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ABSTRACT 
 
Due to the special environment condition and the development of environmentally sensitive 
areas in Taiwan, when the typhoons bring the heavy rain, debris flow occurred frequently at 
the mountain areas and caused serious disasters. Debris flow potential assessment is a many 
influencing factors, the fuzzy situation of uncertainty and quantitative assessment problem. In 
this study, cooperating AHP method and Fuzzy Theory as a method of Multi Criteria 
Decision Making, infer the relation and weight among each assessment parameter. Finally, by 
using the case of Chen-Yu-Lan Steam and KALMAEGI typhoon as the practical application 
case, and the assessment results indicate that in this assessment model it has a good forecast 
effect before typhoons coming. 
 
Key Words: Debris flow potential, Multi criteria decision making, Analytic hierarchy process, 
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INTRODUCTION 
 

Due to the fragile mountain environment, the increasing human activities, the monsoon 
climate and global climate change (dense, concentrated rainfall), the frequency and magnitude 
of mountainous disaster such as debris flow, landslide and flash flood are increasing 
dramatically recently [1].  

In the words of Iverson (1997)[2], “debris flows occur when masses of poorly-sorted 
sediment, agitated and saturated with water, surge down slopes in response to gravitational 
attraction.” The characteristics of debris flow are that it speed fast, attack intensely and 
influence widely area. It threatens people’s life and properties acutely. In the mountain areas 
of Taiwan, whenever typhoons have coming it easily attack by the heavy rainfall and cause 
debris flow occur. Therefore, the disaster prevent before the tragedy happened and classify the 
potential of debris flow torrents is a vital task in the object of mitigating calamity. 

Because Analytic Hierarchy Process could systemize the relational factors into many groups 
and the characteristic of Fuzzy Theory is that it can use membership function to express the 
subjective and uncertain questions. Consequently, by using Analytic Hierarchy Process 
Method and Fuzzy Theory, we develop a debris flow potential assessment model and analyze 
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the significance of debris flow potential effect factors. Finally, we look forward to assessing 
the debris flow occur potential before typhoons coming and as the reference of disaster 
forecast and warning for disaster prevention departments. 
 
 
METHODS 
 
Analytic Hierarchy Process (AHP) 
 

The Analytic Hierarchy Process (AHP) as one of multi-attribute decision making (MADM) it 
is a structured technique for dealing with complex decisions. Rather than prescribing a 
"correct" decision, the AHP helps the decision makers find the one that best suits their needs 
and their understanding of the problem. 

Based on mathematics and psychology, AHP was developed by Thomas L. Saaty in the 1970s 
and has been extensively studied and refined since then. Furthermore, it is the most useful 
where teams of people are working on complex problems, especially those with high stakes, 
involving human perceptions and judgments, whose resolutions have long-term 
repercussions.[3] It has unique advantages when important elements of the decision are 
difficult to quantify or compare, or where communication among team members is impeded 
by their different specializations, terminologies, or perspectives. The AHP structure diagram 
shows as Fig. 1.  

 
Fig.1 AHP structure diagram 
 
Fuzzy Theory 
 

The Fuzzy set Theory, put forward by Zadeh in 1961[4], provides a powerful analytical tool in 
elastic classification to the feature classification, and applied to process the classification of 
debris flow occurrence potential in this study. The main object is estimating subjective and 
uncertainty things by degree of membership. Therefore, the assessment items could analyze 
by Fuzzy Linguistic Variable.  

In this study, we calculate the fuzzy weight of targets through triangular fuzzy number. The 
formula is: 
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The definition of the parameters： 
Ws：the weight of targets  
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nsk：the k Linguistic Variable scale been chosen’ times of each target 
N：sum of nsk (effective sample size) 
L：the Linguistic Variable scale quantity of target Ys  
k：the Linguistic Variable scale of k 
 
 
EXPERIMENTAL DESIGN 
 
Research flow 
 
The object of this research is to build a debris flow potential assessment model and disscuss 
the importance of each debris flow impact factor. Finally, we expect this model can be a 
useful debris flow potential model used before the typhoons coming. The research flow are 
divided into two parts, one is assessment model estabilish and the other one is assessment 
model apply. The flow chart is shown as Fig.2. 
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Fig.2 Research Flow Chart 
Material 
 
In this study, we use Digital Terrain Model (DTM) data, accumulated rainfall forecast value, 
potential debris flow torrent shape file and the site investigation data of potential debris flow 
torrent. These data all come from Agency of Taiwan Governments. The detailed descriptions 
are shown as Table 1. 
 
Table1 research resources 

MATERIAL DATA SOURCE SCALE DATA TYPE 
Digital Terrain Model 

(DTM) 
Soil and Water Conservation 

Bureau Council of Agriculture 5m × 5m raster 

Accumulated rainfall 
forecast value Central Weather Bureau ─ value 

potential debris flow torrent Soil and Water Conservation 
Bureau Council of Agriculture 1/5000 vector(line) 

the site investigation data of 
potential debris flow torrent 

Soil and Water Conservation 
Bureau Council of Agriculture ─ access database

 
Study Area 
 
There have been many cases of debris flow damages in Taiwan, such as the watershed of 
Chen-Yu-Lan River at the central of Taiwan, Nantou County (Fig.3). From July 31st through 
August 1st in 1996 Typhoon Herb until August in 2009 Typhoon Morakot, a lot of typhoons 
attack Taiwan and the heavy rainfall triggered many debris flows. Hence, in recent years, 
numerous debris flow occurred at Chan-Yu-Lan watershed. These historical events indicate 
that, when the field conditions are impressionable for debris flow trigger, the debris flow can 
occur repeatedly. 
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Fig.3 study area 

EXPERIMENT AND RESULTS 
 
Index Construction 
 

For the priority of construction sequence appraising, The Soil and Water Conservation Bureau 
Council of Agriculture Executive Yuan (SWCB) uses the most remarkable natural factors of 
debris flow. The score model and factors selection method are discussing with professional 
experts and revising from the debris flow torrent natural factors of Japan. The data sources 
come from debris flow torrent on-site investigation data of SWCB; therefore, in this research, 
on purpose of establish the debris flow potential assessment framework, we use the SWCB 
investigation data and filter the debris flow occurrence impact factors through Data Mining 
concept. The most important, we use the geographic factors that can be obtained from on-site 
investigation. So that it can reflect the real situation. 

In order to get the weights of each factor, we make validity questionnaire on debris flow 
potential analysis model with four perspectives and nine criteria was first confirmed by 
several experts. By cooperating AHP method and Fuzzy Theory as a method of Multi Criteria 
Decision Making, MCDM infer the relations and weights among each factor. The final debris 
flow potential assessment structure table is shown as Table2. 

 
Table2 debris flow potential assessment structure table 

Assess Object Assess Perspective Assess Item 

Debris flow Potential 
Assessment 

Watershed terrain Slope 
Watershed Area 
Stream Length 

Stone and soil material Geology  
Landslide rate 
Vegetation condition 
Piles of stone and soil 

Rainfall of Typhoon Accumulate rainfall forecast 
Historical disaster Historical disaster case 

 
Weight Analysis 
 
We use the free AHP analysis software – “Super Decisions” to carry the Consistency Index 
out and calculate the weight of each factor. Besides, by using Fuzzy Theory we could get the 
relative weight of index strength. Eventually, the product score of each factor is absolute 
weight multiply the normalization grade of index strength. The weight of assessment factors 
is shown as Table3. 
Table3 The weight of assessment factors 

Assess Perspective Weight Assess Item 
Relatively 

weight 
Absolutely 
weight(Wj) 

Watershed terrain 0.2 Slope 0.664 0.133 
Watershed Area 0.151 0.030 
Stream Length 0.186 0.037 

Stone and soil material 0.233 Geology 0.230 0.054 
Landslide rate 0.302 0.070 
Vegetation condition 0.154 0.036 
Piles of stone and soil 0.314 0.073 

Rainfall of Typhoon 0.464 Accumulate precipitation 
forecast 

0.464 0.464 
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Historical disaster 0.103 Historical disaster case 0.103 0.103 
Table4 The factors strength and normalization grade  

Index Factor level Index strength Normalization 
score(Wj) 

Slope 
≧50° 0.578  1.000  

50°~30° 0.505  0.873  
≦30° 0.305  0.527  

Watershed Area 

≧2km2 0.450  0.942  

1~2km2 0.477  1.000  

0.3~1km2 0.459  0.962  

≦0.3km2 0.370  0.774  

Stream Length 

≧2km 0.461  0.966  
1~2km 0.477  1.000  

0.5~1km 0.450  0.943  

≦0.5km 0.388  0.813  
 
Table4 The factors strength and normalization grade(continued) 

Index Factor level Index strength Normalization 
score(Wj) 

Geology 

sedimentary rock 0.512  1.000  
Metamorphic rock 0.359  0.702  

Second metamorphic 0.370  0.722  

Landslide rate 

≧5％ 0.670  1.000  
1％～5％ 0.505  0.753  
≦1％ 0.306  0.456  
0％ 0.152  0.228  

Vegetation condition 

bare 0.676  1.000  
dispersed 0.541  0.800  

Medium dispersed 0.377  0.558  

luxuriant 0.134  0.198  

Piles of stone and soil 

≧12” 0.470  1.000  
3”～12” 0.461  0.981  
≦3” 0.342  0.728  

0 0.154  0.327  

Accumulate precipitation 
forecast 

≧0.75 0.714  1.000  
0.5~0.75 0.541  0.758  
0.25~0.5 0.350  0.490  

<0.25 0.143  0.200  

Historical disaster case 

≧10 year 0.445  1.000  
5~10 year 0.443  0.996  

≦5 year 0.443  0.996  

never 0.152  0.343  

 
The debris flow occurrance potential scores given by: 
 

-945-



Si =Σ(Pj * Wj).  
 
Where Si is the grade of each debris flow torrent; Wj is the weight of each assessment factor; 
and Pj is the importance of each factor. To product Pj and Wj and than accumulate that, we 
can acquire the score of each debris flow torrent. Therefore, the potential of debris flow can 
be find out. The higher grade means the higher potential. 
 
Case study 
 
In the study, we use the precipitation data of KALMAEGI Typhoon in 2008 and utilize the 
debris flow potential assessment model to forecast the debris flow occurrence potential at 
Chen-Yu-Lan watershed in Nantou. Showen as Table 5. 
 
Table 5 Debris flow potential assessment score (an excerpt) 

No Slope Watershed Area Stream 
Length 

Geology Landslide Ratio 

Nantou 066 0.133 0.028 0.036 0.054 0.070 
Nantou 067 0.116 0.030 0.037 0.054 0.070 
Nantou 029 0.116 0.028 0.037 0.038 0.070 
Nantou 026 0.133 0.028 0.036 0.038 0.070 
Vegetation 
condition 

Piles of stone and 
soil 

Historical 
disaster case 

Accumulate 
precipitation forecast  

Potential Value 

0.020 0.073 0.103 0.464 0.981 
0.020 0.073 0.103 0.464 0.967 
0.036 0.073 0.103 0.464 0.965 
0.020 0.072 0.103 0.464 0.964 

 
In this research, the method of debri flow potential level divided is Natural Break. The 
principle of Natural Break is using Jenk statistical method to caculate the critical point of each 
rank. The characterictic of this method is that it will have the hightest heterophily between the 
ranks and the hightest homophily in each rank. Therefore, by using Natural Break, we divide 
the potential value into different ranks. Then, the higher score represent the higher potential. 
And then put the score into three ranks: High potential, Medium potential and Low potential. 
The result is shown as Fig.4.  
 
And then from Fig.5, we compare the lamdslide condition from the SPOT satellite image, we 
can find that in the high potential debris flow torrent the landslide is serious. On the contrary, 
in the low potential debris low torrent the landslide condition is more slight. 
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Fig.4 Chen-Yu-Lan watershed debris flow potential 
assessment of KALMAEGI Typhoon. 

Fig.5 SPOT satellite image of Chen-Yu-Lan 
watershed (2003) 

 
 
CONCLUSION 

 
The assessment results indicate that in the assessment perspectives the highest weight is the 
heavy rain of typhoon, the second one is stone materials and the last one is historical disasters. 
Nevertheless, this research uses the case of Chen-Yu-Lan watershed and KALMAEGI 
typhoon as the practical application case. By using Natural Break method, this study divides 
the potential grade into high, medium and low potential levels. Finally, employing the 
potential debris flow steam-Nantou 076 proves this model. And find that this model is a 
preliminary consequence for forecasting the debris flow potential before typhoons coming. By 
updating the data, site investigating, more case studying and so on, we might acquire more 
exact results. 
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