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ABSTRACT 
 
To extend the debris flow monitoring scope beyond the limitation of landform, two Mobile 
Debris Flow Monitoring Stations supported by Taiwan’s Soil and Water Conservation Bureau 
have been in service for years.  However, several hurdles often bothered the authority in the 
situation of decision making on the appropriate monitoring locations, including the possible track 
of the moving typhoon, safety of the Remotely Pilotless Vehicle (RPV), and potential risk of the 
monitoring objective.  Therefore, a model of compromising various criteria for the dispatch 
dilemma will be valuable for the management agency.  In this study, 16 factors identified from 
related researches were categorized into seven criteria under two perspectives, i.e., the potential 
of debris flow disaster and hazard impact.  The relative weights of these factors were concluded 
based on 19 return experts’ opinions on the Analytic Hierarchy Process (AHP) questionnaires.  
Overall, the most important factor affecting the priority of location is the number of houses in the 
observed area for both scholar and government experts, even though the two groups of experts 
have apparently different in the weighting lists for the remaining factors.  This study also 
collected the issued records during Typhoon Morakat of 2009 and this model was examined for 
the dispatch locations.  Most of the analysis results of the model appointed two creeks in Chiayi 
County as the first two creeks of the list.  With good consistency to the altering lists of debris 
flow potential creeks from the Soil and Water Conservation Bureau, this model demonstrated its 
viability on the dispatching decision of Mobile Debris Flow Monitoring Stations. 
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INTRODUCTION 
 
Debris flow can be identified as a flow phenomenon that particle materials, such as mud, soil, or 
rock, flow on the natural slope, gully, or stream channel along with water (Jan, 1998).  Driven 
mainly by gravity and partially by water currents (Soil and Water Conservation Bureau, 1992 & 
2003) the debris flow often causes severe damages for its flow characteristics, i.e., leading by 
giant rocks and straight forward movement.  For example, the total casualty of 32 was made by 
the debris flow disasters in Taiwan during the two-year span of 2008 and 2009 (Soil and Water 
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Conservation Bureau, 2009).  Therefore, the research of debris flow disaster mitigation and 
prevention is more important than ever.  For the major management agent of debris flow disaster 
control in Taiwan, the Soil and Water Conservation Bureau (SWCB) has supported the 
developments of various detective devices and mitigation techniques through research grants.  
The outcomes of those researches were also applied to the 13 debris flow observation stations 
around the island.  Besides these 13 fixed stations, the mobile debris flow monitoring stations 
installed on two trucks are utilized as the remotely pilotless vehicles (RPV, Figure 1) to provide 
real-time monitoring information at site for further decision on possible disaster response 
activities.  However, there are 1,503 identified creeks with potential of debris flow in Taiwan.  
Therefore, the decision on the dispatch of these two vehicles for appropriate monitoring sites in 
advance becomes as a key issue for the management agent during the severe storm events and 
typhoons.  In this study, the Analytic Hierarchy Process, known for its ability of integrating 
multiple criteria, was applied to define the priority of candidate creeks based on the weights of 
the disaster potential factors and disaster impact factors concluded from the results of expert 
questionnaire.  The final dispatch locations are determined by combining the precipitation 
thresholds of those potential creeks defined by BSWC and the forecast rainfall delivered from the 
Central Weather Bureau.  In this study, the forecast rainfalls of Typhoon Morakat in 2009 were 
collected to verify the reliability of the dispatch model. 

 
Fig. 1 One of the mobile debris flow monitoring station. 

 
 

METHODOLOGY 
 

There are two main stages for constructing this dispatch model, i.e., modeling and application.  
Based on related research (Chen, 2004; Chang and Yeh, 2004), the study first identified the 
factors influencing the dispatch result and classified those factors into two categories.  The 
watershed topography, debris source, and typhoon and storm are included in the category of 
disaster potential, while building, traffic infrastructure, mitigation practice, and disaster history 
are comprised into the category of disaster impact.  With some evaluation criteria under these 
factors, the dispatch model for mobile debris flow monitoring station is constituted as Table 1.   
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A questionnaire of Analytic Hierarchy Process (AHP) was designed based on the model structure 
and distributed to the scholars and experts from universities and governmental agents.  
Developed by Professor Tomas L. Saaty (1980), the Analytical Hierarchy Process is a 
multi-objective decision method for the decision problem with various evaluation criteria under 
uncertain condition.  The goal of the AHP is to systemize the complicated problem by 
decomposing it into hierarchy structure based different perspectives.  With the answers of the 
return questionnaires, the relative weights of factors and criteria were calculated.  Meanwhile, 
the appraising standards for the performance of any alternative (potential creek) regarding to each 
criterion were aggregated from the questionnaires results by the Fuzzy theory which transfers a 
group of verbal statements of performance into a crisp value.  The appraisal score (A) of a 
potential creek of debris flow is determined by the total summation of the relative weights of the 
criteria (Wj) multiplying their respective performance scores (Sj) through the following equation.  

A = Σ(Wj × Sj)                (1) 

 
Table 1 The factors and evaluation criteria of the dispatch model  

Model Category Factor Evaluation Criterion 

Dispatch Model 
Of Mobile 

Debris Flow 
Monitoring 

Station 

Disaster 
Potential  

Watershed Topography 
Slope of upstream occurrence area 

Watershed Area  
Creek/Stream Length 

Debris Source 

Watershed Geology  

Condition of Observation Site 
Landslide 

Degree of Fracture of Stack Debris  

Typhoon And Storm 
Forecast Track Of Typhoon 
Maximum Forecast Rainfall 

Disaster Impact  

Building  
Public Facility 

Number of Houses 

Traffic Infrastructure 
Roads 

Bridges 

Mitigation Practice 
Structural Practices 

Vegetation 

Disaster History 

 
 
RESULTS AND DISCUSSION 
 
Because the contents of the AHP questionnaire are highly profession-oriented, only those experts 
with the domain knowledge can make the judgments.  Under this circumstance, the procedures 
of purposive sampling, designed to collect the opinions of individuals with different perspectives 
and without limitation on sample size (Neumann, 2003), were adapted in this study.  Among the 
19 return copies of 31 recipants of the questionnaire (i.e., return rate of 61.2%), there were 11 
copies answered by government experts and 8 copies from university scholars (Table 2).  All the 
return copies were valid for further analysis based on the consistency test with both the values of 
C.I. and C.R. less than 0.1. 
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Table 2  The distributed and return copies of the questionnaire 
Field Distributed Return Valid 

Governmental Expert  16 11 11 
University Scholar 15 8 8 

Total 31 19 19 

 
Weights of Evaluation Criteria 
 
The AHP is originally designed to determine the preference structure of a single decision maker.  
To integrate the opinions of all participants, the geometric mean of the answers for each question 
is calculated as the consensus value.  The relative weights of two categories, seven factors, and 
16 criteria were found with aid from the software called “Super Decisions.＂  In the final 
column of Table 3, the global weights of the criteria are the products of the relative (or local) 
weights of the criterion, factor and category.  
 
As shown in the Table 3, two categories have almost the same weight which indicated equal 
emphases should be allocated on the potential and impact of disaster.  About 42% weight of 
disaster potential is distributed to debris source, while about 35% weight of the first category is 
on the factor of typhoon and storm.  These weights revealed that the experts and scholars 
thought the material of debris flow is more important than the triggering weather.  To 
accumulate the impact of debris flow, about two thirds of the weight of the second category is 
distributed into the so-called protection objectives, i.e., building and traffic infrastructure.  As 
for the global weight, there are two criteria with weight over 10%, including the number of 
houses within the impact area of debris flow and the maximum forecast rainfall.  14 criteria of 
the model are considered as the “fixed” criteria which represent the general conditions of the 
environment of the alternative.  The remaining two criteria under the factor of typhoon and 
storm are identified as variable criteria which will change for each severe weather event.  In the 
other way, about 17% of the final appraisal score depends on the forecast contents of the coming 
typhoon. 
 
Table 3 The weights of categories, factors and evaluation criteria for the dispatch model 

Category Factor Evaluation Criterion Local 
Weight 

Global 
Weight Priority

Disaster 
Potential 
(0.496) 

Watershed Topography 
(0.234) 

Slope of upstream occurrence area 0.515 0.0598 9
Watershed Area 0.336 0.0390 13

Creek/Stream Length 0.149 0.0173 16

Debris Source 
(0.417) 

Watershed Geology  0.223 0.0461 11 

Condition of Observation Site 0.131 0.0271 15
Landslide 0.43 0.0889 3

Degree of Fracture of Stack Debris 0.216 0.0447 12
Typhoon And Storm 

(0.349) 
Forecast Track Of Typhoon 0.368 0.0637 8
Maximum Forecast Rainfall 0.632 0.1094 2

Disaster 
Impact 
(0.504) 

Building (0.396) Public Facility 0.368 0.0734 6
Number of Houses 0.632 0.1261 1

Traffic Infrastructure 
(0.254) 

Roads 0.412 0.0527 10
Bridges 0.588 0.0753 5

Mitigation Practice 
(0.199) 

Structural Practices 0.717 0.0719 7 

Vegetation 0.283 0.0284 14 

Disaster History (0.15) 1 0.0756 4
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Influence of Participant Background  
 
The results of AHP on the criteria weights reflect the personal priority of decision maker on the 
importance degrees of all criteria.  Therefore, the priority usually is influenced by the 
respondent’s background of profession.  In this study, the answers of the AHP questionnaire 
were divided into two groups based on the professional background of respondents, i.e., 
government and education.  With the same data process described previously, the priority order 
of all the criteria for each background is then tabulated in Table 4.  For the most important 
criterion, both groups of the respondents identified the same one, i.e., the number of the houses 
within the impact area of debris flow disaster.  The more houses indicate the more residents to 
be taken care of.  Therefore, the potential creek of debris flow with more houses gets higher 
priority to have the mobile station observing the creek during the typhoon event.  Meanwhile, 
the same least important criterion for both groups of respondents is the length of potential creek 
of debris flow because it does not have direct influence on the monitoring mission.  However, 
only the criterion of “Maximum Forecast Rainfall” is listed in the top three of both groups, while 
there are four criteria shown in the bottom five of both groups, i.e., Watershed Area, Condition of 
Observation Site, Vegetation, and Creek/Stream Length. 
 
Table 4 Ranked priorities of the criteria for different groups of respondents 

Priority Government  Education 
1 Number of Houses Number of Houses 
2 Bridges Maximum Forecast Rainfall 
3 Maximum Forecast Rainfall Landslide 
4 Slope of upstream occurrence area Disaster History 
5 Public Facility Forecast Track Of Typhoon 
6 Structural Practices Public Facility 
7 Landslide Structural Practices 
8 Disaster History Bridges 
9 Roads Degree of Fracture of Stack Debris 

10 Watershed Geology Roads 
11 Forecast Track Of Typhoon Slope of upstream occurrence area 
12 Watershed Area Vegetation 
13 Degree of Fracture of Stack Debris Watershed Geology 
14 Condition of Observation Site Condition of Observation Site 
15 Vegetation Watershed Area 
16 Creek/Stream Length Creek/Stream Length 

 
Applications of Dispatch Model 
 
Since the SWCB had investigated the basic environmental parameters of the 1,503 potential 
creeks of debris flow for years, most of the criteria performances of the dispatch model for all the 
potential creeks can be evaluated.  However, the major physical constraints for the mission of 
mobile monitoring are the vehicle accessibility and the satellite communication.  At the end of 
2008, there are 60 creeks identified as reachable candidates for the monitoring during typhoon 
events.  But the dispatch results of the model are the prioritized list of all potential creeks based 
on the forecast track and rainfall of the typhoon before the typhoon attacks Taiwan.  According 
to the statistics of historical typhoon tracks, there are nine main tracks which the typhoons 
travelled around or directly to Taiwan, i.e., Figure 2.  Two kinds of typhoon warnings will be 
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issued by the Central Weather Bureau (CWB), including the marine warning and land warning.  
After land warning, the forecast rainfalls in every county are also updated every three hours to 
remind the public and governmental agencies for precaution countermeasures.  With the 
information issued from CWB, the scores of those two variable criteria for all creeks are then 
calculated and added to their scores of fixed criteria.  With descending order, the 1,503 creeks 
are listed with the leading two creeks as the suggesting monitoring locations (Figure 3.)  
  

Fig. 2 The 9 typhoon tracks. Fig. 3 The dispatch results for monitoring mission. 
 
Table 5 Forecast rainfalls and dispatch results of the model during the Typhoon Morakat (8/6/2009 – 8/10/2009) 

City/County 
Marine 

Warning (#1) 
Issued Forecast Rainfall after Land Warning 

#2 #3 #4 #5 #6 #7 #8 

Taipei City 500 800 800 800 800 800 700 700 
Taipei Area 550 900 900 900 900 900 800 800 

Taoyuan 500 1000 1000 1000 1000 1000 800 800 
Hsinchu 450 1000 1000 1100 1100 1100 900 900 
Miaoli 600 1000 1000 1100 1100 1100 1000 1200 

Taichung Area 300 800 800 1100 1100 1100 1000 1200 
Taichung City 300 300 300 1100 600 600 600 600 

Changhua 500 300 300 500 600 600 600 600 
Nantou 700 800 800 1000 1000 1200 1200 2000 
Yunlin 900 300 300 500 600 600 600 600 
Chiayi 450 800 800 1200 1400 1400 1800 2900 
Tainan 200 800 800 1100 1400 1400 1600 2200 

Kaohsiung Area 600 800 800 1100 1400 1400 1800 2700 
Kaohsiung City 400 200 200 300 300 800 800 1200 

Pingtung 750 800 800 1100 1400 1600 2500 2700 
Keelung 500 400 400 500 500 500 500 500 

Yilan 450 900 900 900 900 1100 900 900 
Hualien 300 600 600 600 600 600 600 600 
Taitung 500 300 300 350 400 700 1200 1600 

1st Priority Creek DF039   DF045 DF039 
2nd Priority Creek DF040 DF055 DF040 

 
With the issued records (Table 5) by CWB during Typhoon Morakat, this model performed 8 
times to identify the first two creeks to monitor between August 6th to August 10th and the 
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dispatch locations for these two vehicles were also shown in Figure 4.  When the marine 
warning was issued, the model appointed the first two creeks of the list were DF039 and DF040 
of Chiayi County.  However, the first two creeks were switched to DF045 and DF055 of 
Hsinchu County for the north Taiwan with forecast rainfalls equal to 1,000 mm.  After that, the 
forecast rainfalls were updated with the highest values concentrated on the southeast counties of 
Taiwan such that the first creeks were moved back to DF039 and DF040 of Chiayi County again.  
Because the “red alert” of debris flow for the potential creek is issued by SWCB when the 
forecast rainfall is over the threshold rainfall of possible debris flow disaster for that county.  To 
demonstrate the viability of the dispatch model to capture the disaster if the vehicle is accessible 
at the creek, the first 35 creeks of the dispatch list were examined with the records of red alerts 
issued and disasters reported during Typhoon Morakat.  As expected, 34 creeks out of the first 
35 creeks had been set to red alert during the typhoon, while 23 creeks of them did happen debris 
flow or landslide disaster.   
 

(a) Dispatch Result #1: DF039 & DF040 (b) Dispatch Result #2: DF045 & DF055 

(c) Dispatch Result #4: DF039 & DF040 (d) Dispatch Result #8: DF039 & DF040 
Fig.4  The dispatch results 
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CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusion 
 
For the objective of locating appropriate sites for two remotely pilotless vehicles, this study 
proposed a patch model to screen all the 1,503 potential creeks of debris flow disaster.  With 
the identification of influencing considerations for the dispatch decision, this study constituted 
the dispatch model of 2 categories, 6 factors, and 16 criteria for the determination of dispatch 
locations of two mobile debris flow monitoring stations.  The relative and global weights of the 
categories, factors, and criteria were calculated by the Analytic Hierarchy Process Method based 
on the questionnaire answers responded from 11 government experts and 8 university scholars.  
The analysis results revealed that two categories have almost the same weight.  About 35% 
weight of the first category is on the factor of typhoon and storm, while about 42% weight of 
disaster potential is distributed to debris source.  Two most important criteria with weight over 
10% are the number of houses within the impact area of debris flow and the maximum forecast 
rainfall. 
Because the priority usually is influenced by the respondent’s background of profession, in this 
study, both groups of the respondents identified the same criterion, i.e., the number of the houses 
within the impact area of debris flow disaster as the most important criterion.  Meanwhile, the 
same least important criterion for both groups of respondents is the length of potential creek of 
debris flow.  With the issued records during Typhoon Morakat, this model were examined for 
the dispatch locations of these two vehicles  Most of the analysis results of the model appointed 
the first two creeks of the list as DF039 and DF040 of Chiayi County.  To demonstrate the 
viability of the dispatch model to capture the disaster if the vehicle is accessible at the creek, the 
first 35 creeks of the dispatch list were examined with the records of red alerts issued and 
disasters reported during Typhoon Morakat.  As expected, 34 creeks out of the first 35 creeks 
had been set to red alert during the typhoon, while 23 creeks of them did happen debris flow or 
landslide disaster. 
 

Recommendations 
 
1. The database used for the performance scores of 14 fixed criteria was the investigation result 

of 2003.  The updated survey for these criteria should be implemented to improve the 
correctness and reliability of the model evaluation. 

2. In the end of 2008, only 60 potential creeks are identified as accessible for monitoring.  To 
expand the effectiveness of the mobile debris flow monitoring station, more creeks with high 
or medium potential of debris flow disaster should be scheduled for field investigation.  
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