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Abstract

This research investigates the significance of accurate water sales
programs and the role of executive and supervisory bodies in the
success of water markets in achieving their objectives. With the aim of
evaluating the effects of establishing a water market in the Hashtgerd
plain, under conditions of non-conformity between water exchange
programs and regional circumstances, coupled with weaknesses in
program updates and inadequate management and supervision 20 years
after its launch, a Multi Objective Decision Making model (MODM)
(focusing on reducing groundwater extraction and increasing
economic profit) was developed in GAMS software and solved using
the Augmented epsilon-constraint (AEC) method. The results
indicated that in the absence of sufficient supervision and
management, the water market leads to the development of certain
industrial and agricultural activities (greenhouses and orchards) with
higher profitability and lower water consumption. This, in turn,
disrupts the balance of production in the region. Despite a significant
increase in the region’s economic profitability (from 53.8 billion to
3,777 billion annually), the annual water withdrawal from groundwater
resources increases from 227 to 288 million cubic meters. This is
because market participants, motivated by greater profit, are
disinclined to reduce their water usage. This study emphasizes the
critical importance of active supervision and management in water
markets. Failure to update water sales programs in line with upstream
policies and the absence of necessary restrictions can lead to
irreparable damage to water resources and exacerbate social conflicts.
To ensure the success of the water market and the sustainability of
water resources, recommendations are proposed, including the
development of regional planning models, modernization of control
equipment, continuous monitoring of market impacts, and the revision
of regulations pertaining to existing villa-orchards in the region.

Keywords: Water Resources Management, Water Market, Water
Exchange Rules, Hashtgerd Plain, Dual-Objective Optimization
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Fig. 1- Location of Nazarabad and Savjbolagh counties in Alborz province
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Row Product Area (ha) Row Product name Area (ha)
name

1 Potatoes 5 19 Carrot 9
2 Onions 90 20 Cabbage 1152.9
3 Tomatoes 985 21 Lettuce 1626.5
4 wheat 6240.8 22 Pepper 83.2
> Barley 5290.3 23 Chive 9.7
6 Forage 24

sorghum 1.1 Alfalfa 915.7
7 Beans 27.2 25 Grass sorghum 6750.4
8 Peas 141.8 26 Grain sorghum 63.5
9 Cotton 8 27 Fodder beet 3
10 Sunflower 6 28 Rapeseed 320
1 Melon 1.5 29 Celery 244.6
12 Watermelon 6 30 Cress 6.1
13 Cucumber 35 31 Basil 74
14 Pumpkin 22.8 32 parsley 6.6
15 Garden pea 732 33 Mint 13.8
16 Eggplant 10.8 34 Spinach 43.9
17 Garlic 6 35 Sainfoin 9
18 Green bean 647.5
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Table 2- Land covered by horticultural crops in the study area in 1400
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Row Product name Abbreviation Row Product name Abbreviation
symbol symbol

1 Apple 1067 12 Golden plum 375

2 Pear 425 13 Grape 932

3 Quince 15 14 Mulberry 126

4 Sour cherry 234 15 Pistachio 46

5 Cherry 903 16 Almond 274

6 Greengage 100 17 Walnut 572

7 Plum 892 18 Russian olive 14

8 Peach 2218 19 Berberis

9 Apricot 290 20 Sumac

10 Nectarine 1734 21 Medlar

11 Rough peach 2

Table 3- Land covered by greenhouse crops in the study area in 1400
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Row Product name Abbreviation | Row Product name Abbreviation
symbol symbol

1 Cucumber 11 6 Strawberries 753
2 Tomato 17.6 7 Medicinal Plants 1.2
3 Types of peppers 6.6 8 Tissue Cultured Seedlings 1.3
4 Eggplant 0.7 9 Mechanized Transplanting 19.6
5 16.3 10 Flowers and Ornamental 28
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P Gake slaly (YU g95 4 dagl & cusl S5 4 p5Y
&5 wollp sl cpl (g3ia0g)S &) G caalllan 350 035450
Vel 35T el saiegS cnl b plidl Ll el
€9 Sl p ivdib & ISIC syl o0 ISIC
lojbo 2kl _elaisl (glyo (sgm 1 45 o9y (3l e
dhw » glo il SN ilel e 4 (o

el 0 48,8 a3 lalloye
Se ) Colue b (65)5liS SV ganme Jao (siloosl jlaiad,
L b, S s &5 wlio g adllae 350 03gie S
550 blaily dgng adllas 390 0dgd5e ;3 ] 5l dgde Mg

Y WA u)f

09y 9 4 35 ol (Sl g yglaar slabyy el
SleMbl (ooliwl gy 5 ol a8 )5 ploul  aiolow g (g0l
Gl Gl (65y9liS Sex lojl Gyl 1 5ls 3590 Slae
5 odxe o Glojlo lpl Of e Copte oS b jguiS
STk ixio sloS b ()b o e 5B g 5l il @)l
ailato 4 dsy0 b ool Bg) )3 Cuwl 01 (6l en s 9
bsgs ol eaS5 g dxie 5y sladislas plool 4
2 b Epglanr Sl 350 Ml (o plalo 5 oljslis
Ml spslaer )3 4l Jlo glgiam Voo Jlo Baios ol

VFeF OMU Y D)Lo.»j 5'”53_ 9 S JlM-Y Adlx, A,’i al:w QLWU": )
Volume 21, No. 2, Summer 2025 (IR-WRR)

&Y



g

Cwid olgsul 5l Of Culilbdye il dilas —Y-F
axlllao 3 90 B39a0 43 3 N

dy90 039ame lgsul pdaw cél LialS jobaies Gam b sl
Gl cov plgul (el 4 bt 52, Sude b 5 adlllas
ol calsy uiley Jolhsa o gVl skl 5 e Sl
15 o] S S 1 4ol ) nl 3, St b e
&b ol ol s Caio 5 (55,0l lagise o ik
9o Ol 3 g San

a2 93 (gilwdiagy Jo drwyi —F

Glaal dges blod il dige (anass Jlus giuis cunle
03905 phlclinl 1) iluaie glaie o aus [aslue
o 53 ol Sk (sllel, Glaal & do gl aios oyl >
S 1B g (005 o i 1 cudloyy (1alS dlaioa; Bun
A5 00l axwgs Ol 5l Juols e

ol 0dds 03> i A 1Y ojlod Jolia 53 ¢ Jdo (sl yuaio

min ;=] gj,5liS 5 3 (Bpas OlH [Cato iy )3 byae U]

min f,= Z AT, WCT, + Z AP,.WCP, + z AT, WHT, + z AP}, .WHP, + Z A WG, + Z AMT, WCT,

ceC ceC heH

+ Z AM, WG, + Z AMP, . WCP, + Z AMT,, . WHT, + Z AMP, . WHP,
heH

2€G ceC heH

+ [Z Z PC,,.WI,,.L;, +Z Z PC,,.WI,, L, + Z Z PC,,.WI;,.LD,,

i€l ueu

i€l ueu i€l ueu

Ol 5l Jols (doxeo (5 gm0 (g jUwdiaien —F-F
@bl 3l S plgie a4 O I3 eli g (sylul bis jglaton,
g Ol o) gaw g0 > (A2 B LB Algie &
N3l Spgloges 4 g bl azihs lajd 4 & 2loe Jl 6ol
bty sl piblizs] gpel o]y EASES lho (gl
Nlgas b (oo (J5 590 (giluodinin jlated pgd Sin &b

heH

2€G ceC

e Jolis ¢ Jad (550y80l p Joo Ban U lgieas (V)
e Egome 31 oS sl (o ol alio S o il 303
o uSits mlio g sl ¢ b o e l)5 ol > Ol il
&lloly 5l s el dlan Mo o8 alaly oyl 55 S jlaslas Lol
P Ghrae Ol a5y adlae 3y o391 > il
Gub J 50 (pi5 9 3g2ge alis )bl o g (gy5liS

A 4 S s s ol bn ] g e gasmo s dalgs oyooli I3k 51 ST 5
s ALY sl Joda 5 ) dilee )3 aid) )5 & gl yuiie
loddds
max f5=[¢;,sliS 5o Ol 5l Jeols dgu] + [Cato Lisu 0 Ol 5l Jeols 3g0]
max £,= Z AT,.WCT,.EPCT, + z AP, .WCP, EPCP, + Z AT, WHT, .EPHT, + Z AP, .WHP, .EPHP,
ceC ceC heH heH
. Z A, WG, EPG, + Z AMT,.WCT,.EPMT, + Z AMP,.WCP, . EPMP, + Z AMT,.WHT, .EPMT,
eG ceC ceC heH
+ Z AMP;, WHP, .EPMP} + Z AM, WG, EPM, | + <Z AMT,.WCT,.PRW,+ Z AMP,.WCP, PRW, ")
g€G ceC

h

€H

ceC

+ Z AMT,.WHT,, .PRW,+ Z AMP, . WHP, PRW,+ Z Z PC,,.WI,,.L;, PRW;+ Z Z PC,,.WI,,.LD,, .PRW;,

h

1

€H heH

Z Z PC;, . WI,,.L;, EPI,, + Z Z PC;,.WI,,.L;,.EPIM,, + Z Z PC;,.WI,,.LD;,.EPIMD;,

i€l ueU

i€l ueu i€l ueu

i€l ueu

i€l ueu >

VFeF OMU Y D)Lo.»j 5'”53_ 9 S JlM-Y Adlx, A,’i al:w QLWU": )
Volume 21, No. 2, Summer 2025 (IR-WRR)

\VEA



Ol anly g2 51 o3laBl 5,90y —Y-F

wly o aalllae 390 0dgda > Ol b s ol e
Jyame 2dgs 4 pladl il 51 Ol 33 b 65)0liS b g (nto
sl S dgw S @ itte Mg ol el g wles ooyt
Yol Jols g liwe 35900 jolaieds .05 dales a5
slagisy Ol ssly e 5l oolail g il ]
D9 o Ly ) Ojge 4 ilitke

oz e Jpame woly S (398 5l Jobs g
2 5 5 Jols dge Jpame ol Jlusly ym 0l )5 (B
Casdy o Mg aiysm g Jpamo (g8 Cuad 285 | Jpuasme
0956 .l CanSayio p Y3 eyial)ly ) dly ol ply ] e
5 Ysame cly ol aoly o 5l oalaiil (5000 dnlne
D950 Ole 2j Copod lil > Sglite OV

s s iy Jie Goia b gy (Y) e,
e ol O Hl5b yguan b Ol ol o g (jlwdiniin
Candy Caniao 5 £5,5U8 st 53 Ol 5l Jols 35 gg0ome
P &by, @ o psio g ol )l da sl g lade goe W] 0

Slodds oy ALY gla Jgdn 0 Y dolee
Juols 35 ggemme Jolis (65,0liS iz 3 ol 5l ol sgm
cov bl 5 i )l Libe cov ely; ol ol
i bl g o b sl Ol 5l ol dgu ¢lis
SIS lacatS 1> LT 5l ol 3gm ol s syl 5
dgu0 ol I3l 53 (65,5l i Slile OF (398 5l Jols 39
Dby o5 el ] )3 I3k jlesdisyl Ol 5l Jols
oyl B Sl 5l ol 35w lid cov lal 5 i )]
cos gylel g it o)lel pibyy cov 2L 31 5 L )
clacuss 1 b 5l easg )y Ol ol dgw g jLis

sper - PRCPPT)-INC, () sl glallS
¢ WCT, >l Lolss | Caan 5w ol 5 Lol s
- :(PRHh.PPHh)-INHh ¥) J - Sl ol 35w gg0xe 5 u@”) 5l ol 39
h WHT, Sl Jols dgw 0grge glio ) alis Ojgar oyie
EPCP= (PRC°;EI;)'INC° @) G5l Jols 5w g d290 glio 5l Sl esdes S
— (PRH,.PPH,)-INH, ) 55 LB e sy By glio o 3L 3l eddig )l 5
h= , . ) .
WP, oG Cygas (Jdo 30 (6)gdew e 9 (Bpas Ol o &
v ey .
. (PRg.PPGg)—INGg—< g/s) v) ool 48,5 L sy yr 3y90 YL
e WG,
EPL zz (PRIiu-PCiu)'(INIinCiu) (A)
iu WI,,xPC;,
uel COG
i
. _(PRGg.PPGg)-INGg-( g/5>—(WGg.PRWa) ()
e WG,
Eour . PRCePPTL)-INC,-(WCT, PRW,) ()
¢ WCT,
Eongr: - PRHa-PPH,)-INH,-(WHT, PRW,) (W)
h (PRC,.PPP,) HEIKEDHT(}{NCP PRW,)
EPMP = c* cJ” c” c* a (\Y)
¢ WCP,
. (PRH,.PPH,)-INH,-(WHP, PRW,) (\7)
EPMP, =
WHP,
EPIM. = Z (PRIiu-PCiu)'(INIinCiu)'(WlinCiu'PRWT) (\\G)
e = WIiuXPCiu
— Z (PRI,,.PC,,)-(INI,, PC,)-(WI,, PC,,.PRW)- (“O1/ 1) (V)
™ L WI,,.PC;,

VFeF OMU Y D)Lo.»j 5'”53_ 9 S JlM-Y Adlx, A,’i al:w QLWU": )
Volume 21, No. 2, Summer 2025 (IR-WRR)



oty Jpae ol )bl (sl ylis cos (bl 3 3l oolisl 2 by )8 4 laysie g yehl dawal g lacgee

sl 335y s Adlro (gl ol )l LS o Syl Slosds s ALY gla Jod> ;310 BY Yolso
PIR P9 Ty A u.j J.>|9 g 5! olaidl 590502 ).LA‘)L) oy

W’)]‘D)"Ls" WY b)‘.o.»i\

gj .\>|9 P )‘ d.)La.ﬁ‘ 590 54 dslo 0450 alslee Q;"I

Oyge 33 9 C g uc]))’ Jym ‘51)4 ;.j S5b 5 e L;)IA.».)&

EPMP = (¢ Jpasmo p S5kS 2 g 8 Cuosd 1Sy 5 )Lt o (gll (slo i Sy ©06 € (2,5 Jguazmo 3 Slos)
= C =) Jyame Wy 1S » )y (Brae b o 4 ja

= (Lid cov ol gy L C (ol Jpame JiSa o a5 (sl edlisol 350 o o

#05y9ltS Y geamo A5 (gl Sl )3 0ud abobee Ol caSayio yo Ciai))

Table 4- Sets and indices, parameters and variables of the optimization model

Siwdinge Jo (1 yuitio 9 L yiol )by (L gy il g Las goome - F Joua

Collection and Index

C={1,2,...,|C|} Indicates crops c€C (for example, the number 1 indicates potatoes)
G={1,2,..,|G|} Indicates greenhouse products g€G (for example, the number 1 indicates greenhouse cucumbers)
={1,2,...,]1]} Indicates the industrial product group i€l (for example, the number 1 indicates dairy product group)
H={1,2,..,|H|} Indicates horticultural products h€H (for example, the number 1 indicates apples)
U={1,2,3} Indicates the type of industrial production in each group u€U (the number 1 indicates production in tons,
2 indicates production in numbers, and 3 indicates production in square meters)
Parameters/ Data
PRW, The price of water traded in the market for agricultural production (crops, horticultural and greenhouse)
($/m?)
PRW; The price of water traded on the market for the production of industrial products ($/m?)
COJ, The cost of developing one square meter of production area for each industrial product group i ($/m?)
COG, Cost of building a greenhouse for greenhouse crop g ($/m?)
PRS; The price of purchased treated sewage for the industrial production group i ($/m?)
EPGg Economic productivity per unit of water for greenhouse crop production g ($/m?)
EPL;, Economic productivity of each unit of water supplied from industrial rights (from groundwater
resources) in industrial production group i for product type u (in the existing production area) ($/m?)
EPCP, Economic productivity per unit of water when using pressurized irrigation in crop production ¢ ($/m?)
EPHP,, Economic productivity of each unit of water when using pressurized irrigation in horticultural crops h
($/m?)
EPCT, Economic productivity of each unit of water when using traditional irrigation methods in crop production
c ($/m?)
EPHT, Economic productivity of each unit of water when using traditional irrigation methods in horticultural
crops h ($/m?)
EPIM;, Economic productivity of each unit of water purchased from the water market in industrial product group
i for product type u (in the existing production area) ($/m?)
EPMg Economic productivity of each unit of water purchased from the water market in greenhouse crop

cultivation g ($/m>)
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Table 4 (continued)- Sets and indices, parameters and variables of the optimization model

it Jbo gl paiie 9 Lyl )y byl g asgocns —(aold]) ¥ g

Parameters/ Data

EPMP, Economic productivity of each unit of water purchased from the water market when using pressurized
irrigation method in crop ¢ ($/m?)
EPMP'h Economic productivity of each unit of water purchased from the water market when using pressurized
irrigation method in horticultural crops h ($/m?)
EPMT, Economic productivity of each unit of water purchased from the water market when using traditional
irrigation methods in crop production ¢ ($/m?)
EPMT’h Economic productivity of each unit of water purchased from the water market when using traditional
irrigation methods in horticultural crops h ($/m®)
EPIMD;, Economic productivity of each unit of water purchased from the water market in industrial production
group i for product type u in developed industries (no production area in the current situation) ($/m>)
ING, Cost of inputs used in greenhouse crop production g in greenhouse crops ($/ha)
INI,, Cost of inputs used in the production of industrial product group i for product type u ($/unit)
INC, Cost of inputs used in crop production c ($/ha)
INH,, Cost of inputs used in horticultural crop production h ($/ha)
PRC, Unit price of crop ¢ ($/unit)
PRH, Unit price of horticultural product h ($/unit)
PRG, Unit price of greenhouse product g ($/unit)
PRI, Unit price of representative product in industrial production group i ($/unit)
PPG, Product performance of g crop in greenhouse cultivation (kg/ha)
PPP, C crop product performance under pressurized irrigation systems (kg/ha)
PPH, H horticultural crop product performance under pressurized and traditional irrigation systems (kg/ha)
PPT, C crop product performance under traditional irrigation methods (kg/ha)
PC;, Production capacity of industrial product group i for product type u per square meter of production area
(unit/m?)
WG, Volume of water used for greenhouse crop g (m>/ha)
WCP,, Volume of water used for crop ¢ with pressurized irrigation systems (m>/ha)
WHP, Volume of water used for horticultural crop h with pressurized irrigation method (m3/ha)
WCT, Volume of water used for crop ¢ with traditional irrigation method (m?/ha)
WHT, Volume of water used for horticultural crop h with traditional irrigation method (m>/ha)
WI,;, Volume of water used in the production of a representative product in the industrial product group i
(m*/unit)
Variables/ Outputs
A, Area covered by greenhouse crops g (ha)
AP, Area covered by area crop ¢ with pressurized irrigation (ha)
Ap'h Area covered by area horticultural crop h with pressurized irrigation (ha)
AT, Area covered by area crop ¢ with traditional irrigation (ha)
ATL] Area covered by area horticultural crop h with traditional irrigation (ha)
AM, Area covered by greenhouse crops g, irrigated with water purchased from the water market (ha)
AMP, Area covered by crop ¢ with pressurized irrigation, irrigated with water purchased from the water market
ha
AMP'h fAre)a covered by horticultural crop h with pressurized irrigation, irrigated with water purchased from the
water market (ha)
AMT, Area covered by crop ¢ with traditional irrigation, irrigated with water purchased from the water market
ha
AMT'h E%re)a covered by horticultural crop h with traditional irrigation, irrigated with water purchased from the
water market (ha)
L;, Production area of industrial production group i that operates with industrial rights from groundwater
(existing production area) (m?)
L;u Production area of industrial production group i that operates with water purchased from the water
market (existing production area) (m?)
LD. Expanded production area of industrial production group i that operates with water purchased from the

m

water market (no production area in the current situation) (m?)
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Table 5- Crop indices

Sy Y gamo s okl -0 Jeas

Row Product name Abbreviation symbol Row Product name Abbreviation
symbol

1 Potatoes Cl1 19 Carrot C19

2 Onions C2 20 Cabbage C20

3 Tomatoes C3 21 Lettuce C21

4 wheat C4 22 Pepper C22

5 Barley C5 23 Chive C23

6 Forage sorghum C6 24 Alfalfa C24

7 Beans C7 25 Grass sorghum C25

8 Peas C8 26 Grain sorghum C26
9 Cotton C9 27 Fodder beet Cc27
10 Sunflower C10 28 Rapeseed C28
11 Melon Cl1 29 Celery C29
12 Watermelon C12 30 Cress C30
13 Cucumber C13 31 Basil C31
14 Pumpkin Cl4 32 parsley C32
15 Garden pea C15 33 Mint C33
16 Eggplant Cleé 34 Spinach C34
17 Garlic C17 35 Sainfoin C35
18 Green bean C18

Table 6- Horticultural product indices
b Y gamo s sl -F Joas
Row Product name Abbreviation Row Product name Abbreviation
symbol symbol

1 Apple HI 12 Golden plum HI12

2 Pear H2 13 Grape H13

3 Quince H3 14 Mulberry H14
4 Sour cherrty H4 15 Pistachio H15

5 Cherry H5 16 Almond Hl16
6 Greengage H6 17 Walnut H17
7 Plum H7 18 Russian olive H18

8 Peach HS 19 Berberis HI19
9 Apricot H9 20 Sumac H20
10 Nectarine HI10 21 Medlar H21
1 Rough peach HI1
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Table 7- Greenhouse crop indices
SIS OY gamo bl =Y Jaan

Row Product name Abbreviation | Row Product name Abbreviation
symbol symbol
1 Cucumber Gl 6 Strawberries Go6
2 Tomato G2 7 Medicinal Plants G7
3 Types of peppers G3 8 Tissue Cultured Seedlings G8
4 Eggplant G4 9 Mechanized Transplanting G9
5 G5 10 Flowers and Ornamental G10
Leafy greens
Plants
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Table 8- Industrial activity group indices
e GBS sog,S (gl -A Jgaa

Row Group name Abbreviation
symbol
1 Dairy products I1
2 Production of edible animal and vegetable oils 12
3 Production of candy, chocolate, cocoa and chewing gum 13
4 Production of other food products not elsewhere classified 14
5 Animal feed production 15
6 Processing and preservation of meat, meat products, fish products and other marine 16
animals
7 Production of bakery products 17
8 Processing and protection from spoilage of fruits and vegetables, soft drinks and I8
mineral water
9 Preparing and grinding grains and legumes 19
10 Leather tanning and finishing 110
1 Production of boxes, cartons, and other pacl;aging materials and paper and cardboard 1
goods
12 Manufacture of other chemical products not elsewhere classified 112
13 Production of drugs and chemicals used in medicine and herbal medicinal products 113
14 Production of basic chemicals, except fertilizers and nitrogen compounds 114
15 Production of various types of paints, varnishes, similar coatings and putty I15
16 Production of plastic materials in primary form and manufacture of synthetic rubber I16
17 Production of soaps, detergents, hygiene .and cleaning supplies, perfumes and 117
cosmetics
18 Manufacture of plastic and rubber products, except footwear 118
19 Production of products made of concrete, cement and plaster 119
20 Production of construction metal products 120
71 Production of cutting tools and hand tools, general fittings and general mechanical 1
engineering activities
22 Manufacture of other fabricated metal products not elsewhere classified 122
23 Hammering, pressing, molding and roller hammering of metals 123
24 Production of agricultural and military machinery 124
25 Production of other general-purpose machinery 125
26 Production of lifting and moving equipment 126
27 Machine tool production 127
28 Production of pumps, compressors, valves and taps 128
29 Production of mining, extraction and construction machinery 129
30 Production of electrical power distribution and control devices 130
31 Production of electric motors, generators and transformers 131
32 Manufacture of other electrical equipment not elsewhere classified 132
33 Production of insulated wires and cables 133
34 Production of medical and surgical equipment and orthopedic devices 134
35 Production of parts and accessories for motor vehicles and their engines 135
36 Packaging activities 136
37 Preparation and spinning of textile fibers and production of made-up textile goods, 37
except apparel
min 219 e€[02,0,] g0 &4 € (sl csbio o3l S U558 iy |
1 2
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Fig. 2- Changes in the area under cultivation of crops in the study area until 1420, based on the results of
the optimization model
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Fig. 3- Changes in the area under cultivation of horticultural crops in the study area until 1420, based on
the results of the optimization model
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Fig. 4- Changes in the area under cultivation of greenhouse crops in the study area until 1420, based on the
results of the optimization model
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