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Abstract: The differentiation rule and driving mechanisms of collapse disasters in various regions are
unclear, and the results from existing methods of research are not sufficiently scientific. To reveal the
nature of collapse disasters, this study utilized data from the 1:50,000 geological disaster investigation
results database, 1:50,000 topographic data, and TM images. Topography, human activity intensity,
rock mass structure, hydrological conditions, vegetation status, and meteorological conditions were
used as indicators in the DEA model to analyze their validity and to explore the differentiation law
and driving mechanisms of the highway slope along the YaLu river, a location of frequent geological
disasters in Changbai County. In the analysis process, each index was quantitatively graded, i.e., the
number of disaster points corresponding to each index was used as an input index, and the number of
disaster points and the scale and stability of disaster points corresponding to the graded quantitative
index were used as the output indexes. The results of the analysis of the study area indicate that there
are significant differences in geological disasters due to different regional characteristics. We carried
out three evaluations and performed spatial superposition analysis of the indicators corresponding to
the effective values and the regional collapse points. The driving factors of collapse disasters can be
divided into three categories, namely the impact of human activities, rainfall, and gravity stress. The
GIS analysis and mapping found that the collapse points located to the south of the Grand Canyon
of Changbai County were primarily affected by rainfall. Additionally, the areas affected by activity
intensity are mostly concentrated in county towns with concentrated populations and road slopes.

Keywords: Changbai Korean Autonomous County; DEA model; collapse disaster; differentiation rule;
driving mechanism

1. Introduction

Geological hazards refer to the catastrophic geological events resulting from various
natural geological processes and human activities during the development and evolution
of the Earth. Collapse disasters refer to events in which the rock mass on a steep slope
suddenly breaks away from the parent body due to gravity, rolls and accumulates at the
foot of the slope (or valley) and causes damage to human life and property.

Because human understanding of geological disasters is still in its infancy, many of
these issues require further study. Most studies focus on geological hazard risk assessment,
vulnerability assessment, susceptibility, geo-hazard monitoring, early warning, and disaster
prevention control (e.g., [1-10]).

Studies on the differentiation rule and driving mechanisms of critical factors of
geo-hazards are relatively rare. However, there are some related studies. For exam-
ple, Zhang et al. [11] found that geological disasters are closely related to topography and
vegetation coverage, among other factors. Dexin et al. [12] established a simple dynamic
study and found that slope stability is closely related to rainfall, slope, and the friction
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angle of the slope. Chunfeng et al. [13] found that the topography and stratum lithology
are characterized by a large height difference, and the high, steep slope played a controlling
role in the stability of the rock collapse; additionally, the stability of the dangerous rock
mass is reduced under the influence of heavy rain and earthquakes. Jia et al. [14] used the
limit analysis upper bound method to study 35 dangerous rock masses on the bank slope of
a hydropower station in the Dadu River and found that collapsed dangerous rock masses
are more likely to be affected by earthquakes and that dumping and falling dangerous rock
masses are possible. Genis et al. [15] clarified that rock properties, geometry, environmental
factors, and human activities are the factors that contribute to slope instability, and Rock-
Fall V4.0 was used to simulate the rockfall conditions of the Gokgol tunnel in Zonguldak,
Turkey. Verma et al. [16] utilized 3DEC software to analyze the stability of the slope body
and found that the size and volume of the rock block, the height of the dangerous rock
mass, and the shape of the rock block as well as other factors caused instability.

Most studies (e.g., [17-19]) of geological disasters are based on the traditional under-
standing of the impact of disaster indicators as an empirical value and implement related
evaluation analysis, which creates many limitations to the characterization of geological
disasters; for example, the disaster warning is not accurate, or the risk assessment is not
realistic. Therefore, a core understanding of geological disasters cannot be completely
revealed in this way. The geological disaster itself is a very complicated systematic problem.
The control of its index factors may also exhibit different contributions for different regions.
Therefore, the study of differentiation law and the driving mechanisms of geo-hazards is
helpful for developing a reliable theoretical basis for analysis or evaluation as well as for
disaster warning. It also allows for a more comprehensive understanding of geological
disasters and provides a reliable reference for further study from the perspective of collapse
disaster research. Based on this notion, related research work was carried out in this study.

Changbai Korean Autonomous County (Changbai County) is located at the border
between China and North Korea and therefore is located in an important strategic position
that has a profound impact on the country’s geopolitical security [20]. In addition, according
to the latest survey data, it contains 219 collapse disaster points, and collapse disaster is
one of the most common types of geological disaster in this region. Therefore, it is of great
significance to examine the collapse disasters in this area.

In order to eliminate subjectivity, the DEA model was used in this study because it
does not require any weighting assumptions and because it has an absolute advantage in
evaluating the effectiveness of multi-input and multi-output conditions [21]. It has therefore
been widely used in practical applications. Based on the systematic mechanism, the indica-
tors selected to analyze and explore the differentiation rules and driving mechanisms of
geological disasters in Changbai County are: disaster environment and the actual field sur-
vey data of the geological collapse disasters, topography, human activity intensity, rock and
soil structure, geological structure, hydrological conditions, and vegetation conditions. The
results can provide a necessary reference for further in-depth research and have practical
guiding significance for local government disaster prevention and mitigation work.

2. Regional Location and Profile

Changbai County is located at the southern slope of Changbai Mountain and is situated
on the right bank of the upper Yalu River. It is in the southeast part of Jilin Province, China
(127°12/20"~128°18'10" E, 41°21'41”~41°58'02" N). The total population is 86,340 (as
of 2011), and the total area is 2497.6 km?. The mountains are densely forested, and the
topography is characterized by large peaks and valleys (Figure 1).
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Figure 1. Location of the Changebai within JiLin province with elevation data.

This area is the largest Quaternary volcanic rock distribution area in China. Under
the influence of the Himalayan orogeny, the volcano erupted intermittently, causing the
crust to experience some columns of fracture and uplift, and the underground basaltic rock
slurry was ejected from the ground to form a basalt platform. However, the new crustal
movements began to break out before the Quaternary and the volcanic activity changed
from the original fissure eruption to central eruption. A huge volcanic heap with Tianchi
as the main channel was gradually formed. The crust in Changbai Mountain area was
uplifted, and magmatic rocks with basalt and trachyte appeared [22].

The study area belongs to the northern temperate continental humid monsoon climate,
which is characterized by distinctive seasonal features; the winter is long and cold, and
the summer is short and rainy. The average annual temperature is 2.1 °C, and the extreme
maximum and minimum temperatures are 34.8 and —36.4 °C, respectively. The extreme
maximum and minimum precipitation are 110.0 (2010) and 93.5 mm (1965), respectively.
Precipitation during June through August accounts for 60% of the yearly rainfall and is
unevenly geographically distributed. The precipitation in the northern and southwestern
parts of the zone is relatively large, and the annual precipitation is greater than 700 mm.
The average annual precipitation of the middle and northeastern areas of Changbai Tianchi
is greater than 1000 mm, and the precipitation in the central and eastern parts of the region
is relatively small; the annual precipitation is less than 700 mm, and that in the Yalu River
is about 600 mm.

The rivers in this area belong to the Yalu River, which originates from the southern
slope of the Changbai Mountain. It flows from the northeast to the southwest along the
border between China and North Korea and then flows westward along the boundary. The
river width is between 50 and 100 m, the water depth is about 2 m, the maximum flow
velocity is 1.36 m/s, and the maximum flow rate is 109.1 m?/s.

Topographically, the study area has a high elevation in the northeast and a low
elevation in the southwest. The highest elevation is 2457.4 m, the lowest elevation is
450 m, and the average elevation is about 1570 m. The entire area can be divided into four
landform types: volcanic landform, erosion landform, erosion accumulation landform, and
accumulation landform. The main stratum is the Upper Neogene—Pleistocene basalt, which
accounts for more than 80% of the total area. The groundwater in the area is divided into
four types: loose rock pore water, basalt fissure water, carbonate fissure cave water, and
bedrock fissure water.
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According to the 1:50,000 geological disaster survey data, there are 219 collapse points
in the entire area, and they appear in groups along the highway, such as those along the Yalu
River. Most of the geo-hazards exist in unstable conditions and are small-scale, unevenly
distributed, and occur repeatedly. As can be discerned from the spatial distribution of this
area, the collapse points are mostly concentrated in Malutgou Town and account for 59%
of the total collapse points. Badaogou Town, Shisidaogou Town, and Shierdaogou Town
account for 13.7% of the total number of collapse points. The list of environmental and
typical disaster points in the main areas are provided in Table 1.

Table 1. Environmental characteristics in major areas and typical collapse disaster points.

Spatial Location Description

Environmental Characteristics

Typical Disaster Point Picture

Badaogou to Changbai
County section of the Yalu
River Highway

The topography is an erosion terrace and a
low-lying structure. The slope of the
natural terrain is 0—45°. The lithology of
the formation is dominated by the Nanfen
Formation and the Wanlong Formation
limestone, and some areas are Quaternary
gravel soil and Wanlong Formation shale.
There are 85 collapse points in the

whole area.

Ershierdaogou to the south
door of the Changbai
Mountain Scenic Area section
of the Yalu River Highway

The topography and landforms are erosion
accumulation terraces and tectonic low
mountains. The natural terrain slope is
0-45°. The lithology of the formation is
dominated by basalt and is strongly
weathered. A total of 65 geological
disasters were found.

Located in the west of
Changbai County, centered on
Badaogou Town and New
House Town

The topography is mainly composed of low
mountains. The slope of the natural terrain
is 5-45°. The lithology of the strata is
mainly Ordovician and Cambrian
limestone, some of which is basalt. The

diatomite is mainly distributed in this area.

There are many villages and strong human
activities. A total of eight geological
disasters have been discovered.

Changbai County to
Ershiyidaogou section

The topography is mainly composed of low
mountains, the slope of natural terrain is
10-45°, and the lithology of the strata is
dominated by Jurassic neutral lava. The
human activities are medium, and a total of
seven collapses were found.

From the south gate of
Changbai Mountain to the
Tianchi section of Changbai
Mountain, on both sides of
the road

The topography is mainly composed of low
mountains, the slope of natural terrain is
5-45°, and the lithology of the strata is
mainly Quaternary Pleistocene basalt;
some areas are Quaternary Pleistocene
rough lava and tuff, and a total of

30 collapses were found.
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Table 1. Cont.

Spatial Location Description

Environmental Characteristics Typical Disaster Point Picture

Changbai County to the
Songjianghe section
of highway

The topography is mainly characterized by
low mountains, partially erosional terraces,
with natural slopes of 5-45°, and the
lithology of the strata is dominated by
Quaternary Pleistocene basalts. A total of
21 collapses were found.

Table notes: (D The number in the picture is the number of field measured points; @ Due to the space limitation
of the table, only the typical pictures of each region can be quoted.

3. Methods
3.1. DEA Model

Data envelopment analysis (DEA) is a method based on the concept of “relative
efficiency” to evaluate the relative effectiveness and benefit according to multi-index input
and multi-index output. It involves selecting a set of input and output evaluation indicators
for a given group of units to obtain the effectiveness of specific decision-making units
(DMUs) [21]. This effectiveness is also called the “contribution rate” in this paper. The
advantage of the DEA model is that it eliminates the interference of human subjective
factors and has strong objectivity. It is especially suitable for the analysis and research of
complex multi-input and multi-output systems.

In this study, we regarded the collapse disaster as a system firstly. We then regarded
this system as a unit within a certain range and selected a set of input indicators to produce
a set of output indicators to obtain the validity factor of this unit. The result was used to
evaluate whether the unit is valid. Assuming this system unit can be defined as a DMU,
each unit has a set of input and output statistical indicator data, and the obtained validity
coefficient is used as a quantitative indicator of the overall efficiency of each DMU. This is
described in mathematical terms as follows:

There are n decision-making units in the collapse disaster system in this area, DMUj;
(G=1,2,3,...,n) (indicator evaluation units), and each DMUj; has m inputs and s outputs.
The input vector can be written as X = (x1j, X2}, ..., Xmj)T, and the output vector is Y = (yy;,
Y2j, - Ysj)T. The model is therefore as follows:

min 6
n
s.t. Z X]A] + ST =0X,
=t 1
Y]A] +S5ST =Y
j=1
)Lj >0,5t>0,6 > O,(j = 1,2,3,...7’1)

where 0 is the evaluation value, X; is the input index of the geological collapse disaster,
Y is the output index, A; is the variable coefficient, and S~ and S* are the slack variables of
input and output, respectively. In the evaluation, when 6 = 1, it indicates that the indicator
corresponding to the DMU achieves the best efficiency, i.e., the indicator is considered
effective. See Reference [22] for details.

3.2. Data Source

Refer to relevant literature [23] for DEM(Digital Elevation Model) and remote sensing
image data. The 1:50,000 DEM data are from the Jilin Surveying and Mapping Geographic
Information Bureau. The meteorological data are from the Meteorological Bureau of Jilin
Province and Baishan City. The data of rock and soil structure are from the Department of
Natural Resources of Jilin Province. The survey data of geological collapse hazards were
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field measured. The land use database comes from the Bureau of Land and Resources of
Changbai Korean Autonomous County.

3.3. Selection of Indicators

The selection of geological disaster indicators is the premise by which to study the
differentiation law and driving mechanisms, but the collapse disaster itself is a complex
system. Many studies show that understanding of collapse disasters is still in a primary
stage. It was therefore difficult to establish and select a comprehensive set of indexes that
both fit our study and accurately reflected the index system of collapse disasters. For the
convenience of exploration and research, we selected the evaluation index from the natural
and social attributes of hazard factors based on actual situations and working degrees of
the geological disasters in this region.

Topographical and geomorphic factors are particularly important in terms of natural
attributes, as they provide energy conversion conditions for collapse disasters and deter-
mine the stress and stability of slopes. Rock and soil, and their weathering products, are the
material sources. Vegetation conditions affect the degree of soil exposure, and vegetation
roots play a role in resisting the weathering of the rock, which is conducive to maintaining
the soil and preventing the occurrence of collapse. Many studies indicate that rainfall is the
chief trigger factor for sudden geological disasters (e.g., [24,25]). During rainfall infiltration,
the water content of the soil and the bulk density increases, and the matric suction decreases
gradually; therefore, a reduction in shear strength results in both a decrease in the safety of
the slope and further slope failure [26]. The difference in the structure of the rock mass is
another major factor that affects the stability of the slope. In terms of the social attributes of
hazard factors, collapse is affected by human activities. For example, unscientific human
engineering activities and excavating have changed the natural state and environment of
the rock and soil. These changes have not been properly rectified and can result in the
deformation or destruction of the slope.

Due to the collapse disasters being a type of landslide [27], geological hazard assess-
ment norms [28], other references (e.g., [2,29-35]), geological hazard data for this region,
and geological hazard investigation, we selected topography, human activity intensity,
rock and soil structure, hydrological conditions, vegetation conditions, and meteorological
conditions as the key factors that contribute to geological disasters and used these factors
as input indicators for the DEA model.

The scale of a disaster is an important indicator that reflects the extent of disaster
development and damage [36]. Generally, a larger scale of collapse is associated with
higher danger, and the stability of the slope is the direct impetus for collapse. Danger
refers to the threat to the lives and property of people and must be controlled, prevented,
and eliminated. It is the result of the joint actions of regional natural disaster system
elements [37]. Therefore, the size, danger, and slope stability of the collapse disaster were
selected as the model output indexes.

3.4. Indicator Grading and Quantified Values

The 1:50,000 geological disaster investigation and the 1:10,000 key area investigation
were carried out in the study area by JiLin Province, China. It was found that there were
219 collapse disaster sites in Changbai County that were mostly distributed along the
Changbai County to Qidaogou section of the Yalu River Highway, S302 Songjiang River to
Changbai County. According to existing statistics and classifications, there are 215 small-
scale dangerous level collapse points, 199 small-scale collapse points, 73 unstable collapse
points, and 145 stable collapse points. Most of the collapse disasters in the region are
distributed along the highway and are caused by excavation and mining.

The indicator grading is based on actual situations of the regional collapse disaster
environment. Other references (e.g., [38—40]) and the 1:50,000 geological disaster database
of Changbai County were used to select the slope and terrain relief as the secondary
indicators of the topography and division.
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The human activity intensity index was calculated using the artificial transformation
activity index method proposed by Zeng Hui [41] and was classified into the following
three categories: greater than 2.5, 1~2.5, and less than 1. The rock and soil structure at the
collapse point was categorized into 4 grades according to the integrity of the rock and soil:
bulk, fragmentation, block, and overall block [42]. The density of the gully was divided
into three levels: greater than 3, 1~2, and less than 1 km/km?. The vegetation status was
based on TM(Thematic Mapper) data, and the vegetation index is divided into three levels.
The rainfall was interpolated by the average rainfall of seven rainfall stations in the study
region and then categorized into 4 levels. Finally, according to the dangers, scales, and
slope stability of the collapse points corresponding to the above indicators, which are
exhibited in Table 2, statistical analysis of collapse disaster points was carried out.

Table 2. Input and output indicator values of decision units.

Collapse Attribute (DEA Output)

Input Index Danger Level Scale of Collapse Slope Stability
Small Medium Large Small Medium Large Stable Sl;ae}i?e Unstable

<50 105 0 0 101 10 0 1 101 9

o 51~60 26 0 0 21 1 0 0 11 11
slope (*) 61~70 32 1 0 31 3 0 0 18 16
Topography >71 52 0 0 46 6 0 0 15 37
<50 212 1 0 179 14 0 1 136 54
relief (m) 51~80 3 0 0 20 6 0 0 9 18

>81 0 0 0 0 0 0 0 0 1
Human human activity >2.5 38 1 0 25 6 0 0 18 19
activity intensity index 1-2.5 58 0 0 50 7 0 0 2 28
intensity (HAI) <1 119 0 0 124 7 0 1 105 26
bulk 37 0 0 37 3 0 0 35 3

Structure of structural types of ~ fragment 62 0 0 58 4 0 1 54 8
rock and soil rock mass block11 72 1 0 66 9 0 0 38 36
avera 44 0 0 38 4 0 0 18 26

block

deqse 200 1 0 185 20 0 0 137 68

Hydrology  density of the gully Hﬁg;gg" 15 0 0 14 0 0 1 8 5
non-dense 0 0 0 0 0 0 0 0 0
vegetation <0.3 153 1 0 129 15 0 1 106 39
Vegetation coverage index 0.3~0.5 38 0 0 34 3 0 0 18 13
(MSAVI) >0.5 24 0 0 36 2 0 0 21 21

>850 30 0 0 25 3 0 0 22 6

- average rainfall 800~850 18 0 0 11 0 0 0 16 2
Meteorological (mm) 700~800 121 0 0 113 11 0 1 83 33
<700 46 1 0 50 6 0 0 24 32

3.5. Data Processing and Information Collection

First, the slope and terrain relief in Table 1 was graded by ArcGIS10.2(Environmental
Systems Research Institute, Inc. Referred to as ESRI) software based on the 1:50,000 DEM
data. Then, the land use database in the area was selected to extract 12 indicators: bare
land, forest land, grassland, garden, river, reservoir, dry land, irrigated land, village, town,
mining land, and facility agricultural land. The amount of calculation for the human
activity intensity index is very large. In order to avoid artificial inefficiency, the land use
database was loaded into the SQLSERVER2008 (Microsoft, China) software platform. The
calculation formula in Reference [41] was used, and SQL statements were written to extract
various indicators. AP

N AP
DT =) 71 )
where DT is the artificial transformation activity index, N is the number of landscape
component types, A; is the total area of the i landscape component, P; is the 7 landscape
which is the parameter of worker influence intensity reflected by the component, and TA is
the total area of landscape. Third, using the Jilin Province Regional Geological Environment
Survey Report (1:50,000), the 1:500,000 Jilin Province Geological Map and Structural System
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Map, and the actual regional environment, the rock mass structure and geological structure
data were optimized and divided into three levels using ArcGIS10.2 software according
to the classification criteria listed in Table 1. Some of the technical methods in the process
refer to Reference [24].

Fourth, using the DEM data, the Hydrology tool of ArcGIS10.2 software was selected
to perform the calculation steps, such as squat filling, innocent water flow direction, and
cumulant accumulation. The grid river network data were then obtained, and raster
river network vectorization was performed with the Stream to Feature tool. Based on the
1000 x 1000 m grid, the gully density data of each grid were calculated using the formula
for gully density.

Fifth, nearly 20 years of rainfall data for each rainfall station in the study area were
collected to calculate the annual average rainfall of each station, which were then analyzed
by the inverse distance weight interpolation method in ArcGIS10.2 software to obtain the
average rainfall for this district.

Finally, because traditional NDVI(Normalized Difference Vegetation Index) is sen-
sitive to changes in soil background [43], this study utilized Ipsavy [44] to eliminate the
interference of soil background values. Based on TM images, the Band Math tool in ENVI
(Exelis Visual Information Solutions, USA)software was used. The vegetation index was
extracted and graded according to Table 1.

4. Evaluation and Analysis
4.1. Evaluation Process

Establishing the input/output indexes of the DEA model is a basic premise for this
evaluation. Most of the input indicators are expressed in the form of numerical intervals,
as exhibited in Table 2. The method of determining the reasonable and effective input
values of the index is especially important, and the analysis process requires repeated data
experiments. Determining the number of disaster points that correspond to each indicator
interval as the input value is the most reasonable and scientific method of analysis.

In this study, due to the different indexes and roles between the input and output of
various indicators (see Table 2), to evaluate DMUs is to regard them as a process of overall
input and overall output. First, let v; be a measure input for 7 indexes and u, a measure of
the output of r indexes, so each DMU; has a corresponding efficiency contribution value;
this process can be expressed as follows:

h;=

Zi:l UrlYrj .
—_—i=1,2,3..., 3
] " %y J n 3)

According to the above formula, V and U can always be found in mathematics so that
h; < 1. In the evaluation process, if the evaluation value is 1, the corresponding indicator is
valid; otherwise, it is invalid. However, the inferiority of the invalid DMUs cannot be easily
compared and analyzed from the size of the evaluation value. To overcome this defect, the
first evaluation of all DMUSs was carried out, and the DMU evaluated as 1 was removed.
The remaining DMUs are then evaluated until the remaining DMUs are invalid. The first
evaluation of the effective indicators is the most important and is followed in importance
by the second result. The index evaluation calculation and classification were then carried
out in turn. When hydrological conditions are not intensive, the corresponding indicators
are invalid in the model. The evaluation results are provided in Table 3.

The results of the three evaluations were spatially superimposed and analyzed ac-
cording to the range of indicators that correspond to the effective value, and the spatial
distribution map was generated and is provided in Figure 2. The 219 collapse points in
the entire area are divided into three categories, namely those affected by rainfall, human
activities, and gravity.
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Table 3. Evaluation index and effectiveness evaluation results of the DEA model.

Evaluation Process

. Evaluation - -
DMU  Primary Indicators Sect?ndary I.ndlcator Optimization First Second Third
Indicators Attribute Value Value Evaluation Evaluation Evaluation
Value Value Value
1 <50 111 1 - -
2 slope (%) 51~60 22 0.950994 1 -
3 P 61~70 34 0.985294 1 -
4 T h >71 52 0.8125 1 -
opograp
5 & Y <50 188 0.946373 1
6 relief (m) 51~80 29 1 - -
7 >81 2 0 0.702703 1
8 .. . >25 30 1 -
10 ty y <1 132 0.848485 0.987436 1
11 granular 38 0.921053 1 -
12 Structure of rock structure types of fragmentation 62 0.983871 1 -
13 and soil rock mass block crack 75 0.783125 1 -
14 bulk block 44 0.810369 0.997029 1
15 concentration 204 0.818145 1 -
16 Hydrology density of the gully mid-concentration 15 1 - -
17 non-concentration 0 —1 x 10% —1 x 103 -
18 . <0.3 164 0.798181 0.947306 1
19 Vegetation Vegemt}"g coverage 03~0.5 34 0.909237 1 -
20 ndex >0.5 21 1 - -
21 >850 28 0.905152 1 -
22 Meteorological average rainfall (mm) 800~850 18 0.888889 1 B
23 700~800 117 0.888609 1 -
24 <700 56 0.796131 1 -
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Figure 2. Differentiation characteristics, driving classification, and distribution map of collapse disasters.

4.2. Discussion

(1) Judging from the overall distribution of the evaluation results, the differential
characteristics of geological hazards in the study region are obvious, and the driving
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mechanisms can be divided into three categories. The first category (Type 1 in Figure 2)
is that which is controlled by the intensity of human activities and is mainly distributed
in Lujiang Village, Yanjiang Village, Jiguan Particle Village, and Anle Village. The second
category of collapse points (Type 2 in Figure 2) is that which is affected by rainfall. The
regional location is concentrated west of Malugou Town, particularly the road slope located
to the north of the 21st ditch and to the south of the Yalu River Grand Canyon scenic
spot. The third category of collapse points, which is characterized by ragged topography
(Type 3 in Figure 2), is easily affected by slope gravity stress, and is characterized by
slope deformation.

(2) According to the evaluation results, the effective value of the first type of collapse
point is less than 50°, the terrain relief is between 51 and 80 meters, the human activity
is very strong, the gully is moderately dense, and the regional vegetation conditions are
good. There are 31 collapse disaster points affected by this combination of indicators, and
they are indicated by the red points in Figure 2. These collapse disaster points are mainly
concentrated along the highways of the Democratic Village, Lujiang Village, Jiguanzizi
Village, Anle Village, and Dongxing Village. High-resolution remote sensing images
and related data of these areas were collected, and it was found that the administrative
populations in these disaster areas were the most concentrated. Public disaster prevention
work should therefore be conducted in these areas to enhance disaster prevention awareness.
In addition, economic investment to remedy the unstable slopes should be strengthened,
and engineering treatments should be carried out to prevent the loss of life and property.

(3) The second type of collapse point is characterized by a terrain relief of less than
50 meters and a general vegetation index. As can be determined from the actual surveyed
microtopography, the slopes of the collapse points in this category are steep, and the rock
mass is broken. In terms of the effective value of the second evaluation in Table 2, rainfall
is particularly prominent, and ranges from 700 to more than 850 mm per year. Rainfall is
considered to be the main cause of collapse in this study region; Malugou Town exhibits the
most concentrated rainfall from the 21st Ditch to the Changbai Mountain Grand Canyon.
According to a 1:250,000 geological map and actual investigation, the area was formed
by the accumulation of volcanic ash and volcanic debris that belong to the horizontal
stratum, and the spalled geotechnical body is easily affected by rainfall. The collapse
points in 13 Daowan Village, 13 Dadaogou Village, Jinchang Village, and 16 Daogou
Village are particularly important, as there are many medium-sized and relatively densely
populated areas in these regions, and disaster points in these villages should be avoided
during rainfall.

(4) The third type of collapse point is that which is primarily affected by gravity stress.
These areas are characterized by poorly developed vegetation and weak human activities
and are mostly in densely populated areas. Providing warning signs and taking slight
precautions are recommended for these areas.

(5) According to the analysis results, the impact factors of collapse disasters are differ-
ent due to varying regional environments. Whether for risk assessment or vulnerability
assessment, it is necessary to analyze the indicators of the region as a whole. Above all,
special regional conditions should be considered to appropriately set the index weights,
otherwise the analysis results may deviate and the study may be invalid.

5. Conclusions

Starting from the essence of geological collapse disaster, taking Changbai Korean
Autonomous County as an example, the purpose of this study was to explore the differen-
tiation characteristics and driving mechanism of the main controlling factors of collapse
disaster in the regional environment. The indicators such as landform, human activity
intensity, rock and soil structure, hydrological conditions, vegetation status and meteo-
rological conditions were selected, and the scale of collapse disaster was included in the
evaluation process. The DEA model was used for analysis. It was found that collapse
disaster has obvious differentiation characteristics and different disaster driving mecha-
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nisms. The research results not only provide a reference basis for the accurate monitoring,
early warning, risk assessment, disaster prevention, and reduction in geological collapse
disasters in the study area but also, due to the complexity of geological collapse disasters, a
reminder for relevant researchers that they should not unify the indicators when studying
the target area but should fully understand the study area. This method is a recommended
scheme when analyzing the contribution rate of indicators affecting disaster points and
then carrying out further research. This study represents not only a case but also an idea,
which provides a reference for researchers in the field.
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