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The purpose of this study is the effects of the formation of water markets on
the improvement of water productivity in the Tajen catchment basin. In this
research, a mathematical programming model modeling system and profit
maximization objective function were used in MATLAB environment. After
simulating the formation of the water market, its impact on physical and
economic water productivity indicators was evaluated in two groups including:
farms without water restrictions group (A) and farms with water restrictions
group (B). Based on the results, forming a water market leads to a 13 percent
increase in profit in group (A) and 30 percent in group (B). According to the
results, the formation of the water market reduces and increases the amount of
water consumption in representative farms (A) and (B), respectively. The
results of the evaluation of water productivity indicators indicate that in group
(A), the availability of water and consequently the increase of the cultivated
area, and in group (B), the compensation of the lack of water and the increase
of the cultivated area have led to an increase in physical productivity. In the
farms of group (A), the sale of water and in the farms of group (B), the
allocation of water to products with higher economic value has led to an
increase in the economic productivity of water. In general, it can be said that
forming a water market leads to an increase in productivity, but alone it does
not lead to achieving sustainable agriculture and reducing water consumption
at the watershed level. Therefore, the implementation of other policies such as
the control of extraction from surface and underground water resources,
volume delivery of water based on the pattern of optimal cultivation and
allocation of water to products with higher economic value along with the
water market approach can improve water productivity in addition to reducing
water consumption.
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Figure 2. Water market formation mechanism
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Table 1. Information needed to calculate water productivity indicators

Row Product tvpe Area under cultivation Product performance Volume of water used
yp (ha) (kg/ha) (m*ha)
1 Rice 27741 4309 13427
2 canola 5750 2374 5083
3 corn 1550 3769 2680
4 wheat 1868 3579 2032
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Table 2. Optimal cultivation pattern and income in the absence of water market
Farms without water restrictions (group A) Farms with limited water (group B)
Product Area under cultivation (ha) Product Area under cultivation (ha)
Wheat 11 100 Wheat 42 500
Canola 11 2
Canola 11 1
Canola 21 25
Corn 12 1250
Corn 12 3
Corn 15 250
Com 23 ! Corn 16 500
Rice 3000
Profit (thousand rials) 106043 Profit (thousand rials) 95051
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Table 3. Optimum cultivation pattern and income in the case of water market formationc

Farms without water restrictions (group A) Farms with limited water (group B)
Product Area under cultivation (ha) Product Area under cultivation (ha)
Wheat 1 100 Wheat 16 200
Canola 11 45 Wheat 22 700
Corn 12 55 Canola 11 25
Rice 3000 Corn 12 1356
Profit (thousand rials) 121949 Profit (thousand rials) 134972

O 3 9T 49> 30 S 512! 31 Jol> uls P .Y

o9 g cutS ) Jols dgw (sloiSlus (tmgly cal )3 2l iyaelin Jae g Ol L St 5l Gaa
OiSe 93 4 adlllaedjge y> Ol I3l LSt Sl ool cunday whlie ilce j)sliS sl ol e 5 Y guae
A g 5lose Ol ns Joay ctS e (Rl 5l ol e =) ld & 5sd o e Lol
sdizlos g)l50 4S5 dgw ilidl 4 axie OT 5L s (F) Joda 5o oad &) ol eluly 5yelas
Ol 5% (B) 05,5 £lsm 4 bptpn ol e iS5 51 ol 3300 09 ol 05 (B) 5 (A) sloey,S
2ol O prals dsay (A) 05)5 )l30 (b 5l bl cutS 5 e GhalE am 3 g Ol i8S
09,5 &)l Hlodly Lolaidl sgaa |y sndaisg s (alls Ol e cpyoiw (o ool 5 i 13) Gae
ol ol ol ilodgas gyl 3 1y Ol Jlade o5 e Jgane 15 sl jlinyge Ol 398 e B (B)
s ol pl 48 23l gil3e nl AlpS Glaams 3 Ol Coyd abia 4 Cans O B onl s
3,545y sl (IS gk sl oals Lialidl 35 1) VL Glacd b > Ol w3 Gl ) e)le ool olioslas
o1 (B) 9 (A) 09,5 93y 3 odisles &)l50 sl (odlail xdlio iul3bl 4 e dslllandyge adhaio 3 O 5L
599 jlioyse ol )3 b (B) 0g)5 g)lje 5 Brae i olile Of (29,3 L (A) 09)5 g)l5e 45 (claigSay el
A o iol38l 1) 565 aelyd &l g cuiS ) pdaw O 39S ol

Table 4. The results of water exchange among representative farms

Farms (group A) Farms (group B)
Farmer's profit before entering the water market (thousand Rials) 106043 95051
Farmer's profit after entering the water market (thousand Rials) 121949 134972
Volume of water sold (m?) 4575 4219
Volume of water purchased (m?) 0 22412
Increase in profit due to the water market (thousand Rials) 15906 39921
Increase in profit due to the water market (%) 13 30
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Table 5. Results of water consumption among representative farms

Farms (group A) Farms (group B)
Volume of water used before the water market (m°) 23222 2172
The volume of water consumed after the water market (m®) 14067 3509
Changes in water consumption caused by the water market (m?) -9155 1337
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Table 6. The results related to the physical productivity of water

Farms (group A) Farms (group B)
> Product Physical producti\_/ity of  Physical producti_vity of Physical producti\_/ity of Physical producti_vity
e type water before entering the water after enteringthe  water before entering the  of water after entering the
water market water market water market water market
(kg/m®) (kg/m®) (kg/m?) (kg/m?)

1 Rice 0.32 0.75 0.21 0.52

2 Canola 0.47 2.73 0.32 15

3 Comn 141 4.09 0.92 2.56

4 Wheat 1.76 4.30 11 2.89
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Table 7. The results related to the economic efficiency of water

Farms (group A) Farms (group B)

Economic efficiency of Economic efficiency of

Economic efficiency of water Economic efficiency of water

2 Product - water after entering the . water after entering the
e type before entering the water market before entering the water market
water market - . water market - .
(1000 rials per cubic meter) (1000 rials per cubic (1000 rials per cubic meter) (1000 rials per cubic
meter) meter)
1 Rice 952 2700 301 1500
2 canola 101 310 86 102
3 corn 42 92 15 41
4 wheat 236 986 98 236
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1. Water market
2. Water efficiency
3. Mathematical model
4. Programming model
5. Genetic Algorithm
6. Crop Per Drop
7. Net Benefit Per Drop
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