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ABSTRACT 
 
Since 2002, the Soil and Water Conservation Bureau, which is responsible for the 
conservation and administrative management of hillside in Taiwan, has been cooperating with 
Feng Chia University. Together, they have successively carried out the establishment and 
maintenance of 13 fixed debris flow monitoring stations over the Taiwan and 2 mobile debris 
flow monitoring stations. Geophone is one of the most important sensor to detect whether 
debris flow occur or not. The wavelet transform is employed in this study to analyze the 
underground sound of debris flows obtained from the geophones. Two debris flow events 
observed at Shenmu monitoring station (Nantou County) on July 2, 2004 (Mindulle typhoon) 
and on August 8, 2009 are selected as examples. It is found that the wavelet transform not 
only can separate ambient noise effectively but also can be used to determine the beginning 
time of debris flow event. In order to estimate the magnitude of debris flow event, a so-called 
wavelet accumulated energy indicator is proposed. When debris flow occurs, the wavelet 
accumulated energy will increase. So the wavelet accumulated energy’s threshold value is 
double of normal value. Since the computational time of wavelet transform is small and that 
can be implemented in the computer at monitoring station, it can be used to determine the 
occurrence of debris flow and to estimate its magnitude. 
 
Key words: Geophone, Debris flow underground sound, Wavelet transform, Wavelet energy 
accumulated indicator 
 
 
INTRODUCTION 
 
In Taiwan, which is situated in the Circum-Pacific seismic zone, the soil is made soft by 
constant crustal deformation; in every rainy season, the typhoons occurring in West Pacific 
and heavy rains often cause severe disasters. In addition, with great number or amount of 
steep slopes, rainfall and debris build-up in Taiwan’s mountainous areas that are mostly 
steeple, it is easy for debris flow to occur. After the 921 Earthquake and Typhoon Toraji 
struck, debris flows have occurred more often, drastically affecting the balance between 
general economic environment and natural ecology in Taiwan, and debris flow seemingly 
became the acronym for disasters in Taiwan’s slopeland. The Debris Flow Observation 
System, which is capable of comprehending both the pre-occurrence sign and the dynamic 
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condition of debris flow, not only helps in the development of scientific theoretic research in 
debris flow, but also enables the attainment of the real-time information about changes in the 
site of disasters when it comes to disaster responses. Currently (2003) the Soil and Water 
Conservation Bureau, Council of Agriculture has set up thirteen debris flow observation 
stations, which enable the disaster responding capability to increase greatly. 
 
In order to obtain, effectively, the changes in ground vibration in an occurrence of debris flow, 
two sets of geophones have been deployed in a serial manner in Ai-yu-tze River, of which the 
set downstream was set up on the right bank to a pier of the Bridge over Ai-yu-tze River, at a 
distance of 5 m to the bridge, and the set midstream 178 m to the bridge, 173 m apart from the 
previous set.  In this study, tri-axial geophones manufactured by Geospace, which work at a 
measurement of frequency ranging 8-1500Hz, were used. 
 
The characteristic of the frequency generated by collision and friction between sand and 
cobbles inside a debris flow should be of a low-frequency range, which is distinctive from 
those of the signals such as normal flow of water, rain and wind, and voltage noises of 
instruments. However, high sampling should still be employed in measurement, as we cannot 
but exclude the component of higher frequencies. Accordingly, this study used sampling at the 
frequency of 500Hz, with maximum effective frequency being 1/2 time the sampling 
frequency, which was 250Hz. 
 
This study employed present methods of signal analysis, specifically for the geophone, to find 
a fast and effective way of determining, in a real-time method, the time of debris flow 
occurrence, which allows the attainment of the real-time information about possible changes 
in the site of the disaster before it strikes and the immediate determination of the scale of the 
disaster during its occurrence, as well as enhances the capability of response to debris flow 
disasters. 
 
 
ANALYSIS GEOPHONE OF DEBRIS FLOW 

 
FFT analysis 
  
Geophone measures the signals of ground vibration caused by large cobbles rolling on, 
fractioning against and colliding with channel bed in the movement of the debris flow. Such 
signal of vibration, also known as underground sound of debris flow, propagates through 
ground surface or soil. Wu et al. (1990), who obtained data of measured ground vibration in 
18 debris flows using piezo-electric ceramic geophones, believed that the soil-composing 
grains affect the characteristic of the frequency of ground vibration in debris flow and applied 
FFT analysis with frequencies ranging mostly 25-80Hz. 
 
Arattano (2003) analyzed the signals of ground vibration in four debris flows in the valley of 
Moscardo in the Eastern Italian Alps and found that the amplitude is maximal when the debris 
flow surges over the geophone, with peak value appearing. Also found in his study was that 
the average speed of the debris flow when it passes through the distance between two adjacent 
measuring geophones can be determined by the occurrence time of peak amplitude sensed at 
these two points. Itakura et al. (1997) measured the signals of ground vibration in debris flow 
in Nojiri River, of which the frequencies predominantly ranges 20-60Hz. Liu (1999) revealed 
from indoor and field experiments that whatever the size of gravel grains, the frequencies 
generated in their collision range mostly 20-80Hz, particularly 40-60Hz. Richard (1996) at the 
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U. S. Geological Survey also believed the frequencies of ground vibration in debris flow 
range 10-300Hz, with pronounced frequencies ranging 30-80Hz. 
 
The debris flow observation stations at Shen-mu Village, Nantou County, established by the 
Soil and Water Conservation Bureau, Council of Agriculture, Executive Yuan (2003), 
successfully collected the first ever data of debris flow observation during the strike of 
Typhoon Mindulle in Taiwan in 2004. The ground vibration data of debris flow gathered in 
Ai-yu-tze River on July 2, 2004, were FFT analyzed, as shown in Fig. 1. It is seen in the 
figure that the predominant frequency ranged 10-60Hz, with peak value at about 20Hz, when 
the debris blow arrived. Fang et al. (2008) analyzed the ground vibration in the same debris 
flow and found the frequency concentrating on the range of 5-60Hz, a relatively low one. 
 

 
Fig. 1 The FFT analysis of x axis located at downstream from 16:41 to 16:42 on July 2, 2004. 

 
Accumulation of energy per second 
 
As conventional FFT analyses take large amount of computation, they are incapable of 
real-time analysis of the signals of debris flow ground vibration. Lin and Liu (2005) used the 
method of energy integration to analyze the movement and characteristic of debris flow and 
found that notable sudden peak of energy accumulation in known debris flow incidents. Thus, 
they integrate, by time, the 500 records of speeds in the history data captured every second 
and resulted in what was referred to as accumulated energy, which represented the 
displacement obtained by the time integration of force of debris flow vibration times speed, 
equivalent to the work, in Joule, done by debris flow, and was immediately transmitted back 
for use in the determination of debris flow occurrence. Fig. 2 shows the accumulation of 
energy per second in the debris flow ground vibration gathered in downstream of Ai-yu-tze 
River on July 2, 2004. 
 
As the debris flow observation equipment has to observe the debris flow potential torrents 
continuously 24 hours a day, noises happen whenever the spot light is turned on at night or a 
generator starts in case of power failure. These noises are analyzed by FFT to be an integral 
multiple of 60Hz, which is a higher frequency.  As the accumulation of ground vibration 
energy per second accumulates, over times of ground vibration at full range of frequencies, it 
is reflected in the calculation of such energy accumulation both during the process of power 
supply to the equipment in the day and when a spotlight is turned on at night, indirectly 
affecting the determination of debris flow incident. Hence, this study developed a new method 
of ground vibration analysis utilizing the characteristic of wavelet transform, to resolve the 
drawbacks of FFT and accumulation of energy per second. 

(a) 
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Fig. 2 The accumulated energy of geophone located at downstream from 16:00 to 17:00 on Aug 8, 2008. 

 
Method of analysis with wavelet transform 
 
We considered one of the features of wavelet analysis is that the result of transform differs 
with the selection of mother wavelet, as such the mother wavelets of different characteristics 
can be chosen according to different questions. Using short windows for wavelet transform at 
higher frequencies can result in higher percentage of discerning in time domain; whereas 
using long windows at lower frequencies can result in higher percentage of discerning in 
frequency domain Hence, wavelet analysis is characteristic of partially analyzing 
instantaneous non-stationary signals, and this study applies it in Haar mother wavelets. 
 
The Haar wavelet transform can divide the ground vibration signal into two portions, the high 
frequency zone and the low one, in every process of transform. In this study, the captured 
ground vibration frequency was 500Hz, with effective analytic frequency at 250Hz, while it 
had been found when analyzing the ground vibration in Ai-yu-tze River that the peak 
characteristic frequency is at about 20Hz. And, after three times of transform, the low 
frequency range obtained was 0-31.25Hz, sufficient to represent that of the characteristic of 
the debris flow ground vibration in Ai-yu-tze River. The low frequency range would be 
reduced to 0-15.63Hz, if the transform is conducted four times, that would ignore a great part 
of the characteristic of peak frequency; but, such range would become 0-62.5Hz, if twice, and 
cover the fixed frequency, at 60Hz, of the voltage on the equipment. Consequently, every 
subsequent wavelet transform is conducted three times as a standard.
 
 
ANALYSIS OF EVENTS OF DEBRIS FLOW GROUND VIBRATION 
 
Typhoon Mindulle 
 
In June 2004 when Typhoon Mindulle struck Taiwan, the Central Weather Bureau announced 
a warning for it on 2004/06/28 17:30 till 2004/7/3 11:30, and the Ai-yu-tze River Observation 
system observed the first incident of debris flow occurrence as well. That included a multiple 
of debris flow disasters, which devastated the safety of the downstream region, resulting from 

Debris flow 
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the collapse of soil and rocks on upstream of Ai-yu-tze River from extremely heavy rain, 
measured at 1,254 mm, accumulated from 2 to 4, July. 
 
The debris flow incident of 2004/07/02 16:41 p.m. was observed by the two sets of geophones 
deployed by Ai-yu-tze River, and data were analyzed. By wavelet transform applied to the 
time domain signals picked up by the downstream geophone, the ground vibration signal can 
be divided into high frequency and low frequency portion, as shown in Fig. 3 and 4. It can be 
seen, firstly, in the figures that the midstream geophone clearly indicated, with the low 
frequency portion (0-31Hz), the time of debris flow occurrence, accompanied by a notable 
response in the 31-62Hz portion. This demonstrates that wavelet transform can divide the 
original history data of ground vibration into various frequency ranges and reconfirm that the 
ground vibration in debris flow is characterized by low frequency, as well as help clearly 
determine the time of debris flow occurrence. 
 

 

Fig. 3 The original data located at downstream from 16:00 to 17:00 on July 2, 2004. 

 

 
Fig. 4 The wavelet transform result of lower frequency located at downstream from  

16:00 to 17:00 on July 2, 2004. 

Typhoon Morakot 
 
In August 2009 Typhoon Morakot struck Taiwan; again, the Ai-yu-tze River Debris Flow 

Debris flow 
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Observation system observed two incidents of debris flow occurrence. Of which the 
extremely heavy rain, measured at 1,596.5 mm, accumulated from 6 to 10, August, caused 
massive collapse in upstream Ai-yu-tze River, and debris flow that brought damages to the 
Ai-yu-tze Bridge downstream. The first wave of debris flow occurring on August 8 caused the 
wire in upstream Ai-yu-tze River to break. The analysis by geophone of the debris flows at 
4:38 and 16:57, August 8, reveals obvious signal vibration in both the portions of time history 
and wavelet transform, as shown in Figs. 5 and 6.  

 

Fig. 5 The original data located at downstream from 16:00 to 17:00 on August 8, 2009. 

 

 
Fig. 6 The wavelet transform result of lower frequency located at downstream from  

16:00 to 17:00 on August 8, 2009. 

 
Wavelet accumulated energy indicator 
 
First, comparing the total precipitation of the two typhoon incidents on 2004/07/02 and 
2009/08/08, respectively, which is 1,254 mm, accumulated over three days (418 mm per day 
averagely) and 1,596.5 mm over four days (399 mm per day averagely), with maximum 
10-minute rain intensity at 70 mm and 80 mm, respectively. The two incidents were thus 
similar in both accumulated rainfall and rain intensity, and it is clear from above analysis 
results that the debris flow in August 8 flood was greater in scale than that in July 2. 
 
As the wavelet transform has verified that it is possible to strain away the high frequency 
portion from the original ground vibration history, only the low frequency portion was 

Debris flow 
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extracted from the results of ground vibration data obtained at the downstream on 2004/07/02 
and 2009/08/08 after wavelet transform, to be further calculated in terms of accumulated 
energy, such results as shown in Fig. 7 and 8. It can be seen in the figures that when debris 
arrived, the wavelet energy accumulation increased significantly; such energy accumulation 
after wavelet transform, unlike the afore-mentioned energy accumulation per second, 
accumulates only the low frequency portion of the ground vibration history, thus, its results 
are not affected by other interference of external environment and can better serve in the 
determination of the time of triggering debris flow. Therefore, the energy accumulation after 
wavelet transform can be deemed as a wavelet energy indicator for debris flow occurrence. 
 
The above wavelet energy indicator is used to establish the ground vibration observation 
indicator of debris flow in Ai-yu-tze River specifically for the incidents on 2004/07/02 and 
2009/08/08. With the ground vibration of 07/02 and 08/08 transformed into wavelet energy 
indicators, the background value and the indicator values of three scales are set out and sorted 
as Table 1 shows. If a wavelet accumulated energy indicator is double the background value, 
it indicates the occurrence of debris flow. In future, this indicator will be treated as data to be 
transmitted back to serve as the basis for determining the scale of debris flow occurrence. 
 

 
Fig. 7 The accumulated energy of geophone using wavelet transform located at downstream from on July 2, 

2004. 

 
 

First debris flow 
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Fig. 8 The accumulated energy of geophone using wavelet transform located at downstream from on July 2, 

2004. 

 
Table 1 The Indicator value of geophone located at downstream. (Unit: Joule) 

Scale of 
events 

background 2004/07/02 
16:41 

2009/08/08 
4:38 

2009/08/08 
16:57 

Value  100 230 691 1712 
Multiple -- double sextuple octuple 

 
 
CONCLUSIONS 
 
Wavelet transform can isolate different frequency ranges from a whole frequency domain, and 
can indicate directly the time domain response at lower frequency in respect to the frequency 
characteristics of debris flow ground vibration, as well as isolate the interference at higher 
frequency. 
 
Superposing the number sequence that results from post-wavelet-transform lower frequency 
number sequence undergone lower frequency synthetic filter, and the number sequence of 
high frequency undergone high frequency synthetic filter can obtain the original number 
sequence. Whilst, the Haar transform in wavelet transform is the original and simplest 
function of transform. 
 
Apply wavelet transform to data of ground vibration that has been processed, to obtain data of 
high frequency and of low frequency after three times of calculation; then, conduct wavelet 
energy accumulation on the history data of the low frequency portion to obtain an indicator 
which can serve in the determination of triggering time and scale of debris flow incident. 
 

First debris flow 

Second debris flow 
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By analyzing the incidents of 2004/07/02 and 2009/08/08 having been gathered to date, it is 
possible to obtain the indicator values for the debris flow ground vibration in downstream 
Ai-yu-tze River. More data will be gathered from debris flow incidents in future so as to 
update the scale indicators and to build the debris flow incident database with. 
 
Featuring fast and capable of effectively saving computation on front-end computers, the 
analysis method proposed in this study can be installed directly on the front-end computers at 
debris flow observation stations in future, to enable them to carry out computation and 
analysis directly when there is a debris flow incident, and send back the analyzed data of 
ground vibration that are needed 
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