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In recent years, due to water shortages in the Hirmand watershed, integrated
management of water resources in this area is essential. In this research, the
aim is to simulate and optimize water consumption in order to integrate
water resources management. For this purpose, the WEAP model was used
for simulation and the goal programming model was used to optimize water
use. The simulation results showed that in the reference scenario, the
Hirmand watershed is facing a water shortage of 586.69x10° m® per year.
The goals of economic sustainability and ecological sustainability of water
use are not met and only the goals of social sustainability of water use are
met. After optimization, water consumption was allocated to an activity that
achieved the goal of economic sustainability of water use. On average, the
economic efficiency of water use in the Hirmand watershed area increased
by 99.58%., optimization led to a reduction of water consumption by
382.82x108 md/year and achieving the goal of ecological sustainability of
integrated water resources management in the Hirmand watershed area.
Thus, the water supply in the environment and agriculture increased to
93.60 and 89.03% respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Integrated water resources management is an
the coordinated
development and management of water, soil, and
related resources in order to maximize economic
and social well-being in a fair way, without
sustainability  of
water

approach that promotes

compromising  the
ecosystems.  Integrated

managed in a way that does not endanger the
environment. In order to achieve social
sustainability, water must be made available to
the public. Integrated management of water
resources should be done at the watershed level
to prevent inequalities, failure to meet
environmental and agricultural demands, and
inefficient economic consequences. Optimization
tells us what to do and what is the best decision.

vital
resources

management has three major goals: economic
sustainability, ecological sustainability, and
social sustainability. For the goal of economic
sustainability, water should be used where it is
most economically feasible. In order to complete
ecological sustainability, water resources must be
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However, optimization techniques are based on
many assumptions and limitations. Therefore, the
results of the pre-implementation optimization
technique should be evaluated and improved
using  experimental  simulation  models.
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Simulation models: What happens if a particular
plan or operational policy is implemented in one
or more specific locations?  Answers.
Optimization  models  determine  optimal
decisions among a set of possible decisions, and
simulation models can provide accurate estimates
of the many hydrological, economic,
environmental, and social impacts that may result
from those decisions over time. However, it
seems unlikely that a suitable solution can be
obtained only by simulation or optimization
techniques. Therefore, the use of a combination
of simulation and optimization techniques is
essential. The goal of this research is to simulate
and optimize water resources in the Hirmand
watershed under three objectives: achieving
economic sustainability, achieving ecological
sustainability, and achieving social sustainability
of water resources. In this study, for innovation,
goal programming to achieve simultaneous
economic, ecological and social goals of
integrated water resources management and the
WEAP model was used to simulate the effects of
optimization in the watershed.

Material and Methods

Hirmand watershed is located in the north of
Sistan and Baluchestan province. This area is
dependent on the Hirmand transboundary River.
There are three agricultural sectors, seven
drinking water sectors (six urban and one rural)
and the environmental sector. The area of
agricultural lands is 154 thousand hectares and
the predominant cultivation of the region is
wheat and barley products. In this research, in
the first step, using the WEAP model, the current
situation of water supply and demand in the
Hirmand watershed was simulated. The WEAP
model simulates natural hydrological processes
to assess water availability in the watershed and
simulates the impact of human activities on
current and future water systems. Technically,
WEAP provides a comprehensive, flexible, and
user-friendly framework for policy planning and
analysis that can be used for complex water
systems. The steps of applying the WEAP model
are as follows: first, the time, place, and
components of the system are configured and
specified. The required information is then
entered into the model for the current situation
and the years under study. Different scenarios for
the future state of water supply and demand were
designed to plan and manage water resources and
consumption based on policies, technology
development, and other factors that affect
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demand, production, and hydrology. Finally, the
scenarios are analyzed according to the costs,
results, and effects. This study uses a goal
programming technique to optimize water
consumption in order to integrate water resources
management. Goal programming is a multi-
criteria decision-making technique. Its overall

goal is to optimize multiple goals while
minimizing the deviation of each goal.

Results

First, the simulation results of the WEAP model
were validated by observational data.
Observation  of  simulation  results and
observational information in the Hirmand

watershed indicate good performance of the
model in the simulation of the Hirmand
watershed. In the current situation, the total water
demand in the Hirmand basin is 1400x10° m®%
year, of which 35.21% is not met. 75.18% of
water consumption in the Hirmand watershed is
related to agriculture, 19.44% is environmental
and%38.5 is related to drinking. Optimization of
water use in the Hirmand watershed led to the
goal of economic sustainability.  After
optimization, economic efficiency in Sistan's
agricultural sector has increased by 139.46%,
drainage by 106.80%, and median by 52.50%.
This indicates that scarce water resources are
allocated to the activity with the highest
economic efficiency. Therefore, the goal of
economic sustainability of integrated water
resources management has been achieved.
Optimal scenario simulation showed that water
shortage in the environment and agriculture was
reduced by 78.12 and 87.54%, respectively. One
of the main reasons for the water shortage in the
Hirmand watershed is the lack of optimal
agricultural  patterns, which was partially
eliminated by optimizing the water shortage. In
addition to optimizing the cropping pattern, there
is a need to save water consumption in the
drinking sector. Social sustainability is one of the
three goals of integrated water resources
management. To this end, water must be
available to meet the basic needs of the general
public. The drinking section in the Hirmand
watershed consists of six urban sections and one
rural section. Total water demand in the drinking
sector was met. One of the main reasons is that
the drinking sector is the first priority in
allocating water in this area. In the current
situation, Hirmand Basin is facing a water
shortage. Most of the water needs of the
environmental and agricultural sectors are not
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met in this region. Failure to meet environmental,
water and agricultural water needs has
jeopardized ecological and economic
sustainability in the Hirmand watershed.
Optimizing water consumption reduced water
shortages in the environmental and agricultural
sectors and increased the economic efficiency of
water use. Due to the drinking sector's first
priority for water allocation, social sustainability
was provided in this area. In general, there is a
need to reform the management policies and
allocation of water resources between different
economic, social, and ecological sectors in the
Hirmand watershed to achieve integrated water
resources management.

Conclusions

The purpose of this study was to integrate the
management of water resources in the Hirmand
watershed. The most important research results
are as follows:

1. In the current situation, the Hirmand
watershed is facing a water shortage. A major
part of the water needs of the environmental
sector and the agricultural sector is not provided
in this region.

Environment and Water Engineering

2. Failure to meet environmental and agricultural
water needs has endangered ecological and
economic stability in the Hirmand watershed.

3. Optimizing water consumption reduced the
water shortage in the environmental and
agricultural sectors and increased the economic
efficiency of water use. Due to the drinking
sector's first priority for water allocation, social
stability was ensured in this watershed.

4. In general, there is a need to modify the
management policies and allocation of water
resources between different economic, social,
and ecological sectors in the Hirmand watershed
to achieve integrated management of water
resources.

Data Availability
The data used in this research are presented in
the paper.
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