Chinese scientists successfully predict a large rockslide in Guizhou,
Southwest China

Prediction of landslides is a global challenge for geoscientists due to the complex
nature of landslide failure mechanisms. Catastrophic landslides often occur “suddenly”
without noticeable precursors, and some even without any triggers (also called the
gravitational landslides). To overcome this challenge, the State Key Laboratory of
Geohazard Prevention and Geoenvironment Protection (SKLGP), Chengdu University
of Technology, studied and monitored thousands of landslides in Southwest China,
collecting data from cases involving varied geological formations and climatic
contexts, since its inception. Based on the monitoring data of a large number of
landslides, we found that most of the landslides that were considered as “sudden”
failures actually underwent a deformation process. The difference is that some
landslides have longer deformation period before failure (years, months and days)
than some others (hours, minutes). A real-time early warning system based on the
new artificial intelligence (AI) and data transmission technologies was developed
by SKLGP. It is purely automatic system that receives data from field monitoring
devices, processes data using AI algorithms and sends alert messages once the
monitored data are above set thresholds. This system has successfully predicted
four landslides since 2017 and saved thousands of lives in China.
The most recent one is a landslide occurred on 17th February 2019 in Longjing village,
Xingyi, Guizhou province, Southwest China. The Landslide is a bedrock landslide
consisting of gray-white colored thick and layered dolomite, a hard and competent
rock mass, which slid along a weak layer of dolomitic bedrock mainly consisting of
dolomite, some loose rock mass and residual rock deposits with an estimated volume
of 1.4 million cubic meters. In between the dolomitic rock layers, a 2-5 cm thick weak
interlayer of clay was found along the frontal edge of the landslide. On June 2018,

some new cracks occurred at the crown of the old landslide exhibiting an increasing
deformation trend and possessing a serious threat.
The self-developed SKLGP’s landslide early warning system successfully predicted
the landslide one hour in advance. Due to the immediate response to the early warning
forecast, personnel and villagers at the site have been evacuated. No injuries or death
toll was reported. Below figures show aerial (a and b) views of the old landslide and
(c) a panoramic view of the 17th February 2019 landslide.

Aerial (a and b) views of old landslide occurred in 2014 in Longjin village and (c)
panoramic view of the 17th February 2 landslide. Photo: SKLGP

The landslide was initially triggered due to the cutting of the foot of the slope
during road construction in 2013. Since then, the near vertical 266 m long smooth
sliding surface (see above figure) become a potential threat of secondary disasters. To
overcome this threat and ensure the safety of local residents, pedestrians and traffic
along the highway, the local government started continuously investigating the in-situ
stability of weakened rockmass. On June 2018, a tensile crack with a width of 0.9 m
was observed further expanding the threat.
Since the deformation started to increase severely in June 2018, many cracks
started to develop continuously. In order to investigate the development of this
threatening landslide and assess the risk and hazard, Prof. Nengpan Ju from SKLGP
lead a research team in January 2019 for initial technical investigation which was
carried forward in detail by Prof Qiang Xu through installing monitoring devices
especially crack gauges that can adjust the sampling frequency according to the
displacement rate of landslides ensuring full control over the landslide deformation
and development. The local government, the Department of Nature Resource of
Guizhou Province followed the suggestions by SKLGP, starting the emergency
prevention measures in January 2019 by stacking sandbags in front of the landslide.
This helped to control the runout distance of the landslide later on. Meanwhile, to
guarantee the implementation of the prevention measures, the self-developed
Geohazards On-site Real-time Monitoring and Early Warning system was installed on
the landslide site in January 2019.
In the early morning of 17th February 2019, the deputy director of SKLGP, Prof.
Qiang Xu was forewarned by the critical warning messages from the Android APP
alert of the early warning system. In response to the emergency, Prof. Qiang Xu
checked the monitoring data transmitted and found that the deformation was
increasing and marching into the final stage of an accelerated slope deformation,

which indicated the forthcoming landslide. Prof. Xu quickly contacted the local
government and urged all the field personnel to evacuate immediately.
The monitoring data were used to compute the slope deformation through our
early warning system (see figure below).

Geohazards Real-time Monitoring and Early Warning System developed by
SKLGP; monitoring data of the 17th February 2019 landslide is shown. Graph:
SKLGP
The results indicated that the cracks at landslide crown were developing with a
deformation rate of 3 mm per day. In response to this threat, the local government
evacuated over 400 people who were living on the premises around the highway.
Since landslide entered accelerative deformation stage, the early warning system
automatically broadcasted ‘Caution’ (Yellow in the above figure) and ‘Vigilance’
(Orange in the above figure) level warning messages on 13th and 15th February
respectively. Immediately after this, prompt action was taken by the local government

closing the dangerous zone of landslide preventing public interference in the near
vicinity.
At 5:00 a.m. on 17th February, the early warning system sent a warning message
(see below figure) in the alarm level (red) with a deformation rate exceeding 251 mm
per day, cumulative displacement of 829.2 mm and a tangent angle above 85°
explicating the landslide has entered the stage of accelerated deformation, and there is
a high possibility of landslides in a short period of time. Warnings were first sent to
the Emergency Response Center of Guizhou Province and then forwarded to the local
government and residents through SMS messages and smartphone APP.

(Red alert level landslide early warning SMS broadcasted by the system on 17th
February at 5:00 a.m. and a translated version. Photo: Prof. Qiang Xu, SKLGP)
At 5:50 a.m., on February 17th, the early warning system forecasted a warning
message of imminent sliding and three minutes later at 5:53 a.m., the system showed
that all the crack gauges installed on the site were simultaneously pulled off,
indicating that the landslide had occurred. Around 6:00 a.m., on-site photos (see
figure below) of the landslide were sent to the system which proved the occurrence of

a landslide. Once the landslide occurred, Prof. Xu and his research team rushed to the
landslide site. They are conducting research and evaluation after the landslide
occurrence and preparing further disaster prevention measures through collaborating
with the local government.

(Views of the 17th February landslide (a) from bottom of landslide and (b)
from top of landslide. Photo: SKLGP)

Earlier SKLGP successfully predicted landslides in two more occasions i.e.
Heifangtai landslides in Yanguoxia town, Yongjing County in Gansu province,
China in 2017. The cases of successful prediction and mitigation of landslides are
very exceptional worldwide due to the complexity of nature. The successful early
warnings in 2017 are of loess landslides, however, the present one is a rock slope
failure, which proves that our early warning system is capable to deal with different
types of landslides.
What we have learned from these successful cases is: advanced AI monitoring
devices that can adjust the sampling frequency automatically according to the
displacement rate of landslides; the automatic early warning system with intelligent
models; and the emergency response of local government are essential for predicting
and preventing a catastrophe.
The “Geological Hazard Real-time Monitoring and Early Warning System”
developed by SKLGP was introduced in Guizhou province during the end of 2018.
The Natural Resources Department of Guizhou Province is involved constructing a
platform for the prevention and control of geological disasters and is working closely
with the SKLGP to jointly establish the ‘Guizhou Geological Hazard Prevention and
Control Big Data Research and Application Center’, in order to make full use of
modern technology towards increased preciseness and successiveness of a
scientifically based disaster prevention system.
This successful warning of the landslide has further enhanced the confidence to
cope up against geo-disasters. Early warning systems are a valuable tool for risk
reduction and they empower the community by providing timely alerts spanning
hours, thus saving invaluable lives. The SKLGP, Chengdu University of Technology
is willing to share know-how and provide advice in setting up displacement
monitoring systems around the globe, more particularly in the global south. This will
contribute to the compilation of a comprehensive database of displacement time

histories that will be helpful for uncovering basic universal physical phenomena that
cause slope failures all over the world. This can make landslide induced casualties
seldom, instead of the current pervasive trend that kills thousands per year. We shall
hope it is within our reach to achieve universal landslide resiliency.
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