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ABSTRACT Various kinds of sensors for debris flows detection have been proposed such as wire sensor, acceleration sensor, and so on. In Europe, a
geophone that is based on a vibration meter is usually used though the applicability is not confirmed for debris flow detection in Japan. A wire sensor
is still currently used for debris flow detection in Japan, because of its easy maintenance and measurement principle of disconnected wires. However,
there is a drawback in that debris flow cannot be detected until manual maintenance is performed after the wires are disconnected. Sakura-jima is in
southwest of Japan. Debris flows occur by rainfall and ash fall after eruption. Many debris flows occur and transport sediment by debris flow events.
The number of debris flow occurrences is defined by the number of disconnected wires from a wire sensor, and three wires are set vertically at the
height of 60 cm, 120 cm, 180 cm from the bed, respectively, to know magnitude of debris flow height. A LVP sensor has been developed and installed
there for continuous detection of debris flows and modified based on technical information obtained by maintenance after debris flow events. The
sensor consists of load cell (L), acceleration meter due to vibration (V) and pressure meter (P). The sensor is mainly for debris flow detection, though
weight of debris flows on the bed is attempted to be measured using a small box with loadcell. Present studies introduce some examples of debris flow
detections using the LVP and emphasize usage of the LVP sensor in combination with wires.
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1 INTRODUCTION
1.1 Necessities in Debris Flow Monitoring

Sakura-jima Island is in the southwestern region of
Kyushu in Japan. The rivers around the active vol-
cano Sakura-jima are generally susceptible to debris
flows caused by sediments from the large eruptions
of Sakura-jima volcano located near the mountain’s
peak. In addition, the eruptions of Sakura-jima vol-
cano, which produces ash rain in the area around the
mountain, cause the land surface to change its proper-
ties, namely decreasing the rate of rainwater infiltra-
tion into the land surface. As a result, the response of
rain to the flow will further increase the potential for
surface water runoff and thus will further trigger debris
flows (Gonda et al., 2019).

Early detection of debris flow occurrences is important
in efforts to mitigate the impact of debris flow disas-
ters. Therefore, the use of debris flow event monitoring
sensors, including wire sensors, accelerometers (Os-
umi Construction Office in the Ministry of Construc-
tion, 1988; Osumi Office of River and Highway in the
Ministry of Land, 2013) and geophones (e.g., Arattano
and Marchi (2008)), is very supportive of these efforts.
Wire sensors have been used in Japan because they are

inexpensive and easy to maintain. Additionally, ef-
forts to identify debris flow occurrences in rivers on
Sakura-jima Island using closed circuit cameras (CCTV)
to monitor the cable-cutting process have also been
carried out. From this monitoring system, the depth of
the debris flow can be determined because the height
of the cable from the riverbed is varied, i.e. 60 cm, 120
cm, and 180 cm (Osumi Office of River and Highway in
the Ministry of Land, 2013).

1.2 Brief Histories in Debris Flow Monitoring

In Taiwan, the development of debris flow monitoring
techniques has reached an advanced level, at least in
the era of 2015 (Yin et al., 2015). It is mentioned by
Yin et al. that the development began in 2002, coordi-
nated under the Agriculture Assembly of Taiwan Gov-
ernment. Yin et al. introduced the technology of thir-
teen fixed debris flow monitoring stations and two mo-
bile debris flow monitoring stations. At each monitor-
ing station, several observation instruments, including
rain gauges, CCD cameras, wire sensors, geophones,
and water level meters, are installed to collect dynamic
debris flow information that can be used as references
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for debris flow disaster mitigation. The framework of
the debris flow monitoring system consists of mon-
itoring sensors, an instrumental cabin (vehicle plat-
form for mobile stations), a transmission system, and
a web-based display system. The system operates in
“normal mode” with a low sampling rate during nor-
mal times. When the rainfall exceeds a certain thresh-
old, the entire system will automatically activate and
switch to “event mode” with a higher sampling rate.
During the typhoon season, the dispatch of mobile sta-
tions depends on the typhoon’s predicted route issued
by the Taiwan Central Government, thereby increasing
the probability of observing debris flow events. By in-
tegrating various monitoring sensor modules, the fixed
and mobile debris flow monitoring stations can ex-
pand the monitoring coverage, especially in remote ar-
eas. Debris flow disasters are a serious threat and can
cause severe consequences, including losses, injuries,
and deaths. With the emergence of current information
and communication technology, the application of this
technology supports efforts to reduce the negative im-
pacts of debris flow disasters. However, the efficiency
of the application of information and communication
technology needs to be made more efficient and inex-
pensive but function effectively. Various efforts have
been made to develop equipment to detect debris flow
events, and almost all of them strive to create moni-
toring equipment that is efficient but effective enough
to reduce the negative impacts of debris flow disas-
ters (Ye et al., 2019; Itoh et al., 2023; Ersoz and Gonda,
2024). This study was conducted by installing an in-
situ monitoring system equipment in the form of wire-
less accelerometer sensors in the Sakura-jima moun-
tainous area. The system was then validated with real
data and produced accurate detection. Compared with
other debris flow monitoring systems, the proposed so-
lution produces a number of substantive benefits, es-
pecially low cost, high accuracy, and less maintenance
effort. Several experiences (particularly in developing
countries, e.g. Indonesia) have shown that the instal-
lation of monitoring systems in remote areas was very
prone to vandalism, i.e. some components being stolen
with and without any reason. The wires may also be
disconnected by natural phenomena, i.e. by high debris
flow occurrence. If such a system is intended for issuing
alerts of debris flow occurrences, once the wire discon-
nects, the next debris flow occurrence would not be able
to be detected. The re-installation of the new wires re-
quires time that cannot be done right away. The rate of
sediment transport in rivers is greatly influenced by the
source of sediment flowing in a river section as well as
the geometrical characteristics of the river itself. The
sediment transport could persist in the form of either
bed load, suspended load (including washed load), or
even flow with a high concentration of sediment, such
as debris flow. The suspended load can be measured
by direct sampling. In contrast, bed load is difficult to
measure, especially in mountainous rivers where the
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flow is supercritical, and the flow contains a lot of sedi-
ment. As a result, conventional bed load samplers can-
not be used. A bed load measurement technique using
a hydrophone sensor has begun to be widely used, e.g.
in the Jinzu River, Japan (Mizuyama et al., 2003, 2011)
and in the Code River, Indonesia (Harsanto et al., 2020).
The hydrophone sensor is a steel pipe installed at the
bottom of the rapid flow and then emits sound vibra-
tions when sediment particles hit the steel pipe. A mi-
crophone records the sound vibrations. The number of
pulses and the intensity of the sound vibrations are a
function of the amount of bed sediment transport that
passes through the hydrophone sensor. The sensor is
not appropriate for debris flow measurements because
of weakness of the pipe against collisions with boulders
in debris flows.

LVP (load, vibration, pressure) sensors consist of load
cells, accelerometers, and pressure gauges. The idea
of continuous debris flow monitoring using a combi-
nation of cable and LVP sensors was first proposed by
Itoh et al. (2017). The sensor can detect debris flow
surges by distinguishing muddy- and stony-debris flow
modes because the loadcell and the vibration sensor
could measure continuously. It should be noted that
measurement technology using cable sensors cannot
detect subsequent debris flow events after the cable
breaks, either by debris flow or by other causes (van-
dalism, animal activity, etc.). This study presents the
applications of the LVP sensor, its installation/mainte-
nance on Sakura-jima Island and the results from the
field study. The LVP sensor is mainly for debris flow
detection and is different from direct measurement us-
ing loadcell systems (McArdell et al., 2007; Scott et al.,
2011; Osaka et al., 2014). However, some maintenance
is needed for the LVP sensor and the related equipment
due to unexpected forces by large boulders colliding
in debris flows and electric problems from lightning,
though the small sensor could be expected to require
a few maintenances.

2 METHOD

2.1 Arrangement of Presentation

The arrangement of the article presentation is divided
into two major sections. The first section presents the
general application of LVP technology and the geomet-
ric conditions of the rivers under study, particularly
those concerning the longitudinal profile and the loca-
tion of the hydraulic structures in the river reach under
study. The second section presents the necessary data
from various types of sensors that have been collected
for further analysis.

Figure 1 and Figure 2 show the study sites in the No-
jiri and Arimura Rivers on Sakurajima Island. Several
types of sensors other than LVP sensors were also in-
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Figure 1 Sensors for debris flow monitoring in Nojiri River
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Figure 2 Sensors for debris flow monitoring in Arimura River

stalled, including rain gauges, ashfall gauges, CCTV
cameras, wire sensors, ultrasonic level sensors, and ve-
locity meters. Continuous and direct debris flow mea-
surements using load cells and pressure gauges (DFLP)
(Osaka et al., 2014) were also conducted to evaluate the
mass density and concentration of sediment.

Figure 3 and Figure 4 show the longitudinal profiles
of the Nojiri and Arimura riverbeds. The bed slope at
the Nojiri No. 7 Sabo Dam test site is 1/7.6 (7.50 de-
grees), and the expected equilibrium sediment concen-
tration for the bed slope is 0.147 for a specific gravity
of 2.65 and an internal friction angle of 34 degrees. In
the Arimura River, the bed slope is 1/15.5 (3.7 degrees),
and the equilibrium sediment concentration for the bed
slope is 0.0643.

2.2 Collected Data of the Debris Flow Monitoring

Table 1 shows debris flow detections by wires and the
LVP sensor from 2017 to 2018. In the table, notation
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“0” indicates debris flow detections by sensors, and
the gray-colored line indicates detection of debris flow
with depth less than 60 cm, such as small magnitudes
of debris flows. The LVP detected 34 of 34 occurrences
of debris flow and can also detect small magnitudes of
flow that wires cannot detect.

3 RESULTS

3.1 Several Examples for Detections

The present LVP sensor, which was installed on the bed
on 6™ February 2015, was modified to minimize the risk
of damage due to direct impact by boulders in debris
flow surges, and measurements were carried out con-
tinuously (Itoh et al., 2017). The LVP detected 23 of 24
occurrences of debris flow surges since the installation
of the sensor (Kato et al., 2018). The current develop-
ments in debris flow detection are now having many
challenges. Such detection require not only informa-
tion on the threshold of the occurrences and magni-
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