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Characterized by large scale, high frequency, and strong destructiveness, debris flow has
become the most noticeable geohazards throughout the world, especially in the
mountainous areas of southwestern China. On August 20, 2019, large-scale heavy
rainfall pummeled Wenchuan County, Sichuan Province, Southwestern China, which
resulted in a cluster of debris flows (the “8·20” clustered debris flows event), and
caused considerable economic losses (approximately 3.4 billion RMB were lost) and
heavy casualties (48,862 people were displaced, 16 people died and 22 people went
missing). Based on field investigation, image data interpretation, mechanism analysis, and
other methods, this study reveals the formation mechanism, dynamic evolutionary
process, and impacts of human activities on the “8·20” clustered debris flows event.
Results from a comprehensive analysis indicate that the occurrence of short-term, high-
intensity rainfall and the excessive supply of solid material were the main factors that
triggered this catastrophic event. With the debris flow flowing into the main river, this event
presented an extremely apparent disaster chain effect. It is also found that improper site
selection and inadequate design of human activities played a crucial role in the movement
process of the debris flow that directly aggravated the losses. Finally, to improve debris
flow prediction and prevention, some early warning and mitigation measures are
discussed.

Keywords: debris flow, formation mechanism, supply condition, dynamic evolutionary process, human activities

INTRODUCTION

Debris flow occurs when masses of poorly sorted sediment, agitated and saturated with water, surge
down slopes in response to gravitational attraction (Iverson, 1997). In recent years, heavy economic
losses and casualties, together with serious damage to the environment caused by debris flow, have
become a social issue of great concern around the world. This is especially the case for the
mountainous areas of southwestern China, where approximately 15,797 debris-flow ravines have
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been identified (Cui et al., 2003). On May 12, 2008, a devastating
earthquake (Ms 8.0) occurred in Wenchuan County, Sichuan
Province, Southwest China (Huang and Li, 2009). More than
56,000 landslides with a total area of 811 km2 were triggered by
the earthquake (Dai et al., 2011), leaving a vast amount of loose
material on steep hill slopes or in channels (Koi et al., 2008; Dong
et al., 2009; Parker et al., 2011), as shown in Figure 1. It is
confirmed that the frequency and magnitude of local debris flow
increased significantly after the 2008 Wenchuan earthquake due
to the availability of loose solid material (Tang et al., 2009; Cui
et al., 2011; Chen et al., 2013). For instance, immediately
following the 2008 Wenchuan earthquake, 837 debris flows
occurred in the 42 earthquake-hit counties of Sichuan
Province (Huang and Li, 2009).

In general, the triggering of debris flow is inseparable from
three essential factors: sufficient available loose material,
generation of an ample amount of surface run-off, and
steepness of the drainage channels on the slopes (Takahashi,
1981). This finding hints at the important relationship between
rainfall threshold and sediment supply conditions in the
formation of debris flow. Based on field investigation and
statistical analyses, it was found that triggering rainfall
thresholds, such as cumulative antecedent rainfall and 1-h
rainfall intensity, for debris flow decreased significantly after
strong earthquake events (Chen et al., 2009; Shieh et al., 2009;
Tang et al., 2009; Yu et al., 2014), which indicates that debris flow
more easily formed during heavy rainstorm events. Some studies
have emphasized that the conditions for debris flow directly
caused by considerable loose material, which was produced in
the 2008 Wenchuan earthquake, will remain active for

20–30 years (Cui et al., 2008; Cui et al., 2009; Xie et al., 2009;
Huang and Fan, 2013).

Threats of debris flow disasters compel people to undertake
engineering measures to control their occurrence and to rein in
their formation, circulation, and accumulation areas. Even
though a large amount of money and time has been
invested, the occurrence of catastrophic events has proven
that some previous preventative engineering measures
constructed in debris flow gullies have not fulfilled their
expected role of control, but instead have magnified the
scale of the disaster (Wang et al., 2012; Wang, 2013; Chen
et al., 2015). One reason for this is that an excess supply of
loose solid material was not sufficiently considered (Chen
et al., 2019), causing the projects to be unable to prevent
and control the extraordinary scale of the debris flow in the
earthquake area.

In this paper, the “8·20” clustered debris flows event that
occurred in Wenchuan County is selected as a case study to
understand the formation mechanism, dynamic evolutionary
process, and impacts from human activities. First, the
geomorphologic and geological, hydrological, and climatic
conditions that are prone to debris flow in Wenchuan County
are presented. Second, the triggering mechanism from high-
intensity rainfall and the dynamic evolution of debris flow
under an excessive supply of solid material are analyzed.
Third, the effects of human engineering activities and the
disaster-causing characteristics of the “8·20” clustered debris
flows event are summarized. Finally, aiming at improving
debris flow prevention, we discuss some early warning and
mitigation measures.

FIGURE 1 | Source conditions of loose solid materials in mountainous areas of southwestern China: (A) satellite image of the southwestern mountainous area
before the Wenchuan earthquake; (B) satellite image of the southwestern mountainous area after the Wenchuan earthquake; and (C) typical topographic and
geomorphologic conditions of the southwestern mountainous area.
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STUDY AREA

Wenchuan County is located in the middle of Sichuan Province,
southeast of the Tibetan Qiang Autonomous Prefecture of
Ngawa, and on the northwestern edge of the Sichuan Basin
(Figure 2A). The county is bounded by 30°45′ and 31°43′
north latitude and 102°51′ and 103°44′ east longitude. The
total area of Wenchuan County is 4,084 km2 and its
permanent population was 102,500 at the end of 2018.

The “8·20” Clustered Debris Flows Event
On August 20, 2019, Wenchuan County suffered large-scale
heavy rainfall that caused a cluster of debris flow disasters
(Figure 2B). All villages and towns in the territory were
affected to varying degrees. A large number of houses were
destroyed in the area through which the debris flow moved
and some sections of multiple important roads (such as
Duwen Expressway and National Highways G213, 317, and
350) were blocked or interrupted. Worse still, several

FIGURE 2 | Site location of the study area: (A) the location of the study area in China; and (B) the geomorphic map of the study area and the distribution of debris
flows in the “8·20” event.
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hydropower stations were seriously damaged (Figure 3).
Furthermore, some debris flows transported large amounts of
solid material into the Minjiang River thereby causing a partial
blockage or forming a debris dam, resulting in a series of
secondary disasters (Figure 3B). This event caused substantial
economic losses (approximately 3.4 billion RMB) and heavy
casualties (48,862 people were displaced, 16 people died, and
22 people went missing).

Geomorphologic and Geological Conditions
Wenchuan County is located in the transitional mountainous belt
between the Qinghai–Tibetan Plateau and West Sichuan Plain,
which is dominated by high and middle mountains; the northeast
contains the Longmen Mountains, while the southwest contains
the Qionglai Mountains. Elevation gradually increases from the
southeast to the northwest, as shown in Figure 2, and the
elevation of the mountains is approximately 4,000 m. The
terrain of Wenchuan County is complex with high mountains,
steep slopes, and deep valleys. This topography is extremely
conducive to the accumulation of loose solid material and the
collection of surface runoff; moreover, it provides favorable
topographic conditions for the rapid formation of debris flow.

The geological conditions of Wenchuan County are
complicated. As a result of the extrusion of the Qinghai-Tibet
Plateau and the Sichuan Basin, the Longmenshan fault region has
always been active, resulting in a high frequency of strong

earthquakes. The Yingxiu–Beichuan fault zone, belonging to
the main central fault zone of Longmenshan, runs through the
southeastern part of the study area and is inferred to be the origin
of the Wenchuan earthquake that occurred on May 12, 2008 (Li
et al., 2008; Xie et al., 2009). A high frequency of earthquakes
significantly worsened the geological conditions of Wenchuan
County, causing extensive collapses and landslides. Many
geologic units are present in Wenchuan County, with outcrops
that are Ediacaran to Quaternary in age. Surficial rocks are highly
weathered and commonly contain fissures of different sizes. In
addition, loose unconsolidated Quaternary deposits and strongly
weathered magmatic rocks are widely distributed in the form of
terraces and alluvial fans. Consequently, a tremendous amount of
loose solid material has accumulated on the hill slopes and in the
gullies, providing an abundant material supply for the formation
of debris flow.

Hydrological and Climatic Conditions
The primary river system in Wenchuan County is the Minjiang
River, an important tributary of the upper reaches of the Yangtze
River. The Minjiang River enters from northern Wenchuan
County and runs through the county to the east. Wenchuan
County has a temperate monsoon climate. Due to the disparity in
topography, the climate changes from the southeast to the
northwest, showing a relatively complete vertical climatic
zonation. The average annual rainfall in Wenchuan County is

FIGURE 3 |Damage caused by debris flows in the “8·20” event: (A) buried houses in Banzi Gully; (B) the blockedMinjiang River and destroyed traffic facilities at the
mouth of the Dengji Gully; (C) damage to the Banzi Gully Grade I Hydropower Station; and (D) destroyed buildings along the Minjiang River.
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1,190.9 mm and the precipitation is unevenly distributed from
month to month. As shown in Figure 4, the rainfall varies
considerably during the monsoon and dry seasons. Moreover,
the annual precipitation is mainly concentrated in the period
from May to September.

FORMATION AND EVOLUTIONARY
MECHANISMS

Triggering Rainfall
Figure 5A illustrates the daily rainfall history in the study area in
August 2019. The monthly total rainfall in August was 350.5 mm.
Of this amount, the rainfall on August 20 was the largest
(124.4 mm), reaching the rainstorm level. From 02:00 on
August 19 to 14:00 on August 22, a heavy storm occurred in
Wenchuan County, where there were 12 stations with
accumulated rainfall over 100 mm and five stations with
rainfall over 200 mm, and the maximum accumulated rainfall
was 332.6 mm at the Shouxi Sanjiang station. According to the

rainfall data from the Dujiangyan surface meteorological station
presented in Figure 5B, the rainstorm that triggered the “8.20”
clustered debris flows event started at approximately 20:00 on
August 19 and ended at approximately 09:00 on August 20, and
the accumulated rainfall amount was 117.6 mm. The maximum
hourly rainfall intensity was 28.5 mm, which occurred at 21:00 on
August 19. The accumulated precipitation and rainfall intensity
that triggered the debris flow were 87.5 and 24.2 mm/h,
respectively, which were recorded at 03:00 a.m. on August
20, 2019.

Formation Mechanism Analysis
As shown in Figure 6, the formation of a debris flow is very
complicated and mainly includes basin hydrological processes,
rainfall infiltration processes, soil instability and failure processes,
slope and gully erosion processes, solid material supply processes,
and soil-water coupling processes. The rainwater falling into the
basin produces surface run-off and underground run-off after a
series of processes, such as evaporation, plant interception,
depression filling, and infiltration. However, there are mostly

FIGURE 4 | The distribution of rainfall in Wenchuan County from 2016 to 2019 (measured at the Dujiangyan Station).

FIGURE 5 | Rainfall conditions in Wenchuan County: (A) rainfall conditions in Wenchuan County in August 2019; and (B) distribution of hourly and cumulative
rainfall in Wenchuan County on August 19–20, 2019 (measured at the Dujiangyan Station).
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small watersheds with steep terrain in the study area, and thus,
the effect of the filling process is not significant. Furthermore, due
to the geohazards induced by earthquakes, the vegetation was
severely damaged (Yang et al., 2012; Gan et al., 2019; Shen et al.,
2020), causing the interception by plants to have little effect on
the run-off during a rainstorm. Therefore, run-off occurs much
more easily and quickly after high-intensity rainfall in the
study area.

At the beginning of rainfall, rainwater was mainly infiltrated.
As the rainfall continued, the water content and pore water
pressure of loose soil on the slope surface increased (Zhou
et al., 2020), and the soil gradually became saturated, resulting
in soil instability and failure. Subsequently, the soil gradually
fluidized in the process of sliding, contributing to the source of
solid material required for the formation of debris flow. The steep
terrain providing sufficient energy conditions also contributed to
run-off formation and rapid collection. As previously discussed,
there is much loose solid material on the slope surface and in the
gullies in the study area (Figure 7A). Under the effects of rainfall
and run-off, the solid material accumulated on the slope surface,
converged from a height to the gullies, and moved together with
the gully deposits. Large potential energy was transformed into
high kinetic energy, leading the channel deposits to scour and
migrate downstream continuously, turning into a debris flow.

Dynamic Evolutionary Characteristics
The excessive supply of solid material along the way was a critical
reason for the amplification and scale of the debris flow (Bovis
and Jakob, 1999; Jakob et al., 2005; McGuire et al., 2017). Based
on the field investigation, the characteristics of the debris flow
paths showed that high-speed fluid had great erosive energy,
strongly undercutting and laterally eroding the deposits and
terraces on both sides of the channel, as shown in Figure 7B.

Otherwise, as the debris flow moved downstream, parts of the
toes of the slopes were scraped and eroded away, resulting in
shallow landslides on the slopes and collapse as the slopes lost
support. The above processes produced abundant solid material
in the formation and transition areas as a supplement to the
debris flow, having a crucial influence on its dynamic evolution.
As a result of the further enlargement of the scale of the debris
flow, the houses and engineering facilities on both sides of the
gully were seriously threatened and damaged, as shown in
Figure 7C.

The field investigation has shown that the severe flood
disaster caused by the debris flow, which poured into the
Minjiang River and blocked the river partially or completely,
is another factor in the disastrous outcome. Affected by heavy
rainfall, many rivers in Wenchuan County suffered major floods
or even extraordinary floods. According to the statistical results
in recent years, the two main tributaries of the Minjiang River,
the Caopo River Basin and Shouxi River Basin, reached a peak
discharge of 573 m3/s with a return period of more than
100 years and 1,860 m3/s with a 50-years return period,
respectively. The debris flow transported a large mass of solid
material into the Minjiang River, forming debris-flow alluvial
fans, thereby blocking the river. Therefore, the flow area of the
river decreased rapidly, causing the water level in the upper
reaches to rise sharply and the velocity and erosion potential of
the flood to increase (Liang et al., 2001; Yanites et al., 2006; Liu
et al., 2016). As shown in Figure 8, farmland, houses, transportation
routes, hydropower stations, and other important infrastructure
in the upper reaches were completely submerged by flooding
caused by the debris-flow alluvial fan blocking the Minjiang
River. Moreover, since the debris-flow alluvial fan forced
flooding to divert to the opposite bank, which developed
long-distance abnormal scouring downstream, the foundations

FIGURE 6 | Analysis of the formation and dynamic evolutionary mechanism of the debris flow disaster in southwestern China.
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of the houses near the riverbank were damaged, resulting in the
collapse of several houses, as shown in Figure 8B.

IMPACTS OF HUMAN ACTIVITIES

Amplification of the Destruction by the
Bursting of Check Dams
Debris flow causes heavy damage and human casualties, which
are also closely related to human engineering activities in
addition to factors such as heavy rainfall and excessive solid
material supply in gullies. Field reconnaissance indicated that

the bursting of check dams was a significant reason for the
amplification of the scale of the disaster and the enhancement of
the destructive power at the mouth of the gullies. Building check
dams in debris-flow gullies is a common engineering measure to
control hazards from debris flow (You, 2001; Shrestha et al.,
2008; Yuan et al., 2018). If the check dam can withstand the
impact and erosion from the debris flow, there is no doubt that
building a check dam is useful in regulating the peak discharge,
intercepting large boulders and falling rocks, and greatly
reducing the damage from the debris flow downstream.
Conversely, if the structure of the check dam is destroyed by
a large debris flow, the check dam will have an effect similar to
block and burst, which inevitably leads to a considerable
increase in the peak flow discharge (Chen et al., 2015). As
shown in Figures 9A–C, these check dams proved to be useless
during the “8·20” clustered debris flows event. When the debris
flow moved to the check dam, the water-solid material mixture
was deposited behind the check dam, and the energy also
accumulated continuously, resulting in high pressure on the
check dam. In the “8·20” clustered debris flows event, these
failed check dams demonstrated insufficient design storage
capacity, which caused the check dams to be quickly filled
with solid material from the debris flow. Consequently, the
check dam was buried, resulting in the risk of check dam failure
significantly increased (Wang et al., 2021). In addition, the poor
quality and performance of the check dam made it difficult to
resist the scouring, erosion, and impact of the debris flow, so
that the dam body was fragmented and damaged, gradually
losing its effectiveness. Ultimately, the hyperconcentrated
debris flow, which was deposited behind the check dam, ran
across the dam crest by overflow. The failure of the check dam
caused a significant increase in debris flow volume and
devastating capacity, resulting in downstream houses and
infrastructure such as roads and bridges being destroyed
instantaneously.

Aggravating the Disaster by Damage to
Transportation Facilities
In mountainous regions, highway bridges and culverts,
pavement, and corresponding protective structures, which
cross debris-flow gullies, are very vulnerable to being
impacted and destroyed by debris flow (Zhong and Chen,
2010; Yang et al., 2016). According to incomplete statistics,
approximately 45 roads and 26 bridges in Wenchuan County
were damaged and interrupted as a result of the “8·20” clustered
debris flows event. For instance, the left bridge of Banzi Gully,
which has a total length of 90.5 m and consists of two 40-m
T-shaped beams, was severely destroyed (Figure 9A). Similarly,
the deck of the Dengjigou Bridge, approximately 50 m in length,
completely collapsed (Figure 9B). In the early morning of
August 20, the high-speed debris flow carrying large amounts
of solid material flowed down from regions of high topography
downstream through the gullies. However, the existence of
highway bridges and culverts crossing the downstream area of
the gullies hindered the movement of the debris flow, during
which time disaster occurred.

FIGURE 7 | Typical traces left behind by the “8·20” clustered debris
flows event: (A) loose solid materials on the slope surface and in the gully; (B)
the deposits and terraces were strongly undercut and laterally eroded; and (C)
buried residential houses along the bank of Cutou Gully.
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The crucial problem that caused these serious damages is that
the design of these bridges and culverts did not fully consider the
impact, erosion, and flow requirements of such a large-scale
debris flow. Impacts, scouring, burying, siltation, and abrasion
are the types of damage to the highway bridges and culverts that
were typically affected by the debris flow. When the debris flow
crossed, the strong scouring and undercutting effect of debris
flow continuously eroded the lower soil of the bridge foundation
and abraded the pier columns, resulting in a decrease in the
bearing capacity of the bridge. Finally, under the combined
action of gravity and debris flow impact, the bridge
foundation became unstable and the bridge deck collapsed
(Figure 9A). Besides, the overall impact force of debris flow
carrying huge boulders would push the foundations and pier
columns of the bridge, and even directly destroy the bridge, as
shown in Figure 9B. Figure 9D shows the solid material from
the debris flow deposited at the highway bridges and culverts at
the mouth of the gully. Another noteworthy problem is that the
long-term accumulation of loose solid material under the bridge
has not been cleaned up in time or effectively, which is also one of
the reasons for the lack of cross-section when the debris flow
event occurred. Furthermore, severe damage to transportation
facilities is much more likely to delay emergency rescue work,

such as searching and rescuing missing people and transferring
disaster victims.

DISCUSSION

There is no doubt that rainfall is the predominant factor leading
to these disasters. The rainfall threshold is defined as the
minimum level required to trigger a debris flow event. At
present, the widely used method to determine the rainfall
thresholds triggering debris flow is to conduct statistical
analysis on precipitation data that induced the debris flow
events in the past, extract relevant rainfall parameters or
establish empirical relationships (Caine, 1980; Guzzetti et al.,
2007; Zhou et al., 2014). Cui et al. (2010) concluded that the
critical accumulated precipitation and rainfall intensity for
triggering debris flow in the study area before the Wenchuan
earthquake ranged between 320 and 350 mm and between 55 and
60 mm/h, respectively. Previous studies have shown that the
rainfall thresholds for the subsequent generation of debris flow
within the affected area were remarkably lower after the
Wenchuan earthquake. For example, the critical accumulated
precipitation and rainfall intensity that triggered the giant debris

FIGURE 8 | Extrusion of the channel caused by the alluvial fan from the debris flow and the typical disaster characteristics: (A) blockage of the Minjiang River and
long-distance abnormal scouring to the opposite bank caused by the alluvial fan at the mouth of the Cutou Gully; and (B) severe flood disaster caused by the alluvial fan at
the mouth of the Chayuan Gully.
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flow in Yingxiu Town on August 14, 2010 were 162.1 and 16.4 mm/
h, respectively (Tang et al., 2011a), and correspondingly, the values
of the catastrophic debris flow in Qipan Gully on July 11, 2013
were 88.0 and 21.6 mm/h, respectively (Hu and Huang, 2017).
This variability in the rainfall thresholds is directly related to the
abundant loose solid material in the formation area, which
increased rapidly due to earthquake disturbance. Compared
with the corresponding values of 87.5 and 24.2 mm/h in the
“8·20” event discussed above, the rainfall thresholds for debris
flow initiation in the Wenchuan area has not yet recovered to
the pre-earthquake level, even more than ten years after the
Wenchuan earthquake. However, with the reduction of effective
material sources that can be transformed into debris flow, the
rainfall thresholds will gradually recover over time, but how long
it takes to achieve recovery requires further in-depth study. For
this reason, meteorological monitoring for disaster warnings
should be timely and accurate. However, a practical problem
worthy of attention is that the rainfall stations in the study area
are mostly distributed in the urban area, while they are less
distributed in the disaster-prone mountainous areas; thus, it is
difficult to truly reflect the rainfall situation in the mountainous
areas and to guide people to take protective action in advance.
This problem provides a warning to people that it is of great

importance to establish an accurate, complete and quick-
response rainfall early-warning system in the mountainous
areas of Southwest China.

The hazard pattern changes with the dynamic evolution of
disasters. As shown in Figure 6, the formation and development
of a catastrophic debris flow event is a result of the sufficient and
continuous interaction of water and sediment. Indisputably,
abundant antecedent rainfall provides hydrodynamic conditions
for the formation of debris flow, triggering the movement of loose
solid material (Tang et al., 2011b; Guo et al., 2016; Hu et al., 2016).
Furthermore, the rapid flow ceaselessly incorporates a supply of
new solid material through new landslides and collapses, slope-rill
erosion, and channel-bed erosion. Consequently, the ratio of
sediment to water is constantly increasing, and finally, when the
flow density is larger than 1.3 g/cm3 (Institute Of Mountain
Hazards And Environment, 2000), it turns into a debris flow.
As a result of the oversupply of loose material, the scale, velocity,
and transportation capacity of the debris flow continue to increase,
consequently producing tremendous destructive power. In
addition to the characteristics of a simultaneous occurrence,
rapid movement, and strong destructive impact, the field
investigation also found that the “8·20” clustered debris flows
event presented an extremely apparent chain of disaster effect.

FIGURE 9 | Typical traces of engineering facility damage caused by the “8·20” clustered debris flows event: (A) damage to the check dam and bridge pier columns
in Banzi Gully; (B) damage to the check dam and highway bridge in Dengji Gully; (C) a destroyed check dam in Chayuan Gully; and (D) abundant solid materials
deposited at the highway bridges and culverts.
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This indicates that debris flow not only causes damage but can
also become the stimuli for other disasters and eventually cause
more serious losses. The chain of disaster during the “8·20” event
can be divided into two forms according to the different degrees
of debris flow blocking the main river channel (Figure 10). One
is that the debris flowmoved into the main river channel, causing
a partial blockage, squeezing the original river channel, uplifting
the riverbed, and forcing the flood to divert, resulting in erosion
of the opposite bank. The other is the movement of debris flow
into the main river channel, building a temporary debris-flow
dam that led to the formation of a barrier lake in the upstream
area, resulting in an inundation disaster. The subsequent failure
of the debris-flow dam caused a massive flood outburst to scour
downstream areas.

In addition to natural processes, human activities also play a
crucial role in the formation and movement processes of debris
flow. Affected by topography, mountain residents usually live at
the mouth of gullies or on both sides of rivers. The dense
distribution of buildings and infrastructure results in a high
concentration of population in the area, which increases the
potential for catastrophic damage from water-induced hazards.
The impact of human activities on debris flow disasters includes
two main aspects: indirect effects and direct effects (Gan et al.,
2018). The former mainly emphasizes damage to the natural
environment, such as the unreasonable exploitation and
utilization of vegetation, soil, and water resources. The latter is
mainly manifested in the amplification effect of human large-
scale engineering activities on debris flow disasters, including
improper human dwelling site selection, inadequate design of
engineering works, poor-quality workmanship, and other aspects.
In the “8·20” clustered debris flows event, it was found that
the inadequate design of some engineering mitigation measures
and traffic facilities aggravated the disaster losses, mainly
due to insufficient consideration of the excessive supply of
solid materials in the earthquake-active mountainous areas.
This painful reality reminds us once again that the scale and
destructive power of debris flow in earthquake-active
mountainous areas are significantly different from those in
nonseismic areas due to the availability of excessive loose solid
materials. It has been proven that in the study area, debris flow
disasters prevention and control projects constructed according
to traditional engineering methods and design standards are no
longer suitable. Therefore, how to make proper engineering
decisions to prevent and control the hazards from debris flow
has become a question that requires thoughtful consideration.
Fortunately, compared with natural processes, which are
complicated and difficult to change, the additional hazards

caused by these human factors can be ameliorated once the
seriousness of the problem is recognized.

In recent years, in view of the substantial loss of life and
property caused by these disasters, people have adopted a variety
of prevention and control measures against debris flow disasters
in the mountainous areas of Southwest China and they have
achieved noticeable results. For example, in the lower reaches of
Yanmen Gully in Wenchuan County, a drainage channel with a
width of 24 m was built, and the intersection angle between the
Yanmen Gully and Minjiang River was changed to avoid the
disaster caused by sediment deposition (Figure 11A). It is worth
mentioning that this measure successfully withstood the test of
the “8.20” event. Figure 11B shows the cascade sediment
retaining project built in the debris flow gully in Qingping
Township, Mianzhu City, Sichuan Province. Nevertheless, the
occurrence of catastrophic events has proven that these efforts are
far from sufficient.

In general, collective relocation away from hazardous areas
that are susceptible to debris flow is the best method to prevent
disasters. However, whether from the perspective of economic
feasibility or realistic possibility, collective relocation is difficult
to fully realize. Therefore, seeking a more extensive and
comprehensive system of integrated prevention and control is
urgently needed. First, strengthening ecological restoration
in disaster-stricken areas is indispensable. For example, the
effectiveness of soil and water conservation efforts can be
improved through forestry, agricultural, or planting measures
in response to local conditions, thereby controlling solid material
sources to a certain extent. Meanwhile, by drawing upon the
experience from previous successful projects, engineering
prevention and control measures should be rebuilt and perfected
based on sufficient consideration of the solid material supply in
each debris flow gully. In addition, judging from the characteristics
of the “8·20” event, the Water Conservancy Department and
relevant government departments should strengthen the monitoring
and dredging work of the main river channels and gully beds to
mitigate the impact from similar disaster chain effects in the
future. Moreover, a perfect monitoring system is the basis
for effective early warning. Thus, it is also crucial to establish
a full-time remote intelligent wireless monitoring and early
warning system, which can realize the collection, transmission,
and processing of information such as landslide deformation,
rainfall, soil saturation, mud level, water level, and flow velocity
in the study area. Once a monitoring value exceeds the warning
value set in this system, the warning information will be released
in real-time. Finally, a series of nonengineering measures should
also be adopted to warn people to take protective actions in

FIGURE 10 | Schematic diagram of the disaster chain effect of the “8·20” clustered debris flows event.

Frontiers in Earth Science | www.frontiersin.org May 2021 | Volume 9 | Article 61611310

Li et al. 2019 Wenchuan Clustered Debris Flows

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


advance and to reduce losses as much as possible when the event
happens again. These nonengineering measures include but are
not limited to adopting simple and reliable alarm signals,
planning escape routes, formulating temporary relocation
schemes, and elaborating emergency rescue work deployment.

CONCLUSION

In this paper, the “8·20” clustered debris flows event inWenchuan
County is used as a case study to better understand its formation
mechanism, dynamic evolutionary process, and the impacts on
human activities. Based on field investigation, image data
interpretation, mechanism analysis, and some other methods,
the main conclusions can be drawn as follows:

(1) The “8·20” event had the remarkable characteristics of
simultaneous occurrence, rapid movement, and strong
destructiveness. Field investigations indicate that the disaster
points were mainly distributed along the Minjiang River,
where human engineering activities are highly concentrated.
Furthermore, this event presented an extremely apparent
disaster chain effect, leading to the expansion of disaster losses.

(2) Regional short-term, high-intensity rainfall is considered the
direct trigger of the “8·20” event. According to the rainfall
data from the Dujiangyan surface meteorological station, the
critical accumulated precipitation and rainfall intensity for
triggering this event were 87.5 and 24.2 mm/h, respectively,
which were still far from the pre-earthquake level.

(3) The excessive supply of solidmaterial is a key factor that cannot
be ignored in the prediction and prevention of debris flow
disasters in the study area. The occurrence of the devastating
“8·20” event in Wenchuan County demonstrates that the
abundant supply of solid material can greatly change fluid
characteristics, making the disaster uncontrollable.

(4) In addition to natural factors, human activities also play a
crucial role in the formation and movement processes of

debris flow. On the one hand, inappropriate human activities
damage the ecological environment to a certain extent and
indirectly influence the occurrence and development of
debris flow. On the other hand, the transformation of
natural topography by large-scale human engineering
activities directly affects the evolutionary process of debris
flow. Once these projects are improperly located or
inadequately designed, the risk of geological hazards is
likely to increase.

(5) When collective relocation is difficult to achieve, it is
particularly important to utilize the necessary ecological
measures to control material sources and to effectively
improve the performance of the engineering measures to
achieve water and sediment separation. Furthermore, the
extensive establishment of a full-time remote intelligent
wireless monitoring and early warning system is also
urgently needed. Finally, a series of nonengineering
measures are also worthy of additional attention.
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