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The 3D reproduction of dam-break floods plays a key role in emergency management and disaster information
dissemination. However, existing systems for the simulation of floods have some deficiencies. First, the input
data parameters are complex. Second, the simulation process is cumbersome and time consuming, and it lacks a
complete workflow. In this paper, we develop a platform for the rapid 3D reproduction of dam-break floods. Key
technologies, such as numerical models of dam-break floods based on cellular automata (CA), 3D reproduction

constrained by post-disaster information, and dynamic augmented representation, are discussed in detail. Then,
two typical dam-break flood cases are selected for experimental analysis. The experimental results show that the
system can support the rapid 3D reproduction of dam-break floods constrained by post-disaster information.
Compared with that of other simulation systems, the reproduction time is reduced to less than 1 h, and this
system supports rapid reproduction at different times and positions.

1. Introduction

The frequency and intensity of global extreme events have increased
dramatically due to climate change and rapid economic growth. Floods
are the most common and widespread type of natural disasters (Patel
and Srivastava, 2013; Wan et al., 2014; Qiu et al., 2017). Dam-break
floods are flood disasters that are usually associated with barrier lakes
and obsolete reservoirs and are characterized by sudden occurrence,
rapid expansion, high velocity and severe destruction (Li et al., 2013).
As dam-break floods are a complex geographical phenomenon, the
spatiotemporal process is often more important than the final spatial
pattern, only the development process is clearly understood, and the
deep-level change rules merit further exploration (Li et al., 2009).

Simulations have become a fundamental method for gaining insight
into complex geographic processes (Bainbridge 2007; Chen et al., 2020).
Moreover, developments in information science, earth observation
technologies and geographical information science have strengthened
the connections among geographical data, models and visualization,
providing new perspectives and opportunities for spatiotemporal pro-
cess modeling and the visualization of dam-break floods (Goodchild
2004; Li 2012; Chen et al., 2015; Achu et al., 2020; Kaur et al., 2019; Li
et al., 2019).
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Many types of research have been conducted on flood simulation,
with studies employing 1D hydraulic models, 2D hydraulic models, 1D-
2D coupled hydraulic models and hydrological models. Most work has
focused on simulation prediction and early warning of flood processes
under ideal conditions (Ernst et al., 2010; Domingo et al., 2010; Pasquier
et al.,, 2018; Wang et al., 2018). In practical use, it is difficult to use
predictive models due to the uncertainty of data parameters, the insta-
bility of model structure, and the complexity of external conditions.
Consequently, there is no universal method or software that can be
applied to accurately predict floods under different conditions.

Disaster reproduction is a restored representation of the reason the
disaster occurred, the process and the results. Whereas disaster simu-
lation is forward-looking and focuses on the prediction of disaster evo-
lution process, disaster reproduction emphasizes the restored
representation of the disaster spatiotemporal process based on post-
disaster information. The latter is mainly used for post-disaster educa-
tion and media promotion, an intuitive and detailed 3D reproduction of
the disaster process can improve the transmission efficiency of disaster
information. Thus, disaster reproduction can overcome the shortcom-
ings of traditional disaster education materials, which overly rely on
‘image and text publicity’, and ultimately improve people’s disaster risk
awareness and disaster prevention capabilities. After a dam-break flood,
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post-disaster information, such as the dam-break location, storage ca-
pacity, and affected area and buildings, can be used to help improve the
simulation model of disasters (Li et al., 2015), thereby improving the
spatiotemporal reproduction accuracy for this flood type. Moreover,
transferring the disaster risk knowledge implied in numerical results to
decision makers and the general public is a difficult task. The 3D virtual
environment can intuitively display the simulation results of floods,
which can improve users’ perception and cognitive understanding of a
dam-break flood disaster (Cheng et al., 2019; Chen et al. 2013, 2015,
2018; Havenith et al., 2019; Bailey and Chen, 2011; Lin et al., 2013a).
Existing flood simulation software (e.g., FLO2D, HEC-RAS, etc.) em-
phasizes risk prediction, and problems with its application include
tedious data processing, long simulation times and a high degree of
specialization. Therefore, a rapid dam-break flood reproduction system
that integrates data processing, simulation calculation and dynamic
representation is urgently needed to support emergency decisions and
the dissemination of risk knowledge.

This paper outlines the design and implementation of a rapid dam-
break reproduction system. The system integrates a dam-break numer-
ical model based on the cellular automata (CA) and the virtual
geographic environment (VGE) framework, realizes rapid reproduction
and augmented representation of a dam-break flood under the con-
straints of post-disaster information, and provides decision-making in-
formation support and risk knowledge for disaster-related persons. To
realize the high-efficiency reproduction of a whole dam-break flood
process, this system integrates data acquisition, model calculation and
dynamic visualization functions. Through a user-friendly operation
interface and flexible parameter configuration, the whole process of a
dam-break flood can be represented in virtual 3D view. A dam-break
flood that occurs anytime and anywhere can be rapidly reproduced by
this system, and the reproduction time is reduced to less than 1 h, which
greatly improves the 3D restoration efficiency of the spatiotemporal
evolution of disasters.

2. Related works

Information systems play a significant role in flood disaster man-
agement (Granell et al., 2013; Ding et al., 2015). Disaster management
mainly includes four stages, prevention, preparedness, response and
recovery, with different flood information systems serving different
stages (Carter 2008; Pearce 2003). Serving the prevention and prepa-
ration stages of flood disaster management are flood prevention and
early warning systems formed by integrating atmospheric models, hy-
draulic models, hydrological models and sensor monitoring data (Qiu
et al., 2017; Kauffeldt et al., 2016; Huang et al., 2015). These types of
systems are usually guided by the government and completed by inte-
grating multidisciplinary and multisection collaboration. The common
characteristics of the Chinese National Disaster Reduction System, the
British National Flood Forecasting System and the European Flood
Warning System (Fan et al., 2016; Ding et al., 2015; Price et al., 2012;
Bartholmes et al., 2009) are powerful system functions, complex ar-
chitecture and high usage permission, limiting their accessibility to
general engineering users and researchers. Other systems focus on the
simulation, prediction and risk assessment of floods and have been
widely used by researchers and local organizations for flood risk man-
agement. For example, Environmental Fluid Dynamics Code (EFDC) is
an open source software for 1D/2D/3D hydrodynamics and water
quality simulation, it has the advantages of simple system integration
and high computational efficiency but exhibits poor performance in
fitting complex terrain and irregular boundaries (Shin et al., 2019; Yin
and Seo, 2016). The MIKE series is currently the most mature and widely
used commercial software in the water conservancy industry, and it
mainly includes three modules: MIKE-11, MIKE-21 and MIKE-FLOOD.
Among them, MIKE-21 is used mainly for 2D flood simulation with
high precision, but it has low computational efficiency and cannot be
readily integrated with other flood management systems (Warren and
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Bach, 1992; Symonds et al., 2016). The Hydrologic Engineering Center
(HEC) is a series of hydraulic engineering application software packages
with different application fields from HEC-1 to HEC-6, and it includes
the HEC-geoRAS extension module that was developed in association
with the ESRI company. HEC-geoRAS has established a bridge for data
exchange between the HEC-RAS system and ArcGIS platform, and it is
mainly used for preprocessing input data and postprocessing simulation
results, which improves the efficiency of simulation and visualization.
However, the input parameters of HEC-geoRAS are complex, requiring
not only geographic data but also hydrological and hydraulic data, and
three independent systems are used in this module to work with input
data, process simulation and visualization separately (Sharma and
Majumdar, 2016; Thakur et al., 2017).

GeoDam-BREACH is a GIS toolkit for dam-break modeling, emer-
gency action formulation and consequence assessment. It supports
inputting 2D simulation data of HEC-RAS and integration of ArcGIS, but
it does not provide support for users not associated with the Federal
Emergency Management Agency (FEMA (2013)). FLO-2D is a 2D
simulation software package for flood and debris flow disasters that has
been widely used in fluid simulation (Wu et al., 2013). Delft 3D, a
software package for the water environment developed by Delft Uni-
versity in the Netherlands, is considered the most advanced 3D
hydrodynamic-water quality model system in the world. It mainly in-
cludes Delft 3D-FLOW, Delft 3D-WAVE, Delft 3D-WAQ and other mod-
ules, which have high degrees of integration and interoperability as well
as good stability and fast speed (Symonds et al., 2016; Waldman et al.,
2017), but the simulation process is complex and requires many pa-
rameters. During disaster response, it is difficult to obtain substantial
data in a short time, which makes Delft 3D difficult to apply to a
dam-break flood. In summary, the main shortcomings of the current
flood disaster systems for rapid reproduction are as follows: 1) the input
data parameters are various and complex, 2) the simulation process is
cumbersome and time consuming, and 3) the
data-simulation-visualization process lacks a complete workflow.

3. Methodology
3.1. Overall research framework

Fig. 1 shows the overall research framework of this paper, which
includes three main parts. First, the required parameters for simulation
of the whole dam-break flood process are obtained based on remote
sensing images and digital elevation model (DEM) data, which include
the landslide body, disaster boundary, affected buildings, etc. These data
are the basis for the reproduction and representation of the dam-break
flood. Second, the cellular automata model of a dam-break flood is
constructed, and the reproduction of the dam-break spatiotemporal
process is constrained by post-disaster information (e.g., the storage
capacity and disaster range). Finally, based on the virtual geographical
environment, the whole dam-break flood process is dynamically visu-
alized through the combination of static and dynamic representations,
which maximizes the efficiency of flood disaster information trans-
mission and perception.

3.2. The 3D reproduction of the dam-break flood process constrained by
post-disaster information

3.2.1. Numerical model of dam-break floods based on CA

Compared with the common hydraulic model and hydrological
model, the numerical model of the dam-break flood based on CA has the
advantages of high parallelism, convenient boundary handling and
simpler arithmetic (Li et al. 2013, 2015). In this paper, a 2D cellular
automata is used to simulate the evolution of a dam-break flood in a
discrete time-space framework (Li et al. 2012, 2013, 2015; Zhu et al.,
2015). Fig. 2 shows the structure of the CA-based numerical model of a
dam-break flood, which includes four main parts: cell space,
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Fig. 2. The model structure of a dam-break flood.
neighborhood, cell state and transition rules. (2) Cell state
(1) Cell space and neighborhood The cell state of a dam-break flood can be represented by a five-tuple,
as shown in formula (1).
The research area is uniformly divided into g.r1d elements within a Comee < Z.RHMN > &)
square, each element represents a cell, and four adjacent cells form a cell
space, which includes water depth and single-width flow in the X and Y In this formula, Cy,. represents the cell state, Z represents the
directions. In addition, the Von Neumann type is used to update the cell elevation value of the cell, R indicates the roughness value, H indicates
state. the water depth, M indicates the single-width fluxes in the X direction,
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and N represents the single-width fluxes in the Y direction.
(3) Transition rules

The transition rules between cells are solved by the Saint-Venant
equations. The calculation process includes the following three steps:

@ Set the initial parameters of the break cell. All cells are considered
waterless areas except for the break cell, the water depth and
single-width fluxes are set to zero.

@ Use the water depth of the CA cell, single-width fluxes, flow ve-
locity and water surface elevation at time t to calculate the cell
single-width fluxes (Mﬁjl and Nf}l) at time t+1. The calculation

method is shown in formula (2).

2 2
Az(h'.+l Y ) (zf, S Zt__) At | (uf, ) n (Vc )
+1 1y i i+1y i 5 i ij
Mf/ = M,’J' -8 T

— 8N
™ | (110, +5,)7]

ey, 4 0) (g —21) A
Ay

Nij'=Nj;—g

In the formula, ijl and Nﬁ;l represent the single-width fluxes (m?%/
s) of the cell (i, j) in the X direction and the Y direction, respectively, at
time t; h{ ; represents the water depth (m) of the cell (i, j) at time t; 2} !

represents the water surface elevation (m); uf; = M;; / Rt andv;; =
ij k
Nt ! / jt Tepresent the velocity of the cell (i,j) in the X direction and Y
ij

direction (m/s), respectively; At and the Ax, Ay pair indicate the itera-
tion unit time and cell size(m), respectively; g indicates the gravitational
acceleration; and nfd. indicates the roughness of the cell (i,j) (m~3).

(Mt = Mt) AN - NG

Ax Ay

1 _ gt
ni =

3)

® Once the single-width fluxes M;!' and N{;" at time t+1 are ob-
tained, the water depth of the cell (i, j) at time t+1 can be
calculated using formula (3). Through iterative calculation of the
above formula, the water depth value of the cell over continuous
time can be obtained.

3.2.2. Reproduction of dam-break floods constrained by post-disaster
information

Abundant disaster information (e.g., the range and arrival time) can
be obtained from post-disaster geographic data. This information can be
used to constrain the spatiotemporal evolution of a flood, thereby
enhancing the visual effect of dam-break flood reproduction. This paper
takes the water storage, disaster boundary and time-space ratio as
constraint rules.
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(1) Water storage balance

During the evolution of a dam-break flood, the total flood amount
remains constant, that is, the total amount of flood is equal to the sum of
cell water and the residual water, as shown in formula (4).

Viotat = Vresidual + Veen* Num ()]

In the formula, V,y represents the total flood volume, Vesigqua rep-
resents the remaining amount, V. represents the cell volume with
water, and Num represents the number of cells with water. If the sum of
the remaining and the cell volume is not equal to the total flood amount,
we dynamically allocate the surplus or reduced water to the cells based
on the preset storage capacity to maintain the total balance.

(2) Disaster boundary

Fig. 3 illustrates the main concept of the disaster boundary

(2)

constraint, the blue lines represent disaster boundaries. This constraint
provides two benefits: it reduces unnecessary calculations, thereby
improving the calculation efficiency of the model, and it improves the
reproduction effect and accuracy. In this paper, the elevation value of
the boundary cell is set to 9999 and is regarded as an invalid cell, as
shown in Fig. 3 and formula (5).

G = { Nodata  G;; = 9999 )

Depth  G;;! = 9999

In the formula, Gy, represents the water depth of the cell, and G;;
represents the elevation of the cell. If the elevation of the cell is 9999, it
is not involved in the iterative calculation.

(3) Time-space ratio

The time-space ratio is used to describe the relationship between the
iteration time of the cell and the real evolution time. When the dam-
break flood starts to flow, the water velocity often increases, and a
larger time-space ratio is used to obtain a smaller time step. As the dam-
break flood progresses, the water velocity gradually decreases, and a
large time interval is required to adopt the flow rate. Therefore, it is
necessary to dynamically change the value of the space-time ratio during
iterative calculation, as shown in formula (6).

As

Af—m———— —— 6
Styaio{stl, st2, ...} (6)

In the formula, At represents the unit time step of the cell iterative
calculation, As represents the cell scale, and st,,,;, represents the time-
space ratio. stl and st2 indicate two values of the time-space ratio. In
this paper, the initial value was set to 100.
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3.3. Augmented representation of the whole process of a dam-break flood
integrated with the VGE framework

3.3.1. Logical description of the whole process of a dam-break flood
Story maps can relay information about times, places, questions and
tendencies in a clear, intuitive and interactive manner under the back-
ground of a geographical environment. This paper draws lessons from
the core idea of story maps and divides the whole flood disaster process
into three parts: the disaster cause, spatiotemporal process and disaster
situation. By describing relationships by using correct causal logic and

context, the whole process of the disaster is described in the narrative
manner of storytelling. A logical description of a whole process of a dam-
break flood is shown in Fig. 4. Earthquakes and intense rainfall induce
landslides and the formation of a barrier lake. As the water level con-
tinues to rise, dam-breaking floods erupt. With the evolution of the
flood, disaster information such as water depth, flow rate and arrival
time are represented, and finally, the affected buildings and affected
roads are represented.
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3.3.2. Augmented representation of dam-break floods integrated with the
VGE framework

As a new generation of GIS theoretical frameworks, VGE focuses on
spatial data sharing, geographic model integration and multiscale, all-
round interactive visualization (Lin et al. 2013b, 2015; Lii et al.,
2019). Based on the VGE framework, the calculation and visualization of
a dam-break flood can be tightly integrated, and the framework supports
disaster data processing, flexible configuration of simulation parameters
and visual analysis of calculation results.

Augmented representation is used to improve the interpretation
ability of scene data through text, symbols, etc., so that users can see the
essence of scene data (Li et al., 2019a). The augmented representation of
the dam-break flood takes the virtual terrain scene as the carrier, and the
simulation results of the flood are merged into the 3D virtual scene ac-
cording to the causal logic and time axis, as shown in Fig. 5. In addition
to presenting conventional static information, the scene presents a
combination of static representation (e.g., text, symbols, and texture)
and dynamic representation (e.g., highlight and focus), which can
dynamically reveal the spatiotemporal laws of disasters and enable se-
mantic enhancement and deep focus on flood disaster information, thus
helping users quickly master key information and improve their disaster
awareness (Li et al. 2019b, 2020).

4. System implementation and application cases
4.1. System architecture

The architecture of the dam-break flood reproduction system is
divided into four main layers, as shown in Fig. 6. The data layer is the
foundation of the system, which adopts the mixed storage of a file sys-
tem and PostgreSQL database. The service layer is the core of the system
and is responsible for the processing and integration of relevant models.
The representation layer provides multidimensional spatiotemporal
visualization and augmented representation of the dam-break flood
process to improve the transmission efficiency and spatial cognition of
disaster information. The application layer is oriented towards users
involved in dam-break flood management. Through simple parameter
configurations and user-friendly interactive interfaces, users can query
and analyze flood disaster information.

Il The 30 Reproduction System of Dam-break oods
File Data Processing Simulation Control Calculation and Simulation Mode Help
A * e dduMEP»O

Flood
9 danba flood
© jinshajiang flood
9 618 flood
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4.2. System implementation

The dam-break flood reproduction system was developed using the
C++ language on the Visual Studio 2010 platform, and the operation
interface was written in QT 5.8. The data processing tool was developed
based on ArcEngine 10.2, and the OSG toolkit was used to build a 3D
scene visualization platform for the dam-break flood disaster. The sys-
tem interface is shown in Fig. 7.

The system was divided into three parts: a functional module, a layer
management module and a display area. The functional module sup-
ports mainly data processing, parameter configuration and model
calculation. The layer management module on the left supports layer
visibility and rendering order settings. The display area provides
augmented visualization of the entire process of the dam-break flood.

4.3. Application experiments

4.3.1. Study area
As shown in Fig. 8, two study areas were selected for experimental
analysis. Detailed descriptions are presented below.

(1) Case 1

On October 10th, 2018, a large-scale landslide occurred in the Jinsha
River Basin at the border of Sichuan and Tibet. The landslide blocked the
main stream of the Jinsha River and caused the formation of a barrier
lake approximately 5600 m long, 70 m high and 200 m wide. According
to hydrological department calculations, the maximum flux was
approximately 10000 m®/s, posing a great threat to the lives and
property of people in the downstream Jinsha River region.

(2) Case 2

On June 17th, 2020, a heavy rainstorm occurred in Danba County,
Ganzi Prefecture, Sichuan Province, and a landslide occurred in
Anangzhai village, which blocked the Xiaojinchuan River and caused
the formation of a barrier lake. The barrier lake threatened more than
6000 people in 6 townships, 17 villages, 4 schools, 2 temples and 3
health centers downstream of the river.

arrive time 13
lvelocity 1.300 m/s
flow rate 31,805 m'3/s
depth 1 m

Warrive time 10645
velocity /. 612 m/s _
flow rate 239 509 m"3/s

depth 212

(%0.¥0,29)

Fig. 7. The interface of the reproduction system.
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4.3.2. Dam-break flood reproduction
(1) Data processing

The data processing tool was used to clip and project the
geographical data and calculate the roughness value according to
different types of features. Areas of road, river, farmland, grassland and
residential land were assigned values of 0.016, 0.040, 0.035, and 0.070,
respectively, by referring to Hossain et al. (2013) and Yin et al. (2017).

Then, raster calculations were performed to merge these values into a
roughness file and convert them to ASCII file format to save.

(2) The cell indexes of dam-break breach

The data preprocessing tool includes an acquisition module of cell
indexes of dam-break breach, as shown in Fig. 9. We obtained the
location and length of the dam break based on post-disaster images and
DEM data, and formula (7) and formula (8) were used to calculate the
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direction and the number of grids, rows and columns. This information
was used as input parameters for the dynamic reproduction of the dam-
break flood.

{y— (x —x1)k+y1

k=7 )
= }Z—Y1/x27xl
In the formula, k is the slope value, and (x,y) is the coordinate of an
uncertain point. Then, formula (8) is used to obtain the row and column
numbers of all dam-break cells.

c= (xfx/)/ )
g;\h,k (8)
r:t_(y_y)/gsizc

In the formula, r is the row number of the dam-break cell, c is the
column number, (x',y) is the geographic coordinates of the lower left
corner, t is the total number of rows, and g, is the grid size.

(3) Simulation parameter setting

The system provides a user-friendly parameter configuration inter-
face, as shown in Fig. 10. Basic parameters include the storage capacity,
dam-break width and height, and break mode. Simulation parameters
include the roughness, DEM, and break value. Monitoring points are
used to calculate and display real-time information such as arrival time,
arrival location and remaining storage capacity.

(4) Reproduction and augmented representation of the whole
process

First, the shaking of the 3D scene is used to indicate that the geological
structure is loosened due to the impact of the earthquake. Soon after-
ward, a landslide is caused by intense rainfall, and the landslide deposits
are buried in the river, causing the formation of a barrier lake. The
visualization and description of the causes of the dam-break flood
enhance the user’s understanding of this flood type. Next, the spatio-
temporal process of the dam-break flood is represented, including the
water depth value at each moment, with the continuous yellow ribbon
exhibiting one-to-one mapping. A darker color corresponds to a deeper
flood. Additional information, such as the flood arrival time, arrival
location, remaining storage capacity and flow velocity, is dynamically
displayed. Finally, thematic information, such as the affected buildings
and roads, is emphasized and highlighted, as shown in Fig. 11.

Fig. 12 shows the spatiotemporal development and trend of the dam-
break flood in a VGE. Users can query the water depth, flow velocity,
and submerged range at different times in real time. Fig. 13 shows the
dam-break flood visualization in another case. More detailed experi-
mental results in animated form in a video are available online (please
see https://www.bilibili.com/video/BV15p4y1k7sM/and https
://www.youtube.com/watch?v = WhKLYysEjm8).

4.3.3. Comparison with other flood systems

To highlight the innovation and advantages of the reproduction
system of dam-break floods proposed in this paper, we compared the
system with other flood simulation systems, as shown in Table 1. The
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Fig. 11. Augmented representation of the whole process of a dam-break flood.
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Fig. 12. The spatiotemporal process of a dam-break flood (case 1).
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Fig. 13. The dam-break flood visualization in case 2.

Table 1

Advantages of the reproduction system of dam-break floods.
Analysis factor The system in this article MIKE HEC-RAS FlO0-2D Delft 3D
Number of input parameters 6 More than 10 professional parameters
Reproduction time Lessthan1h 3 h or longer
Professional degree Medium High High High High
Visual content High Medium Medium Low High
3D dynamic visualization Supported Supported Not supported Not supported Supported

results show that the reproduction system of dam-break floods proposed
in this paper has the advantages of simple input parameters, a short
reproduction time and a strong 3D visualization effect.

5. Discussion

In this paper, we aim to develop an efficient 3D reproduction and
visualization system of dam-break floods. For additional inspiration and
information to consider, the advantages and limitations of this system
are discussed below.

First, the reproduction time of the flood process is reduced to less
than 1 h by using our system. The simulation of the spatiotemporal
process of a dam-break flood is a very complex process, and abundant
input data and parameters are needed to achieve accurate simulation.
The current flood system focuses on the mechanism and simulation ac-
curacy and avoids a large time investment in data processing and
simulation, which is inconsistent with the goal of rapid response to flood
disasters. The rapid flood reproduction system simplifies the input pa-
rameters of the model and reduces the model calculation time.
Furthermore, the system integrates input data processing, spatiotem-
poral simulation and augmented representation into a complete work-
flow, reducing the entire reproduction time of a dam-break flood process
to one hour level and providing decision-making support for disaster
response.

Second, this system supports rapid 3D reproduction of flood pro-
cesses at different times and positions. A flexible parameter configura-
tion is provided. The cross-section data, flow data, and dry and wet
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depth are required to set in the current flood simulation software, such
as MIKE and the HEC series. The system proposed in this paper has a
simplified parameter configuration, users only need to set several
necessary parameters, such as the DEM, roughness and storage capacity.
Furthermore, on this system, users can quickly visualize dam-break
flood disasters at different times and locations. In addition, different
from the current flood systems offered to professionals, the rapid dam-
break flood system provides a user-friendly interface, hides potential
technical details such as model calculations, and reduces user re-
quirements with respect to professional background and experience.
These advantages make the system applicable to the general public.

Third, augmented representation improves the transmission effi-
ciency of flood disaster information. In the flood disaster management,
users pay more attention to flood disaster information than to visual
effects. Augmented representation allows visualization of the cause,
process and result of dam-break floods through the combination of static
representation and dynamic representation and a logical sequence,
which can enhance the transmission of flood disaster information and
the user’s perception level.

Although we have invested much time and effort in system devel-
opment, there is room for improvement. For example, the current
computing framework of the dam-break reproduction uses mainly the
CPU serial method, and each element is stored in an array. This frame-
work will meet a challenge of low computational efficiency when pro-
cessing large-scale and high-precision data, as described in the paper.
Therefore, in upgrading the system, the computing framework could be
extended to a parallel CPU and GPU framework. Moreover, the octree
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can be used to organize and manage the cell data to improve the
computing efficiency of the dam-break model with high-precision DEM
data. In addition, the current version of the system is a standalone sys-
tem, we plan to modify the system architecture to a B/S structure and to
provide flood disaster information service for more users.

6. Conclusions and future work

The rapid dam-break flood reproduction system is a platform
developed to effectively represent disasters and disseminate information
about disasters involving a dam-break flood. This system has the
following characteristics. First, it supports the rapid processing of
disaster information such as the disaster boundaries, dam-break location
and roughness. Second, it integrates a numerical model of a dam-break
flood based on CA to realize the spatiotemporal process simulation with
the constraint of post-disaster information. Then, considering the whole
process of a dam-break flood, it realizes augmented representation of the
flood cause, the spatiotemporal process and the affected area based on
the VGE, which improves the transmission efficiency of dam-break flood
information. In addition, this system provides a flexible parameter
configuration and a user-friendly interface to support typical users in
simulating and displaying a dam-break flood process.

In future work, more disaster models, such as debris flows and
landslides, will be integrated into this system. Furthermore, we plan to
research ontology modeling of different disasters, clarify the complex
semantic relationships between disaster objects, and reduce the diffi-
culty of disaster 3D scene modeling and spatiotemporal process
reproduction.

Software availability

The dam-break flood reproduction system was developed by South-
west Jiaotong University using C++ language on the Visual Studio 2010
platform. This system can be run on a standard PC. The software and
part of the experimental data that support the findings of this study are
available at figshare.com under the identifier https://figshare.com/s/a
5026¢73887472c3024f.
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