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Before Typhoon Morakot in 

Hsiaolin Village

(FORMOSAT-2)

After Typhoon Morakot in 

Hsiaolin Village

(FORMOSAT-2)
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Hazards around of the village

Shallow

Landslide
Debris flow Flood

Large-scale 

landslide
Natural dam

Simulators of hazards

Trigger 

Criteria

Hazardous 

Zoning

Impact 

factors

First hazard 

type

Damaged 

Location

Damaged 

Level

Buildings

Vulnerable Location

Road Bridge

Key Hazardous Mechanism

Evacuation Criteria

Processes of 

Compound 

Disaster



Investigation of the 
large-scale landslide

Risk analysis for 
large-scale landslide

Monitoring system of 
large-scale landslide

Warning system of 
large-scale landslide

Evacuation plan for 
large-scale landslide

Short-term Long-termMid-term

Risk＝ Hazard x Vulnerability

For Hazard, include
 Slope, lithologic, 

groundwater…etc.

 Activity

 Magnitude (volume, 

speed…etc.)

 Dip slope

For Vulnerability, 
 Location

 Protection target

 Reconstruction
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10Santa Catarina in Brazil, 2008

in Source area in Deposition area

La Conchita Landslide – 2005

in Transportation area

Santa Maria Tlahuitoltepec, Mexico,2010
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2010國道三號

2011年巴西里約

2001年薩爾瓦多

2008 成都北川

• The material runs into a 

plane or mild slope 

( without any restriction 

by the topography)
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2014年斯里蘭卡2006年菲律賓雷伊泰島

2004土場 2009大鳥
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• The material runs into a 

river

• The topography of the 

watershed reach the 

occurrence condition of 

debris flow



2014年尼泊爾2014年阿富汗

2009太麻里

2009士文
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• The material runs into a 

river

• The river slope is small

• The volume of the 

material could block the 

river flow
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Investigation of 

Large-scale Landslide

Does it run 

into a river?

Would the 

debris flow 

occurred?

Would the 

landslide 

dam form

No Necessity

Does the 

constant 

water exist?

Landslide dam

Type

Landslide

Type

Debris Flow

Type

No

No No No

Yes

Yes Yes Yes





Method Targets Strengths weaknesses

Field Survey

• Source Area

• Transportation Area

• Deposition area

High resolution

Easy use

Takes Time

High Cost

Unpredictable

Physical Model

• Source Area

• Transportation Area

• Deposition area

High resolution

Well Reappear

Predictable

Takes Time

High Cost

Model Scale

Numerical Model

• Source Area

• Transportation Area

• Deposition area

High resolution

Predictable

Complex Parameter

Professional user

Empirical Equation
• Transportation Area

• Deposition area

Easy use

Predictable

Low resolution

Without engineer effect
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Case of DEM
Case of DDA Case of CFD
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Slope >30% & H>5m

In Japan In Hong Kong

L=Max(2H, 20m)

L=Max(L, 250m)

H>50m

H<50m

35°

20°
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For whole Taiwan

Sites ：8,800 sites

Nearby Villages : 308 sites
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Is there any 

village inside 

the effecting 

area?

Investigation of 

Large-scale Landslide

1st Stage for National Scale

Empirical method

No Necessity

The effecting 

area is larger 

than the village?

2nd Stage for Specific Site

Numerical method

No

YesYes

Setup the evacuation planChoose the local shelter 

No
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401110250 .A.V 

(Shieh, Tsai, this research)
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(Shieh, Tsai, this research)

(Shieh, 1998)
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(Shieh & Chen, 2015)
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1 2

 Ground slope

1 2 travel angle

A

1In        case, the overflow could not happen 

2In        case, the overflow could happen 
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Scenario 

Terrain 

Setting

Major landslide

Bank/Bed Erosion occurred

(Block A+B+C)

Sliding

Volume

Setting

Block A

(2483 X 104 Cube meter)

Block B+C

(168 X 104 Cube meter)

Parameter Setting
Inter-friction angle : 35 °
Diameter of  sediment : 0.5 meter

Density of  sediment: 2650 kg/m3

Density of  water : 1000 kg/m3
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Depth(meter)



Hazards around of the village

Shallow

Landslide
Debris flow Flood

Large-scale 

landslide
Natural dam

Simulation of hazards

Trigger 

Criteria

Hazardous 

Zoning

Impact 

factors

First hazard 

type

Damaged 

Location

Damaged 

Level

Buildings

Vulnerable Location

Road Bridge

Key Hazardous Mechanism

Evacuation Criteria

Processes of 

Compound 

Disaster
(Lai, Shieh, and Tsai, 2015)
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事件 資料來源 發生時間 發生地點 R(m) A(ha) D(m) f Φ(度) θ(度) R/D Φ/θ
2009/08/09 10:00 布唐布納斯溪 1.40  351.08  66.14  0.21  11.63   32.57   0.02  0.36   
2009/08/09 06:00 寶來上游 1.37  51.85   27.97  0.32  17.64   32.76   0.05  0.54   
2009/08/09 04:00 妙崇寺 1.17  14.64   15.83  0.42  22.96   32.87   0.07  0.70   

2009/08/09 04:00 萬山 1.12  10.64   13.72  0.46  24.49   34.83   0.08  0.70   
2009/08/09 10:00 清水溪(荖濃溪) 1.39  81.39   34.26  0.29  16.01   30.96   0.04  0.52   
2009/08/09 09:00 南沙魯村 1.27  10.07   13.38  0.46  24.76   28.80   0.10  0.86   
2009/08/09 09:00 錫安山對岸 1.27  61.42   30.19  0.31  17.01   28.88   0.04  0.59   
2009/08/09 06:00 小林村 1.19  248.71  56.64  0.22  12.55   27.80   0.02  0.45   

2009/08/09 02:00 樣本36 1.57  111.96  39.55  0.27  14.94   26.59   0.04  0.56   
2009/08/09 12:00 樣本63 1.49  67.94   31.59  0.30  16.64   28.87   0.05  0.58   
2009/08/08 08:00 樣本64 0.64  36.07   23.76  0.35  19.05   36.65   0.03  0.52   
2009/08/09 17:00 樣本65 1.18  158.18  46.20  0.25  13.86   36.73   0.03  0.38   
2009/08/09 04:00 樣本67 1.15  73.94   32.81  0.29  16.34   39.59   0.04  0.41   

2009/08/10 12:00 樣本70 1.62  146.15  44.59  0.25  14.10   31.81   0.04  0.44   
2009/08/09 07:00 樣本71 1.29  57.15   29.22  0.31  17.27   38.17   0.04  0.45   
2009/08/09 05:00 樣本74 1.46  14.97   15.99  0.42  22.86   26.73   0.09  0.86   
2009/08/09 07:00 樣本75 1.01  12.38   14.68  0.44  23.75   37.78   0.07  0.63   
2009/08/09 05:00 樣本77 1.40  11.70   14.31  0.45  24.03   40.53   0.10  0.59   

2009/08/09 02:00 樣本80 1.48  12.07   14.52  0.44  23.88   31.04   0.10  0.77   

2009/08/08 17:00 樣本87 0.69  16.11   16.53  0.41  22.52   41.31   0.04  0.55   

台

灣

2009

莫

拉

克

颱

風

事

件

國內文獻

訪談紀錄

地震資料

推估研判
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事件 資料來源 發生時間 發生地點 R(m) A(ha) D(m) f Φ(度) θ(度) R/D Φ/θ

2011/09/04 16:22 Akatani 1.08 42.37  19.35 0.35 19.17  34.00  0.06 0.56  

2011/09/03 18:46 E-Akatani 0.76 22.14  9.49  0.32 17.73  31.00  0.05 0.57  

2011/09/04 07:06 Ooto-Shimizu 1.04 13.23  7.03  0.39 21.18  34.00  0.06 0.62  

2011/09/04 10:45 Nagatono 1.06 22.07  18.58 0.43 23.28  33.00  0.08 0.71  

2011/09/04 13:30 Tsubonouchi-C 0.94 11.29  10.63 0.37 20.47  27.00  0.09 0.76  

2011/09/04 02:13 Uguwara L 1.03 24.68  6.48  0.47 25.16  30.00  0.09 0.84  

2011/09/04 06:54 Iya 1.34 33.69  15.43 0.45 24.18  28.00  0.15 0.86  

2011/09/03 18:30 Nojiri 0.89 26.61  6.01  0.57 29.78  31.00  0.12 0.96  

2011/09/04 08:06 Kuridaira 1.35 54.85  25.52 0.60 31.15  32.00  0.12 0.97  

2011/09/04 00:40 Fudono 0.84 5.17   4.64  0.60 31.15  32.00  0.18 0.97  

日

本

2011

12

號

颱

風

事

件

千木良

論文資料

事件 資料來源 發生時間 發生地點 R(m) A(ha) D(m) f Φ(度) θ(度) R/D Φ/θ

2006/06/10 01:00 樣本16 0.92 11.80  14.37 0.44 23.99  32.24  0.06 0.74  

2008/07/19 05:00 樣本20 0.36 10.31  13.52 0.46 24.65  37.03  0.03 0.67  

2008/09/18 03:00 樣本21 1.22 89.29  35.72 0.28 15.69  32.58  0.03 0.48  

2008/09/18 02:00 樣本22 0.61 14.71  15.86 0.42 22.94  36.00  0.04 0.64  

台灣

其他

事件

震測資料

千木良雅弘等，2011年台風12号による深層崩壊

水土保持局-地震網應用於坡地土砂災害監測之評估



Cumulative Rainfall，R

Landslide Depth, D
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The travel angle, 
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Large depth

Short runout



Tsai etc., 2015

Small depth

Short runout

Large depth

Long runout

Long runout

Small depth

401110250 .A.V 



𝑌 = 0.17𝑋 − 0.04
𝑅2 = 0.77



𝑌 = 0.22𝑋 − 0.07
𝑅2 = 0.73



𝑌 = 0.09𝑋 − 0.01
𝑅2 = 0.34



𝑌 = 0.19𝑋 − 0.06
𝑅2 = 0.75
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