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Abstract: Landslide dam is a type of natural dam formed by the lateral obstruction of a river with landslide, avalanche debris 

flow and so on. Normally, landslide dams seldom breach fully since they have massive body and complex structure. Thus, the 

destructive power of a landslide dam is not only determined by the lake volume and dam height, but also by the breaching 

degree (BD). Here, BD is defined as the ratio of the releasing energy and the total energy, when BD = 1 means fully breaching 

and BD = 0 means no breaching. The paper investigates the influence factors of BD from a large-scale landslide dam 

database and produce an efficient model to predict BD based on some accessible variables such as dam height, dam width, 

lake volume, average discharge and dam erodibility. Especially, dam width, dam volume, lake volume, average discharge and 

dam erodibility have a greater impact on BD. In addition, the calculated values of the Baige landslide dam in Jinsha River by 

the rapid assessment model are close to the measured value. 
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1 Introduction 
 

Landslide dam is a type of natural dam formed by the lateral obstruction of a river with landslide, avalanche 

debris flow and so on (Zhang et al. 2016). The formation of landslide dam needs enormous amount of solid 

material, relatively narrow valley, a certain catchment and persistent water supply. Landslide dams are widely 

distributed around the world�s mountain areas (Ouimet et al. 2008). The breach of landslide dam has brought 

great harm to life and property in history. For instance, in 1933, the burst of Diexi landslide dam washed away a 

large number of farmland and village along the river and caused more than 2500 deaths (Liu et al. 2013); in 

1786, the burst of landslide dam in Luding-Kangding, killed more than 10 thousand people (Fan et al. 2012). 

Normally, landslide dams seldom breach completely since they have massive body and the presence of low-

erodibility material such as large rocks. The threats of residual landslide dams should not be ignored, as the 

secondary breaching floods may still be large enough to influence people downstream. For example, the 

remaining reservoir capacity of Tangjiashan landslide dam after its breach is 89.7 million m3 (Wang et al. 2015), 

in July 2013, another recurrence occurred, and the outflow flood inundated the old Beichuan Town again. 

Normally, the safety of a residual landslide dam should be evaluated considering possible floods in the future. A 

residual dam which cannot resist certain floods may be reinforced or removed (Zhang et al. 2016).  

Cui (2009) made a comprehensive analysis and finally selected dam height, material and lake volume as 

three factors to determine the dangerous of dam. Hu (2012) established the evaluation index and models of 

degree of damage to barrier dam based on residual ratio of dam height, outburst mouth width of a medial axis, 

outburst peak flow by multiple regression analysis method. Yang et al. (2013) presented a systematic approach 

for the assessment of inundation hazards and risks caused by landslide dam formation and breaches, including 

the evaluation of dam-breach probability, assessment of upstream inundation hazard, assessment of downstream 

inundation hazard, and the classification of flooding risk. However, the qualitative evaluation method tends to be 

conservative, the destructive power of a landslide dam is not only determined by the lake volume and dam 

height, but also by the breaching degree (BD).  

In this study, the concept of breach degree (BD) of landslide dam was put forward, a statistical approach was 

used to establish the relationship between BD and hydrogeologic/geometric parameters. Additionally, we 

evaluated the significance of the relevant factors affecting the BD of landslide dams. 

 

2 Parameters of Breach Degree 
 

2.1 Definition of breach degree 

BD is defined as the ratio of the releasing energy and the total energy (Costa and Schuster 1988): 

g r r r rVH gV H VH V H
BD

gVH VH

- -
= =                                                                                                                         (1) 
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where g is the acceleration of gravity; V and H are the lake volume and dam height of the original landslide dam; 

Vr and Hr are the lake volume and dam height of the residual landslide dam. When BD = 1 means fully breaching 

and BD = 0 means no breaching. 

 

2.2 Relationship between dam parameters and breach degree 

Landslide dams are usually in irregular shape. The main hydrogeologic/ geometric parameters of landslide dams 

(Fig.1) are defined as follows in this paper following Peng and Zhang (2012): 

1. Dam height (Hd): the vertical altitude difference from the valley floor to the lowest point on the landslide 

dam (point of overflow in event of overtopping); 

2. Dam width (Wd): the base width of the landslide dam measured parallel to the main valley axis; 

3. Dam volume (Vd): the part of landslide volume which blocks the river; 

4. Average discharge (Qin): the amount of water passing through a section of river during a year; 

5. Lake volume (Vl): the volume of water ponded behind the landslide dam (usually the maximum volume); 

6. Dam erodibility that indicates the resistance of dam material to the erosion action of water flow. In this 

paper, erodibility refers to Briaud (2008) and is treated as a discrete variable with three values: high, 

medium and low erodibility (Peng and Zhang 2012).  

According to the statistical analysis of database cases, as Table 1 shows, the correlation between variable 

factors and breach degree is not high, only the dam volume and dam width have moderate correlated with breach 

degree. The specific reasons need more data for further analysis. 

 
Table 1.  Correlation coefficient between geomorphometric parameters and longevity 

 

ID Geomorphometric parameters Correlation coefficient Number of cases 

1 Vd 0.161 28 

2 Hd 0.140 29 

3 Wd 0.082 26 

4 Qin 0.231 16 

5 Vl 0.163 26 

 

 
 

Figure 1. Sketch of geomorphometric properties of landslide dam and impounded lakes 

 

3 Breach Degree of Landslide Dams 
 

3.1    Analysis methodology 

In this study, the breach degree was calculated based on the residual reservoir capacity and residual dam height 

of the landslide dam. And then regression analysis was carried out to obtain the influence degree between the 

factors and the breach degree of landslide dams with 26 cases all over the world, and a multiplicative form (for a 

nonlinear relationship) was used to establish empirical relationship: 

Dam 

height

Dam volume

Lake volume
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where Y is longevity; Xis (i=1, 2, ��6) are the control variables; bis are regression coefficients. Eq.2 can be 

transformed into an additive form by taking a logarithmic transformation on both sides of the equation. 

The quality of regression is indicated by the coefficient of determination, R2. The value of R2 represents the 

reduced variability in y by the regression model under consideration. In other words, a model with a larger R2 

indicates a higher degree of goodness-of-fit to the dataset. The residuals are assumed to be log-normally 

distributed (Peng and Zhang 2012). 
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where SSE is the sum of the error squares; SST is the sum of the squares about the mean of dependent variable y, 

termed as yave. 

Besides, F test is generally used to test the significance of the regression analysis, when the significance of F 

test is below 0.05, indicating that the regression model has statistical significance. 

( ) 1
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- -

                                                                                                                (4) 

where SSR is the square sum of residue; n is the total cases; p is the number of independent variables. 

 

3.2 Regression equation for estimating breach degree 

Six breaching degree parameters (Table 2) are analyzed based on different combinations of control variables, 

Eq.2 can be transformed as: 

0 1 1 2 2 3 3 63 63
ln ln ln ln lnY b b X b X b X b X= + + + + +L                                                                                           (5) 

 

Table 2.  Summary of six combination variables in the model for landslide dams 

 

ID Control variables Formula 

1 Dam height factor X1= Hd/Hr 

2 Ratio of dam width to dam height X2= Wd/Hd 

3 Dam shape coefficient X4= Vd
1/3/Hd 

4 Lake shape coefficient X5= Vl
1/3/Hd

 

5 Average discharge coefficient X6= Qin/Vl 

6 Dam erodibility 

 X71      X72       X73 

High erodibility Ia(eb)    0(l)      0(l) 

Medium erodibility 0(l)       1(e)      

0(l) 

Low erodibility 0(l)        0(l)      

1(e) 

Note: a values for additive regression analysis; b Values for multiplicative regression analysis.; Hr=1m. 

 

The corresponding value of SSE% and R2 are shown in Table 3. Row no.1 in Table 1 shows the result 

with all six control variables X1,2,3,4,5,6 are associated with maximum R2 (0.842). If one variable is removed from 

row no.1, shows in rows 2-7, the new results are associated with smaller R2. In row 2 and 3, without variable X2, 

the R2 decrease more than without variable X1. Therefore, X2 plays a more important role than X1, which means 

Ratio of dam width to dam height has more significant influence on the prediction of breach degree than the dam 

height does. In row 5, without X4, the R2 decrease more than others, which means lake shape plays the most 

important role than other variable in breach degree prediction. 

By comparing the result in row no.2-7, the order of importance of Xis is identified as: 

X4>X5>X2>X3>X6>X1. Combining all the variables together, the following empirical equation with full variables 

is obtained:  

1 1

3 3
0.040 0.125 0.308 0.155 0.033( ) ( ) ( ) ( ) ( )d d d l in

r d d d l

H W V V Q
BD e

H H H H V

a- -
=                                                                                        (6) 

where parameter � � equates 1.160 for high dam erodibility, 1.270 for medium dam erodibility, 1.270 for low 

dam erodibility.  

Calculate the R2 of X2,3,4,5,6; X2,3,4,5; (Table 4), five variables, X2, X3, X4, X5, X6 are more important than the 

other, X1, which means ratio of dam width to dam height, dam shape, lake shape, average discharge and dam 

erodibility have more important effects on the prediction of breach degree than dam height. Therefore, 
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conducting the regression analysis with five important variables only, namely, ratio of dam width to dam height 

( d

d

W

H
), dam shape coefficient (

1

3
d

d

V

H
). lake shape coefficient (

1

3
l

d

V

H
), average discharge coefficient ( in

l

Q

V
) and 

dam erodibility ( ), a simplified equation can be obtained:  

1 1

3 3
0.139 0.306 0.170 0.035( ) ( ) ( ) ( )d d l in

d d d l

W V V Q
BD e

H H H V

a-
=                                                                                                       (7) 

where parameter � � equates 0.929 for high dam erodibility, 1.067 for medium dam erodibility, 1.067 for low 

dam erodibility. 

 
Table 3. Results of multiplicative regression analysis for the dimensionless representation of breach degree 

 

Considered Xis SSE DSSE% R2 Significance F 

X1,2,3,4,5,6 0.142 0.000 0.842 0.217 

X2,3,4,5,6 0.118 16.901 0.769 0.270 

X1,3,4,5,6 0.082 42.254 0.637 0.464 

X1,2,4,5,6 0.093 34.507 0.682 0.502 

X1,2,3,5,6 0.074 47.887 0.608 0.686 

X1,2,3,4,6 0.080 43.662 0.632 0.631 

X1,2,3,4,5 0.104 26.761 0.720 0.236 

 
Table 4. Results of multiplicative regression analysis for the dimensionless representation of breach degree 

 

Considered Xis SSE SSE% R2 Significance F 

X2,3,4,5,6 0.118 0.000 0.786 0.270 

X2,3,4,5 0.086 27.119 0.652 0.240 

 

4 Case Study 
 

4.1    Baige landslide dam (Liao 2018) 

On 10 October 2018, a landslide with an estimated volume of 25 million m3 that blocked the Jinsha River at the 

junction of Jiangda county in Tibet and Baiyu county in Sichuan, and formed a lake which reached a volume of 

290 million m3. The landslide dam had a height of 61m, a width of 2000m, a length of 450~700m. The dam 

material was a mixture of strongly weathered gneiss, soil and rock, the strongly weathered gneiss and soil are of 

high erodibility. The photos for both before and after the formation of Baige landslide dam are shown in Figure 

2. 

Natural overflows began at 17:15 on October, and the highest water level reached 2932.69m, reach a storage 

capacity of 290 million m3. The overflow significantly increased at 1:00 am on 13th, and reached a peak 

discharge of 10,000m3/s at 6:00 am, then began to decrease. After water scouring, a spillway with a length of 

1622 m and a bottom width of 80~120 m is formed. The height of the spillway gate is about 2888.00 m, and the 

height of the outlet floor is 2872.00 m, and the corresponding residual water storage is about 50 million m3. 

On 3 November, the residual landslide of the �10·11� Baige landslide fell again, and �11·3� Baige dammed 

lake was formed on the basis of the original residual dam. The elevation is 2966.48 m, which is about 36 m 

higher than the top elevation of the �10·11� dam. The dammed body is 58.24 m above the water surface, and the 

maximum storage capacity is 770 million m3. By 11 November, the Chinese Army Corps completed the 

excavation of the division channel, with a length of 220m, a width of 42m, and a depth of 15m. The outflow rate 

increased rapidly and the dam breached in 14:00 13 November, the highest elevation is 2 956.40 m, the peak 

outflow rate was about 31000 m3/s in 18:00 13 November.  

Prediction of the breach degree parameter was made with the model for both �10·11�, �11·3� Baige 

landslide dam are shown in Eq.7 and Eq.8. The actual value of BD for �10·11� Baige landslide dam was about 

0.873, while use the model in this paper was 0.920 from full-variable model and 0.928 from simplified model 

(Table 5). The actual value of BD for �11·3� Baige landslide dam was about 0.780, while use the model in this 

paper was 0.759 from full-variable model and 0.755 from simplified model (Table 5). It seems that the prediction 

models for landslide dams are able to provide a general grasp of breach degree parameters.  
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Figure 2. The photos for before and after the formation of dam (Sichuan Bureau of Surveying, Mapping and Geoinformation) 

 
Table 5. Prediction of breach degree of Baige Landslide Dam 

 

Breach degree parameter Name of  dam  BD Full-variable model Simplified model 

Breach degree 

�10 11� 

Baige  
0.873 0.920 0.928 

�11 3� 

Baige  
0.840 0.762 0.757 

 

5 Summary 
 

The paper analyzed the influencing factors of landslide dam breach degree, obtained the most important 

influencing factors, presented the full-variable and simplified breach degree prediction models, and applied to 

the breach degree prediction of Baige landslide dams. The conclusions are as follow: 

1. A new concept of breaching degree is presented to describe the effective destructive water energy, which is as 

important to dam breaching parameters as dam height and lake volume. Breach degree of landslide dams is 

affected by different variable, dam volume, dam width, average discharge, lake volume and dam erodibility 

are the most important factors. 

2. Empirical models for estimating the breaching degree of landslide dams are provided based on 29 detailed 

recorded landslide dam cases. The importance of the control variables to each of the breach degree 

parameters is ranked. Lake shape, average inflow rate, ratio of dam width to dam height are the three most 

important factors influencing the breaching degree. 

3. The cases of Baige Landslide Dam are studied with the models developed in this paper. The prediction 

models developed in this paper for landslide dams are able to provide a general grasp of breach degree 

parameters. 
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