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Abstract: As with other regions of Iran, due to excessive extraction of groundwater for intense
agricultural activity, Ghorveh plain, a water-scarce irrigation district in the west of Iran, has faced
a serious water crisis during the last decade. The present study investigates the impacts of two
scenario policies, namely, non-price policy (as a supply-oriented policy) and water pricing policies
(as a demand-oriented policy) on agricultural sector of Ghorveh Plain, using positive mathematical
programming (PMP). The model was calibrated by using farm-level data for the crop years in
2016–2017. Our findings indicate that applying water supply constraint policy will change the land
use and cropping pattern to the crops with higher water productivity. The increase of water resource
constraints can lead to the increase of water economic return which indicates a rising value of water
resources shortage, warning the producers of the agriculture sector to allocate water to the crops
with higher economic value under the water resources shortage conditions. In addition, the findings
underline that in a situation where the price of irrigation water is low due to the low elasticity of
water demand in the agriculture sector, formulating the economic instruments such as rising water
prices does not solely suffice to achieve sustainable water resource management. However, mixed
scenarios emphasized that the water distribution policies should be aligned with the increases in
water cost.

Keywords: positive mathematical programming; agricultural policy; groundwater; pricing

1. Introduction

Iran is amongst the most drought stricken countries in the world, in which the rainfall is one-third
of the world’s average [1]. There are strong indications that Iran is experiencing a severe water
crisis which further have been exacerbated by recent high population growth rates, in addition
to mismanagement of agricultural irrigation water resources [2,3]. The Iranian agricultural sector,
characterized by poor economic efficiency, which is less than 35% [4] and has outdated irrigation
systems, is subject to the current water crisis [1,5]. Irrigated agriculture is responsible to use the lion’s
share of renewable water resources in Iran [6]. Thus, the most important challenge of the sector is how
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to produce more food with less water [6]. Increasing economic water productivity is among the top
priorities for the Iranian policymakers in the agricultural sector [3,5]. Additionally, the implemented
policies on food security and the illusion of rapid economic growth have resulted in irregular use of
water resources in agriculture [7,8]. “Iran is, indeed, suffering from a socio-economic drought caused
by aggressive development which has resulted in water demand being far greater than the available
water supply of the country, i.e., a state of water bankruptcy” [1]. The increased gap between the supply
and demand of water has inevitably attracted the attention of policymakers to the demand-oriented
scheme which was not a significant policy for Iranian officials until recently [3,9]. In response to the
current water crisis, the Iranian officials have recently emphasized the goal of water-conservation
and water productivity as the binding obligations for the national water resource plans [5,10]. Hence,
opting for solutions for optimizing water consumption, particularly in water shortage and drought
conditions, has a great part to play.

In the context of policy-making, many efforts have been made to reduce water consumption in
the agriculture sector and improve its supply amongst various activities. Most of the proposed policies
assisting this issue are, directly or indirectly, related to water pricing policy [11] and the reduction
of available water. These policies are of substantial significance in terms of policy making and the
planning of water resources, as well as demand management [12]. Optimum demand management
through pricing can develop the economic role of water focusing on financial requirements of the water
sector, and improve the productivity of agricultural crops [13]. Added to the pricing policy of water,
water irrigation quotas are considered as another solution or preventing the irregular use of water in
the agricultural sector. This policy is possible to be practiced through reducing the volume of irrigated
water [14].

One of the most important agricultural production institutions, which benefits from high subsidies
inside Iran, is the energy supply, including electricity and fossil fuels (diesel). The statistical analysis
showed that in the whole country, the agricultural sector is the third largest electricity consumer
after the domestic and industrial sectors. Despite the implementation of the policy of electrifying
agricultural wells, this sector is still the largest consumer of gasoline in the country after transportation.
With regards to the above-mentioned points, over the past decades, subsidies to agricultural water
have led to a reduction in water consumption in this sector, which, on the one hand, has led to excessive
consumption of water and, on the other hand, has also caused the government heavy costs.

Due to the fact that the main source of water supply in the studied area (Ghorveh plain) is from
groundwater resources (above 80%) and water harvesting from these sources will be performed via
pumping, this requires an energy supply. In other words, water consumption is directly related to
energy consumption and, as a result, avoiding waste water reduces energy consumption. On the other
hand, considering its significance, the implementation of pricing and non-pricing water policies reduces
water consumption, which in turn can reduce energy consumption for underground water harvesting
and extraction. Also, the results of the implementation of these policies and with the decrease in the
water supply, farmers’ willingness to use new irrigation systems will be further increased, and this
idea can eventuate energy consumption.

The growing problems related to the water sector in most parts of the world and the necessity of
drawing attention toward the research on pricing and water pricing correction have led to the fact that
different studies have been carried out in this regard. References [15–17] do not believe that water price
increase policy results in lower water consumption. The fact is that water consumption is allocated
to the crops with higher production value, and researchers [18–21] argue that increased agriculture
water price results in reduced demand of water by the farmers, thus saving water consumption.
Reference [22] believe that incorporating the available water reduction policies and increasing the
water price result in a reduction of the irrigated water consumption level. Considering the smallholder
farmer of South Africa, Reference [23] showed that water demand is sensitive to minor changes in
water price. Implementing a deficit irrigation strategy in the Ghazvin plain resulted in an increase
of farm income and a saving of water consumption [24]; however, such a finding was not confirmed
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by [25,26]. According to [27], agricultural irrigation water price is determined based on macro scales
(i.e., water price for the whole agricultural activity in the case study) and on micro scales (i.e., for
different crops and surface/groundwater resources). Studies conducted by [28–33] are the ones related
to the field of agriculture water demand management policies.

Ghorveh plain offers an interesting case to investigate groundwater resource management due
to several reasons. First, and most importantly, this plain is one of the most important poles of
agriculture in the Kurdistan province. However, the occurrence of recent frequent droughts and
an imbalance between supply and demand have had damaging effects on the water resources of
the region, particularly in the groundwater resources. Moreover, the main source of water resource
in this case study is the groundwater (more than 80%) [34]. Thus, a growing trend of extracting
groundwater in the case study may lead to a serious crisis for whole region, specifically for the
agricultural sector. However, it is surprising that the literature on water resource management in
regards to this plain is scarce. Consequently, the present study aims at investigating the effects of
pricing and non-pricing policies as a practical solution for resolving the water issue, improving water
resource productivity and food security in the Ghorveh plain. To this end, two scenario policies,
non-pricing (supply-oriented) and pricing (demand-oriented) water scenarios, were identified and
formulated by using positive mathematical programming (PMP). It is expected that the obtained
results offer solutions for the optimum use of the groundwater resources, preventing the destruction of
these resources, and increasing food security.

The paper is organized in four sections. The first section is concerned with an introduction to
the area examined in the current study. The second section deals with descriptions of the model and
methods used for analysis. The third section discusses the results obtained from the farm-level model
and policy scenarios. The fourth section summarizes the findings and provides the conclusions.

2. Materials and Methods

2.1. General Descriptions of the Case Study

Ghorveh plain, known as one of the semi-drought regions and one of the productive plains in the
west of Iran, plays a vital role in economy of agricultural sector of Kurdistan province [35]. The region
has an average temperature of 10–13 ◦C, an average evaporation of 2000–2200 mm, and an average
annual rainfall of 348 mm as well as 78 rainy days [36]. The area of the Ghorveh catchment is about
1063 km2 and the area of the plain is 245 km2. The aquifer of Ghorveh plain is located in the south of
the catchment. Figure 1 illustrates the location of Ghorveh plain.
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Since aquifer is the main resource of the groundwater in the current case study, the aforementioned
plain plays an important role in the agricultural sector of the case study [36]. Due to a significant
reduction in the aquifer level since 1993, the plain has faced a serious crisis in a way that it is identified
as a forbidden region. Despite the implementation of this policy, the statistics show the continuous
trend of reduction in groundwater level [36]. Considering the negative groundwater balance of the
plain and the irregular use of the groundwater in Ghorveh plain, it is essential to opt for policies which
manage excessive groundwater extractions and lead to the modification of previous trends. In Table 1
is shown information on the status of the water resources of the area.

Table 1. The status of groundwater resources (wells, springs and qanats) and consumption (drinking,
agriculture and industry) in the studied area. Data from Iran Water Resources Management
Company, [34].

Type of Groundwater
Resources Number Discharge (Million m3)

Deep well 2142 327.1
Semi-deep well 2186 67.9

Qanat 213 15.5
Spring 3274 94.4

Total consumption (million m3) Consumption (million m3)

443.7
Agriculture Municipal Industry

414.9 22.1 6.7

2.2. Positive Mathematical Programming

One of the goals of policy makers and planners of agriculture section is to acknowledge the results
of implementing various policies and farmers’ reactions towards it. Thus, attempting to follow models
through the use of this can help achieve this goal. In recent years, different economic models have been
proposed to resolve the issues dealing with agriculture section. PMP is one of the models used for the
analysis of policies and problem-solving on the coherent level [38]. The model was first suggested
by [39]. The structure of this model has been set in a way that evaluation of probable changes effects
in market conditions, analyzing agriculture policies concerning the cultivation patterns of farmers,
water consumption and the examination of economic repercussions of policies take place based on the
goal functions and all constraints involved [22,40–43]. The main concentration of developing such
models is to increase the level of confidentiality through avoiding the difference between the current
base position and the simulation base position as well as reconsidering the behavior of farmers in their
special context based on the quantitative data which exists in the decision-making process of land (the
use of land and level of production) [17]. PMP is acknowledged as a common method for analyzing
the policies employed [44–48]. The PMP approach is employed for analyzing the proposed scenario
policies in this study using Generalized Algebraic Modeling System (GAMS) [49] software package in
three stages [44,49,50].

In the first step, a normal linear programming model is developed with a farmers’
profit-maximizing function, calibration constraint (observed level of products in the base year), and
constraints on resources with an aim to assess the shadow prices of the products under cultivation [51].

Maximise Z = p′x− c′x
Subject to Ax ≤ b [λ]

x ≤ x0 + ε [ρ]

x ≥ 0

(1)

In the LP model (1), where:

Z = objective function value;
p = an (n × 1) vector of output prices;
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c = an (n × 1) vector of accounting costs per unit of activity;
x = an (n × 1) vector of primal variables that are defined as land area allocated to each crop production;
A = an (m × n) matrix of input/output coefficients in resource constraints;
b = an (m × 1) vector of resource constraints;
λ = an (m × 1) vector of dual variables associated with the resource constraint;
ρ = an (n × 1) dual variables associated with the calibration constrains;
x0 = an (n × 1) vector of observed primal variables;
ε = an (n × 1) vector of small positive numbers.

The vector x can be divided into two subsets; a vector of preferred activities xp, which is
constrained by the calibration constraint and a vector xm of marginal activities which is bounded by
the resource constraint. Assuming that all components of x0 are nonzero and all constraints resources
are obligatory, i.e., all resources are used. Kuhn–Tucker conditions explicitly implies that [52].

ρp = pp
− cp
−Ap.λ

ρp = 0
λ = (A′m)−1(pm

− cm),
(2)

where dual values of calibration constraints (ρ) are zero and equal to the difference between marginal
cost and prices for (pm) marginal activities and (pp) preferable activities, respectively. The marginal
cost involves the variable costs per activity unit (cp) and marginal cost of employed fixed resources
(Ap.λ) [53].

In the second step, the results obtained from the shadow price for the first step are used to
evaluate non-linear object functions parameters so that the observed activity levels are reproduced in
the base period using the afore-mentioned non-linear programming and without the use of calibration
constraints [41,45]. Every non-linear function with the required characteristic can be employed at this
step. The multi-product variable cost function with quadratic function was used in his study as shown
in Equation (3) [54]. There are two approaches to (estimate) calibrate a non-linear objective in PMP,
either using a non-linear cost function or a non-linear yield function. Due to the duality between
the cost function and the underlying production technology [55], the results of these two approaches
are the same [48]. However, from a calculation viewpoint, cost function is more straightforward
to formulate and easy to calculate. Cost function is more suitable to simulate our proposed policy
scenarios (price policies).

Cv(x) = d′x +
1
2

x′Qx, (3)

with:

d = an (n × 1) vector of linear cost coefficients to be calibrate
Q = an (n × n) symmetric and positive semi-definite of parameters associated with the quadratic
cost coefficients

In Equation (3), vector d and matrix Q̂ represent all calibrated parameters of the non-linear object
function. In addition, the ultimate cost vector of (MCV) variable dealing with the cost function equals
to the sum of accounting cost vector (C) and differential final margin vector.

MCV = ∇Cv(x)′x0 = d + Qx0 = c + ρ. (4)

In the third step, the estimated non-linear cost function at the second step is used in the object
function of the considered problem, and the non-linear object function is used in non-linear planning
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problem similar to the first problem except for the calibration constraint along with corresponding
systematic constraints. The following PMP model was obtained for the simulation:

Maximise Z = p′x− d′x − 1
2 x′ Q̂ x

subject to Ax ≤ b
x ≥ 0

(5)

For the moment, the calibrated non-linear programming reproduces observed activities levels
in the base year and dual values with resource constraints, and it would be useful in simulating the
changes in optimum parameters [39]. We either can use CES or quadratic cost function to calibrate our
model [45]. However, the quadratic cost function is more flexible to run the model [39]. The main
goal is to simulate policy to find a feasible solution mathematically. The real issue, in reality, is more
complex, and we have to assume some constraint in the modelling. This is a general characteristic
of farm-level modeling. According to the research topic and its goals, the limitations of the present
study involve groundwater resources, land, labor force, machines, chemical fertilizers (nitrogen and
phosphate), and a chemical (fungicides, herbicides, and insecticides) uses constraint. It is worth noting
that the PMP model highlights the changes dealing with the aforementioned productive factors with
regards to various policies. Due to the importance of water shortage in the area under cultivation, the
changes of these two fundamental factors have been reported in the current study.

The statistics and information required for conducting the calculations and estimation of the
model were obtained from the relevant organizations and departments such as Kurdistan Agricultural
Organization, Kurdistan Regional Water Authority, Water Resources Affairs, and Ministry of Energy
for the crop year 2016–2017. Moreover, the model is developed in General Algebraic Modeling
System (GAMS) version 24.1.2 (developed by GAMS Development Corporation, USA, VA) using the
CONOPT solver.

3. Results and Discussion

In this section, the results obtained from the agro-economic model are initially discussed, then,
the effects of choosing water-conservative policies on the crop mix, groundwater extraction and
farm income are represented. As laid out above, we applied an agro-economic PMP-based model
to determine the optimum crop mix. The model results have been shown in Table 2. As shown, the
proposed model has been able to reproduce the base year information accurately, which confirms the
validity of the model.

Table 2. Comparison of under cultivation area of base model and results of calibrated positive
mathematical programming (PMP) model solution.

Crop Baseline (Hectare) Results of PMP Solution

Wheat 12,100 12,101.1
Barley 1216.1 1216
Alfalfa 3560.4 3560.7
Potato 4366.6 4366

Cucumber 1402 1402
Clover 399.5 398.6

Onobrychis 350.7 350.1

3.1. The Basis for Defining Policies

Nowadays, the policy-based plans or management solutions dealing with the stability and
preserving of the water resources in most of the drought areas of the world are used. Regarding the
fact that groundwater cost condition as a policy-based instrument can have an influential role on
controlling the exploitation of the groundwater resources, different costs were determined per square
and its effect on some of the economic and agricultural parameters of the region was studied. It is
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worth pointing out that water pricing in Ghorveh plain is zero. In this study, the existing scenarios
were considered based on the shadow price obtained from the model. The water intake shadow price
in the PMP model was obtained as 3091 Rials (0.09$) (1 US Dollars equals 34,211 Iranian Rial). In the
second stage, 10 percent of the water shadow cost was considered as the water pricing paid by the
farmers. Thus, the water cost per square of consumption was determined as 309 Rials (0.009$), 618
Rials (0.018$), and 927 Rials (0.027$) after implementing 10%, 20%, and 30% scenarios, respectively.
Also, the consumption costs were considered in the model.

Considering the precipitation conditions of the following year and the probability of drought
expansion as well as the necessity for preserving the water resources in long-term, it was attempted in
this study to include and examine 10%, 20%, and 30% scenarios for the expressed policies.

One of the direct policies influencing the water resources is the quota of the water taken from
the wells which is considered under the reduction of groundwater use scenario so as to examine its
effects in the considered area. These scenarios include: Scenario 4 (SE4): 10% reduction in groundwater
use, Scenario 5 (SE5): 20% reduction in groundwater use and Scenario 6 (SE6): 30% reduction in
groundwater use.

Also, according to the country’s goals and strategies for preserving and sustaining water resources,
three other scenarios for simultaneous changes related to the reduction of groundwater use and its
price increase have been considered in order to examine its effects in the studied area.

(SE7): A combination of a 10% increase in water price and 10% reduction in groundwater available;
(SE8): A combination of 20% increase in water price and 20% reduction in groundwater available;
(SE9): A combination of 30% increase in water price and 30% reduction in groundwater available.
The results would show the effect of irrigation price increase on adoption of deficit irrigation. Also,

the results would represent the farmers’ reactions toward the condition under which the restriction
of water distribution is reduced. Table 3 illustrates the scenarios related to the price change policies,
values and policy of price balancing, and quotas of underground water resources which are designed
for the agriculture sector.

Table 3. Different policy scenarios of water pricing and water quota in Ghorveh plain.

Type of Policy
Scenario

Water Quota Water Pricing

Current Condition Current Condition SE0 (Baseline Scenario)
No water quota 10% Increase SE1
No water quota 20% Increase SE2
No water quota 30% Increase SE3
10% Decrease No water pricing SE4
20% Decrease No water pricing SE5
30% Decrease No water pricing SE6
10% Decrease 10% Increase SE7
20% Decrease 20% Increase SE8
30% Decrease 30% Increase SE9

3.2. Results of the Policies Simulations

This section provides the results concerning the evaluation of the PMP model and simulation of
different scenarios for Ghorveh plain. Figure 2 shows the results related to cropping pattern changes
and consumed water level per the changes of groundwater cost in Ghorveh plain. As the table shows,
the increase of groundwater cost in all scenarios of water pricing, land use of potato and alfalfa
crops increases compared to the base year while the land use of wheat, barley, and cucumber reduces
compared to the base year. Experiencing the increase in water cost, farmers endeavor to maintain and
preserve the crops which are economically profitable compared to other cops per water square. Also,
they attempt to reduce land use of crops which use higher levels of water and have a lower gross
margin. Implementing such a policy did not have any effect on clover and alfalfa crops. One can
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say that the Onobrychis (due to lack of bloating) and Clover are pure feed for livestock, particularly
the lactating livestock. On the other hand, these two crops have the lowest land use so that they
occupy 3% of the area lands in terms of cultivation. The increase of groundwater cost has not made
considerable changes in this regard. All in all, implementing water pricing policy in the Ghorveh plan
increases the tendency of farmers to develop land use of wheat, barley, and cucumber. Also, farmers of
this region are encouraged to develop land use of crops such as potato and alfalfa which have high
economic profit.
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patterns. (See Table A1 for details).

Figure 3 represents the results obtained from implementing the quotas of irrigation water in
the Ghorveh plain. After implementing this policy, our findings show that the cultivation pattern of
assumed agricultural products changed with respect to the status quo. Cultivated area under potato
increased by 3.2%, 6.5%, and 7.2% for SE4, SE5, and SE6, respectively. The reason for such an increase
in land use is the lower water condition need compared to other cultivation pattern products and the
higher economic return derived from each hectare compared to other patterns in the studied region.
On the other hand, land use of other crops has been reduced so that the farmers show enthusiasm to
change the cultivation pattern based on the reduction of available water. Also, the results indicate that
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in water supply limitation conditions, barley, clover and Onobrychis crops enjoy a more sensitive level
(the maximum change level) compared to other pattern crops (wheat, alfalfa, and cucumber) which
also have the maximum percent of the reduction in land use. One can mention the reason for such a
reduction in land use as the fact that these crops have the minimum economic benefit compared to
other crop products. Such an affair reflects non-development of land use amongst these crops for the
regional farmers in drought crisis conditions.
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Figure 4 shows the results of the third policy, i.e., simultaneous change of exploitation reduction
and groundwater cost increase. As the results depict, implementing this type of policy leads to
increase in land use of potato so that its changes are lower compared to the aforementioned policy. In
contrast, the land use of other crops has decreased. Implementing this policy leads to an increase in
the production cost of crops with high levels of water involved.
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In the current study, the effects of pricing policies and reduction of water exploitation, in addition
to the input water consumption and land use, on the total gross margin of the region derived from
cultivation pattern for farmers and economic return per cubic meter of water were analyzed. Figures 5
and 6 shows the results obtained in this context.
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The results of Figures 5 and 6 show that implementing water pricing policy under 10% to 30%
scenarios is not influential with respect to maintaining and preserving the water resources while
increasing the farmer’s cost. Despite the reduction in land use of crop products by 0.06% to 0.2%, a
reduction in gross margin by 2.6% to 3.6% was obtained. Generally, the implementation of this policy in
Ghorveh plain has resulted in farmers’ cost increasing and a reduction in the gross margin of the farm,
having a lower effect on saving the groundwater resources. The effects of pricing scenarios results are
based on the findings reported by [17,18,28]. Also, the same policy results in a reduction of economic
return per cubic meter of water. As it was stated earlier, the results of water quota policy showed that
although the gross margin of farmers was reduced in relation to the existing condition, such a profit
was accompanied by saving it using a large portion of input water across the lands. In other words, one
can say that the reduction of water consumption results in a reduction of income due to the reduction
of performance in crop products and a reduction in land use of crops; however, the reduction percent of
profit is less than the reduction percent of crop land use and consumed water level when considering all
the scenarios. Implementing such a policy under 10% to 30% scenarios results in a reduction of the total
land use of crops (9.3% to 33.2%) and a reduction of pressure on the land. Also, the reduction of water
consumption compared to the base year results in a gross margin derived from the cultivation of crop
by 4.5% to 15.6%. The results dealing with implementing groundwater quota policy are in line with
the one reported by [22,56–58]. Outcomes of the above-mentioned studies showed that implementing
the water quota policy develops the crop cultivation with a lower water requirement along with
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higher economic return per cubic meter of irrigation water. In addition, reduction of groundwater
consumption was found to be a suitable solution for preserving and maintaining water resources.
Findings of simultaneous reductions in exploitation and water price increasing policy in Scenarios 7 to
9, which were the same as the water quota policy, encouraged farmers to reduce the land use of some
crop products in the region (water wheat, water burly, alfalfa, clover, Onobrychis, and cucumbers)
while reducing gross margin of crop production. Such a reduction of profit is less than that of the water
consumption reduction which was 4.3%, 9.4%, and 16.1% for SE7, SE8, and SE9 scenarios, respectively.
Implementing water resources lower consumption policies (water quota and simultaneous integration
of price and quantity) leads to significant increase in water economic return. As shown in Figure 5,
Scenario SE9, which involves a 30% simultaneous change of exploitation and water cost increase,
has the maximum economic return per consumed water square (9813 Rials per cubic meter). High
levels of water economic return represent the value of water shortage so that higher levels of water
shortage result in an increased economic value. The results of simultaneous implementation of cost
and quantity policy are supported by findings of the studies carried out by [56,59–61] who mentioned
that the maximum improvement of groundwater level is achieved when the pricing and quota policies
are integrated simultaneously.

In general, the results of Figures 5 and 6 show that simultaneous cost balancing and groundwater
quota policy encourage the farmers of Ghorveh city to save water resources. Considering saved water
level in the context of implementing simultaneous cost balancing and water resources quota policy,
such a policy is much more influential in maintaining and preserving the water resources of Ghorveh
when compared to the cost increase of irrigation water policies.

4. Conclusions

Considering the inappropriate condition of groundwater exploitation resources and irregular use
of such a valuable resource, the water height in this plain has decreased significantly and endangered
groundwater resource savings. Continuation of such a trend puts the economy of the region at risk
which is based on agriculture which also brings about problems in providing industrial water and
drinkable water. Therefore, the significance of studies undertaken in this regard is clear and evident. It
was attempted in this study to examine the effects dealing with groundwater consumption reduction
policies within a positive mathematical programming on economic components such as the income
derived from producing input water return, regional cultivation pattern and water consumption level
considering groundwater resources, and to offer solutions in order to consume groundwater resources
optimally and prevent depletion of these resources. To solve the model, data related to crop years of
2016–2017 and GAMS software were used.

Outcomes of the present study indicated that implementing water quota policies (direct policy),
increasing water cost (indirect policy) and simultaneous effects of these policies lead to a reduction in
water consumption, reduction in land use and a reduction of gross margin in the region. The results
of the water cost increasing policy indicated that such a policy did not have a significant effect and
increased only the cost of farmers. Its effectiveness was guaranteed in case complementary non-cost
policies are decided. Also, in all scenarios of water quota and simultaneous integration of cost and
quantity (10%, 20%, and 30%), the land use was reduced by the reduction of available water, and the
cultivation pattern proceeded in benefiting the products which offer more income per cubic meter
of water. The point is that the implementation of these policies does not necessarily lead to crops
with lower water requirement in cultivation pattern; rather, economic variables and level of return
dealing with crops are considered as important factors in this regard. Farmers are able to leave parts of
their land uncultivated, but they do not tend to add low-efficient crops with less water requirement.
Another important point is that although the reduction of gross margin derived from agricultural crops
as a result of a reduction in the water supply is inevitable, such a reduction is less than the area under
cultivation and reduction of water distribution level in case the proper economic cropping pattern is
observed. Generally speaking, it is possible to say that simultaneous reduction of cost and quantity
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policy is much more optimal than the water quotas policy. Implementing these policies resulted in
preserving and preventing the groundwater resources as well as the under cultivation area, and the
economic return per cubic meter of water was found to be higher than the other scenarios.

Based on the results above, following polices are suggested to be considered with an aim to
improve the groundwater resources of Ghorveh plain: Development and continuous exploitation
control of water resources through installing smart meters on all deep and semi-deep wells, preventing
all illegal exploitation and blocking unauthorized wells in the studied area, and preventing overuse
of authorized wells. All of these methods can assist the preserving of groundwater resources of
Ghorveh plain.
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Appendix A

The Effects of Scenarios in Detail.

Table A1. The effect of groundwater pricing scenarios on cropping patterns and consumed water level.

Crops Cropping Pattern (Hectare) Water Consumption Level (1000 Cubic
Meters)

SE0 SE1 SE2 SE3 SE0 SE1 SE2 SE3

Wheat 12,101.1 12,094 12,087 12,060.6 85,917.81 85,867.4 85,817.7 85,630.26
Barely 1216 1210.4 1204.7 1202 6688 6657.2 6626.85 6611
Alfalfa 3560.7 3564.7 3570.2 3577.5 53,410.5 53,470.5 53,553 53,662.5
Potato 4366 4371.2 4377.9 4383.7 48,026 48,083.2 48,156.9 48,220.7

Cucumber 1402 1390.5 1379 1367.5 12,758.2 12,653.55 12,548.9 12,444.25
Clover 398.6 400 400.5 401 5181.8 5200 5206.5 5213

Onobrychis 350.1 350.1 351.3 351.6 4551.3 4551.3 4566.9 4570.8

Table A2. The effect of groundwater quota scenarios on cropping pattern and consumed water level.

Crops Cropping Pattern (Hectare) Water Consumption Level (1000 Cubic
Meters)

SE0 SE4 SE5 SE6 SE0 SE4 SE5 SE6

Wheat 12,101.1 11,187.8 9252 7859.3 85,917.81 79,433.38 65,689.2 55,801.03
Barely 1216 928.9 707.4 537.1 6688 5108.95 3890.7 2954.05
Alfalfa 3560.7 2989.6 2632.7 2077.1 53,410.5 44,844 39,490.5 31,156.5
Potato 4366 4504.37 4650.2 4681.5 48026 49,548.07 51,152.2 51,496.5

Cucumber 1402 1009.5 884.4 768.5 12,758.2 9186.45 8045.31 6993.35
Clover 398.6 268.7 181.2 114.7 5181.8 3493.1 2355.6 1491.1

Onobrychis 350.1 252.3 201.3 130.1 4551.3 3279.6 2616.9 1691.3
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Table A3. Results of solving PMP model based on simultaneous scenarios of pricing and quotas.

Crops Cropping Pattern (Hectare) Water Consumption Level (1000 Cubic
Meters)

SE0 SE7 SE8 SE9 SE0 SE7 SE8 SE9

Wheat 12,101.1 11,370.6 8780.7 7525.4 85,917.81 80,731.26 62,342.97 53,430.34
Barely 1216 911.6 776.6 472 6688 5013.8 4271.3 2596
Alfalfa 3560.7 2939.2 2802.5 2211.6 53,410.5 44,088 42,037.5 33,174
Potato 4366 4452.3 4654.2 4553.3 48,026 48,975.3 51,196.2 48,986.3

Cucumber 1402 995.7 865.2 737.7 12,758.2 9060.87 7873.32 6713.07
Clover 398.6 270.7 191.7 121.5 5181.8 3519.1 2492.1 1579.5

Onobrychis 350.1 269.6 210.4 108.2 4551.3 3504.8 2735.2 1406.6
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