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Extended abstract

Introduction

SWAT model is a suitable tool for simulating hydrological processes. This model requires many inputs that
often cannot be measured directly and is considered one of the main sources of uncertainty in these models.
The recalibration process can reduce the uncertainty in the model results by adjusting and adapting these
inputs. The researches showed that calibrating a hydrological model by using the common automatic CV
calibrating algorithms will not provide proper accuracy in the prediction of hydrological variables during
the validation period, so PSO algorithm was used to calibrate the SWAT model. Since there is no
mathematical and logical rule to determine the best combination of PSO algorithm parameters and these
combinations are selected based on trial and error and among many different combinations, therefore trial
and error based methods are very time-consuming and sometimes impossible. In this research, Taguchi
method was used to determine the best combination of PSO algorithm parameters.

Materials and methods

In this research, the ability to use the SWAT model to simulate monthly runoff in the Javanmardi
Watershed, one of the main sub-basins of the Lordegan Watershed with an area of 380 square kilometers,
was investigated. In this study, the PSO algorithm parameters, including the number of simulations (A), the
number of repetitions (B), the speed calculation weight (C) and the movement parameter (D), were defined
in four levels. Then, these parameters were designed and implemented according to the experiments in the
L16 orthogonal array (using the Taguchi experiments design method). The performance scale used to
evaluate the algorithms was RPD (Relative Percentage Deviation). Considering the variable nature of the
response in this study, the S/N index "the lower the better" was used to analyze the Taguchi test results.
The selection of arrays and calculations were done in Minitab 16 software.

Results and discussion

In the sensitivity analysis stage, which was performed before the model recalibration, among the 28
parameters studied in this research, the model showed sensitivity to the changes of 22 parameters, and they
were identified as variables influencing the simulation of runoff in Javanmardi Watershed. The results
showed that the parameter of the runoff curve number (CN) is the most important factor and the parameters
of soil apparent density in the wet state (SOL_BD) and average water usable by the plant (SOL_AWC) are
among the most important factors controlling the flow rate in the study basin, respectively. Based on the
results simulated by the PSO algorithm, it was found that the SWAT model has an acceptable accuracy for
estimating the monthly runoff in the study area. So, in the recalibration phase, the r-factor and p-factor
indices were 1.23 and 0.88, respectively, and the explanatory and Nash-Sutcliffe coefficients were 0.77 and
0.75, respectively. In the validation stage, the r-factor and p-factor indexes were 1.31 and 0.84, respectively
and the explanatory and Nash-Sutcliffe coefficients were 0.72 and 0.73, respectively. In this study, the best
combination resulting from the application of Taguchi method for the parameters of the number of
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simulations, the number of repetitions, the speed calculation weight and the appropriate parameters in the
PSO algorithm were determined as 40, 100, 0.2 and 0.15 respectively (A4B4C4D3).

Conclusion

The results show that the SWAT model has an acceptable accuracy for estimating the monthly runoff in the
Jawanmardi Watershed, and the PSO method is an effective algorithm in calibrating and determining the
uncertainty of the model in this basin, and the use of the Taguchi test design method is a suitable way to
determine the best combination of PSO algorithm parameters is for researchers who use this method to
optimize the SWAT model.
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Table 1. Characteristics of weather stations in Lordegan Watershed

Geographical attributes

Station Type Station type The length minute-degree ~ The width minute-degree ~ Height above sea level (meters)
Synoptic Synoptic 49-50 30-31 1116

Climatology Climatology 15-51 17-31 1762

Rain gauge Rain gauge 03-51 31-23 2034

Rain gauge Rain gauge 50-59 30-31 1877

Rain gauge Rain gauge 03-51 31-33 1867

Rain gauge Rain gauge 50-50 22-31 2057

Rain gauge Rain gauge 11-51 31-37 2030
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Table 2. Characteristics of Zarindarkht hydrometric station

Number of statistical

Height above sea

Width Length

i i level
Station name Station type years (meters) minute-degre minute-degre
Zarinderakht Hydrometry 19 1794 30-31 50-57
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Fig. 2. A: The network of waterways and watershed based on the threshold of 450 hectares, B: Land use map and C: Soil map of the
studied area, used to build the SWAT model
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Table 3. Parameters of PSO in 4 levels

Process parameters Sign Level 1 Level 2 Level 3 Level 4
Number of simulations A 10 20 30 40
The number of repetitions B 10 40 70 100
Speed calculation weight C 0.05 0.1 0.15 0.2
Appropriate parameters D 0.05 0.1 0.15 0.2
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Table 4. Display of orthogonal array L16 according to the present research

Number test A B C D Number test A B C D
1 1 1 1 1 9 3 1 3 4
2 1 2 2 2 10 3 2 4 3
3 1 3 3 3 11 3 3 1 2
4 1 4 4 4 12 3 4 2 1
5 2 1 2 3 13 4 1 4 2
6 2 2 1 4 14 4 2 3 1
7 2 3 4 1 15 4 3 2 4
8 2 4 3 2 16 4 4 1 3
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Fig. 3. The location of the sub-watersheed and the Zarindarkht hydrometric station at the outlet of the Javanmardi Watershed
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Table 5. The sensitivity rating of important parameters in the present study

Parameter Symbol Rank
Runoff curve number for humidity conditions 1T CN 1
Apparent density of soil in wet state SOL _BD 2
Average water available by the plant SOL_AWC 3
Hydraulic conductivity of soil saturation SOL K 4
base current reduction constant ALPHA_BF 5
Delay time for underground water GW_DELAY 6
Aquifer permeability coefficient RCHRG_DP 7
Depth of water threshold in shallow aquifer for return flow GWQMN 8
Plant absorption compensation factor EPCO 9
Evaporation compensation factor from soil ESCO 10
Average slope length SLSUBBSN 11
Effective hydraulic conduction in the main channel CH_K2 12
Snowfall temperature SFTMP 13
Snow melting base temperature SMTMP 14
The average total monthly rainfall during the forecast period PCPMM 15
Skewness coefficient for daily rainfall in the month during the forecast period PCPSKW 16
Standard deviation of daily rainfall in the month during the forecast period PCPSTD 17
The number of days of rainfall events per month during the forecast period PCPD 18
The number of wet days in the month after a dry day PR W1 19
The number of wet days in the month following a wet day PR_W2 20
Average minimum air temperature during the forecast period TMPMN 21
Average maximum air temperature during the forecast period™" MPMX 22
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Table 6. The results of Taguchi's tests

Number of test A B C D R2 RPD (%)
1 1 1 1 1 0.57 13.63
2 1 2 2 2 0.58 12.12
3 1 3 3 3 0.58 12.12
4 1 4 4 4 0.61 7.57
5 2 1 2 3 0.66 0
6 2 2 1 4 0.61 7.57
7 2 3 4 1 0.60 9.09
8 2 4 3 2 0.5 1.51
9 3 1 3 4 0.61 7.57
10 3 2 4 3 0.65 1.51
11 3 3 1 2 0.60 9.09
12 3 4 2 1 0.61 7.57
13 4 1 4 2 0.66 0
14 4 2 3 1 0.61 7.57
15 4 3 2 4 0.64 3.12
16 4 4 1 3 0.64 3.12
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Fig. 4. A: Average means for each parameter at four levels, B: Average S/N ratio for each parameter at four levels
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Table 7. Optimal levels of PSO algorithm parameters

Process parameters Symbol Level Parameter value
Number of simulations A 4 40
The number of repetitions B 3 100
Speed calculation weight C 4 0.2
Appropriate parameters D 3 0.15
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Fig. 5. SWAT model calibration results using PSO algorithm to simulate runoff in Javanmardi Watershed
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Table 8. Values of model efficiency evaluation indices in runoff simulation in the calibration and validation stages

Evaluation index

p-factor r-factor NS R?
calibration 0.88 1.23 0.75 0.77
Validation 0.84 1.31 0.73 0.72
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