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Abstract

In this study, a new framework is developed for determining
an optimized crop pattern and water pricing for agricultural
use. to do this, two different approaches have been taken. In
the first approach, determination of the crop pattern and price
of water is carried out using an optimization model with the
objective of maximizing the benefit of the regional water
company, which is in charge of selling water to agricultural
sectors, based on a leader-follower concept. In the second
approach, the optimized crop pattern and water price are
determined using an optimization model with the objective of
maximizing the Nash product of benefits of agricultural
sectors. In both approaches, the problems solved considering a
local water market between agricultural sectors. The
developed approaches are applied to a case study of five
neighboring farms in the Mahyar Plain, Isfahan. Based on the
results of the first approach considering a local water market,
the optimal price of selling one cubic meters of water by the
regional water company to the farmers would be 2490 Rials
and the price of selling water in the market would be 5250
Rials. The values of average annual benefit of the regional
water company and farmers are higher than those gained for
the case of not having a local water market. In the second
approach, selling one cubic meters of water at 2500 Rials by
the regional water company and 6300 Rials in the local market
give the highest average annual benefit for both water
company and farmers.

Keywords: Nash Bargaining, Local Water Market, Leader-
Follower Game, Water Price.
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Fig. 2- The location of Mahyar Region in the Isfahan Province (Ahmadi et al., 2016)
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Fig. 4- Rainfall time series in Mahyar plain (1352-1391, Iranian year) (Tehran Regional Water Company)
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Table 1- The information related to crops in five farms in the north Mahyar plain

Irrigation water

Crop yield Price of Crop area Capita_l cost_ar_ld cost Net_ water require_d
Farm Crop (kg/hectare) thg crops (hectare) Iand_ price (million (Rials/cubic for irrigation (cubic
(Rials/kg) Rials/hectare) meters) meters/hectare)

Farm1l  Wheat 5150 5700 7 10.2 25 8427
Barley 5000 5000 5 450.1 20 7378

Corn 50000 1600 7 420.3 20 8590

Alfalfa 15000 7000 3 50.5 28 15082

Farm2  Wheat 5250 5500 7 230.2 24 8789
Barley 4800 5100 5 580.1 20 7378

Corn 48572 1400 7 610.3 25 8590

Alfalfa 12000 6800 3 90.5 27 15606

Farm3  Wheat 5350 5400 8 30.3 23 8300
Barley 5000 4900 6 280.2 20 7378

Corn 50000 1900 4 2304 22 8590

Alfalfa 11000 6700 5 120.6 22 16348

Farm4  Wheat 5050 5700 7 70.3 22 7993
Barley 5100 4800 5 210.2 20 7378

Corn 34286 1700 7 304 23 8590

Alfalfa 11334 6700 3 40.6 23 15769

Farm5  Wheat 5500 5600 7 550.2 21 7993
Barley 5000 5200 5 360.2 20 6908

Corn 30100 1800 7 120.4 24 8590

Table 2- Water sales price in the first approach (maximizing the benefit of the regional water company using
a leader-follower game)

(970 —9 2 (531 orcbo 3 03Liwl b g pubiay dgaw (6 jUwvdinin) Jol 25509, ;3 &1 (1598 Cuond -Y Jou>

The price of selling water to the
farmers by the regional water
company (Rials/m®)

The price of water in the local water
market

Considering a local water
market and water rights based 2670 (Rials/m3)
on the new crop pattern®

Considering a local water
market and considering water
rights based on the maximum

crop areas 2

2490 6160

Without a local water market-
considering water rights based 2560 5250
on the new crop pattern!

Without a local water market-
considering water rights based 2560 -
on the maximum crop areas?

1 The maximum amount of water allocated the farms is limited to the total volume of water consumed according to the new crop
pattern proposed by the model.
2 The maximum amount of water each farm can buy from the regional water company equals a proportion of the total available
renewble water. This proportion is calculated based on each farms' total allowed cropping area divided by the total allowed
cropping area of all farms.
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Fig. 5- Average annual profit of the regional water company and the five farms using the first approach
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Fig. 6- Average annual volume of water exchanged in the local water market using the first approach
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1 The amount of water sold by a farmer in the local water market considering water rights based on the new crop pattern
2 The amount of water bought by a farmer in the local water market considering water rights based on the new crop pattern
3 The amount of water sold by a farmer in the local water market considering water rights based on the maximum crop areas
4 The amount of water bought by a farmer in the local water market considering water rights based on the maximum crop areas
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Table 3- Annual crop pattern of the farms (hectare) using the first approach
3L parde 31 o3l U g i S (63 wdiminr) Jol 559, 5 05Lw! U (,US2) ac 3o 2 ai¥lw culS o1 -V Jgun

(9.8 —90
\ Farm 1 Farm 2 Farm 3 Farm 4 Farm 5

Considering a local water market and Wheat 0 0 0 0 0
waterrights based on the new crop Barley 0 0 0 0 0
patternt) Corn 25.23 0 24.27 0 0
Alfalfa 0 0 2.16 0 0
Considering a local water market and Wheat 0 0 0 0 0
waterrights based on the maximum crop Barley 0 0 1.74 0 0
areas 2 Corn 10.56 0 9.97 0 0
Alfalfa 0 0 0 0 0
Wheat 0 0 0 0 0
Without a local water market- considering  Barley 0 0 0 0 0
waterrights based on the new crop patternt Corn 25.05 0.55 27.53 0.48 0
Alfalfa 0 0 0 0 0
Wheat 0 0 0 0 0
Without a local water market- considering ~ Barley 0 0 0 0 0
waterrights the maximum crop areas 2 Corn 2.1 0 27.53 0 0
Alfalfa 0 0 0 0 0

Wheat 0.06 0 3.24 5.13 5.11

Current status Barley 414 2.04 5.72 4.95 3.65

Corn 2.45 1.55 3.9 6.13 5.11
Alfalfa 1.05 0 1.31 2.17 0

1 The maximum amount of water allocated to the farms is limited to the total volume of water consumed according to the new crop pattern

proposed by the model.

2 The maximum amount of water each farm can buy from the regional water company equals a proportion of the total available renewble water.
This proportion is calculated based on each farms' total allowed cropping area divided by the total allowed cropping area of all farms.
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—=—The average annual profit of the water allocation company from selling water to the five
farms

=== \Nater prices in the local water market
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Fig. 7- Average annual profit of regional water company using the second approach: maximizing the Nash
product of benefits of the farms

9 9 iy bawgd Ol (198 Caoud i b 559U 4 O (19,8 51 (slailaie oo S8 b a3Vl dgmw bawsgio Ol et -V JSUS
O (G50l (6595 ol 2 ol;59UiS dgmw 5 (236 QU (55 lwaknbs 1093 3,509, — (w13 43 Ol Cuod

- The average annual profit of five farms ====\Nater prices in the local water market
- 30000 ~ - 9000 =
8 - 8000 S
£ 25000 - 2
= - 7000
&5 S 3
L 20000 - - 6000 .©
= I cx
- 5000 ¥ =
5 S 15000 - £%
2= - 4000 g X
2 E 10000 - - 3000 £ E
LS - 2000 %
gL 5000 - &
o - 1000 2
s
(<} 0 T T T T 0
|'E 0 1000 2000 3000 4000 5000

Water prices by the water allocation company (Rials)

Fig. 8- Average annual profit of farmers using the second approach: maximizing the Nash product of
benefits of the farms
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Table 4- Average annual volume (million cubic meters) of water exchanged in the local water market using
the second approach: maximizing the Nash product of benefits of the farms

O (st B (i 1093 3,509, ~ T (e 413l )3 T VLS (o yio cygebn) 4¥Ls o baasgio —F Jguo

O% P8 599 bl 2 5 9lES g
Farm 1 Farm 2 Farm 3 Farm 4 Farm 5

First scenario: the selling price of water by the
water company to the farmers is 100 Rials and in +218! -145.82 +236.5 -154.3 -154.3
the market is 2600 Rials
Second scenario: the selling price of water by the
water company to the farmers is 2500 Rials and in +78 -71.3 +139.1 -73 -73
the market is 6300 Rials
Third scenario: the selling price of water by the
water company to the farmers is 4100 Rials and in +11.2 -24.2 +76.8 -35.1 -28.6
the market is 7800 Rials
1 Symbol "+" states that the farm is a water buyer in the local water market.
2 Symbol "-" states that the farm is a water seller in the local water market.
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Table 5- New crop patterns (hectare/year) using the second approach
S99 ool 3 (315 )9LbS 39 i (1306 QAU (g5l 1099 2,509, (Ul 5 ,USR) o CulS (55N -0 Jgo

oW el

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
First scenario: the selling price of ___Wheat 0 0 0 0 0
water by the water company to the Barley 0 0 0 0 0
farmers is 100 Rials and in the Corn 25.4 0.7 275 0 0
market is 2600 Rials Alfalfa 0 0 0 0 0
Second scenario: the selling price Wheat 0 0 0 0 0
of water by the water company to Barley 0 0 1.7 0 0
the farmers is 2500 Rials and in the Corn 25.4 0.7 275 0 0
market is 6300 Rials Alfalfa 0 0 0 0 0
Third scenario: : the selling price of __Wheat 0 0 0 0 0
water by the water company to the Barley 0 0 0 0 0
farmers is 4100 Rials and in the Corn 25.4 0 275 0 0
market is 7800 Rials Alfalfa 17 13.3 0 0 0

Table 6- Average annual volume of water (million cubic meters) allocated to the farms using the second
approach
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Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
First scenario: The 92.1 92.1 92.1 92.1 92.1
sales price of water is
50 Rials
Second scenario: The 91.2 92.2 93.1 92.8 91.2
sales price of water is
800 Rials
Third scenario: The 74.9 81.7 90.2 99.6 114.1
sales price of water is
1250 Rials
Current status 107.5 66 199 215 149.2
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Fig. 9- Average annual profit of the five farms using the second approach
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Fig. 10- Average annual profit of the regional water company using the second approach
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Table 7- New crop pattern (hectare) using the second approach
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Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
First scenario: The Wheat 0 0 0 0 0
sales price of water is Barley 0 0 0 0 0
50 Rials to farmers Corn 10.2 10.2 10.2 10.2 10.2
Alfalfa 0 0 0 0 0
Second scenario: The Wheat 0 0 0 0 0
sales price of water is Barley 0 0 0 0 0
800 Rials to farmers Corn 10.6 10.7 10.4 10.8 10.6
Alfalfa 0 0 0 0 0
Third scenario: The Wheat 0 0 0 0 0
sales price of water is Barley 0 0 0 0 0
1250 Rials to farmers Corn 8.7 9.3 10.5 115 0
Alfalfa 17 13.3 0 0 0
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