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Abstract

Given climate change and the increased use of groundwater resources, analyzing
the dynamics of groundwater quantity is essential. One way to predict the water
level of an aquifer in the long term is to simulate changes in the water level of
wells in the future using mathematical models. In this study, a dynamic model
based on differential equations is introduced that describes the drying process of
water wells in the Shahdad aquifer in Kerman city. In addition, the effects of
water pricing policy on groundwater dynamics were analyzed based on a positive
mathematical programming model. The results of the dynamic model showed that
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57 percent of the wells being exploited in the aforementioned aquifer have dried
up in 2024 compared to 2015. The continuation of current water extraction
trends from the Shahdad aquifer will cause most of the wells being exploited to
dry up in 2036; This amount would be equivalent to a 71 percent reduction in
water extraction, which would reduce this reduction to 56 percent if the water

pricing policy were implemented under a 100 percent water price increase
scenario. In fact, implementing a water pricing policy will reduce water
consumption by 15% by 2036.

1. Introduction
Studies conducted on the country's aquifers show that the rate of groundwater withdrawal is greater

than its recharge, and this has caused a drop in the water table in most aquifers (Mohammadjani et al.,
2014). herefore, understanding the current status of an aquifer and predicting its future status is of great
importance as the first step in managing the preservation and improvement of water quantity in that
aquifer and also an important factor in adopting effective policies in the field of water supply and
demand in the agricultural sector. After understanding the current and future status of an aquifer, it is
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essential to implement policies that can help preserve and restore groundwater resources. One of the
effective policies is water pricing policies to determine the appropriate cultivation pattern, so that based
on that cultivation pattern, maximum productivity can be achieved from the limiting factor of water.
In the first part of the present study, using mathematical modeling, the current and future conditions of
groundwater quantity in the Shahdad aquifer were analyzed. The dynamic model used in the first part
of this research is based on the Kermack and Macken-Drake model and is written based on population
divisions. In the second part of this research, the effects of applying water pricing policy on the
cultivation pattern of farmers in the Shahdad Plain were examined in the form of positive mathematical
programming, and in the third part, the effects of this change in cultivation pattern on the dynamics of
groundwater quantity in the Shahdad Plain were analyzed.

2. Methodology

In the first part of this research, a dynamic model based on differential equations is introduced that
describes the process of water well drying in the Shahdad aquifer. In this model, the water wells in the
region are divided into five classes. The first class is the number of susceptible drought wells at time ¢.
S(t). Some of these wells experience drought and enter class I with rate 5. A fraction of u of wells in
class I become dry. They move to compartment R that are dried wells. The rest are divided into groups.
Some of them are recovered with natural factors automatically. The name of this class in the model is
T. A number of wells in class I experience an economic crisis. This class in indicated by Q. A fraction
71 of them are recovered. Also, a fraction u of Q is drying. Recovered water wells become susceptible
with rate m. Farmers are allowed to dig wells near the previous well, at rate of A of the dried-up wells.
In this model, a fraction G, of I are experiencing an economic crisis. Also, a fraction F, of I are
recovered, where F = 1 — G.

In the second part of this research, positive mathematical programming (PMP), which is an empirical
estimation model, was used to apply the water pricing policy under different scenarios of water price
increases. The results of the PMP model provided us with an optimal cultivation pattern. According to
the optimal cultivation pattern, the amount of water consumed and the gross profit of farmers were
analyzed compared to the current situation.

In the third part of this study, we applied the results of crop pattern optimization (part two of the
research) to a dynamic groundwater quantity model and compared the results with the current situation.

3. Discussion and Conclusion
Results from the dynamic model of groundwater quantity in Shahdad aquifer

The model's prediction results clearly show that continuing the current trend of water extraction from
the Shahdad aquifer's groundwater will cause most of the wells being exploited to dry up in 2036, which
will be equivalent to a 71% reduction in water extraction. In fact, the drying up of production wells
means a decrease in the water table in the aquifer, which disrupts the natural recharge of the aquifer.

The impact of water price increase policy on water consumption and farmers' gross profit

Implementing a policy of increasing the price of water by increasing the cost of water extraction is
one of the policies that directs the regional cultivation pattern towards increasing the area under
cultivation of crops, which in addition to reducing water consumption, also increases the gross profit of
farmers in the region. The results of this study showed that implementing this policy in the Shahdad
Plain, in addition to reducing water consumption by four percent, increases the gross profit of farmers
in the region by 12 percent.

Results of the Shahdad Aquifer Dynamic Model after Implementing a 100% Water Price
Increase Policy
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The model results clearly show that implementing a water pricing policy in the Shahdad Plain will
improve the current trend of water extraction from the Shahdad aquifer groundwater, reducing the 71
percent reduction in water extraction (equivalent to 46.8 million cubic meters) to 56 percent (36.9
million cubic meters) over a twenty-year period. This 15% saving in water extraction will have a
significant impact on the preservation and restoration of the Shahdad aquifer by increasing the water
table and accelerating the natural recharge process of the aquifer.

4. Results

The results of this study showed that implementing a water pricing policy in the Shahdad Plain, in
addition to reducing water consumption by four percent, increases the gross profit of farmers in the
region by 12 percent. Applying this amount of water savings to the dynamic aquifer water quantity
model resulted in 15 percent of the water returning to the aquifer water cycle over a twenty-year period,
which would be approximately equivalent to 9.8 million cubic meters. Since the model used in the
present study is based on population divisions, it has filled the gap between theoretical and practical
research well. So that the resulting dynamic system is reliable and this provides the possibility to apply
efficient policies such as water pricing policy in order to improve groundwater dynamics in the study
area.
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