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ABSTRACT 
 

The investigation on the debris flow stream is an efficiency method for the disaster reduction 
that the discriminate analysis is conducted commonly. Among the factors of discriminate 
analysis on debris flow, watershed slope is usually adopted to represent the geomorphologic 
and landslide characteristic, however watershed slope is multi-value distribution parameter. 
Several type watershed slope factors including two new indexes, “Landslide Susceptibility 
Area”（LSA）and “Ratio of Landslide Susceptibility Area” (RLSA) are studied to examine the 
efficiency of watershed slope on discriminate analysis, through laboratory and field 
investigation, 249 debris flow and non- streams (1985~2004). As a result shown, slope 
indexes, D10, LSA and RLSA, was well characterizing the slope property of watershed slope, 
and showed higher correct classification ratio on debris flow streams recognition. 
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INTRODUCTION 
 
Located in the bound of tectonic plates, Taiwan composed of young and unstable geology 
structure. High and steepen mountains and fractured strata occupies the major area of island. 
Frequently, debris flow and landslide are triggered by abundant and intensive rainfall (annual 
average rainfall is as high as 2500 mm). Weathering and material transportation processes are 
vigorously. The potential analysis on debris flow streams is an efficiency method for the 
disaster reduction that the discriminate analysis is conducted commonly. 
 
Watershed slope is a important feature and usually used to represent the geomorphologic and 
landslide characteristics of discriminate analysis on debris flow streams, however watershed 
slope is multi-value distribution, a set of 0 ~ 90 degrees, parameter. Alternatively, watershed 
mean slope is a most commonly used parameter to represent watershed slope property, 
although which’s representative is not so well. This study investigated through laboratory and 
field work, collecting 249 of debris flow streams, 1985 ~ 2004, in Taiwan, locations of the 
stream as shown in Fig. 1. Various slope indexes were examined by the discriminate analysis 
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on the debris flow streams to study the efficiency of those indexes on debris flow streams 
recognition. 

              

 
Fig. 1 Location of 249 debris flow (black color) and 249 Non-Debris flow (white color) streams of the study. 

 
 
GEOLOGICAL DIVISION 
 
Taiwan major strata are long, narrow-striped, and paralleled the major axis of island. 
According to the division of engineering geology by Hung (1997) as shown in Fig. 2, we 
divided Taiwan island into seven engineering geology division from Taiwan, namely the 
coastal mountain range and Taitung longitudinal valley in eastern Taiwan (region A); 
higher-grade metamorphic rock terrain (region B),such as schist or marble; lower-grade 
metamorphic rock terrain (region C) , such as slate or phyllite; sedimentary rock terrain 
(region D), such as shale, mudstone, and sandstone; laterite and plateau (region E); Igneous 
rock terrain (region F); and the basin and plain (region G).  Since the number of debris flow 
streams is inadequate for statistic analysis, F and G region is not including in the study. 
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Fig. 2 The division map of engineering geology of Taiwan (Hung, 1997） 

 
 
WATERSHED SLOPE FACTORS IN THE STUDY 
 
The watershed slope factor is usually adopted to represent the geomorphologic and landslide 
characteristic. The catchment was divided into numbers of grid in a watershed gradient 
analysis. Since each grid has a gradient value, the watershed slope factor is a set of 0 ~ 90 
degrees parameters in reality. Commonly we used the watershed mean slope (WMS) to 
represent watershed gradient property, however, which’s representative is unknown.  
 
In the study, several type watershed slope factors including two new indexes, Landslide 
Susceptibility Area （LSA） and Ratio of Landslide Susceptibility Area (RLSA) are studied to 
examine the efficiency of watershed slope. Other factors, including WMS: watershed mean 
slope; D10: catchment slope 0 ~ 10 degrees of area ratio; D15: catchment slope between 
10-15 area ratio; D20: catchment slope 15 ~ 20 degrees of area ratio; D30: catchment slope 20 
~ 30 degrees north of the area ratio; D45: catchment slope 30 ~ 45 degree of area ratio (Lin, 
2007), are studied by the discriminate analysis to examine the efficiency of watershed slope. 
Landslide Susceptibility factors are defined as following: LSA: Area of region which the 
slope was within 16 to 50 degrees（m2）in a watershed; WA: Watershed Area（m2）; RLSA: 
Ratio of Landslide Susceptibility Area (LSA/WA, %）. 
 
 
DEBRIS FLOW AND NON-DEBRID FLOW STREAMS INVENTORY 
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Through field surveys and laboratory work, this study developed a study inventory including 
249 debris flow streams and 249 non-debris flow streams, the topography, geology, and 
hydraulic features database of streams and watersheds were achieved by GIS and DEM 
analysis. The characteristics of debris flow streams of non- debris flow streams is showing as 
following. 
 
Watershed area 
 
As shown in Fig. 3, the 69% watershed area of debris flow streams spread over 20 ~ 400 ha, it 
is 71 % on non-debris flow streams. Areas of debris flow and non-debris flow streams greater 
than 1100 ha were only the total number of 5.6% and 4%; and the  one of areas were less 
than 20 ha, only about 4 % and 2.4 % of the total. The distribution on debris flow and non- 
streams were no clear differences on the watershed area. 
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Fig. 3 Distribution of watershed area for debris flow 

and non- streams. 

Fig. 4 Distribution of form factor for debris flow and 

non- streams. 

 
Form factor 
 
From Fig. 4, debris flow streams form factor multi-distributed to 0.2 ~ 0.6, representing 77.5 
per cent of the form factor is less than 0.2, representing 20.9%, of the form factor is greater 
than 0.6, only 1.6 per cent. Non-debris flow streams form factor multi-distributed to 0.2 ~ 0.6, 
representing 79.5 per cent of the form factor is less than 0.2, representing of 19.3%, form 
factor is greater than 0.6, only 1.2 per cent. This study was the stream form factor, namely the 
use of stream erosion section 249 and 249 non-debris flow streams and found, the shape of 
two streams of distribution without obvious differences, the form factor for two type s of 
streams is about 0 ~ 0.6. 

 
 
Watershed mean slope 
 
As shown in Fig. 5, 87 % of watershed mean slopes of debris flow streams were within 15 ~ 
35 degrees, and 78% of them were concentrated in the 20 ~ 35 degrees. 88% of non-debris 
flow streams distributed in 20-40 degrees. Thus, it illustrated the debris flow streams is 
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frequently occurrence in watershed with the mean slopes of 20 ~ 35 degree, and it is more less 
occurrence with an watershed in mean slopes greater than 40 or less than 15 degrees. 
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Fig. 5 Distribution of watershed mean slope for 

debris flow and non- streams. 

Fig. 6 Distribution of stream length for debris flow 

and non- streams 

 
Stream length 
 
The stream length refers to the length of the longest of main-stream in the river basin. In 
general, the stream length is proportional to the watershed area. From Fig. 6, debris flow 
streams was in 1500 to 3000 meter, however, about 16% of streams longer than 5000 m. on 
the other hand, non-debris flow stream is slightly shorter than the debris flow stream. Overall 
speaking, the streams length were distributed within 500 ~ 5000 m. 
 
River bed mean slope 
 
The current velocity directly affect by slope gradient which is inversely proportional to the 
square root of the gradient. From Fig. 7, the river bed mean slope of debris flow streams 
distributed in 5-30 degrees, it contented about 93% the total number of stream. Otherwise, it 
was only about 7 % of the total streams in 0 to 5 degrees and large than 30 degrees. The river 
bed mean slope of non-debris flow streams were also distributed to 5-30 degrees, it took about 
94% of non-debris flow streams. Only about 6 % of non-debris flow streams were within 0 to 
5 degrees and 30 up degrees. The distribution on debris flow and non- streams were shown no 
clear differences on the river bed mean slope. 
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Fig. 7 Distribution of river bed mean slope for debris flow and non- streams. 

 
Watershed landslide area and landslide ratio 
 
The distribution of watershed landslide area of debris flow streams and non- debris flow 
streams was shown in Fig. 8. It showed that the watershed landslide area of debris flow 
streams were major less than 3 ha, it was about 41.8% of the total number. The rest were 
distributed over 3 ~ 150 ha, and only 4 % greater than 150 ha. For the non- debris flow 
streams, it was 34.1% of streams less than 3 ha, and 63.9% of streams were over 3 ~ 150 ha, 
only 2 % were greater than 150 ha. 
 
As shown in Fig. 9, 59% of debris flow streams were less than 5% on watershed landslide 
ratio, the landslide ratio 5 to 10 % took about 16% of the total number. For non- debris flow 
streams, 53% of streams were less than 5％ on watershed landslide ratio. It was about 22% of 
stream within the rate of 5-10 %. Overall, debris flow and non- stream both were mostly less 
than 10 % of watershed landslide ratio.  

 
 

EFFICIENCY ON WATERSHED SLOPE INDEXES  
 
Slope indexes were examined by Fish’s discriminate analysis to study the efficiency of those 
indexes on debris flow streams recognition. Factors used in the study included: Watershed 
area (WA), stream length (SL), Hypsometric integral (HI), river bed mean slope (SMS), form 
factor (SF), and catchment slope of area ratio (D10, D15, D20, D30, D45), watershed mean 
slope(WMS), LSA, and RLSA. 
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Fig. 8 Distribution of watershed landslide area for 

debris flow and non- streams. 

Fig. 9 Distribution of watershed landslide ratio for 

debris flow and non- streams. 

 
Research procedure selected 5 factors, WA, SL, HI, SMS, and SF, to be a base factor for the 
discrimination comparison. Then, a series of slope factors combination were inputted to 
Fish’s discriminate analysis. After, Fish’s discriminate equations were found, 249 debris flow 
and 249 non- streams were applied to conduct the discriminate analysis. Finally, the correct 
classification ratio for each slope factors combination was achieved. Table 1 summarized the 
result of the correct classification ratio for each slope factors combination. 
 
A set of factors combination was used to understanding the efficiency of each slope factor on 
the discriminate analysis. First, The correct classification ratio for WF factors was conducted 
(A0). Then, WA combined with WMS, LSA, and RLSA slope factor respectively (A1-A4). 
Results of the WF basic set analysis showed the correct classification ratio for geological 
region A was 81.3 %, region B was 83.9 %, region C was 58.3%, region D was 60.0%, and 
region E was 63.2%. Results also showed that the case of WF factors combining with WMS 
or LSA factors (A1 and A3) increased the correct classification ratio. Last, if WF combined 
with both RLSA and LSA at same time, then it will achieve the best correct classification 
ratio for the discriminate analysis. 
 
B set of factors combination was used to exam the efficiency of the factor of catchment areas 
from slope area ratio (D). As the results showed that as WF factor combination join with D10, 
the correct classification ratio will increase. In the B6 ~ B9 cases, B8 (D10, D30) case 
obtained the best rate on the best correct classification ratio. In B set of combination, the D10 
factor showed the more efficiency to the discriminate analysis. 
 
 
Table 1 Results of the correct classification ratio for each slope factors combination. 

Set  No. Factor combination 
Correct classification ratio（％） 

A B C D E 

A 

A0 WF 81.3 83.9 58.3 60.0 63.2 

A1 WF+WMS 87.5 83.9 60.8 61.1 63.2 

A2 WF+RLSA 81.3 87.1 62.3 62.9 63.2 
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A3 WF+LSA 87.5 83.9 61.3 57.7 65.8 

A4 WF+RLSA+LSA 87.5 87.1 62.3 62.3 76.3 

B 

B1 WF+D10 90.6 90.3 67.8 62.3 68.4 

B2 WF+D15 84.4 83.9 58.8 58.9 63.2 

B3 WF+D20 78.1 87.1 59.3 58.9 71.1 

B4 WF+D30 81.3 83.9 57.3 60.6 71.1 

B5 WF+D45 78.1 90.3 58.8 60.6 63.2 

B6 WF+D10+D15 93.8 90.3 64.3 64.6 71.1 

B7 WF+D10+D20 96.9 90.3 65.8 62.3 71.1 

B8 WF+D10+D30 96.9 87.1 65.8 64.6 76.3 

B9 WF+D10+D45 96.9 93.5 66.3 61.1 71.1 

B10 WF+D15+D20 81.3 87.1 57.3 61.1 68.4 

B11 WF+D15+D30 84.4 83.9 57.8 59.4 73.7 

B12 WF+D15+D45 78.1 83.9 59.8 60.6 65.8 

B13 WF+D20+D30 78.1 83.9 57.3 58.9 68.4 

B14 WF+D20+D45 75.0 83.9 58.3 59.4 68.4 

B15 WF+D30+D45 81.3 90.3 59.8 60.0 73.7 

C 

C1 WF+Dall 96.9 80.6 67.3 64.0 89.5 

C2 WF+Dall+WMS 96.9 80.6 66.3 62.9 89.5 

C4 WF+Dall+RLSA 96.9 80.6 67.3 65.1 86.8 

C8 WF+Dall+LSA 100.0 90.3 66.8 65.1 86.8 

C12 WF+Dall+RLSA+LSA 100.0 90.3 66.3 65.1 92.1 

 
C set of factors combination was used to find out the best correct classification ratio for the 
discriminate analysis. First, WF factors combined with D10, D15, D20, D30, and D45, 5 
slope factors (Dall), then above factors joined with WMS, LSA, and RLSA slope factor for 
analysis (C2～C3), respectively. Results also illustrated that case of WF + Dall + LSA showed 
the best correct classification ratio than the case of WF + Dall + WMS or LSA. Further, in the 
case of WF + Dall + RLSA + LSA was obtained the best correct classification ratio for the 
discriminate analysis, the correct classification ratio for geological region A was 100 %, 
region B was 90.3 %, region C was 66.3%, region D was 65.1%, and region E was 92.1%. 
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CONCLUSION 
 
1. Slope indexes were examined by Fish’s discriminate analysis to study the efficiency of 

those indexes on debris flow streams recognition. According to the results, catchment 
slope 0 ~ 10 degrees of area ratio, D10, showed the more efficiency to the discriminate 
analysis. Ranking the factors by the ability of correct classification ratio were D10, LSA, 
D10, and WMS. Moreover, as result shown, slope factors with feature of quantity of area 
seems have more efficiency than the factor with feature of ratio of area to the discriminate 
analysis.  

2. Factors combination case of WF + Dall + RLSA + LSA was obtained the best correct 
classification ratio for the discriminate analysis, the correct classification ratio for 
geological region A was 100 %, region B was 90.3 %, region C was 66.3%, region D was 
65.1%, and region E was 92.1%. 

3. In B set of combination, the D10 factor showed the more efficiency to the discriminate 
analysis. Otherwise, D30 was also showed the good improvement to the correct 
classification ratio. 
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