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 ;R,K :  )M+/ C B  )M. .H,01+-B  Y" : ## CH*= 3# 0*+ 3/  *O 
1   *+,-4. H0 Z/   -4O/     -'C -4+ 9)45*.[  41%A  -4O*@C0,-T / 
H1@AB  \ : #H*1@AB     CH*4= H0 ;N'( *O #   ])4C : 3     H0 -4O
T#    0*4+ 9)5 ;@^-= _/    *4O  41   *+,-4. H0 Z/      E-48(0 -4O
CB  `T1K* . ?O ;+#  K 3#      a!4 !.0 *@C0,-4T K!4R: >1bB  ,K 

   )c0: *O)-deB1  CH*= H0 #3 ( K#<B      CH*4= f0!4" *4+ # 3
0*+/  *+,-. g0!(0 /    C K0)?<h -OB  K!5 .  i4XC H0   *4"1 0 3 41 3

K,0!C -O,!@.-e B1 P( #  45 *#        : G4e-+ DG4XR Dg-4W",0 Dj
   U _5!T Dk-^ 6?l 4#O-B  4<h0 D#    0 )4M(-C : i1 G4=-XM .

78"1  <2" : ;#   L4?R : >   )4M+/ 9K0K    0 ,K -4O 41  -4+ I:, 3
    .*" : ;&'( H0 9K-W@=0#    4C m,!J -X(S jB  U 4#  )4+ nK*1 3
     a!4 !.0 L+-4MC ;. !2(1bB   F+S %4o!c  4#  ;&4'( 7   H-4=/ 

CB      -4O*@C0,-T : K!45/  b&4" #>   p)4MOK =!.0  4#   ;4+ i@A
;(!U  0/   .*" iO -+ # C jB     =!.0 H*C ;. )(!5#i@A     *4+ -O

:,/    KK*4U qF&C ;&'(  . )4+1 "*" 3 4#     : -O)4c0: j 41 -
1f-Q  -O/ ;+  G=K    =!.0 Lh0: ,K 9)CS#    f-&( 0, K*^ i@A
CB        ;. -8(S H0 : )MOK1f-Q  -O/ ;+  G=K   .*" H0 9)CS 4# j

 H K0)Y"1K-/  -O*@C0,-T H0 / a! !.0 1bB   C K!R: ;+ B  S1 D)M
C *@X+B   CH*4= f0!4" )M(0!"#-?( 0, 3 41  0 4 )(H-4= f- 41 3

<+-h#   2R,0 >J0 *+ G# I:, G  -O/ H,0 1+-B   ;+ ;<C-l)Mr 
I:,  -O/ Z"     ;<C-l1    G4=0 ,0!@=0 ;<C-l:K - . -O)4c0:/ 

  -O)c0: 0, s!e/ H  41GA  2C# 4NB  4C B     )4MC-()  DE:)4FC
1378 .(a! !.0 L+-44MC H0 t44'e *44o-c _O:u44T ,K441 Z

-T1 0*+ ,0)/ H,0 1+-B  ;'vw :  )M+/ CH*= #    9)45 9K-W@=0 3
     ;&4'( >c0*C ;C0K0 ,K :   H-4=/ 0  41      9)45 9K,:S L+-4MC 3

G=0 .  K ;+#UK*@AU >BH 1   ])4C *4O m-'vw K-)  G4WO



/0*1 & (2'3 %456 , 17 89,: 17;&,: < *=>6 ?*@6 A;'**'B: C '2DB *,: 1E2 #$! &; F9 GH(;  B <" WetSpa5! :9 * IGIS 
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   ])C *O ,K ;'vw ( 0*5 :1 -O*@C0,-T t/ 2C #NB   H0 D-X(S 
 C-?" fK,:SB   0 ,K -X(S 1  x*J _F+ 3       G4=0 9)45 *4P( .

;hyl     4C f0)4MCB     0*4+ )4M(0!"/   + ;4Y -NC  4#*@&   E:)4FC 
)1387 (  )MM. ;Y -NC 0, .     '2" ,K ;. G=0 *.[ >+-h 4#6 

 H,0 D*o-c1+-B -CS 1 CH*= _#  C-?" ;+ 3B    E-48(0 m-'vw 
    x)4O ;4+ ;R!" -+ -C0 )5)  4=,*+ ;4.B z{4" #$" m0* 4## *

*+,-44./:, /O ,-44@e, 44#a! :,)1bB G44=0 ;44(-^K:,  (
+#*@&1 .{" 3 4# :, )/  ])4C    -4O/  *+,-4. /  >4QMR   ,0K/ D

*+,-./   -4O/  H,:-&4. /   :  L4"*C  ,0K/  42C G4|-Wc D# t
H1*X5 ;Y=!" : GA/G=0 9K!+ .  

  
2-4-/0 *1 & (2'3 %'B: C  B 17;&,: < 24JK L  
;+   H!" ])C H0 9K-W@=0 ,!PMC1YB DWetSpa;&'( :   -4O/ 

   *+,-. : k-^ Ge-+/ CH #   ;&'( m,!J ;+ 3  -O/ *@=, / 
60 *@C / )()CS,K  .   )4Y+ E-U ,K/ -+  41@AB  ;&4'(    -4O/ 

-O*@C0,-T/e #71 4bB O 4  4#a! :,)1bB ( K,!4C  4# 0*4+ H-/ 
v5#;  H-=/ *R 1       -T ;&'( ;= H0 9K-W@=0 -+ ;(-^K:, f- 41 ;

) *+,-. ;&'(/ o0,0 B     C!h, ])C : k-^ Ge-+ DB g-W",0  (
442C ,K# tGIS ])44C L44R*C ]:0)44R H0 9K-W@44=0 -44+ : 

 C ;@^-=B  )()5 . '2" ,K#  C-?" *o-c 6B 0 1  ;&4'( 3    -4O
)  K:)c30 ;&'(  ( !" 4#    ,K : ) 41 -T Z1   9-4Q9K0K ̂ [  4# 9*

)()5 .       H0 9K-W@4=0 -4+ }~=S   ,-4C3   ; -4=)  H02003   -4" 
2005 (U)(,-+B   Fv" : -CK D#     ])4C ;(0H:, *WetSpa  ,K 

         -. H0 )Y+ : )CS,K 0*R0 ;+ k*C ;'NMC#=0*v#    -4+ fS f!
     ]-= ,-CS H0 9K-W@=02005         ,-4CS H0 9K-W@4=0 -+ ])C D2 

 h-44+ ]-44=B  9)44(-C)2003 : 2004 (H,0 K,!44C441+-B 
)8M=,-v@l0B (Ge*U ,0*h .  

  
2-5-&:; %B L;: C L% #$! WetSpa  

0*+/ H,0 1+-B -@( 1 R:*^ �B   YC H0 ])C #-O,-/ ,-CS / H 1 *
C 9K-W@=0B K!5 .  

  
2-5-1-J! *4M6 ( N O 7 : *P1) NS(  

  <b"-= : I-(#  �)1970 (1  *4o Z1  4+ jB        E-4( ;4+ )4Y+
0,-.B1   ])C NS     v5 GhK ;. D)(K*. ;�0,0 #; H-=/  ])4C 

444C f-&444( 0,B : )444OK,0: K,0)(-@444=0 >C-4445 4441 }(-

h-+B  9)(-C    G=-O)  ;N+0,6 .(01 YC 3#  K-'C H0 ,-1 WMC *B  -" 
1 $" ## C *B        ;+ ;r *O : )M.1 K7( 1Z   C *"B    j=-M" K!5
+# K-'C 31 "0)O-&C *B  K-'C : 1 v5 *#;  H-=/     f-&( 0, 9)5
CB  )OK)Nash and Sutcliffe, 1970.(1  

 ;N+0,)6(   !

 !

N

i i
i
N

i
i

Qs Qo
NS

Qo Qo

"

"

#
" #

#

$

$

2

1
2

1

1
  

  
2-5-2-J! * N O 7 :  4M6 ( *;'B P2'3 %<    NQ2 

 RC2)NSL(  
01YC 3#,-Q  ,-1 <b"-= 4 I-( i@# �) ;N+0,10 ( ;. G=0

0*+/ *R 1f-  -O/ i.    G=0 j=-MC .   0 -+ Lh0: ,K1 YC 3 4# ,-
.#W# v5 G#; H-=/*R 1f- -O/i.   H,0 41+-B 4C B   : KK*4U

*44@X+1 fS ,0)44'C 31 G44=0 )Nash and Sutcliffe, 

1970.(  

 ;N+0,)7(   !  !

 !  !

N

i i
i
N

i
i

ln Qs ln Qo
NSL

ln Qo ln Qo

"

"

% &' ( # ' () *
" #

% &' ( # ' () *

$

$

2

1
2

1

1  

  
2-5-3-J! * 4M6 ( N O 7 : *;'B P2'3 %<   Q2 
&%9 3) NSH(  
01YC 3#( ,-#   <b"-4= 4 I-4( f-?O 7#   0*4+ ;4. G4=0 �/ 

*R1f-  -O/ H 1   G=0 9)5 ,-UH-= K- . 0 ;+ 41     ;4. m,!4J 3
 + fH:#*@&/  *R ;+ 1f-  -O/ +  4#  *@&)H 41*"K- (  �-�4@^0

CB    )OK)  ;N+0,8 .( *4@X+1   0 ,0)4'C 3 41 YC 3 4#  ,-1   G4=0 
)Nash and Sutcliffe, 1970 .(  

 ;N+0,)8(   ! !

 ! !

N

i i i
i
N

i i
i

Qo Qo Qs Qo
NSH

Qo Qo Qo Qo

"

"

' #
" #

' #

$

$

2

1
2

1

1  

 0 ,K1 ;N+0, 3    D-OQsi +K B v5 #;  H-=/    D9)5Qoi +K B 
"0)O-&CB   (-CH E-U ,K B (m / s)i3  DQo  f-&4(    9)4MOK

C#Q(-# +K 3B "0)O-&C B   : N  E-U K0)Y"   -O/(-CH BG=0  .

                                                           
1. Nash Sutcliffe coefficient 
2. Nash Sutcliffe coefficient for low flow 
3. Nash Sutcliffe coefficient for high flow 
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(   K0K,0*4h ,0)'C /  4�7R B      0*4+ ;4. G4=0 /    H0 �-4M@R0 
   K-'C ,K *WJ ,0)'C1 "0)O-&C *B  v5 : #;   H-4=/     ,K 9)45

C ;@e*U *P(B K!5.  
  

2-6- UV6 *  'B: C WXY7 $2 DB *       &; F9 GHN(;  NB 1NE
 !" #$!%!&'( )*+,$-! .  
  {" H0 )Y+#1   -+ D])C K*b<?l )1@AB   <2" ;4+  4#  z{4" ># m0*

$"44##*+,-44. */X+ #:, ;44M/*R 441  ])44C -44+ ;44(0H:, f-
 -.#9*v  G^0K*T 9)5 .0*+/0  41 0 ,K ,!4PMC 3 41  ;4<c*C 3

   !" ;+ E0)h0 4#    *+,-4. ;&4'( )/ X+ #       -4CS ])4C -4+ ;4M1 _
CH*=#   )45 E:)FC 3 .    ;4+ H0 }4T   U,-4.#*/  ])4C    -4O/ 

a! !.01bB  0*+ E:)FC / Y" ##        g0!4(0 ;4+ ;4J*l j=-M" 3
*+,-44./ -44O/G44WO  >44QMR %44(-U ,0K/-&44. DH,:/   4 

L"*C  ,0K/  74+S D/   ,:*4T/     *Q45K*U : V*4W" D/   ;Y4=!" D
*X445/-@44=:, : B1-X( ,K DG44|-Wc : 441 E:K ;44<c*C G

-CS1  ̀T E-8(0 _1     4+ fS �-=0*+ ;. Ge*# 7U 31 ;4M   -4O/ 
 *@X+ DK!R!C1 7U 31   *+,-. f0!Ml ;+ ;M/ T #K-XM&/ 0*+ / 

  *O1   -O)4c0: H0 Z/  CH*4= #   ! :0 �-4=0*+ 3 41G   )4M+/ 
*+,-./. I:, ;+ #WB h 4 #=-B K*U �-F@(01) .H,0 41+-B 
 Y" :##  CH*= f0!" 3# 0*+ 3/    *4O  41   *+,-4. H0 Z/      -4+ -4O
-'C1 -O*@C0,-T %A/ H  41@AB  \ : #H* 41@AB      H0 ;4N'( *4O 

CH*=#  ])C : D3  -O/  T H0 # ;@^-= _   0*+ 9)5/   *O  41 Z
*+,-. H0/ C E-8(0 -OB `T1K* .0 -+1K 31*+,-. D9-U)/ K,!C 

vw �-F@(0#YB=!.0 # *+,-. ;. 4 i@A/ X+#    4 G4=0 ;4M
 C >J-cB  KK*U .0*e1 H,0 )M1+-B  a! !.0 f0!" 1bB   ;4o!c 

*+S1<c0*C k*C 7BT ,K ;. BC B S1)5 E-8(0 D)M :  
  
2-6-1- D6 * 1XY7 1   Q2  S G6:; A Y/Z L 0 [*  , \

]D3  
-MvC*+/  C!h, ])C B CH #3   GXR %&'(  -O/ e0*$R #-B1  -+ 

9    l-W",0 m-'vw ;&'( D;'vw B    -4+ 8   T ;4'vw  4#K-XM&/ 
0*+/ ( #i     �*U0H �,)  DE:)FC1378 (   45 ;&'( :#   -4+ j

  K0)Y"9   T D;4'vw  4#K-XM&/    E:)4FC )   DE:)4FC1378 (
X"#K*U ;1).  

  

2-6-2-D6 *1XY7 1  Q2 $^;,  Q2!& ?M0 *.  
0*+/ X" #  -O)c0: ;&'( ;/ CH >b5 #;&'( 3 -O/ m-'vw 
5#  l-W",0 m-'vw DjB   GXR m-'vw :    -4O/ e0*$R  4#-B1 

5 ;+#.*" :K p!#vB -+ 1)b1<" *QW#)()5 6.  
  

2-6-3- D6 *   Q$^;, 1XY7 12 & %]_  5!*`L  a % 1
% D7 , bL%  

  :, H0 }T/  iO  ,0`U/ ;&'(       4CH >b45 )c0: #   ;&4'( : 3
     H )4c0: Dk-4^ m-'vw 41GA  2C# 4NB -T  41  ; 41 X" Z 4# ;

K*U441) ." ;&44'( }~44=44# �)*+,-44./44<Ye B ( i.0*44" :
 U _5!T#O-B X" #;       '2" 74.*C ,K 9)45#    G4|-Wc m-4'

  F+S : k-^#,0K7/  -+ ,!&.        }4<w0 H0 9K-W@4=0  *+,-4./ 
o0,0B   U _5!T : #O-B       4=,*+ : ;4Y -NC K,!C ;'NMC B 

 Ge*U ,0*h . -X( ,K1  W<" H0 G#  H %&'( 61GA  2C#NB -T 1 ;
1     -O)c0: ;&'( Di.0*" ;&'( -+ Z/ H 1GA  2C#NB -T  41 ;

2   W<" H0 : #    " ;&'( -+ fS 6#  U _5!T � 4#O-B)  *+,-4./ 
<YeB ( -O)c0: ;&'(/ H 1GA  2C#NB  -4X( B1)    >b456( 
X"#K*U ;1).  
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 !!"#$ %&!!'()*+

 !"#$%

 :  !!"#$ %&'!!()  
 *!!+,-. /!!012 34567&8

*14!!9$ 
:;!!. <1;!!=>  ?'7    

0 10 20 30 405
Kilometers

µ

UTM-WGS-1984
 Zone 38N

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

  
  !"6 .#$%&'( )*+,-. /01 23456#7, 6/8#9:#53 )+5;3 <= 6  

  
2-6-4- !!!!"#  $%&'  ()!!!!*+ ,- .)!!!!/01- 
,!!234 5+6!!78!!9*: % 6);<!!=-% >%<!!# ?' 
,234 5+678  
'>?- @;8 4  ( A(%B C/DE6  #$- #$%&'( - . /01  23456 

 .<' (/?#6  FG:GH' I'G8 /!6    8#JKL' >? M(KJ N)OG& 6   )PH 
    *P+, Q<GPR )? 78 ) P4 =>D ) P/  PS>? N%6 = /    T?#P;3 .' >PU



@A6B ,)C'D# 2E5: % BF)GH%$ BF-,%$ I)6JK: L6M: .-D66D($)N D'O( 6%$ B*' ><+ ,- PH)QRC- )( I& WetSpa5+ $H 6 SGIS 
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FG:GH'/!6  @, )OG& 4 >?<#H >- O'<' 6   V#1P& ( 4   )P? 0
#V>W/  :(%B <= X6    A(%B )?#*3 1  '>P? -  3#PY8 6 577 

 . %&'(/01  23456 #7, 6/ @;8 4 =>D C P/% . ' <=/    )P? #PZ;
       )PP? [GPP?>3 A(%PPB #PP7;8 )PP,GY, I'GPP;J6  %PP&'( 

./01 23456#7, 6/0V' M%" )\'<' .  
  

2-6-5- T: 66 U%- VW2 D($)N 3'    UW: % ); !6   BX!YF <
)+&2+,DC Z6V  

 #7, <=/  .<' <#H 0/?#6   FGP:GH' I'G8 /!6    #$%P&'( ]#PY8 - 
. ^*PP+,PP/01 234PP56#PP7, 6/'>PP? N->?<#PPH 0PP_$ - 
 PPU;B <'=-.<(#*PPH N-TPP8>3 (  <'=-`PP?a N- <(>PPb- N

 23 0c#_&4d ./        ( NM=>e1PD f>P_8 N`H>Ye3 f>_8 N01

 >7" )9VG8-  #ePV(< N6/   e9;PR ( 6  '>P? -  3#PY8 6 577 
 . %&'(/01  23456     #Pe, )H g0W>D ]#Z,' /     )P? [GP?>3 h

  <#H %&'( %;i-      A(%B <= ),GY, I'G;J )? 2 M%" M=<(a 
0V'.  

 ' <=/ +28 j4   G:(' k(< .' l/0  %;?- m 4 PV#6 H 4 P_6 
    #+3 #? ( %" M=#_eV'/ b ^14X  n>W  #$-  FG:GH' A%3 /!6 

FGPPP:GH' I'GPPP8 ](%PPPo3/!6'>PPP? - >PPP$ 577 %PPP&'( 
.PP/01 234PP5698 4PP4 pPPb ( j$%,#3#PPV .'6PP+5;3 6 

>?<#H-  #$- G:(' /0 /    >?a )OG& q5V <= )eW# P/    ( r>P3 `
 >e7? s#oe,'/      #P3a )*P+, NI'GP8 j/  3.>PV X4   )POG& j

 78 r>34 =>D )/% .    !" <=7  #3a )*+, /  >?a )OG& X/ `
0V' M%" M='= I#*, r>3.  

  
 A(%B1 .#$%&'( Q#to*3-. /01 23456#7, 6/>?a )OG& <= /r>3 `  

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

(")*+ 

,)-./  
(0)1234   

)56'( 

,)-./  
7%8   

)9:3;( 

<)=9>4?  
(2)'9-'  
@A8 B%'#

,)*C  
(")%D45EC 

<)=9>4?  
@A8 B%'# F%2 G)H 

<)=9>4?  
 !"# ($%&' 
I")J K" 

LM452  
N8OJ (=)%P

<5Q3)M   
(RSD 

L%RT4 
U)V6>4  
N")W5D

7033 5) 2200  -2600( 8)   ! "#$65( 44 3) %&'( )*+(( 390 6) , %-./0#+1 2+#3 %4( 1173 5*6  789: 5'4 ;.<'- =4.>-

4438 4) 1800  -2200( 1) 0-2( 28 2) %/*+(( 245 8) 0#+1 2+#3 %-./ %4,( 740 ?@ ?65 A1!, 2+#3 5'4 ;.<'- ?@ 

4676 4) 1800  -2200( 2) 2-5( 29 7) %$'B ;.9:( 259 6) 0#+1 2+#3 %4, %-./( 780 =4.>- CD'- E,!5 5'4 ;.<'- 4.>-=

4672 4) 1800  -2200( 2) 2-5( 29 6) %$.9:( 258 8) 0#+1 2+#3 %-./ %4,( 779 ?@ ?65 A1!, 2+#3 5'4 ;.<'- ?@ 

3148 3) 1000-1400( 2) 2-5( 20 3) %&'( )*+(( 174 6) 0#+1 2+#3 %4, %-./( 525 ?@ ?65 A1!, 2+#3 5'4 ;.<'- =4.>-

3087 3) 1400-1800( 1) 0-2( 19 8) %$'B( 170 8) 0#+1 2+#3 %-./ %4,( 515 =4.>- %$F A1!, 2+#3 5'4 ;.<'- ?@ %G#H

  
  

  !"#2 .$%&&'(!) ! *)'% +,-./01 23 04"5)! /6 0437 ,28 9:&;<0=> <,  
 !"#$%&  

'()* +,-./  
+)!01 

2%34  567!8  
9:;< 

2%34  567!8  
 *7&!=8 & >45/ 

2%34  567!8  
 ?6@  7&5A 

2%34  567!8  
5:BC5D  

2%34  567!8  
'E!F$ 

2%34  567!8  
 50B & +GH;I  567!8 +JHK L--H4 ')3M&%   

)N)!/@( 

7033 5 7 0 0 1 0 ?@A# 2B0C5 

4438 5 2 0 0 0 0 D,6 2E)/7 <.F 2E)/7 

4676 4 3 0 0 0 0 3/)"$%-: D,6 2E)/7 

4672 4 2 0 0 0 0 D,6 2E)/7 <.F 2E)/7 

3148 3 3 0 0 0 2 D,6 2E)/7 D,6 2E)/7 

3087 4 2 0 0 0 2 <.F 2E)/7 <.F 2E)/7 
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  !"#$%%& '(%%)
   !""# $%""& '""()*4
+,-%"""./ +"""0121
 !""# $%""& '""()*3

 +,-%""./ $%""& '""()*
 !""# +""34 5""61271
  !""# +""34 5""61272
 !""# 84 561273
9:""*:; +""34 56127
<""=9 56127
    >?@A
+,-%"""./ BC1?""";
 +)""D BC1?"";
 ?E"""FG BC1?""";
H"""I:,; BC?""";
+J:K""""L;

 : !!"#$ %&'!!()
 !!*'+ ,-./0!!1 234!!.5

0 10 20 30 405
Kilometers

µ

UTM-WGS-1984
 Zone 38N

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

  
  !"7 .#$% &'()*+,% &-./ 0*1+$ 2  
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  !"##$ %&##'(
mm

0 - 7.229
7.229 - 12.283
12.283 - 18.284
18.284 - 25.726
25.726 - 33.816
33.816 - 45.687
45.687 - 54.656
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