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Figure 1. Schematic of the three-reservoir system under study
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Figure 2. Comparison of runoff (a) of the Seymareh River in the baseline period with 2040-2069; and (b) Karkheh
River in the baseline period with 2040-2069 under the RCP8.5 scenario.
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Table 2. Values of the objective function (dimensionless) and run-time (in seconds) obtained from SMOA for the
Akley math test function

Specifications of runs Value Time
First run 0.000008 12.7
Second run 0.000006 12.8
Third run 0.00007 13.3
best run 0.000006
worst run 0.00007
Average run 0.00002
Standard deviation of runs 0.00002
Coefficient of variation 1
Best run-time 12.7
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Figure 3. Convergence diagram of Akley's mathematical test function based on SMOA

Table 3. Objective function values (dimensionless) and run-time (in seconds) resulting from SMOA in the baseline
period and the future period under RCP 8.5 climate change scenario

Specifications of runs Baseline - Future -
Value Time Value Time
First run 1 402.2 0.04 407.9
Second run 1 403.6 0.01 406.1
Third run 1 404.9 0.001 402.9
best run 1 0.001
worst run 1 0.01
Average run 1 0.017
Standard deviation of runs 0 0.02
Coefficient of variation 0 120
Best run-time 402.2 402.9
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Figure 4. Convergence diagram of the average of three runs of SMOA in (a) baseline period and (b) 2040-2069,
under RCP8.5 scenario
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Figure 5. Comparison of the long-term energy production of the baseline period based on SMOA with 2040-2069
under the RCP8.5 scenario
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Table 4. Minimum, average and maximum volume of reservoir storage and release (in million cubic meters) in the baseline
and future periods under the RCP 8.5 climate change scenario for the three-reservoir operation mode based on SMOA

1976-2005 2040-2069

Characteristic

Minimum Average Maximum Minimum Average Maximum
Storage volume 107 130 131 99 129 131
Release 65 151 228 60 149 239
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Table 5. Values of objective function (dimensionless) and run-time (in seconds) resulting from GA in the baseline
period and the future period under RCP 8.5 climate change scenario

Specificati f Baseline Future

pecitications of runs Value Time Value Time
First run 20.4 647.6 9.2 64704
Second run 175 647.9 10.8 655.4
Third run 26.7 644.2 9.1 651.6
best run 175 9.1
worst run 26.7 10.8
Average run 215 9.7
Standard deviation of runs 4.7 0.9
Coefficient of variation 20 9
Best run-time 644.2 647.4
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Figure 6. Convergence diagram of the average of three runs of GA in (a) baseline period and (b) 2040-2069, under
RCP8.5 scenario
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Figure 7. Comparison of the long-term energy production of the baseline period based on GA with 2040-2069 under
the RCP8.5 scenario
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Table 6. Minimum, average and maximum volume of reservoir storage and release (in million cubic meters) in the baseline
and future periods under the RCP 8.5 climate change scenario for the three-reservoir operation mode based on GA

Characteristic — 1976-2005 - — 2040-2069 .
Minimum Average Maximum Minimum Average Maximum
Storage volume 92 127 131 925 128 131
Release 100 127 260 92 128 200
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1. Slime Mould Optimization Algorithm
2. Genetic Algorithm

3. Akley
4. Particle Swarm Optimization
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5. Imperialist Competitive Algorithm

6. Cuckoo Optimization Algorithm

7. Non-Linear Programming

8. Firefly Algorithm

9. Proportional Coefficient

10. Average Annual Inflow Volume

11. Multi-Hydropower-Reservoir

12. Machine Learning

13. Developed Wildebeest Herd Optimization
14. Crow Search Algorithm

15. Exploration

16. Exploitation

17. Vein

18. Fifth Assessment Report of the s Intergovernmental Panel on Climate Change
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