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1- Delaware Basin
2- Colorado Basin
3- Denver City

4- Amudarya

5- Beijing basin
6- Lesotho

7- Tan river

8- Tokyo
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1- Economic Modeling System

2- Positive Mathematical Programming
3- Constant Elasticity of Substitution

4- Normative Mathematical Programming
5- Spatial Aggregation

2 s pbsl b (11) cos g ppguippn i 98 g6
Woye Cundy gols (owyp sliwly 3 (o sl 1 ladgl asg>
3 23,8 odlizwl WEAP (63,5 Jao jl aidbaio p O slolas 4
O il g slyl gl dilato bl gy j1 o 4dllao o)
g Dl LB Copde Cuppme b g alagy )l csladg> o
Lo P s iy gaie & aios (1) LT .sus oLj)
on o Jl Gl o] el byl 5 LS s Llab a2l
oslizl 53,8 WEAP 38l 5 51 ,Ssgels B Sy )3 sy
lp Mo it Cubl oy (oS ol plodl S aa 58
Mo g5 g Jlo (8L 5 s o o Jisl o)k 2
ladllas 15 (25) ohlSen 5 plyS's, 0 b cnl ploxl sl S
A5y 9 35 7 Ol om (S and Sl opSee b
P ol o g (ilme ) s O e oy 4 Y g
opl 9 By dmwgs b 50 408 92 13 ladgs e o Jlis!
(o ) el ol g (0 ) ol 6985 ol (s s ctlline
o G om JEl ol glie Lt lalS jslate &
O Gpn oS Gl 1y se o 6V canan] (ol 50
IS @l opzmen b (Ui Gade m gl I
aly ol ol 4l O Gpas 5 GRIBIL & 5
b o ials oy 45 5 16 sy 4 2050 5 2015 (cla Lo
dnsle 2yb glily ) haalllao plost L (30) o] San 5 JoSiul
SWAT a jl Sl (oyinys o Jadie JlSe 5 Sloj i
s o o o Byl oy oyts BB OIS e gl
a5l oolatwl cle .x55,S" odlatwl o sladses 5l mipe sieglS
3 ot bl 5l sl o o bl (3aios ol 3 36
Ayl dlingdly Gyas 4 slas e oy o Juas!
el o5 ety Jlbl plgioe s oy p Sllllae 4 a2g5 L
b casialal 5 5 6)lsSh slataly § ColSe bz o)
dadilagy 5 dedds b Sis Al (S puin Olys o)lsen
el Candg Sllwb 5 cuiS ol culiol Olpss
lgicn g 25 olyet & laa aas e 3 pogad 4 1y oijolas
Col jlo el pliy 303 )3 (59555 Jhgdcuws |y (gjygliS i
5 ol by o o i) slapb kb sl ) U5 b
) il ise clls gl ooladl claclus
glaass > (fpslis (LAIBL d90) saely Cunsg 5 (cuiS

g b)) Tae

W yig; 9 3190

W&jldgo%bbmyw&bdlﬁ



323 L gual s cundy g S o8l g slhbe o o JUi golasdl glacs jlus b5l

s 53 aal g Jae Jo )
gl slacawd rnad g

4

CES agd 246 5581 52 -1
S la A 5p 2l g

¥

wilis PMP Jow i -1

s oBly

g Leaaly 3l satial

2581 2 5l dsly palic

JPETE Sl P O]

L el gl 2580 2 51 2

IO (O O IVE
Sladge o ol JL

(19 5 15) o (0L (552 )80L 2 S (riawly o5 4 @5 Jolyo -2 JSCd
Figure 2- Step by step stages of Positive Mathematical Programming calibration (15, 19)

gy adlle 3350 3blie ToglipsliS (ABL sgw TT e
@) e SNgaze T (28 ol Jldg) 9 (B35 sl
ey o) Mg Jalge b looslg g (Gle o 5 (e
P i Jgare b cd P adbie (Glopw 5 B sgp
aie Chyp radhite 0 Joame d80ee Y 1 r adhio
cuiSpj e X Fadhio i Jsaxe Gy J ol
bl culys Sl g i Mibe T adhaie 0 Jpae
g A o i 1y ey 4 Adgi Jole o (godlitul Cuws &S Cudl
P ol cws & (4 = X, [ Xir tang ) 42y ]
adlaio jo > odlitl 3y90 @le (5 ulps Sl @jir &l
P dsdie iy oy 9 S50 e ool sloodle sl
3 o)y ol dibhio o ey ke JS b akl, ol
ond oanlie e o] Xjj & al e Jdo oxisly Cudgione
ol 1y (Sos8 Cuzo Jdo g gl Jlo o 1 ddlais ) i colled
4 @19 Codgdoe 13,5 Wlsl (22 419 18 16) was s
g &8 (hd iyl ae Sl a5 3580 el Joo
(24 513 8) am> s a1y 4l Jlo 3 ors oaalie (slacylad

» ﬂ“:i 9 ot Cudgiome hils Cud 2 daly l:i

9 —SaS oA (g3 ydsli p Jus Ja 19l si1a 0
Slulu glaciasd gdawlas

Jgame o Brae Ol maw daodlys (slp ods ool (laosl
S5 (Wb Jw sodld) (s8ly clrodh 4 3 Slas flie o
Joo Ko Jo ol e ol Bl (20 5 14 9) wsse
b olyaliS (allBl sgw (390 ;S cas o Jod (o554 5
ol 0 il e (orwly g mlie slaudsize degazie 4 dng
Lo polie ohad iyl Jao Jo 5l G dope
Cawd & 2wy g mlo cacydgion ly ol slacod
Jo 2y jldlsye ool ooly JS5 (21 5 14 12) wie
Bb i s Gyee & Gle o 1) 0 a3l PMP

2 9 4
Maxn:z PaY _Zajircjir Xyq (1)
r=1i=1 j=1
9 . .
zairjxri Sbjr Vrj [;Lr: (2)
i1
X, <X, +& Vir [A;] (3)
X =0 vir )

(S s cpiady Jle Bun o olge 4 1 ak,
P &S LBl yl5ysliS” (allBl dgw gaemme (3,5 iSls folis



1394 53l « 3ol 29 wlor «(55,9LiS anwgi g sladl 4 pii 324

C h(—l/o‘)
BiL =——7
Cl hL

Iy oolsie oyl lg o CES ulgi il <oy o 51 oolal b

) ﬂri 1 8)

N ul.uu) ») c\]a)l) C;)yocb Jya}u.:9 d&.‘a‘p)}bdl))

= 4 vl p; vrl (9)
S|

oo WY guame plo Mg wle ol YU s Jolye

By &S ol o 363 ord (oiwly Jro bl Lol puens B
J25 s 4 3olio 5 Y g plai (sl oty (a5
CES 0Jy ol po5 938l PMP pgy gdls o )

g Cand & lp Jgl Al pe )3 oad gl (sl (clacesd
5loslatul cle 61,8 (o )l48 ooliinl 3yg0 o e dl e 20U S
Sraabyp Jao 3l osel cund 4 ol & cul o] a5 S5 oyl
Silwand 9 )8 grldlas] iyl anie UL cute
i ol b cute ol (gh)aeliy Jlo & Cand |) Al
Swgels dbml l ggdge g WS (0 @alE Jgene b
S o £pSl Gilwand slacdla) > Jeixeys 9 SSU
Jhe 0 duie b gy e ye ad JSG 5 eolatul o piocen
O (Jgere (Jad (25 JSS 4 Cud Cute (2L (s ya0l
cilize G SLSS (6,584 byl cou ) ()ld) (gleands
Caolio leMbl 5 aosly 3jlge (B > &S cpl @ dogi bcpl p
IS5 eolaw] el dgaste sy (58 Slasouad (glys
I O B e L e
S Jo BB 0 omiwslaBl gl jiey b > &Sy otz
31 ool ¢y yiwdyd slaodls iulidl b &ly 15 .5) o dgmg
Slao Jo 0 9B 1y iy i llo 3 aigsa o
beuld Folaw dod )0 (gl rdoly Julow 5 (65 paouad
sladio 3 (Jadpd daje @b 28 Cueges (IS H5b

oS ool L (Shy p oMo Cute (W3L) (shyaely
bl SBhs cled maw o gly a8 cul oy ‘OT sl yialyly
ol 2 g Sy 4 deg b (10) 5, 1) syl g dsloe

ri

ookl pj pod dyd b SlpnleS yuaie alia ab 5l 5 dslllas

4 aly amd o i 1y (xiwly Cudgaze (gl cuasd 3 alal,

WS o e g Conl ayllad prdaw (390 (Biof Cudgaome 33
(19 518 14) il s Sol (S Llod &y 358 s, &5

Gl G uiila GRS L aal g3 bl a0 5 1 g9 el y
(QCF) * g0 4 ja b il yul g5 a3 pls 9 (CES)

Cap o langa g My @l colys g el dlsje pl
Wb o dly B x> PMP Juo pow dls o 0 sxiwl
Sygo 4 g e ) CES a5 b (J5 p)3 355 00 035 (a5
b ol

17 3
Yri :ﬂri |:Zﬁnjhfllj:| Vrl] (5)
i
Jole hyeradaie > i Jgame Wy Gl Yy o398 datly
oS ol oo oy 7T T ddlate 0 T Jgae &y ] 19
& cul Wg el By dede Al (9) dal) S5 @
ol b T oadate 5 T Jpame g lp odles e
&b g Wb olie & Cans ol o3k cups U amd o
iy () OY guame wdils (S ooy &S Candl (g puite
p,=(0-Dlc dal, j| ol awle slp 5 5.0
(21 420 16 14) >0 0 o3l
4 dog b oadles opl )5 odlatul 5y50 CES adg &b
FB 25 Sppo 4 S 955 5 dlop silol O i (slaodles

Yri :Tri [ﬁrilhrﬁ)il + ﬁrizhr/iJiz

Pi vl p;
+ ﬁriShriS + ﬁriAhriA]
o3l i dlarly 5l 595 Mg @ relly gl (e sl
D9 s

(7)

(6)

1
(s o,
1+ c, ZL: h 571/5)
Jole anjp Cly pll g Jole N css daly
b3 Mg 2b el gl ale eyl plL Wy
23 by 1 yehly ple (et sl (@8 daly b Gullae
D9 oo 03latul

B =

1- Quadratic Cost Function



325 L gual s cundy g S o8l g slabe o o JUi golasdl o jlus b5

badlas cul 3 ool 3)00 (225 Jbo lp WS (o iloil )
wl ope)) @lio Codgiome g pgd 4y duje @bl edlil

25 Opge & s Ghyaby Jao (g g wlopw

A5 as b
2 9 1
Max IT =) > P.Y 0 X2
; . \ r=1i=1 ri (14)
_Z:l |Z::1 ZJ: (Crij - /lrij ) X rij
Subject to:
9
> xy <A, Vi (15)
=
X, >0 vri (16)

&b Jols PMP Jao sy Chum b lgie 0 14 aba,
W5 ol » Vg cosl (s g usn @b g hiilate Wy
) plio cudgime 15 daly il o [ dihaio 3 1 Jyae
3o Ui alllae 3)50 3blie )3 1y (arle 5 5958 (e
ol 53 el el o (g hiepé Cudgiome 35 16 aba,
Jole 9,8 3 joym )8 qas p Wiy Wy Jole «Guios
Spas g b 4 bap gbanp Jold o alopw Wy
Juy 3 cans pr dloe (oliond poows 9 355 5 )y (slaodles
@ by gyl claodly cul ors a s s p lSa
2 &jyaliS sles albl a¥le wlis)lis )b 5l 558 sbeedly
sl 0 S pslanz () 5 Byd Sgall gblio
o ol Jl ol Jlos jelaie & (558 Jao &I 51
lise ddg> )3 s Cudd 4y dg)gell (claddls s jI (lases
4 baye (Bed polio b b clacud lanl (el dalai)
Gl 2503 31 mg BB 03] (a5 0nd LIl (sl alije
Py doye Baa @l (eSS pilhe (g (St ply
oials Lol jd 00,8 blod end &l (giloJde i
& bge (RHS) Peols wia coly polio b adgs Jolss (535290
40 430 20 10 caliso (slags b cow 15 aaly 3 o o3y
Sgall Jdgy 9 (B ol gy Bblie lj)liS” STy o>
Uil g o)l Ol asye )3 o ool Cudgaome & Cud (0,6
oe ool Jsl Gl ab ey, ol wle  odel dg3g 4
A gilwded g8 Cubd 4 dg)sell (laadli e (gl
Codgiome & (gw)p 9o bl (1)5liS Fuly oy J o
(pdp ol wle gals g glol Ol ase » ond sl

2- Right Hand Site (= A r, water)

’ l ’
C\r/ij :drijxirj +Exrijqrijxirj (10)

X1 by o dy e sange Crfj g oy
Opj «@zjp @b b s 4 baye byl b 7112’4?‘1»")5
4 bgrye slaasculd Sl (NXN) Gere Cute (lite g yile S
Ol b (aded peiite diia @b ol auja @b pgd 42> sj>
ajp ggeome b (Oi) bedld ol pite dujn & byd
s Codgice By polde (Cirj) bedld jlules
wip @b gyl U wle cwd & il ply (4y)
g dplne 5 byd b Gl

aCy" (x4°)

MCyy =— =dg
OX (11)

rij

+qrijxrij0 =Cy + Aj
olite e 4y 5 Oy (el ool N ol 398 a5
P S dwlbxe O gly 4ol NN+1)/2 Gy oo
0dy9] Cuwd @ doiwld NHN(NHL)2 (odae Jlage b JS
& Bluo cpin 4y 0y dgng dlaly pl > daleo N i Lol c3gu
ol SYolre ol 1 i odd dwslbre sladorislyd sl
i3 3 Ol o h e ) (sl 20 S p 50y o
cdls ssly o auje by ol 0 a8 58 oolitul bwgie aie
ajp 2l calps sl sl g conl it bawgie aiza b il

(24 522 10) 290 oozl 5u5 Ly, 5l pg 420
dy =Cij — Ay vrij (12)

2}¢"j .
diy =—% vrij (13)
in

s o byye ol yito atiin Oy 35 bl
JEA ﬂ,lrj g lacJld (glulus abie ggeme Cp ol
L il pwle Oy ol (Zriwly Codgd e LS9
2 Lacleb oas onlio waw X 7 g doxiald N4N(N+1)/2

(24 422 10) col b Jlo

L ol oudi (a3l g PMP Jass (sl i g dla 4o
s pé Bua guls ) ouliiel

Sl mow o jsb 4 o xiwly (Jad il (632 )ael
oo Cudgate (Bed polie 5 by Jlw jd oud sdnlin

1- Parameter



1394 53l « 3o )l 29 wlor 1(55,9LiS anmgi g oLl 4y pii 320

A addllae cpl )0 (6 pSdses pol 4y &gl ¢(glddlaio b apoos
g blojl 4 peiiue dxnlie b 5l 3y50 cledbl g laodly 4
Y game & bape codh) pgid bl jd dbgyye )bl
@ baye rodh 5 (6j)sliS Sk plojl 4 alye b (2l);
oo 548 (6pgleen (slailaie O €805 4 anlye b lie
Slpoley Lo )3 55 o &l (bl Jue Jo g Waodls gl

d)5 &g 241 a5ens GAMS

S i e 4 bgye LeMbl g Laodly 1 Jgas
SN o Y g a1 Sy phaw doyd ((ly; OY guae
IS cass JB (L)) ol ol Gliee Egoome 9 ot

b Jlo (b 1) (08 gl Jlagy 5 (B Cgall b, (bl
ey e lis 1392-93

0ABL dgw g cutS ool > odal dgzg 4 Sl e
A byl g dnloe ddlale o 5 l5)eliS

Jay 90 slasals g s bl ansla
Sgall ailate 5)sliS alS Jols adllae oyl > (g)lel dols
alag, ails 13 368 Cb)b glie 0 &S cul (o ases)
3 2y )bl ST g Wil (5,0l8 laculed 4 59,0L5
bl @b jl coe Y gaxe culS Joad )3 1) 295
L 3yge slaodly S o pali g ygell (slaaslip ddaw
<ol 1392-1393 cl); o 4 bgspe 55 adlllae pl sl (¢l
sy O glia dpas Ol dija g Glaan o ol o
ghibie o g ol 5l 0Sles e Sy e
9 B Ogll) adlllas 3y90 3ble 3 (o) Cotiie Y e
b ool goodld dgr wyiwdyd 4 dxgi bbb e (0)e
ghaw p pols Geod plsl g lpd gy claolSind > ol

1392-93 Jw b (T asg) Cigall jUdg, dilaio 45 Lo WY o pew § ClS 51 5 gebrwr —1 Jgua
Table 1- Acreage and share of selected products in Rudbar Alamut (origin basin) during year 2013-2014

% el Jud,
Western Rodbar Alamuot

Byt ©gall g,
Eastern Rodbar Alamuot

e O g
Selected products

T e S 5

T Pl 5

Share in Acreage Share in Acreage
pattern pattern
389 1830 37.3 1650 (Seiks) gy
Rice
20.2 950 22.2 980 ol pas
Wheat
15.9 749 15.5 685 o e
Barley
5.38 246 5.24 230 L)
Beans
5.26 250 5.38 237 Wxig
Alfalfa
4.98 232 4.59 200 Sale g s
Vetch
2.74 126 2.43 105 RN ¢
Tomato
2.31 105 2.65 115 JERS
Potato
3.40 158 3.28 142 e o
Vegetables
100 4714 100 4426 & ol ggeme
Irrigated acreage

*x *

(* and **: hectare and percent) so)d g )liSe s y: g

1393 (g ool (65y5LiS sles olojlo isle

Source: Agricultural Jihad Organization of Qazvin Province, 2014
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Sy il glag )l cov bl O ase p cudgae Py cutS ) maw oy ke 115 5 105 L ey 4 30
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Table 2- The effects of inter-basin transfer of water to cropping pattern, farmers' gross profit and the economic value of
water in the Eastern Rudbar Alamut

oo (S law CoS (5l Of ad pe Cadgaome Ol
Irrigation water supply constraints under various Ol paadS s> Y gasco
scenarios Changes b Jlw o
Mo yd 40 oy 30 Jo )0 20 Mo 43 10 amount Base year Selected
40 Percent 30 Percent 20 Percent 10 Percent pattern products
1426 1481 1530 1580 (Hectar) ,lss 1650 (S5ls) @y
-13.5 -10.2 -1.28 -4.24 (Percent) ..o, Rice
1026 1014 1007 992 (Hectar) s 980 ol pas
4.69 3.46 2.75 1.23 (Percent) 1., Wheat
720 711 705 697 (Hectar) ,us» 685 e
510 3.79 2.91 175 (Percent) ao)s Barley
213 217 222 226 (Hectar) ,lss 230 loo?
-7.39 -5.65 -3.47 -1.73 (Percent) x> Beans
197 205 215 224 (Hectar) i 237 Wi
-16.8 -135 -28/9 -5.48 (Percent) 1> Alfalfa
208 205 203 201 (Hectar) i 200 bl oI5
4.00 2.50 1.50 0.50 (Percent) ..o, Vetch
90 939 96 100 (Hectar) ,l:Ss 105 85
-14.3 -11.4 -8.57 476 (Percent) ao)s Tomato
103 106 110 113 (Hectar) s 115 NSO
-10.4 -7.82 -4.35 -1.74 (Percent) 1o s Potato
121 127 132 137 (Hectar) ,lss 142 Ola o
-14.7 -10.5 -1.04 -3.52 (Percent) 1., Vegetables
4105 4159 4220 4270 (Hectar) ,is» 4344 TeuiS ) daw JS
-5.52 -4.26 -2.85 -1.71 (Percent) 1o,s Total acreage
1327 1299 1257 1211 (Ril) Ju, 1173 Tl )
13.1 10.8 7.16 3.23 (Percent) 1> Water value
41247 41785 42918 43780 (Amount) i 44940 S AL s
-8.21 -6.82 -4.49 -2.58 (Percent) 1.0,> Total gross profit

Jby ossbee 5 oo ste 3 oy S s 5 5
* ** and ***: hectar, rial/m? and million rial
Beios slaasl, s le
Source: Research findings
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Figure 3- The irrigated water demand function for Eastern Rodbar Alamuot farmers before and after inter-basin water
transfer

st 3E ©gall JLdg, alluie ,d O (alaiBl (405,] 9 o3l559LiS LAIBU S S 5o g O (glad g oo JWHT ©1 51 -3 Joua
Table 3- The effects of inter-basin transfer of water to cropping pattern, farmers' gross profit and the economic value of
water in the Western Rudbar Alamut
Wiseo sy luw Cod (g5l O ad pe Cudgusmo

. “ ~ ‘ . y
Irrigation water supply constraints under various scenarios ‘; ”‘W *Jifw < 5, .
() (S YoV
03 40 0,3 30 0,3 20 w0, 10 Changef;Tnount Base y;a;r pattern Selectéd products
40 Percent 30 Percent 20 Percent 10 Percent
1554 1610 1673 1736 (Hectar) )t 1830 (Ssli) gy
-15.1 -12.0 -8.57 5.14 (Percent) ao Rice
1000 991 978 966 (Hectar) s 950 ol pus
5.26 431 2.94 1.68 (Percent) x> Wheat
788 783 771 762 (Hectar) )l 247 o 2
5.49 4.82 321 2.01 (Percent) as Barley
226 230 235 239 (Hectar) ) 246 Loy
-8.13 -6.50 -4.47 -2.84 (Percent) x> Beans
207 214 223 234 (Hectar) )l 250 iy
-17.2 -14.5 -10.8 -6.40 (Percent) x> Alfalfa
251 247 244 242 (Hectar) s 239 Sle 5 s
5.02 3.35 2.09 1.25 (Percent) as Vetch
106 110 114 119 (Hectar) ) 127 Sy gS
-16.5 -13.4 -10.2 -6.29 (Percent) xs, Tomato
93 96 99 102 (Hectar) s 105 (e s
-11.4 -8.57 5.71 -2.85 (Percent) as Potato
133 139 144 151 (Hectar) s 158 s i
-15.8 -12.0 -8.86 -4.43 (Percent) as Vegetables
4358 4420 4481 4551 (Hectar) i 4652 i ) e JS
-6.32 -4.98 -3.67 -2.17 (Percent) x> Total acreage
1422 1387 1349 1298 (Rial) J, 1247 7ol )l
14.0 11.2 8.17 4.09 (Percent) x> Water value
44847 45772 46918 48150 (Amount) ,lis. 49730 TS At g
-9.82 -7.96 -5.65 -3.18 (Percent) as Total gross profit
* ** and ***: hectar, rial/m?3 and million rial b oslee 5 oSt 3 Jby GlSe s 2T 5 L

suis slaassly sl
Source: research findings
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Figure 4- The irrigated water demand function for Western Rodbar Alamuot farmers before and after inter-basin water
transfer
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