V9g?  

  ^As (%4.)X;1  

n?-           0345 `0#WN2 R$)T >?-+E$ o+$ M.5  N,&$ M)
          )0f?d (%)] I=9JB K!)2  ; I'- (+B-9b (%)] I=9JB

       REB %-  N,&$ "=- 45  ; I'- 6)PS=     &0GOR   o5)08$ F
   >0$ V5)WO'- &q;-+,   55&0G .         K!)02 FV+0T  0x-4- o)0q$ 45

          4-+^$ &q;-+, . I'- 6)PS= M9' . M.5 V+B)b I=9JB
    I=9JB  345 .52/0   . 6/0  1B  !      V+0B)b .5 `#WN2 6-9

>$ ~)QO?- 55&G .  
  

2-4-3-@>!>  >*+ (PCQ   #&  
         RPS#m &* /')12 6-7#$ F(%)] �)O1O'- FRAb  N,&$ 45
                 (%)0] 5+0B +01| )0= <0= @490z  0! (&!4); &* (-&!

 >$  A')g$ 55&G . !   RS0T 45 F ?9E? 6-91B13  /0')12 
            5+0B  0' )! >!d IB-4% (&!4); (-&! &:? 549$ RPS#m

 2 F(%)]             (%)0] I=9J0B  0345 )0! [0'9O$ /0')12/0 F
       (%)] I=9JB  345 )! D)! /')126/0     >0N#H /')12 . 

 (%)] I=9JB  345 )! D)!4/0I'- o5)8$  .  
  

  
 RST13 . c.4 %- V5)WO'- )! /')12 6-7#$  A')g$ V9g?  

 R^v 7;&$  
  

 !                R0^v 70;&$ c.4 %- (%)0] 5-+0B- `0#WN2 490:1$
 +=5&G V5)WO'- .  .4 "=- >3.&H     /0')12 6-7#$ &l?)#! c

     I'- >8eb @49z  ! RPS#m &* .    FV+T Y=&X2 o)q$ 45
            0e!-4 %- V5)WO'- )! &:? 549$ RPS#m /')12  345)2 (

+=5&G  A')g$ .  
V5)00$d @)00#NEB F`00#^g2 "00=- 45  c%-5&00m . (%)00'

 X^? M&? 45 )*   4-70]-ArcGIS Ver 9.3   K0!-92 L0=&82 . 
 +B-9b V)l=)m 5)n=- . (%)] I=9JB» 6d 0 &G-  V)G « (%)]

M&? %- V5)WO'- )!  4-7]-Matlab Ver 7.6+=5&G M)n?-  .  )0!
  I#N!)b %- V5)WO'-    M&?  8'92 ()*    4-7]-ArcGIS  X^?     )0*

 (%)] @)A')g$ M)n?- (-&! . +?+T  #f2 (%)] @49z  !  
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M&?  ! 5.4. R!)b I$&]  !  4-7]-Matlab Ver 7.6 R=+A2 
+?+=5&G .    -902  A')g$ %- +8!     M&0? 45 >S=a90_9;- 6    4-70]-
Matlab             M&0?  0! 5.4. R0!)b I0$&]  0! >3.&H F     4-70]-

ArcGIS   +0T R=+A2  .           ̀ 0#^g2 "0=- 45 /0#2&2 "0=-  0!
   M&? .5 "#! o)u2-     ! 49;U$ 4-7]-      X0^?  #f2 49:1$    ()0*

I]&G M)n?- (%)] `e1$ %- V5)WO'- )! >S=a9_9;- 6-92.  
  

3-R)#3S   
       9;- 6-902 "#0#82 R,-&$ )! `!)e$      )0! "#$%&0' >S=a90_

        pQ! 45  ; (%)] `e1$ %- V5)WO'-2-4    F+0=5&G  0x-4-   
I]&G M)n?- &=% R,-&$ :  

   !     V5)#m �=)O?  P=)^$ 49:1$        )0! M.+0Q$ o+$ (%)'
      X^? F(%)] . "#_9! `e1$ .5     >S=a9_9;- 6-92 ()*

(&!4);           70#? "#_9! `e1$ %- V5)WO'- )! LNOQ$ ()*
 +?+=5&G  #f2 .    F 0?9E? 6-901B  !   X0^?       6-902 ()0*

 (&!4); >S=a9_9;-       ^As (%4.)X; ()*1    8'92 . 
       ^As >=)O'.4 . >O81z F(&fT1      45 /0#2&2  0! 

RST  ()*14 . 15V+T  x-4-  +?- . 
  
 

    (%)]  N,&$ 45        (%)] I=9JB K!-92 L=&82 )! (%)'
   X00^? FL00NOQ$ ()00*4)#8$ (-&00!   49O;)00] ()00*

            F/#0T F�)0W24- R$)0T  0E#$ . 4-90H&! 6)O'&fT
           F\#0Nb- �90? Fr)0H `EB Fr)H I])! F/#T If3

  "#$% . p=)'&]    >')1T)  45)0$ �1' (    @490z  0!
        0; +0?+=5&G  #f2 (%)]    6d &=9u02    RS0T 4516 

 V+T  x-4- I'-  .    V&0n1m %- 490:1$     <0|9; ()0*    &02  
  X^? 45          RS0T 45 V+0T  x-4- ()*16   >=)0E1G47! F

           6-90O!  0; I'- >Nz-  X^? %- <|9; IEPb <=
  ] I=9JB &##�2    YZ-. >NST  ! -4 (%)       0:,i$ &02

5&; . 
     >'4&!  !  392 )!           X0^? +0#_92 45 V+T M)n?- ()*

          . p=)0'&] }i; Fr)H `EB Fr)H I])! 49O;)]
               &])0! 4)0f| . >0NH-5 &])0! 4)0f| F45)0$ �1' �9?

   V%-+00?-  00! >34)00H150  +00=5&G �)00g_ &00O$ .  
    &])00! .5 F\#0Nb- 49O;)00]  X0^? +00#_92 45 "#01yE*

   ])! .5 . >NH-5          &O$90N#; <0= V%-+0?-  0! >34)0H &
+=5&G �)g_.  

( / / / / / / / / / / / / )Suitability /
( / / / / / / )

! " ! " ! " ! " ! " !
# #

" " " " "
0 363 0 01 0 47 0 2 0 59 0 4 0 70 0 6 0 80 0 5 0 905 0 4 0 7190 01 0 2 0 4 0 6 0 5 0 4  

  
  

  
  

  !"14 . #$%& '()*+,- './)+- 01+23 #,$41) 5678/ 9:2; (    !"15 . #$%& '.<" #=183 './)+- 01+23 #,$41) 5678/ 9:2;(
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                  )>7?(                                           )@(  

  

                                    
)A (  )B(  

  

                                   
      )         CD(                                    )                 *(  

  !"16 .#,$4  '(+E 9:2; (? FB+GH1? +/ I!JK878-? L/+2; '+D)>7? ( MN+O 9PQ)@ ( MR+G3)?)A ( MSJ+1.E)B ( M06")CD ( * MN+O TE+/)* (U6VW?  

  
   FB+GH1? +/ (?   XCQ?8W F+CYJ+Z»  [\ C .C]?  F+C] «  '(+CE

     U6P^C3 _X; * FX" B+`J?        9C6GV3 aI4?XCP; '.C6]
#,CC$4  #CC/ I!JK8CC78-? L/+CC2; '+CCD  XCC6783 )8CCb2;
#,$4        './)+C- I!JK8C78-? [?8C3 '+D      >CVHc; '+CD  

  

 TE.] d+`4? .#,$4         C- I!JK8C78-? [?8C3 '+CD './)+
 #CC$%& '()*+,CC-1 * IH=2CCe a'.<CC" #=CC183 * 

   #$%& IJ+H1*)2   !" )B     '+D17   * 18   [?8C2Q #/ 
T1? FX" #f?)? #48P4. 
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  !"17 . #$%& '()*+,- './)+- '?./ 01+23 #,$41   

)'(+E 9:2;(  
  

  
  !"18 . #$%& '.<" #=183 '?./ 01+23 #,$42) '(+E 9:2;(  

  
            T78<C1 #C/ #Cg83 +C/ 96$h3 5J? )B  FB+C6Z     '(+C1

   i6h; )B '(+E 9:2;    '+DGIS      jC!6Z a'.HC1) 
#/      XJB.] >J.=3 56;(.1 Xk?* [?82Q .[8l   '+C2%;

U6P^3      TjCJ( '+DXk?* mn8P=; '.6]      +CJ IC:6h;
IHJ.JX;     TjCJ( '+DXk?* aX4?        +C/ 9/+C:; IC:6h;

   +C<4\ 01+23 [?o6; * X" B+`J? d*Xc; _X; >J.=3
  jCC!6Z 56Y4+CC6; (?  ?* [\ )B B8CCg8; '+CCD XCCk
XCCJB.] #%CC1+h; .  #CCQ8P`; '?.CC/ )8-pCC; XCC4*)

[+HjDB     TE.] d+`4? o64 +D .  !" )B    '+D19   * 20 
#,CC$4 [?8CC3 '+CCD'./)+CC- I!JK8CC78-? '()*+,CC-   

 

  
  !"19 .TjJ( '+DXk?* 01+23 #,$4  './)+- '?./ I:6h;

 #$%& '()*+,-1  

  

  
  !"20 .[+HjDB 01+23 #,$4  #$%& '()*+,- './)+- '?./ +D1  

  

 #C$%& 1FB*XCCh; '?.CC/   TjCCJ( XCCk?* '+CD  * ICC:6h;
[+HjDB   T1? FX" #f?)? +D . _X; '?.g? qJ+H4 rjJ+$; )B

  I; '(+E * 5678/ 9:2; (? FB+GH1? +/ d*Xc;   TCG] [?83
  FB+6Z )B #-             9&+C2; (? FB+GHC1? +C/ d*XCc; _X; '(+1

      st- * u)?8Q (.; v?.&? )B a'(+E    6!,3 '+D   wX2DB
#,$4    !JK878-? L/+2; '+D        '.H,C6/ x+C6fog +C/ qJ+H4 I

 I; [+6/  BB.]a   #-    !" )B18      #C6k+4 #1 IJ+P2])o/ +/ 
          TC1? FXC" FB?B [+,C4 IVe? #,$4 (? yl8- .  #jCJ+$;

              * 5678C/ 9C:2; *B +C/ d*XCc; _X; '?.g? qJ+H4 IzP-
_*Xg )B '(+E  '+D4 a5 * 6 T1? FX" FB?B [+,4.  
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    _*Xg  6Vh3 +/4 I;           s+C1?./ #C- B.C- [+6/ [?83
B+6ZF        './)+- '?./ #- I$&+2; a5678/ 9:2; '(+1    '+CD

    0C1+23 a>VHc;1  XC4)?B a       #C/ '(+CE 9C:2; )B     x)8Ce
  i18H;3/90           aB+CJ( ICV6O 0C1+23 +/ st- )B Xe)B 

7/8 * B+CCJ( 0CC1+23 +CC/ stCC- )B XCCe)B 1 )B XCCe)B 
   #HE.] )?.W i18H; st-  X4? .       #C- TC1? {6|83 #/ d(n

    './)+- '?./ B?XQ? 5J? FB*Xh;     '+CD    x*+CGH; >CVHc;
T1?.  

  
 _*Xg4 .'./)+- Tk+j; IzP- #jJ+$;  +D)L/.;.H;8V6- (FB+6Z )B '(+E 9:2; * 5678/ 9:2; *B +/ d*Xc; _X; '(+1  

 01#2 345.),B"7(   01#2 345.)C;*. *9.?D=+(  <=@?; 345.  

0*;"#+  

7#)
1 (

D=E
 

7#)
1

 F:
?9.

 G=
HI

 G=
HI

 (
D=E

7#)
1 (

D=E
 

7#)
1

 F:
?9.

 G=
HI

 G=
HI

 (
D=E

 

7"!
7

 7"!
,J

 

 #$%& '()*+,-1 0/94 0/6 0/0 0/0 0/0 423  27  0  0  0  450  -  
 #$%& '()*+,-2 3/90 7/9 0/0 0/0 0/0 707  76  0  0  0  783  -  
 #$%& '()*+,-3 8/83 2/16 0/0 0/0 0/0 872  169  0  0  0  1041  -  
U-?.H; L3.; 6/90 4/9 0/0 0/0 0/0 77  8  0  0  0  85  -  
#P64 L3.; U-?.H; 0/92 7/6 3/1 0/0 0/0 4211  305  61  0  0  4577  -  
U- L3.; U-?.3 7/93 3/4 0/2 0/0 0/0 4802  218  105  0  0  5125  -  
 #=183'.<" #$%& 1 9/87 1/12 0/0 0/0 0/0 225  31  0  0  0  256  -  
 #=183'.<" #$%& 2 7/89 5/5 8/4 0/0 0/0 3768  229  202  0  0  4199  -  

  
  

 _*Xg5.zP- #jJ+$; /)+- Tk+j; I'.  +D).H;8V6- L/.; (FB+6Z )B '(+E 9:2; * 5678/ 9:2; *B +/ d*Xc; _X; '(+1  
 01#2 345.),B"7(   01#2 345.)C;*. *9.?D=+(  <=@?; 345.  

0*;"#+  

7#)
1 (

D=E
 

7#)
1

 F:
?9.

 G=
HI

 G=
HI

 (
D=E

 

7#)
1 (

D=E
 

7#)
1

 F:
?9.

 G=
HI

 G=
HI

 (
D=E

 

7"!
7

 7"!
,J

 

 #$%& '()*+,-1 1/0 4/0 7/1 8/12 0/85 9  27  108  831  5532  -  6507  
 #$%& '()*+,-2 8/0 1/1 1/3 9/29 3/65 48  65  189  1843  4029  -  6174  
 #$%& '()*+,-3 6/1 6/3 6/48 7/20 5/25 92  214  2874  1227  1509  -  5916  
U-?.H; L3.; 1/0 8/1 0/8 3/35 8/54 9  122  548  2429  3764  -  6872  
#P64 L3.; U-?.H; 7/0 8/26 1/8 6/20 8/43 16  638  193  490  1043  -  2380  
U- L3.; U-?.3 0/0 1/3 3/10 2/55 3/31 0  57  189  1012  574  -  1832  
 #=183'.<" #$%& 1 2/0 8/0 3/43 9/37 8/17 16  55  2901  2539  1190  -  6701  
 #=183'.<" #$%& 2 0/0 8/17 1/48 5/21 7/12 0  490  1326  592  350  -  2758  
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 _*Xg6 .zP- #jJ+$;'./)+- Tk+j; I  +D)L/.;.H;8V6- (FB+6Z )B '(+E 9:2; * 5678/ 9:2; *B +/ d*Xc; _X; '(+1  
 01#2 345.),B"7(   01#2 345.)*9.?D=+ C;*.(  <=@?; 345.  

0*;"#+  

7#)
1 (

D=E
 

7#)
1

 F:
?9.

 G=
HI

 G=
HI

 (
D=E

 

7#)
1 (

D=E
 

7#)
1

 F:
?9.

 G=
HI

 G=
HI

 (
D=E

 

7"!
7

 7"!
,J

 

 #$%& '()*+,-1 2/6 8/0 6/1 9/11 5/79 432  54  108  831  5532  450  6507  
 #$%& '()*+,-2 9/10 0/2 7/2 5/26 9/57 755  141  189  1843  4029  783  6174  
 #$%& '()*+,-3 9/13 5/5 3/41 6/17 7/21 964  383  2874  1227  1509  1041  5916  
U-?.H; L3.; 1/1 0/2 9/7 9/34 1/54 86  130  548  2429  3764  85  6872  

64 L3.;U-?.H; #P 8/60 6/13 7/3 0/7 0/15 4227  943  254  490  1043  4577  2380  
U-?.3 U- L3.; 0/69 0/4 2/4 5/14 3/8 4802  275  294  1012  574  5125  1832  

 #=183'.<" #$%& 1 5/3 2/1 7/41 5/36 1/17 241  86  2901  2539  1190  256  6701  
 #=183'.<" #$%& 2 2/54 3/10 0/22 5/8 0/5 3768  719  1528  592  350  4199  2758  
  

    _*Xg  6Vh3 +/5 I;           s+C1?./ #C- B.C- [+6/ [?83
FB+6Z           '?.C/ +<4\ 01+23 #- I$&+2; a5678/ 9:2; '(+1

'./)+-            #C/ '(+E 9:2; )B aT1? .Ge ./?./ >VHc; '+D
    iC18H; x)8e2/40  a2/29  a4/21  a9/6   * 4/0   XCe)B 

    stC- )B 063.3 #/          aUC- aUC- ICV6O 0C1+23 +C/ '+CD
;      #HE.] )?.W B+J( IV6O * B+J( ai18H  X4? .    .Y4+C6/ .;? 5J?

     #C- T1? [\4/0           0C1+23 '?)?B #C- 9&+C2; (? XCe)B 
    * n+/ IV6O9/6       n+C/ 0C1+23 '?)?B #- 9&+2; (? Xe)B 

               )B )+C6=; XC2l +CJ yCJ TCJ+Q) dXQ .&+O #/ aX2HjD
                vpCk 5678C/ 9C:2; )B yCJ .C/?./ 0C1+23 +C/ 9&+2;

FX"  X4? . _X; dXQ   ? '(+1     +D)+6=; >J.=3 )B B8g8; d+</
 I; ?)       B.- .-} x*+G3 5J?  67B [?83 .    a#C48P4 [?8C2Q #C/

           #C$%& '()*+,C- './)+C- '?./ 01+23 566=3 )B1   +C/ 
  F(+C/ (+64 B)8; 06" [?o6; a5678/ 9:2;[0, 3]  XCe)B 
         06" +/  j!6Z yJ * T1? FX" >J.=31/3    )B XCe)B 

    I; )?.W .Ge 01+23 +/ st- ? 5J? #- B.6] 9:2; )B .;
_X; '(+E T1? FXJB.] '(+1 .  

 _*XCCg  CC6Vh3 +CC/6ICC;   +CC/ #CC- B.CC- [+CC6/ [?8CC3
#/  ])+-6    #C=7+:; B)8C; #C$:2; 01+23 a5678/ 9:2; '.

 './)+- '?./           stC- *B #C/ >CVHc; '+D)7/29   XCe)B 
     * yJ 01+23 '?)?B3/70       .GCe 0C1+23 '?)?B XCe)B  (

U6j$3    T1? FX" 'X2/ .FB+6Z     2; a'(+E 9:2; '(+1 #$:

 stCC- q2CCZ #CC/ ?) #CC=7+:; B)8CC;)4/27 '?)?B XCCe)B 
    aB+J( IV6O 01+239/4     aB+CJ( 01+23 '?)?B Xe)B  6/15 

  Xe)B    ai18H; 01+23 '?)?B7/19    01+23 '?)?B Xe)B 
   * U-3/23   Xe)B    U- IV6O 01+23 '?)?B (#$%&    'XC2/
I;  X2- .   I; a.YJB x)+%Q #/      FB+6Z +/ #- TG] [?83   '(+1

  =W?* a'(+E 9:2;  I; ?) T6        0C1+2; IV!C" #C/ [?83    .C3
B?B SJ+P4 .  

A+H2HCC1? #CCVk.; )B   B?XCC=3 #CCl .CCD a'(+CCE '.CC]
'B*)*    +D)#,$4    I!JK878-? L/+2; '+D (   L/?83 562~PD *

            x+%C1+h; UC`k aXC"+/ .3B+CJ( 'B*)* '(+CE TJ8�Q
 I; .3B+J(  B8" . #C/             [?8C3 #,C$4 #C6<3 )B a#C48P4 [?8C2Q

 '.<CC" #=CC183 I!JK8CC78-?)#CC/ #CCg83 +CC/ _*XCCg 2 (
'B*)*         #,C$4 5J*+C2Q TCh3 #,C$4 S"  ;+" +D   '+CD

            * N+CO 9CPQ aN+CO TE+/ a06" T<g aR+G3)? a06"
              FB?B F+CYJ+Z B+C`J? #CVk.; )B #C- aX2HjCD )B+; �21

  IHjJ+/729   BB.] >J.=3 FXQ+W  .   I1)./ #/ #g83 +/   '+D
  #H1B aFX" d+`4?   'B*)* 'X2/           )?.CW )+C- )8HC1B )B +CD

     6C;(  !" #,$4 * TE.]       #,C$4 9C6GV3 (? ?XCH/? 5    '+CD
       +/ 06" T<g * R+G3)? a06"27      #,C$4 * >J.=3 FXQ+W 
      #,C$4 96GV3 (? �21 * N+O          9CPQ aN+CO TCE+/ '+CD

       +/ o64 )B+; �21 * N+O27    XCJB.] >CJ.=3 FXCQ+W  . )B
      +C/ �2C1 * N+CO #,$4 * 56;(  !" #,$4 X=/ #Vk.;
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 >CCJ.=39 [?8CC3 #,CC$4 * X4XCC" 9CC6GV3 UCCD +CC/ FXCCQ+W 
JK878-?    XJB.] #6<3 '.<" #=183 I! .      a0C63.3 5CJ? #C/

     U6P^3 * .HP- IV6O x+%1+h; U`k    FB+1 o64 '.6]   .3
X" . d*Xc; #J.b4 +/ 0V:; 5J? #- T1? {6|83 #/ d(n

              !C" #,C$4 ?XCH/? d*Xc; _X; )B * B)?X4 I3+E+2; UD
   #,$4 96GV3 (? 56;(           06C" TC<g * R+CG3)? a06" '+D

I; #6<3 4 .J+1 +/ ��1 * BB.]#,$ I; 96GV3 +D B8".  
  

4-KL=9J ' M-;  0*=N  
          SJ+C;\ x+C=7+:; a)?XJ+Z #=183 T6PD?  67B #/ F(*.;?

#CC$:2; * )8,CC- .CCD )B 56;(.CC1  * ')*.CC| '.CC;? '?
  I; @8jh; I3+6k  B8" .      d)+C<l #C;+4./ )B #4+Hc%"8O

       I;t1? ')8<Pg IY2D.E * IQ+PHg? a'B+^HW? #=183
    84+CCW 56;(.CC1 SJ+CC;\ x+CC=7+:; [?.CCJ? XCCJB.] I4

)Tawfigh, 2006 .(  
        I!JK878-? [?83 566=3 aSJ+;\ IVe?  k?.; (? I!J

 T1? 56;(.1 .      @)+C`3 #C/ #Cg83 +C/ a.C|+k #=7+:; )B
       FB+6Z a+64B )B 562~PD * )8,- )B B8g8;     56C6=3 '(+1

             B+<2,C6Z XCJXg IC"*) +C/ 56;(.C1 I!JK8C78-? [?83
XJB.] .     6;(.C1 I!JK8C78-? [?83 566=3 X2J?.E #f?)?  +C/ 5

       i6h; )B '(+E 9:2; (? FB+GH1?GIS    5J? IVe? #`6H4 
  I; @8jh; #=7+:;  B8" .         �+C$4 * 9C6$h3 ICV- qJ+CH4

      FB+6Z )B '(+E 9:2; >=| * x8W      ?) d*Xc; _X; '(+1
I; B.- #etO B)?8; 5J? )B [?83 :  
         )B )+6jC/ xt!,C; B8Cg*  67B #/ [?.J? )8,- )B

         .H,C6/ ax+CQt&? * )+;\ #6<3 #26;(BB?F     '?)?B +CD
ICCG6- TCC6D+; XCC4? ._XCC; )B B8CCg8; d+CC</?  '+CCD

 #,$4 x+J8Hh; +/ +<4\ �+%:4? dXQ * I!JK878-?  '+D
          .C;? *B 5J? #jJ+$; )8,- )B B8g8; I=6%& L/+2;

    I; d+</? )+lB ?) U<;  B(+1 .   I1)./ #/ #g83 +/    '+CD
   IC; aFX" d+`4?             )B '(+CE 9C:2; #C- TCG] [?8C3

_X;   #,$4 '(+1      8-? L/+C2; '+CD   * B8Cg8; I!JK8C7
   _X; +/ +<4\ �+%:4?    v+:=4? I!JK878-? '+D   * .3.JpCZ

01+2; T1? .3 . 
       I; '(+E 9:2; (? FB+GH1? +/        * XC6783  Ck?.; [?83

 #,$4 96GV3       yCJBo4 ?) I!JK878-? L/+2; '+D      #C/ .C3
           x+%C1+h; UC`k #Cl.]? aB?B d+C`4? I=W?* '+64B

�*) (? .H,6/ T1? _*?XH; '+D. 
   #,$4 #6<3    ? '+CD           +C/ 06C" TC<g * 06C" aR+CG3)

  d.4 (? FB+GH1?     _*?XH; '+D)?oE?GIS    X6783 #/ .`2; 
[8Y6VZ    I; yl8- '+D  B8" .     9C6GV3 a.YJB v.& (?
#,CC$4      XJX,CC3 ?) #V�jCC; 5CCJ? )8H-+CCE '+CCD *
#CC/   [?XCC2l *B ?) [\ oCC64 '(+CCE 9CC:2; '.6])+CC-

FX6~6Z   I; .3  X4?B.] .   [8Y6VZ 5J? vpk a5J?./+2/   +D
   / +<4\ �+h7? * [8Y6VZ #           TCWB #C/ (+C64 )*+C`; '+D
B)?B '.H,CC6/ .#!%CC" �*) (? 9CC6$h3 5CCJ? )B  '?

            '+DXCk?* [?8C3 [?oC6; I/+CJ()? )B * X" FB+GH1?
TjJ(     FB*XCh; +J I:6h;        [?oC6; aIHJ.JXC; '+CD

     jC!6Z d+P3 yJK878-? [?83         .CD )B B8Cg8; '+CD
      TCE.] )?.CW FB+GH1? B)8; Xk?* .      a0C63.3 5CJ? #C/

    x+Qt&? vpk [*X/   I; '.H,6/ TWB +/    [?83 [?83
B.- #%1+h; ?) 56;(.1 (? #e.Q yJ yJK878-?. 

      I; ?) '(+E TJ8�Q #g)B        #Cg83 +C/ [?83   #C/  TCWB
    _X; #,$4 IQ8|8; +J I1X2D   B.- '(+1 .   5CJ? )B

             '(+CE TJ8�CQ #Cg)B 56C6=3 )8Cb2; #C/ 96$h3
#,$4         IQ8|8; TWB 96GV3 (? I!JK878-? L/+2; '+D

    " FB+GH1? I1X2D TWB *X .       )B a_+C�; [?8C2Q #C/
             IC1+2")+- SC4?B #C/ #Cg83 +C/ aN+O TE+/ #,$4
           _B+C=; TCE+/ I`J)XC3 .C66�3 aF(+/ IQ8|8; TWB

600              #Cg)B .C66�3 F8Ch4 * XC" FB( 56CPc3 .H; 
     _X; I1X2D TWB +/ '(+E TJ8�Q     XCJB.] '(+C1 .

            N+CO TCE+/ #,C$4 u)?8Q (.; (? a063.3 5JX/4 
    * IVO?B .E+/4        #VCe+E #C/ Ig)+CO .E+C/  75   a.CH; 
XJB.] B+`J? . 

              #=C183 './)+C- I!JK8C78-? [?8C3 #,C$4 �+%:4? +/
      #$%& IJ+H1*) * IH=2e a'.<"1)    !"15 (  +C/

      a#=7+:; B)8; FB*Xh; )B B8g8; '+D.<" FB*Xh;  
           [?8C3 '?)?B B8Cg8; '+D.<C" #C- XJB.] FXD+,;

  >6=C| I!JK878-?   XC4? .     #C=7+:; B)8C; FB*XCh; )B
        SC" #C- B)?B B8Cg* .<" T,D      TCE+/ )B .<C" 

             IC1) N+CO TCE+/ )B .YJB .<" *B * I1) N+O
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  X4)?B )?.W 56Y21 .    TE+/ 5J? d*Xc; _X; )B     )B +CD
 TJB*XCCh; w.C;(  * IH=2CCe a'.<CC" #=CC183 '+CCD

  X4)?B )?.W IJ+H1*) .        9C6PQ N+CO #!2J? #/ #g83 +/
 'X2;(+64 (? I!J o64   * IH=2Ce a'.<" #=183 '+D

 #/ IJ+H1*)   I; )+P"     *Xh; )B * XJ\   #=7+:; B)8; FB
     TE+/ )B .H,6/ 96PQ N+O o64        IC1) * IC1) '+D

      'X2;(+64 566=3 )B 5J?./+2/ aB)?B )?.W 56Y21   '+D
        #$%& IJ+H1*) * IH=2e a'.<" #=183 './)+-2 

) _*Xg2 (TE+/ X4X" #HE.] .b4 )B )8-p; '+D. 
            './)+C- Tk+jC; ICzP- #jCJ+$; #/ #g83 +/     )B +CD

FB+6Z  B +/ d*Xc; _X; '(+1  '(+CE * 5678/ 9:2; *
)_*Xg    '+D4  a5   * 6( I; a       9:2; )B #- TG] [?83

          [?8C3 [?oC6; I`J)X3 .66�3  6Vh3 * SJ+P4 '(+E
{|?* 56;(.1 (? #e.Q .D I!JK878-? T1? .3. 
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L3.;      83 56C2~PD * ')?B       * IH=2Ce a'.<C" #=C1
    T1? I2HE.JpZ Xk )B IJ+H1*) .#/   �6^c3 )8b2;

  56;(.1   './)+C- #C/          x+C=7+:; #C/ a>CVHc; '+CD
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I;        &? I1)./ #/ #g83 +/ #- X2J\    '+DXCk?* x+CQt
      x+=7+:; FB*Xh; )B LW?* yJK87*)X6D)  '+DXCk?*

#l)8;      #C38; * #CP6; a)?8CO./ C [+<GCe? ax)8O( a
I;               @\ L/+C2; .Cb4 (? FB*XCh; 5CJ? #- TG] [?83

 T1? .6$E .  _+C1 )B            #!%C" �?XCk? +C/ .C6O? '+CD
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TCC1? FXCCJB.] .R8CC|8; I]B.HjCC] #CC/ #CCg83 +CC/ a
      56C2~PD * @\ L/+C2; T6=C|*  C6Vh3 * IC1)./
 qJ+CCH4 +CC/ IQ+CCPHg? * 'B+^CCHW? x+CC=7+:; 9CC6GV3
 T1? '.YJB #78$; B8O aI!JK878-? [?83 x+%1+h;

X,4 .j6; 96$h3 5J? )B [\ d+`4? #-. 
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'./)+-    I; * T1? FX" #f?)? +D)+6=; * +D  ?) [\ [?83

+/             56C2~PD * a9&+C2; .J+C1 '?.C/ d(n x?.C66�3 
'./)+CC-   '.YCC"B.] *  CCY2g XCC24+; .CCYJB '+CCD

)UjJ)83(B?B )?.W FB+GH1? B)8; a.  
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