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Article Info ABSTRACT
Article type: Background and Obijectives: Floods cause significant damage to urban
Research Full Paper and rural areas. Rapid analysis and visualization of floodplains during a

flood event are essential for identifying threatened areas and assessing

Article history: potential damages. One of the most critical aspects of rapid flood modeling

Received: 06.09.2024 is the ability to accurately and promptly predict areas at risk. These
Revised: 07.14.2024 predictions can warn authorities and residents in vulnerable areas, allowing
Accepted: 08.05.2024 for timely measures to reduce casualties and financial losses. During a

flood, having precise and fast models helps officials make better decisions
regarding rescue operations, evacuation, and resource allocation. Extensive

PKr?;'SViVCO;iSV'vare Neural research _has been cond_ug:ted on flood modeling, and numerous hyd_raulic,

Networks, hydrological, and empirical models have been developed and reviewed.

Rapid Flood Modeling, Despite numerous studies, there is still no software or model capable of

Shallow Water Equations,  rapid flood modeling during a flood event. Therefore, this research aims to

STE Software develop the 2D module of the STE software to achieve accurate and rapid
flood modeling using artificial intelligence methods and 2D shallow water
equations.

Materials and Methods: In this study, the 2D module of the STE software
was developed to evaluate the capabilities of two different architectures of
Perceptron artificial neural networks, named physics-aware neural
networks, in rapid flood modeling in the Eudlo Creek, located in the
Sunshine Coast region of Queensland, Australia. The physics-aware neural
networks were trained using a genetic algorithm. To test the trained
networks and evaluate their ability for rapid flood modeling, their results
were compared with those obtained from the finite difference numerical
solution. The flood hydrograph used for modeling was obtained from the
Australian Bureau of Meteorology for the upstream hydrometric station of
the studied river.

Results: The comparison of results obtained from physics-aware neural
networks (PANNSs) with those from the finite difference method showed
that PANNS can reduce the time required for modeling by 50 to 70 percent
while maintaining significant accuracy and stability. Increasing the beta
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parameter in both neural networks enhanced the modeling speed but
reduced accuracy. Complex PANNs preserved higher levels of accuracy
and stability, especially with larger time steps and higher beta values,
resulting in less computational error and outcomes closer to the numerical
solution. Increasing the beta parameter significantly increased errors while
slightly reducing the modeling completion time. Hence, the optimal beta
value for the study area and complex PANNs was determined to be 8.
Complex PANNs also demonstrated acceptable accuracy in depicting
changes in flow depth and floodplain over time, making them suitable for
rapid flood modeling, floodplain mapping, identifying threatened areas,
crisis management, and reducing flood damage.

Conclusion: The Al methods examined in this study demonstrated the
ability to increase modeling speed and reduce the time required for flood
modeling and floodplain mapping while maintaining adequate accuracy.
These methods can serve as effective tools for rapid flood modeling,
enabling quicker identification of flood-prone areas, timely notifications,
and evacuations of at-risk regions, thereby helping to save lives and reduce
financial losses.
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Figure 2. The architecture of Simple Physics-Aware Neural Networks.
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Figure 4. Digital elevation map of the study area.
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Figure 6. The recorded 2022 flood hydrograph of flow depth variations for the upstream hydrometric station
of Eudlo Creek.
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Table 1. Hardware and software specifications of the device used for the simulations.
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Figure 7. Flowchart of the research implementation steps.
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Table 2. The average time step used in the simulations (in seconds).

B SPANN CPANN FD
4 5.2 5.19 X
6 7.9 7.8 X
8 10.52 10.43 X
10 X 13.06 X

1- Point
2- Point Percentage (Point%)
3- Root Mean Square Error (RMSE)
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Figure 8. The flood extent map and flow depth of the 2022 flood hydrograph modeled by numerical solution
(The total area of the resulting flood extent is 547.26 hectares).
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Table 3. The time required to complete the simulations (in minutes).

B SPANN CPANN FD
4 11.33 13.31 X
6 6.88 8.49 X
8 5.55 6 X
10 X 5.06 X
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Table 4. The PANN error in simulating maximum maps (depth and flow velocity in terms of RMSE, and flood
extent in terms of Point%o).

SPANN CPANN
B “ oo e 4 oo o
Extent Depth Velocity Extent Depth Velocity
4 92.3 0.15 0.04 92.4 0.14 0.03
6 76.7 0.36 0.13 87.7 0.21 0.06
8 70.9 0.67 0.14 86.5 0.24 0.09
10 X X X 81.2 0.57 0.1
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Figure 9. The time required to complete the simulations versus the flood extent accuracy.
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Figure 11. The difference in the flood extent calculated by physics-aware neural networks compared to the
numerical solution.
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Table 5. The percentage difference in the flood extent area calculated by physics-aware neural networks
compared to the numerical solution.

33l e e 3530 3540 S
B Over Estimation Correct Estimation Under Estimation
SPANN CPANN SPANN CPANN SPANN CPANN
4 0.02 0.13 92.29 92.31 7.69 7.56
6 2.22 0.25 76.31 87.62 21.47 12.12
8 20.34 2.97 66.69 85.37 12.97 11.65
10 X 13.62 X 76.91 X 9.46
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Figure 13. The simulated flow depth map by numerical solution and the complex physics-aware neural
network with a beta value of 8 over time.
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