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When traditional geological hazard survey methods are used for deformation monitoring in mountainous areas, it often shows the
disadvantages of low applicability of monitoring methods and limited accuracy of detection results. In recent years, synthetic
aperture radar interferometry (InSAR) technology has incomparable advantages in surface deformation monitoring, such as all-
weather detection, wide detection range, high detection accuracy, and low detection cost. At the same time, InSAR technology can
also provide data and technical support for the subsequent task of potential geological disaster point identification and geological
disaster risk zoning in the study area. Alos-2 radar is selected; in this paper the satellite image is the research data, and the InSAR
technology is used to complete the surface deformation detection. Then, based on the previous surface deformation monitoring
results, the potential geological disaster points in the study area are extracted, and the distribution law and incubation conditions
of the disaster points are analyzed and described. According to the field conditions of a certain area, the surface distribution,
development causes, and inducing mechanism of the potential geological disaster points are explored; the results show that the
development of geological disasters in the study area is affected by many factors such as landform, geological environment,
climate, hydrology, and human activities. Based on this, 11 factors such as formation lithology, slope, and river are used as
evaluation factors for mountain geological disaster monitoring, prediction, and evaluation analysis. Finally, the improved analytic
hierarchy process information model is used to complete the monitoring, prediction, evaluation, and analysis of regional
geological hazards in the study area. In this paper, the improved AHP-information method is used to classify the risk of mountain
geological disasters in the study area. Finally, the evaluation results are verified, which proves that the improved AHP-information
method is reliable, and its mountain geological disaster monitoring and prediction evaluation effect is better than the traditional
AHP-information method.

1. Introduction

Under the influence of basic geographical environment
factors such as fragile geological environment, huge topo-
graphic relief, and complex stratum lithology, the regional
surface deformation of mountains in some areas is active [1].
In addition, under the trigger of strong geological tectonic
movement, rainfall, and other factors, all kinds of geological
disasters in the county show a trend of frequent occurrence,
easy occurrence, and high incidence for a long time [2]. Due

to the special topographic and geological conditions and
abundant vegetation coverage in the study area, geological
disasters are concealed, which makes it difficult to realize
early prediction in the process of disaster prevention and
control and easily causes large-scale social, economic, and
personnel losses [3]. When the traditional geological hazard
survey method is used to monitor the deformation in
mountainous areas, it often shows the shortcomings of low
applicability of the monitoring method and limited accuracy
of the detection results [4]. Therefore, through the InSAR
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technology, to effectively identify the potential geological
disasters and to prevent and control become the focus of this
paper [5, 6].

2. InSAR Technology

Usually, InSAR technology is applied to DEM construction
and surface deformation monitoring [6]. In the early stage of
the development of InSAR technology, due to the defects of
some characteristics of radar images, the surveying and
mapping accuracy is limited. In recent years, with the im-
provement of interferometry technology and the estab-
lishment of many SAR satellite systems, InSAR technology
has been more mature applied to topographic survey and
deformation monitoring [7].

2.1. InSAR Fundamentals. InSAR technology can be used to
complete the task of acquiring DEM data. The key principle
of this technology is to realize two or more observation
processes in the same research area, and different obser-
vation processes are required to have proper viewing angle
difference during imaging, so as to achieve the purpose of
acquiring single-view complex images with high coherence
[8]. Then, the image interference processing flow is com-
pleted in turn, and the Earth surface elevation data is
extracted according to its interference phase information.
Complete the above series of operations, that is, to realize the
construction of DEM in the research area [9].

Figure 1 shows the geometric relationship diagram when
InSAR system observes the surface and obtains the surface
elevation information. In Figure 1, S; and S, represent the
position of radar antenna during two imaging processes,
which can be obtained from the orbital parameters of the
satellite itself, and B is the spatial distance between them,
which is called baseline. R; and R, are the oblique distances
from the two antennas to the ground observation points,
respectively. a represents the angle between the baseline and
the horizontal direction, 6 is the incident angle, H is the
height of the antenna track, and # is the elevation of the
measured ground point target relative to the reference
ellipsoid.

The phase information contained in radar echo signal
can be divided into two parts: one is the phase information
reflecting the characteristics of the target point itself, and the
other is the phase value representing the distance between
the ground point and the antenna. This kind of information
is the part that can be used to retrieve the position of the
ground target point. In the course of two radar observations,
the ground target point can be regarded as unchanged, so the
characteristic phase of the target point itself is consistent in
each radar echo signal. Therefore, from the phase infor-
mation of the distance between the target and the antenna,
we can know that the echo signal of the antenna S, is

(1)

The echo signal phase of antenna S, is
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FIGURE 1: Geometric diagram of InSAR system.

2R
¢, = 2n72, (2)

where A is the wavelength of radar signal. In this way, the
interference phase difference between two images can be
expressed:
A¢=</>1—</>2=—4/T7T (R; —R,) =_4)Tﬂ‘s- (3)
In the process of generating interferogram, due to the
difference of incident angle and azimuth, the objects with the
same name in two SAR images cannot be completely aligned,
so it is necessary to register them. After the registration
operation is completed, the interference phase difference in
equation (3) can be obtained from the generated interfer-
ogram by using the processed image to complete the mul-
tiplex multiplication [10]. It can be seen from equation (3)
that, for the same ground target point, the echo phase
difference is proportional to the oblique distance difference.
After two echo signals from the same target unit are mul-
tiplied together, the phase difference obtained is only de-
termined by the oblique distance difference, which is related
to the elevation of the ground unit. From the geometric
relationship information shown in Figure 1, equation (4) can
be obtained:

R =R’ +B’ —2R1Bcos<a+g—0). (4)

Make a transformation to get

R°-R*+B* (R, +R B
sin(0-o) - MR *rB_(Ri+Ry) B g
2R,B 2R,B 2R,

According to the actual situation of SAR system ob-
servation, baseline B can be ignored compared with R; and
R, alone, and at the same time, (R; — R,) is far less than R;.
By transforming equation (5), we can get

BBy Mg

B 4nB 2

sin(0 - «) =

Thus, «, B, and H are obtained from the orbital attitude
data, and from the geometric relationship shown in Figure 1:
h=H - Ry cos 6. (7)

In the actual operation process, after the data undergoes
triangulation operation, the interference solution result
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obtained is the main value of its phase information, which is
always between [, 7], and its true value can be obtained
only after subsequent phase unwrapping.

2.2. D-InSAR Technology. The key of D-InSAR technology is
to make two or more SAR images in the same area complete
the process of differential interference, from which the
surface deformation data of the study area can be obtained
[11]. The deformation information can be expressed by the
observation and imaging results of radar antennas for the
same target objects. That is, when there is surface defor-
mation, the phase reflecting the spatial position change
between the ground target and the observation antenna can
be extracted from the image pair interference processing
results, so as to realize the regional deformation monitoring.
After two previous observation and imaging processes are
completed, the interference phase can be obtained from the
interference measurement results at this time. The key
components of the interference phase can be divided into:
morphological phase (¢gr), reference ellipsoid phase (¢,),
terrain phase (¢iopo), atmospheric phase (@uum), random
noise phase (@yise), etc., which are expressed by formula (8)
as follows:

Q= Qget T+ ¢ + (Ptopa * Patm T Pnoise- (8)

In the process of regional surface deformation moni-
toring noise phases such as reference ellipsoid atmosphere
and terrain will have great interference on deformation
detection. These error phases should be removed as much as
possible to obtain more accurate regional surface defor-
mation monitoring results. According to the difference of
the methods of obtaining the terrain phase @op, process, the
synthetic aperture radar differential interferometry is di-
vided into two-pass, three-pass, and four-pass methods,
which is still the main method to realize D-InSAR.

2.2.1. Fundamentals. In the actual process of D-InSAR, the
terrain phase is obtained by converting the digital elevation
data from outside to the radar system. The process of re-
moving the terrain phase information from the original
interference results is another core content besides the in-
terference to the differential interference when using
D-InSAR to detect the regional surface deformation. Fig-
ure 2 shows a geometric schematic diagram of obtaining
surface deformation by two-orbit D-InSAR [12, 13].

Similar to the principle of InSAR altimetry, point P in the
figure is the ground point observed by satellites twice, S; and
S, are antenna positions, f represents the distance difference
between the two antennas S; and S, and the ground ob-
servation point P, « is the angle between the baseline and the
horizontal direction, and 8 is the incident angle. At this time,
the observation point P itself has a displacement of Ad in the
line of sight. The surface deformation information of the
study area can be solved by calculating the phase change
phase, and the calculation formula is as

3
S,
Bll
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FIGURE 2: Geometric schematic diagram of two-orbit D-InSAR.

Pdef = P~ Po ~ Propo- 9)
4
Ad = Tﬂq)def’ (10)

where A is the wavelength of the band; Ad is the deformation
along the radar line of sight. It can be seen from the formula
that, assuming that the phase value obtained from the
differential interferometry results has a periodic change of
27, the specific value of the relative regional surface de-
formation Ad is half wavelength length A/2, which indicates
that D-InSAR is highly sensitive to surface deformation. The
expression process of equation (9) belongs to the case where
the error phases such as atmosphere and reference ellipsoid
are ignored for convenience of understanding. D-InSAR
technology can monitor centimeter-level or even sub-cen-
timeter-level microdeformation, which greatly improves the
monitoring ability of surface deformation monitoring
means.

2.2.2. Data Processing Flow. When D-InSAR is used to
obtain surface deformation information by differential
processing of interference phase, its data processing flow is
shown in Figure 3.

The core of D-InSAR technique for ground deformation
calculation is the differential processing of interference
phase. The data processing flow is roughly divided into three
parts: data preprocessing, differential interference calcula-
tion, and deformation calculation.

2.3. SBAS-InSAR Technology. Short baseline subset method
is proposed by Berardino et al. on the basis of previous
research results. When using this technology to generate
interferogram, it requires short spatiotemporal baseline
interference pairs, which can effectively reduce temporal
decoherence and spatial decoherence [14].
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FIGURE 3: Flowchart of D-InSAR processing.

2.3.1. Fundamentals. Animportant step in the realization of
SBAS-InSAR technology is to complete the subset division of
all SAR images. This process is to divide the image set into
different short baseline subsets according to the influence of
spatial and temporal baselines on the coherence of images
and complete the calculation of interference phase of each
image pair in the subset. At this time, the number of in-
terference pairs is obviously increased, and the coherence of
each interferogram is also enhanced compared with the
previous case where only a single main image is used. The
differential interferograms are linked by singular value de-
composition (SVD), which can restrain the effect of DEM
error and atmospheric phase delay on the phase variation
and finally obtain the least square solution.
The specific process is as follows:

(1) Assuming there are N+1 SAR images in [t,, t;, t5, t3,
.., t,] time period, the interference pairs with M
pairs of spatiotemporal baselines within the
threshold condition can be obtained by any com-
bination, and M should meet the requirements of
equation.

N(N-1)

5 (11)

N
—<M<
2

Assuming that the i-th interferogram is obtained by
removing terrain phase, filtering interferogram, and
unwrapping phase, the time of acquisition of main
image and slave image is t and t4, respectively, and

the interference phase at (g, r) in radar coordinate
system can be expressed as

Ag;(a,r) = 47” [th (a,r) - dts (a, r)]. (12)

d, (a,r) and d, (a,r) are the phases of the pixels
(a, r) at time t,4 and time t relative to the initial time
to, respectively, and A is the wavelength of the band.

(2) At time =ty, dy=0, the vector corresponding to the
phase of the sequential SAR image is expressed as

¢ =[01 >0 (13)

At the pixel (g, ), let IE be the master image and IS be the
slave image, corresponding to all M interference pairs:

{IE:[IEI,---,IEM]

. (14)
IS = [IS,, -+, IS,]

Then the phase of all differential interferograms is

Ag;(a,r) = q)(tIE,) - ¢(tls,.)’ (15)
where f;p >t5,i=1,2, ..., M, can be expressed as
Ag = Go. (16)

In formulas (3)-(16), G is a matrix of order M x N, which
represents a system of equations composed of N unknowns
and M equations. It can be seen that, in the matrix, each row
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corresponds to a differential interference pair, and each
column represents the corresponding SAR images from ¢, to
ty in turn.

When the interference pairs are located in the same small
baseline set, the least square method is used to estimate the
deformation value of the time series in the subset. When
there are multiple subsets and the matrix is not rank matrix,
the SVD method should be used to realize the joint solution
of the subsets, so as to extract the cumulative deformation
results on the time series.

2.3.2. Data Processing Flow. In the processing flow of SBAS-
InSAR technology, the key to the realization of this tech-
nology is to construct a number of interference pair subsets
reasonably. This process requires that the combined spa-
tiotemporal baseline of each subset of internal interference
pairs should be in the threshold range needed to form a high-
quality interferogram. This technique can be simply un-
derstood as the interferometric measurement method of the
surface deformation change process in the study area during
the study period by solving the differential interference
phase in the time series.

The flow of surface deformation detection using SBAS-
InSAR method is shown in Figure 4. Its data processing flow
includes data preprocessing, differential interference cal-
culation, time and space deformation estimation, and so on.

3. Monitoring, Prediction, and Evaluation of
Mountain Geological Disasters Based on
Improved AHP-Information
Quantity Method

In recent years, the frequent geological disasters in China not
only cause serious economic losses to the society, but also
seriously threaten people’s lives and disturb the normal life
of residents, which has aroused widespread concern from
people from all walks of life [15]. Therefore, the identifi-
cation of potential geological hazards and the study of their
spatial and temporal distribution are of great significance in
disaster prevention and control, and at the same time, it is
also the premise of further quantitative analysis of geological
hazards.

The information of mountain surface deformation de-
tected by InSAR technology has high reliability and accu-
racy, which is the basis of early identification of potential
geological disasters. Combined with GIS spatial analysis and
visual interpretation, the hidden danger points of potential
geological disasters can be extracted, and the deformation
characteristics of mountain surface in time and space can be
further analyzed [16].

At present, there are many statistical analysis models for
geological disaster risk analysis. When the information
quantity method of information theory is applied to the risk
assessment of geological disasters, it has the characteristics of
combining qualitative and quantitative analysis. According
to the influence degree of different influencing factors on
geological disasters, the risk of geological disasters can be
effectively assessed. Analytic Hierarchy Process (AHP) is a

fast method to determine weights, which can be used to
assign weights to different evaluation factors in geological
hazard risk assessment [17, 18]. In this paper, the weighted
information model based on AHP is adopted, which not
only considers the advantages of AHP that fully considers
the subjective experience of experts, but also combines with
the objective information in the information model [19, 20].

3.1. Information Quantity Method. The information quantity
method originated in the United States, and in China, it was
first quoted by Professor Yan Tongzhen to predict the
surface landslide and then gradually widely used in the
geological disaster risk assessment in the geological disaster-
prone areas in China. As far as the information quantity
method itself is concerned, its central idea is to use the
information quantity value to reflect the difficulty of geo-
logical disasters in the study area based on the information
quantity contributed by various influencing factors to
geological disasters [21]. This method is practical and simple
and can be used to predict the development law of geological
disasters. In general, the information quantity value is used
as a quantitative index to quantitatively describe the risk of
geological disasters with probability situation. The greater
the information quantity value obtained, the more likely the
geological disasters to occur, and vice versa.

3.1.1. Basic Theoretical Model. When applying the method
of information quantity to realize the risk assessment of
geological hazards, the information quantity provided by the
actual geological disasters is used to express the action
degree of each influencing factor with information quantity,
which can reflect the contribution degree of these influ-
encing factors to the development of surface geological
disasters. For geological disaster event B, Xj; is the factor
affecting its occurrence (where i=1, 2, .. ., n, I is the selected
disaster influencing factor; /=1,2,...,M, and ] is the
subinterval divided by each influencing factor); then the
Iy _,p expression of geological disaster information
o, . . . .
provided by a single influencing factor is as follows:

P(B/X;;
IXijﬁlen%(jzl,Z,-n,n). (17)

Among them, P(B/X;;) corresponds to the development
probability of geological disaster class B in the J section
within the disaster impact factor X;; P(B) represents the
regional background value, that is, the probability of oc-
currence of ground disaster B under the regional back-
ground conditions; N represents the number of selected
types of disaster impact factors; M represents the number of
secondary impact factor segments divided by each disaster
impact factor.

In the process of actual data processing, it is often
impossible to directly obtain the data needed to calculate the
information amount of geological disasters. Under normal
circumstances, in order to facilitate subsequent calculation,
the probability value represented by P(B/X) is selected to be
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FIGURE 4: SBAS-InSAR data processing flow.

converted into the sample frequency value. The specific
calculation formula is as follows:

-, 7). (18)

N;i/S;;

Among them, the value I X, —p_Can represent the
amount of information provided by the J section for the
development of geological disaster class B within the disaster
impact factor X;; Nj; represents the area value or the number
of development points of disaster B in the J section within
the disaster impact factor X;; N;; represents the distribution
area value of the J section in the study area in the disaster
impact factor Xj;; N represents the area value covered by all
geological disasters or the number of all developed geo-
logical disasters in the whole study area; S represents the
total area of the whole study area.

The actual process of geological hazard risk assessment
in the study area is to divide the study area into several
assessment units and finally need to calculate and obtain the
comprehensive information value of each assessment unit.

To sum up, the information value is affected by the com-
bination of various influencing factors, and the compre-
hensive information value I of all evaluation units can be
calculated by using the following formula:

n
I=)1Iy .5
i=1

Using information quantity model to complete the study
of regional disaster risk assessment in a specific study area
can be understood as taking each evaluation unit as an
independent research unit and taking each evaluation factor
as the premise of risk assessment, calculating the total in-
formation quantity of each independent research unit, and
comparing the calculated information quantity values. The
specific information value obtained from the above opera-
tions can be used to indicate that when the independent
evaluation unit to which the information belongs is affected
by various geological disaster influencing factors, the
probability of geological disasters is greater, indicating that

(19)
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the geographical area where the evaluation unit is located is
more likely to break out geological disasters, and it is
necessary to focus on monitoring and take timely prevention
and control measures.

3.1.2. Weighted Information Volume Model. In order to
enhance the accuracy of the evaluation results, this study
takes the conventional information as the premise, sup-
plemented by the corresponding weight value of each
evaluation factor to complete the whole evaluation process.
Generally speaking, the conventional process of information
calculation is based on the effect degree of various influ-
encing factors on the development of geological disasters in
the evaluation unit layer. Conventional information quantity
model can be understood as the idea that, in the process of
calculating information quantity, the weight of all factors is
given to 1, while weighted information quantity method can
apply subjective experience of experts to the evaluation
process according to objective facts, which has higher ra-
tionality and reliability.

The weight W; of evaluation factors at all levels is ob-
tained by the weight acquisition method, and the total value
of weighted information I, is

I =

w

™=

Il
—

Wily, p (20)

where Iy g is the information value of a single influencing
factor.

When the weighted information model is used to
evaluate the hazard of land disasters in the study area, the
evaluation index is the total information value I,,. When
evaluating the risk of geological disasters in each geo-
graphical unit, the probability of occurrence increases with
the increase of total information I,

Through the previous research on the methods of de-
termining the weight I, we can see that the current
mainstream methods include analytic hierarchy process,
principal component analysis, and so on. In this study, the
analytic hierarchy process (AHP) is used to obtain the
weight of impact factors, and different weights are given
according to the difference of the impact degree of each
disaster factor, and the total information weight is obtained
by weighting. Weighted information method will comple-
ment the advantages of analytic hierarchy process and in-
formation method and make the evaluation results more
accurate.

3.2. Selection of Evaluation Factors in the Study Area.
Through the analysis of the factors affecting the distribution
of potential geological disasters and the research results of
scholars at home and abroad, it can be seen that the de-
velopment of geological disasters is affected by many factors.
The selection of influencing factors needed in the study
should fully consider the availability of data, the scope and
environment of the study area, and the requirements of
research accuracy. Therefore, in the process of geological

hazard risk assessment in different study areas, the selected
evaluation factors are usually different.

Combined with the actual geographical conditions of a
certain area selected in this paper, the influencing factors of
this study area are divided into natural environment factors,
social environment factors, and disaster-inducing factors.
Among them, the basic natural environment factors are
divided into topographic factors (including slope, elevation,
aspect, and topographic relief), geological factors (geological
structure, stratum lithology), basic features (rivers), eco-
logical factors referring to vegetation coverage, social and
environmental factors referring to roads, and inducing
factors including earthquakes and rainfall.

In this study, ASTER GDEM elevation data with reso-
lution of 30 m is selected as reference DEM, and on the basis
of this data, the slope, aspect, and fluctuation data of the
study area are obtained.

Some impact factor data cannot be obtained directly and
need to be obtained after certain data processing operations.
The specific process of obtaining rainfall in the study area is
as follows: the annual average rainfall data of the national
meteorological stations in the area and its surrounding
counties in recent 15 years are obtained by Kriging spatial
interpolation method. In order to facilitate the calculation of
the follow-up evaluation process, the operation of properly
merging and adjusting rainfall level areas is made. Earth-
quake intensity data are obtained according to China
Seismological Network.

The average annual rainfall in the study area is sub-
divided into 11 rainfall levels, and the lowest and highest
rainfall levels are less than 550 mm and more than 640 mm,
respectively. Earthquake intensity is divided into four
grades, and the intensity grade decreases around the focal
point.

Based on the detailed analysis of the basic data of the
experimental area, the pixel dichotomy model is adopted as
the acquisition method of vegetation coverage data in this
study. That is, the Landsat 8 digital products are processed by
using the pixel dichotomy model based on the normalized
vegetation index (NDVI), and the formula is as follows:

NDVI = fc x NDVI,, + (1 - fc)NDVI

soil>

_ (NDVI-NDVI;) (1)

fe= (NDVI,, - NDVI )’

where fc is vegetation coverage; NDVI; is the normalized
vegetation index value of bare soil without vegetation
coverage area; NDVI,., is the normalized vegetation index
value of the area completely covered by vegetation.

In the course of actual hazard assessment, the criteria of
assessment factors are as follows: elevation is divided into six
grades: <1500 m, 1500 m~2000m, 2000 m~2500 m,
2500 m~3000 m, 3000 m~3500 m, and > 3500 m; the slope is
divided into six grades: 0~10, 10~20, 20~30, 30~40, 40~50,
and >50. The slope direction is divided into four directions:
north and northeast, east and southeast, south and south-
west, west and northwest. The buffer distance of fault zone is
defined as 3 km, 6 km and 9 km, and the study is divided into
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five grades of fault zone influence areas. According to the
earthquake intensity, the research is divided into four grades:
V, VII, VI, and IX. According to stratigraphic lithology, the
study is divided into three areas. According to the average
annual rainfall, the study area is divided into five grades:
<560 mm, 560 mm~590 mm, 590 mm~620 mm,
620 mm-650 mm, and >650 mm. According to the buffer
distance of 0.5km, 1km, and 1.5km, the study area is di-
vided into four grades. The study area is divided into six
grades according to the buffer distance of 200 m, 600 m,
1000 m, 1400 m, and 1800m. The topographic relief degree is
divided into six grades: <100m, 100m~200m,
200 m-300 m, 300 m-400m, 400m~500m, and >500m.
Vegetation coverage is divided into five grades according to
<50%, 50%-60%, 60%-70%, 70%-80%, and >80%.

3.3. Determination of Weight of Evaluation Factor. In gen-
eral, the weight calculation methods include geometric
average method, arithmetic average method, and eigen-
vector method. In order to improve the reliability of the
results, this paper abandons the single calculation method
used in the conventional thinking and chooses three weight
calculation methods instead and takes the average value of
each method as the final weight.
The formula of geometric average method is

1/n
(I, )
1/n
X (H?:l aij)

The arithmetic average formula is

W. =

1

,i=1,2,...,n (22)

W:li i

Sy =12, (23)
l ”j:lzizlakj

The eigenvector method formula is

Uw =1, W, (24)

where a;; is the element of the judgment matrix, # is the
number of columns of the judgment matrix, and u is the
judgment matrix. Average the three calculation results, and
get the final weight value of each evaluation factor.

4. Experiment

4.1. Evaluation Process

4.1.1. Analysis of Spatial and Temporal Pattern Distribution
Characteristics of Potential Mountain Geological Disaster
Points. The deformation information of the three feature
points in the time series is counted, and the deformation rate
in each period is as shown in Figure 5, and the accumulated
deformation is as shown in Figure 6.

4.1.2. Information Quantity Method. In this study, the po-
tential geological hazard points extracted by SBAS-InSAR
technology are used as the basic research data for moni-
toring, forecasting, evaluation, and analysis of mountain
geological hazards, and then the information amount is
calculated. In this process, the grid unit of 30 m x30m is
used as the evaluation unit. The information value reflected
by the types of secondary influencing factors divided from
each evaluation index can be obtained. In practical appli-
cation, the amount of information is the reference index of
the effect degree of each secondary influencing factor on the
development of geological disasters in the study area.

See Table 1 for the distribution of each evaluation index
and its specific information value in the study area.

According to the meaning of information model, the
greater the information value, the easier it is to have geo-
logical disasters. When the information value of the sec-
ondary influencing factors in the table is greater than 0, it
shows that the probability of developing geological disasters
under the influence of this factor is above the overall de-
velopment level of mountain disasters affected by this factor
in the study area. By the same token, when the information
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FiGure 6: Cumulative deformation.
TABLE 1: Evaluation factor information scale.
. . Secondary Information . . Secondary Information quantity
Primary impact factor impact factor quantity value (I) Primary impact factor impact factor value (I)
<1500 1.527912 VI —1.018517
1500-2000 1.878802 Farthquake intensit VII —0.305413
Elevation (unit: m) 2000-2500 1.217833 1 Y VIII 0.371931
vation fumt: 2500-3000 0.069574 IX 2.395062
3000-3500 —1.16868 <560 —0.647191
>3500 -3.18195 Average annual 560-590 —-0.162065
0-10 —0.19465 rainfall g(unit' mm) 590-620 0.1848005
10-20 -0.60147 ’ 620-650 —-0.363789
Slope (unit: °) 20-30 0.160048 >650 -0.604173
p ’ 30-40 0.060803 <0.5 1.1197684
40-50 —-0.13246 Rivers (distance from 0.5-1 -0.020673
>50 —0.76925 rivers in km) 1-1.5 —1.642546
North, northeast —0.57554 >1.5 —1.944394
East, southeast 0.34215 <200 1.9516436
Aspect of slope South, 0.292185 200-600 12565791
southwest Road (distance from
West, northwest -0.37974 road, unit: m) 600-1000 0.8739286
<3 0.577263 ’ ’ 1000-1400 —0.224026
Geological structure (distance 3-6 0.176452 1400-1800 -0.668493
from fault, unit: km) 6-9 0.025197 >1800 —-1.106742
>9 —-0.68012 0-100 0.553517
<50% —-0.1233 100-200 0.230892
50%-60% 0.006014 Topographic relief 200-300 —0.339274
Vegetation coverage 60%-70% 0.392581 (unit: m) 300-400 -0.134666
70%-80% 0.964443 400-500 0.33332
>80% 0.420331 >500 —2.133569
T —0.04822
Stratigraphic lithology DCWZE 0.268584
CPQ 0.004012

amount of the secondary influencing factors in the table is
less than 0, it means that, in the area where the secondary
influencing factors are distributed, the ease of developing
geological disasters under the influence of this factor is
below the overall development level of mountain disasters
affected by this factor in the study area.

4.1.3. Improved Analytic Hierarchy Process. Using the an-
alytic hierarchy process to calculate the weights of evaluation
factors, the hierarchical structure model is constructed, as
shown in Figure 7. Eleven evaluation factors, including
stratum lithology (C1), slope (C2), river (C3), topographic
relief (C4), vegetation coverage (C5), average annual rainfall
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FiGgure 7: Hierarchical model.
TaBLE 2: Judgment matrix.
C1 C2 C3 C4 C5 Cé6 C7 C8 C9 C10 Cl11
Cl 1 2 3 3 4 5 6 7 8 9 9
C2 1/2 1 2 3 4 4 5 7 7 8 9
C3 1/3 1/2 1 2 3 4 5 6 7 7 8
C4 1/3 1/3 1/2 1 2 3 4 5 6 7 7
C5 1/4 1/4 1/3 1/2 1 2 3 5 5 6 6
Cé6 1/5 1/4 1/4 1/3 1/2 1 2 4 5 6 6
C7 1/6 1/5 1/5 1/4 1/3 1/2 1 3 3 5 5
C8 1/7 1/7 1/6 1/5 1/5 1/4 1/3 1 2 4 3
C9 1/8 1/7 1/7 1/6 1/5 1/5 1/3 1/2 1 2 3
C10 1/9 1/8 1/7 1/7 1/6 1/6 1/5 1/3 1/2 1 2
cll 1/9 1/9 1/8 1/7 1/6 1/6 1/5 1/3 1/3 1/2 1

(C6), geological structure (C7), elevation (C8), earthquake
intensity (C9), road (C10), and slope aspect (C11), are se-
lected, and the ranking of factors represents the importance
to the formation of geological disasters. The judgment
matrix constructed by using the above evaluation factors is
shown in Table 2.

The weights of each evaluation factor calculated by
geometric average method, arithmetic average method, and
eigenvector method are represented by W1, W2, and W3,
respectively, and the average value W is calculated as the
final weight, as shown in Table 3.

4.2. Verification of Evaluation Results. By getting the in-
formation quantity of each evaluation factor, the weight of
each evaluation factor is obtained, and the total infor-
mation quantity of each evaluation unit is obtained when
the improved AHP-information quantity method is
adopted.

According to the calculation results, the lowest total
information value of risk assessment in this area is -1.03541,
and the highest is 0.6739. According to the total information
value of each evaluation unit obtained in the study area, the
natural breakpoint method is used to classify it. The region is
divided into four regions, and the information value ranges
are low-risk area [-1.03541, —0.5475], medium-risk area
(-0.5475, —0.2482], high-risk area (0.2482, 0.0874), and
extremely high-risk area (0.0874, 0.6739).

ROC (Receiver Operating Characteristic) curve is a
common method widely used to test the accuracy of geo-
logical hazard zoning assessment in recent years. In the ROC
curve, the vertical axis represents the true positive rate, and
in the geological hazard risk assessment, the cumulative
percentage of the area from high to low in the study area is
used as the ordinate. The horizontal axis represents the false
positive rate, ie., 1-specificity, and the cumulative per-
centage of the number of real historical geological disasters
corresponding to each risk level in the study area is used as
the abscissa in the geological disaster risk assessment. By
calculating the AUC (Area under Curve) under the ROC
curve, the evaluation accuracy of the geological hazard
evaluation model is measured.

The value range of AUC is [0, 1], and the higher the
value, the better the prediction effect of the model. Usually,
we use AUC range (0.5, 0.7], (0.7, 0.8), (0.8, 0.9), (0.9, 1) to
indicate low, fair, good, and excellent prediction accuracy,
respectively. Figure 8 shows a ROC graph, in which gray
lines represent the dividing line with AUC value of 0.5. The
AUC values of the improved AHP-information method
before and after calculation are 0.812 and 0.854, respectively,
and their values are between (0.8, 0.9), indicating that the
two models have good effects on the risk assessment and
classification of geological disasters. The improved AHP-
information model improves the prediction credibility, and
the evaluation results can reflect the difficulty of mountain
geological disasters in the study area.
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TaBLE 3: Weight calculation.

Evaluation factor W, W, W; w

Stratigraphic lithology 0.2531 0.2512 0.2555 0.2532
Slope 0.2024 0.1962 0.2021 0.2003
River 0.1556 0.1512 0.1553 0.1545
Topographic relief 0.1165 0.1144 0.1145 0.1158
Vegetation coverage 0.0846 0.0855 0.0832 0.0849
Average annual rainfall 0.0643 0.06853 0.0643 0.065
Geological structure 0.0452 0.0492 0.0458 0.0463
Elevation 0.023 0.0291 0.026 0.0277
Earthquake intensity 0.0213 0.0231 0.0210 0.0224
Roads 0.0158 0.0176 0.0158 0.0163

According to the average random consistency index table, RI is 1.52, CI is 0.0842, and CR is 0.05539 < 0.1, passing the consistency test.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Sensitivity

0 0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1

1 - specificity

—— Traditional AHP-information quantity method
Improved AHP-information quantity method

Ficure 8: ROC curve.

5. Conclusion

In this paper, the evaluation factors are obtained according
to the existing research results and the actual situation. Then,
the traditional analytic hierarchy process using a single
method to calculate the weights is improved, the geometric
average method, arithmetic average method, and eigen-
vector method are selected to obtain the weights, and the
average value is determined as the final weight. In this paper,
the improved AHP-information method is used to classify
the risk of mountain geological disasters in the study area.
Finally, the evaluation results are verified, which proves that
the improved AHP-information method is reliable, and its
mountain geological disaster monitoring and prediction
evaluation effect is better than the traditional AHP-infor-
mation method. There is no in-depth research on target
recognition accuracy, so it is necessary to combine multi-
sensor data with SAR data such as images for comprehensive
analysis, which can improve the monitoring effect and
application value of mountain geological disasters.
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