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1- sperm web
2- egg sac
3- sibling cannibalism
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Input: Maximum number of iteration, Rate of procreating, rate of cannibalism, rate of mutation
Output: near-optimal solution for the objective function

/linitialization

1 The initial population of black widow spiders
Each pop is a D-dimensional array of chromosomes for a D-dimensional problem

//Loop until the terminal condition

1 .Based on procreating rate, calculation the number of reproduction "nr";

2. Select the best nr solutions in pop and save them in pop I; // Procreating and cannibalism
3. Fori=1tonrdo

4. Randomly select two solutions as parents from pop |;

5. Generate D children using equation I;

6. Destroy father;

7. Based on the cannibalism rate, destroy some of the children (new achieved solutions);
8 .Save the remain solutions into pop2;
9. End for // Mutation

10. Based on the mutation rate, calculate the number of mutation children “nm";
11. For i=1 to nm do

12 Select a solution from pop I;

13. Mutate randomly one chromosome of the solution and generate a new solution;
14 .Save the new one into pop3;

15. End for // Updating

16. Update pop = pop2+pop3;

17. Returning the best solution;

18. Return the best solution from pop;

(Hayyolalamand Pourhaji Kazem, 2020) sl 0gm C1g50s (6 5lwdiutet pi 59591 85 dns =Y IS0
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Abstract

Conceptual rainfall-runoff (RR) models are one of the simple and efficient tools in hydrological modeling.
These models simulate the flow regime using mathematical equations using input data such as precipitation,
evapotranspiration and measured temperature, and basin topographic information. Calibration of RR models, e.g.
WetSpa which has been developed in Belgium, is a process in which parameter adjustment are made so as to
match the dynamic behavior of the RR model to the observed behavior of the catchment. This research presents
an application of the Non-dominated Sorting Genetic Algorithm Il (NSGA-II) and Black Widow Optimization
(BWO) for multi-objective calibration of WetSpa in Gorganroud river basin, Iran to optimize 11 global
parameters of the WetSpa model. The objective functions are Nash-Sutcliffe and logarithmic Nash—Sutcliffe
efficiencies in order to improve the model's performance. The WetSpa model then was applied for a period of 1-
year flood simulation in the basin and the results were analyzed. Results showed that the evolutionary NSGA-II
and BWO algorithms are capable of locating optimal parameter sets in the search space. The measured
correlation coefficient in the calibration process was 0.69 and 0.81 for the NSGA-II and BWO algorithms,
respectively. Moreover, a sensitivity analysis was conducted on the global parameters in which the surface
runoff coefficient was the most sensitive parameter of the model.

Keywords: Black Widow Optimization Algorithm, NSGA-II Optimization Algorithm, Rainfall-runoff
model, Calibration, WetSpa Hydrological Model
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