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Abstract

_Introduction: The third security of drinking water, agriculture, the
: environment of the Sistan region is related to the Hirmand Transboundary
: River. Issues related to Hirmand's water rights are one of the basic
: challenges and concerns for the environment and political relations
: between the two countries of Iran and Afghanistan. Despite many efforts
: made in the past, this issue has not yet been resolved due to the expression
: of one-dimensional views, and the conflicts between the two countries of
¢ Iran and Afghanistan are still ongoing. In this research, Dinky modeling of
: systems is used for simulation and dynamics of water resource
: management scenarios of Hirmand Transboundary River with water
: diplomacy.
: Materials
: communication and feedback to analyze the relationship between changes
: in storage and flow. The model has been validated and calibrated using
: statistical tests and data from the years 2000-2021.

: Findings: Based on the simulation results, it shows that the proposed
: solution, a combination of water resources management policy, has been
: selected as the best policy. So that in the sub-system of agriculture, the
: area under cultivation and the supply of water agricultural products
: increased by 11.700% in 2031 compared to 2000. Increasing the irrigation
: efficiency by 32% and the production pattern of agricultural products are
: selected scenarios for the sustainable management of water resources.

: Conclusion: To enhance water and food security in the study area, it is

and Methods: This study utilizes dynamic system

advised to prioritize the improvement of the irrigation and drainage
network of agricultural lands. This will increase irrigation efficiency and
promote water conservation. Furthermore, modifying the crop cultivation
pattern to reduce water consumption and boost productivity is
recommended. It is crucial to prioritize water policies that benefit both Iran
and Afghanistan in order to achieve these goals.
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Extended Abstract

Introduction

Water, as a vital resource, is depleting, and with
increasing population and climate changes, the
demand for water, energy, and food is projected to
rise significantly by 2050. Water diplomacy has
emerged as a novel approach to managing shared
water resources, emphasizing dialogue and
collaboration among nations. In the context of the
Helmand River Basin, disputes over water usage
have become strategic issues. An approach
focusing on the interconnections of water, energy,
and food can contribute to conflict resolution and
foster sustainable relationships between countries.
This perspective aligns with Iran's development
agenda, highlighting the need for dynamic system
methods to model the complexities of water
resources. In a review of relevant background
studies, some internal and external research efforts
are mentioned. Ghannian (2022) demonstrated in
the water, food, and energy nexus in the large
Karun basin that most stakeholders in various
sectors are interested in establishing intra-
organizational communications and show little
inclination for interorganizational connections (1).
Kiyampour and colleagues (2021) conducted
research analyzing the dynamic management of
sustainable water resources based on the nexus of
water, food, and energy in Khuzestan province.
The simulation results propose that a combination
of water demand management policies and food
resource management is introduced as the optimal
solution for maintaining resource sustainability in
this region (2).

In summary, a review of the background related to
water, energy, and food interdependence with
economic, social, and environmental issues in the
Transboundary Rivers, and the lack of success in
the strategic management of the sector, indicates
that these factors can create various opportunities
and challenges for countries sharing a common
watershed. Therefore, adopting a comprehensive
and dynamic approach to sustainable management
of shared resources is essential. Water diplomacy,
as a novel approach, plays a crucial role in
resolving conflicts and expanding cooperation in
transboundary water resources. This approach,
emphasizing dialogue and collaboration among
interested countries, can contribute to creating a
stable political environment and enhancing
interdependence between water, energy, and food.
This diplomatic approach is considered a missing
link in previous research, which primarily focused
on technical and legal issues of transboundary
water resource management. However, water
diplomacy, with its emphasis on political, social,
and economic aspects, can aid in conflict resolution
and collaboration expansion in transboundary water
resources. Various methods are available to
operationalize this perspective, and system
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dynamics is employed as a scientific method for
modeling and simulating complex systems. In this
context, Iran has the potential, through adopting a
collaborative approach alongside dynamic and
sustainable diplomacy with Afghanistan, to
leverage the potential for securing water resources
in its eastern regions heavily reliant on
transboundary  waters. Therefore, the main
objective of this research is to use system dynamics
modeling to examine the water, food, and energy
interdependence with a water diplomacy approach
in the Helmand River transboundary region.

Materials and Methods

The System Dynamics (SD) method, depicting the
real world through nonlinear feedback loops and
interactions, facilitates understanding complex
system behaviors over time. It provides a dynamic
rather than static view of complex systems like
water resources, aiding in a deeper understanding
and serving as a suitable tool for visualizing,
dissecting, and analyzing the evolution of complex
system behavior over time. Model development
progresses from the whole to the parts, gradually
refining functions and interconnected components
until the model becomes comprehensive. Users can
iteratively estimate and evaluate the model during
construction, gaining various insights into the
system. The symbols used for drawing flow
diagrams were first presented by Forrester in 1961,
originating from hydraulic concepts. Subsystem
models are developed based on their causal loop
diagrams to better describe accumulation and
depletion, determining the material flow in the
system.

Finally, the conceptual model of the current
research focuses on the Frat River basin, generally
consisting of water, food, and energy security
subsystems. Data for each subsystem's variables
were collected from 1379 to 1400 and simulated
using Vensim DSS software for the period 2000—
2031.

Findings

This study suggests integrated policies for water
resource management through model validation
and expert opinions. In agriculture, shifting to
modern irrigation systems can increase efficiency
from 35% to 65%. Modifying the cropping pattern
in Sistan and prioritizing efficient crops enhance
water productivity and food security. These
policies aim to address water scarcity and food
security challenges in the Iran-Afghanistan border
region. The study utilizes dynamic system
modeling to analyze comprehensive water, food,
and energy interdependencies. Calibration and
validation of the model demonstrate good
alignment with real observations. Afghanistan's
water, food, and energy security challenges directly
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impact neighboring countries, including Iran.
Diplomacy emphasizing collaboration in the water,
food, and energy sectors is proposed to resolve
water disputes between Iran and Afghanistan.
Previous research primarily focused on technical
and legal aspects of transboundary water
management. Diplomacy, emphasizing political,
social, and economic aspects, can complement
technical approaches for effective water resource
management.

Discussion and Conclusion

The comprehensive interdependent approach,
instead of focusing on individual sectors, is an
innovative and effective strategy for the issues of
transboundary water and water disputes. In this
study, a comprehensive model based on the
dynamics of system interactions was developed
using a water diplomacy approach in the Helmand
River. The relationships and feedback among the
subsystems of water, food, and energy were
explored through storage and flow diagrams. The
model was calibrated and validated using iterative
behavior testing, demonstrating acceptable results
and behavior alignment with real observations. The
eastern border regions are heavily dependent on
transboundary waters, and given the significance of
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the agricultural sector in supplying the country's
food needs, proper measures are crucial for
ensuring sustainable water and food security.
Additionally, Afghanistan faces serious challenges
in water, food, and energy security, directly
impacting the water security of neighboring
countries, including Iran (Sistan region). Adopting

a water, food, and energy interdependence
approach through dynamic and sustainable
diplomacy is highly suitable for addressing

challenges and conflicts related to Iran and
Afghanistan's transboundary waters. The examined
scenarios, including 65% irrigation efficiency in
agriculture and appropriate crop patterns, suggest
practical operational strategies for sustainable
water resource management.

Operational suggestions based on the results of
scenario  simulations in  line  with  the
interdependence approach in water diplomacy
include:

Developing irrigation networks and drainage
systems for agricultural lands to increase irrigation
efficiency from 33% to 65%. Modifying crop
cultivation patterns with the aim of reducing water
consumption and increasing crop yield.
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