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Study on urban waterlogging analysis techniques based on data model
coupled with hydraulic simulation model
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Abstract: [ Objective] To solve the problem of inaccurate prediction and difficulty in real application of traditional waterlogging
models due to data loss and insufficient accuracy, a method of coupling data model with hydraulic simulation model is studied.

[ Methods ] Taking the Lianghe area in the central urban area of Jiujiang as the research area, data model for data cleaning,
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reconstruction and correction of boundary conditions is used to compensate for the shortcomings of measured data and provide data
support for the operation of hydraulic simulation model. At the same time, hydraulic simulation models are used to calculate
various possible working conditions and supplement training basic data for data mining models of waterlogging pridiction, in order
to improve and verify their accuracy. [ Results]The results show that after optimizing the data model, the average NSE of the
hydraulic simulation result is improved, and the highest increase is about 20%. The SVM machine learning model can reflect the
inundation range of the designed rainfall conditions, and the predicted maximum water depth is close to that simulated by the
hydraulic simulation model. The RMSE is close to 0. 007. [ Conclusion ] Coupling data model with hydraulic simulation model to
construct a new urban waterlogging model, data model can improve the boundary conditions for the operation of the mechanism
model, and hydraulic simulation model can enhance the applicability of data model. The mutual coupling of the two models can
achieve good application effects.

Keywords: data model ; hydraulic simulation model; waterlogging model; machine learning; runoff; rainfall; extreme weather

conditions ; urban flood disasters
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Fig. 10 Model validation results for Scenario 3
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Fig. 11  Preliminary cleaning results of a certain water ponding monitoring data
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Fig. 12 Deep cleaning results of liquid level at a certain monitoring point
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Fig. 13 Comparison of data before and after water level correction
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Table 3 Short duration 1-hour design rainfall with

q

different recurrence periods in Jiujiang City

BT RET I/ a W AH R 5%/ mm -+ min~' SR i/ mm
0.05 0.54 9.59
0.1 0.99 17.48
0.5 2.03 35. 80
1 2.48 43.69
2 2.93 51.58
3 3.19 56. 20
5 3.52 62.02

10 3.97 69.91
15 4.23 74.52
20 4.42 77. 80

(2) Bt ZRFEN, BE RPN =R 30 mm,
50mm, 100 mm, 150 mm, 160 mm, 170 mm. 180 mm
190 mm f 24 h FFRIES,

3.2.2 BMLERLSA
AR LR KA 16 m
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Table 4  Short duration 3-hour design rainfall with

different recurrence periods in Jiujiang City

VoI RN E I/ a AR F 3 /mm + min™' SR/ mm
0. 05 0.37 14.03
0.1 0. 67 25.58
0.5 1.37 52.40
1 1. 68 63.94
2 1.98 75.49
3 2.16 82.25
5 2.38 90. 76

10 2.68 102. 31
15 2.86 109. 07
20 2.98 113. 86

17m, 18 m(1985 FE K mPEEE) , FEmIPIIT A 1 h Al
3hi0o.05a—i, 0.1la—il, 0.5a—18_  1a—18,
2a—ill, 3a—i,  Sa—i, 10a—i#, 15a—i,
20 a — M PR 5%, 24 h R AR &Y 30 mm,
50mm, 100 mm, 150 mm, 160 mm, 170 mm, 180 mm
190 mm HYRERTNE 5, THEA 00N 5 MR IR E] |
BUKIE] | e RBUKIRE . e RBUKTR 2155, b
FERXTRUK A FR A 520 DL e R o, BT T i AL
W KA IR UK IR BE B KA SC R 5

(1) B R X e RABUK IR BE RS20, 18] 14—&]
16 AT LAA B, FROK 0 ] B ] BRF 1] P e R ( o T o
PRI SRR ) BB R, e RBUK IR W bE
ZHEhN, NBFREEEINTR . Y ARTE] I [R] Py R R R
BRI, e e 08 O BRUK Y R A S A 24
(7] Fsf 1) AR T TR 38— PR B I, AT (18 1 DR X AR
IKIG R LB D R, AH B RBFUK R EEATS B2 T s o

(2) H RN H KA (16 m, 17 m,
18 m) ¥ e R BUKIREE 5 m . Bl 17—&l 18 41
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Fig. 14  Spatial distribution map of maximum waterlogging depth in rainfall scenarios with a water level of

16 m and the duration of 1-hour rainfall
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Fig. 15 Spatial distribution map of maximum waterlogging depth in rainfall scenarios with a water level of 16 m and

the duration of 3-hour rainfall
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Fig. 16  Spatial distribution map of maximum waterlogging depth in rainfall scenarios with a water level of
16 m and accumulated rainfall of 30, 50, 100, 150, 160, 170, 180 and 190 mm in 24 hours
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Fig. 17 Spatial distribution map of maximum waterlogging depth under different downstream water level

rainfall scenarios with 1-hour rainfall duration (taking 0. 5-year and 3-year return periods as examples)
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Fig. 18 Spatial distribution map of maximum waterlogging depth under 24-hour rainfall
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T 5 F2/m

*5 SVMABREINEBRIMAKNGERETENTX

RIK R BT EE

Table 5 Comparison of maximum ponding water depth

calculated by SVM machine learning model and hydraulic

simulation model

IS BT T IR | SVM HLAR 2 2 A A
G RBUKGEL/m IRARBUKGEL/m
1 Lh, 15a—i8 118 119
2 2h, 15— 1.20 1.20
3 3h, 15a—i8 1.20 1.20
4 24 h, 160 mm 111 L12
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scenarios with different downstream water levels ( taking 30 mm and 160mm as examples)
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Fig. 19 Scenario 1 maximum ponding water depth
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Fig. 20 Scenario 2 maximum ponding water depth
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Fig. 21 Scenario 3 maximum ponding water depth
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Fig. 22 Scenario 4 maximum ponding water depth
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