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The water budget model~ng IS an ilnportant primary task in hydrologic studies of lakes and reservoirs. With the aid 

of the water budge1 equation, one can calculate the amount of free surface water evaporation. This method was used 

to determine evaporation from the Chahnimeh Reservoir in Sistan region, east of Iran. Nine years of daily inflow and 

outflow, water surfact tluctuation, rainfall, and pan evaporation data were used in this ~ tudy .  A debiled ir~vestigation 

showed that daily water budget sunfsv la not appropriate because of extreme fluctuation uf walrr surface. Therefore, 

?-day. 10-day, and monthly time steps were selected to form the water budget equations. The water budget equation 

was used to calculate pan coefticient in two cases: Annual and time dependent within the year. A regression model was 

rorrned to determine the coefficients. The model was confirmed by F test in 99 percent significant level in development 

phase and was verified by K2 test in 99 percent s~gn~ficant level in the evaluation phase, except for the monthly time 

step due to insufficient number of samples. Classificalion of d a b  Into two homogeneous groups, dry years and norrnal- 

wet years, showed that pan coefficient decreacsr durinp lhe 120 days wind blowing in Sistan from May to October. The 

reduction in pan coefficient is larger, by as much as 50 percent, in the dry years than normal-wet years. 

Key words: Chahnimeh Reservoir, Free iVatrr Evapar~tion. Sens~tivity Analysis, Sistan, Statistical Model. Validalinn. 

Water Budget. 

Bosumtwi -&>A (W) ,I,L Turner ,~);g3;1,3 Toba 

,s (1  9 )  GI>L Nicholson (YO) N~cholson Yin ,L ,+ ,A 
>J +dle >I) (V )  Al- Wcshah .&f 5&,41 Victoria &t,3 

( I h )  u l I L  Motz 14;6111& ,-1 idLL +13 )J (7)Basso A j;r,l 

* L J 3  e* ,A ( l  b )  a l , L  g Jones '06 AYLI Lowry %&.>A ,3 

1~ (7 \ ) Rev0110 W1-1 ,A Bullenmemi Keilambete, Gnotuk 

3 ~ 1 3  J>P ui ,j% d3L * 9 ~  9 649 L s L ~ ~  Sjy &+13 

L.4' 4199 ]Jp 
- - ++ 31412 j& dkL j t  9~ .gp -h g i rWL  );I 

-,p-ls .~-IJ,: ,18319i + A-;+~,+ & ~ a +  *L 
&LL, 4r i+~h+  p ~ g L ~ p ; i L ; q J ~ ~  cJk 

j! & j l +  dy j3 .CU! 03% c-+ . . L ~ ~ A  A -,j 
Penman. LinavreG Priestley-Taylor + s3-3 jhJ3-4 

,'>I, a ] ~  )J ~~~i~ ,++ CL -+ ;I OJLI I, + 
0 A . i  

;I,b 9 Kicholson - ' I  L Y I  949 ., ' ., W L L  I >? J' 

JI. .A 13 L~ ,PUWlb, ,LI, .(Y) Al-Weshnh ( 1  9) 

&& 9 ,uw- &L ,J L I  ,a+,J,$ ~+k! 

+- 3Jjir: L jJ b9+ +LA bi j~ .L JL 

.-I &J e ; r L l ~ , y  +I $4- J3L ;A 

Penman, Linacrc, Pricstley-Taylor &L JJA ;I OJL~ & I f  

L +&,> A!,&! ,J -up &LD-,I ;k%l ;I .bi r,k 
,I+ +L- OE+I JI d2ki ;I .-I .L &LI * J -&L3_q>i j A,(> > I  j le &LJ3 

-->3 Ld..d JI &+41 .&LP u g L  + L p  L "J,lr 4 

-&,$ 3 GY ~ & j  j! &b &I& &%I L d L  36,; 

0-,! )J jl b L  2,!(,d A31kj s & I  p& .Jgl 

Kineret &-kj;r ,J , e & : 3  & LL 13 , S g o j l ~ l  ++ 4 ,s (P) J,lSlas Acrrmon uL.&& ,' .. 1 - 1  &&+ ~3 





.Li $- ;I A- 9 b b ~ b  dl ls  $1 -12 ' 5 1 ~  

9 dljsl L1y + 2 9 j .  9 c ~ J 9 > 9  dbbbfl p! ' ~ , d  uGYJsl p d j  La >L $I- ,LL ,J cl-; )I d Y L  &- 

+ &+ogl- cSbaK+l ,J jgl >J j3 L - L 1 3  + d L 4 ;  AVHRR y.9Ln; c;jjl.sFP && jib-l"c. .(T Lb) h.39 

I I , I  J I o I I , +  &Ill ( T I  ,j + 9 -1 - W l L  JF L+ NOAA- \ f 



+.I, & & d h . a l ~  *.b 513 Mann- Whitney Srjl p-valuc j . 3 ~  (7) J,* 



I-, 6 & ad rq? <r$f S-+r b rfl -TF '6r~f .~r$1 

-0 TT~ ,J ~fo -9 r'~ '1 4rlr? bb C'T % 
9 6-h +Q -6r -A ~9 -$Tco JP ;P ycg* .J JWO 

,XSS dSS 1' VAONV 1+l2 llTPIT' 

YIP #dqP Q 6 .\ '6r0 6 $60qF q? yr (F' rcl+ 

VAONV "1' d ~4'0 ('-y fld -?Irp) *'c rl 
.-IT +T (U)' qp-' * 5ql(3VW)' T~.A JXq ;.. *cy 
1-  - 7 q - -. (LSSIEISS=~H)' 

1'1~ y?-+T, 4 6 T-@ 7 p rr 171- Ar7 +-h $v 
bn'+F '6~~~9 + o-qcp %? li* p rr + rf 

q'& 



+ 
-L 6 1 8 3 2  jL3 T- J4- 1h Z,L ~ Y 3 t - 4  -,y 

.!b ,I Ji l  . JL ?k; T- d3L 9 + ;c;; wy 

3 y=l ;, ;k%l &+09J g ;jglh;s j L j  &LrsPIP g -1 

-,+ ,S p l p  >J 4 h- &La 34 eL aS dL >3,3,l3; zL 

;SY o ~ j - ~ x .  gl jl 4 .+Lid h.1 b L  JJL 1) + 
b . la \ OJJJ, )J j l * "  ,bj" 0 3 4 -  dj" 95 € k J l  >I+ 

eibl pHGI o ~ J ~ J o ; ~ ~  I .  gbgLapV51e . I Y V  L" .lbY .:YO 

HGT o g y  >a ejgl 1 * 4b &j d L p V  &I+! * Ib f  b . I h I  g .IbF 

nl+ GAL Lq;' oJ-l, +q;' * Iff ll& L *.ALL +,I .-I 0313 jL;; 

4 6 Jb . i j l  && &"I>! + d ~  .be313 , 3  s J L J ( e  g 

MAE l2?i? ,:G )& . j  j Y  & &, c5bpY ,3 L L  L-. 

>aLL d -1 GL- * ?jY Ll .-I &L_ +-lij' . jLj &+j;pl& 
.-I OA.L &I) Y- Jj+ J3 &j pE Jgb J> M A E  

,u LG%I h-, Y - ,,,-i ~ 3 +  VYJL L e ~  C;X~ 

~kYbl dl &!,I + .&Ijl & & I y  Ki .L &IS 

.-I OG GI>! b-  j3+ di =L d L 

& l 0 & L  > a l L  I+ j e, & V A L  ]I D V  +L >I 

.L +L, + Llyji 51y kr *JL r )  ;3j jp L-L 
Ojj, I .  j a ,b,K >3 o h 1  LdJ, L Y A L  6 Is>,. ;Li; b- J,u 

jl& p j Y +  6jL +& b l A  qq dll2e & jJ 

. I + \  p & L + K T  j l ~ ~ K T ' x ~ L - & & p + e L - j l j c 4  

.+,t ip gL- & &,I y 

LJ* &4$1 u l +  41 04 GjIr: k ' g )  -L> -13 C S ) ~  

i I i ;. +,+L +Li , o ~ 7  
j l* ,b 9 Y  L Y J L  + b J 3  * I -  dljl+ &-L 

> I +  3>y j+ + jl A" LU ;I+- h > 3  

9~ LYJL 6 ~ 2 ~ ,  - ~ j t J ' ; i  e ~ - - y + r  g~ &I.& 

- u s d  j b b  

-,+ )3 + U , S  f \ . &I jl + d SJ$& &la LD + >a 

+ j) LU 3,Siy J 3  9 ~~2 k~ ;I +r & ,KP 2ojJ 
j H Y  ,$,'1; j, &; pg 9 o j g  9 a h 1  JF, j+ 
U14Q 4 "k%I j ~ . ~ , 9  f $2 + e9; 6 d Jt >-r .A+ %,L 

~ ~ k ;  ,LIJ +I ~s jh -I  ti^; z! .A &,ti c5b JL 

.+idp &i. lib &I y JLm osJ 93 ,3 $+ 

j ~ + J b , + b  jb ;p lP45~+d&L~T f ] ~ L o l  

L Y A L  -L dv?& f -  Lw >J +l+ .J>I& 

will 



3 - -  x 
2 -- ;I? EL! 

1 -- 

0 ,,., 

* a  
@Hb+dL+ -i-q$-+* ., . .L: t ;3 4 -2 0 

-2 -- kh & 

-5 -I 1 -5 

( " / . ) b > a , l ~ , s &  

U a + J  O ~ J ,  h UL, rM j HGI ,,f O b -3 3 p j j j  o dbj  rg j HCI mjJ 

A a -d J m j ,  ! - b b j  fl !:<:I ,j4' X b -9, a;,, \ 4 at; IG J HG\ vi( 
Y n , ~ , . , , , b ~ L j r t , & ~ Y . , J  O b ~ + j ~ ~ J * G b ) f U , H C I v $  
j j  +b->Jbj jJ \ * i r l .JydJHG~u$ 



1 ZOOZ 1 bDDZ ( OOOZ 6l8C 1 88Sb 1 LBBL 1 9681 1 EBBL /-P~~BI. 1 



L91 e ~ y  C S ~ )  j-J HGy 0 , ~  613 +J jd 6 
6 &>Loi + S ~ ~ J , . l  6 ~ 3  ;I; "-9 L I ~  

9 gjp #I t- e, dtrsal .  34 ;cy 4 
4LaaJl*~ A3 + d Jt 9 ' 3 ~ 4 ~  +" " d 4 ,  & -- 
LC;IJ>l j l  ( ~ s . 6 ~ ~  & L . I  + + 9 &+ ~ 5 3 ~  3 $9 LJ 
-- >! I, *kJ3 'q+ &,I+ . b L  dL >I - *,+A 
9 (1 T )  ,I,- 9 Jacobs .+Lp ;I~LL %I5 +- 
&jL Jb g dle-" drdt djp bi+ 3 (7. ) O T O U ~  

L +y + (ji 
w.9 >L5 d9> d r j L  # I d -  & &YA 

Jh >J +h j b  OL jl J+d HGll & a l p  la 

+.,+ &- ~ j j  j l  1, ji ;JL d .Le;&& HGT 

&JL + Lyr. HGI o g Y  d >i +h .J+ 
&;pl ,.js, \ 7 .  &dl! jlJ Id . L L p  +j 39b La jyh 5 -1 

J-+ &Pp ,I &y &;+I cJL 13 1) 
.03$ dh & + rjlr'-l &Jp -% -I1! ) 

+-I>I \+i ,0313 ,I> .+L LI- ;I + ~ j d  + 
4 Jt . b L p  &Id&& h d g > l  1, 61 O** 

&? ' 5 ; j l & I 0 3 ) ;  >$4 $3 4f + 0gJ & J L  2 
~ep+@f' ' * dP;' -9 4 b j ~ b  - 9  >lY! OJ+ 11 

G ~ F  4 9 o d  Irshgsle E]eJ + AF C S j j l  j l  





5- Total Sum of Square 

6- S~andardized Partial Regression Coefficient 

6-Acreman, M.C., J.R. Muigh, and K.J SCIIC 1993; Modeling 

the declinc in water level of Lake Tirba, Indotlcsia. Advances i n  

Water Resources 16: 207-222. 

7-Al-Weshah, R.A. 2000; The water balance o f  dead sea: An 

Integrated approach. Hydroloyical Processcq !1: 145 - 1  54. 

R-AW RC. 1470; tvaporat~on from water storages. Department 

of Nat~onal Developmeni. Australian Watcr Resources Council, 

Hydtological Series No. 4, Canherta, Australia. 

9-Basso, E. 2000; Altentuotl o f  water balancc o f  lakes. Lake & 

Reservoirs Rcsearch and Management 5: 5-4. 

10-Ficke, I.F. 1972; Comparison of evaporation co~nputation 

mcthoda: Pretty Lake, Lagrnnge County. Northeast Indiana. 

L E G S  Professional Papcr h8h-A, Washington D.C., US<\. 

1 I-Grismer, M.E., M. Orang, R .  Snyder. and R. Matyac. 2002; 

Pan evaporaticm to reference evapotranspiration conversion 

methods. ASCE Journal of Irrigation and Drainage Engineering 

l28(3): 180-1 H4. 

12-Harbeck, G.F .  J r .  1962; A practical field tccl~nique for 

measi~ring reservoir evaporation utilizing mass trar~sfer theory. 

USGS Professiot~al Paper 272-E, Washington D.C., USA. 

13-lkehuchi, S.. M. Scki. and A. Ohtol~. 1988; Evaporation li-curl 

Lake B~wa.  Juurnal of Hydrology 102: 427-444. 

14-Jacobs, A.F.G.. B.Ci. Hcus~nkveld, and D.T Lucassen. 1999; 

Temperature \anation in a class A evaporallon pan. Journal 01' 

I-lydrology 20h. 75-83. 

15-Junes, R.N., T.A. McMahon, and J.M. Bowlrr 2001; 

Modelling historical lakc levels and recent climate change at 

three closed lakes, Wcstem Victoria, Australia (~ .1540-  1990). 

IA dl94 
I - Complemenup Relationship Lake Evaporation 

2- Least Significa1:t Differences 

3- Mann-Whifnty 

4- Regression Model Sum of Square 



Journal of Hydrology 246: 159- 180. 

16-Mahrer. Y .  and S. Assouline. 1993; Evaporation from Lakc 

Kinneret: 2- Est~mation of the horizontal variability using a 

two-dimensional numerical mew-scale model. Water Resources 

Research 29: 91 1-916. 

17-McCuen, R.H. 2003; Modeling hydrolvgtc change: Statistical 

mrthods. Lrwis Publishers, New York, USA, 333-365. 

18-Motz, L.H., G.D. Sousa, and M.D. Annable. 2001; Water 

budget and vertical conductance for Lowry (Sand Hill) Lake in 

North-Central Flor~da, USA. Journal of Hydrology 250: 134-148. 

19-Nicholson, S.E., X. Yin, and B.B. Mamoudou.2000; On the 

feasibility or  using a lake water balance model to infer rainfall: 

An example from Lake Victoria. Hydrological Sciences Journal 

45(1): 7.545. 

20-Oroud, 1.M.1998; The influence of heat conduc~~on on 

evaporation From sunken pans in hot, dry environmeni. Journal 

of Hydrology 210: 1-10. 

2 1 -Revollo, M.M.200 1; Management issues in lake Titicaca and 

lake Poopo systems: Importance of developing a water budget. 

Lake & Resevoirs Research and Managemen1 6: 215-224. 
12-Sokolov, A.A. and T.G. Chapman. 1974; Methods far water 

balance cornputatlons. UNESCO Reports in Hydrology No. 17. 

23-Turner, B.F., L.R. Gardner, and W.E Sharp. 1996; The 

hydrology of Lake Bosumtwi, a climate-sensitive lake in Ghana, 

West Africa. Journal of Hydrology 183: 243-26 1 .  

24-Vallet-Coulomb, C., D Legesse, F. Ciasse, T. Trav~ ,  and T. 

Chernet.ZUUI ; Lake evaporation estimates in trop~cal Africa 

(Lake Ziway, Ethiopia). Journal cif Hydrology 245: 1 - 1  H. 

25-Y in. X. and S.E. Nicholson. 1998; The water balance of Lake 

Victoria. Hydrological Scler~ces Journal 43(5): 789-8 1 1. 


