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Emergency response to the reactivated Aniangzhai
landslide resulting from a rainstorm-triggered debris
flow, Sichuan Province, China

Abstract On June 17, 2020, an unexpected rainstorm struck the
Meilong valley, which is located in Danba County, Sichuan Prov-
ince, China. The cumulative rainfall of this short-duration event
reached 38.1–42.4 mm and triggered the Meilong debris flow. The
Meilong debris flow rushed into the valley and forced the
Xiaojinchuan (XJC) River to flow along the foot of the ancient
Aniangzhai (ANZ) landslide. Intense erosion reactivated the an-
cient ANZ landslide, producing a reactivated area of 0.62 km2.
Subsequently, emergency investigation and monitoring were con-
ducted to monitor its deformation because unstable landslide
conditions could pose a serious threat to the safety of lives and
property downstream. Emergency monitoring over 20 days
(June 23, 2020–July 12, 2020) indicated that the reactivated deposit
decelerated and entered the constant deformation state; careful
attention should be paid to this reactivated deposit.

Keywords Reactivated Aniangzhai landslide . Rainstorm . Debris
flow . Emergencymonitoring

Introduction
Landslides are commonnatural hazards all over theworld and can result
in considerable loss of life and damage to infrastructure, and reactivated
landslides are especially common (Hewitt 1988, Keefer 1994, Korup et al.
2007, Huang 2009, Paronuzzi and Bolla 2012, Su et al. 2017, Wang et al.
2018, Zhao et al. 2019, Li et al. 2020). A reactivated landslide refers to an
existing landslide deposit that becomes active again in response to one
or more triggers, such as rainfall, earthquakes, reservoir impoundment,
engineering construction, and others, which alter the stress balance
(Prior et al. 1989, Flageollet et al. 1999, Borgatti et al. 2006, Matsuura
et al. 2008,Wang et al. 2008, Lin et al. 2011, Massey et al. 2013, Burda et al.
2013, Bozzano et al., 2013, Barla et al. 2015, Dixon et al. 2015, Luo et al.
2017, Gu et al. 2017, Song et al. 2018, Li et al. 2020). It is of great
importance to clarify the movement features of reactivated landslides,
determine the potential triggers, and predict whether a landslide will fail
catastrophically and produce hazardous consequences (Gu et al. 2017, Li
et al. 2020).

To promote the study of deformation features of reactivated land-
slides, we report a recent landslide case, namely, the Aniangzhai (ANZ)
landslide, which was reactivated by the intense erosion of a new river
channel in Sichuan Province, China. After the landslide was reactivated,
emergency field investigations and emergency monitoring were carried
out to detect its deformation characteristics and failure mechanism to
provide guidance for further management.

Study area and emergency response scheme

Study area
The reactivated ANZ landslide (102° 1′ 37.31″ E, 30° 58′ 38.92″ N) is
located in Banshanmen town, Danba County, Sichuan Province,

China (Figs. 1 and 2), which lies in the west-central section of
Sichuan Province and is part of the transition zone between the
Qinghai–Tibetan Plateau and the Sichuan Basin (Fig. 1(B)). The
transition zone is a famous area of active tectonics, and numerous
geohazards are concentrated in this zone (Zhao 2020). The land-
slide site is also located close to the interaction of the
Longmenshan fault zone and the Xianshuihe fault zone (Fig.
1(B)). These two fault zones are very active, and many earth-
quakes have occurred along them, such as the 1786 Moxi Ms
7.75 earthquake (Xianshuihe fault zone) and the 2008
Wenchuan Ms 8.0 earthquake (Longmenshan fault zone)
(Dai et al. 2005, Xu et al. 2009).

The landslide site has a monsoon climate, and the annual
average temperature is approximately 14.6 °C. The annual
rainfall is approximately 532.7–823.3 mm and is mainly con-
centrated in May–September, accounting for more than 80.2%
of the annual rainfall (based on data provided by the Danba
Meteorological Bureau). The strata near the event site mainly
consist of quartzite and phyllite belonging to the Devonian
Weiguan Group (CIGMR 1985a, 1985b). The landslide site
mainly contains 3 features of (1) the XJC River (Fig. 1(C)),
(2) the Meilong valley (Fig. 2(A)), and (3) the ancient ANZ
landslide (Fig. 2(C and D)).

1. XJC River. The landslide is located along the downstream
stretch of the XJC River, which is a branch of the Dadu River
(Fig. 1(C)). The XJC River originates from the Qionglai
Mountains and has a length, natural fall, and basin area of
151 km, 2340 m, and 5323 km2, respectively (Li 2012). Topo-
graphically, the river flows mainly through deeply cut gorges
(Bai et al. 2020). A power station (Guanzhou station) is
located near the event site, and two local weather stations
are located in Banshanmen town and Anianggouer village
(Fig. 2(A)).

2. Meilong valley. The Meilong valley, which ranges from 2119 to
4439 m in elevation, lies on the right bank of the XJC River and
covers an area of 62.55 km2. The length of the main gully is
approximately 10 km (Fig. 2(B)). The average longitudinal
gradients of the whole section and of the entrance section of
the main gulley are approximately 0.157 and 0.108 (Fig. 2(B)),
respectively, and the slopes in the valley area are usually
steeper than 40°. The Meilong valley is a low-frequency debris
flow valley according to locals. Numerous trees and villages
were present in the gully bottom.

3. Ancient ANZ landslide. The ancient ANZ landslide is located
on the left bank of the XJC River, and its upstream foot is
located at the entrance of the Meilong valley (Fig. 2(A)). The
ANZ landslide is a giant ancient landslide that once
blocked the XJC River. According to local residents, the
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ancient ANZ landslide experienced very slow creep defor-
mation in recent years, as evidenced by the occasional

cracking of many buildings and farmland on the deposit.
The pre-event satellite image also shows some local scarps

Fig. 1 Regional setting and location of the study area. (A) Study area map. (B) Landslide location in Sichuan Province and regional setting. (C) Spatial relationship of ANZ
landslide and XJC River. The fault data are from Zhao et al. (2019)
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Fig. 2 Detailed characteristics of the Meilong valley and ancient ANZ landslide. (A) Topographic features and fault distribution. (B) Profiles of Meilong valley. (C) Overall characteristics of
the ancient ANZ landslide. (D) The detailed characteristics of the reactivated ANZ area and emergency monitoring scheme. XJC R., Xiaojinchuan River; A. ANZ L., ancient Aniangzhai landslide,
Rea. Land. Bou., reactivated landslide boundary; the fault in (A) is from CIGMR (1985a, 1985b), (C) is from Google Earth. I–IV in (D) is landslide deformation zonation
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in the front deposit area (Fig. 2(B)), which indicates that
some deposit failures had occurred.

Data preparation
To detect the deformation characteristics and potential failure
mechanism of the reactivated ANZ landslide, several emergency
investigations and monitoring were carried out (Fig. 2(D)), and
regional data, such as geological maps, digital elevation models
(DEMs) (12.5 m), and satellite images, were also collected.

For emergency investigation and monitoring, an unmanned
aerial vehicle (UAV) was used to obtain field images (June 18,
2020) only 1 day after the catastrophic debris flow, and an emer-
gency field investigation was also performed, which found that the
ancient ANZ landslide was reactivated. The emergency monitoring
team entered the site on June 23, 2020, and the daily UAVand total
station monitoring scheme began (Fig. 2(D)). Fifty-six monitoring
points covering the whole reactivated deposit area were evaluated

to detect the deformation scale and direction; their distribution
and other detailed information are given in Fig. 2(D). For this
study, the UAV images and monitoring data were accessed up to
July 12, 2020. Because it was too dangerous to establish monitoring
points in the reactivated front area (zone I), 3 monitoring points
(NMP12, NMP13, and NMP14) were set up as close as possible to
the front area (zone I) to capture its deformation features (Fig.
2(D)). In addition, one rainfall monitoring station was established
to analyze the relationship between rainfall and the deformation
rate (Fig. 2(D)), and daily flow data for the XJC River were also
collected from the Guanzhou power station.

The UAV was a DJI Phantom 4 real-time kinematic (RTK)
instrument, which is a high-precision aerial survey UAV
(https://www.dji.com/cn/phantom-4-rtk). To ensure the compa-
rability of the UAV images, we maintained the same air route,
launch point (near the location of the total station), relative
altitude (480 m higher than the launch point), and image
overlap ratio (70%). The UAV images with coordinate

Fig. 3 Daily rainfall distribution before the Danba event according to the Anianggouer station. The daily rainfall data are from the Danba Meteorological Bureau, and the
location of the Anianggouer station is shown in Fig. 2(A)

Fig. 4 The distribution of maximum daily rainfall between May and September from 2009 to 2019 according to the Anianggouer station (unit: mm; the data are from the
Danba Meteorological Bureau)
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information were imported into the Smart3D software to ob-
tain orthographic images of the reactivated landslide, and the
orthographic image resolution was approximately 0.13 m.

Intense erosion reactivated the Aniangzhai landslide
According to descriptions by local residents (Guanzhou village in
Fig. 2(A)), on the night of June 16th, 2020, a rainstorm struck the
Meilong valley. The nearby Banshanmen and Anianggouer

weather stations (locations are listed in Fig. 2(A)) indicated that
the cumulative rainfall during this period reached 38.1 mm and
42.4 mm, respectively. Figure 3 shows the daily rainfall from
May 1th, 2020, to June 17th, 2020, (48 days) before the ANZ event.
Figure 3 indicates the daily rainfall amounts before the ANZ event
(June 16th) were mainly less than 30 mm. Figure 4 shows the
maximum daily rainfall between May and September (rainy sea-
son) in the last 10 years near landslide site. Figure 5 reveals that, in

Fig. 5 The evolution process of the reactivated ANZ landslide. (A–D) Sketches of the evolution process along with field and UAV images. (A) The unexpected rainstorm;
(B, B-1) the typical characteristics of the Meilong debris flow; (C, C-1 and C-2) the dammed lake and the new river channel; (D, D-1 and D-2) the front collapses of the
ancient ANZ landslide (D-1) and the overall area of reactivated landslide (D, D-2). The photos in (C-1) and (C-2) were taken on June 17, 2020 by local residents
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Fig. 6 Typical characteristics of the Meilong debris flow. (A and B) Images before (satellite image) and after (UAV image) the Meilong debris flow. (C) Buildings were
damaged by debris flow

Fig. 7 Images of the ancient ANZ landslide before and after the Meilong debris flow indicate that the ancient ANZ landslide was reactivated. a Satellite image before the
Meilong debris flow. b UAV image after the Meilong debris flow. The satellite image is from Gaofen-2
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these years, the maximum daily rainfall during May–June was
mainly concentrated within 15–28 mm (Fig. 5). From above, this
short, intense rainstorm near ANZ event date exceeded the max-
imum daily rainfall of the past 10 years.

The short, intense rainstorm (Fig. 5(A)) activated the de-
posits accumulated in the gully (Fig. 5(B)). At approximately
3:00 am on June 17, the Meilong debris flow occurred. The
debris flow lasted approximately 3–4 h. The debris flow
rushed out of the Meilong valley into the XJC River and
partially blocked the river (Fig. 5(B-1)), and a dammed lake
was formed (Fig. 5(C and C-1)). The images pre- and post-
Meilong debris flow indicate that the deposits covered the

whole gully bottom, with widths ranging from 20 to 80 m,
and that some buildings were damaged (Fig. 6). The depth
and volume of the Meilong debris flow were 6–12 m and
0.4 Mm3, respectively, according to field investigations.

According to local residents, a person in Guanzhou village
received a call from someone in Dayi village at 3:03 am about the
occurrence of the debris flow at Dayi village. Then, at approxi-
mately 3:09 am, the resident in Guanzhou village saw the debris
flow (the locations of two villages are shown in Fig. 2(A)). The
distance between Dayi village and Guanzhou village is approxi-
mately 3 km, which indicates that the debris flow velocity between
these two villages was approximately 0.5 km/min (8.3 m/s).

Fig. 8 The topographic variations between different periods. a The topographic difference between the June 29, 2020 topography and the original topography. b The
topographic difference between June 29, 2020 and June 23, 2020. c The profile variations of different periods. The slip surface was inferred from microtopography
variation, outcrops of existed slipping surface and potential surface rupture
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The fast-moving debris flow rushed into the XJC River
(Fig. 5(C and C-2)), raised the riverbed by approximately 8–
12 m, and formed a dammed lake (Fig. 5(C-1)). On the
morning of June 17, the river overflowed the front section of
the deposit and formed a new river channel (Fig. 5(C-2)), and
this new channel lay at the foot of the ancient ANZ landslide
(Fig. 5(D and D-1)). The new river channel intensely eroded
the foot of the ancient ANZ landslide, and some collapses
occurred on the morning of June 17th (Fig. 5(C-2)). On
June 18, the whole front collapsed (Fig. 5(D-1)), and the
ancient ANZ landslide was reactivated (Fig. 5(D and D-2)).
The images of ancient ANZ landslide before and after the
Meilong debris flow indicate that obvious deformation began
to appear throughout the reactivated area covering an area of
0.62 km2 (Fig. 7).

Emergency response to the reactivated Aniangzhai landslide

Basic deformation characteristics of the reactivated Aniangzhai
landslide
To detect the basic deformation of the reactivated area, two topo-
graphic difference maps before and after reactivation and in dif-
ferent periods after reactivation are depicted (Fig. 8a, b), and the
profile variations of different periods were also obtained (Fig. 8c).
From the topographic difference map before and after reactivation
(Fig. 8a), the whole reactivated area underwent obvious deforma-
tion, especially in the front section where maximum elevation
change reached approximately 61.5 m.

From the topographic difference of different periods after re-
activation (June 23, 2020–June 29, 2020), topographic growth ap-
pears in the front section, while topographic reduction mainly

Fig. 9 The deformation vector distribution of reactivated deposits according to the emergency monitoring scheme. Acc. Def., accumulative deformation. The locations of
the monitoring points are listed in Fig. 2(D)
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appears in the middle and rear sections (Fig. 8b). The reactivated
landslide slipped downward as a whole because the movement did
not change the microtopography but, rather, the relative positions
of the points (Fig. 8c).

Figure 9 shows the distribution of deformation vectors of
monitoring points. From Fig. 9, the middle section of the
reactivated part is approximately perpendicular to the river
channel, which is the normal direction. The deformation

scales of middle section were the largest. The movement
directions of the two lateral sections are mainly related to
that of the middle section, especially the downstream section
(Fig. 9).

According to basic deformation characteristics and corre-
sponding scales of deposits in the reactivated area and the
locations of lateral flanks, the reactivated area can be divided
into 4 subzones: zone I—front collapse zone; zone II—main

Fig. 10 The different periods of satellite (A) and UAV (B and C) images show the collapse characteristics of the front collapse zone (I). Image A is from Gaofen-2; the red
boxes in (A) and (B) show the obvious deformation that occurred in these places
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deformation zone; zone III—upstream deformation zone; and
zone IV—downstream deformation zone, as shown in Figs. 8
and 9. The following sections will discuss the detailed defor-
mation characteristics of the different reactivated zones.

Detailed deformation characteristics

Front collapse zone I
Front collapse zone I is located in the front section of the
reactivated area and covers an area of 4.68 × 104 m2 (Figs. 9
and 10). The satellite and UAV images indicate that the new
river channel flows along the foot of reactivated deposit and
the current river is slightly wider than pre-event channel
(Fig. 10). The UAV image from June 23 indicates all collapses
appeared in this zone (Fig. 10(B)). The UAV images from
June 23 to July 12 indicate no further obvious collapses oc-
curred in this zone, but the overall movement was forward,
with displacements reaching 6–11 m (Fig. 10). The intense
erosion caused a mass loss of more than 2.8 Mm3 in zone I
according to the calculation of topographic difference.

Figure 11 shows the deformation rate of monitoring points in
zone I. All monitoring points present similar distribution patterns
in a similar direction despite some differences in values (Figs. 9
and 11). The initial deformation rates in the horizontal direction
and vertical direction reached 20–40 mm/h and 10–20 mm/h,
respectively (Fig. 11), and the cumulative deformation increased
rapidly. Then, the deformation rate decreased slowly. By July 12,
2020, the deformation rates in the two directions were both less
than 5 mm/h (Fig. 11).

Main deformation zone II
The main deformation zone II is located in the middle of the
reactivated area covering an area of 2.99 × 105 m2 (Fig. 9), and this
is the largest subzone, occupying 49% of the total reactivated area.

Zone II is the area with the most intense deformation, and obvious
local head scarps and lateral flanks are present (Figs. 9 and 12).

The roads were destroyed at the boundary of zone II and zone
III, where the vertical dislocation reached 5–14 m (Fig. 12(A and
B)). Slickensides are obvious on the lateral flanks (Fig. 12(C)). A
similar phenomenon also appears in the local head scarp area
(Fig. 12(O)), and the dislocations of the local head scarps reach
15–20 m in the horizontal direction and 15–25 m in the vertical
direction. Numerous fissures have formed near the downstream
boundary (Fig. 12(D)).

The deformation directions in both zone III and IV can be
decomposed with a deformation component toward zone II (Fig.
9). Therefore, the zone II features superimposed latitudinal com-
pression, producing some instances of road uplift (parallel to the
deformation direction) in zone II (Fig. 12(E)). Numerous surficial
collapses are also concentrated in this zone (Fig. 12(F)).

Figure 13 shows the deformation rate of monitoring points in
zone II. Similar to the distribution patterns of the monitoring
points in zone I, all monitoring points present similar distribu-
tions in the same direction despite some differences in values
(Figs. 9, 11, and 13). The initial deformation rates in the horizontal
direction and vertical direction reached 50–200 mm/h and 20–
120 mm/h, respectively (Fig. 13), and the cumulative deformation
increased rapidly. With time, the deformation rate decreased ob-
viously; by July 12th, 2020, the deformation rates in the two
directions were both approximately 5 mm/h (Fig. 13). The cumu-
lative deformation values were also stable and reached 10.4–14.5 m
in the horizontal direction and 7.1–11.4 m in the vertical direction.

Upstream deformation zone III
Upstream deformation zone III is located in the upstream section
and covers an area of 1.86 × 105 m2 (Fig. 9), making it the second
largest subzone, occupying 30% of the total reactivated area. Com-
pared with zone II, this zone shows no obvious deformation

Fig. 11 The deformation rate of monitoring points in front collapse zone I. (A) Horizontal deformation rate. (B) Vertical deformation rate. The rainfall data is from self-
built rainfall station whose location is listed in Fig. 2(D), the river flow data is from Guanzhou power station whose location is listed in Fig. 2(A). The rainfall data and river
flow data in Figs. 13, 15, and 17 are the same with Fig. 11

Recent Landslides

Landslides 18 & (2021)1124



phenomena in terms of topographic differences (Fig. 8), while the
field investigations indicate that multistage local head scarps with
dislocations ranging from 0.5 to 2.2 m formed (Fig. 14a and b). The
upstream boundary mainly consists of fissures with widths less
than 15 cm (Fig. 14c), and some roads were damaged (Fig. 14d). The
characteristics of the downstream boundary can be found in
Fig. 12(A and B). The shape of this zone is an inverted trapezoid,
and increasingly narrow deformation space caused the deposits in
zone III to expand in the latitudinal direction. Therefore, zone III
presents a composite deformation direction oriented downward
toward zone II.

Figure 15 shows the deformation rate of monitoring points in
zone III. All monitoring points present similar distribution pat-
terns in the same direction despite some differences in values
(Figs. 9 and 15). However, unlike the distribution patterns in zones
I and II, the pattern in this zone shows a deformation rate that first

increased and then decreased very slowly, and the current defor-
mation rate is approximately 5 mm/h (Fig. 15). The cumulative
displacement of zone III presented an approximately uniform
increase and reached approximately 3.0 m in the horizontal
direction and approximately 1.7 m in the vertical direction.
From Figs. 11, 13, and 15, the fluctuations of rainfall and river
flow have no obvious influences on the deformation rate of
reactivated deposits.

Downstream deformation zone IV
Downstream deformation zone IV is located in the downstream and
upper sections of the reactivated area and covers an area of 4.68 ×
104 m2 (Fig. 9). Because of the obstruction by a bedrock outcrop in
the sliding direction (Figs. 9 and 16(A)), the sliding direction was
deflected toward zone II. The dislocation of head scarp ranged from
20 to 30 m in the horizontal direction and 15–25 m in the vertical

Fig. 12 Typical characteristics of main deformation zone II. (O) obvious dislocation in the local scarp area, (A and B) dislocation of a road and a lateral flank at the
upstream boundary, (C) slickensides on the upstream flank, (D) numerous fissures at the downstream boundary, (E) uplift of a road in the middle section of zone II, and
(F) a surficial collapse in zone II. The locations of (A), (B), (D), (E), and (F) are listed in Fig. 9
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direction were formed (Figs. 9; 12(O); and 16(B)). An obvious local
collapse appeared along its lower boundary, and the collapse area

expanded over time (Fig. 16(C, D, and E)). The deformation phe-
nomena in zone IV are similar to those in zone III and display

Fig. 14 The boundary characteristics of upstream deformation zone III. a, b Local multistage scarps in zone III. c, d Characteristics of the upstream boundary. The
locations of a, c, and d are listed in Fig. 9

Fig. 13 The deformation rates of monitoring points in main deformation zone II. (A) Horizontal deformation rate. (B) Vertical deformation rate
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approximately uniform deformation at present, as shown in Fig. 17;
the current deformation rate is approximately 5 mm/h.

Discussion
To detect the current deformation state of the reactivated area, the
landslide early warning system of creep slope failure, developed by
SKLGP, is adopted (Fig. 18; Fan et al. 2019, Xu et al. 2020). According
to this early warning system, the failure process of a landslide can be
divided into 3 deformation phases: initial deformation, constant defor-
mation, and accelerating deformation. In the first phase, the deposit

produces an initial deformation, which often presents a parabolic dis-
tribution (△v<0). In the constant deformation stage, the slope enters a
constant deformation state with a constant deformation rate (△v=0).
Finally, the deposit deformation exhibits a sudden acceleration when it
enters a highly accelerated state according to creep theory (Fan et al.
2019, Loew et al. 2016).

According to the results of emergencymonitoring (Figs. 11, 13, 15, and
17), the reactivated area experienced an increase and decrease in the
deformation rate, and an obvious parabolic distribution of deformation
(△v< 0) was formed. At present, the reactivated ANZ landslide

Fig. 15 The deformation rate of monitoring points in upstream deformation zone III. (A) Horizontal deformation rate. (B) Vertical deformation rate

Fig. 16 The field images show the outcrop of bedrock (A) and the local head scarp (B), and the satellite and UAV images show the evolution process of the local collapse
on different dates (C, D, E). Image (B) is from Gaofen-2. The locations of (A), (B), and (C) are listed in Fig. 9
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Fig. 18 The warning criteria of the landslide early warning system and the potential current state of the reactivated ANZ landslide. V1—attention deformation rate,
V2—caution deformation rate, V3—vigilance deformation rate, the detailed information of this early warning system is listed in Fan et al. (2019) and Xu et al. (2020)

Fig. 17 The deformation rate of monitoring points in downstream deformation zone IV. (A) Horizontal deformation rate. (B) Vertical deformation rate
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maintains a consistent deformation rate (approximately 5 mm/h,△v=
0), which indicates that the ancient ANZ landslide is in the constant
deformation state (Fig. 18). The constant deformation state requires
special attention, as indicated by the early warning system, and some
emergency measures should be taken into consideration to prevent it
from entering the next phase with catastrophic consequences.

Conclusion
On the night of June 16, 2020, an unexpected short-duration
rainstorm with a cumulative rainfall of 38.1–42.4 mm struck the
Meilong valley and triggered the Meilong debris flow. The debris
flow, whose volume was approximately 4 × 105 m3, raised the
riverbed by 8–12 m, and the backwater formed a dammed lake.
Then, the river overflowed the front section of the deposit and
formed a new river channel at the foot of the ancient ANZ land-
slide. The intense erosion caused the front section to collapse
abruptly and reactivated the ancient ANZ landslide.

The reactivated ANZ landslide is sliding downward as a whole,
and it covers an area of 0.62 km2 and can be divided into 4
subzones: zone I—front collapse zone; zone II—main deforma-
tion zone; zone III—upstream deformation zone; and zone
IV—downstream deformation zone. The deformation rates of
zone I and II presented gradual decreases over time and remained
at approximately 5 mm/h until July 12, 2020. The deformation rates
of zone III and IV presented initial increases followed by decreases
and remained at approximately 5 mm/h on July 12, 2020. At
present, the reactivated landslide is in a constant deformation
state.
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