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Research Topic: The present study models the dynamics of the water resources
management system in the Sistan region, focusing on the water-food-energy nexus.

Objective: a water, food, energy system dynamic model simulation was developed, taking
into account the results of Sensitivity analysis, to develop sustainable water resources
policy in the form of a water demand, water supply, food resource management, and
energy management.

Method: The initial modeling and simulation were conducted using Vensim DSS software.
The required data included surface water inflow, water delivered to the domestic and
agricultural sectors, the number of agricultural wells, cultivated area and crop vyields,
production levels of livestock, poultry, and fisheries, as well as energy carriers for the
period 2006-2036. After applying each of the water demand and supply management
policies and food and energy resource management policies separately to the model, the
best scenarios were selected and implemented in combination. The results were then
compared with one another.

Results: According to the results of the simulation model, in the scenario of electricity
export in exchange for receiving water rights, water security increased by 4,920 million
cubic meters, and consequently, energy security also increased by 297,504 kilowatt-hours.
Moreover, implementing the scenario of eliminating water-intensive crops such as wheat
and barley and replacing them with alternative crops led to an improvement in water
security, and energy security increased by 692,399 kilowatt-hours compared to the base
year. However, food security declined due to the complete removal of these crops from the
region. Under the scenario of enforcing water rights by the neighboring country
(Afghanistan), water security increased by 9,840 million cubic meters, which showed a
significantly higher growth compared to the base scenario. In the scenario of reducing
large livestock by 10% and increasing small livestock by 10%, water security showed no
increase (remained at zero).

Conclusions: Analysis of the results and data comparison trends revealed that the system
dynamics modeling in the Sistan region indicates an unfavorable outlook for water
resources and food production over the 30-year period. The simultaneous implementation
of policies including energy export, enforcement of water rights, crop pattern reform, and
livestock optimization can improve the security of water, food, and energy resources and
contribute to achieving regional sustainability. These strategies, within the framework of
the water-food-energy nexus approach, play a key role in integrated resource management.
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Background and Objective

With the increasing demand for water, energy, and food in the coming decades, pressure on these three
sectors has intensified, highlighting the importance of a systemic approach to the interconnected issues
of water-energy-food. In recent years, the water-energy-food nexus approach has been increasingly
recognized globally as a means to facilitate policymaking in this area. Accordingly, the main objective
of this study is to model the dynamic system of water resource management based on the water-food-
energy nexus and to explore sustainable water resource management policies aimed at resource
security.

Materials and Methods

To achieve the study’s objectives, after simulating the water, food, and energy System dynamics
model, and considering the results of sensitivity analysis, the development of sustainable water
resource policies will be formulated in four strategies: water demand, water supply, food resource
management, and energy resource management. The initial modeling and simulation will be conducted
using Vensim DSS software. Required data include surface water inflows during the specified period,
water delivered to drinking and agricultural sectors, the number of agricultural wells, cultivated land
area, agricultural crop yields, livestock, poultry, and fisheries production, and energy carriers, which
will be collected from relevant organizations. The time horizon for this research spans a 30-year
period from 2006 to 2036.

Findings

The model calibration results indicate that the coefficient of determination between simulated and
observed data for all variables is above 0.80, and all values meet the Nash-Sutcliffe criterion with
values greater than 0.50. Additionally, the root mean square error (RMSE) is less than 0.30, providing
a solid basis for validating the model and its predictions. Validation results also show that the model
simulation closely aligns with observed data. Applying the scenario of exporting wind turbine-
generated electricity to Afghanistan and receiving water rights will increase water security from -
4336.58 million cubic meters to 4920 million cubic meters. Furthermore, by 2036, food security will
significantly decrease from -620.16 tons to -3355.53 tons, and energy security will rise by 297,504
kilowatts due to wind turbines. Under the second scenario, food security in 2036 will decrease to -
3396.18 tons per hectare compared to the baseline year, and water security in 2036 will reach zero,
indicating that controlling water-intensive crops in the region will significantly contribute to water
security. Energy security in 2036 will increase to 692,399 kilowatts. In the third scenario, water
security will experience much greater growth compared to the baseline. Additionally, it is predicted
that by 2036, food security will slightly increase from -3355.53 tons to -1677.73 tons. With the
implementation of the fourth scenario, water security will rise to zero, and the region will no longer
face issues regarding water supply in various sectors. This scenario has shown less growth in water,
food, and energy security compared to other scenarios.

Conclusion

A review of the results and data trends over the 30-year period indicates that the Sistan region will
face unfavorable conditions regarding water resources and food production. Resource management in
the Sistan region requires a shift in organizational, agricultural, and developmental beliefs and values.
Developing wind turbine systems to meet energy demands, securing water rights from the neighboring
country, proper and optimized management in livestock units, and crop pattern adjustments can help
stabilize the current situation. The results of policy implementation show that the water rights
scenario, compared to other scenarios, offers a suitable solution for achieving sustainability in the
region.
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