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Abstract

Establishing a local water market in the agricultural sector is a
promising solution to increase the economic efficiency of water in the
event of drought, water shortage, and reduced agricultural productions.
With the opportunities created in the water market, farmers will rent
and sell this scarce input by improving the methods of water supply
management and will work to provide water that can be sold in the
market. In addition to managing surface water resources, this reduces
farmers' pressure to use groundwater resources. Due to the importance
of this issue, in the present study, the economic effects of the formation
of the local water market in the five regions of Tehran province under
the conditions of drought, water shortage, and reduced crop production
in Tehran province were evaluated. This work was done by using a
combined economic model of Statewide Agricultural Production
(SWAP), hydrological model of Water Evaluation and Planning
(WEAP), and related statistical data to the years 2013-2019. The
results showed that with the establishment of the local water market
and balancing agricultural water trade between the study basins of
Tehran province, the negative consequences of drought in the use of
available water resources are reduced by about 12/7 percent compared
to the base period. In addition, the establishment of the local water
market as a customary and legal institution in Tehran province, despite
the transfer of surplus water resources from the eastern and northern
basins (M1 and M2) to the southwestern basins of Tehran province
(M3, M4, and M5), caused increasing the reliability of farmers' access
to irrigated water and preventing the reduction of profitable crops
(tomatoes, corn, watermelon, and sunflower) in optimal cropping
patterns. Also, this structural institution by realizing the policy of
sharing agricultural water resources and increasing the “profit to water
ratio index” from 5/89 to 11/06 percent, reflects optimally allocates the
issue of allocation and optimal management of water resources
between different agricultural activities in the five basins of Tehran
province. Finally, according to the positive and effective results of the
local water market in the management of water resources and
agriculture, the implementation of the preparations for its formation is
proposed to the relevant authorities and organizations in Tehran
province.

Keywords: Water Market, Water Shortage, Drought, Water
Productivity, SWAP Model.
Received: December 8, 2021

Accepted: March 2, 2022

Voo Gl oF o lows qpaadd Jlw
Volume 17, No. 4, Winter 2022 (IR-WRR)
May-vy.

bl 53 (oo O 130 4l piant 0580 BT (5!
OlR5 Ol )3 (HleS 5 (JLuSuld b (29,b,

97 83900 Juadllgsl ‘Yd”b“ Loy &5 2 5 439
TSR i L el

S

ol Caa sl U ol S (55,0l i 3 (e I3l
sl ol Slidg Sl g S ( JluSis adlse p> o eolassl L
Copde slbogud dgug )b 3l Gl L )3 o sl (slacus B b ), 9liS
Ol oyl (sl 5 g 03903 P8l GlaS 035 ol 3953 9 0yl (sl el puals
(o Ol gl Co o 038l sel ol 8 wials (B Ly (398
b9 on (e sl glie sl eslital (sl of5,5lis” Ui ials 4y i
e T b 65 U85 o5l )BT 3l a3 g5dge (il Csml & 25
Uil g NS (JlsSis olis blpd cos glag bl 8w sble ,
My ool Jao 5 il oslisal b )8 ol a5 ) el ol
5 byl (Sl Jae (SWAP) (cladlaie b (U] (5,58 &Y guareo
“WAA cla Jlo 4 bgspe (golel (slaodly acgasme 9 (WEAP) Ul (g3 j40biys
oy o ol g (doxe O 5L latal b aS sl Ui gols .cd)F @ ygm VTAY
oy it (slaoly ¢l il Gllllas (sloase (e (65)sliS Ol s
0790 4 Capwd 10 )3 VWV 395 5 dgn90 o @l 5| gyl 000 3 JluSiis
e 2 e olsie 4 e ol S Sl ol 2 38 oo RIS il
9 B soade il ol plhe JU] péyle Gl il g )3 (Soi> 9
e M 5 My M) 5 (il (e i (sl 4 (Mo 5 M) Jle
ol 5l g ead ool Of 4 lipsliS s sl s il
3 (o) RdT g wlgmia glaly @)y ¢ KoypangS) jglogw el); Y guae
Cawlow (3356 by (6,3l 3les ool copoizmon S o Canilons CuiS digo slagSl
G a3 L5 (20,0 W8 GO/ Liul3l 5 ()9l ol wolio (6,152l
Wl oo wSxio iyt bl Az bdses gl calise eulad o
Ble o pde piSu )3 (Jome Sl IL S50 g e a3 S 4 a2 5 L oL
sloglejle g odsiue 4 ol 65 IS8 Clasie (13 gl «ygliS 9
D90 ey Ol sl 53 b

SWAP J.\A ‘uT $90 )4 ‘Jw ‘uj‘v{ ‘u—l )l)l.: :Jw&w
VP e ANV e by ol

Ve AV wdlde oy ds Go )b

1- Ph.D. Student of Agricultural Economics, Payam Noor University, Tehran,
Iran. Email: Abozar.parhizkari@yahoo.com

2- Associate Professor of Agricultural Economics, Payam Noor University,
Tehran, Iran.

3- Professor of Agricultural Science (Biotechnology), Payam Noor University,
Tehran, Iran.

*- Corresponding Author

Dor: 20.1001.1.17352347.1400.17.4.12.9

Rl OIS o9 ply o8l (gjyolis sl (45 ggpeiih

Ol ol o el ol (gjlas slasdl jluisls ¥

ol ol o pla o8l ((£59S0n) (559l pole Sl ¥

Jotmo ok =

Cawl 3l VF Y oy bL b allde ol 550 5> (Discussion) o,blis o ey

This work is licensed under a Creative Commons Attribution 4.0 International License

\ay


https://creativecommons.org/licenses/by/4.0/
https://dorl.net/dor/20.1001.1.17352347.1400.17.4.12.9

3ol glie a2l (g30paby 4y b casl p3Y g s O
o 2 aS) ik e Bl ol @SS b

3y S 4S5 (39 00 03md O @lio Cuyte  aliske glaan S
(Nazari, 2016, Wheeler et al., 2017)

b o 3l ol dles ol o o jarass ) g sl
P 5l S5 b Hgd b (ogee sladles bawy oS S8
glie (28) ik 0903 B L L 5 (ages S50 5 ik parass
Mahmoodi and Parhizkari, 2016;) > 0 Géxe ol
alis cotel g (6 pdydlasl ksl ol (Wheeler et al., 2017
Sldbgly jobo 4y 55 ojla] hbaslis den a5 | WS o s |y
ol Ol g b g b b il g )byss S eS8l o 5
2ol caop cloayie o WS o jeome |y plbalis sl
umd JE drg 350 Ol Bras 5 Jinl 4 by slopesas
Cwx ohbyoxe &eis (Liang, 2013; Nazari, 2016)
Ll b ooyt 6 pivllan] Ll ol s (9286
o & Ol iS5l ool Janass L 5 sy90 0 d9ntp chnal
4 oyl 0 00 @I (o yid 9 Ol wlie 51 edlitul (g lulus Do
Connor et ) witwa (e oI (ola)ib jlal gdle ,Sos 5l o
iU il (598 28lie 5 Lile8 o< ule (al., 2013; Young, 2014
Dialsdl 15le elazal ol bl 1 5y dbul 4 Sl o e ]
ool Loyl s oUlg pas ¢ gy (ST Gaa b ol el
9 ks 5l 3l elan] laan e Gl olbalis oy erd
a5 bl lanss 555 5 elaizl 5L st ol (sl
S e gle cuiel lacisliw b saiS Lils

(Ahmadi et al., 2016; Wheeler et al., 2017)

YI¥ ouily jladl o b g odgr @i yioglS VYAAY Joleo inluwe
=y e IS5l aspy VIF g ST BB sl s
Agricultural Jihad ) cul ob olaidl 35 & 1) a8
VO 5l e «YLe (Organization of Tehran Province, 2020
ol ol iy ol @lie J cudlyy ol o to ygelie
s93 sl ol slagisel 435 gazme Blyyd Syply e ©yp0
Y Lh‘_’j Sl adss ggemme a5 b pd ol aSoyio yodio VFAL/O
bl cpl jd a8 pl & kel Ly o 8 caSegie yasdee VY'Y
o slodlsng, S5 5 SH)L b (e o
Sgdien Jolb> (0 6lagy b g 9 292l 9505 39)al>)
G g0 i cpl 3929 pae 9 (SH5k (il Jlo o) Jgad
slacl ey b 5l oliylis gl g0 olel Ol b oss

doddo -
B> e S0 3929 Oyge 53 (5598 laibl le pulul
5l drsgi g 3bxg) ool e Jisl bl b oguas oSl
Oliwobl o po (Rl s (03858 ()l3 L Slod S5 lsie &
920 A g 005 l5yeliS Sy ialS g ol a (o pand 5D
WS pSate ) ool gy panass y Cople gl
o slaylib )4il .(Johansson, 2000; Grafton et al., 2011)
oRIBl Cae Glisunal s oly G (65laST ity o
13 04 Syl elbum b b o558 &Sl T (golazdl LS
9 9 olel (sl ol el e (slmoged S 2 31
O Gres D8 g (b slagl 2 s oz 53 g 039e5 pludl
ol ol 2g9a5 2l (56 I3l 53 g8 BB Ol el (sl
dpdie i ool glie Sl edlital (el ofjpslas’ Lad
.(Mahmoodi and Parhizkari, 2016; Wheeler et al., 2017)
Sy olsie 4 Ol L (e cage & age Conogas (plnle
Ulg 29 o0 (55,9LaS” IS 3 (R e 35095 9 (5)lS L dlog
ool 559058 565655 Bylae oy ol daoee Amass ) C)T ogall
g <l panass  jiin DS 4 ol Sl golaisl Il eyl
p2ld ol psliS g lpcl sl |y sl o) aw s Sl
5ol b dgie cuenl by ,> . (Grafton et al., 2016) 1S .
loans (b o 3905 ol Gl 5pliS i o ol )zl
Jijo 9 Mo oS Jj]o)y )5L U"‘ » u‘)l_\fwu )] u.’>)a )A>|
b (55,508 sedlad (ylub 5 Of wlie o pdo dise) y3 25290
535 Lol s wimlgs xisye Ol lols" Byl slaculw 4 4 g
sl C)t‘.] s u—.’.l)?l L ogge Bl a5 0> ‘_’j 5l USB olej
Shen and Lin, 2017; Parhizkari ) sloas x5y JolS" job 4
Sy I8 cwluw I K> S, (and Badi Barzin, 2018
psl b 5l 1 ol mle ase” cupse  lacds
slsilocadls g ol Janl 5 b pie lags iS4l
Ble Capde (iS0 )d AL g Plue o Sl (5 (50308
s ol 4,50 Lol ((Lazarova et al., 2007) wlodges ol
S 5 o8 BB 5 a5 U & s Sl ol 2y
s dy g el Sy SR (e g (e o pbie
op) 3 el 4Bl 3905 2ly) g ol lapiunwsST oyl ksl
bla ‘540.9] Jel u] é.)L..a Co o UYW 9 ul):)duol))) D)ﬁ)ﬁl 9)
sl G uo 4SS Ko oS Wiloduwy S yie S cpl 4 Lis
PS4 ol slols Gl cwlw b g asye B)b

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)

Vay



s 3 1y glailaze T L JSits gl PMP Jae K8
S gy g gt 2590 Bl o Ol s 9 3> (b Jolate
Sy s ctS i gdaw g SRl ] 2 5 A5 OV pae
Sl o] dnsgs Sl ol ol il e LimlS 0305 5 4ilgiin
Egoome WS o ool S Al Jlo Lilyd 4 Cund 2oy AT L,
S Sl Bals 3 55 S oS AL g
o Uy ke VYYEY & YYoYR 1o il dguy (slailate
L Zibaee and Malek Varnosfaderani (2017) .. .
O eyp 4 (22b) Shpteln slade dsgerre I gie0
o8 Gl (5,5l A5 50 o3leg nl @lie e ol L
Juoyd A/ o dslee ;,«T e &S Cawl O] LS s by,
FY BV oo o)jyoliS el yd dgup0 bawgio .ol (Byae O JS
Cax l5y0liS den (gl (B 038l (ol ply sl juxie duoyd
b9y 5l odlizwl L Zeng et al. (2016) .55 339 ol 3L 4 3959
4 (JIMP) % s¥leis] —clojly (gl po di> oSy cjpydely
wegad ) fhe Gt bnl (giygliS hbpese o ol e
ol oo ses (oolaidl laal 3ass 4 o Syl e ol
2y el slo i eS| Howitt et al. (2015) .o
ilizee gblie ) (650l Sy p Jlusis Sl w4
Ao Q?.‘ Pl Lo ;.j sbyliL J‘SW-’MS J;:;&]J),i L.s)n.Jlf)\
e o it Sl ISt 4 3l L gl 5,5 b))
JeSts 5w e Ol e il Gos g (aw O
S Gl 5 asye o 0ils ) S & e O (sla il
Sl g odly el 1y oy pl lyil (Mo pd Vo 25a5) (gL s b5
Sabohi and Parhizkari (2013) .cusl o b ablie (gly  cmlio
ik desis a3l byl ar (ool s5yaely sl Jae jloslazal
5l izl o cusl o 5 Sl gl sl opesd bl o
Ol3pgliS sl s O olie & gt (taljBl g oy i
Jisl sl 595 0 a8 ol wlie b (slaglo b 3 jogasa
20331 5509l el o )3 il ) 595 55 S 5 09l
Dgyse slewdds g3 il Ol L S oolasl @l il
Gl Jde piumw S jl (gaien o b Zaman et al. (2009)
b poste o O dole (5 1) 0gdll (odlaiil @blio ¢ cdlatily,dun
@l 0358 iy Wil 528" Jled sb)5sSag 5 (555laS

sl paw cél cely los Job )3 Jole ol 09 opoli o
bl 2l ) ol (Mo adiiie 9 (50 VA Olie %) (e
(cehg 5 2)Me locad) ol g st 3 0529 il ]
938! .(Tehran Regional Water Company, 2020) ¢l o
oalaiwl 09 uj )] d.)b) o> ui).: Jya_‘) 2 PLEFS W o ul.w)l
@ Jlo p)S Jgad 3 @S Jlyd 098 ) ljpeliS oy |l
a8 dlue b o5)9liS” el dagiling, o by ials cle
o 3 ool Ol Dlgy sl clavams b s aslge O
ol g 5 G550 gblie » JLSits 5 oS slaeygs slx]
«gy x5 (Parhizkariet al., 2021) cusl 03505 dlgo 35 51,
4 Slge olag sl 0 oo Gl I3k il o du) e ki 4,
5 Jusis laoysd b ablie lp (pde 305 S lyis
@ Wgd e 659l Sldg malS 4 e colgs a5 IS
cslsaly o )BT oy A3l iz o 5l I ol ol 29 48 SIS
Gan a8 wsb o s ol gdaw j3 oo O 5L ]yl ogall

Gl pols s Lol

Sl i g (55)sliS Gide b by pole drwg 4 argi L
Sbaely 9 SIS oy 0 i ol 53 04 plosl Cliios I Juol>
» ol b el claly a5 O plie (o)l
ons ald Cuanl Bl 5 pibolinl el s b I gl
oo (Wheeler etal., 2017; Parhizkari et al., 2021) .l
B35 E5090 0ol (sdte Slaiagh p3 sl (bl
Seidl et al. (2019) .caul 4,5 &9 Lis 5| ilises 3blis ,
& S8 (oy90 s 3 1) Ol b @lyie g olss 2]
ol aw » Ol il O L adgs o e ol
N eobiisd §) oyl & ol o] 5 S bl 53905 anlllas
O qlie 45 amd e gy e laalis (ol Kl ales
by 3l g s HlE YL cosal (gl gladles HLas] o 1y 268 oI5l
S8 ooldtul Syl (cladgneS b dpalge ablas ;o Cdge w4
2by siydeby Jae 3l eolazwl L Abolhasani et al. (2019)
o e o3lizal olize T il JSits 25 (PMP) *cate
I b LS5 b amd oo L ol 53905 oy |y Moo b
LS o Iy Baw YL (2030w b Y guaste Cuows 4y CuiS (543
@ 9,5 0 JSb labasMe BB pogvadpo Ol ledlazul 3 g
5 ohly gt slagbio g o O Sl S5 5l ey & 520
5 YYIAD XV ials b cusy 4 Ol Gpan i bt —ad b
4, Badie Barzin et al. (2018) 554 0 4a3lge (ghuo > YA/-4

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)

\a¥



Silodige @l 5l el gloodls Jl edlatul (gl & gjyeliS
2 &Sl 4 asg b (Laura et al., 2016) wiS o odliiwl (g3l
T (ol g o odlatwl (s8ly g pu o sloodls I SWAP Juo
5 Sl lacudgize p ogMe lawluw |l o Sl o
P L 4 wbsS 068 0 0 ) (S5d slacudgize (b
SABL dgu giloySlis kb, &S 3550 5y3 SWAP e
e olisS Jolw bylyds S o g (glddlaie pow o ol5,5liS
w0l oanlie ab Jlo a8 asl glae plie jawass 4 e
Howitt et al., 2012; Sabohi and Parhizkari, 2013; ) > .
13 SWAP e iy p5 4 pI5 sl (Paul et al., 2017

Ligd oo gyl dold)]

$910n 9 4> 1§ Bblo (g 1ol dls po =)= -F
aly glasaly

0390 Carwy (wloly ddlllas 3y50 dilaie il alsye opl g
5 o ol hilate LT e85 3Skes adg bl
(s 40355 S Slalllas a5 ol 53 ly (o o
dy50 blio & baye (Siolgyin o (golatdl leMbl 4 ool
il ghailaie o 805 5 Slos adp nd (553,5 (guyp
SO0 o 2l Jgb o 40l )3 lejiS ol
DS o p P LYETNN B YO Y o oldlas oe g O
Sl o mipe soglS VSN L Jolee (Slllas 039050 (sl Caawg
(eelyy Oyl —iegr (Ll cd) @Sl ey &
22 ke addad g Jlue)S 095598 (lLuly) cdigles S e
2l Jasl eglls g Syt o glio 32 4 4295 b 2,5 o0
Gl ddg> guy )0 bcudd oyl oyl oliwl calisee bl
G5 (nl 55 3y90 (slwodls (3 ) B S )3 byl 2590
Cragd 0 Sos (iS5 paw Jold) (65y9liS ise 93 4 bgaye
JS ¥ game ol ) Ol gl (150 5 (&Y game 15 i g
gblio o wly Junl O gl glie 5 oy Of gl
“WA) b b Lee 0)93 (sl (ke yob & &5 a3l oo ((SWlas
S ) ol ol jd by pd libl a4 euiiae dxslpe b5 (VYAY
b slaer (555U e lesls 5 glaidate

w9 b (G0l Jao S tegd Al o Y-V
Slobw cCwd

Al caa (S gyl Jae S s Jold dlsge oyl
9 e lacodgiome 4 axgi b oj,0liS (glaalaio 34w (13905

Sl e (Triwly slacodgise

SSiss e 5Ysb il pl bl o ol Yole a5 sy 0 Ui
et S0 (il 3ble Sy 0 O] (EAS B pas (ol |,
»oade 3 eniedy)l BT csendy bl o o GYole
Aalgd 0> (65yeliS oy sy s Jsis o

sl

Sl i S &l 5 (Sl ety Slalllas )y
U550 ol yope o g8 ol ole bl g la oy plw 5l
ol O el LSS Caow 4 ES > canss 5 ¢ y9lisS
ol ple diy parass g (e lasaly (o)l Ls ol
ol Glolss 5 ase o Jols (5B 5 (gl snle Sl
Jusiis 5 LS o ety b & il gble |,
&g b ol ddlle jd g opl 5lcwl asl JWs 4 wilaslse
Ol Gilises 3blie )3 (65y5ltS o wlio tBe ol pyre 5l
a4 e Ol ik b (iluesly e B s (5 ol
g by Of gle 5 @hglis J5u 3 o egilly slaely
Mehdilaio (g0l eV game a5 oolatdl goSIl 5 orlisl
5 e il JeSits gl plogan Jdos culls | (SWAP)
dglis )3 pob Gidod los drg JLSUiS 5 pS 2bs, Ll
oy Ollllas )3 &S Canl Jb ol sl iy ledllas b

ol 015 g8ly lasae O 3L LSits @l 3 Baes

Gadiod @l (g, Y

ool 33 (oo ST byl SlpT oy sglaie 4y e ol 5
b (555liS SV gaze g5 jludss ofl Il (ol
iwly GAMS ¢ )li8le 5 b p> dsye il b (SWAP)
CSite Y guamo & bgsye (6yl] GleMbl S8 b puao 193,5
Silwand (gylel Sledbl o WAV (ol Jlo (b (gjslis
9 ul).s‘ c(VVEAP) uT @l.m d)J)ML)J 9 u_:b))l J,\.o Jawy 0
MW

b (ALl 55yl OY¥paom My (3Ll Jao -)-Y

(SWAP) (gladlis
5 ool (glayite o bl sbyl (oly el SWAP s
5 $irgliS Sisu Ol Bpas Glie (sileaie ((Sjdg
Sl eJse ol 255 0 58 eolitul 5y90 e ol byl JSss
Ol e (gladaie b 33 o )3 bacasliw Jlod 5 4 5o
Y game 5 ls 3,505 50 9 3l 305 ol slaodles g

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)

ARV



s

| M2

| Western Basin
M(3)

Northern Basin

Eastern Basin
M)

Firozkooh

Southwest Basin
M4
! Southern Basion
M (5)

i Map Guide

W e AT oM@

' O sz

3 M (3)

LR T R E M

O M)

Fig. 1- Study areas with irrigated agriculture in Tehran province
Ol bl 43 (2 (5559UiS g1yl Flllae 3ble - JSW

o Xig 1 ang (Y Iowdle g alops 5905 ome ) g
Cool g oy Silo Bjgy g G adlaio )31 Jgarme cuiS
day ) g e s |y cymej 4 g Jele o o3litel Capus oS
elps Solo Bigy dly 3 blise s 4 (igj = Kigj/Riglana)
Caosd Vig bl o SLllls adhais ja )3 odliiwl 3)90 il 3
Cigi 0 4ilaio )3 | Jgamo 3,Slos yldig g dilate 5 i Jyao
<l Hlade waterg,,  dakio )i Joaso dJg cly j ool 4o
P b by Jlasdl dije Wey 9§ adlate )3 o3litul )90
ale Codgame (¥) daly il 0 g athaie )3 (ylol Of CaKa o
aalo oo e ol gloodlas sl 9w o (M5 dibais o )5 |,
Ot 3 2980 S S 59y 9 (b Slge 9355 s Jald)
daly sl o G dalaio ) ] odles uyiwsyd mlie JS by akayl,
ol 22 o8 e (L 1y (532)a0L 5 Jhe (rily Cogae ((F)
e € g 4l Jlo yd edlatul 5yg0 Cullad oud sdalin Hlade Kig;
2ol 4 & cub g Bl aed e ol ) (SoeS cute
03,5 a8l 0gds o aBl] Jdo 4y oiwly Cudgasre K Jguamo
Siytabiy disg Ol & 3980 el Jho 4y (riuly Cudgie
Casd &y 4l Jlo 55 0id ssalie oyl pdaw by as
alaly ;A g ot Cudgase (slasbo cuaid (V) abaily )3 pamd

Lo 0B pale (s (ghayaeliyy Juo o 5l g dloye ) 5o
Cud & (eiwly g plie lacodgize lp Vlule lacas
Howitt et al., 2012; Sabohi and Parhizkari, 2013; ) 1] .
Jde oxiwly 5l asye ool 8L, JSG .(Paul et al., 2017
Db Ui yj g s adllas 590 bl sl oyl 0 |y SWAP

(")
. 15 5 7.5
Max O=ZZ(vig yld,- > ay cigj]xig.Lam, >0 > water,, v,
i=1 g=1 Jiwater g=1 j=water
Subject To:
. : (v)
Zaigjxig,Land = bgj vQ! J [l'l]
i=1
Xig = Xig e Vg,ij [A] ()
Xy =0 Vg,i,j ()

A Jols (Jad (s0yaely Joo Bun @b Gl 4 V) dlad
S0 daly cpl 3 sl G1j)sliS” sladate dgw ggeme 3,5
Slai gl & &y gblie ;S g «liy5lis” GalBb s9
wlah @) (e (o paS) el o OV game
Jelge b loodles Sl J (515 5 oo, Kol] ilguin ¢SS jpan S

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)

Vas



BL=

1 c wit ")
(L)
+ W

(-Ug)
C c,w
(z (‘II/(p)) v
C. T W,

c Wi (®)

1

Mo Jole anja e g pl L Ay Jolo Gline Wi (598 Latly)
oo el lyiee CES a5 ol i o5 3l o3lil b .ol ol L

il aw 31 S5 o g dle Sz g dilate o 4l |,
:‘)9“3(_9" o3lésw! 25 AJaal) )‘ )9]&2.0 U’l le)g ..)99.5

T -—
19 4 v/p;
p
ZBiwi
=1

FB adllas )90 3blie g Y gazee plod (ly YU (o35 Jole
.(Howitt et al., 2012; Paul et al., 2017) coul gposs

(V)
Vg,

e b led diazr b 3905 tp)len dlaye —F-V-Y
Of B el )l (10055 g (YU tanst3)

it sn ol a5 Jols SWAP Jao syl o o ye
il Syt el ] (sl il Ly apulins 5 (ECF) szl |
ol I US4 S (e; JS dije gl
Medellan-Azuara et al., 2010; ) il o jlaide wul
:(Howitt et al., 2012

TCy (Xg )=ge™™ Vgi M)
Vei 3 1o | ye b (o058 12) 5,50, bl By @ e
dilate 1 Jpame ddye uidS jl b 4 S conl LB el
(b ctS5l) @2)5 005y b byl ool (Mg ) Lilse0
thw Jlalis polie (65) p odd oriwly slale (clacwd

daly ©)go 4

Py : (')
’Ygi (Xgi ): : vg,l
g%
land
ACy ()
YgiXgi
YQie

Gl jiilS  cwls Dbyl gl Jwaly b slesas e mlys
St Sl 3] pg> 4 ey & Cms damsles o nile

Jypame Jolg 1o aJg ol auje 4Gl (9d g edg lye5

50 bl e e lis 1y ol codgasme sl cwd (V)
G5 ol ool O oales (oolasdl 5yl e el 4 o
Sl e ol 5 ) 5 Gl S o s
b cuod ad @ly Jlaise (555l Ol odled B9 (355l b
>~ Resource Margin isu j5 Ol edles (sly osd 3,9
Gkl o sl o Sl GAMS il 5
4 ol a3 o] Bras 2ty (BT (0] (eSo o)
Taw (g GHleps Codgie (F) dal) WS o i (S)ge
Codgizme cpl il qwyp 390 Gble 3 (olh) slacdls
22 3P Siledde pius (siluodly & WS o (e (ol
ol 1] L8 MolS” 58 00 45 adlllas 390 3blio jI K,
Howitt et al., 2012; Sabohi and Parhizkari, 2013; Paul )

J(etal., 2017

Sy B3l &8

O3 g glailiie wg @b 390y tegu als e —F-)-Y
CES ul o

g b elie 4 s ol o3l oyl al>je ol
Bl dnsg gy SaS & Jpns 5 4iis o gl "CES
&b 95 e 3,91, Gravelin (2016) 5 Howitt et al. (2012)
o ol il 3 Ky a5 WS e sl |y Sl 1) CES WJgs
~ol @b calpd g (b s b) isisd cul s 5 g5 laodles
3290 CES 85 ol o8 ] g2 & (15l (g5l 1) (oDlED
5 BGox ol oo o3l Yoz 4 g L adlls ol o oolitl
ool Bl LB pj 9o 4 dile

()

Ygi :Tgi [ Bgllhglll+ Bguzhgb +Bgl3hg|3 +Bgl4hgll4 —’_Bglshpls]U/pI

J g Jele higy @ dilate )3 1 Jpamo 3Jg5 Yo Y dlaily )
el Bgij 9 oolie yel)ly 8g; g adlaio 3 T Jguae 25 (ol
o 0 dalaie 1 Joase Mg sl ) osles waow &5 Canl W)
My @l g 2l polie 4 Cans b o3jl o psv D
i 35 Pi 395 o byl oo ol a8 cul ol o3k CES
9335 (o0 iy (@) baodles (il (Al oy S o
Howitt) b1 o cawd 4 p; = (@ — 1) /@ b, daly )b 5|
555 5 Mg @b we §| e (et al., 2012; Gravelin, 2016

2 g dmwlre ) Cygo o Baij slayiel)l (ol 5l Jgl suda

S35, #)
[31: e L v)
W 1l

(z ( 1/¢)

Ve ) oF o )lowd cpdadd Jlw o ool Of églm Ol
Volume 17, No. 4, Winter 2022 (IR-WRR)

Vay



(Xj) Y garme Cuosd (g pdybllasi] Gl5e § 398 Ci)led 4 a5 L
25 bilgy Sl ¥ game SOl @b sl ol )l uess sl Gl oo
Medellan-Azuara et al., 2010; Howitt et al., ) 5,5 salazu!

:(2012; Mahmoodi and Parhizkari, 2016

o= XiSngi Vi ()
2.V
g=1
1 A (\%)
Q; _ngl Q; Z Ygl Vi
g=1

O 9 2P S32y%0U 5 Jo 5 L teubiad dls o )Y
b (Sewly SWAP Jio

Mo bl edd oxwly duie xb l edlaiwl b ocdls o ol p
asgazeo o ol Sl Ll byd b ad el oyl (gladlas
Luly) ©)go 4 (s e syl Jie S @lie slacydgione
Db o diBlo

(v+)

Maxa—z[w (Zygl)+ o (Zyg,) ]+22[rmg.(yg,)]
=

Medellan-Azuara et al., ) xas oo plol 1), ol il ]38l
2010; Howitt et al., 2012; Mahmoodi and Parhizkari,
Sl by eiyaeby sl Jie o & cunl a5 LS (2016
e (S159) 39 403 b (o b o5 S5 51 Bos (PMP)
Je 33 &S il Jlo 33 0l 950 4535 0y00 iz &l (055
i3 @b (SWAP) (glalato b (ALl (55,5l eV guamo 355
Sl 5 Wl 28yl (omily 5 (a5 g 00D 4SS 4
Lo el S o S (il ) Jlete b oled ad JS3
ol s SOl b sy anj ol Lol sl oS sgai
Oy o 3 L 5 Wl Colys (cly a5 cunl wess cds Baas
Oyl 53 53 423 ) Jas i) b S 3 ool Ll
&b S 4 mls as SWAP 3 PMP sla oo
Medellan-Azuara et al., 2010; ) 5,ls Jlis & 1) slods i

(Howitt et al., 2012

&ng dhélﬁ.’i &U b)si).g rgbw 4.1>)o -0-)-Y
150395% S Chond (bl (5559l
4]4».1) Ls d,slhp cJ9.v.a.’>us 2 dl)g oD .))91).3 le.aolﬁ.’ @L

o=1 i=1 W@mu)bl)omd)m“b):do&u"lpcfj
b 2 Medellan-Azuara et ) aa> Ol W g Cuod ]
[8 ,exp(y i“*giLan ) (0‘) i,su i,su T iLal orX iLal or) . < u }’ J ’
;‘; ’ ggutand QZ:;‘ =Y Pty gisupply " DgiLabor gt al., 2010; Howitt et al., 2012; Mahmoodi and
5 5 5 .(Parhizkari, 2016
0D (water,. @y, )- Z D (tre.dg,. xwty,) - ( oF)
g=1 j=water g=1 j=water .
Py =Wy -0 ( Yigi) Vi
g ;; i
Subject to: (V) . ) i )
Z vai . iy i g g adhio i Jeame Cuaud Bg (398 dbal)
Xigy = for g.) = water . S T T
gJ oyzn.»d)lyul)ﬁw\lfcl Jy.a?mdholm bes‘m)‘uo).c
water,,, <watcons, +Z XWE g, - zxwt (V) 1 Jpame 155 i Vig 9 P9 Jolse o b Lol i 5
o=l 2 Mg e 4 dag bl | ool 5l edlaiwl b g ddkaie
5 5 - -
O xwt,,,) (O xwt,, )=0 () SeSUL ol ord 59 e s i) a2k 0299 3 Jpans
i o 35S dunlors o
T, Xwt ,,, < Water, ... V¥ _
i . (Y b ppy= vig 04)
X [
Xgl,water >0.90 agi’LandG]gi ( ) Z
gi,land ;- b o modly GLos L
XIgJ’XthgJ >0 YQ,i,j (v5) WJyame 2 owd Mg Gliee 5 OlL cad il Jlasl o L

13 am3e ol |y SWAP Jis s é Ciin s oY+ alas
b adse 4 5n wgisupply 9 < 48)e (lie Xgisupply «lasly ol
435 WgiLabor § 03wl 3)90 IS (595 )lde Xgi Labor «! JUs!
g adbaio 1 Joaze adg (glp 1) (3j000) JSg,8 4 bgiye
3L bl bl Bp byd b ad Gise o amd e i
4y e 9 g bl fpw odd X g 3l Ol o> XWtghw

23,8 dpuloe 5 dlal; SaS 4 1) T 9j9e Ceasd g5 o0

2 . \&
ngi zzvgippgi VIag ( )
g=1

5 &b Cuwud Gladlule ¢ Jpamo ja (ladlhio Jb)lL aye
2l e Cawd & 5 bl 148 w8 oo ] (giee Cnd
rMCy; =V ~Wpy; Vi,g (w)

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)



5,5 S5 4 Gilisee clogn] 1 odlizul | aslllas 350 gblis )
03903 3lg o lyysio o lalgy dbul Sl dasdly (sl g o
OBl lis sl g 03905 wal)f 1) sl Glaasly 5 ©lusy
Syge 4 1) Jro slazg s plos Sllasil JB 5 0> otalie
slapadls plyie @woMs (glos )3 48 0 oal)8 Jgio g jlagel
28 il gl g s odnlidie (gl (g3l Jae w53 1y (slS
lud,d g ook (gilwdiime slp |y Jowe o bacaslbal (gles
Brown et al., 2015; Laura ) .S’ o ol 5 o3ll oy 3590
a s cpl 3 WEAP (5ol (6,854 ogo (et al., 2016
2 oliagliS oty o wlio oo b g bl aysly jolais
L Ll & abbe JS5 cp olpd ol &by bl jl S
Sl bl g ol sl slacds Sojgg)un 8, 5l 21
Slodend b abanng 9 Soled oS dag] 4 (3959 (o
cloisly Jols sas el 5o 408 sluodly WEAP
D92l S Slaalhay)) eudd 4 (639)9 (ol SKjglg)rn
M5, M4,) (o1, =l 655biS (25 Y 39, 9,8k 1589,
5 ot gl ely o sl Ll Ll (M3, M2, M1
bl 4y o Jlaol bolas (ol s 5 shole dus )5 dus) (ixio
9 iS5k Ol bolad dalgsal 4y 3985 ol 5 Cllyy blas (3L
g kel Glos Gyl Gl g ptag e slrolSinl
2 abe g Bl 4 bape slaosls (IS glajiehl wulais 5 bno S
il b g 29l yglate & sl 3 5 Jae 3y o Sl
L) wlomy 3ble 51 <G 5m 50 ohygliS ejten o gl
oy WEAP o)l 15 MABIA Lel; Joslo 51 (loasg )
Soidarten il B Giludnd peple (il cnl b 4B S
295 9 83929 Sl sl g D985 lly, (55 5 e Ao
e w2 b g Cad s 0yl 5 (gilodnd 4y B dadses 5 4
Sslod 5o o)y sloase ;b gblie ejiwn)s O
3535 £loosls oS a1y )5 W MABIA Lel,j Jgslo .kl o
plxl 3985 palie g (2] daw Cud b (S S )l

.J.m.)L;o

S alie 3ygl 5 (Gilodend | Gy gl aalllas > (IS b o,
35529y Gl Jl g il oty gblie )3 (f5)5LaS (0 ysd,>
509kt Y game WIS (gilodo s 4 gl 3959 5 3o
b ply (539l OISl 5SS gl (SWAP) (cledlaie
albe (22l (928 lag b bl L) JLusis sls) Ly
Gy Cos 3 Slyes Bld 5 1 ol5p5ltS o jtasnys O
sl o 42 51055 oo 5 25 (O] bt Cadgime
OlagltS e yiwys ol @lie 3yl CublE WEAP (o501 Cilizeo

Y gase Mg 40 edlatwl dyge (slaedlyd 4y bgrye Cudgisme
b Jelse 51 5 ym jlde Agyp o] 0 o cunl (O] 1 &) coue
(YY) bl w3 oo (L5 gy 3590 Bl )3 1) (poyod > wlie
o> ol 5> Watconsgy, 45 cul Ol s3lgs 4 bysye codgise
cuss d]).g fa)’\/ gi QI)’{,A E9ooro S el ‘_’j )il» Codgdome Og.l
derge ol e IS ) it b (gglie ilaio S 53 (o0 aisg 9)
aly Ol Pols b Jas) codgise (VY bl ol adaio ] 5o
Cudgdze pl .m0 L adlles 390 bl (po ylojed Oy
95b 4 lojen g 4 Ll o ddlaie K &S Canl ol Silo
Rd9ixe clgie 4 (YF) daly 2313y O plgs 15,5 9 005 b s
PRT IS o Egotme &S A o L bl ST ol 5 %0
‘.g L59L”"° lg‘ 9 ).«ag B 9 g d]oluo O (TWXthhW) (3] d..\>9)5
blie oyl o (Watergy max) 0ad diw g ob Ol g2 Sl
5 b o adbaie )3 Ol (6 puS Codgaze Silo (V0) abaly .ol
s Y game W Ol edlgs el 4 v i b cpols adllas
ui;.aalf u_.J GVAPRE I dj)’l).’w\ OO u_g.l)?l )914’:.1.0 Ly O])Jer’{ Ql.’;wl
i o, 4l bl ywpwdy O wle (ghoy Ve

AR o s ly Lglot,ooﬁc.\.i;.\usab gir‘p‘o-

(WEAP) Of (532540632 9 (L3]S 590 S —Y-¥
oy ol wlie 4 bgye Sledbl 5 aodly @dlas oyl )
Laura ord €yl (og) b illae (py 2 3y90 Bblio p3 l5y9liS
5 bl e (So5ddeyiud Jde 5l gaieo s g €t al (2016)
Silwdwd Jlo L0d gilwans (WEAP) Ol (gjya0b
Al cov Ledlll Ol renl @l Wlg 0 WEAP
Brown et ) wles )51y olas polpw 3 1) Waypians pj (doles
Bl ax)lSS (o554l g Copde cpx &S I3l ol (al., 2015
JB g pole g2ler osdie 485 )54 (555l (i 3 O
Mol ol e S oo wal b sl Jedos (6 Sllas]
5 ol Sloptass iloand 3 o] 42l 5505, ((Seidasn
Laura et al., ) wib o el Julos b)) 3 ol (spScas
ol Gl g il omls 3l 5> WEAP Jus jlsls (2016
ol 0 oS5 ncudlaoly g aoMs ol daosly «Solous Jolis
Sloysd (il b g 5l (gloog,S 4l sbml (sl Sled (gl

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)

Vaq



laasgs b (Ma) oy gt ddg sl o S g 3l lSa
kY @ ase ol Gl g 3, 3925 (Ms) (o9 5 (Ma) (0%
B grase b ol st 5ol (Sbl ad 5 (IS5 en
s 38 (Ms) (g adg> Cuns (Sae (M2) Jlod 5 (M1)
Cye ade Jlad sla i b ki g o) |y Gl oais )ly (i

D9 Sl plo g9y ol SYole 3,lg Wlg5 o (Ma) (o8

S sl (295 5 R Gt gl 4 Y Jeie
5 Shlo Ol p) ead s 5 3 O o ke WEAP
By @ble om 1) ((TAIIN) wl Sloj 0ygd (b ()l
b illae ms e b5 (M5, M4, M3, M2, M1) 5l bl
Hod (M1) (B8 slaadgs o 39500 dlinMo (Joi> (0l ol
1 L) 03555l 185 s o5 il (M) (o 5 (M)
ey a bl a9 o LAl g w1y (6,0liS Ol (osimd
S bl caSogie yadiee FIVY g YE/AA NA/N
obely Ol gl (Ms) (g 5 (Ma) (06 gz slaase
Bble glyis @ 5l Gladgx )3 (6515 5 a8 eli5)] o
YVIEA olime 4 (g5 g 3> (xSlo g Mg o a3l Ll 0aiiS's )lg

DSl oo D b yed (b 1y caSoyio ygudeo VYH/EY

Slp ol g oS plo is cde ¥ Jodo mls @ 4y b
s Mz My glaasex) ol gl )8 Jlod 5 Jlod slaasg>
4 Comd gl @V gl 3ble ol (BS gy s (Ms
S0y p Sl e 5 (009 SliwnsS s &) Cums il bl
SIS 5 Jboed > ) jpalsS slp cats B L)
slacl jl ebiel (5o bl laase cnl o (2l o9
dass @lasl (glaliag, wlb o 3k ;1 sble ) » odow
gz > Candomly Gble 4 Ol plie J)mS g Copte ki
word g dnbe JWSH (Ms 5 Ma glaase) ol ol

Hgd oo )b Jlod laadg> o )5las

@ a2 b 3eiS ol o Ll ey |y (JLuSiis Llys ) adate ja
Il oy 9 SWAP oS L T L izl Ll 4y jls oSl
AL g0 S (oSl layite  plg g0 4 Jlusiis
oy GV sl o O sy 5 solaidl 3) jyelis
sy V) Jusiis Glojen ol Jlosl b oS g Jlusits
il siloand 5 (olipsldS oy Ol glie ) tals
3yl p 4y PBEWEAP (oS &S iy a5 siunl .8 )5 oy
bl o) ol gbie (i 9 ol o i g, 1 (Jluslis ]
A oy 4 26 bl pled o 3590 JlSits 3l 5l oo
O3l «0lipglaS pAlBL dgw «uiS oSl g p Jlusias
Ore 4 b ged B piin ;03 5 ©f (590,00 a3 ol (golaEl
ot b g dyslp pskite 4,08 he oSl 5l Bdow ol > (S
45,5 00 dilaie yo ()5l ey Ol glie gezee e
asbore I3l (6l 3lag 3,518 gy 1 pokiato 4 35 (bl 3
Sl o8 " dpas o 4 g i (a3l ligs gl
opoml » Jusis ol b sl Ol oo 500

Con g b6 -Y
asdlae 390 sblio cy (6ylol O dw g3 cubls L plo ) Jgan
ol w29 o5 gt cpl e gl ) g il
sl glise p b o (WEAP) Ol (cjya0by g b))l J2e
9uiwﬁbbf$§c}mo)_\cwlbwwbu&5ww
JOJ‘)M) » dallas J)y90 yl.u:: O 1) ui Now 9 ol u&ol A_gi dds
oS s9b 0 Mo Jgin ) ol b illa Amde ol lab
Slowd asg> Ol i 53 Sl el o bl (M) (8 s adg>
asg )b 1y bl (pl 3 (Ms) (o9 49> 5 550 ) (Me)
@ 9 (Ma) (¢ gz (M1) By slaase L (Mz) Jlod
s slaasgs 4 55 (M) oy¢ asg> 93,05 O st ¢ 5l (Ms)
ol 2 093l Am e plonl O Slpslo (M) (o6 gz 9 (M)

Table 1- Feasibility study of irrigation water trade between the studied areas in Tehran province
Oltd bl y sl 390 Gblio (o (55l T diw 9 215 (2w ol =Y Jgu>

Eastern Northern Western Southwest Southern
Export/Import Basin Basin Basin Basin Basin
Eastern Basin 0 1 0 0 1
Northern Basin 1 0 0 1 1
Western Basin 0 1 0 1 0
Southwest Basin 0 0 1 0 1
Southern Basin 0 0 0 1 0
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Table 2- Average volume of traded water between five districts of Tehran during the base period (million m?®)
(CaSo pio galee) aly 0,93 (b oyl o5 ABEiy blio o JUHT OF o2 (lo =Y Jou>

Quintet Entered Removed Net water The main
regions water water trading role of basin
Eastern Basin 75.80 183.70 -108.10 Transferor
Northern Basin 148.64 184.72 -36.08 Transferor
Western Basin 67.60 71.83 -4.230 Transferor

Southwest Basin 129.64 101.96 27.68 Importer

Southern Basin 142.38 21.75 120.63 Importer
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Table 3- Total arable land in the presence or absence of water market with the occurrence of drought
SUSuld 21, b elgi O 15l 2929 eas 9 929 bl i )3 (£1,5 (51,] Egoome - Jgu

Lack of water Existence of Existence of Percentage of  percentage of land
) market inbase ~ water market  \yater market land change change after the
Study basin & period in normal with after the first second scenario
Agricultural products conditions” conditions™ drought™ scenario

Eastern Basin 6886 6762 6829 -1.80 -0.83
Northern Basin 11981 11680 11927 -2.51 -0.45
Western Basin 16861 16549 16718 -1.85 -0.85
Southwest Basin 30737 30300 30564 -1.42 -0.56
Southern Basin 48330 47328 47883 -2.07 -0.92
Total lands™ 114795 112619 113921 -1.90 -0.76
Wheat 56805 54131 54884 -4.71 -3.38
Barley 32400 30948 31416 -4.48 -3.04
Corn 9380 9524 9625 1.54 2.61
Tomato 8760 9034 9130 313 422
Watermelon 1327 1640 1436 23.59 8.21
Sunflower 2920 3574 3615 22.40 23.8
Canola 3203 3768 3815 17.64 19.1
Total lands™ 114795 112619 113921 -1/90 -0.76

* ok skx and * | terms of hectares
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Table 4- Total farmers’ gross profit in presence or absence of water market with the occurrence of drought
ShuSuid 21, b olgs OF 5k ag2g s 9 3929 bl pud 4 ol AL 035 -F Jgar

Existence of
water market in

Lack of water

Study basin & market in base

Existence of Percentage of land Percentage of land

Agricultural period normal water market change after the change after the

products conditions” conditions™ with drought™ first scenario second scenario
Eastern Basin 818.1197 994.1289 511.1236 70.7 233
Northern Basin 290.2255 9272516 607.2314 6.11 63.2
Western Basin 010.2730 854.2908 106.2804 55.6 712
Southwest Basin 2215115 5995404 7085231 765 282
Southern Basin 447.8080 625.8606 878.8290 516 60.2
Total profit™ 790.19378 00.20727 7219877 96.6 57.2

* ek xkx and **° |n terms of million rials
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Table 5- Economic value of water in the presence and absence of water market with the occurrence of
drought

uSutid 21, b olgi OF Ik 929 e 9 3529 bl el 50 o goLaiBl (5,1 -0 Jga

Lack of water market

Study basin & in base period

Existence of water
market in normal

Existence of Percentage of Percentage of land

Agricultural conditions® conditions™ water market land change after change after the

products with drought™  the first scenario second scenario
Eastern Basin 182.7 208.3 220.4 14.01 20.6
Northern Basin 931.1 937.7 986.4 4.58 5.94
Western Basin 432.5 503.9 508.8 16.51 17.6
Southwest Basin 709.8 733.7 779.8 9.00 9.86
Southern Basin 1298.5 1376.5 1393.7 6.01 7.33
Average of value™ 710.9 767.2 777.8 7.92 9.41

* sk kkk and * |n terms of rials/m3
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Fig. 2- Changes in total water consumption (top, right), labor (top, left), initial capital (bottom, right) and
machine hours (bottom, left) in agronomic patterns of study basins under the conditions of establishing the
water market simultaneously with the occurrence of drought
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Table 6- Profit to water ratio index in the presence of water market with drought
Sslis alas, b ‘0‘93 Sl 5L 59 g daglpwd 13 (1 (5590 4 23 W0) (e LT A Bgmw Cannnnd 2 WS —F Jou

Lack of water Existence of Existence of Percentage of Percentage of
Study basin & market in base  water market  water market index change index change
Agricultural period in normal with after the first after the second
products conditions” conditions™ drought™ scenario scenario
Eastern Basin 33.33 42.72 40.60 8.61 3.22
Northern Basin 38.95 43.26 39.07 11.06 0.31
Western Basin 34.90 37.44 35.80 7.28 2.58
Southwest Basin 34.90 36.96 35.52 5.89 1.78
Southern Basin 34.46 36.91 35.24 7.13 2.27
Averege of 35.38 38.00 36.10 7.38 2.03
index™

* wx xkx and ** |n terms of rials/m3
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Fig. 3- Economic index ""profit to consumption water' after the establishment of the local water
market in comparison with the occurrence of drought in Tehran
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1- Local Water Markets

2- Economic Efficiency of Water

3- Social Welfare

4- Murray-Darling Basin

5- Positive Mathematical Programming

6- Joint-Probabilistic Interval Multistage Programming
7- Kaidu-Qongque River basin

8- Statewide Agricultural Production Model

9- Dual Values

10- Shadow Prices

11- Constant Elasticity of Substitution

12- Exponential or Transcendental Cost Function
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