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Abstract: A coupled one-dimensional (1-D) and two-dimensional (2-D) channel network mathematical model is proposed for flow
calculations at nodes in a channel network system in this article. For the 1-D model, the finite difference method is used to discretize
the Saint-Venant equations in all channels of a looped network. The Alternating Direction Implicit (ADI) method is adopted for the
2-D model at the nodes. In the coupled model, the 1-D model provides a good approximation with small computational effort, while
the 2-D model is applied for complex topography to achieve a high accuracy. An Artificial Neural Network (ANN) method is used
for the data exchange and the connectivity between the 1-D and 2-D models. The coupled model is applied to the Jingjiang-Dongting
Lake region, to simulate the tremendous looped channel network system, and the results are compared with field data. The good
agreement shows that the coupled hydraulic model is more effective than the conventional 1-D model.
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Introduction

1-D mathematical models are commonly adopted
to solve the looped channel network system in a large
river basin? because 2-D mathematical models
would take too much computational effort and the pre-
cise terrain data is not easy to obtain. In recent years,
the parameter identification method sees a conside-
rable development for modeling river networks™* and
the 1-D calculation accuracy is thus greatly improved.
However, at some important nodes connecting more
than 3 rivers, the 1-D model does not take into acco-
unt of the impact of complex topography. This simpli-
fication reduces the calculation accuracy of the flow
diversion, thereby would affect subsequent calcula-
tions of sediment transport. In order to solve this
problem, Williams™ provided an algorithm for fine-
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ssing 1-D hydraulic models into 2-D performance.

Horritt and Bates'® evaluated the performance of
HES-RAS, LISFLOOD-FP, and TELEMAC-2D to
predict the river flood inundation. Lin et al.l”! pro-
posed to integrate a 2-D model with ISIS to enhance
its capability to simulate floodplain flows. Zhang et
al.® used a 2-D hydrodynamic model to simulate a
complex system composed of the Jingjiang River and
Dongting Lake, and the model takes about 0.96 h to
complete the computation of a 76 d flood.

Recently, in order to meet the needs of urban
development, coupled 1-D and 2-D models see a great
progress in urban flood simulations” ', They were
adopted in researches of the natural river, Lai and
Wang''?! proposed a new method called overla-
pping-projecting method, which was applied to deve-
lop a cou{Jled numerical model of unsteady flow, and
Zhu et al.""*! carried out a coupled 1-D and 2-D hydro-
dynamic numerical simulation for a bay-channel net-
work, in which a 1-D model is joined with a 2-D
model at the river mouth. Xu and Yin'*! developed a
coupled 1-D and 2-D hydrodynamic model for tidal
rivers. Kuiry et al.l" proposed a simplified numerical
model for the simulation of the floodplain inundation



