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Abstract

Optimal use of dam’s water resources is a serious challenge in water resources
management and engineering, due to continuous droughts and water shortages.
Therefore, in order to comprehensively management in the used amount of dams
water resources, it is essential to establish a control mechanism in the release of
water resources. In this study, an improved evolutionary algorithm entitled
"Adaptive Differential Evolution by Choosing of Dynamic incremental intervals
(ADECDII)" was proposed to optimize the single-reservoir water system.
Efficiency of the ADECDII approach was to use the dynamic incremental interval
selection scheme for parameters adjustment of the standard differential evolution
(DE). Problem modeling was defined as a problem of minimization with the
objective function of error values between real demand and released water, with
one-month time periods between 2008-2018 years, on Baft Dam in Kerman
province. ADECDII performance evaluation was compared with six advanced
algorithms. Based on the statistical results, lowest average of the dam water
shortages with mean error of zero (< 10731) MCM (Million Cubic Meters) was
recorded for ADECDII, which proved the efficiency of the proposed approach in
the optimal allocation of released water values. This is while, other comparable
algorithms could not report a real shortage of less than 0.37 MCM. The average
of runtime for ADECDII was 7.15 sec, which was three seconds longer than DE
runtime. Also, ADECDII in the tests of reliability index, vulnerability index,
resilience index, sustainability index, difference absolute error values between
released water values and total demand in an annual average, and convergence
rate clearly showed a higher performance in compared to other comparable
algorithms.

1. Introduction

Drought crisis and Lack of water resources have forced people to plan for water resources management.
Water resources management is the economic use of water resources that leads to optimal and
sustainable water allocation. Storing of water resources in behind of dams is an important approach to
downstream needs supplement. Therefore, the introduction of efficient methods in the optimal using of
water resources is very important. These methods should be powerful tools in optimization to control
downstream water needs supplement. Today, the operation of dam reservoirs has been considered as an
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optimization problem and mathematical models and evolutionary algorithms have been used to solve
them. In general, classical algorithms are not able to optimize the water engineering problem efficiently
due to the complex nature of water problems. Therefore, designing improved versions and introducing
new evolutionary algorithms is needed to optimization approach be able to provide a high-quality
solution. In this study, a new improved algorithm for the optimal efficiency of the Baft Dam in state of
single-reservoir system is define and is suggested a new strategy for water resources management.

2. Materials and Methods

The proposed algorithm to increase the performance of DE in solving problem and in order to increasing
trade of between exploration and exploitation uses a technique of dynamic incremental intervals
selection in during of evolution process to adjust the number of parameters. The proposed approach is
called "Adaptive Differential Evolution by Choosing of Dynamic incremental intervals (ADECDII)".
The Dynamic incremental intervals technique control the behaviour of algorithm and eliminates the
user role from the parameters adjustment. The purpose of this study is the optimal efficiency of water
resources on the Baft Dam in Kerman province for use in different sectors of drinking, agriculture,
industry, aquaculture and environment

3. Results

This study is presented in other to minimizing irrigation shortages by focusing on the optimal allocation
of water resources. A case study on Kerman Baft Dam is modeled in the form of single-reservoir system
and is used from an improved differential evolution algorithm based on the selection of dynamic
incremental intervals. Optimal efficiency in allocating water resources of Baft Reservoir Dam with a
ten-year time horizon between 2008-2018 years is considered that is separated into monthly time
periods. ADECDII is compared with six state-of-the-art algorithms including ICA, GA, DE, BBO, ABC
and IWO, and each algorithm presented 30 different runs. From the evaluation of Statistical results in
five status, best, mean, median, standard deviation (STD) and worst error values (from the comparison
of values between real demand and released irrigation water), ADECDII, with an mean error of zero
MCM is the best algorithm. This is while, DE, BBO, ICA, IWO, GA, ABC, with mean errors of 0.37,
0.37, 0.39, 0.49, 0.59 and 1.6 MCM, respectively, are report more real deficiencies. The highest
reliability index with an average confidence of 100% and the lowest vulnerability index with an average
failure of 0% are assigned to ADECDI|I. Also, based on the resilience index, the best algorithm with an
average resilience of 100% is ADECDII. In this tests, ICA and IWO are the second-best algorithms; so
that, so that, ICA gains an average failure of 4.47%; Also, IWO acquires an average confidence of
87.5% and an average resilience of 61.1%, respectively.

4.  Discussion and Conclusion

ADECDII based on the dynamic adaptive technique for parameters adjustment is very successful in
controlling convergence and better exploring the problem search space. In future research, ADECDII
is successfully used to solve multi-objective problems in water resources management and other real-
world problems.
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Application of Adaptive Dynamic Differential Evolution Algorithm in
Optimal Allocation of Water Resources (Case Study: Kerman Baft Dam)

Hossein Mohammadi', Zahra Ghaffari Moghadam?
Abstract

Optimal use of dam’s water resources is a serious challenge in water resources management and
engineering, due to continuous droughts and water shortages. Therefore, in order to comprehensively
management in the used amount of dam’s water resources, it is essential to establish a control
mechanism in the release of water resources. In this study, an improved evolutionary algorithm entitled
"Adaptive Differential Evolution by Choosing of Dynamic incremental intervals (ADECDII)" was
proposed to optimize the single-reservoir water system. Efficiency of the ADECDII approach was to
use the dynamic incremental interval selection scheme for parameters adjustment of the classical
differential evolution (DE). Problem modeling was defined as a problem of minimization with the
objective function of error values between real demand and released water, with one-month time periods
between 2008-2018 years, on Baft Dam in Kerman province. ADECDII performance evaluation was
compared with six advanced algorithms. Based on the statistical results, lowest average of the dam
water shortages with mean error of zero (< 1073%) MCM (Million Cubic Meters) was recorded for
ADECDII, which proved the efficiency of the proposed approach in the optimal allocation of released
water values. This is while, other comparable algorithms could not report a real shortage of less than
0.37 MCM. The average of runtime for ADECDII was 7.15 sec, which was three seconds longer than
DE runtime. Also, ADECDII in the tests of reliability index, vulnerability index, resilience index,
sustainability index, difference absolute error values between released water values and total demand
in an annual average, and convergence rate clearly showed a higher performance in compared to other
comparable algorithms.

Keywords:Optimal efficiency of water resources, Single-reservoir system, Differential Evolution,
Dynamic adaptive scheme of parameters, Water management
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