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An LSTM model considering physical constraints for multi-factor flood simulation

He Chang', Li Zhijia', Niu Haoran', Liang Shiqiang”, Li Jingbing’
(1. College of Hydrology and Water Resources, Hohai University; 2. Beijing Hydrological Station ;
3. Anhui Provincial Hydrological Bureau)

Abstract: In response to the issues of single simulation results and lack of interpretability when using data-driven models to replace
traditional hydrodynamic models for rapid forecasting, an LSTM model for joint simulation of multiple factors was constructed based on
a multi-task learning framework, and the fitted physical relationships among factors were incorporated into the loss function as constraint
terms. Furthermore, the interpretability of the model was explored by combining the comprehensive feature evaluation results of random
forest, Spearman rank correlation coefficient method, and principal component analysis (PCA). Based on a database of simulation
results of 17 flood events in Tunxi District by a two-dimensional hydrodynamic numerical model, the LSTM models with and without
physical constraints were trained, respectively. The results indicate that the computational speed of the LSTM model with physical
constraints does not decrease significantly, which can realize multi-factor simulation within 1s. For the overall simulation of multiple
flood events, the LSTM model with physical constraints performs better, and the simulation accuracies of water level, discharge, flow
velocity, and inundation area are improved by 20. 38%, 17.03%, 4. 02%, and 14. 07% , respectively. The LSTM model with physical
constraints demonstrates a stronger capability in capturing small floods and higher accuracy in simulating regular floods, but its
performance still needs to be improved under extremely complex conditions.

Key words: urban flood ; multi-factor flood simulation; two-dimensional hydrodynamic model; physical constraint; LSTM model
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Table 1 Evaluation indicators of multi-factor simulation results of two models on test set
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Fig.3 Simulation results of factors for typical flood events
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Table 2 Evaluation indicators of simulation results of two models for typical flood events
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Table 3 Evaluation of input features for improved LSTM model

A FFAEAL Wt B R S BRAR R AR M X PCA TR i
FEAE KAE ikt W R KA it VM WA R AERER/ % PRI
Q 0.005  0.006  0.007  0.006  0.966  0.967  0.969  0.966  3.609  72.16 0.959 0. 644
Q, 0.983  0.987  0.979  0.983  0.975 0.976  0.976  0.975  0.954  19.07 0.928 0. 962
Qs 0.007  0.005  0.008  0.007 0.947  0.948  0.948  0.947  0.261 5.22 0.957 0. 637
Z 0.003  0.00  0.004  0.003  0.922  0.922  0.923  0.922  0.108 2.17 0.914 0.613

P 0.001 0.001 0.001 0.001 0.237 0.238 0.240 0.237 0. 069 1.38 0.274 0.171
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