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Abstract: Regional landslide identification is important for the risk management of landslide hazards.
The traditional methods of regional landslide identification were mainly conducted by a human
being. In previous studies, automatic landslide recognition mainly focused on new landslides distinct
from the environment induced by rainfall or earthquake, using the image classification method and
semantic segmentation method of deep learning. However, there is a lack of research on the automatic
recognition of old loess landslides, which are difficult to distinguish from the environment. Therefore,
this study uses the object detection method of deep learning to identify old loess landslides with
Google Earth images. At first, a database of loess historical landslide samples was established for
deep learning based on Google Earth images. A total of 6111 landslides were interpreted in three
landslide areas in Gansu Province, China. Second, three object detection algorithms including the
one-stage algorithm RetinaNet and YOLO v3 and the two-stage algorithm Mask R-CNN, were chosen
for automatic landslide identification. Mask R-CNN achieved the greatest accuracy, with an AP of
18.9% and F1-score of 55.31%. Among the three landslide areas, the order of identification accuracy
from high to low was Site 1, Site 2, and Site 3, with the F1-scores of 62.05%, 61.04% and 50.88%,
respectively, which were positively related to their recognition difficulty. The research results proved
that the object detection method can be employed for the automatic identification of loess landslides
based on Google Earth images.

Keywords: loess landslide; google earth image; deep learning; automatic identification; object detection

1. Introduction

China has a vast territory, variable terrain, and frequent geological hazards that
seriously threaten people’s lives, especially landslides. For landslide hazard prevention,
landslide identification is the basis for other research works. The identification of landslides
can be divided into two categories. One is the identification of an indication before the
landslide. Methods in this category are to observe the deformation of the slope based
on multitemporal data. The object of the observation is the unstable slope that has not
yet become a disaster [1], and the research methods include InSAR technology [2] and
multi-period terrain data [3]. The other category is the identification of landslides that
have already occurred. The results of landslide detection can be used for the study of
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the susceptibility of landslides with other data, such as topography, landform, strata and
lithology [4].

Optical remote sensing images have been widely applied in landslide identification,
mapping, and monitoring. The methods of identifying historical landslides from remote
sensing images can be generally divided into four groups: visual interpretation, pixel-
based feature threshold, machine learning (ML), and deep learning (DL) methods. Visual
interpretation outlines the landslide boundary based on the image texture differences
between the landslide area and surrounding non-landslide area [5,6]. Visual interpretation
relies heavily on the knowledge and experience of landslide professionals. The visual
interpretation results are generally accurate. The pixel-based feature threshold method
uses one or more thresholds in terms of different pixel information, such as the spectrum,
texture, landform, and topography, to determine whether a pixel is a landslide or not [7–9].
The feature thresholds are usually determined according to regional landslide statistics,
which may cause extrapolation issues to other regions. Machine learning and deep learning
are two promising types of data-driven methods for landslide identification. This method
is similar to the feature threshold and change detection methods during its data prepa-
ration. Machine learning methods classify landslides using various features relevant to
landslides’ occurrence [10–14]. The commonly used machine learning algorithms for land-
slide detection include Bayesian, logistic regression, support vector machine, random forest,
and artificial neural networks. Deep learning is another powerful data-driven method of
landslide detection. Compared with machine learning, deep learning methods with more
hidden layers do not need to construct and select feature layers manually. The sample
size in deep learning can be very large, making it more suitable for landslide identification
across large regions. Convolution neural network (CNN) is the main method in landslide
identification [15–20].

In the existing landslide identification research using deep learning, the research
objects have been new landslides triggered by seismic landslides [15,20] and rainfall [19],
which can be easily distinguished from the environment. There are few studies on old
loess landslides, which are similar to the environment and have inconspicuous bound-
aries due to strong natural erosion and human transformation. The optical image data
used in landslide identification research mainly include satellite images [15,17,18], aerial
images [19], and unmanned aerial vehicle (UAV) images [15]. The terrain data are predom-
inantly airborne lidar data [18]. For example, Landsat and Sentinel-2 images and STRM
terrain data are available for free, but their spatial resolution is so low that it is difficult
to detect small loess landslides and the fine features of landslides, e.g., the scarps and the
cracks. Moreover, when old landslides have been seriously remodeled, their boundary
features are also easily omitted. Hence, the use of low-spatial-resolution images for iden-
tification causes many omissions. Google Earth images are mosaic from pictures taken
by a variety of satellite sensors or airplanes and can be obtained for free. Although the
temporal and spatial resolutions of different regions are different, most regions still have
a high-spatial-resolution, which can enable the identification of historical loess landslides.
In image identification, deep learning has four main options: image classification, object
detection, semantic segmentation, and instance segmentation [21]. Image classification aims
to output a category label based on the input image. Object detection aims to automatically
identify the category and location of the target object in the input image, and the location is
usually the bounding rectangle where the target is located. Semantic segmentation tries to
automatically identify the category and location of the target object in the input picture.
The location is usually the irregular boundary of the target, but there is no distinguishable
boundary between different objects of the same category. Instance segmentation is the
integration of object detection and semantic segmentation, which can automatically identify
the category and irregular boundary of each target object in the input image. In the research
of landslide automatic identification using deep learning, image classification and seman-
tic segmentation are usually included. In terms of image classification, Wang et al. [22]
used CNN to identify new landslides in Hong Kong according to image classification,
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and the final identification accuracy reached 92.5%. Ji et al. [17] used the attention boosted
CNN model to recognize the data of new landslides in Guizhou Province according to im-
age classification, and the final identification accuracy reached 96.62%. In terms of semantic
segmentation, Yi and Zhang [23] used LandsNet to investigate the automatic identification
of landslides triggered by earthquake, and the final F1-score was 86.89%. Qi et al. [24] used
ResU-Net to analyze rainfall landslides in Tianshui City, Gansu Province, China, and the
final F1-score was 89%. In the automatic identification of landslides, the disadvantage
of image classification is that it is unable to determine the landslide location accurately.
The semantic segmentation task obtains the landslide pixels. It is challenging to obtain the
complete boundary of a single landslide in areas where landslides are dense and intersect
with each other. Under these circumstances, the object detection and instance segmentation
tasks can better realize the location and identification of a single landslide. There are
some challenges to detecting landslides: (1) the lack of a database of old loess landslides
with open source and high-spatial-resolution images for deep learning; and (2) a lack of
evaluation of object detection algorithms applied in the loess landslide identification field.

Because of the above research gaps, this study aimed to recognize the old loess
landslides automatically with Google Earth image data by the object detection algorithm of
deep learning. Three study sites were selected in the Loess Plateau of China. The landslides
at Site 1 are largely ancient landslides, some of which have been transformed by human
activities. Site 2 is dominated by ancient seismic landslides, most of which have been
transformed by human activities. Site 3 chiefly consists of landslides caused by loess
erosion. Although the landslides in this area occurred later, they have been subjected
to more natural transformations. Thus, there is little difference between them and the
environment. Based on Google Earth images, remote sensing interpretation of historical
loess landslides in these areas was carried out. A landslide identification sample database
was established, and it was divided into a training set, validation set, and testing set. Then,
a variety of object detection algorithms were trained and tested based on the sample library,
including Mask R-CNN [25], RetinaNet [26], and YOLO v3 [27], and the identification
accuracy of each algorithm was compared. Finally, the identification accuracy at different
study sites was compared.

2. Data and Methods
2.1. Study Sites

This study selected three sites in northwestern China to study the detection of loess
landslides (Figure 1). The three study sites are located in the Loess Plateau of China,
characterized where landslides can be visually interpreted on optical remote sensing
images because of the sparse vegetation. Peng et al. [28] divided the Loess Plateau of China
into eight areas with a high incidence of loess landslides. Site 1 in this work is located in
Areas I and II, Site 2 is located in Area IV, and Site 3 is located in Area V [28]. Site 1 was
significantly influenced by the uplift of the Qinghai–Tibet Plateau and the earthquakes
that occurred in Tianshui and Tongwei [29]. Many landslides at Site 1 were induced by
earthquakes, and their landslide deposits have been utilized by human beings for building
villages or farmlands while their landslide scarps were still identifiable. There are also some
new loess landslides at Site 1 (Figure 2a). Most loess landslides at Site 2 were caused by
the Haiyuan earthquake in 1920 [30,31], and their landslide bodies have also been severely
modified by human activities. Since there has been a relatively short period for landslide
evolution after the Haiyuan earthquake, the boundary features of the landslide source
and accumulation areas at Site 2 are still preserved to a certain extent (Figure 2b). Most
loess landslides at Site 3 were caused by gravitational erosion, resulting in steep scarps
and distinct landslide accumulation areas (Figure 2c). The spectral characteristics of loess
landslides are generally similar to those of the nearby environment at the three study sites.
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landslides at study site 3.
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2.2. Data Labeling and Data Set Division 

Figure 2. Samples of loess landslides. (a) Study site 1, a1—a3: the different forms of the new
landslides; a4: the creep landslide; a5—a6: the unchanged ancient landslides; a7—a8: the ancient
landslides. (b) Study site 2, b1—b8: the co-seismic landslides changed by human activity induced
by Haiyuan earthquake. (c) Study site 3, c1—c8: the landslides caused by gravity erosion and
slope erosion.



Remote Sens. 2022, 14, 1182 6 of 16

2.2. Data Labeling and Data Set Division

The optical remote sensing images used in this study were collected from Google
Earth. Since Google Earth mosaics images from various satellite sensors, the spectral
characteristics, spatial resolutions, and dates of images used in this work are unavoidably
inconsistent. The spatial resolution of most images in this study was 1 m × 1 m, and
the image dates ranged from 2015 to 2018. A visual interpretation was used to identify
and draw landslides in this study with the aid of ArcMap. To ensure landslide labeling
quality, three landslide experts conducted cross-validation of the landslide interpretation
results. In total, this study labeled 6111 landslides, including 2683 landslides at Site 1,
1452 landslides at Site 2, and 1976 landslides at Site 3. The landslide areas varied from
1290 m2 to 829,380 m2. The longest and shortest sides of the rectangular boundaries of the
landslides were 1484 m and 47 m, respectively (Table 1).

Table 1. Datasets of Landslide Samples.

Study
Area

Dataset Landslide Area Bounding Box Length

Training Validation Testing Max Area
(103 m2)

Min Area
(103 m2)

Average Area
(103 m2)

Max Length
(m)

Min Length
(m)

Average Length
(m)

Site 1 1875 61 747 829.38 1.29 51.97 1388 88 340
Site 2 870 39 543 607.37 1.53 63.18 1484 76 400
Site 3 1118 59 799 749.41 4.11 71.55 1130 47 266
Total 3863 159 2089 829.38 1.29 51.97 1484 47 400

In this study, loess landslide detection was formatted as an object detection task.
The original polygons of landslide labels were transformed into the COCO labeling for-
mat required by the object detection algorithm (i.e., the outer rectangle of the landslide
boundary). Then, the landslide data set was randomly divided into training, validation,
and testing data sets. There were 3863 training samples, 159 validation samples, and
2089 testing samples (Table 1). The training data set was utilized for training the deep
learning model. The validation data set was employed to select the optimal model. The test-
ing data set was used to evaluate the performance of the optimal model. Considering the
variety of landslide shapes and sizes and the hue difference in input image data, multiple
verification areas and test areas (Figure 1) were chosen at the study sites to evaluate the
method more comprehensively and objectively. To detect the landslide and non-landslide
areas at the study sites, the Google Earth images of validation and test areas were cropped
into the patches of 2000 pixel × 2000 pixel from the upper left corner. To prevent the
landslide samples in the validation and testing areas being cut into two pieces, the overlap
size in the cutting direction was set to 500 pixels based on the average length of landslides.

2.3. Deep Learning Methods

Three image-based object detection DL models were used for loess landslide detection
in this study, namely Mask R-CNN [25], RetinaNet [26], and YOLO v3 [27]. These algo-
rithms belong to anchor-based methods [32], which specify initial object boundary boxes
of different sizes and proportions according to prior experience. Mask R-CNN is a two-
stage algorithm, which employs the region proposal network (RPN) [33] to filter the initial
object boundary boxes and then perform classification, coordinate regression, and mask
segmentation on the filtered boundary boxes. RetinaNet and YOLO v3 belong to one-stage
algorithms. After obtaining the initial object boundary boxes, the boundary boxes are
directly classified, and the boundary regression is performed to obtain the category and
accurate position of the object. RetinaNet uses focal loss to deal with the imbalance of
positive and negative samples in training.

The training and testing of the DL models were performed using a desktop with main
hardware parameters as follows: Intel Xeon e5-2640 CPU, 256 GB RAM, and NVIDIA
Tesla P100-PCIE-12GB GPU. The code of the three models originated from Github (https:
//github.com/open-mmlab/mmdetection, accessed on 10 February 2022). It was built
based on the framework of Pytorch. ResNet-101 and FPN were selected as the backbone

https://github.com/open-mmlab/mmdetection
https://github.com/open-mmlab/mmdetection
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network in Mask R-CNN (Figure 3). The minimum batch quantity was set at 2 images.
The training batch was 100, and each batch was iterated 1000 times. The learning rate was
0.005, with a learning momentum of 0.9. The weight regularization coefficient was 0.005.
During training, all the samples were resized to 1024 × 1024. The RetinaNet model used
ResNet-101 and FPN as the backbone network (Figure 3). The learning rate was 0.00001.
The minimum number of batches was 8. The gamma parameter of the focal loss was 2.0,
and the alpha parameter was 0.25. All the samples were resized to 1024 × 1024 during
training. The YOLO v3 used DarkNet-53 as the backbone network (Figure 3). The minimum
batch quantity was 4 and the learning rate was 0.001, with a learning momentum of 0.9.
All the samples were resized to 1024 × 1024 during training.
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To increase the generalization ability of the DL models and reduce the training time,
the initial parameters of the DL models were obtained by the COCO pre-training model.
The validation data set was used to optimize the model parameters of the DL models.
The model with the greatest accuracy on the validation data set was selected as the optimal
model, whose performance was evaluated using the held-out testing data set.

2.4. Accuracy Evaluation

Average precision (AP) and mean average precision (mAP) are widely used to evaluate
the accuracy of object detection projects. AP is calculated using the recall–precision curve
of a certain category under a given IoU (intersection of union), which is the ratio of the
intersection area to the union area of the prediction and the ground truth. The area under
the recall–precision curve is the AP value. The mAP is the average value of the average
precision among multiple classes. There was only one object class for our landslide detection
problem; thus, AP was utilized as the performance metric in this work. Specifically, AP50
and AP (0.05:0.5:0.95) were selected. AP50 was the AP value when the IoU threshold was
set to 0.5. AP (0.05:0.5:0.95) was the average AP value when the step size was 0.05 and the
IoU threshold was increased from 0.5 to 0.95. AP (0.05:0.5:0.95) is usually directly recorded
as AP. We used AP and AP50 to choose the best model on validation dataset, and compared
the performance of different models.
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In addition, we used F1-score to evaluate different landslide detection methods. The F1-
score is a comprehensive index that considers both precision and recall, and is computed
as follows:

F1 − score =
2 ∗ P ∗ R

P + R
(1)

where P is the precision and R is the recall. Precision is the ratio of true positive samples
to the sum of true positive and false positive samples. Recall is the ratio of true positive
samples to the sum of true positive and false negative samples. For our two-class (landslide
or non-landslide) classification task, P was the ratio of the number of correct predictions to
the number of all predictions, and R was the ratio of the number of correct predictions to
all ground truths.

We calculated the F1-score under a given confidence score and IoU. Many landslides in
this work have a large head scarp and multiple minor scarps. As shown in Figure 4, the most
easily identified position is the scarp, and the accumulation area with an ambiguous
boundary is missing. So, we chose a lower IoU threshold to calculate the F1-score, which
was 0.3, compared to the index of AP. We tried different confidence score thresholds to
calculate the F1-score accuracy, and then chose the threshold corresponding to the best
accuracy on the validation dataset. The confidence score threshold of Mask R-CNN was
0.3, of RetinaNet was 0.15, and of YOLO v3 was 0.05.
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As described in Section 2.2, we cut the remote sensing images of the validation
and test area into smaller patches of 2000 pixels × 2000 pixels with an overlap size of
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500 pixels × 500 pixels. We calculated the AP on the original results of the patches and
F1-score on the fusion results.

3. Results

In the training process, the model with the best AP accuracy evaluated on the vali-
dation set was chosen for the test. The test accuracies of the three DL models (i.e., Mask
R-CNN, RetinaNet, and YOLO v3) are shown in Table 2. Generally, the two-stage model of
Mask R-CNN outperformed the RetinaNet and YOLO v3 models. The two-stage model of
Mask R-CNN yielded AP and AP50 values of 18.9% and 35.7%, respectively. The one-stage
models of YOLO v3 and RetinaNet showed AP values of 15.5% and 17% and AP50 values
of 31.5% and 32.3%, respectively. When F1-scores were used to evaluate the accuracy of the
fusion result on Mask R-CNN, the F1-score was 55.31%, and the corresponding precision
and recall were 47.41% and 66.37%, respectively. The F1-score of the RetinaNet model was
47.53%, and the corresponding precision and recall were 45.8% and 49.4%, respectively.
The F1-score of the YOLO v3 model was 46.99%, and the corresponding precision and recall
were 42.63% and 52.34%, respectively.

Table 2. Accuracy of the Test Dataset.

Model
COCO Evaluation Score

Threshold
F1-Score Evaluation

AP AP50 Precision Recall F1-Score

Mask
R-CNN 18.9% 35.7% 0.3 47.41% 66.37% 55.31%

RetinaNet 17.0% 32.3% 0.15 45.80% 48.40% 47.07%

YOLO v3 15.5% 31.5% 0.05 43.63% 55.34% 48.79%

Figure 5 shows the landslide detection results of the three DL models against the test
data set. The red polygons represent the ground-truth boundary of landslides, while the
yellow rectangles represent the predicted landslide boundaries. Figure 6 suggests that
Mask R-CNN had the fewest prediction results, while RetinaNet and YOLO v3 gave more
prediction frames. Since Google Earth images are composed of images from different
sensors at different dates, there is much hue difference.

The optimal DL model, the Mask R-CNN model, was used to compare its detection
abilities across different environments. The precision, recall, and F1-score of the Mask
R-CNN model at the three study sites are shown in Table 3. The results suggest the Mask
R-CNN model achieved higher accuracy at Sites 1 and 2 than at Site 3. The hightest F1-score
was 62.05% at Site 1, with the precision of 57.42% and the recall of 67.5%. The lowest F1-
score was 50.88%, with the precision of 41.35% and the recall of 66.11%. Example landslide
detection results of the Mask R-CNN model at the three study sites are shown in Figure 6.
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Table 3. Recall, precision, and F1-score of Mask R-CNN model against different study sites.

Study Area Precision Recall F1-Score

Site 1 57.42% 67.50% 62.05%
Site 2 52.13% 73.62% 61.04%
Site 3 41.35% 66.11% 50.88%

4. Discussion
4.1. Landslide Detection Accuracy of Different Models

This study used three DL models to detect loess landslides. The main difference
between the three models is that YOLO v3 and RetinaNet belong to a one-stage algorithm,
while Mask R-CNN belongs to a two-stage algorithm. The accuracy of the two-stage
algorithm was found to be better than that of the one-stage algorithm, which is consistent
with other object detection tasks, such as face detection.

Figure 7 is the violin plot of the landslide area of detection and omission in the test
dataset for the three models. The omission number of Mask R-CNN was the least, and
RetinaNet was close to YOLO v3, which was identical to the trend in recall. In the detection
of large landslides, Mask R-CNN has the strongest ability, followed by RetinaNet and
YOLO v3. Mask R-CNN uses the feature cropped from feature maps by RoI (region of
interest) to predict the position and category of an object in the head net. The RoI of a big
object is more accurate than that of a small one, which makes a better performance when
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detecting big objects in Mask R-CNN. RetinaNet densely predicts the target on the entire
image, directly using the output features of the backbone. So, the accuracy of RetinaNet
was lower than that of Mask R-CNN. YOLO v3 uses the last three feature layers of the
backbone, and RetinaNet uses the last four. The neck net of RetinaNet can combine more
fine semantic features than YOLO v3 can. So, RetinaNet had a better performance than
YOLO v3.
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three models.

Old loess landslides with Google Earth image achieved a lower detection accuracy
compared to the new landslide detection [34]. Considering the data source, the spatial
resolution of the Google Earth images was uneven, and the spatial resolution of some areas
was lower. From the perspective of the identification target, the main target of the study
was the old landslides that had been affected by human activities and/or natural erosion.
The spectrum differences between loess landslides and their background are smaller when
compared with those of the new landslides, which makes the automatic identification of
loess landslides in the study areas a challenging task.

4.2. Identification Accuracy of Different Study Sites

The deep learning models generally exhibited good abilities in identifying the image
textures of the arc-shaped or armchair-like scarps of landslides, but also tended to make
mistakes in classifying non-landslide areas with similar texture features as landslides.
Figure 8 shows example images of false positive predictions. In Figure 8a, the valley was
identified as a landslide, possibly because the top and the ridge of the mountain formed an
armchair-like boundary, and the valley showed different spectral characteristics when com-
pared with the nearby environment. The false detections in Figure 8b mainly occurred in the
shadowed parts of the image (mostly consisting of ridges or steep slopes), which may have
been affected by the image brightness. The false identifications in Figure 8c mainly occurred
on the terraces. The terraces and shadowed or eroded gullies could have formed image
features similar to those of the old landslides, leading to false predictions. In Figure 8d,
the DL model falsely identified slope sections where severe soil erosion occurred.
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The optimal DL model showed the highest F1-score accuracy at Site 1, followed by
Site 2 and Site 3. Figure 6 demonstrates that there were more types of landslides at Site
1, including ancient landslides and some new landslides. Among them, the scarp of the
reactivated landslide was evident and was more distinguishable from the environment.
Site 2 was mostly composed of coseismic landslides caused by the Haiyuan earthquake
that occurred about 100 years ago. Most of these landslides were modified into farmland
and villages. Because these landslides were relatively young, their landslide boundaries
were still clear. Loess erosion phenomena were common at Site 3. The armchair morphol-
ogy caused by soil erosion was similar to the morphology of landslides, which made it
challenging to distinguish non-landslide slope erosions from loess landslides (Figure 8c,d).

4.3. Multi-Category and Multi-Position Landslide Detection Based on Multi-Sourced Data

According to the above research results, it was effective to utilize deep learning
methods to identify old loess landslides. The historical landslides in different scenes could
be identified to some extent, but the samples, data sources, and methods still need to
be improved.

From the perspective of sample labeling, the landslide samples in this study were
not classified in more detail. The next step could be to label landslides by their landslide
types based on multiple information. First, the time of the landslide and the existence of
human modification could be labeled. Landslides could be divided into new landslides,
old landslides whose surface morphology has not been modified, and old landslides whose
surface morphology has been modified. In this way, the automatic identification results
could provide a better foundation for the study of landslides. Second, landslide elements,
such as cracks, scarps, and accumulation areas, could be labeled. Figure 4b depicts that,
compared to the complex landslide as a whole, the features of the steep scarp at the landslide
source area could more easily be detected. Furthermore, the identification of cracks at
the source area of an old landslide could also provide evidence of the revival of the old
landslide. Finally, multiple types of non-landslide images that easily cause misidentification
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could be constructed to provide more specific negative sample information for the model.
In this work, the automatic identification results of historical loess landslides were classified
into two categories: landslide and non-landslide. In the future, a multi-class landslide
automatic detection model could be built based on the above multi-class label scheme.
The multi-class task could help the detection model to learn more specific features relevant
to different types of landslides.

From the perspective of data sources, multi-sourced data could be integrated into
automatic landslide detection. Although optical remote sensing images from Google Earth
are easy to obtain and their overall spatial resolutions are high, they have limited band
information and are affected by cloud coverage. Other remote sensing images could be
used to ensure image quality and DL-based landslide detection. For example, Sentinel
2 image data could be considered to enhance the diversity of the data spectrum and
improve the accuracy of landslide identification. In addition to optical images, other three-
dimensional data (e.g., 3D points data from LiDAR survey) could be integrated in the
future. Furthermore, the DL models need to be trained to detect some key features of
landslides, such as the main scarps of landslides.

5. Conclusions

In this study, a sample set of historical loess landslides was first constructed for deep
learning. The samples were from three study sites, mainly consisting of old landslides
with long sliding times. Open source Google Earth images were used as the data source,
and three deep learning methods of object detection, namely, Mask R-CNN, RetinaNet,
and YOLO v3, were utilized to automatically identify the ancient loess landslides. Mask
R-CNN achieved the best performance, with an AP of 18.9% and F1-score of 55.31%.
It showed that the two-stage object detection method is more suitable to detect old loess
landslide. The above results indicate that, based on the deep learning method, Google
Earth images can be used to automatically identify most of the historical loess landslides
at the study sites. The identification of landslides is the basis for regional landslide risk
management. The early identification of landslides can also be realized in combination
with other monitoring technologies, because a lot of landslides are clustered and reborn.
Especially in the era of big data, the use of deep learning methods for landslide identification
could substantially enhance the detection efficiency, which is of great significance to the
prevention and mitigation of landslides.
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