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Fig.6  The loss value variation curves of the training and verification period
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Table2 The precision of model train 1g and validation period

BT pllEER R SSUEIYIAE
EILEINES NSE RMSE NSE RMSE
/d ILSTM  GRU LSTM-GRU [LSTM  GRU ISTM-GRU LSTM  GRU LSTM-GRU LSTM  GRU LSTM-GRU
2 0.997  0.994 0.997 0.40 0.58 0.40 0.77 0.62 0.59 4.12 5.23 5.43
3 0.98 0.98 0.995 1.28 1.05 0.51 0.66 0.59 0.72 4.96 5.46 4.48
4 0.996  0.997 0.998 0.50 0.44 0.31 0.80 0.57 0.60 3.79 5.61 5.37
5 0.996  0.993 0.997 0.47 0.63 0.44 0.72 0.67 0.60 452 4.88 5.37
6 0.996  0.995 0.997 0.50 0.54 0.40 0.69 0.78 0.72 478 3.96 4.49
7 0.996  0.996 0.998 0.45 0.48 0.32 0.78 0.72 0.71 4.03 4.54 461
8 0.997  0.997 0.997 0.44 0.40 0.42 0.78 0.75 0.72 4.01 4.23 4.49
9 0.994  0.994 0.995 0.55 0.58 0.55 0.69 0.80 0.80 476 3.80 3.78
10 0.95 0.994 0.995 1.42 0.54 0.53 0.69 0.62 0.76 475 5.27 4.17
11 0.998 0.97 0.997 0.31 1.29 0.39 0.72 0.71 0.77 4.52 4.60 4.10
12 0.997  0.996 0.998 0.38 0.48 0.32 0.79 0.71 0.80 3.90 4.59 3.52
13 0.996  0.996 0.994 0.47 0.46 0.57 0.71 0.62 0.72 4.58 5.25 452
14 0.998  0.995 0.998 0.37 0.54 0.32 0.55 0.68 0.71 5.75 4.87 4.57
15 0972 0.997 0.996 1.24 0.50 0.46 0.63 0.66 0.76 5.23 3.79 4.15
16 0.994  0.994 0.997 0.56 0.56 0.45 0.72 0.68 0.74 456 4.82 436
17 0.995  0.997 0.997 0.52 0.41 0.39 0.67 0.72 0.75 4.92 4.55 3.91
18 0.989  0.993 0.997 0.78 0.63 0.41 0.65 0.70 0.76 5.05 4.66 4.17
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Fig.9 Scatter diagram of the predicted results of measured and simulated flow



58

K 3L

435

=3

WA 2016—2019 FASTR R A R/NREFMMES LNMERIFTLE

Table3  Comparison of predicted and measured maximum and minimum flow of the models from 2016 to 2019
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S ON] o/ ME LSTM GRU LSTM-GRU LSTM GRU LSTM-GRU
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2018 44 0 53 51 51 -0.34 -1.29 -0.02
2019 9 0.30 7 5 7 0.02 -0.81 0.18
YRR EIE (m-s7™) — — 29.75 37 19.75 0.19 0.85 0.17
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The LSTM-GRU Combinatorial Model of Deep Learning and
Its Application to Hydrological Simulations
LU Guanyu'?, LIU Wenqiang'?, HAO Huiqing'?, WANG Qi’, HAO Yonghong’

(1. College of Geography and Environmental Sciences, Tianjin Normal University, Tianjin 300387, China;
2. Tianjin Key Laboratory of Water Resources and Environment, Tianjin Normal University, Tianjin 300387, China;
3. College of Mathematical Science, Tianjin Normal University, Tianjin 300387, China)

Abstract: Recursive neural networks (RNN) with long and short-term memory (LSTM) or gated cycle units (GRU) are deep
neural networks suitable for time series, each of which has respective advantages and disadvantages. In this paper, in order to
make up for their respective deficiencies and improve the prediction accuracy of river flow, the LSTM-GRU combination model
is established and applied to the Baigou River basin of Daqing River system of Haihe River Basin. Based on the daily observa-
tion data of Dongei Village Hydrological Station from 2006—2019, the LSTM-GRU hydrological model was established with the
observation data of 8 hydrometeorological factors (air pressure, water temperature, relative humidity, precipitation, sunshine,
ground temperature, wind speed and water level) as the input and the river flow as the output. To verify the model advantages,
the simulation results of LSTM-GRU were compared with those of LSTM and GRU, respectively. The results show that the stabili-
ty and accuracy of the LSTM-GRU combination model are significantly better than the single LSTM with GRU model, providing
a better tool for river flow prediction.

Keywords: deep learning; LSTM; GRU; moving average; flow prediction
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Research and Application of a Total Variation Diminishing Scheme to
Improve the Stability and Efficiency of Channel Routing
ZANG Shuaihong, LI Zhijia, DU Ruoyu

(College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: Non—physical oscillation, negative flow or overshoot often occur when using some river flood routing methods due to the
rapid change of flood wave in a short time. This study introduced a TVD limiter into Muskingum—Cunge—Todini (MCT) method,
to guarantee the “total variation diminishing” (TVD) of the numerical solution, so as to improve the robustness of MCT method.
The TVD, first—order versions and second-order versions of MCT were implemented in the XAJ-DCH model and applied in Tunxi
catchments. Compared with the second-order version of MCT, the TVD and first—order versions of MCT are more robust and can
achieve the similar simulation accuracy with the second—order version of MCT. In addition, the original model needs 200s as the
time step of channel routing to remain numerical stability in flood No.1996060100, after the introduction of TVD and first—order
versions of MCT method, the time step of river routing can be extended to 3600s. Therefore, its run time can be shortened from
about 3min to about Imin.

Keywords: TVD; Channel routing; MCT; XAJ-DCH model



