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development in arid and semi-arid regions of the world. Increasing
water consumption productivity is recognized as an adaptive
strategy for coping with drought conditions and increasing water
demand due to population growth. Nonetheless, the impact of the
increase in water consumption productivity on the operation of
reservoirs is neglected in assessment as a management tool.
Methods:

In this research, the impact of the increased efficiency in agriculture
water on Jareh-Dam operation as a case study has been assessed. For
this purpose, an objective function has been developed based on the
coefficient of water efficiency to optimize the water release and
water storage in the Jareh-Dam. The operation reservoir is then
compromised in both optimal and current conditions with
considering the four scenarios of water efficiency.

Findings:

: Results show that increasing in the coefficient of water efficiency up
: to 0.5 will result in an increase of 10 percent in the reliability and a
: 28 percent decrease in the vulnerability. Also, assuming the reservoir
: performance is constant compared to the base period, with a 17
: percent increase in downstream consumption efficiency, a growth of
: 46.7 percent in the region's gross income is not far from expectation.
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Extended Abstract

Introduction

Sustainable development of water resources
is a global challenge; however, this issue is of
great importance in arid and semi-arid
regions such as Iran. Lack of rainfall, limited
fresh water resources and low-efficiency
operation have compromised food and
water security. Therefore, water
consumption management is inevitable by
increasing water efficiency and optimizing
water resources operation. The main
purpose of building dams in Iran is to
provide agricultural water for food security.
As a result, the optimal operation of
reservoirs to supply agricultural water has
been considered by water authorities. In a
reservoir-river system, the objective
functions are usually to minimize the
difference between water supply and
demand by considering temporal and spatial
limitations. Consequently, reservoir
operation policies are developed to achieve
sustainable statuses to meet downstream
requirements under different climatic
conditions. In other words, objective
functions and constraints in various
problems should be defined based on socio-
economic needs. The aim of this study is to
provide a strategy to adopt to drought
conditions and future increasing demand by
managing water consumption. This study
believes that by increasing the efficiency of
water consumption along with optimizing
the operation of reservoirs, the challenges
created in most areas due to droughts and
inconsistencies in water allocation can be
largely eliminated. For this purpose, an
optimization model has been developed by
defining an objective function based on the
downstream water efficiency coefficient and
considering the specific constraints of a
single-reservoir system. In this research, the
developed model is solved using a Genetic
Algorithm (GA) to achieve optimal solutions.

Materials and Methods
Case study

Jarreh dam reservoir was selected as the
case study, which is located downstream of
the Zard River Basin with an area of 889.2
square kilometers in southwestern Iran.

Jarreh reservoir with a storage capacity of
231.56 million cubic meters has been
constructed to irrigate 22,000 hectares of
Ramhormoz plain lands. According to
recorded historical data, the mean annual
rainfall, mean annual temperature and mean
annual inflow to the reservoir are 584 mm,
21.6 °C and 246 million cubic meters,
respectively.

Developed model

The objective function was developed to
minimize the water deficiency amount by
taking into account the water efficiency
coefficient. The effect of water efficiency on
reservoir performance will be measured by
changing this coefficient. This function is
presented as follow:

min:Z
T 2
-y Ri — [Dgr + (1 — @)1 + Dor] P (D)
- max[Dge + (1 — a)ry + Do)

e = (% - Dat) (2)

Where R: is water release; Da is net
agricultural water demand; D¢ is water
environment requirement; r; is return
water; a is water efficiency coefficient; e is
overall irrigation efficiency; t is number of
periods; and T is total period. The return
water (r¢ is the difference between gross
and net agricultural water demand. The
gross water demand is calculated based on
regional irrigation efficiency, resulting from
field visits. The value of (1- a)r:indicates the
effect of water efficiency, so that if a = 1
means that the amount of water returned to
the environment from the water allocated to
irrigation is zero, and the water efficiency
rate will be 100%. By reducing the value of
a, the water efficiency decreases to zero. In
this study, four possible scenarios based on
the possibility of increasing irrigation
efficiency in the region were considered for
application in the model. The water
efficiency coefficients of scenarios S1, S2, S3
and S4 are zero, 0.1, 0.3 and 0.5, respectively,
which will increase irrigation efficiency by
zero, 2.4, 8.39 and 75. 16 percent.

Findings
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The results of the optimization model are
presented in two states in order to
investigate the effect of water efficiency on
the optimal operation of the reservoir. The
first state assumes that water efficiency will
reduce water consumption. The second state
assumes that increasing water efficiency
leads to more production. Therefore, the
first state indicates the effect of water
efficiency on the optimal operation of the
reservoir and the second state indicates the
importance of water productivity in this
area. The performance of the reservoir was
simulated under different scenarios of water
efficiency for 20 years (from 1373 to 1395).
Then, reliability, resiliency and vulnerability
indices were calculated for the given period.
Comparison of reliability and vulnerability
in scenarios S2 and S3 shows that reliability
decreases with increasing water efficiency
while vulnerability decreases sharply. This
implies a reduction in the difference
between demands and water releases in
different months. However, reliability has
also increased significantly with increasing
water efficiency, and the same goes for
resiliency. The effect of increasing irrigation
efficiency on the region's economy and
justifying investment in the development of
the downstream irrigation network was
investigated by calculating the region's gross
income due to increasing irrigation
efficiency. Accordingly, with the increase of
irrigation efficiency by 2.4%, 8.39% and
16.75%, the gross income compared to the
current situation (S1) will increase by 13%,
30.3% and 46.7%, respectively. The increase
in gross income is due to the increase in
agricultural production, which is due to the
increase in water efficiency.

Conclusion

The optimization model developed in this
research has made it possible to investigate
the impact of each water efficiency scenario
on the optimal operation of reservoirs. With
increasing productivity coefficient to 0.5

(increasing irrigation efficiency from 30.4 to
47.6%), vulnerability in terms of agricultural
water supply has decreased to 28% and
reliability increases to 10%. This is even
though the production of agricultural
products and the gross income of the region
have not decreased at all. On the other hand,
increasing the average annual storage of the
reservoir to 73.3 million cubic meters and
reducing the average annual release of about
13 million cubic meters will increase the
potential for drought management and
water supply for future use. If the operation
of the reservoir in scenarios S2 to S4 is
assumed to be the same as conditions S1, the
gross income of the region will also increase
by 13 to 46.7%. This shows that under the
current performance of the reservoir, only
by increasing the irrigation efficiency by
2.4%, it can increase the gross income of the
region by 13%, which is not far to reach.
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