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Tab. 1 Types and sources of hydrological model data
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Tab.2 SWAT model parameter value range and sensitivity ranking
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Tab. 4 The DISO method sorts the results of the non-inferior solution set
Bk
(D) Hey Paus WE Eyst I Eruss E Viiso
1 1.71 0.09 25.53 0.146
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Tab. 5 Evaluation of parameter optimization results of different algorithms
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Fig. 6 Runoff process of single-objective and multi-objective optimization results
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Tab. 6 Results of uncertainty quantification of hydrological statistics
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Comparison of single-objective and multi-objective optimization
in SWAT model calibration

MAO Xiyezi'*, SUN Ruochen"*’, DUAN Qingyun"*’
( 1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China; 2. School of
Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 3. China Meteorological Administration Hydro-Meteorology
Key Laboratory, Hohai University, Nanjing 210098, China )

Abstract: The traditional automatic calibration of hydrological model parameters are mainly focusing on single-
objective optimization, but the optimization based on a single objective can not capture and utilize all the
characteristic information of hydrological observations. Several studies have shown that the single- objective
calibration of hydrological models can not reproduce all the characteristics of hydrological factors (such as runoft)
well, so it is necessary to constrain multiple features of hydrological factors by multiple objective functions. At
present, many studies apply classical multi-objective optimization algorithms to calibrating hydrological models.
Compared with the single-objective optimization methods, the classical multi-objective optimization algorithms
need to run the model tens of thousands of times to find the optimal solutions. Despite the rapid development of
computer technology in the past decades, the use of multi-objective optimization algorithms in hydrological models
(especially complex physical distributed hydrological models) still causes a large computational burden. Therefore,
the study of efficient and reliable multi-objective optimization methods has important engineering application value.
In 2016, Professor Duan's group proposed MO-ASMO, a multi-objective optimization method based on a surrogate

model. The core of MO-ASMO is to use cheap statistical surrogate models to replace the original computationally
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expensive physical models in the optimization process, aiming to significantly reduce the computational burden
while maintaining the optimization effect.

Clark et al pointed out that it is necessary to quantify the uncertainty of statistical performance metrics in the
process of parameter calibration of hydrological models. This is because when the Nash-Sutcliffe efficiency
coefficient (Eys) and Kling-Gupta efficiency coefficient (Ey;) are used as objective functions for parameter
calibration, the optimization results may be seriously affected by a small number of data points. It leads to great
uncertainty in the statistical metrics, which will affect the simulation effect after the model parameters are calibrated.
The distributed hydrological model SWAT model was constructed in the Sihu basin. The MO-ASMO method was
used to calibrate the parameters of SWAT model. The results were compared with the classical multi-objective
optimization method NSGA- Il and the single-objective optimization method SCE-UA. At the same time, to further
evaluate the reliability and robustness of the parameter optimization results, Bootstrap and Jackknife methods were
used to quantify the uncertainty of the statistical metrics.

The following conclusions were obtained: (1) According to the Pareto front and evaluation metrics of the multi-
objective optimization, MO-ASMO and NSGA- I were close to convergence when the number of runs are 2 300
and 10 000, respectively. The two methods can achieve similar optimization results after convergence, but MO-
ASMO can greatly reduce the running time of the model in the process of multi-objective optimization. The
optimization results of the single-objective optimization method were good during the calibration period, but the
simulation effect degraded significantly during the validation period, indicating that there is a situation of overfitting
and the optimization results are unstable. (2) The uncertainty of statistics metrics Eys and Eyg of optimization results
of different algorithms was quantified by Bootstrap and Jackknife methods. The uncertainty order of the
optimization results of the three optimization methods is NSGA-1I (10 000) =~ MO-ASMO(2 300) < NSGA- I
(2 300) < SCE-UA.

The optimization results of MO-ASMO (2 300) and NSGA-1II (10 000) have the best robustness and less
uncertainty. The results of NSGA- Il (2 300) are the second, and the optimization results of model parameters under
single-objective optimization are less robust. The results of multi-objective optimization have less uncertainty than
those of single-objective optimization, which indicates that it is necessary to use multiple objective functions in the
process of hydrological model parameter optimization to avoid problems of compensatory parameters caused by

traditional single-objective optimization, to reduce the uncertainty of parameter optimization.

Key words: hydrological model; model calibration; multi-objective optimization; surrogate model; SWAT model
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