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Abstract
Closely induced by earthquake, debris flow frequently occurred and had some distinctive
features, e.g. long channel and check dams controlled. In mountainous regions of Southwest
China, many catastrophic events have already affect local people and became one of the
main threats to lives and properties. This paper, presents an early warning method
combining rain gauge, ultrasonic sensor and video recording fully adapted to debris flow
gullies. A three-level early warning criteria (null, attention, and warning) has is proposed
and defined in this paper. Niujuangou gully was selected as a case study to validate the
approach, and to demonstrate it’s helpful to debris flow occurrences prediction.
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Introduction

Generally, debris flows occur after a heavy rainfall, and
produce rapid mass movements with huge devastating
power. They consist in granular solids, water and air (Jan
et al. 2002). While debris flow happen, it must cause a great
loss including economic and people’s lives. Particularly in
Southwest China, accelerated economic development and
population increase have already increased the risks from
debris flows and other kinds of geo-hazards (Huang et al.
2015). However, during recent years several concentrated
catastrophic earthquakes occurred in the region, e.g.
Wenchuan earthquake on 2008. Earthquakes not only trig-
gered abundant co-seismic avalanches and landslides, but
also cracked mountains with large amounts of loose solid
materials. All these deposits located in gullies easily devel-
oped into debris flows during rainstorms (Shieh et al. 2009).
On August 13, 2010, a heavy rainstorm come to the
hardest-hit areas including Yingxiu, Longchi, and Qingping

town, which caused plenty of unbelievable huge debris flows
than before (Xu 2010). For example, the Wenjiagou debris
flow in Qingping, Mianzhu, had a total volume of
3.1 � 106 m3 with a peak discharge of 1530 m3/s, which
caused a great casualties and buried 479 new reconstructed
houses, as well as the most of check dams along the
catchment (Yu et al. 2013). Another giant debris flow from
Sanyanyu gully and Luojiayu gully, happened at Zhouqu, in
Gansu Province, Northwest China, on August 7, 2010,
which caused 1765 person deaths on the densely urbanized
fan (Tang et al. 2011). In the mountainous regions of
Southwest China, there are many debris flow like those ones,
and the long distance of channel has a tremendously dev-
astating power and causes plenty of property losses. There-
fore, great threat and catastrophic debris flow events make
the human clearly understand its vulnerability to natural
hazards. Effective method and equipment had become an
emergent requirement to reduce the hazard and risk. Many
researchers have already been working on the forecasting
debris flow occurrences and setting up early warning sys-
tems. At the beginning, several relations between rainfall
and debris flow initiation have been provided from histori-
cal, worldwide and regional data (Aleotti 2004; Chien-Yuan
et al. 2005; Glade et al. 2000; Guo et al. 2013; Keefer et al.
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1987; Melillo et al. 2015; Zhou and Tang 2013). Among all
rainfall thresholds approaches, the one using intensity–du-
ration threshold (Guzzetti et al. 2007) was perhaps the most
popular, which has been proved particularly valid for shal-
low landslides, and it has also been successfully applied to
landslides in general. Baum and Godt (2009) presented a
combined threshold including cumulative precipitation,
rainfall intensity and antecedent water index or soil wetness
for the shallow landslide forecasting. Although widely used
in mountainous regions, these methods are still affected by
some drawbacks, especially debris flow occurred in gullies
with a long channel and check dams already built in.

Consequently, this paper presents a new idea for debris
flow forecasting, particularly for which has already been
controlled by check dams and has a long channel. The
purposes of this paper are to present a simple approach for
debris flow initiation prediction and real-time mass move-
ment monitoring.

Methodology

According to the literatures on forecasting debris flow
occurrences, rainfall seems to be one of the most important
triggering factors. Most of them are concentrated in the
relation analysis between rainfall and possibility of debris
flow occurrence, e.g. rainfall intensity and duration, ante-
cedent rainfall and so on. So the drawback comes that debris
flow early warning is not an imminent hazard but is just
regarded as a potential danger, which causes such a com-
plicated problem that the final determination whether to alert
local population, and compulsory actions need to be done at
once, or a period of time later. Therefore, more devices need
to be equipped along the gully to ensure once again, whether
debris flow initiation occurrence or not. For example,
ultrasonic sensor can monitor the depth of debris flow or

flood, and video can see them directly. Then, a collaborative
monitoring system and determination process are presented
in the following sections, as shown in Fig. 1 and the
architecture of data flow in the system shown in Fig. 2.

It can be seen in Figs. 1 and 2, the beginning of a rainfall
event is the starting of the whole early warning system.
That’s mean while the rainfall shows begin, ultrasonic sen-
sor and video recording then start to work. Details of each
step and method are given as follows.

Fig. 1 Schematic diagram of warning method for long channel and post-controlled debris-flow gully

Fig. 2 Data flow of the early warning method
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Definition of a Rainfall Event

Based on the analysis above-mentioned, the start of a rainfall
event is very important in the forecasting debris flow initi-
ation occurrences. Based on the research results presented by
Jan et al. (2002) and Huang et al. (2015). The beginning of
each rainfall event can been defined that is the moment that
the hourly rainfall amount is more than 4 mm/h, and the end
is when the hourly rainfall amount is less than 4 mm/h, and
this should last for at least 6 h, as shown in Fig. 3.

Evaluation of the Storage Capacity

After a rainstorm, whether debris flow occurred or not, there
must been having stage changes from the flow along the
catchment. So, in order to obtain the continuous monitoring
of debris flow or water level, ultrasonic gauges are com-
monly used devices. Except for recording the stage hydro-
graphs, the ultrasonic sensors provide a way to measure
channel erosion or aggradation at the site where they are
installed, as shown in Fig. 4.

It can be seen in Fig. 4, ultrasonic sensor hung over the
channel measures the distance between the flow surface and
the sensor itself, making it possible to record the debris flow
hydrographs (Ht = h0 − ht), average velocity of flow
(V) which is a function related to Ht, and even the total
volume of single debris flow (Q) which is a function related
to V, detail information can be seen from the mitigation
standard of debris flow (DZ/T0220-2006). Before the rain-
storm, the initial storage capacity (Q0) of the check dam can
be calculated by the topography and height of check dam.
The evaluation index of storage capacity, therefore, can be
defined by Eq. 1.

ISC ¼ 1� k � Q

Q0

� �
� 100% ð1Þ

where ISC is the evaluation index of storage capacity of the
debris flow gully, k is the coefficient of deposition by a
single debris flow gully, which can be obtained by field
investigations and indoor experiments, and others parame-
ters are similar to those mentioned above. Therefore,
according to the evaluation index of storage capacity, a
three-level early warning system can be proposed for such
debris flow gullies with long-distance and post-controlled
characteristics in Southwest China, as shown in Table 1.

Case Study

Niujuangou gully located at the south of Yingxiu town,
Wenchuan County, Sichuan Province, nearly 0.5 km, right
bank of Minjiang River. This gully has a catchment area of

Fig. 3 The definition of a single
rainfall event

Fig. 4 Schematic diagram of an ultrasonic sensor installed to monitor
debris flows
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10.7 km2 and a 3.9 km long mainstream, as shown in Fig. 5.
The elevation of this case study region ranges from 850 to
1780 m above sea level, and the valley has a deep slope
(35°–45°) at the upstream. The average yearly temperature
of about 15 °C, and the climate is mild semi-tropical and
moist with abundant rainfall, almost of which is concen-
trated in three months from July to September, causing lots
of flood before in this areas. The epicenter of Wenchuan
earthquake was near the outlet of the gully, which triggered
so many co-seismic rock fall material and finer landslide
deposits along this gully that are easily transformed into
debris flows during rainstorm. On August 13, 2010, a huge
debris flow trigged by a heavy rainfall in this gully. Fortu-
nately, no people has been hurt because the reconstruction

Table 1 Recommended warning levels and activates

Warning
level

Judgement
(ISC)

Response

Blue (null) 70–100% Real-time monitoring data
are checked per hour during
the rainfall event

Yellow (attention) 30–70% Real-time monitoring data
are checked per half-hour
during the rainfall event.
Authority and expert are
alerted. Preparing for alarm

Red (warning) <30% Real-time monitoring data
are checked all the time
during the rainfall event.
Local people are alerted

Fig. 5 Location of Niumiangou gully. The inset image at the right bottom was taken by unmanned aerial vehicle on 7 March, 2011
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area is far from the risk region after the earthquake, but the
bed of Minjiang River has been uplifted and caused a great
threat to the upstream of Yingxiu town.

According to field investigation, there are still left a lot of
loose material in the gully, especially in the branch Lian-
huaxin gully, as shown in Fig. 5. So, controlled measures
and monitoring sensors have been carried out in Niujuangou
gully for the prevention and mitigation geohazards in the
near future (Fig. 6). Four check dams have been built along
the Lianhuaxin gully, and one rainfall gauge was installed at
the upstream and one ultrasonic sensor was installed in the
middle of the check dams, as shown in Fig. 6.

On 9 July, 2013, there was a heavy rainfall in this area,
and the ultrasonic sensor has recorded the depth of flow
information. After the rainfall, field survey also made sure
that debris flow had occurred during the rainfall, as shown
in Fig. 7. Based on the single rainfall event definition
above-mentioned, this rainfall event started at 4:00 a.m.
9 July, 2013, lasting for 48 h to end at 4:00 a.m. 11 July,
2013. The maximum hourly rainfall was 74.5 mm, and the
cumulative rainfall was amount to 450 mm. Accompanied
with the rainfall, the stage of the flow (Graph in the middle
of Fig. 7.) shown that the channel erosion and aggradation
happened at the same time. But the maximum of erosion
depth was 0.5 m, and the maximum of aggradation was
2.1 m appeared just three hours later after the maximum
hourly rainfall intensity. Unfortunately, the ultrasonic sen-
sor didn’t record any data after the 9:00 a.m. 10 July,
2013. Therefore, there were not enough information to see
the whole progress of debris flow mass movement in a
real-time way. However, the video recording can show that
directly.

Based on the real-time monitoring data, the correspond-
ingly calculated ISC value was very high, as shown in Fig. 7
thefirst column graph. So, thewarning level was only up to the
Yellow one (attention), and the total volume of this debrisflow
was up to 2.96 � 105 m3, according to the field measurement
and topography calculation after the rainfall event.

Fig. 6 Check dams and monitoring sensors installed along the Lianhuaxin branch gully

Fig. 7 Real-time early warning for the branch Lianhuaxin gully (from
9 July, 2013 to 11 July, 2013)
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The case study has shown that the early warning method
plays a great function in forecasting debris flow, more
accurate and reliable particularly for long channel and
post-controlled debris flow gully. However, it’s not enough
to prove that the method are effective presently because of
lack of more successful examples. So, when more infor-
mation is collected in the future, the presented debris-flow
early warning method can be improved to validate the pro-
cess, then ultimately reducing the losses of lives by this type
of geohazrd.

Conclusion

Debris flows cause catastrophic harm both in human and
property losses, triggered by heavy rainfall every year in
the mountainous regions in Southwest China. These debris
flows always have a long channel, even though check dams
built along the gully may stop the material deposits, some
of them still can go through to the downstream and cause a
great threat to the local people living in the downstream
areas. Therefore, an urgent requirement for effective
methods is needed immediately. In order to present a new
early warning method on debris flow risk forecasting, the
rain gauge, ultrasonic sensor and video recording sensor
have been discussed and used to work together in this
paper.

The provided process: rainfall is the only starting factor,
after that the ultrasonic sensor and video recording begin to
work together. Meanwhile, expert judgements are still nee-
ded in the final determination. The Niujuangou gully was
selected as a case study for a detailed explanation of the
presented method, and the results show that it is worth the
effort to research continually in the future.
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