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Abstract; [ Objective | Natural catchments typically have complex tributary systems. Under the influence of short-duration,
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water levels, which increases the likelihood of severe flooding. To improve the timeliness and accuracy of basin flood simulations,
[ Methods ] the spatiotemporal flood simulation model STFS-Urban is used to analyze the spatiotemporal interaction mechanisms
and characteristic parameter expressions under the integrated model. A standard dataset is constructed, and the coupling
integration of the basin flood physical model with the improved Transformer deep learning algorithm is achieved. The Xiushui
River Basin in Shenyang is selected as the study area, where flood process scenario simulations are conducted using monitoring
data from two typical heavy rainfall events on “2022-07-06” and “2022-07-28.” The simulation result are validated through
comparison with observed data from the Gongzhutun hydrological station. [ Results]The results show that the difference between
the predicted and observed water levels is less than 0.5 m, with an error within 1.5%. The error in the predicted peak time
relative to the observed time is less than 1.85 hours. The constructed integrated basin flood model accurately predicts the
inundation extent and flood evolution trends, which are consistent with the actual situation. The simulation efficiency is
approximately 31 to 34 times higher than that of the physical model. [ Conclusion | The results indicate that the established STFS-
Urban basin flood integrated model is capable of effectively simulating the flood evolution process. While ensuring accuracy, the
model significantly enhances computational efficiency and can provide a scientific basis for the prevention and control of river
basin flood disasters and the formulation of countermeasures.
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Fig. 1 Schematic diagram of the Xiushui River basin
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Fig. 2 Modeling process of the basin flood integrated model
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Table 2 Calibration results of the basin flood model parameters
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Table 4  Attribute characteristics of the flood time series dataset
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Table 5 Hyperparameters of neural network models and their ranges

[ WS SR S eI
Encoder Layers Il 82 AL 3~6
Embedding Size TR (R A G i A R ST g
Header Number RS [2, 4, 8, 16]
Dropout Rate PR 0~0.5
Transformer Patch Size Patch K/ [8, 16, 32]
Pool Class WAk )Z 27 Average/Max
Pool Size Ak Z K [2, 4]
Batch Size LR/ [2, 4, 8, 16, 32]
Epoches SR REL 100/ B B S A
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Table 6 Optimal hyperparameter combinations for the

Transformer neural network

S O
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RN =WIPS i Gl 16
Patch 3 R~ 16
K/ (batch size) 16
£ il ( dropout rate) 0.1
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Table 7 Neural network architecture of the Transformer model

P2 44 SRR E LR N SR
Patch i A2 B K/N 1, AL 32 [16, 196, 256] 0
Position it A J2 — [16, 32, 224, 224] 0
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iz 3 WEIIRE 16, WG KA RELU [16, 196, 256] 525, 568
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Table 8 Comparison of predicted water levels from the STFS-Urban integrated model with observed values
WL 2022-07-06 1% W il 2022-07-28 ik
A-RTH: g Tf/m | B | % A-ATR: gy FW/m | B | %%
2022-07-06 T 14:00 35.385 35.343 0.1 2022-07-28 T 14:00 35. 405 35.753 1.0
2022-07-06 T 20:00 35.315 35.244 0.2 2022-07-29 T 0800 35.815 36. 003 0.5
2022-07-07 T 0625 36. 265 36. 568 0.8 2022-07-29 T 12.00 36. 245 36. 672 1.2
2022-07-07 T 0800 36.375 36. 609 0.6 2022-07-29 T 14.00 36. 425 36. 925 1.4
2022-07-07 T 14.00 37.255 36.951 0.8 2022-07-29 T 2000 37.025 37.359 0.9
2022-07-08 T 14.00 37.385 37.816 1.1 2022-07-30 T 0800 37.375 37.813 1.2
2022-07-08 T 20:00 37.105 37.547 1.2 2022-07-30 T 14:00 37.225 37.414 0.5
U B st 8] 8 H 14 : 40 8 H 16 : 30 1.83 h U PR s ] 30 H12: 10 30 H 1300 1.17 h
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Fig. 10  The flood inundation extent at the peak flood stage in the study area on 2022-07-06
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Table 9  Comparison of model run time

FE T 371K PR A FFE AT/ min £E AR IR FE AT/ min
2022-07-06 24.8 0.8
2022-07-28 37.4 1.1
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