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Abstract: Constantly increasing vegetation changes pose serious challenges to the sustainable use of
global ecosystems. Thus, facing the increasingly serious climate and ecological environment problems
and improving vegetation coverage is crucial to the sustainable development of the region. Along
these lines, in this work, a monitoring model of vegetation cover change was proposed and developed
by using Landsat TM (1989, 1999, and 2011) and Landsat OLI-TIRS (2021) data. More specifically, it
was used to assess vegetation change. Based on this model, the vegetation change in the core area
of Hulun Buir Grassland was systematically analyzed., From the acquired results, the existence of
spatial differences in the vegetation coverage changes in the study area were demonstrated. The total
area of vegetation coverage changes was 758.95 km2, and the area from low vegetation coverage to
high vegetation coverage was 456.41 km2, accounting for 60.14% of the total change area. The area
from high vegetation coverage to low vegetation coverage was 302.57 km2, accounting for 39.86%
of the total change area, whereas the area of the area without vegetation coverage was 1963.92 km2,
accounting for 72.13% of the study area, and the overall vegetation coverage is improving. Vegetation
cover change monitoring models can also be used to reveal and describe large-scale vegetation
landscape changes and obtain clear vegetation change results through easy-to-obtain data; our
work suggests that in the process of pursuing regional economic development and accelerating
urbanization, industrialization, and agricultural modernization, human beings should assume more
responsibilities and pursue the sustainable development of the natural environment. The results of
this work are of great importance to further study the potential driving mechanism of the vegetation
coverage changes and provide theoretical guidance for relevant managers to formulate vegetation
restoration measures.

Keywords: Hulun Buir grassland; remote sensing monitoring; vegetation cover change; change
monitoring model

1. Introduction

Vegetation is considered an important part of terrestrial ecosystems and plays an
important role in both the security and balance of terrestrial ecosystems [1–3]. In addition,
vegetation cover change is a measure of regional ecosystem stability and ecologically
sustainable development, which largely reflects the change in the ecological environment
and the response of vegetation to climate change and human activities [3–5]. Therefore,
it is of great significance for the local environmental protection functional departments
to carry out regional scale monitoring and investigate the changes in vegetation cover to
guide ecological environment protection and vegetation [6].

In recent years, various works in the literature have examined the dynamic monitor-
ing of vegetation change, spatial distribution characteristics, and the driving factors of
environmental factors at the regional scale [7–11]. Fractional vegetation coverage (FVC) is
also an important evaluation index to measure environmental change at the regional scale.
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Therefore, the dynamic change of vegetation coverage has been extensively explored in
the literature [12–15]. In recent years, global climate change, greenhouse gas emissions,
global warming, and other climate issues have attracted wide attention from the scientific
community. A large number of remote sensing satellites have been launched to monitor
the Earth’s changes. On top of that, the FVC changes, based on the development of remote
sensing technology, have been also studied [13]. Based on the different time scales, the
temporal and spatial dynamics of vegetation growth in Ethiopia from 2003 to 2018 were
analyzed by enhanced vegetation index (EVI). The variation coefficient and driving factors
of vegetation coverage (FVC) were also explored, revealing that EVI in Ethiopia mainly
presents a “double peak” pattern, while there is a large spatial and temporal difference
between seasons and months [11]. The relationship between the vegetation coverage and
the surface runoff and Changsha volume on the Loess Plateau with typical climatic charac-
teristics has also been investigated. However, global climate change may lead to changes
in the global growth rate of FVC. More specifically, due to the construction of global eco-
logical restoration projects, the global vegetation coverage will be increased, and climate
change may cause the risk of lower vegetation coverage [16]. This situation shows that
quantifying the vegetation cover change can make better contributions in solving ecological
and environmental problems at the regional and global scales. With the rapid changes in
the global environment, the traditional vegetation monitoring techniques have been unable
to meet the needs of the regional and global scale vegetation change monitoring research.
Nevertheless, with the development of remote sensing technologies, it has become possible
to comprehensively monitor regional and even global vegetation changes [7,17–21]. In
the study of vegetation change, a large number of works have focused on the drivers
of vegetation change to predict the response of vegetation to future climate and human
activities and have investigated the impact of potential management strategies [17,22–25].

Based on the existing mature remote sensing technology, a large number of works
have been carried out on vegetation changes in different countries and regions around the
world and in different scenarios [6,7,9,10,25–28]. Additionally, a large number of models
have been developed to quantify the vegetation index for estimating the relationship be-
tween vegetation change and driving factors, including the digital change test model [9],
wetland index model [29], etc. For example, Dong et.al., 2021 based on remote sensing
monitoring of wetland conditions and by using NDVI as the monitoring index for veg-
etation change, a vegetation succession monitoring model was proposed. The authors
pointed out the vegetation changes in the wetlands in the lower reaches of the Hai La
Er River in the past 30 years [9]. Hao et al., 2021 quantized coastal vegetation into three
periods (early, middle, and late), and the driving mechanism of vegetation coverage in
coastal wetlands in China was also analyzed. It was concluded that, on all spatial scales,
natural factors are the strongest driving factors of vegetation coverage in late succession.
With the reduction of the spatial scale, soil and terrain played a more important role in
the middle and late periods [30]. Zhang et al., 2022 took the Inner Mongolia reach of the
Yellow River Basin as the study area. Based on NDVI time series data, the extreme gradient
boosting method was applied to predict the changing trend of vegetation cover in the Inner
Mongolia reach of the Yellow River in the next 10 years [14]. Fang et al., 2022 proposed a
new ecological hydrological model (the Budyko model coupled vegetation model). The
model combined the impact of climate change and vegetation change and had simple and
deterministic parameters. It was revealed that vegetation growth was mainly controlled
by soil moisture, and the impact of total precipitation on the regional vegetation was ex-
plained [31]. Li et al., 2022 used the trend analysis method in combination with the random
forest classifier and geographic detector based on the Google Earth Engine platform. The
authors analyzed the change in vegetation coverage and its driving factors. To improve
the shortcomings of most previously reported works, where the contribution of natural
vegetation and artificial vegetation to the macro vegetation change is confused, it is of great
importance to deeply understand that agricultural activities are increasingly conducive to
the increase in vegetation cover [32]. The abovementioned methods provide ideas for the
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study of the vegetation change. However, a large number of works have focused on the
driving factors of vegetation change, whereas less attention is paid to the spatial change at
the regional scale. Since there are usually different driving factors for changes in vegetation
cover at different locations, the application of the conventional methods of driving factors
of vegetation cover change cannot accurately characterize the driving factors of vegetation
change in the ecosystems.

China is currently facing the most serious ecological environmental degradation
problem in the world. Various environmental problems, such as land desertification,
soil erosion, and sandstorms caused by the reduction of vegetation cover, have become
increasingly serious over a long time [15]. In view of these problems, a new monitoring
model of vegetation coverage change based on remote sensing data and development
platforms was proposed to evaluate the vegetation change problem at the regional scale.
The main goals of this work are the following: (1) the development of a new vegetation
cover change monitoring model to reduce the time scale constraints of remote sensing
monitoring and to scientifically characterize the vegetation changes; (2) an analysis and
exploration of the reasons for the spatial differences between the changes and no changes in
vegetation coverage at the regional scale; and (3) a thorough investigation of the scientific
nature and limitations of the proposed algorithm and a discussion of the application
prospects of the proposed algorithm.

2. Study Area and Data
2.1. Location of the Study Area

The study area in this work is located in the hinterland of Hulun Buir grassland, Inner
Mongolia Autonomous Region, China, as shown in Figure 1. The geographic coordinates
are 119◦30′48′′–120◦35′36′′ E 49◦5′44′′–19◦27′15′′ N, and average altitude 1480 m. The
land cover types are mainly grassland, shrubland, and farmland. The area belongs to
the mid-temperate continental steppe climate, which is located in the mid–high latitude
temperate semi-arid region, with an annual precipitation of about 250–350 mm that is
decreasing from east to west. The annual average temperature is about 0 ◦C, and the
frost-free period is 85 to 155 days. The general characteristics of the annual climate are the
following: cold and dry in winter and hot and rainy in summer. The annual temperature
and the temperature date differences are large. Spring wheat, potatoes, and a small number
of vegetables can be grown.
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There is also an obvious desertification zone in the study area, namely Hulun Buir
Sandy Land. The sandy land covers an area of nearly 10,000 square kilometers. When the
former Soviet Union aided the construction of the railway, the Pinus sylvestris forests from
Hulun Lake to the western suburbs of Hai La Er were completely cut down, resulting in
the desertification of the land.

The study area has a wide range of lakes that vary in size but play an important role
in providing habitat for water birds, maintaining biodiversity and providing valuable
ecological services. Moreover, the study area has a special position in regional ecological
environment protection and exhibits various ecological service functions, such as wind
protection and biodiversity support.

2.2. Data Sources and Processing

Landsat satellite imagery was used to extract the vegetation coverage in the study area
and to track long-term vegetation change dynamics and sand changes at the pixel level
(see Sections 3.1–3.4 for details). In this work, the 1T-level image data of Landsat 5 TM and
Landsat 8 OLI satellites covering the study area were obtained from the National Aero-
nautics and Space Administration (NASA). The data are presented in Table 1. The images
cover the entire study area, and the row and column numbers are 123,026 and 124,026. The
image acquisition times were on 15 September 1989, 7 August 1999, 11 August 2011, and
29 August 2021. The selected monitoring time is this period of vigorous plant growth in
the region, and the data cloud cover is less than 2%. The rainfall and temperature data in
the study area from 1989 to 2020 were downloaded from the China Meteorological Data
Network (http://data.cma.cn, accessed on 5 June 2022).

Table 1. Landsat 5 TM/8 OLI data situation.

Satellite Band Nominal Spectral Location Satellite Band Nominal Spectral Location

Landsat5 TM

1 Blue

Landsat8 OLI

1 Costal/Aerosol
2 Green 2 Blue
3 Red 3 Green
4 Near IR 4 Red
5 SWIR-1 5 Near IR
6 LWIR 6 SWIR-1
7 SWIR 7 SWIR-2

8 Panchromatic
9 Costal/Aerosol

The radiometric calculations were performed by using the Radiometric Calibration tool
in ENVI 5.3 (Remote sensing image processing platform, the flagship product of American
Exelis Visual Information Solutions.), and atmospheric corrections were made. The values
of all reflectance products were between 0 and 1 [33], and the obtained reflectance products
were collectively registered based on the data in August 2021. The NDVI and FVC data
were calculated by the band calculation tool.

3. Research Methods
3.1. Technical Route

Figure 2 illustrates the technical flow of this work. First, the historical spatiotemporal
vegetation coverage data from the four-phase Landsat images were identified, and the
four-phase vegetation coverage data were classified to distinguish low, medium–low,
medium–high, and high vegetation coverage areas. Then, the two periods of 1989 and
2021 were used to perform the vegetation coverage change monitoring model calculation
(the operation procedure of the vegetation coverage change monitoring model is described
in detail in Section 3.4), and the changing area was identified pixel by pixel between
different categories. The differences in the temporal and spatial variation of the vegetation
coverage in the study area were obtained. Finally, the advantages and disadvantages of the

http://data.cma.cn
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monitoring model of vegetation cover change, the spatial difference of vegetation cover
change, the change process of the Hulunberg Sandy Land, and its driving factors were
discussed, and the conclusions were drawn.
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3.2. Vegetation Coverage Calculation Model

Vegetation coverage (FVC) refers to the percentage of the vertical projected area of
vegetation on the ground [34]. At present, the more practical method is to use the vege-
tation index (such as NDVI) and pixel dichotomy model to estimate the vegetation cover
index [34]. In this work, a bipartite pixel model was used, which is a simple and com-
monly used linear model to characterize the historical change dynamics of the vegetation
coverage [35,36]. Particularly, it was assumed that the information of a pixel is composed
of vegetation and soil. As a result, the information of a pixel observed by remote sensing
sensors can be regarded as the information contributed by the soil (without vegetation
coverage) and the information contributed by the vegetation coverage.

The pixel binary model expresses the relationship between the remote sensing infor-
mation and vegetation coverage. NDVI can well reflect the growth of vegetation in different
periods and the coverage of vegetation at different locations. Therefore, on the basis of the
pixel binary model, the vegetation coverage in the study area was estimated by NDVI. Its
mathematical expression model is as follows [35,36]:

FVC = (NDVI − NDVIsoil)/(NDVIveg − NDVIsoil) (1)

Among them, NDVIsoil is the NDVI value of the completely bare soil or no vegetation
coverage area, and NDVIveg represents the NDVI value of the pixel completely covered
by vegetation, which is the NDVI value of the pure vegetation pixel. The formula for
calculating the two values is [35,36]:

NDVIsoil = (FVCmax*NDVImin − FVCmin*NDVImax)/(FVCmax − FVCmin) (2)

NDVIveg = ((1 − FVCmin)*NDVImax − (1 − FVCmax)*NDVImin)/(FVCmax − FVCmin) (3)
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The key to using this model to calculate the vegetation coverage is to estimate NDVIsoil
and NDVIveg. There are two assumptions here:

(1) When the area can be approximated, to take FVCmax = 100%, FVCmin = 0%.
Formula (1) can be changed to:

FVC = (NDVI − NDVImin)/(NDVImax − NDVImin) (4)

where NDVImax and NDVImin are the maximum and minimum NDVI values in the region.
Due to the inevitable existence of noise, NDVImax and NDVImin generally take the maxi-
mum and minimum values within a certain confidence range, and the confidence value is
mainly determined according to the actual situation of the image.

(2) When FVCmax = 100% and FVCmin = 0% cannot be approximated in the area.
When there are measured data, the maximum and minimum values of vegetation

coverage in the measured data are taken as FVCmax and FVCmin, while the NDVI of the
images corresponding to these two measured data are taken as NDVImax and NDVImin.

When there is no measured data, NDVImax and NDVImin are used within a certain
confidence range. FVCmax and FVCmin are estimated empirically. In this work, a 95%
confidence interval value for NDVImax and a 5% confidence interval value for NDVImin
were chosen.

3.3. Vegetation Coverage and Classification

FVC is widely used for vegetation change monitoring in the literature, such as [22,37]
and [38], whereas the value of FVC ranges from 0 to 1.

In this work, FVC was used to display the spatial distribution of vegetation in the
study area. FVCs were extracted from the four-phase Landsat images, whereas the FVC
values were classified using the equiclustering unsupervised classification technique. The
results were then used to compare the changes in vegetation in the study area of the
four-phase remote sensing images.

FVC was reclassified as “low vegetation coverage, medium–low vegetation coverage,
medium–high vegetation coverage, and high vegetation coverage”. In this work, the vector
data of the dominant tree species in forest land in 2016 provided by Hai La Er Regional
Forestry Bureau combined with three field investigations and the application of FVC classi-
fication was used to determine the FVC classification threshold low vegetation coverage,
0%–20%; medium and low vegetation coverage, 20%–40%; medium–high vegetation cover-
age, 40%–60%; and high vegetation coverage, 60%–100%. The critical values were included
in the previous classification interval. With this classification, changes in vegetation in
the study area over the past nearly three decades can be compared with changes in the
current conditions.

3.4. Model of Vegetation Coverage Change Process

The vegetation coverage extracted from remote sensing images was used as a moni-
toring indicator to monitor vegetation changes. Through digital classification of remote
sensing images at different time nodes, the vegetation cover changes were evaluated. This
result demonstrates the ability of remote sensing images to monitor the time effect of
vegetation changes in a long time series [9].

In our research, the classification method was used to compare the four time-varying
scenarios of 1989, 1999, and 2011 based on the date of 2021 (the data obtained in this work
started in 1989 since there were no images suitable for classification in the summer of
2000 and 2010; therefore, the images from the summer of 1999 and 2011 were chosen as
representative). Dong et al., 2021, based on NDVI change data, proposed a vegetation
change detection model for analysis and comparison of the NDVI change detection [9]. This
technique easily provides a change matrix from which different transitions from vegetation
cover intervals at one time to another can be visualized. After obtaining the classified
images, this method can identify the changed regions as pixel-wise differences between dif-
ferent classes [9], which can clearly show the changed regions and the transformed classes.
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On this basis, we propose a monitoring model for vegetation cover change. Figure 3 shows
the operation process of vegetation cover change monitoring model. The mathematical
model and operation process of vegetation cover change monitoring are as follows:
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Figure 3. Vegetation cover change monitoring model operation process.

The change in the vegetation coverage is represented by a numerical value, where
1 indicates that the change in the low vegetation coverage in 1989 is the low vegetation
coverage area in 2021 (i.e., no change area), and 2 indicates that the change in the low
vegetation coverage in 1989 is the medium–low vegetation coverage in 2021. The value
of 3 for the coverage area indicates that the low vegetation coverage in 1989 changed to
the medium–high vegetation coverage area in 2021, while the value of 4 specifies that the
low vegetation coverage in 1989 changed to the high vegetation coverage area in 2021.
The value of 5 indicates the medium–low vegetation coverage in 1989. The change in the
coverage is the low vegetation coverage area in 2021, while 6 means that the change in
the medium–low vegetation coverage in 1989 is the low–medium-vegetation coverage
area in 2021 (i.e., the area with no change). The change in vegetation coverage is based on
this analogy.

4. Results
4.1. Vegetation Change and Spatial Distribution

This work mapped the vegetation cover in the hinterland of the Hulunbuir grassland
in 1989, 1999, 2011, and 2021 to analyze the changes in vegetation over the past three
decades. Figures 4–7 depict the classification of vegetation coverage in the Hulunbuir
grassland hinterland during the period of vigorous summer vegetation growth at four time
points in 1989, 1999, 2011, and 2021. Additionally, Figure 8 displays a column chart of the
area of vegetation coverage in different classification intervals of the study area with km2

as the unit, while the total area of the study area was 2722.87 km2.



Forests 2022, 13, 2186 8 of 20
Forests 2022, 13, x FOR PEER REVIEW 9 of 21 
 

 

 

Figure 4. Vegetation coverage in the lower reaches of the Hai La Er River in 1989. 

. 

Figure 5. Vegetation coverage in the lower reaches of the Hai La Er River in 1999. 

Figure 4. Vegetation coverage in the lower reaches of the Hai La Er River in 1989.

Forests 2022, 13, x FOR PEER REVIEW 9 of 21 
 

 

 

Figure 4. Vegetation coverage in the lower reaches of the Hai La Er River in 1989. 

. 

Figure 5. Vegetation coverage in the lower reaches of the Hai La Er River in 1999. 
Figure 5. Vegetation coverage in the lower reaches of the Hai La Er River in 1999.



Forests 2022, 13, 2186 9 of 20
Forests 2022, 13, x FOR PEER REVIEW 10 of 21 
 

 

 

Figure 6. Vegetation coverage in the lower reaches of Hai La Er River in 2011. 

 

Figure 7. Vegetation coverage in the lower reaches of the Hai La Er River in 2021. 

Figure 6. Vegetation coverage in the lower reaches of Hai La Er River in 2011.

Forests 2022, 13, x FOR PEER REVIEW 10 of 21 
 

 

 

Figure 6. Vegetation coverage in the lower reaches of Hai La Er River in 2011. 

 

Figure 7. Vegetation coverage in the lower reaches of the Hai La Er River in 2021. Figure 7. Vegetation coverage in the lower reaches of the Hai La Er River in 2021.



Forests 2022, 13, 2186 10 of 20Forests 2022, 13, x FOR PEER REVIEW 11 of 21 
 

 

 

Figure 8. Areas of different vegetation coverage classification intervals in 1989, 1999, 2011, and 2021. 

4.2. Temporal and Spatial Variation of Vegetation Cover 

Based on the summer data of the date 2021, vegetation cover change monitoring was 

conducted to examine the vegetation cover changes of the different categories of FVC in 

the past three decades from 1989 to 2021. 

As can be observed from Figure 9, from the perspective of the spatial location of 

changes in the different types of vegetation coverage, the area with significant changes 

was located in the Hulun Buir Sandy Land, which indicates the change in the medium–

high vegetation coverage in 1989 is the high vegetation coverage in 2021. At the same time, 

there are also areas with high vegetation coverage that have changed to medium and high 

vegetation coverage areas, whereas the change in location mainly occurs in the northern 

part of the study area. In the lower reaches of the Hai La Er River, a considerable part of 

the high vegetation coverage area was also degraded to the low vegetation coverage area. 

The areas where this change occurs are mainly located in the floodplain wetlands on both 

sides of the Hai La Er River. 

Figure 8. Areas of different vegetation coverage classification intervals in 1989, 1999, 2011, and 2021.

From 0%to 20% Low Vegetation Coverage: The 0–20% low vegetation coverage area
in the study area showed a trend of first increasing and then changing. In 1989, the area
of 0%–20% low vegetation coverage area was 99.25 km2, and by 2021, its coverage area
decreased to 98.37 km2, which indicates a decrease of 0.88 km2. At the four study time
nodes, in the summer of 1999, the area covered by low vegetation coverage was the largest,
at 237.34 km2.

From 20% to 40% Moderate to Low Vegetation Coverage: The change of the medium
and low vegetation coverage area can be divided into two change intervals, indicating the
change situation of first increasing and decreasing and then decreasing. From 1989 to 1999,
the total area of medium and low vegetation cover categories increased from 111.83 km2 in
1989 to 739.67 km2 in 1999, which suggests a total increase of 627.84 km2 during this time
period, an increase of 6.61 times. From 1999 to 2021, the area of medium–low vegetation
coverage area decreased from 739.67 km2 to 73.99 km2, which indicates a total decrease of
665.68 km2, and the change was obvious.

From 40% to 60% Medium to High Vegetation Coverage: This category displays the
same change trend as the low and medium–low vegetation cover changes. More specifically,
it first increased and then decreased. From 1989 to 1999, the total area of medium and
high vegetation coverage categories increased from 490.39 km2 in 1989 to 971.31 km2 in
1999, which indicates a total decrease of 480.92 km2 during this period. From 1999 to
2021, the area of medium and high vegetation coverage area decreased from 591.59 km2 to
455.28 km2, which signifies a total reduction of 136.31 km2. From 1989 to 2021, the area of
medium and high vegetation coverage area decreased by 34.59 km2.
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From 60% to 100% High Vegetation Coverage: During the study period, this cate-
gory showed a clear opposite trend compared with the other three categories of interval
changes. Particularly, during 1989–1999, the total area of high vegetation cover category
decreased from 2021.4 km2 in 1989 to 774.55 km2 in 1999, which indicates a total reduction
of 1246.85 km2 during this period. From 1999 to 2021, the area of the high vegetation
coverage area increased from 774.55 km2 to 2095.24 km2, which specifies a total increase of
1320.69 km2. Finally, from 1989 to 2021, the area of high vegetation coverage area increased
by 73.84 km2.

4.2. Temporal and Spatial Variation of Vegetation Cover

Based on the summer data of the date 2021, vegetation cover change monitoring was
conducted to examine the vegetation cover changes of the different categories of FVC in
the past three decades from 1989 to 2021.

As can be observed from Figure 9, from the perspective of the spatial location of
changes in the different types of vegetation coverage, the area with significant changes was
located in the Hulun Buir Sandy Land, which indicates the change in the medium–high
vegetation coverage in 1989 is the high vegetation coverage in 2021. At the same time,
there are also areas with high vegetation coverage that have changed to medium and high
vegetation coverage areas, whereas the change in location mainly occurs in the northern
part of the study area. In the lower reaches of the Hai La Er River, a considerable part of
the high vegetation coverage area was also degraded to the low vegetation coverage area.
The areas where this change occurs are mainly located in the floodplain wetlands on both
sides of the Hai La Er River.
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5. Discussion
5.1. Spatial Differences in Vegetation Coverage Change Areas

Vegetation is also considered an important part of the terrestrial ecosystem and an
important link to the sustainable development of the ecological environment. Undoubtedly,
it plays an important role in the water cycle and the mitigation of greenhouse gas emissions
in the ecosystem [1,5,16,39]. Vegetation, as an important indicator of ecosystem stability
and health, has been widely explored by several works in the literature recently [4,5]. The
driving force of vegetation change usually comes from human influence. For example,
ecological resource protection measures, such as controlling grazing, protecting grassland,
and establishing a reasonable protection mechanism can improve vegetation resistance [40].

The vegetation coverage change monitoring model developed in this work is a
good example of our long-term spatial and temporal sequence of vegetation changes.
Figures 10 and 11 show the changes in different vegetation coverage intervals in the past
30 years from 1989 to 2021. As can be seen, the areas with obvious vegetation cover-
age changes are Figure 10E,F,J,K,M. The change represented by E is that the 20%–40%
medium and low vegetation coverage in 1989 changes to medium and high vegetation
coverage in 2021. The main spatial area of transformation occurred in the Hulun Buir
Sandy Land. The area of this transformation interval was 62.45 km2, which accounts
for 7.97% of the total transformation area. The change represented by F is the change of
20%–40% medium and low vegetation cover in 1989 to high vegetation cover in 2021.
The main transformation space area that occurs is located in the west of the study area,
while the area of this transformation area is 31.37 km2, which accounts for 4.05% of
the total transformation area. The change represented by J is the change from 40% to
60% medium to high vegetation cover in 1989 to high vegetation cover in 2021. The
main transformation space area is located in the Hulun Buir Sandy Land study area.
The area of this transformation area is 321.4 km2, which corresponds to 41.02% of the
total transformation area. It is the main vegetation transformation area in the study
area for the past 30 years. The change represented by K is the change of 60%–100%
medium–high vegetation cover in 1989 to low vegetation cover in 2021. The main trans-
formation space area is located in the floodplain wetland area around Hai La Er River,
Huhe Nuoer Lake, and Chagannao Ri Lake. The area of this transformation area is
23.99 km2, which accounts for 3.06% of the total transformation area. The data results
can be drawn from Figure 11. The total area of vegetation coverage changes in the study
area was 758.95 km2. The area that changed from low or above vegetation coverage to
high vegetation coverage was 456.41 km2, which accounts for 60.14% of the total change
area. The area that changed from high vegetation coverage to low vegetation coverage
was 302.57 km2, which corresponds to 39.86% of the total changed area.

On the whole, from 1989 to 2021, the vegetation coverage in the hinterland of Hulun
Buir grassland was improved as a whole. Since 1983, the state has implemented the policy
of subscribing land to households, and herdsmen manage the pastures by themselves.
Over-cultivation and over-grazing have been alleviated. These measures have had a pos-
itive impact on the protection and transformation of the Hulun Buir grassland since the
1980s [9,11]. Due to its humid climate background and with the increase in human im-
provement disturbance, the vegetation gradually developed from low vegetation coverage
to high vegetation coverage.
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Figure 10. Changes in different vegetation coverage intervals in the past 30 years from 1989 to
2021 (A): the area of 1989 0–20% vegetation coverage change to 2021 20–40% vegetation coverage;
(B): the area of 1989 0–20% vegetation coverage change to 2021 40–60% vegetation coverage; (C): the
area of 1989 0–20% vegetation coverage change to 2021 60– 100% vegetation coverage; (D): the area
of 1989 20–40% vegetation coverage change to 2021 0– 20% vegetation coverage; (E): the area of
1989 20–40% vegetation coverage change to 2021 40–60% vegetation coverage; (F): the area of 1989
20–40% vegetation coverage change to 2021 60–100% vegetation coverage; (H): the area of 1989 40–60%
vegetation coverage change to 2021 0–20% vegetation coverage; (I): the area of 1989 40–60% vegetation
coverage change to 2021 20–40% vegetation coverage; (J): the area of 1989 40–60% vegetation coverage
change to 2021 60–100% vegetation coverage; (K): the area of 1989 60–100% vegetation coverage
change to 2021 0–20% vegetation coverage; (L): the area of 1989 60–100% vegetation coverage change
to 2021 20–40% vegetation coverage; (M): the area of 1989 60–100% vegetation coverage change to
2021 40–60% vegetation coverage).

Hai La Er River is the mother river of the Hulun Buir area. In the past 30 years,
the large-scale exploitation of open-pit coal mines in Hulun Buir region has led to a
significant increase in industrial water consumption in the basin, resulting in unreasonable
development of local water resources. At the same time, urban development and regional
grazing have also an impact on the vegetation cover change of floodplain wetlands on both
sides of the Hai La Er River. These negative human activities have inhibited the vegetation
cover change of the Hai La Er River [9].
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5.2. Regional Distribution of No Change in Vegetation

Vegetation cover plays also an important role in terrestrial ecosystems and energy
balance. Especially in areas with fragile ecological environments, the temporal and spa-
tial changes of vegetation not only cause changes in surface parameters but also affect
ecosystems and show profound interactions with the human population [11].

From a spatial point of view, the overall area of the study area without vegetation
coverage in the hinterland of Hulun Buir grassland is relatively large. The total area of the
study area is 2722.87 km2, and the area without vegetation coverage is 1963.92 km2, which
accounts for 72.13% of the study area. Figure 12 depicts that the vegetation coverage in
the study area has not changed. D and E show two areas with no significant changes. B
represents the change from 0% to 20% low vegetation coverage in 1989 to the unchanged
area in 2021. This part of the area is mainly the lower reaches of the Hailar River and the
area within the area. As far as Huhe Noer Lake, Chagannao Ri Lake, and other water areas
are concerned, the change represented by B is the area with no change from 0% to 20% low
vegetation coverage from 1989 to 2021. This part of the area is mainly the lower reaches
of the Hai La Er River and the water area of Huhe Nuoer Lake and Chagannao Ri Lake
in the region. The change represented by D is the area with no change from 40% to 60%
medium–high vegetation coverage from 1989 to 2021. This part of the area is mainly Hulun
Buir Sandy Land, with an area of 144.94 km2. The change represented by E is the area with
no change from 60% to 100% high vegetation coverage from 1989 to 2021. This part of the
area is evenly distributed throughout the study area, and its area is 1747.69 km2.
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Figure 12. (A) Areas without any changes in vegetation cover in the 1989–2021 time scenario; (B): the
area of 1989 0–20% vegetation coverage unchange to 2021 0–20% vegetation coverage; (C): the area
of 1989 20–40% vegetation coverage unchange to 2021 20–40% vegetation coverage; (D): the area of
1989 40–60% vegetation coverage unchange to 2021 40–60% vegetation coverage; (E): the area of 1989
60–100% vegetation coverage unchange to 2021 60–100% vegetation coverage.
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The Hulun Buir grassland research area is located in a temperate semi-arid climate
zone, and the vegetation types are mainly grassland, shrubs, and xerophyte herbs [41].
After the 1990s, the local people’s awareness of returning farmland to forests increased,
and they began to gradually plant trees and grasses. Urban construction and rural land
systems prohibited indiscriminate reclamation of land. The vegetation and environmental
conditions were well adapted. At the same time, due to the continuous improvement
of local policies and ecological awareness, the water area in the region increased, the
vegetation growth environment improved, the expansion of the sandy land in Hulun Buir
curbed, and the ecological environment in the region improved [9]. At the same time, it also
provided a good living space for vegetation. Thereby, most of the Hulun Buir grassland
with high vegetation coverage can remain unchanged. The changes in vegetation coverage
reflected by the change in FVC are positive and optimistic in the study area.

5.3. Vegetation Change Process and Reasons

The vegetation changes are affected by various anthropogenic and natural factors,
such as water supply, rainfall, and human activities [41,42]. According to the previously
reported works in the literature, the vegetation shows a green trend due to climate change,
the growth period is prolonged, and the photosynthesis intensity is increased [43,44]. The
authors found that the increase in the vegetation cover in northern China before the 1990s
was attributed to the warming and elevated precipitation, while the drought and rainfall
reduction caused by climate warming after the 1990s led to the decline of vegetation cover.
Peng et al., 2011 found that in arid and semi-arid grassland areas, precipitation is the main
factor affecting vegetation growth [45].

The impact of climate on vegetation changes is as follows: The ecological environment
of the study area in the hinterland of Hulun Buir grassland is relatively complex and
diverse, including grassland, swamp wetlands, floodplain meadows, shrubs, and other
ecosystems. Figure 13 depicts the annual average data of temperature and rainfall in the
Hai La Er region from 1989 to 2020, compiled in this work. The overall temperature and
rainfall showed a downward trend. In addition, rainfall has a great impact on vegetation
coverage. For example, in 1999, the average annual rainfall in the study area was 276.4 mm,
and the average annual temperature was −0.49 ◦C, which was significantly lower than
the climatic element data of the adjacent 1998 and 2000 years. Therefore, the vegetation
coverage in 1999 showed a large area of low rainfall and low temperatures. The areas
were covered by low to moderate levels of vegetation cover. The study area is located
in the alpine region of Northeast China. With the decrease in the annual temperature,
the permafrost of the soil increased, and the cold storage of the permafrost constituted
a cooling control system, which led to an increase in the soil water content. At the same
time, the temperature decreased and the vegetation and soil evapotranspiration decreased.
These reasons generally play a role in promoting vegetation growth [46]. The Hulun Buir
Sandy Land is due to the deforestation of the Pinus sylvestris forest from Hulun Lake to the
western suburbs of Hai La Er when the former Soviet Union aided the construction of the
railway, resulting in the desertification of the land. Historically, affected by human activities,
vegetation has been severely damaged, resulting in land degradation. There are certain
difficulties in the reconstruction. However, according to our monitoring data, the overall
coverage of the Hulun Buir Sandy Land has been significantly improved, reflecting that the
ecological quality of the area has improved. Our research results are also consistent with
those of [44]. Vegetation cover change is driven by climate change and human activities,
which change the concentration of vegetation cover.

The influence of human activities on vegetation changes is as follows: Hulun Buir
grassland is one of the key areas of ecological construction in my country. With the devel-
opment of the local economy, the continuous increase in the regional GDP, the influence
of population growth and industrial development, etc., it has become the main driving
force for the expansion of land use in the Hai La Er region, affecting the vegetation growth
environment and over-exploitation of water resources, making the contradiction between
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the regional development and the ecological environment increasingly increasing and
having a profound impact on vegetation changes in the region. How to balance regional
economic development and protection of the ecological environment deserves our deep
consideration. In recent years, a series of vegetation protection projects have been released
by China and local governments [9]. Through a series of human interventions, regional
vegetation has been developed and protected. Therefore, in order to protect and restore
wetlands ecologically, sustainable management of naturally vegetated areas is still required.
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5.4. Evaluation of Vegetation Cover Change Monitoring Model

In recent years, the vegetation cover change and its driving factors have been examined
in the literature [7,8,27]. As an effective indicator to measure vegetation growth, vegetation
coverage (FVC) is widely used to monitor the vegetation changes at regional and even
global scales [19–21]. The results of vegetation coverage change reveal the spatial variation
degree of the regional vegetation coverage. The spatial variation of regional vegetation
coverage during the study period showed great temporal and spatial variation. This
technology can easily provide a change matrix, from which the different transfers from
one planting area to another can be intuitively detected. Thus, the change areas and the
transformation of vegetation cover between different categories are clearly shown [9].

In this work, based on the Landsat data of the summer vegetation growth seasons in
1989, 1999, 2011, and 2021, the vegetation cover change scenarios in the study area at three
time points in 1989, 1999, and 2011 were compared. It was proposed to develop a vegetation
coverage change model and realize this spatial transformation monitoring model through
Matlab programming, which was used to monitor the change of vegetation coverage at
characteristic time nodes. This model started from the classification step of vegetation
coverage of remote sensing images. Then, there is the transition monitoring step, which
finally identifies the changed regions as pixel-to-pixel differences. Compared with previous
vegetation cover models, the newly proposed model in this study was developed based
on long-term time-series satellite digital change monitoring. Most previous studies on
regional-scale vegetation change assessment have used remote sensing images of land cover
and land use maps to analyze vegetation changes. In contrast, the vegetation cover change
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monitoring model proposed in this work performs well in monitoring and evaluating the
regional scale vegetation cover change in a long time-series. This digital change-based
vegetation cover monitoring and evaluation method has better monitoring accuracy and
enforceability and is conducive to the regional scale vegetation diversity, ecosystem process,
and other related research.

There are limitations of vegetation cover change models and environmental constraints.
Our monitoring was greatly affected by the data quality, and the restricted environmental
factors are obvious. Limiting environmental factors include atmospheric conditions (clouds
and fog), which generally have a greater impact in summer or autumn. However, summer
and autumn are the seasons with obvious vegetation changes, and the low time frequency
and quality of these seasonal data affect our model monitoring results. The internal limiting
factors of vegetation are as follows: We only pay attention to the change of the overall
vegetation coverage classification interval. However, the internal succession of vegetation
affects the monitoring results, and the evaluation of the effectiveness of these potential
impacts will be addressed in further research.

6. Conclusions

Based on Landsat data and the Matlab platform, a new model for monitoring the
spatial change of vegetation cover was proposed here, which was used to monitor the
change of vegetation cover in the hinterland of Hulun Buir grassland in the past 30 years
from 1989 to 2021. The results show that:

It was demonstrated that the vegetation cover model proposed in this work can
be used to reveal and describe changes in large-scale vegetation landscapes, with easily
accessible data and clear results in vegetation changes, with low technical cost, and can be
used in most large-scale platform applications.

The data obtained by the vegetation coverage change monitoring model show that
there are spatial differences in the vegetation coverage change area. The total area of
vegetation coverage changes was 758.95 km2, and the area from vegetation coverage
above low to high vegetation coverage was 456.41 km2, accounting for 60.14% of the total
change area. The area changed from high vegetation coverage to low vegetation coverage
was 302.57 km2, accounting for 39.86% of the total change area. From 1989 to 2021, the
vegetation coverage in the hinterland of the Hulunbuir grassland has generally improved.

Due to the local policy orientation and the continuous improvement of ecological
awareness, the vegetation growth environment has been improved, the expansion of the
sandy land in Hulun Buir has been curbed, and the ecological environment in the region has
been enhanced. As a result, the research area in the hinterland of the Hulun Buir grassland
has a large area without vegetation coverage. The area without vegetation coverage was
1963.92 km2, accounting for 72.13% of the study area.

In the process of pursuing regional economic development and accelerating ur-
banization, industrialization, and agricultural modernization, human beings should
develop in harmony with the natural environment. More responsibility to protect the
ecological environment is required while pursuing the sustainable development of the
natural environment.
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