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~ ABSTRACT
Nat. Env. & Poll. Tech.
Website: www.neptjournal.com Humans have paid a lot of attention to environmental geological challenges in recent years. Landslides,
being one of the most prevalent geological disasters, are characterized by their suddenness and
destructiveness. Southwest China is prone to landslides and debris flows due to its unique geological
structure. This paper uses landslides in southwest China as an example, focusing on research on
landslide initiation mechanisms and outlining modern landslide monitoring devices and prediction
models. Landslides are caused by external variables such as persistent precipitation, groundwater
movement, and significant seismic activity, as well as interior reasons such as fine particle rearrangement
and the action of positive pore water. The reduction of the friction coefficient of the shear surface, which
Landslide mechanism is induced by the increase of the shear rate, the supercritical carbon dioxide and superheated steam
Monitoring and prediction of the shear zone, and the mineral recrystallization process on the shear surface, all have an important
\ impact on reducing the friction coefficient of the shear surface, is a key factor in the occurrence of high-
speed remote landslides. Real-time landslide monitoring using space-air-ground and acoustic emission
technology, as well as the creation of machine learning-based forecast models, have aided in the
research of landslide development and early warning.

Received: 19-04-2021
Revised: 05-05-2021
Accepted: 08-06-2021

Key Words:
Environmental geology
Southwest China

INTRODUCTION The landslide’s massive volume is usually large, which
is owing not only to the rock and soil being transported by
themselves but also to the entrainment effect of the landslide
movement process, which causes the ultimate landslide body
volume to be much larger than the initial volume (Gao et al.
2020). Because the dangers of landslides are self-evident,
an in-depth study of existing landslides can guide future
landslide prevention and management, and it is also a man-
ifestation of humans learning from and modifying nature.
Shao et al. (2020) studied the identification, classification,
and characteristics of landslides in Baoshan City, Yunnan
Province, China, and established a detailed landslide list,
which provided the necessary basis for further study of
landslide development and spatial distribution, landslide
prediction, and geological disaster evaluation in Southwest

Southwest China is located on the east side of the Qinghai-Ti-
bet Plateau. Various geological factors have influenced the
formation of a complex geological environment and valley
dynamic conditions over time, including high ground stress,
strong fault structure-activity, frequent strong earthquakes,
the dynamic characteristics of a strong river in a deep-cut
canyon, the complex rock-soil environment, and hydrogeo-
logical conditions, and the deep overburden of the river bed,
among others. After the Wenchuan earthquake in 2008, the
frequency of these geological disasters has increased signif-
icantly, which provided a lot of data for the study of debris
flow (Li et al. 2021a, 2021b, 2021c, Peng et al. 2021, Hu et
al. 2014, 2016, 2018a,2018b, 2018c, 2018d, Liao et al. 2020,

2021, Liu et al. 2020, 2021, Chang et al. 2021).

The international definition of a landslide isn’t agreed
upon. Simply put, a landslide is a natural geological phe-
nomenon in which the rock and soil mass on a slope slide
downward along a weak surface or zone under the action
of gravity (Nemok et al. 1972, Varnes 1978), and its action
process is one of the manifestations of the geomorphology
evolution process (Glade & Crozier 2005, Irasema 2002).

China. According to satellite images, there was an ancient
landslide in this area before 2008. Wasowski et al. (2021)
studied the Yangjiagou landslide formed after Wenchuan
Earthquake and combined it with the existing landslide re-
search Finally, the seismic activity pattern in the surrounding
area of the Longmenshan fault was inferred, and other works
of literature also reported it (Ouimet 2010; Tang et al. 2011,
2012; Fan et al. 2018, 2020). Wang et al. (2021a, 2021b)
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conducted a field investigation and experimental research on
the occurrence mechanism of the Donghekou landslide, and
the results obtained were used to guide landslide research
in Japan. iRALL also organized a thematic meeting on the
issue of landslides after the 2008 Wenchuan earthquake
(Huang et al. 2018).

In this paper, the current developments in the study of
landslide occurrence mechanisms are strongly introduced,
and finally, numerous approaches and models for landslide
monitoring and prediction are summarized, with a focus on
typical landslides in Southwest China. We know the land-
slide-prone locations, the landslide occurrence mechanism,
expand the depth and breadth of the study mechanism and
compare the accuracy of monitoring means and forecasting
models from a macro perspective. It helps us to have an
overall understanding of the existing prevention and control
methods, to guide the prevention and control of landslide
disasters.

Landslide Mechanisms

Influencing factor: The occurrence of landslide needs to
meet specific mechanical conditions, that is, when the sliding
resistance of the weak surface of landslide is less than the
sliding force, a certain volume of rock and soil will move
along the sliding surface. The mechanism of landslides is
closely related to the inducing factors. Table 1 depicts the
conditions that may cause a landslide from four perspectives.

Mechanisms of the Soil landslides: When the landslide
material is made up of a loose accumulation of dirt, it
would start up and move like water under the impact of an
earthquake or a high-intensity continuous rain. To study its
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mechanism, Hu et al. (2017a, 2017b, 2018a, 2018b, 2019)
experimented with artificial imitation particle slope in the
laboratory and revealed the instability and failure mechanism
of this system. Hu et al. (2016, 2019, 2020) also believed
that under gravity, a precise combination of normal stress and
shear strain rate would cause dry particle flow to move, and
that particle breaking would considerably lower following
shear resistance due to particle thixotropy.

In addition to the influence of soil particle size, the
excessive positive pore water pressure in a landslide is also
considered as one of the important factors triggering landslide
(Wang et al. 2020), so the monitoring of on-site pore water
pressure can be used as a reliable indicator for landslide
early warning (Hu et al. 2017a). Hu et al. (2017b) studied
the influence of particle size and pore water on the start of
landslides. As mentioned earlier, precipitation often plays a
key role in the occurrence of landslides, and its time evolution
has a positive correlation with the landslide process (Wang
etal. 2019, Yang et al. 2019, Gao et al. 2020, Li et al. 2020).
Besides precipitation, terrain factors also have a significate
influence on the occurrence of landslides (Fan et al. 2020).
For reservoir landslide, Wang et al. (2021a, 2021b) and Li
et al. (2021a, 2021b, 2021c) have reached similar conclu-
sions, namely, the dominant failure mechanism of landslide
changes with the change of reservoir water level and slope
saturation. The periodic fluctuation of reservoir water level,
according to Liao et al. (2021), has a significant impact on
the mechanical characteristics of the sliding zone soil in the
water-fluctuating zone, and the area of the water-fluctuating
zone regulates landslide stability. Xia et al. (2021) introduced
a two-dimensional Discontinuous Deformation Analysis

Table 1: The factors affecting the occurrence of landslides (Cruden & Varnes 1996).

Geological factor Geomorphological factors

Natural factors Human factors

soft rock-soil Structure or volcanic uplift

weathered rock Ice cover spring back

shear band cutting rock mass
edge
Rock mass with developed joint fissures ~ Wind erosion slope toe

Reverse discontinuity surface ( fault,
unconformity surface, fracture, etc. )

Ice erosion slope toe

Significant difference in permeability

of rock-soil and sub-erosion)

Significant difference in the strength of
rock-soil

Vegetation destruction

action

River erosion slope toe or its side

Underground erosion (dissolution

Slope or slope top stacking inter-

Rainstorm Excavation of slope and slope foot

Quick snowmelt Loading weight on slope or slope top

continuous rainfall reservoir construction

Flood or tidal impact

disafforestation
Earthquake irrigation

volcanic eruption Mining, quarrying

melting ice artificial vibration

Freezing and dissolved  conduit leakage

shrinkage and swelling
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(DDA) that may be used to mimic the fracture tensile behav-
ior of rock in a rock avalanche generated by seismic force.

Mechanisms of the rock landslides: Rock landslides are
also common in the Sichuan Basin and the Three Gorges
area of China. The typical feature of this kind of landslides
is the alternating layers of mudstone and sandstone in a bed-
ding-control cataclastic slope. Hu et al. (2019, 2014, 2016)
studied the starting mechanism of the Daguangbao landslide
formed after the Wenchuan earthquake, it was found that the
high temperature of 800°C was generated during the sliding
process of the basement, which made dolomite thermally
decompose to form lime (CaO) and magnesia (MgO) (Fig.
1), and some minerals in the shear zone were heated to form
a dynamic recrystallization layer about 0.1 mm thick (Fig. 2).

In addition, hot supercritical carbon dioxide and super-
heated steam with a pressure of > 10MPa could produce
high pore-fluid pressure, and the dynamic recrystallization
of minerals and supercritical gas together constituted the
drag reduction mechanism of landslide movement, which
was consistent with Habib (1975) and Goguel (1978). As
a result, quick long-run-out landslides are easy to form. Hu
& McSaveney (2018) and Hu et al. (2018b) then conducted
extensive investigations into two rock failures in Jiweishan
and came to the same result. This is because as soil saturation
and shear rate increase, the residual friction coefficient of the
soil decreases significantly, and the critical stress triggering
large displacement is related to the residual shear strength
related to soil rate (Hu et al. 2018a, Scaringi et al. 2018),
while another paper (Xu et al. 2021) shows that under the
action of larger normal stress (> 100kPa), the soil in the slip

zone is more likely to fail than the soil-bedrock interlayer.
Landslide Monitoring and Prediction

Landslide activity can be observed in all weathers using
monitoring equipment based on the integration of space, air,
and ground. Landslide prediction models have been swiftly
constructed using a combination of statistics and computer
science, and their accuracy and scope of application have
been greatly upgraded and enlarged, as described in this
study.

Monitoring technology: Interferometry Synthetic Aperture
Radar (InSAR) is a real-time landslide monitoring system
that has been successfully utilized for landslide monitoring
in Southwest China (Zhang et al. 2021, Woods et al. 2021).
Hu et al. (2018a) discovered a creep-like link between
acoustic emission technology and density and cumulated
acoustic energy of slope material by capturing and analyzing
the high-frequency atomic spectrum generated by particle
rearrangement in landslides. The literature also mentions
sonic emission technology as an early warning approach
for landslide monitoring (Xiaoyan et al. 2020). The dam
height of the dammed lake generated by the second landslide
is larger when more than two landslides occur in the same
location on both bank slopes of the river, but its stability is
lower (Liao et al. 2020). As a result, it is vital to estimate
the landslide risk in the area, predict the likely dammed
lake shape, and execute control measures ahead of time to
minimize damage. As demonstrated in Tables 2, 3, and 4, it
separates the monitoring technical principles, benefits, and
drawbacks of space-air-ground monitoring.

Fig. 1: Electronic image of sliding surface and internal structure in cataclastic dolomite near the sliding surface of Daguangbao landslide. a. Two sets
of micro-scratches, vertical scratches indicate the direction of landslide movement; another group of scratches may be the direction of past tectonic
movement. b. and c. Nano-sphere structure is a typical feature of dolomite decarbonization into lime (CaO) and magnesia (MgO). d. and e. The mi-

cro-scratch on the surface of another sample, which has a similar structure to b. and c. f. The nano-sphere structure found about 3mm below the
sliding surface indicates the source of recrystallized materials in b. c. and e. g. and h. The remains of formerly decomposed dolomite grains
(now reconstituted) (Hu et al. 2019).
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Fig. 2: Electronic images of internal structures at different depths under the sliding surface in cataclastic dolomite of Daguangbao Mountain. a. Dolo-
mite fragments under the sliding surface. b. and c. Skeletal remains of extensively decomposed dolomite. d. Partially decomposed dolomite fragments
covered with tiny spheres (nano- sphere) typical of thermal decarbonization of dolomite to lime (CaO) and magnesia (MgO) (but now carbonated
in the nine years’ exposure) (Hu et al. 2019).

Prediction models: It is far from sufficient to rely exclu-
sively on monitoring technology to avoid and control land-
slides. Because precipitation has such a large impact on the
commencement of a landslide, some researchers (Yang et
al. 2019, Yu et al. 2020) suggested a precipitation threshold
prediction model and verified its validity with existing data,
resulting in an excellent prediction result. Liu & Wang (2021)
simulated the whole process of a landslide caused by rainfall,
which provided a new perspective for the quantitative risk
assessment (QRA) study of landslide-induced landslides. In
recent years, machine learning has played an increasingly

Table 2: Monitoring methods on space.

important role in fuzzy reasoning and data statistics. For
instance, the neural network model (Abbaszadeh et al. 2020,
Liu et al. 2021), neuro-fuzzy reasoning, and ant colony al-
gorithm (Razavi-Termeh et al. 2021) have great advantages
in evaluating landslide susceptibility. Zhou et al. (2018)
combined the support vector machine (SVM) and artificial
neural network (ANN) with multivariate statistical model
logistic regression (LR) to propose the landslide suscepti-
bility modeling (LSM). Goetz et al. (2015) and Chen et al.
(2018) respectively selected six and four landslide sensitivity
evaluation models based on machine learning. Sun et al.

Monitoring methods Principle

Advantages Disadvantages

Global Navigation Satellite

System, GNSS acquired by satellite in real-time

Interferometry Synthetic aper-
ture radar, InSAR

obtained by processing the photo

Unmanned Aerial Vehicle,
UAV

through the image data processing

The position of the monitoring point is

The image of the landslide is obtained by
SAR satellite, and then the three-dimen-
sional terrain information of the landslide is

The UAV is equipped with a camera, flies
along the design route and takes pictures, and
then obtains a three-dimensional slope model

24h-monitoring;
all-weather

The number of monitoring stations
is limited and the data processing
process is complex

24h-monitoring;
all-weather; high
precision

It is difficult to select monitoring
points, which is affected by spatial
loss correlation and atmospheric
delay

It cannot be monitored all-weather
due to the weather

High precision, auto-
mation, intelligence,
not affected by clouds
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(2021) established two optimized landslide susceptibility
mapping models (LSM): logistic regression (LR) and random
forest (RF) based on Bayesian algorithm hyper parameter
optimization. In terms of landslide distance prediction, Zhou
et al. (2020) proposed an optimized neural network model
whose advantages are significantly greater than the multiple
regression model. Li et al. (2021a, 2021b) used PFC software
to predict the runout behavior of landslides and provided a
new method for landslide hazard risk assessment.

CONCLUSION

In this paper, the present situation of landslide research in
Southwest China is summarized, with emphasis on the land-
slide starting mechanism, and a brief overview of landslide
monitoring technology and prediction model.

1. There are many factors contributing to the initiation
of landslide, among which precipitation and earthquake are
two major inducing factors. For soil landslide, precipitation
leading to seepage in the landslide and fine particles recom-
bined by water migration induces deformation of landslide to
a certain extent. On the one hand, the stability of a landslide

Table 3: Monitoring methods on air.

163

could be broken by an earthquake. On the other hand, the
positive pore water pressure in a landslide may rise due to
vibration, which will also trigger a landslide. Rock landslide
has the characteristics of fast speed, long-distance, and large
volume because high temperatures are generated in the shear
zone of a landslide during movement, the minerals at a certain
thickness of interface dynamically recrystallize, and high
temperatures also produce supercritical carbon dioxide and
superheated steam, lowering friction coefficient and friction
resistance. The friction coefficient of the shear surface will
also decrease with the increase of normal stress and shear
rate during the movement of soil landslide.

2. It’s a quick rundown of landslide monitoring and
forecasting technology. Landslide monitoring technology
evolves in tandem with scientific and technological ad-
vancements. Real-time landslide monitoring and accurate
forecasting will advance to a new level if the integrated
monitoring technology in the space-air-ground can be fully
employed. The landslide prediction model is mainly based on
statistical analysis and machine learning to make a landslide
susceptibility model (LSM), combine the model with existing
landslide data, and constantly adjust parameters to achieve

Monitoring methods Principle

Advantages

Disadvantages

Robot monitoring The total station automatically monitors the prism

on the landslide in 24 hours

3-D laser scanning By measuring the time difference between trans-
mitting and receiving laser and the horizontal
angle and zenith distance of each pulse laser, the
three-dimensional coordinates of the measured

object are obtained

GB-InSAR The LIDAR sensor emits and receives microwave
signals, and the image is synthesized by SAR

technology.

Automation, 24-hour moni-
toring, high precision

24-hour dynamic monitor-
ing; high precision

High precision; 24h mon-
itoring; all-weather; not
affected by the weather

The monitoring range of a single robot is
small, but the cost of arranging multiple
robots is high

The data processing is complex and the
measurement accuracy is affected by
surface objects

Lack of data processing; monitoring
environment has an impact on the results

Table 4: Monitoring methods on ground.

Monitoring methods Principle

Advantages

Disadvantages

Time Domain Radiation,
TDA

The deformation position and displacement
can be determined by processing the echo
signal.

Borehole inclinometer There is a certain angle between the incli-
nometer probe and the deformation of rock
and soil, and the horizontal displacement of
the inclinometer probe can be calculated by

using the angle.

Distributed fiber optic sensing ~ Through the reception and analysis of scat-
tered light, the changes of strain and temper-

ature in optical fiber are obtained

Short monitoring time, low
cost, and accurate position-
ing of sliding surface

Accurately monitor the di-
rection of sliding surface

High precision, distributed
monitoring, high survival
rate, anti-corrosion and an-
ti-interference

Unable to determine the position of
the sliding surface, low sensitivity
to uniform deformation, point style
monitoring

Point monitoring, orientation is sus-
ceptible to interference

Unable to determine the direction of
sliding surface

Nature Environment and Pollution Technology ® Vol. 21, No. 1, 2022
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the expected accuracy. However, due to the limitations of
the existing technology, no model can accurately predict all
types of landslide characteristics.
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