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1. Constant Elasticity of Substitution
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Abstract

Introduction: The Sistan region faces serious challenges in irrigation water management due to its
geographical and climatic conditions. Water scarcity, drought, and reduced surface flows of the
Hirmand River have made the existing water wells the primary source of water supply in the region.
Effective planning for the optimal use of these well water resources is therefore essential. This study
aimed to investigate the environmental factors influencing water consumption management policies in
the Sistan region. A secondary objective was to identify appropriate strategies for the optimal and
sustainable allocation of Nimruz well (Chah-e Nimeh) water resources.

A descriptive-analytical approach was applied, using the Strengths, Weaknesses, Opportunities, and
Threats (SWOT) matrix and the Quantitative Strategic Planning Matrix (QSPM) to assess
environmental factors and select appropriate water allocation strategies. Subsequently, Positive

Mathematical Programming (PMP) combined with the Constant Elasticity of Substitution (CES)
production function was used to optimize agricultural activities based on well water use under drought
conditions. Data from 2022-2023 were collected through questionnaires and consultations with
relevant organizations in Sistan and analyzed using GAMS software.

The SWOT analysis revealed that internal factors (strengths and weaknesses) scored 2.286 and
external factors (threats and opportunities) scored 2.436. These values indicate the need for defensive
(WT) strategies to improve water allocation and exploitation policies in the region. Under mild to
severe drought conditions, well water resources are projected to decline by 9.57% to 49.23%
compared to the base year. In response, farmers are expected to reduce the cultivation area of onions,
melons, watermelons, and alfalfa, and shift toward wheat and barley. Total gross farm profit is
estimated to decrease by 0.53% to 3.67%, while the economic value of water rises from 1,184 to
2,377 rials per cubic meter.

Based on the findings, the following measures are recommended: reforming water pricing policy and
establishing compensation mechanisms under conditions of increasing water scarcity; removing crops
with low economic and physical productivity from cultivation patterns during drought; and
implementing defensive strategies for the proper management of well water allocation policy in the
Sistan region.

Keywords: Cropping Pattern Optimization, Water Wells, PMP Model, Adaptation to Drought,
Economic and Physical Water Productivity, Sistan Region

Introduction

Iran faces a serious and undeniable water crisis. Numerous domestic and international sources have
confirmed this reality and proposed various solutions. The most visible consequences of this crisis
include the drying up of lakes, wetlands, and rivers, declining groundwater levels, land subsidence,
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deteriorating water quality, soil erosion, desertification, and dust storms. In response, legislators have
enacted various policies, including groundwater monitoring and control, water nationalization laws,
balanced water distribution policies, pricing and rationing measures, water supply reduction
strategies, and water resource sharing frameworks. However, these measures have largely failed to
resolve the crisis, and conditions have continued to worsen (6).

The Sistan region, located in the northeast of Sistan and Baluchistan province, was once considered
the country's breadbasket. Today, it suffers from severe agricultural water shortages due to a
combination of factors, including inadequate policy implementation. The agricultural sector in this
region is heavily dependent on transboundary water inflows from Afghanistan through the Hirmand
River. At the same time, persistent weaknesses in water resource management and agricultural
planning have forced farmers to rely primarily on agricultural water wells (Chah-e Nimeh) to sustain
production (7).

Given the geographical and climatic characteristics of the Sistan region including irregular rainfall
patterns, recurring droughts, and political instability affecting the release of the Hirmand River's
allocated share by Afghanistan proper management of irrigation water and optimal use of available
water resources has become a critical necessity (1). The Chah-e Nimeh wells currently serve as the
main source of water supply in the region, particularly during periods of water scarcity and reduced
river flows. This study therefore pursued two main objectives: first, to identify the environmental
factors influencing water consumption management policies in the Sistan region and select
appropriate strategies for the optimal and sustainable allocation of Chah-e Nimeh well water
resources; and second, to optimize agricultural activities based on the use of well water under drought
adaptation conditions.

Methods

The Strengths, Weaknesses, Opportunities, and Threats (SWOT) matrix combined with the
Quantitative Strategic Planning Matrix (QSPM) was applied to assess environmental factors affecting
water consumption management policies in the Sistan region and to identify appropriate water
allocation strategies. To construct the SWOT analytical model, internal and external factors were
analyzed simultaneously using a strategic position diagram (Figure 1). The output of this diagram
determines the core strategy for developing water resource management policies in the Sistan region
(32).

The strategic position diagram is built by plotting scores from the Internal Factor Evaluation (IFE)
matrix on the horizontal axis and scores from the External Factor Evaluation (EFE) matrix on the
vertical axis (33). The position of the intersection point determines the nature of the recommended
strategy, which may be aggressive, competitive, conservative, or defensive. In the next step, sub-
strategies are identified by comparing internal and external factors pairwise within the SWOT matrix,
in line with the research objectives (32, 33).

WO Strategy

W
Figure 1- Choosing the best strategy or strategy based on the QSPM maodel

The prioritization of strategies with the help of the QSPM quantitative strategic model in this research
is also done in such a way that the score coefficient of each strategy or strategy is calculated from the
product of the coefficient of each factor in its attractiveness score. The attractiveness score can
include values of 1, 2, 3 or 4 (score 4 as the most attractive and score 1 as the least attractive). Then,
considering the total attractiveness score for each strategy, the available strategies are ranked (32).
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In the following, to optimize the agricultural activities based on the use of water from the wells (wells
of half) with the drought adaptation approach, the Probative Mathematical Programming (PMP)
model and the production function method with constant substitution elasticity (CES) were used (38).
In the following, each of the step-by-step steps of the economic modeling system presented above is
fully explained:

This model is calibrated in 3 steps as follows:

Step 1: Implementation of linear programming model and estimation of shadow prices or binary
values of system constraints;

Step 2: Estimation of the CES function and the nonlinear or quadratic cost function of the second
order;

Step 3: Extracting the final and experimental PMP pattern with the help of nonlinear objective

function (38, 39).
(" Data consistency
; test

Using basic data

for estimation

Solving the linear programming model
and determining shadow prices

and non-linear cost function

Estimation of CES production function
(Estimation of parameters of functions)

‘ Estimation of the PMP final function L

‘0 ||
Policy analysis

Figure 2- The stages of implementing the PMP economic model

Data for this study were obtained from two sources: structured questionnaires administered to farmers
in the Sistan region, and official records collected from relevant governmental organizations. All data
correspond to the 20222023 agricultural year and were analyzed using GAMS software.

Findings

The results of SWOT matrix extraction and analysis showed that the estimated values for internal
(strengths and weaknesses) and external factors (threats and opportunities) are equal to 2.286 and
2.436, respectively. This indicates the use of defensive strategies or requires a response (WT) in order
to improve the policies related to the allocation and exploitation of water in the Sistan region. Among
the defensive strategies, the formation of a powerful mechanism for the optimal allocation of water
from the semi-arid well and dealing with the occurrence of drought with a final score of 0.41 was
placed in the first priority of policy programs. Also, the results showed that with the occurrence of
drought under mild to severe intensities, the amount of well water resources will decrease from 9.57
to 49.23 percent compared to the base year. In this situation, Sistani farmers will reduce the acrage of
onions, melons, watermelon and alfalfa and are inclined towards the acrage of wheat and barley. In
the event of severe drought, the clover crop is removed from the model due to high water
consumption and low economic productivity. In addition to the results showed that with the
occurrence of drought, despite the optimization of the agricultural patterns provided, the amount of
total farmers’ gross profit of decreases from 0.53 to 3.67 percent and also the economic value of water
reaches from 1184 to 2377 rials per cubic meter. The economic and physical productivity index of
irrigation water for the current conditions of the region was calculated as 20,751 rials per cubic meter
and 1.293 kg per cubic meter, and the results showed that the values of these indicators showed
positive changes in the conditions of farmers facing drought compared to the conditions of the base
year and it will be increased.
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Discussion

The findings of this study indicate that shifting to optimal cultivation patterns under varying drought
intensities can improve the physical productivity of irrigation water relative to the base year.
However, implementing such changes in the Sistan region presents practical challenges that must be
carefully considered.

One of the most significant challenges involves persuading farmers to remove water-intensive, low-
yield crops such as clover from their cultivation patterns. While drought projections support this
recommendation, clover cultivation is deeply embedded in the agricultural traditions and cultural
practices of the region. Any policy aimed at eliminating such crops is therefore likely to encounter
social resistance and may have unintended consequences for the livelihoods and traditions of local
farming communities.

Conclusion

This study offers several practical recommendations for sustaining agricultural activity and improving
water resource management in the Sistan region.

First, farmers should be encouraged to adopt optimal cultivation patterns that are specifically designed
for drought conditions. Shifting to these patterns will help reduce water consumption while
maintaining acceptable levels of agricultural productivity.

Second, the institutional framework for agricultural water sharing must be strengthened. Establishing
and operationalizing water-sharing institutions will enable more equitable and efficient allocation of
well water resources across the region.

Third, comprehensive drought management plans should be developed and implemented at the
regional level. These plans must address both short-term water shortages and long-term structural
vulnerabilities in the agricultural sector.

Fourth, the current water pricing policy requires reform. Compensation mechanisms should also be
established to support farmers under conditions of increasing water scarcity.

Fifth, crops with low economic and physical water productivity should be gradually removed from
cultivation patterns during drought periods. This measure will improve the overall efficiency of water
use in the region.

Finally, defensive strategies identified through the SWOT-QSPM analysis should be systematically
applied to guide the proper implementation of Chah-e Nimeh well water allocation policies in the
Sistan region.
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