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Indeed, there are many hydrology variables influence on the operating of dam and reservoir
system. Thus, modelling of dam operation is a complicated issue due to the nonlinearity of such
hydrological parameters. Hence, the identification of a modern model with a high capacity to
cope with the operation of the dam is extremely important. The current research introduced
good an optimization algorithm, namely Genetic Algorithm (GA) to find best operation rules. The
main aim of the suggested algorithm is to minimize the difference between irrigation demand
and water release value. The developed algorithm was applied to find operation rules for Timah
Tasoh Dam, Malaysia. This research used significant evaluation indexes to examine the
algorithms' performance. The results indicated that the GA method achieved low Vulnerability,
high Resilience and Reliability. It has been demonstrated that the GA method will be a promising
tool in dealing with the problem of dam operation.
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1. Introduction

Determining best operating policies for dam and
reservoir system is critical to managing water
resources. An optimal operation for dams achieves
the correct utilize of stored water to meet various
water requirements. Constraints on the amount of
water, whether in excess or deficient, are fueling
interest in developing several robust methods to deal
these constraints [1–5]. The reservoir operating
system is, in fact, a complicated, non-linear, multiconstraint, multi-purpose system [6]. In order to
provide the best answer to the reservoir operation
problem, mathematical programming approaches,
including optimization algorithms, have been widely
applied. These algorithms serve as the operating
principles for determining how much water should
be discharged from the reservoir at different times
[7].
In recent years, the popular method called
Stochastic Dynamic Programming (SDP) was utilized
in solving the operating problem by [8,9].
*

The developed optimization method was
applied with consideration ensemble reservoir
inflow forecasting. The SSDP method was also
used by [8] to present successful reservoir
operation policies. The authors combined the
proposed method with predicting group flow. Th
research work has shown that the prediction
accuracy can lead to a significant impact in
improving the operation of the dam reservoir
[5,8].
Another optimization algorithm is Particle
Swarm Optimization (PSO) where it has been
explored to deal with the reservoir operation
problem [10–12]. The genetic algorithm is a
common technique in implementing optimal
policies for a reservoir system. Indeed, several
previous studies used the GA method to search
for the optimal amount of water release from the
dam reservoir like [13–16].
In 2016, [17] combined model for optimal
scheduling of the multi crop irrigation demand.
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They have improved the artificial bee colony
algorithm by combining differential evolution
method with Practical Swarm Optimization (PSO)
method to find the best solution to the optimum dam
operation problem. On the other hand, Honey Mating
Optimization Algorithm (HMOA) has been employed
to find operation rules for the single reservoir to
attain a minimum deficit between water release and
demand [1]. Comparison has been done between the
performance of the suggested method with the
genetic algorithm. The present research found that
the proposed method achieved good results in
dealing with the operation of the reservoir with high
efficiency [1].
Recently, evolutionary computing techniques
have become popular in optimizing reservoir
operation and managing water resources [18–21].

2. Case Study

It is vital to investigate the optimization
strategies' ability to handle complex situations. The
inflow's significant unpredictability and nonlinearity make optimal reservoir operation even
more difficult. The present research considers the
Timah Tasoh Dam (TTD) as a case study for the
application of the suggested algorithms. The case
study is located in Malaysia, tropical environmental
region [22].
Construction of TTD began in 1992 and the dam
reservoir began operating in 1995. Timah Tasoh Dam
was built to meet multiple purposes such as demand
for irrigation water, industrial and domestic uses for
Perlis district, Malaysia [23]. Moreover, the dam
protects the region against flooding by collecting and
holding waters when they reach to certain level. The
dam reservoir has a maximum capacity of around 40
million cubic meters (MCM) and a reservoir area of
roughly 191 square kilometers (km2). The water
pouring into the reservoir is supplied by two major
rivers, the Tasoh and Perlarit rivers.
Monthly flow records for period between 1996 to
2011 have been adopted as input data for developing
the proposed methodology [24]. The irrigation water
demand and flow values for 12 years are showed in
Figure (1). United State Geological (USGS) proposes
classifying flows into three categories which are high,
medium and low upon on the percentage distribution
of the flows.
The percentage greater than 75% is considered a
high flow category, whereas the percentage flow
distribution between 25% to 75% is a medium class.
The low inflow category is the percentage data that is
less than 25%. Table 1 presents these flow classes
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and evaporation losses from the dam reservoir.
The evaporation losses are calculated using
equation (1 and 2).
𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
∗ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎

(1)

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 = 0.002𝑆 2 + 0.3446𝑆
+ 2.6553

(2)

Table 1. Categories of the reservoir flow and the evaporation
values for Timah Tasoh case study[25].
Months

High
(MCM)

Medium
(MCM)

Low
(MCM)

Evaporation
(m)

September

15

6

3

0.09

October

29

15

6

0.08

November

41

19

7

0.08

December

27

13

4

0.08

January

10

4

2

0.115

February

4

2

1

0.13

March

7

4

2

0.14

April

10

4

2

0.12

May

9

3

2

0.1

June

8

3

2

0.09

July

12

6

1

0.09

August

15

7

3

0.09

In fact, the demand for irrigation water in the
Perlis district represents more than 70% of the
total demand. Figure (1b) illustrates the amount
of irrigation water demand. It could be noticeable
that the surrounding area needs high irrigation
water during the months of September, October
and November as compared to other months due
to the planting season. During the months of
January and February, there is no water demand
because there are no planting operations. In
current research, a reservoir is divided to 10
stages depending on the maximum value (40
MCM) and minimum storge value (27.84 MCM).
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resources systems, according to the capabilities of
the GA approach (e.g. [29–32]).

3.2. Performance Indicators
After receiving a model's outcome, the
suggested model's success is assessed using a
variety of metrics. For checking the accuracy level
of the introduced approaches, four performance
indicators are used. Short index, reliability,
resilience, and vulnerability are these indices
[34]. The most important indicator in
determining the model's efficiency in terms of
attaining the system's objective function is its
reliability.

4. Results and Discussion
Figure 1. (a) Irrigation water demand volume for each month,
(b) Reservoir inflow data for the period between 1996 to
2011.

3. Methodology
3.1. Genetic Algorithm (GA)
The chromosome sequence in the Genetic
Algorithm (GA) should be used to encode the
problem parameters. Possible solutions to the
optimization problem are represented by such
chromosomes. In the first stage of the often-random
search process, the chromosome's initial populations
are created. The population varies depending on the
situation, but it frequently encompasses hundreds or
thousands of potential solutions [26–28]. The search
space should be covered by all possible solutions.
The offspring's parents are represented by the
populations, which are generated through three
stages: selection, crossover, and mutation. The
offspring becomes the following generation's parent,
and the process repeats itself in the search space
until the problem is solved optimally.

Genetic Algorithm was used to find the best
operational rules. Such algorithm tries to close
the volume gap between irrigation water release
and demand as much as feasible. Five input
classifications, High inflow, Medium inflow and
Low inflow, are used to determine the best rules
for operating the reservoir system. Figure 2
depicts the best water release graphs for high
flow category with a variety of initial reservoir
storages. The research took each month's
irrigation water demand into account, except in
January and February where the irrigation water
demand is zero in these months. However, Figure
2 present only the critical months (i.e.,
September, October, November and April) in
which water demand is high to show the
performance of the proposed algorithm with
critical situations. When comparing the
performance of the offered model during these
months, it was discovered that the GA technique
matches irrigation water demand in all months
with high accuracy.

The suggested algorithm simulates the principles
of natural selection. Based on these principles, the
best solutions can be selected, and their superior
features passed on to their offspring. The next
generation's progeny is predicted to outperform
their parents. Many future generations will be able to
produce adequate answers, and the best option will
be picked as the optimal policy for the reservoir
operation problem. Many previous studies have used
the capacity of the Genetic Algorithm to address the
optimization problem for the operation of water
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water demand while lower initial storage is
limited. In fact, September is the month with the
highest water demand. As a result, determining
reservoir policies capable of meeting water
demand during this month with minimal initial
storage is critical. The GA approach was able to
discover the best solution to satisfy the water
demand in September with reduced reservoir
storage.

Figure 2. The best operation rules for reservoir system within
September, October, November and April with high inflow class

Figure 3 shows the best policies for operating the
reservoir system in the event of a medium inflow
type. It could be shown that the efficiency of
the available strategies in meeting water demand
fluctuates substantially from month to month. Figure
1a shows that the maximum irrigation water
requirement was in September (8 MCM). As a result,
after the fourth step of reservoir storage, the water
release obtained utilizing GA techniques clearly
meets the water demand. Another notable feature is
that the GA policies in October meet the irrigation
water demand early with minimal reservoir reserve.
The accuracy of GA in establishing optimal reservoir
policies is very well, as shown in Figure 3.

Figure 4. The best operation rules for reservoir system
within September, October, November and April with low
inflow class.

Figure 5 shows the six-year simulation results
using the optimization strategies' release curves
obtained by GA method. It should be mentioned
that the proposed algorithm (GA) provided
acceptable performance in meeting the water
demand for the majority of the months. Clearly,
the GA algorithm is capable of satisfying medium
and low water demands, but its ability to handle
high-water demands is limited in some times.
With other months, the GA approach has a high
level of accuracy in detecting the water demand.
The algorithm's capacity to determine the best
answer through a search process is demonstrated
by GA's precise performance in satisfying
demand. This is because the GA approach was
successful in locating the global optima within the
search space.

Figure 3. The best operation rules for reservoir system within
September, October, November and April with medium inflow
class.

The performance of the suggested approach for
operating the reservoir system under low inflow
conditions is shown in Figure 4. The findings
revealed that the Genetic Algorithm ability to supply
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Figure 5. Operation of the reservoir during 6 years utilizing
the operational rules obtained by GA algorithm.

( Mohammed Lateef Ahmed)

Mohammed Lateef Ahmed / Anbar Journal of Engineering Science, 13,1, (2022) 46 ~ 52

Four performance criteria were computed based
on the operation period for each approach to analyze
the performance of the suggested model, as shown in
Table 2. The policy derived from the GA model for
operating the reservoir system proved to be more
reliable and resilient. Meanwhile, the optimization
model must be examined in terms of the failure
volume in reaching the aim using the vulnerability
index. The results show that the GA technique has
less vulnerability than other approaches.
Table 2. Performance criteria magnitude for evaluating the
capacity of the suggested algorithm whiling operating period.

Algorithm

Reliability

Resilience

Vulnerability

Deficit

GA

0.87%

36%

33% of water
demand

0.28
MCM

The average deficit volume over ten years is the
fourth performance indicator in Table 2. It has been
noticed that the average deficit volume calculated
using GA operational guidelines is acceptable
volume. In fact, using the GA model reduces the risks
connected with the release choice, hence avoiding
the anticipated operation risks associated with
reservoir collapse.

5. Conclusion

To determine the best approach for managing the
reservoir system, the optimization algorithm was
developed: Genetic Algorithm (GA). The goal of the
proposed algorithm is to achieve the smallest water
deficit volume between irrigation demand and water
discharge. The performance of the proposed model
was assessed using a variety of statistical measures.
The statistical indicator values were calculated for a
6-year period while the reservoir system was
operational. It was shown that the Genetic Algorithm
(GA) was successful in satisfying water demand
during wet and dry seasons.
The results, on the other hand, imply that the GA
optimization approach is willing to sacrifice water
volume to meet demand during distinct seasons in
order to avoid a large water deficit during reservoir
operation. Meanwhile, the suggested model GA
includes strategies for creating balancing cases in
response to various water demand scenarios. In
reality, the GA model simulates all of the risks
connected with the release decision, with a focus on
minimizing the gap between supply and demand. The
GA strategy takes into account predicted operational

AJES P-ISSN: 1997-9428 ; E-ISSN: 2705-7440

50

risks, which helps to alleviate concerns about
reservoir collapse.

References
[1] Haddad, O. B.; Afshar, A.; Mariño, M. A.
Honey-Bees Mating Optimization (HBMO)
Algorithm: A New Heuristic Approach for
Water Resources Optimization. Water
Resour. Manag. 2006, 20, 661–680,
doi:10.1007/s11269-005-9001-3.
[2] Qi, Y.; Bao, L.; Sun, Y.; Luo, J.; Miao, Q. A
Memetic Multi-objective Immune Algorithm
for Reservoir Flood Control Operation.
Water Resour. Manag. 2016, 30, 2957–2977,
doi:10.1007/s11269-016-1317-7.
[3] Haddad, O.; Afshar, A.; Mariño, M.
Multireservoir optimisation in discrete and
continuous domains. Proc. 2011.
[4] Elzwayie, A.; Afan, H. A.; Allawi, M. F.; ElShafie, A. Heavy metal monitoring, analysis
and prediction in lakes and rivers: state of
the art. Environ. Sci. Pollut. Res. 2017, 24,
12104–12117, doi:10.1007/s11356-0178715-0.
[5] Allawi, M. F.; Othman, F. B.; Afan, H. A.;
Ahmed, A. N.; Hossain, M. S.; Fai, C. M.; ElShafie, A. Reservoir evaporation prediction
modeling based on artificial intelligence
methods. Water (Switzerland) 2019,
doi:10.3390/w11061226.
[6] Chen, L.; McPhee, J.; Yeh, W. W.-G. A
diversified multiobjective GA for optimizing
reservoir rule curves. Adv. Water Resour.
2007,
30,
1082–1093,
doi:10.1016/j.advwatres.2006.10.001.
[7] Osman, A.; Afan, H. A.; Allawi, M. F.; Jaafar, O.;
Noureldin, A.; Hamzah, F. M.; Ahmed, A. N.;
El-shafie, A. Adaptive Fast Orthogonal
Search (FOS) algorithm for forecasting
streamflow. J. Hydrol. 2020, 586, 124896,
doi:10.1016/j.jhydrol.2020.124896.
[8] Kim, Y.-O.; Eum, H.-I.; Lee, E.-G.; Ko, I. H.
Optimizing Operational Policies of a Korean
Multireservoir System Using Sampling
Stochastic Dynamic Programming with
Ensemble Streamflow Prediction. J. Water
Resour. Plan. Manag. 2007, 133, 4–14,
doi:10.1061/(ASCE)07339496(2007)133:1(4).
[9] Archibald, T. W.; McKinnon, K. I. M.; Thomas,
L. C. Modeling the operation of
multireservoir systems using decomposition
and stochastic dynamic programming. Nav.
Res.
Logist.
2006,
53,
217–225,
doi:10.1002/nav.20134.

https://ajes.uoanbar.edu.iq/

51

Mohammed Lateef Ahmed / Anbar Journal of Engineering Science, 13,1, (2022) 46 ~ 52

[10] Sedki, A.; Ouazar, D. Hybrid particle swarm
optimization and differential evolution for
optimal design of water distribution systems.
Adv. Eng. Informatics 2012, 26, 582–591,
doi:10.1016/j.aei.2012.03.007.
[11] Clarke, J.; McLay, L.; McLeskey, J. T. Comparison
of genetic algorithm to particle swarm for
constrained simulation-based optimization of a
geothermal power plant. Adv. Eng. Informatics
2014,
28,
81–90,
doi:10.1016/j.aei.2013.12.003.
[12] Nagesh Kumar, D.; Janga Reddy, M.
Multipurpose Reservoir Operation Using
Particle Swarm Optimization. J. Water Resour.
Plan.
Manag.
2007,
133,
192–201,
doi:10.1061/(ASCE)07339496(2007)133:3(192).
[13] Ashofteh, P.-S.; Haddad, O. B.; Loáiciga, H. A.
Evaluation of Climatic-Change Impacts on
Multiobjective Reservoir Operation with
Multiobjective Genetic Programming. J. Water
Resour. Plan. Manag. 2015, 141, 4015030,
doi:10.1061/(ASCE)WR.1943-5452.0000540.
[14] Chiu, Y.-C.; Chang, L.-C.; Chang, F.-J. Using a
hybrid genetic algorithm–simulated annealing
algorithm for fuzzy programming of reservoir
operation. Hydrol. Process. 2007, 21, 3162–
3172, doi:10.1002/hyp.6539.
[15] Momtahen, S.; Dariane, A. B. Direct Search
Approaches Using Genetic Algorithms for
Optimization of Water Reservoir Operating
Policies. J. Water Resour. Plan. Manag. 2007,
133,
202–209,
doi:10.1061/(ASCE)07339496(2007)133:3(202).
[16] Ashofteh, P.; Haddad, O. Evaluation of climaticchange impacts on multiobjective reservoir
operation
with
multiobjective
genetic
programming. J. Water 2015.
[17] Chen, S.; Shao, D.; Li, X.; Lei, C. SimulationOptimization
Modeling
of
Conjunctive
Operation of Reservoirs and Ponds for
Irrigation of Multiple Crops Using an Improved
Artificial Bee Colony Algorithm. Water Resour.
Manag.
2016,
30,
2887–2905,
doi:10.1007/s11269-016-1277-y.
[18] Ghimire, S.; Deo, R. C.; Downs, N. J.; Raj, N. Selfadaptive differential evolutionary extreme
learning machines for long-term solar radiation
prediction with remotely-sensed MODIS
satellite and Reanalysis atmospheric products
in solar-rich cities. Remote Sens. Environ. 2018,
212, 176–198, doi:10.1016/j.rse.2018.05.003.
[19] Hosseini-Moghari, S.; Morovati, R.; Moghadas,
M. Optimum operation of reservoir using two

Dam and Reservoir System Management based on Genetic Algorithms

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

evolutionary
algorithms:
imperialist
competitive algorithm (ICA) and cuckoo
optimization algorithm (COA). Water
Resour. 2015.
Hofmeyer, H.; Davila Delgado, J. M.
Automated design studies: Topology versus
One-Step
Evolutionary
Structural
Optimisation. Adv. Eng. Informatics 2013,
27,
427–443,
doi:10.1016/j.aei.2013.03.003.
Chen, C.-H.; Yao, T.-K.; Kuo, C.-M.; Chen, C.-Y.
RETRACTED: Evolutionary design of
constructive multilayer feedforward neural
network. J. Vib. Control 2013, 19, 2413–
2420, doi:10.1177/1077546312456726.
Allawi, M. F.; Jaafar, O.; Mohamad Hamzah,
F.; Koting, S. B.; Mohd, N. S. B.; El-Shafie, A.
Forecasting hydrological parameters for
reservoir
system
utilizing
artificial
intelligent models and exploring their
influence on operation performance.
Knowledge-Based Syst. 2019, 163, 907–926,
doi:10.1016/J.KNOSYS.2018.10.013.
Allawi, M. F.; Jaafar, O.; Mohamad Hamzah,
F.; Ehteram, M.; Hossain, M. S.; El-Shafie, A.
Operating a reservoir system based on the
shark machine learning algorithm. Environ.
Earth
Sci.
2018,
77,
366,
doi:10.1007/s12665-018-7546-8.
Allawi, M. F.; Hussain, I. R.; Salman, M. I.; ElShafie, A. Monthly inflow forecasting
utilizing advanced artificial intelligence
methods: a case study of Haditha Dam in
Iraq. Stoch. Environ. Res. Risk Assess. 2021
2021, 1–20, doi:10.1007/S00477-02102052-7.
Allawi, M. F.; Jaafar, O.; Ehteram, M.;
Mohamad Hamzah, F.; El-Shafie, A.
Synchronizing Artificial Intelligence Models
for Operating the Dam and Reservoir
System. Water Resour. Manag. 2018, 1–17,
doi:10.1007/s11269-018-1996-3.
Muttil, N.; Chau, K. W. Neural network and
genetic programming for modelling coastal
algal blooms. Int. J. Environ. Pollut. 2006, 28,
doi:10.1504/IJEP.2006.011208.
Allawi, M. F.; Jaafar, O.; Mohamad Hamzah,
F.; Mohd, N. S.; Deo, R. C.; El-Shafie, A.
Reservoir inflow forecasting with a modified
coactive neuro-fuzzy inference system: a
case study for a semi-arid region. Theor.
Appl. Climatol. 2017, doi:10.1007/s00704017-2292-5.

( Mohammed Lateef Ahmed)

Mohammed Lateef Ahmed / Anbar Journal of Engineering Science, 13,1, (2022) 46 ~ 52

[28] Allawi, M. F.; Othman, F. B.; Afan, H. A.; Ahmed,
A. N.; Hossain, M. S.; Fai, C. M.; El-Shafie, A.;
Allawi, M. F.; Binti Othman, F.; Afan, H. A.;
Ahmed, A. N.; Hossain, M. S.; Fai, C. M.; El-Shafie,
A. Reservoir Evaporation Prediction Modeling
Based on Artificial Intelligence Methods. Water
2019, Vol. 11, Page 1226 2019, 11, 1226,
doi:10.3390/W11061226.
[29] Lee, Y.-S.; Tong, L.-I. Forecasting time series
using a methodology based on autoregressive
integrated moving average and genetic
programming. Knowledge-Based Syst. 2011, 24,
66–72, doi:10.1016/J.KNOSYS.2010.07.006.
[30] Wang, W.; Rivard, H.; Zmeureanu, R. An objectoriented framework for simulation-based green
building design optimization with genetic
algorithms. Adv. Eng. Informatics 2005, 19, 5–
23, doi:10.1016/j.aei.2005.03.002.
[31] Eray, O.; Mert, C.; Kisi, O. Comparison of multigene genetic programming and dynamic
evolving neural-fuzzy inference system in
modeling pan evaporation. Hydrol. Res. 2017,
nh2017076, doi:10.2166/nh.2017.076.

AJES P-ISSN: 1997-9428 ; E-ISSN: 2705-7440

52

[32] Wafae, E. H.; Driss, O.; Bouziane, A.;
Hasnaoui, M. D. Genetic Algorithm applied to
reservoir operation optimization with
emphasis on the Moroccan context. In 2016
3rd International Conference on Logistics
Operations Management (GOL); IEEE, 2016;
pp. 1–4.
[33] El-Shafie, A. H.; El-Manadely, M. S. An
integrated neural network stochastic
dynamic programming model for optimizing
the operation policy of Aswan High Dam.
Hydrol.
Res.
2010,
42,
50,
doi:10.2166/nh.2010.043.
[34] Hashimoto, T.; Stedinger, J. R.; Loucks, D. P.
Reliability, resiliency, and vulnerability
criteria for water resource system
performance evaluation. Water Resour. Res.
1982,
18,
14–20,
doi:10.1029/WR018i001p00014.

https://ajes.uoanbar.edu.iq/

