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Acoepted. Of major constraints for crop production in arid and semi-arid regions of Iran are
April 9, 2022 the lack of water resources and drought, and due to uncontrolled groundwater
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June 25, 2023 abstraction, the quality of agricultural water is declining gradually. Water pricing

is one of the tools for water resources planning and water demand management.
In this regard, the present study aims to determine the economic value of water
in agriculture with respect to its different qualities in conditions of uncertainty in
Rafsanjan and Anar provinces. Using interval mathematical programming, the
shadow price range for different qualities of water was obtained. The price
Keywords: elasticity of demand was estimated in order to evaluate the effectiveness of

Interval matggr?atri]c_al pricing, the standard water demand function and to use it more efficiently. The
E'Eggramm'"g‘ Uncéitz(i:n':;’ findings show that the shadow price of water varies within different groups, and

Agricultural water pricing, fresh Wa}ter, moderately_saline water a_nd highly _sa_line water were qf the highest
Water quality, Demand | €conomic value, respectively. Comparing the efficiency of the plan in the current
management and equilibrium modes reveals that although water consumption has decreased
by 50%, but the efficiency of activity has decreased by only 13.44%, and this
implies that the amount of water consumption can be reduced in the virtue of
redistributing water in pistachio orchards with minimal reduction in activity
efficiency. This is feasible via eliminating low quality, yet preserving higher yield
pistachio orchards, may lead to reducing water consumption and extraction, and
it also ensures high economic benefits for farmers.

1.  Introduction
There are various methods for implementing water demand management policies, which
include water markets, pricing and economic value of water input in the agricultural sector.
Given that price reflects the scarcity of a particular economic commodity, knowing the price
or economic value of water in economic sectors plays a crucial role in managing water demand
(Easter et al., 1999).
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2.  Materials and Methods

Grey programming is among the system analysis methods in decision-making under uncertainty
conditions. Grey programming theory has been proposed by Deng (1980) and Huang (1996) to solve
uncertainty problems. The applied experimental sub-models are as follows:

max Z* = 3 GM{pX e i=123 j=123 k=12 wv=12
s.t.

2 ijkoX iy < b7

X Xy < by

X Xy < by

X, =0

ijkv

where “+” and “-” represent upper and lower bounds of parameters and decision variables, respectively.
The experimental sub-model of the lower bound is as follows:

max 2~ = 3 GMiXiw (=123 j=123 k=12 v=12
S.t.
2 o Xijkw < bi
2 Xijiw < by
2 Xijiw < by
Xijkw 2 0

3. Results
Table 1. Shadow price range of water as well as absolute value of price elasticity range of water demand

Differe  EC>12000 8000<EC< EC<8000 Total

nt 12000 water
qualitie

s of

water
Shadow [20058, [100930, [193394, -
price 65128] 138325] 210916]
range of

water

(Rial/

m3)
Absolut [0, 62.5] [0, 0.09] [0, 0.9] [0.5,
e value 7.27]
of price
elasticit
y range
of water
demand

As indicated in Table 1, fresh water had the highest economic value in pistachio orchards, followed by
moderately and highly saline water, respectively. Moreover, demand for fresh water and moderately
saline water had low elasticity. However, demand for highly saline water and total water was elastic.

4.  Discussion and Conclusion

The results revealed economic values per cubic meter of fresh water as well as moderately and highly
saline water were estimated to be IRR 193,394-210,916, IRR 100,930-138,325 and IRR 20,058-65,128,
respectively, which was significantly greater than the water price paid by farmers in Rafsanjan-Anar
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plain per cubic meter of water (IRR [0, 2000]), suggesting a significant difference between the economic
and market values of water input. Thus, it is recommended to motivate farmers to conserve and use
water properly in order to improve and sustain the agricultural production system by adjusting the water
rate based on the economic value of water.
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Agricultural Water Pricing Under Conditions of Uncertainty
(Case study: Rafsanjan-Anar plain)

Simin Mohseni!, Mohammad Reza Zare Mehrjerdi?, Mohammad Abdolahi Ezzatabadi®, Hossein Mehrabi
Boshrabadi*

Abstract

Of major constraints for crop production in arid and semi-arid regions of Iran are the lack of water
resources and drought, and due to uncontrolled groundwater abstraction, the quality of agricultural water
is declining gradually. Water pricing is one of the tools for water resources planning and water demand
management. In this regard, the present study aims to determine the economic value of water in
agriculture with respect to its different qualities in conditions of uncertainty in Rafsanjan and Anar
provinces. Using interval mathematical programming, the shadow price range for different qualities of
water was obtained. The price elasticity of demand was estimated in order to evaluate the effectiveness
of pricing, the standard water demand function and to use it more efficiently. The findings show that the
shadow price of water varies within different groups, and fresh water, moderately saline water and
highly saline water were of the highest economic value, respectively. Comparing the efficiency of the
plan in the current and equilibrium modes reveals that although water consumption has decreased by
50%, but the efficiency of activity has decreased by only 13.44%, and this implies that the amount of
water consumption can be reduced in the virtue of redistributing water in pistachio orchards with
minimal reduction in activity efficiency. This is feasible via eliminating low yield and profit, yet
preserving higher yield pistachio orchards, may lead to reducing water consumption and extraction, and
it also ensures high economic benefits for farmers.

Key words: Interval mathematical programming, Pistachio, Risk, Uncertainty, Agricultural
water pricing, Water quality, Demand management
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