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typhoon heavy rainfall etc 



Topics 



Landslide Risk Assessment method  



Deterministic (Physical) Method  
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Deterministic (Physical) Method  

1D analytical solution 
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Assumption & 
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Numerical solver of 3D subsurface flow 
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much less CPU time 



 GUI development 



2011 Umyeon Mt. landslide 



Parameters 
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TiVaSS (Time-Variant Slope Stability model) 



Visualization of Results 



Simulation Results 
3D subsurface flow 

1D subsurface flow 



Accuracy assessment (3D subsurface flow) 

FS classes 

Slope failure 

location (a) 

% of location 

(c)=a/b 

% of predicted 

area (d) 

LRclass 

(e)=c/d 

% of LRclass 

=e/f 

FS < 1  95 67.86 19.25 3.52 72.54 

1 < FS < 1.25  18 12.86 20.81 0.61 12.72 

1.25 < FS < 1.5  12 8.57 18.79 0.46 9.39 

1.5 < FS  15 10.71 41.15 0.26 5.36 

Sum 140 (b) 100 100 4.86 (f) 100 



Accuracy assessment (1D subsurface flow) 

FS classes 

Slope failure 

location (a) 

% of location 

(c)=a/b 

% of predicted 

area (d) 

LRclass 

(e)=c/d 

% of LRclass 

=e/f 

FS < 1  93 66.43 19.26 3.45 70.81 

1 < FS < 1.25  20 14.29 20.88 0.68 14.05 

1.25 < FS < 1.5  13 9.29 18.81 0.49 10.14 

1.5 < FS  14 10.0 40.06 0.24 5.00 

Sum 140 (b) 100 100 4.87 (f) 100 



TiVaSS vs TRIGRS 

1 X 1 m DEM Distributed soil depth 



Results, FS 

TiVaSS vs TRIGRS 

6 am July 27 

TiVaSS vs TRIGRS 

9 am July 27 



Accuracy assessment 
TiVaSS vs TRIGRS 

FS Classes 

Observed  

sliding sites 

% Observed  

sliding sites 

% of predicted  

area 

𝐿𝑅𝑐𝑙𝑎𝑠𝑠 % 𝐿𝑅𝑐𝑙𝑎𝑠𝑠 

TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS 

FS <1 15 16 60.0 64.0 19.3 20.1 3.11 3.19 64.18 65.75 

1-1.25 2 4 8.0 16.0 12.8 15.0 0.63 1.07 12.94 22.01 

1.25-1.50 3 1 12.0 4.0 16.7 14.3 0.72 0.28 14.81 5.73 

> 1.50 5 4 20.0 16.0 51.2 50.6 0.39 0.31 8.07 6.51 

Sum 25 25 100.0 100.0 100.0 100.0 4.85 4.85 100.0 100 

9 am July 27 



Accuracy assessment 
TiVaSS vs TRIGRS 

FS Classes 

Observed  

sliding sites 

% Observed  

sliding sites 

% of predicted  

area 

𝐿𝑅𝑐𝑙𝑎𝑠𝑠 % 𝐿𝑅𝑐𝑙𝑎𝑠𝑠 

TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS 

FS <1 4 0 16.0 0.0 3.1 0.1 5.16 0.00 56.27 0.0 

1-1.25 10 1 40.0 24.0 14.4 3.1 2.79 1.30 30.38 27.60 

1.25-1.50 4 11 16.0 32.0 20.7 15.9 0.77 2.77 8.42 58.75 

> 1.50 7 13 28.0 44.0 61.8 80.9 0.45 0.64 4.93 13.65 

Sum 25 25 100.0 100.0 100.0 100.0 9.17 4.71 100.0 100.0 

6 am July 27 



Summary 

• TiVaSS (Time-Variant Slope Stability model) was 

developed based on the combination of the infinite 

slope stability model and the 3D subsurface flow model 

• TiVaSS was applied to 2011 Umyeon Mt. landslide 

event and the performance was satisfactory in overall.  

• TiVaSS works on Windows OS, and supports GUI tool 

and  basic 2D data visualization tool.  

• Updating and further application is ongoing… 

• https://sites.google.com/site/cnuaehelab/software/tivass 



Future Plan 

Distributed rainfall  
gauged by Radar 

Data assimilation  
for forecasting 

Earthquake 



Development of Debris flow model 



Governing Equation 
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MUSCL scheme 
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HLLC Reimann solver 



Temporal discretisation 
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Quadtree grid 

Quadtree grid structure Adaptive mesh 



Adaptive Mesh Generation 



Adaptive Mesh Generation 

• 1983 tsunami 

 

• 7.5 m 
maximum wave 
height 

 

• 5 dead persons 

 

• More than 400 
refugees 



Study Area 



Study Area, Crack 



Initial condition 



Deb2D (Debris flow model, 2D) 



Visualization of Results 



Case study: 2011 Umyeon Mt. debris flow  

• 150 occurrence (blue points) 

• 31 water shed (yellow lines)  



Case study: 2011 Umyeon Mt. debris flow  

• Average slope : 19 degree  

• watershed area : 75600 m2 

• 3 fatality 

• Reamian APT is damaged up 
to 3rd floor 



Case study: 2011 Umyeon Mt. debris flow  



0.1 hr 

0.2 hr 

0.5 hr 

Result (FLO-2D) 

Observation       

Computation area 



Summary 

• Adaptive grid based Debris flow model, Deb2D,  is 

developed.  

• A simple GUI and visualization tools are supported in 

Deb2D. 

• 2011 Umyeon Mt. debris flow seems to be 

successfully simulated by the developed model 

although further verification is required  

• Model verification is ongoing. 

• https://sites.google.com/site/cnuaehelab/software/dep2d   

 





Balance issue 
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Well-balanced scheme 
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Well-balanced scheme for shallow water equation  
(i.e., Rogers et al., 2003; Audusse et al., 2004; Begnudelli & Sanders, 2006; Benkhaldoun et al., 2007; 
Caleffi et al., 2007; Gallardo et al. 2007; Liange & Borthwick, 2009; Liang & Marche, 2009; etc) 

“hydrostatic reconstruction” technique  
(Audusse et al., 2004) 
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Friction (flow resistance) models 


