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Exploring graph neural networks for simulating flood and drought events of the Lake
Dongting

Wei Yilong, Zhou Yanlai*, Luo Yuxuan
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Abstract: Lake Dongting, located in the middle reaches of the Yangtze River, is a crucial body of water. Accurately modelling the
relationships between the runoff and the various input and output stations is essential for regional ecological protection, flood control, and
drought defense. In order to address the complex relationships between runoff and the various input and output stations in the Lake Dongting
basin, this study proposes a multiple-input and multiple-output runoff response model based on graph neural networks. Firstly, the model
utilises the topological spatial structure of the Yangtze River, Lake Dongting and Sishui basins to transform the original observation
sequences at each station into graph-structured data, thereby characterizing the spatial features of the basins. Secondly, the mutual
correlation analysis method is used to identify the time lag relationship between the observed variables at each station, determining the
input feature step of the model. Finally, graph neural networks are employed to aggregate and update the features, capturing the complex
spatial and temporal dependencies among the control stations and enabling runoff simulation at multiple stations. The results show that,
compared with backpropagation neural networks (BP) and long short-term memory (LSTM) neural networks, the graph neural network
(GNN) model can achieve improvement rates of over 5% for the Nash—Sutcliffe efficiency coefficient (NSE) and mean absolute error (MAE)
indicators. The correlation coefficient (R?) is also greater than 0.97. In dry water cutoff events, the true positive rate (TPR) and precision
are generally greater than 0.96. GNNs have significant advantages in simulating hydrological events such as floods and droughts and can

provide scientific support for the ecological protection of Lake Dongting and its flood control and drought resistance measures.
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Fig.1 Generalization of Lake Dongtingwater system
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Fig.2 Architectures of the multi-input and output runoff simulation models.
a. GNN-based model. b. LSTM-based model. c. BP-based model
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Tab.1 Cross-correlation analysis of model input and output

RABXFRYN N HRHERE (HBREL)

s BE TR KB AT R HT EE R
BExRE FEhO) 1(0.95)  3(0.94) 4(0.92) 1(0.90) 1(0.88) 1(0.86) 1(0.84)  3(0.72)
Bk (FEth0) 1(0.82)  2(0.81) 3(0.79) 1(0.77) 1(0.75) 1(0.73) 1(0.71)  3(0.75)
WREF (KFA) 1(0.94)  3(0.91) 4(0.89) 1(0.87) 1(0.85) 1(0.83) 1(0.82)  3(0.70)
THEXL (M%) 1(0.95)  3(0.93) 4(0.90) 1(0.87) 1(0.85) 1(0.83) 1(0.81)  4(0.76)
FiIa (f%0) 1(0.99)  3(0.97) 4(0.95) 2(0.92) 2(0.90) 1(0.88) 1(0.87)  4(0.72)
HRAL 3(0.82)  2(0.80) 3(0.79) 3(0.81) 3(0.77)  4(0.79)  4(0.77)
R2 BRSHRE
Tab.2 Model parameter settings
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Tab.3 The evaluation indicators of simulation results obtained from the three models
in the training period and the test period at various stations

B . ko AN XKFw R o
A 28 AR . . . . . .
i R R WAL #Hizo RIS IR AL
al NSE 0.993 0.989 0.988 0.986 0.991 0.998
% VE/% -0.4% -0.8% 0.5% -0.2% -0.3% 0.6%
. MAE/(m3/s) 19 1 15 48 21 174
TPR/% 100 100 100 100 100 \
GNN Precision/% 96 98 94 100 97 \
NSE 0.996 0.991 0.990 0.989 0.979 0.992
) VE/% -0.9% -0.6% -5.9% -0.5% 1.3% 0.2%
X MAE/(m3/s) 23 1 23 62 23 235
4 TPR/% 100 100 100 100 100 \
Precision/% 98 97 74 100 100 \
NSE 0.963 0.965 0.979 0.961 0.965 0.956
gl VE/% -1.2% 1.9% 0.7% -0.8% -0.8% 0.8%
% MAE/(m3s) 24 5 20 62 31 217
i TPR/% 99 98 97 97 97 \
LSTM Precision/% 95 96 93 97 94 \
NSE 0.948 0.948 0.942 0.945 0.930 0.931
) VE/% -2% -1.7% -9.4% -1.7% 2.4% 1.3%
X MAE/(m?3/s) 26 5 29 71 25 273
}iﬂ TPR/% 98 98 99 97 97 \
Precision/% 96 97 71 97 97 \
NSE 0.960 0.959 0.970 0.970 0.957 0.902
gl VE/% -0.4% -0.6% -0.5% 0.4% 0.3% 2.7%
% MAE/(m3/s) 25 4 17 67 28 290
8P i TPR/% 98 98 96 97 97 \
Precision/% 96 95 92 97 93 \
NSE 0.946 0.939 0.937 0.940 0.929 0.855
ol VE/% -1.0% -2.5% -6.3% 0.6% 2.9% 2.6%
=X MAE/(m3/s) 30 7 32 67 24 380
# TPR/% 98 97 97 96 97 \
Precision/% 94 95 70 96 96 \
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Fig.3 Scattered regression plots of observed flow (Q,) and simulated flow (Qy) of the models at 6 stations
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Tab.4 Typical Flood 20200820 Flood Peak Error Table

b HEREIREI% e LA A] 3R £ /R
GNN LSTM BP GNN LSTM BP
R Ie 0.37 2.47 4.01 1 1 1
ER R 241 3.28 -26.03 0 1 0
R -1.99 -3.69 8.59 0 0 0
Wi -5.09 -8.12 -16.82 0 1 1
#iro -3.51 -7.32 -11.63 0 1 1
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