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On August 8, 2017, an earthquake of magnitude 7.0 on the Richter scale occurred in Jiuzhaigou, Sichuan, causing significant damage to
both life and property. Traditional geological hazard investigation is difficult in Jiuzhaigou because of the high altitude, the high-altitude
canyons, and the vegetation-covered seismic areas. /is study explores the technical advantages of using airborne LiDAR technology to
penetrate vegetation and gather information directly from the surface, rapidly acquiring airborne 3D point cloud data in difficult areas.
/rough the preprocessing of data, the high-precision digital terrain and landform results were obtained. Comparative research found that
the DEM obtained by high-precision airborne LiDAR technology has significant advantages in terms of the accuracy, details, and
microgeomorphology of the data collected./e results can be directly used in the early identification of disasters, such as during the initial
collapse or for disastermanagement. Studies have shown that airborne LiDARhas the technical advantage of penetrating vegetation to the
surface and can, therefore, be used to guide the early identification and management of geological disasters in similar areas in the future.

1. Introduction

Rockfall hazards are phenomena that commonly occur in
mountainous regions [1–3]. During a rockfall, a solid body
composed of rock and soil moves under the action of
gravity, rolling, bouncing, and falling down a slope.
Lithological conditions, geological formations, topography,
earthquakes, precipitation, and improper engineering are
all important factors that trigger rockfall [4, 5]. In many
countries, rockfall hazards generate significant annual
losses to property and human life compared to other types
of natural hazards; more attention has therefore been paid
to this type of hazard [6–10], especially in areas that lie
along mountain roads and some railways, where rockfall
hazards are a district danger.

In recent years, extreme weather has become more
frequent, engineering activities have continued to intensify,

and the impact of strong earthquakes has continued to affect
mountainous regions, causing abrupt and unexpected
geological disasters in these regions [11]. Jiuzhaigou in
Northwest Sichuan is characterized by mountains of high
altitude and has endured a series of strong earthquakes, such
as the Wenchuan and Lushan earthquakes which shattered a
considerable number of high-altitude rocks and cracked
much of the slopes on the mountainside. Fractures that
subsequently developed in these rocks led to a substantial
increase in the amount of material present that was likely to
lead to hazards. /e Mw 7.0 Jiuzhaigou Earthquake that
occurred on 8 August 2017 led to approximately 300 rockfall
events, causing 25 deaths in 8 counties, with 525 injured and
6 missing. A total of 176492 people (including tourists) were
affected to varying degrees, 73671 residential properties were
damaged, and the destruction covered a total area of
18295 km2 [12, 13].
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Faced with the severe challenge from natural disasters,
humanity needs to reflect on the impact that the current
lifestyle has on the environment [14, 15]. Significant
amounts of effort have been focused over the last twenty
years on predicting the mechanisms that trigger rockfall
hazards, including the spatial and temporal distributions
and the consequences [16–21].

As a result, several techniques that can be used for
mapping rockfall susceptibility, hazard, and risk have been
developed and applied in different geographic areas [22–24].

Airborne laser radar technology and the first 3D rolling
stone/rockfall process model that has been integrated with the
GIS environment were mainly used in this study for identifi-
cation and evaluation, to improve rockfall hazard studies for
Jiuzhaigou environmental management and to improve rockfall
susceptibility mapping and analyses. Remote sensing geological
disaster interpretation technology, airborne laser radar digital
terrain analysis technology,GIS data processing technology, and
image morphology analysis were combined with field investi-
gation to evaluate the most serious threats from rockfall and to
identify the source area of rockfalls. Combining the quantitative
evaluationmodel of rockfall frequency, speed, and height with a
quantitative analysis of the physical rocks that have fallen, the
realization of the rolling stones/rockfall three-dimensional
physical deterministic process model and probability statistics
model are combined to improve predictions of the risk of
disaster in the Jiuzhaigou National Park.

2. Study Area

Jiuzhaigou is located between the Qinghai-Tibet plateau and
the Sichuan basin in a mountain transition zone (100°,
30–104° 27 ′ north and latitude 30°, 34–35° 19 ′) and is a
world natural heritage site, national key scenic area, national
5 A-class tourist scenic area, and a national geological park.
/e mouth of the Jiuzhaigou River is only 2000m above sea
level, while the central peaks in this region are at heights
above 4000m and the southern margin is over 4500m.
Original forest covers 80% of the valley [25–28].

/e 2017 earthquake not only caused casualties and
property loss, but it also led to geological disasters and
problems in the ecological balance that still affect some areas
such as the famous Panda Sea, the Five Flower Lake, some
waterfalls, and other parts of the landscape that suffered serious
damage. /e vertical topography of Jiuzhaigou changed sig-
nificantly, and natural disasters and geological hazards such as
landslides, rockfalls, and wide-scale flows of debris threatened
the entire 651 km2 of the National Park of Jiuzhaigou, with the
formation of more than 30 gullies containing flows of debris.

Geological disasters have tended to be dominated by
debris flow since 1980, with 10 major mudslides occurring
from 1980 to 1985, and another large mudslide in 2003
[29, 30]./e earthquake on 12May 2008 inWenchuan had a
significant impact, causing many secondary geological di-
sasters, and serious safety hazards have remained in several
areas. A comprehensive geological survey of Jiuzhaigou
National Park was carried out in early 2010, and more than
50 locations were identified at which geological hazards are
likely to happen [31, 32]. Earthquakes that reach 8.8 on the

Richter scale are therefore likely to aggravate the risk of
geological disaster in Jiuzhaigou, constituting a threat to the
ecological environment, landscape, roads, residential areas,
river systems, and the safety of tourists that severely restricts
both the tourism and the development of the economy in
Jiuzhaigou (Figure 1).

3. Materials and Methods

Figure 2 is a schematic diagram of the proposed methods. It
consists of three major components: (i) the acquisition of
LiDAR data and preprocessing, (ii) the identification of the
rockfall source area via digital terrain analysis using tech-
niques such as morphometry, topography, remote sensing
geology, 3D GIS technology, and human-computer inter-
active interpretation, and (iii) the analysis and assessment of
rockfall hazards.

3.1. Spatial Modeling and Advantages of LiDAR Technology.
RockFall Analyst is the first 3D rolling stone rockfall process
model that is fully integrated with the GIS environment,
combining the rolling stone/rockfall 3D physical deterministic
process model with a statistical probability model to improve
the accuracy of disaster risk analysis. Two major steps are
utilized by Rockfall Analyst. First, a 3D dynamic model uses
physics to calculate and predict the 3D trajectory of rolling
stones and falling rocks, accompanied by information con-
cerning the velocity, the dynamic processes that occur during
flight through the air, collision, rebound, rolling, and sliding.
Secondly, the rolling stone and rockfall disaster space grid
analysis model is initiated, converting the information about
the falling rocks and the velocity that was obtained in vector
format during the first step into a grid format that can be used
to better relay spatial information concerning the elements of
the disaster. Statistical software, the adjacent domain analysis
technique, and methods that estimate the surface smoothness
are then utilized to predict the spatial distribution of the various
elements of rockfall, including the frequency, potential energy,
and the three main elements of kinetic energy.

Airborne LiDAR includes a position measurement
system, an attitude measurement system, a 3D laser scanner
(point cloud access), equipment for gathering images such as
3D laser scanner active laser beam, by which precise in-
formation about the target such as distance, slope, rough-
ness, and reflectance can be obtained from the returning
laser pulse, and a digital camera, which is used to acquire the
digital image of the target. Subsequent processing of the
information gathered with airborne radar can generate 3D
laser point clouds with true color (or ground reflection
intensity). Compared to traditional photogrammetric
techniques, airborne LiDAR not only provides high-reso-
lution, high-precision two-dimensional images of the to-
pography and landform but also uses multiple echo
techniques that can penetrate ground vegetation, effectively
removing the influence of surface vegetation via a filtering
algorithm to obtain accurate data concerning ground ele-
vation. As a result, LiDAR technology is usually used in
situations where high mountains are covered by substantial
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amounts of vegetation, effectively eliminating the effects
produced by the presence of vegetation and providing a true
picture of the ground. LiDAR is therefore useful for iden-
tifying potential geological hazards in areas with substantial
amounts of the mountain vegetation, especially for identi-
fying ancient landslides (Figure 3), or areas where earth-
quakes have led to the shattering of rocks and caused minor
rockfalls without accompanying landslides.

3.2. LiDAR Capturing and Processing. Measurement using
remote sensing geological airborne LiDAR technology has
been ongoing in Jiuzhaigou since September 2017. /e first
phase of the data was acquired during September 2017 with
Mi-171 helicopters carrying the Leica ALS80 airborne Li-
DAR system flying at an altitude of 1400m at 150 km/h,
using a laser pulse frequency of 100 kHz, a point cloud
density of 20 points/square meters, and an image resolution
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Figure 1:/emap of study area./e red dotted box is the scope of the study area, where vegetation damage caused by the earthquake caused
a collapse, threatening the road directly below.
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