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Applying a 2D shallow water model in overland flow simulation
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ABSTRACT

This study considers the shallow water and Green-Ampt equations to establish a two-dimensional
shallow water model based on a finite volume method for simulations of overland flows. In the
numerical model, the HLLC Riemann solver is used at the dry and wet discontinuous interface to
comply with the principle of flux conservation, and a surface reconstruction method is adopted to
maintain the conditions of positive water depth and hydrostatic stability to comply with the physical

phenomenon. To verify the efficiency of the numerical model, we used three study cases from the
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previous studies carried out in laboratories and in field plots. The Nash-Sutcliffe efficiency coefficient
(NSE) was used as the main basis for evaluating the accuracy of the two-dimensional shallow water
model developed in this study. In the model calibration and verification stage of the three cases, the
simulation efficiency coefficient NSE is more than 0.5, which verifies the accuracy of the proposed
numerical model in the simulation of overland flow on a uniform slope. The two-dimensional shallow
water model proposed in this study will serve as an important basis for the subsequent numerical
simulation of soil erosion studies.

(Keywords: shallow water equation, overland flow, finite volume method, Riemann solver, surface
reconstruction method)
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Table 2 Case 1: Efficiency analysis of small scale laboratory experiments

HH NSE RMSE Delta
5O TEfE LS 0.806 5.35 11.875 %
15K ERLE 0.647 7.99 18.095 %
25 R ERLE; 0.664 7.89 18.702 %
10°55E5 1515 0.589 9.05 19.671 %
20°E5=5 15 0.556 9.46 20.199 %
30°E5 =515 0.728 7.51 17.629 %
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Figure 4  Case 2 : Simulation results of experimental field and analytical solution.
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Table 3 Case 2 : Efficiency analysis of experimental field and analytical solution
IHH NSE RMSE Delta
50 mm/hrRE /B 0.853 2.64 4.234 %
100 mm /hrigsg / B 0.789 7.92 6.119 %
50 mm/hriRE /T 0.896 3.31 9.879 %
100 mm/hrgzg / fEAT 0.983 2.34 3.092 %
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Figure 5 Case 3 : Simulation results of in-situ field experimental data : QMeasured refers to Cea et
al. (2016), FVSM2D 2022 was the simulation results of this study.
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Table 4 Case 3 : Efficiency analysis of in-situ field experimental data
HH NSE RMSE Delta

BRIE 0.923 0.022 11.39 %
Case 1

Bt 0.649 0.026 36.71 %

RIE 0.953 0.053 14.09 %
Case 2

e 0.960 0.019 16.53 %

EIE 0.916 0.151 18.69 %
Case 3

Bz 0.955 0.052 17.02 %
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