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Abstract Landslide dam, always triggered by the strong
earthquake and heavy rain, is a common natural disaster
around the world. In this study, a coupled model was built
by combining DB-IWHR model and the two-dimensional
hydrodynamic model to simulate the landslide dam flood
discharge. We mapped the maximum Baige landslide dam
flood inundated area based on Gaofen-1 imagery, and then
simulated the process of Baige landslide dam flood
discharge using this coupled model. It was proved that,
with 80.05% F values, the coupled model was suitable to
simulate the process of landslide dam flood discharge.
Lastly, multiple scenarios were simulated respectively by
setting varying width and depth of spillway. The results of
scenarios 1–4 indicated that spillway width presented low
sensibility to the peak flow in spillway and the time of its
arrival, and similarly to the water depth at river cross-
section and the inundated area. Water depth at river cross-
section and the inundated area decreased as spillway width
increased. Even if spillway width varied at 10 m interval,
the average variation of water depth was less than 1.82 m
and the variation of inundated area was less than 2.85%.
However, the results of scenarios 5–8 indicated that
spillway depth was sensitive to the peak flow in spillway
and its arrival time, and also to water depth at river cross-
section and the inundated area. Water depth at river cross-
section and the inundated area increased first and then
started to drop with spillway depth kept decreasing. When
spillway depth varied at only 2 m interval, the average
variation of water depth at river cross-section basically
exceeded 2 m and the variation of inundated area was more
than 2.85%.

Keywords landslide dam, scenario simulation, flood
discharge

1 Introduction

Landslide dams are common disasters that occur fre-
quently in tectonic active mountain zone with the narrow
and abrupt valleys, and always form landslide lake with
potentially harmful on account of river-blocking obstruc-
tions (Costa and Schuster, 1988). Strong earthquake and
heavy rainfall are the main factors triggering landslide
dams (Keefer, 1984; Schuster, 1995; Chen et al., 2006;
Evans et al., 2011; Wang et al., 2013). For example, more
than 800 landslide dams were triggered by the Mw 7.9
Wenchuan earthquake in Sichuan Province in China
(Gorum et al., 2011; Fan et al., 2012). Once the landslide
dam formed, personal safety and property would be
threatened by floods triggered by landslide lake level
rising and mass and the rapid release of water (Cenderelli,
2000; Dai et al., 2005; O’Connor and Beebee, 2009).
Several studies have concentrated on the following
aspects: 1) research on landslide-dam inventories (Costa
and Schuster, 1991; Chai et al., 1995; Korup, 2004;
Hermanns et al., 2011; Fan et al., 2012); 2) research on
single case study, containing forecasting the form of
landslide dams (Mandrone et al., 2007; Chen et al., 2015a),
the assessment of landslide dam stability by the dam
parameters and empirical formula (Ermini and Casagli,
2003; Korup and Tweed, 2007; Dong et al., 2009; Xu et al.,
2009; Wang et al., 2018a); 3) forecasting calculating peak
discharge of dam break (Evans, 1986; Walder and
O’Connor, 1997; Cook, 2008) and the assessment of
dam break flood hazard (Peng and Zhang, 2012; Basabe,
2013).
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However, as a natural disaster, landslide dam usually
forms the landslide lake by blocking the river, and causing
significant hazards around the world in case of landslide
dam break (Korup, 2002; Dai et al., 2005). For example,
the Dadu river landslide dam, triggered by the strong
earthquake in Sichuan Province of China in 1786, failed
ten days later, and the suddenly catastrophic flood caused
over 100000 deaths in the downstream (Dai et al., 2005).
Hence, how to mitigate landslide dam disaster is very
important. However, the method of landslide dam disaster
mitigation and relief was flood discharge using spillway-
through manual excavation or exploding nowadays (Xu
et al., 2009). In addition, spillway width and depth were
increasing in the process of landslide dam flood discharge,
and landslide dam flood flow was highly unsteady flow
along the riverbed and inundated both sides of flood plain.
However, there was not any clear and professional model
to simulate the progress of landslide dam flood discharge
for disaster mitigation and relief. For instance, the Baige
landslide dam flood discharge has caused the biggest flood
in Lijiang in recent years. Hence, how to build the model
for guiding landslide dam flood discharge is very important
to relieve landslide dam disaster.
Landslide dam, as a natural dam, is similar to artificial

dam. Meanwhile, we also consider artificial spillway as a
special dam breach, which will be a new viewpoint for
landslide dam flood discharge model constructed. Now the
research on dam break flood discharge was reflected in the
following two aspects: on the one hand, concentrating on
the development of dam breach, we usually adopted model
experiment analysis (Morris and Galland, 1988; Zhang
et al., 2009), empirical formula method (Singh et al., 1988;
Xu and Zhang, 2009), and numerical simulation method
(Fread, 1984; Fread, 1988; Wu, 2013). In recent 50 years, a
large number of dam-break models have been built.
Especially Chen et al. (2015b) proposed DB-IWHR
model based on previous study (Cristofano, 1965; Brown
and Rogers, 1981; Fread, 1984; Costa, 1985; Fread, 1988;
Singh et al., 1988; Walder and O’Connor, 1997; Wang and
Bowles, 2006; Chang and Zhang, 2010; Wu, 2013). The
advantages of DB-IWHR model including transparent
calculation progress and the improved correctness of
calculation results, as well as being less sensitive to input
parameters for dam break analysis, which has been already
verified by landslide dam-break measured data (Wang
et al., 2016).
On the other hand, it focused on the study of flood

inundation model. In this field, many scholars tried to
figure out the processes of flood flow and evaluate the risk
of flood taking advantage of Geographic Information
System (GIS) (Ahmad and Verma, 2018). Three categories
including the empirical methods (Smith, 1997; O’Connor
and Costa, 2004), the hydrodynamic models (Roberts
et al., 2015; Brunner, 2016) and the simplified methods
(Pender, 2006) were summarized (Teng et al., 2017).
Hydrodynamic models have been widely used to achieve

flood mapping (Knebl et al., 2005; Gallegos et al., 2009;
Renschler andWang, 2017; Li et al., 2019; Yin et al., 2019)
and simulated flood scenario in combination with
empirical methods and simplified methods. One-dimen-
sional hydrodynamic model provided no flow field
information and had complex operation (Viero et al.,
2014). In this study, we adopted the two-dimensional
hydrodynamic model to simulate landslide dam flood
discharge.
Although scholars have obtained lots of achievements

on dam-break model and flood inundation model, there
was rare research on landslide dam flood discharge and
barely any models to simulate the progress of landslide
flood discharge. Therefore, this study aims to: 1) construct
the landslide dam flood discharge model by coupling DB-
IWHR model and the two-dimensional hydrodynamic
model; 2) simulate the process of Baige landslide dam
flood discharge and verify the applicability of the coupled
model; 3) multiple scenarios analysis on simulating
landslide dam flood discharge by setting different spillway
width and depth.

2 Materials

2.1 Study area

This study took Jinsha River, located at the upper reaches
of the Yangtze River in China, as study area. The river
starts from Yushu County of Qinghai Province and ends at
Yibin of Sichuan Province. Its main stream is 3482 km
long, and both sides of the Jinsha River are very steep. It is
also a high incidence area of geological disasters.
Topography of this area is very suitable to form landslide
dams, and two landslide dam incidents occurred in this
area. Zone A (Fig. 1) shows the location of the landslide
dam, zone B (Fig. 1) represents main residential area.

2.2 Disaster progress

The first landslide occurred at the junction of Jiangda
County of Tibet Autonomous Region and Baiyu County of
Sichuan Province. It subsequently blocked trunk stream of
the Jinsha River and formed the landslide lake at 22:06,
October 10, 2018. The landslide lake began to overflow at
7:02, October 12th. There was a trapezoidal trough to
discharge flood on the right slide of landslide dam with
160 m top width, 70 m bottom width and 55 m depth. After
160 min, the possibility of dam-break was excluded.
However, Baige landslide dam, generated from the second
landslide, also occurred at the same location, and formed
landslide dam at 17:40, November 3, 2018. To eliminate
disaster, an artificial discharge tank dug began to discharge
flood at 10:50 a.m., November 12, 2018. Until 8:00 a.m. on
November 15, 2018, the water level maintained stable and
the disaster was obviated.
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2.3 Data sources

Disaster site data from related literature (Chen et al.,
2019; Hou et al., 2019) and reports (available at
government website) was considered as parameters input
for the coupled model. The parameters included geogra-
phical parameters, hydraulic parameters and geotechnical

parameters (Wang et al., 2016), with the detailed
information of these parameters as shown in Table 1.
DEM data was from SRTM, provided by Geospatial

Data Cloud site, Computer Network Information Center,
Chinese Academy of Sciences (available at Geospatial
Data Cloud website). We used the measured river section
by interpolation to form Jinsha River bed terrain, and this

Fig. 1 The location of the study area. A: the location of Baige landslide dam. B: the location of residential area.

Table 1 Main Parameters input for the coupled model

Name Symbol Values

Geographical
parameters

W~H curve coefficient p1, p2, p3 0.16, -1.51, 80.94

Evaluations of reservoir water level, beginning/m H0 2956.17

Inflow flow/(m3$s–1) Qin 1500

Evaluations of dead water/m Hr 2903.94

Evaluations of landslide dam/m Hl 2963.5

Hydraulic
parameters

Broad-crest Weir coefficient mq, mb, m 0.36, 0.90, 0.80

Initiated flow rate/(m$s–1) VC(m/s) 4

Erosion coefficient a, b 1.1, 0.0004

Manning coefficient n 0.04

Courant number CFL 0.5

Geotechnical
parameters

Dam material parameters g, c, φ, 16 kN/m3, 30 KPa, 25°

Burst model parameters m1, m2 0.2700, 0.0245

Evaluations of channel bed/m z0 2952

Channel width, beginning/m B0 22
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work have been done by Professor Hou from Xi’an
University of Technology (Hou et al., 2019).
Satellite image with 2m-resolution used in the paper

was GaoFen-1 (GF-1) image in the progress of the rational
polygon coefficient (RPC) correction and fusion between
multispectral data (8 m spatial resolution) and panchro-
matic data (2 m spatial resolution). GF-1 satellite main
parameters are shown in Table 2 (Wang et al., 2018b).

3 Methodology

3.1 The coupled model construction

The coupled model combined DB-IWHR model and two-
dimensional hydrodynamic model to simulate landslide
dam flood discharge. Core process of simulating landslide
dam flood discharge mainly included two steps: 1)
simulate landslide dam flood discharge flow duration
curve in spillway by the DB-IWHR model; 2) simulate
landslide dam flood discharge inundation by the two-
dimensional hydrodynamic model (2D model). Flow chart
of the coupled model is shown in Fig. 2. First,
Geographical parameters, hydraulic parameters and geo-
technical parameters were input for the DB-IWHR model,

the output was flow duration curve in spillway. Then, the
flow duration curve, satellite imagery and DEM data were
input for the two-dimensional hydrodynamic model to
simulate the extent of flood area. The coupled model runs
at a timestep of 2 min and does not need a spin-up period.

3.1.1 Flow simulation

Once the landslide dam formed, the dam parameters and
inflow were always certain. The way of landslide dam
flood discharge was digging the spillway, and DB-IWHR
model provided the way to establish connection between
the width and depth above water of spillway and the
discharge curve during the flood discharge. DB-IWHR
model was developed based on physical mechanism. The
key simulated processes of DB-IWHR model contained
three core portions:
1) Outflow though spillway was adopted the hydraulics

of a broad-crested weir (Chen et al., 2019):

Q ¼ CBðH – zÞ32 , (1)

whereQ is outflow in spillway, unit in m3=s; C is discharge
coefficient, unit in m1=2=s; B is width of spillway, unit in m;
H is evaluations of reservoir water level, beginning, unit in
m; z is evaluations of spillway, unit in m.
2) A hyperbolic model was proposed in DB-IWHR

model, which takes the following form (Chen et al.,
2015b):

_z ¼ ΦðτÞ32 ¼ U

aþ bU
, (2)

U ¼ kðτ – τcÞ, (3)

where _z is erosion rate, unit in 10 – 3mm=s; U is shear stress
with reference to its critical component; k is unit
conversion factor.
3) Breach lateral enlargement procedure of DB-IWHR

model adopted circular slip surfaces method which has
been widely accepted in geotechnical field. The process
was repeated among various possible slip surfaces for
calculating the factor of safety until an important one
corresponding to the minimum of safety factor was found
and was simplified in practice (Chen et al., 2015b).
12 parameters, such as W~H curve coefficient, evalua-

tions of reservoir water level, inflow flow, evaluations of
dead water, evaluations of landslide dam, broad-crest weir
coefficient, initiated flow rate, erosion coefficient, dam
material parameters, burst model parameters, evaluations
of spillway bed and spillway width, were used as input
parameters for DB-IWHR model (Table 1). DB-IWHR
model was relatively less sensitive to the input parameters
based on this hyperbolic model. Meanwhile, the model
adopted a new solution technique that integrated the flow
process based on velocity increment and solved the

Table 2 Parameters of GF-1 satellite (Wang et al., 2018b)

Parameter Value

Resolution Multispectral 8 m

Panchromatic 2 m

Wide field viewer 16 m

Image width Multispectral and panchromatic 60 km

Wide field viewer 800 km

Revisit cycle 4 days

Fig. 2 Flow chart of the coupled model.
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governing equation directly without iterative arithmetic
(Wang et al., 2016).

3.1.2 Flood discharge simulation

Two-dimensional hydrodynamic model was adopted in the
research to simulat the landslide dam flood discharge
routing, which was essentially the shallow water equations
based on numerical solution. It was popular to simulate
most of two-dimensional free surface flow (Li et al., 2019;
Yin et al., 2019). Two-dimensional hydrodynamic model
took Saint-Venant equations as governing equations as
follows (Li et al., 2019):
The continuous equation:

∂h
∂t

þ ∂U
∂x

þ ∂V
∂y

¼ Q: (4)

The momentum equation:

∂U
∂t

þ ∂ðuUÞ
∂x

þ ∂ðvV Þ
∂y

þ gh
∂H
∂x

þ g
n2u

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

u2 þ v2
p

h1=3
¼ 0,

(5)

∂V
∂t

þ ∂ðuV Þ
∂x

þ ∂ðvV Þ
∂y

þ gh
∂H
∂x

þ g
n2v

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

u2 þ v2
p

h1=3
¼ 0,

(6)

where t is time, unit in s; U and V are the speed in the X
and Y direction respectively, unit in m3=s; H is water level,
unit in m; h is water depth, unit in m; n is roughness
coefficient.
The upper boundary was the flow duration curve in

spillway from the DB-IWHR model. Meanwhile, we
considered the special level as a lower boundary. The paper
adopted 0.04 as the roughness coefficient (Chen et al.,
2019), and simulated a total of 8 h landslide dam flood
discharge progress.

3.2 Flood maximum extent mapping

Mapping of flood maximum extent was interpreted from
the GF-1 Satellite imagery obtained on November 13,
2018. There were three rules to determine flood maximum
extent (Renschler and Wang, 2017): 1) physical evidence
by river deposits arranging in a linear pattern and mostly
paralleling to the flow direction; 2) interpretation of
satellite imagery through comparing the color and bright-
ness from no-flooded zone with previously flooded areas;
3) marker interpretation by looking for traces of flood
damage, such as housing damage, impervious surface
sediment deposition, plants dump and so on. Hence, the
trace of the flood was very evident on the GF-1 satellite
image based on the second rule.

3.3 Accuracy evaluation

To ensure the accuracy of simulated results by the coupled
model, we used remote sensing image (GF-1 image) after
the flood discharge to compare the inundated area between
actual inundated area and the simulated inundated area. Fit
statistic (F) was suitable to evaluate the degree of match
between actual inundated area and the simulated inundated
area, and its value arranged from 1 to 0, the less it was, the
more difference between actual inundated area and the
simulated inundated area (Renschler and Wang, 2017). It
was computed as follows:

F ¼ n0
nr þ nv – n0

, (7)

where nv and nr are number of pixels in simulated
inundated area and observed inundated area. n0 is the
overlap of nv and nr.

3.4 Multiple scenarios analysis

From the perspective of disaster relief and mitigation,
sensitivity of depth and width for the coupled model is
important to support disaster relief and mitigation. There-
fore, based on the actual spillway parameters in the Baige
landslide dam flood charge, model sensitivity to spillway
parameters are detected by regularly varying width and
depth of spillway respectively (Table 3).
To test spatiotemporal change of flood charge inunda-

tion, Root Mean Square Deviation (RMSD) and F are
adopted to qualify the change of inundated area and water
depth between multiple scenario simulation and scenario
Baige. The RMSD was widely used to quantify the water
depth deviation between real scenario simulation and
virtual scenario simulation at the same unit, the more
difference between the two scenarios, the larger it was. The
formula was computed as follows (Willmott, 1981):

RMSD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Pn
i¼1ðvi – riÞ2

n

s

, (8)

where n is the number of wet pixels to assess; vi and ri are
water depths at location i pixel in virtual scenario
inundated area and real scenario inundated area.

4 Results and discussion

4.1 Flood discharge simulation

Figure 3 shows the Baige landslide dam flood discharge
flow duration curve in spillway. After 1.5 h of the flood
discharge beginning, the flow value was very small and
increased very slowly. From 1.5 h to approximate 4 h, one
remarkable feature was that the flow value increased very
quickly, approximately after 4 h later, the flow reached the
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maximum value, exceeding 31000 m3/s, which was about
the same as the news report (available at Sichuan
Government website). The flow value then began to fall
and was stable after 7 h. Other feature was the smoothness
of the flow duration curve, there were more than one
inflection points on the flow duration curve until 4 h, the
flow duration curve was relatively smooth after that. This
phenomenon revealed stronger erosion of spillway at the
beginning progress of flood discharge.
The progress of landslide dam flood discharge simulated

by the coupled model is shown in Fig. 4 beginning at 10:50
a.m. on November 12, 2018. The results showed that the
flood quickly flowed along the riverbed. The flood arrived
at Renda after 2 h, and arrived at Kamai after 4 h, and 6
hours later, it arrived at Dengba. It finally arrived at
Huotang within the simulated progress period. For the flow
traveling distance, the stream flow distance exceeded
2000 m and the maximum water depth approached 6 m by
11:50 (Fig. 4(a)), meanwhile, the stream flow distance per
hour was 2167 m, 6147 m, 7961 m, 9325 m, 11700 m,
10795 m, 12905 m respectively (Fig. 4). The results
demonstrated that the stream flow distance per hour had
large differences and increased in 4 h but reduced 4 h after.
The reason was that the larger flow value was, the quicker

flow was. We concluded that flow distance was related to
both flow and the topographic conditions, and the change
of maximum water depth was also subject to similar
tendency. Figure 4 shows that the max water depth was
increasing in the first four hours and appeared at between 4
h and 5 h. After that, it sustained steadily. Combined with
Fig. 3 analysis, that peak flow appeared during this period
was concluded.
Figure 5 clearly presents the flood inundated area and

maximum water depth after 8 h of the landslide dam flood
discharge. The inundated area distributed along the river
channel and flood plain on both sides. 10 residential areas
were threatened in the period of flood discharge, such as
Keri was partially submersed, which was consistent with
the news report (available at iFeng website). Region A and
B were randomly selected which were superimposed on
Google Earth image to demonstrate flood discharge in
details. To qualitatively verify the accuracy of simulated
result, the simulated flood discharge evolution from the
coupled model was roughly according with actual river
flood evolution characteristics and there was good match
on inundated area between the simulation and observation
(i.e., GF-1 image) as shown in Fig. 5. This coupled model
which was suitable to simulate the landslide dam flood
discharge was concluded.

4.2 Maximum flood extent map

Figure 6 shows the location of verified area selected
randomly which was illustrated with black rectangle.
Figure 6(a) was obtained from GF-1 false color image with
2 m spatial resolution on November 13, 2018. Inundated
area contained river channel and both sides inundated area.
Color and brightness of landslide dam inundated area were
different from no-inundated area, the red box extent was
maximum inundated area caused landslide dam flood
discharge. Figure 6(b) shows the superposition of
inundated area and simulated inundated area. To quantita-
tively verify the accuracy of simulated result, the F value
between inundated area and simulated inundated area was
80.05%, and it showed the high consistent of inundated

Table 3 Multiple scenarios simulated by coupled model

Scenario name Elevation of spillway bed/m Elevation of water level/m Spillway width/m Spillway depth/m

1 2952 2956.17 2 11.5

2 2952 2956.17 12 11.5

3 2952 2956.17 32 11.5

4 2952 2956.17 42 11.5

5 2948 2956.17 22 15.5

6 2950 2956.17 22 13.5

7 2954 2956.17 22 9.5

8 2956 2956.17 22 7.5

Baige 2952 2956.17 22 11.5

Fig. 3 Baige landslide dam flood discharge flow duration curve
of in spillway.

68 Front. Earth Sci. 2020, 14(1): 63–76



area and simulated inundated area. The result indicated that
the coupled model was suitable to simulate landslide dam
flood discharge.
The coupled model mainly highlighted the model as

flow duration curve in spillway and the complex unsteady
flow calculated. As landslide dam flood discharge extent
prediction model for emergency rescue, it must have
higher accuracy and rapid response mechanism to ensure
effectiveness of the relief efforts. This coupled model was
coupled by DB-IWHR model and two-dimensional
hydrodynamic model. The input parameters for the
coupled model were simpler, and the coupled model ran
steadily and cost less time. It perfectly presented the whole
progress of landslide dam flood discharge and obtained
higher accuracy results by verification with high resolution
remote sensing image monitoring results.
The simulated result completely repeated the progress of

Baige landslide dam flood discharge in this paper. The

relative parameters were used as inputs and landslide dam
flood inundated area was as output from the coupled
model. Previous research paid attention to the urban flood
and focused on analysis of the importance of topography,
mesh resolution, resistance parameter, DEM sources et al.
on the hydrodynamic simulation (Horritt and Bates, 2002;
Begnudelli and Sanders, 2007; Schubert et al., 2008;
Gallegos et al, 2009). In the aspect of the landslide dam
disaster mitigation and relief, spillway width and depth
directly decided successful rate of disaster reduction. It was
very important to determine the effect of change of
spillway widths and depths to the flood discharge flow
duration curve and arrival time of peak flow in spillway, so
as to analyze the effect of landslide dam flood inundated
area and water depth at river cross-section. Therefore,
Section 4.3 presented eight scenarios by setting different
spillway depth and spillway width for the coupled model in
Table 3. Multiple scenarios simulation experiments

Fig. 4 Process of simulated landslide dam flood discharge inundation.
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attempted to determine the effect of setting different
spillway depth and spillway width regularly on flow
duration curve in spillway, arrival time of peak flow in
spillway, inundated area and water depth at river cross-
section.

4.3 Multiple scenarios simulation

This section simulated different scenarios by regularly
setting spillway width and depth as shown in Table 3.
Scenarios 1–4 expressed that spillway width increased at
an interval of 10 m with fixed spillway depth. On the
contrary, scenarios 5–8 displayed that spillway depth
decreased at an interval of 2 m with fixed spillway width.
Figure 7 shows the landslide dam flood discharge flow

duration curve of scenarios 1–4 in spillway. First of all, the
result distinctly showed both initial flow occurrence time
and value increased with the increasing of spillway width.
The rate of the increasing flow gradually became greater
with the increasing of spillway width in the initial period of
flood discharge. It was noted that scenario 1 had no initial
flow as shows in Fig. 7, however, it presented the initial
flow was very small instead of no flow. To sum up, this
phenomenon depicted less erosion with larger width,
leading to the greater flow at the initial stage of landslide
dam flood discharge. Then, both the peak flow and its
arrival time presented slightly tendency of decrease with
the increasing of spillway width. At last, the smoothness of
flood discharge flow duration curves was basically similar,
and there were no obvious difference flood discharge flow

Fig. 5 Baige landslide dam flood discharge inundation mapping.
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duration curves in these scenarios. In addition, it meant
erosion on both sides and bottom of spillway by flood flow
was more stable. In conclusion, spillway width was not
sensitive to peak flow and its arrival time in spillway.
The corresponding inundated area of scenarios 1–4 are

in Fig. 8. In term of qualitative analysis, there was slight
difference between scenario Baige simulation result (Fig.
5) and scenarios 1–4 results (Fig. 8). The landslide dam
flood flowed through Huotang in all above scenarios and
flood routing distance became shorter when spillway width
increased from 2 m to 42 m at 10 m interval. For the river
was not wide, water depth was similar at same river cross-
section. Figure 9 shows the relationship between flood
routing distance and water depth at river cross-section in
scenarios 1–4. The result of quantitative analysis showed
that water depth at every river cross-section decreased with

the increasing of spillway width at 10m interval (Fig. 9). In
general speaking, the deeper water depth at river cross-
section, the larger the inundation area in same region
(Zhang et al., 2015). When spillway width decreased from
22 m to 2 m at 10m interval, water depth at every river
cross-section averagely increased by 1.52 m and 1.62 m
and inundated area approximately increased by 2.85% and
2.67% in scenarios 1–2. On the contrary, when spillway
width increased from 22 m to 42 m at 10 m interval, water
depth at every river cross-section averagely decreased by
1.84 m and 1.64 m and inundated area approximately
decreased by 1.48% and 2.63% in scenarios 3–4
respectively (Table 4).
Scenarios 1–4 results showed that spillway width was

not sensitive to water depth at river cross-section and the
inundated area, and water depth at river cross-section and
the inundated area decreased with the increasing of
spillway width. Even if the variation of spillway width
was at 10 m interval, the average variation of water depth
was less than 1.82 m and the variation of inundated area
was less than 2.85%. Water depth at river cross-section
reached the maximum in scenario 1, and the minimum in
scenario 4, meanwhile inundated area reached the max-
imum in scenario 1 and the minimum in scenario 4.
Similarly, Fig. 10 shows landslide dam flood discharge

flow duration curves of scenarios 5–8 in spillway. First of
all, the rate of the increasing flow was increased with the
increasing of spillway depth at 2 m interval, and flow
duration curves of scenarios 5–6 and scenario Baige were
smoother than scenarios 7–8 at beginning of landslide dam
flood discharge. Hereafter, arrival time of peak flow and
peak flow increased with the decreasing of spillway depth
at 2 m interval in scenarios 5–6, but the rule did not
obviously present in scenarios 7–8. Lastly, the flow

Fig. 6 Max landslide dam flood discharge mapping. A: maximum inundated area map from false color GF-1 image. B: simulated
inundated area.

Fig. 7 Landslide dam flood discharge flow duration curves of
scenarios 1–4 in spillway.

Hongjie WANG et al. Coupled model constructed to simulate the landslide dam flood discharge 71



duration curves of scenarios 5–8, especially scenarios 7–8,
were not smooth. This phenomenon might be caused by
stronger erosion of the flow on spillway bottom and both
sides in scenarios 7–8. Meanwhile, the stronger erosion

also caused that arrival time of peak flow were obviously
behind scenarios 5–6, it also caused obvious change of
flow in a short period. Spillway depth was more sensitive
to arrival time of peak flow and peak flow in spillway than
spillway width.
Figure 11 shows the landslide dam flood inundated area

of scenarios 5–8. The landslide dam flood flowed through
Huotang in scenarios 5–7, however, scenario 8 flood did
not flow through Guomai by qualitative analysis. Flood
routing distance gained maximum value in scenario 7, and
it obviously shortened in else scenario. In aspect of
quantitative analysis, Fig. 12 shows water depth at every
river cross-section reached the maximum in scenario 7 and
the minimum in scenario 5. On the one hand, when
spillway depth decreased from 11.5 m to 7.5 m at 2 m
interval, water depth at every river cross-section averagely
decreased by 2.36 m and 2.10 m and the inundated area
approximately decreased by 2.85% and 5.70% in scenario
5 and in scenario 6 respectively. On the other hand, when
spillway depth increased from 11.5 m to 15.5 m at 2 m
interval, water depth at every river cross-section averagely
increased by 1.77 m in scenario 7 and averagely decreased

Fig. 8 Landslide dam flood discharge inundation mapping of scenarios 1–4.

Fig. 9 The relationship between flood routing distance and water
depth at river cross-section in scenarios 1–4.

Table 4 F and RMSD between the simulated results of scenarios 1–4 and scenario Baige

Scenario Spillway width/m Spillway depth/m F/% RMSD/m

1 2 11.5 97.15 1.62

2 12 11.5 97.33 1.52

Baige 22 11.5 100 0

3 32 11.5 98.52 1.82

4 42 11.5 97.37 1.64
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by 2.18 m in scenario 8, meanwhile the inundated area
approximately increased by 6.54% in scenario 7 and
decreased by 12.37% in scenario 8 (Table 5).
Scenarios 5–8 results indicated that spillway depth was

more sensitive to water depth at river cross-section and the

inundated area than spillway width, and water depth at
river cross-section and the inundated area increased then
started to drop, as spillway depth kept decreasing. When
the variation of spillway depth was at only 2 m interval, the
average variation of water depth basically exceeded 2 m
and the variation of inundated area was more than 2.85%.
Water depth at river cross-section reached the maximum in
scenario 7 and the minimum in scenario 5, meanwhile
inundated area reached the maximum in scenario 7 and the
minimum in scenario 5.

5 Conclusions

The main outcomes are as follow:
1) From the perspective of landslide dam disaster relief,

this study integrated DB-IWHR model and two-dimen-
sional hydrodynamic model to build the coupled model
with the advantages of simple operation and less time
consuming for simulating the process of landslide dam
flood discharge.
2) The research also simulated the progress of the Baige

landslide dam flood discharge using the coupled model,
and, verified by remote sensing image monitoring result,

Fig. 10 The flood discharge flow duration curves of scenarios 5–
8 in spillway.

Fig. 11 Landslide dam flood discharge inundation mapping of scenarios 5–8.

Table 5 F and RMSD between the simulated results of scenarios 5–8 and scenario Baige

Scenario Spillway width/m Spillway depth/m F/% RMSD/m

5 22 15.5 97.15 2.36

6 22 13.5 94.30 2.10

Baige 22 11.5 100 0

7 22 9.5 93.46 1.77

8 22 7.5 87.63 2.18
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the results of the simulation obtained high accuracy.
Landslide dam flood distance is relative to the flow and the
topographic conditions by analyzing process of Baige
landslide dam flood discharge.
3) Spillway width presents low sensibility to arrive time

of peak flow and peak flow in spillway, and also water
depth at river cross-section and the inundated area by
analyzing scenarios 1–4. Water depth at river cross-section
and the inundated area decrease with the increase of
spillway width. Even if spillway width varies at 10 m
interval, the average variation of water depth is less than
1.82 m and the variation of inundated area is less than
2.85%.
4) Spillway depth is sensitive to arrive time of peak flow

and peak flow in spillway, and also water depth at river
cross-section and the inundated area by analyzing
scenarios 5–8. Water depth at river cross-section and the
inundated area increase then start to drop, as spillway
depth keeps decreasing. When spillway depth varies at
only 2 m interval, the average variation of water depth at
river cross-section basically exceeds 2 m and the variation
of inundated area is more than 2.85%.
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