HoKBA 2026,45(5) :137-151 Water Purification Technology

HIZEG, XAE, Prate, 48 JET SWMM Al FVCOM RS A AR 30 TiT AL B = T ARAL T i [ 0], HokaiAR, 2026, 45(5) : 137-151.
Tian Z R, Liu F, Chen Y, et al. Urban waterlogging simulation and 3D visualization based on SWMM-FVCOM coupling model framework[J]. Water
Purification Technology, 2026, 45(5) : 137-151.

E T SWMM #1 FVCOM B SR B ™ N is Rl &k = 4]
Wi
HSHE 3 B2 B R T R

(1. EPAS KK FIKIE TR E S S E  HIK 4000742, T PJEASE KA B 400074 ;3. T PJEAS A2
BRI TREERT TRELRE HK  400074)

# E [BX)] AR ST R INE 0 SN W AR SRR TR, N B O KU H R 5 ™ R R
WK% GN3% 4 5 vl AL T B L 4 1H e B3R T 5 2% 25 (A1 250 T 1Y) P9 5 VR R AT R 5 R v I T P g A 4L
MRS R AT, [ FE] A SCUERTETLIX FEHEK 7 XA RIFFE X 3, 44 2 T 2 T AR 48 B R0 ( SWMM) il
A BRAARFRE R M FEARER (FVCOM) B — 4k - — 4K SOK8h 1l G580, 3 FF & BT Unity 3D S IVEEBGE & 19 sl 48 =4 T 4L
BRI B R S MRA 53R, [ER]  RRBUKIHIEEE R 5 S0 1% LI TEZR B b 2 1 #5 & 15 8
AT AR A S P 5 BUK AL B JEFR BRI, AHEC T 4 nT LAk, 35T Unity 3D B9 =4k nl (A6 5 2k T LLURE B S it JR R
XS5 Y ANV RRAE | ShASAE BURUK , SCRE AR BETRAT L BOKIRBRBE & (0, %07 vk S REW W R G 45 & TR o =X B7
T AT SCEAE BT E] (5~ 10 s) PIRERE A TR B BRI A i = 4 BUK 5 - LA SERT i s ohae . [&it) AR
HH) SWMM-FVCOM #8815 Unity 3D “F- A 8 iU 2%, 7ERA CRUERA M 5 IOt A 600 L AT R P i s R/ PR, 1 4R T Y
st BV RO SR80 Sy 3l Tl LA 5 N 2 B AR A R R R A

KEIW WATNE BWARBTE =4ndfe BWATREEAR G IRRRENE R

FESES. TU992  XEIREME: A XEHS: 1009-0177(2026)05-0137-15

DOI; 10. 15890/j. cnki. jsjs. 2026. 05. 017

Urban Waterlogging Simulation and 3D Visualization Based on SWMM-FVCOM Coupling
Model Framework

Tian Zongru'’, Liu Fei'>” ", Chen Yao'>’, Cheng Qiming'>, Ning Borui'*, Jiang Kunkun'’

(1. Key Laboratory of Hydraulic and Waterway Engineering of the Ministry of Education, Chongqing Jiaotong University, Chongging
400074, China;

2. School of River and Ocean Engineering, Chongqging Jiaotong University, Chongging 400074, China;

3. Engineering Laboratory of Environmental Hydraulic Engineering of Chongqing Municipal Development and Reform Commission,

Chongqing Jiaotong University, Chongging 400074, China)

Abstract [ Objective| Against the background of accelerating global climate change and urbanization, the increasing frequency of
extreme precipitation events has led to growing urban waterlogging risks, posing serious threats to urban water security and public
safety. Traditional two-dimensional visualization methods fail to comprehensively represent waterlogging evolution characteristics in

complex urban spatial structures. There is an urgent need to enhance the visualization effectiveness of urban waterlogging simulation
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and early-warning results. [ Methods] This paper selected a drainage area in Qijiang District, Chongqing City as the research area.
A coupled one dimensional-two dimensional hydrodynamic model was developed based on storm water management model (SWMM ) and
finite volume coastal ocean model(FVCOM) , and a dynamic three-dimensional visualization method was created by integrating Unity
3D with the rainfall-runoff model to improve spatial representation and interactive capabilities of waterlogging scenarios.
[ Results] Comparative validation between simulated and measured water accumulation data demonstrated that the coupled model
could accurately simulate waterlogging locations, extents and depths. Compared with two-dimensional visualization, the Unity 3D-based
three-dimensional method provided more realistic representation of terrain features, dynamic water generation, adjustable display
precision and depth-based color gradients. When integrated with rainfall monitoring systems for rolling waterlogging warnings, the
approach could generate continuously updated three-dimensional waterlogging scenes within 5-10 seconds while maintaining real-time
scene navigation functionality. [ Conclusion]  The proposed integration method of SWMM-FVCOM coupling model with Unity 3D
platform in this paper breaks through the limitations of planar representation while ensuring accuracy and timeliness, significantly

improving the intuitiveness of waterlogging scenarios and decision-making efficiency. This provides effective technical support for urban

stormwater management and emergency disaster prevention.

Keywords urban waterlogging storm-waterlogging early-warning
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Fig. 1  Overview of the Study Area and Distribution of Waterlogging-Prone Points
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Fig. 2 Process Curve of Designed Rainfall
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Fig. 8 Field Conditions of Waterlogging-Prone Areas
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Fig. 9 Nodes Overflow Distribution under Different Return Periods in Three-Dimensional Views
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Fig. 10 Peak Waterlogging Distribution under Different Return Periods in Two-Dimensional (Left) and
Three-Dimensional ( Right) Views
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Fig. 11 Statistics of Flood Depth and Inundation Area

under Different Return Periods
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