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Abstract: Fractional Vegetation Cover (FVC) is an important indicator to evaluate the quality of the
regional ecological environment. Alar City is a typical desert oasis region. Investigating the spatial
and temporal changes in its vegetation cover at different stages is a guide to the ecological balance
and sustainable green development of the Tarim River basin. Based on the Google Earth Engine
(GEE) cloud platform, this study analyzed the spatial and temporal characteristics and trends of
vegetation cover changes in Alar City from 1990 to 2020 using the Hurst index and coefficient of
variation. The results show that the spatial distribution of vegetation in the study area in the last
30 years shows a wave-like characteristic with an overall apparent upward trend. The vegetation
cover in the study area is predominantly increasing and the spatial distribution shows a phased and
regional character. Compared with 1990, there is a significant increase in the area of cultivated land
in 2020. Among them, the areas of vegetation growth mainly occur in the basin around the Tarim
River. Human activities have weakened the influence of natural factors on FVC. The results of the
study suggest that the GEE platform can be an effective tool for permanently monitoring vegetation.

Keywords: desert oasis; vegetation coverage; Google Earth Engine; Hurst index; coefficient of
variation; change detection

1. Introduction

Vegetation is a key element of the global water, atmosphere and energy cycle [1]. As
the main component of the terrestrial biosphere, it has the functions of wind prevention
and sand fixation, blocking noise, regulating atmosphere, conserving water and soil, and
maintaining climate and ecosystem stability [2]. Vegetation growth is strongly affected
by climate change and human activities, and various biological and physical processes
also affect the climate system and water–land cycle [3]. The change in vegetation cover
affects the global or regional ecosystem balance and habitat conditions, and the study of
vegetation cover change is the basis of protecting the quality of the ecological environment.

Monitoring the dynamic change in vegetation coverage (FVC) is essential to under-
stand its impact on ecosystem structure and function. Remote sensing technology breaks
through the limitations in the scope and scale of field monitoring and realizes vegetation
monitoring of longer time series and a larger spatial scale. The normalized vegetation
index (NDVI) can effectively reflect the growth status of surface vegetation, and is the most
common index used to monitor the dynamic changes in vegetation over large areas and
long periods of time [4]. Anyamba et al. [5] dynamically analyzed the vegetation cover
changes in the Sahel region from 1981 to 2003 based on NOAA/AVHRR image data with
a resolution of 8 km and NDVI index changes; Piao et al. [6] analyzed the temporal and
spatial patterns of vegetation growth and change in temperate and frigid regions of Eurasia
from 1982 to 2006 according to monthly NDVI data with an 8 km resolution generated by
integrating monthly NDVI images with changes in vegetation growth data. At present,
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MODIS image data, MODIS-related series data products or Landsat image data of certain
periods are mostly used in the research of dynamic change in vegetation coverage, which
are extracted and processed by MRT, ENVI and other software [7–11]. Google’s newly
developed Google Earth Engine (GEE) cloud platform combines massive petabyte-scale
data acquisition, spatial visualization image processing and high-performance computing
analysis. The platform stores over 200 public datasets, including Landsat, MODIS, Sen-
tinel, ALOS and other series of satellite data, as well as CHIRPS and other meteorological
products data, which can provide long-term, high-resolution satellite image data at the
global scale. The powerful data processing capability greatly shortens the calculation time
of satellite image data, improves the working efficiency and provides high accuracy and
standardization for the dynamic monitoring of vegetation cover and it has been widely
used in crop growth monitoring, land-use-type classification and other aspects [12].

Located in the south of Xinjiang, on the northern edge of the Taklamakan Desert,
Alar is a typical man-made oasis in an arid region. Ecosystems are fragile and unstable,
and climate change and human activities have led to a series of ecological problems,
such as the expansion of desert areas, forest destruction, grassland degradation, river
breakage, oasis degradation, etc. [13]. In recent decades, the state has attached great
importance to ecological problems; a series of projects and policies have been launched
since the 1950s to combat desertification and restore the ecology, and the results have
been remarkable. During the ten years from 2010 to 2020, China has completed a total
of 1.88 million square kilometers of desertification prevention and control tasks, and
0.177 million square kilometers of desertification land has been banned and protected. The
varea of desertification land nationwide has decreased by 432.67 square kilometers. The
above data are from the State Forestry and Grassland Administration (http://www.forestry.
gov.cn/, accessed on 17 June 2022). To study the spatial and temporal changes in vegetation
in the region, it is important to obtain the precise vegetation conditions at different times
in the study area, which is of scientific guidance to maintain the ecological balance and
ecological environment restoration in the Tarim River basin and improve the local climate
regulation capacity. Based on the Google Earth Engine cloud platform, this study used
Landsat series images with a spatial resolution of 30 m as the data source to estimate
the vegetation cover in the Alar region for the past 30 years from 1990 to 2020 using the
image dichotomy method, and explored the spatial and temporal dynamic trends using
the CV coefficient of variation and Hurst index, in order to provide a scientific basis for the
dynamic monitoring and evaluation of vegetation resources and ecological environment in
desert oases.

2. Materials and Methods
2.1. Study Area

The Alar Reclamation Area is located at the southern foot of the Tianshan Mountains
and the northern part of the Tarim Basin. The geographical coordinates are between 79◦22′

and 81◦53′ E and 40◦20′ and 41◦47′ N. It has a warm temperate extreme continental arid
desert climate [14], with a total area of 6923 square kilometers (Figure 1). Alar is an alluvial
fine soil plain by the Tarim River, and the terrain slopes from northwest to southeast.
Water resources in the Reclamation area are provided by the Aksu and Tarim rivers with
three major plain reservoirs, with an average annual sunshine of 2556.3 to 2991.8 h and a
sunshine rate of 58 to 69%. Rainfall in the Reclamation area is scarce, with little snow in
winter and strong surface evaporation. The average annual precipitation is 40.1 to 82.5 mm,
and the average annual evaporation is 1876.6 to 2558.9 mm. The desert vegetation types are
mainly trees, shrubs, herbs and short-lived plants; the vegetation cover along the rivers and
basins is high, with more oases, forests and high-vegetation-cover grasslands distributed;
at the same time, food-based crops and cash crops such as cotton, oil seeds and red dates
are planted.

http://www.forestry.gov.cn/
http://www.forestry.gov.cn/
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Figure 1. Geographical location of the study area.

2.2. Data Sources

Google Earth Engine is a petabyte-scale system that enables scientific analysis and
visualization of geospatial datasets. It provides users with a codable front-end workbench
that allows interactive data and algorithm development, reduces the difficulty of data ac-
quisition and alleviates the computational redundancy of large amounts of image data [12].
Landsat image data are provided by the United States Geological Survey (USGS) with a
spatial resolution of 30 m and a temporal resolution of 16 days [15].

In this study, Landsat 5, 7 and 8 series image data (Table 1) from the Alar region for
every March to October from 1990 to 2020 were selected, which were preprocessed by the
GEE platform with geometric correction and atmospheric correction to reduce the influence
of clouds and other effects, and these data were also reconstructed by Hants harmonic
analysis to mitigate the impact caused by missing images. Two periods of land transfer
data (30 m × 30 m) from the Institute of Geographical Sciences of the Chinese Academy of
Sciences were selected for 1990 and 2020 for monitoring the status of land use, and the land
included five types of arable land, orchard, desert, water and construction land.

Table 1. Descriptions about Landsat images in GEE.

Landsat Sensor Red Band Near-Infrared Band Image Dataset ID Dataset Availability

Landsat 5 ETM B3 B4 LANDSAT/LT05/C01/T1_SR 1990-03 to 1998-10
Landsat 7 ETM+ B3 B4 LANDSAT/LE07/C01/T1_SR 1999-03 to 2012-10
Landsat 8 OLI/TIRS B4 B5 LANDSAT/LC08/C01/T1_SR 2013-03 to 2020-10

2.3. Research Method
2.3.1. Dimidiate Pixel Model

Fraction Vegetation Coverage (FVC) is an important index to measure vegetation qual-
ity and ecosystem change [4]. NDVI is the normalized vegetation index, which quantifies
the condition of vegetation by calculating the difference between the near-infrared light re-
flected by vegetation and the red light absorbed by it. It is an important reference indicator
for monitoring vegetation growth and cover changes. Existing studies have shown that
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there is a linear regression relationship between NDVI and FVC, so pixel dichotomy can be
used to calculate vegetation cover changes in the study area. The commonly used methods
for calculating FVC also include empirical research and spectral mixture analysis (SMA)
methods [16,17]. In this research, the pixel dichotomy method is used to estimate FVC. This
method is the most commonly used and simplest linear model among all methods. The
principle is based on the fact that the picture element is composed of a vegetation-covered
area and a non-vegetation covered area, and the spectral information is composed of a
linear mixture of the two parts [18]. The ratio of each part of the image element to its area
is its weight, and the percentage of vegetation area is the FVC of the picture element. The
FVC is calculated as follows:

FVC =
NDVI−NDVIsoil

NDVIveg −NDVIsoil
× 100% (1)

In the formula, NDVI is the vegetation index value in the mixed image element. In
the pixel dichotomy model, the vegetation cover structure is divided into two categories:
pure pixels and mixed pixels. Pure pixel coverage refers to the complete range with a
vegetation coverage value of 1, while mixed pixels refer to the composition of vegetation
and non-vegetation types. NDVIsoil is the vegetation index value of the pure soil image
element, which is theoretically close to 0; NDVIveg is the vegetation index value of the
pure vegetation image element, which is theoretically close to 1. To prevent noise points
and grayscale interference of NDVI on the image, 5% and 95% of NDVI were taken to
represent NDVIsoil and NDVIveg, respectively, in this research. Based on the vegetation
cover thresholds and previous classification studies from [18] and in the context of the
study area, the final FVC values were classified into five classes (Table 2).

Table 2. Fractional Vegetation Cover (FVC) classification.

Levels FVC (%) Classification Characteristics

I <20 Low vegetation cover (basically no vegetation on the surface, bare soil, bare rock, water, etc.)
II 20~40 Medium–low vegetation cover
III 40~60 Medium vegetation cover
IV 60~80 Medium–high vegetation cover
V ≥80 High vegetation cover

2.3.2. Trend Analysis

In this research, the unary linear regression and the significance test (Slope) are used
to obtain the trend of multiyear NDVI by fitting each raster NDVI of remote sensing images
for the last n years, and the annual FVC values were synthesized. The slope of the time
series was calculated in the long time series to reflect the trend of FVC [19]. The calculation
formula is as follows:

K =

n×
n
∑

m=1
m× FVCt − (

n
∑

m=1
m)(

n
∑

m=1
FVCm)

n×
n
∑

m=1
m2 − (

n
∑

m=1
m)

2 (2)

In the formula, K is the slope of linear regression, characterizing the annual synthetic
FVC trend; n is the total number of monitoring years; t is the number of monitoring years;
and FVCt is the annual synthetic FVC value corresponding to year i. K > 0 indicates an
increasing trend of FVC, K = 0 indicates FVC is basically constant and K < 0 indicates a
decreasing trend of FVC.

2.3.3. Coefficient of Variance

The coefficient of variance (CV) refers to the degree of variation in a set of data and
is the ratio of the variation index to its average index. It can be adopted to reflect the
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dispersion of spatial data in the time series and evaluate the stability of the time series of
data. The coefficient of standard deviation is commonly used; CV is the ratio of standard
deviation to the mean [20,21] and the calculation formula is as follows:

CV = σ/µ (3)

σ =

√√√√√ n
∑

i=1
(xi − x)

2

n
(4)

µ =

n
∑

i=1
xi

n
(5)

In the formula, σ is the standard deviation of the annual FVC mean value;µ is the
annual FVC mean value; xi is the FVC value corresponding to year i; x is the actual mean
value of FVC for the year; and n is the number of years. The larger the CV value, the higher
the degree of change and the greater the data fluctuation and instability. The smaller the
CV value, the lower the degree of change, which means the more stable the data.

In this paper, the CV of vegetation cover change in the research area from 1990 to
2020 is divided into four levels according to the Natural Breaks (Jenks) to characterize
the stability of vegetation cover in the research area: 0 < CV ≤ 0.2 indicates low fluctua-
tion, 0.2 ≤ CV < 0.5 indicates relatively low fluctuation, 0.5 ≤ CV < 0.8 indicates medium
fluctuation, and 0.8 ≤ CV < 2.13 indicates high fluctuation [22,23].

2.3.4. Hurst Index

The Hurst index(H) reflects the correlation and consistency between the future change
trend and the past change trend of the data in the time series. In this paper, the Hurst
index is used to characterize the trend of FVC in the time series: 0 < H < 0.5 means that the
vegetation cover has a reverse continuous variation; H = 0.5 means that the vegetation cover
varies randomly; and 0.5 < H < 1 means that the vegetation cover has a positive continuous
variation [24]. This study uses the commonly used R/S analysis method (Rescaled Range
Analysis Method) to calculate the Hurst index (H), dividing a time series of total length
T into several short series of length n. For each t, calculate its rescaled extreme deviation,
which is based on the following principle: assume a time series of {FVCt}, t = 1, 2, 3 . . . n,
and define the mean series as follows:

FVCt =
1
T

τ

∑
t=1

FVC
(τ)

τ = 1, 2, . . . n (6)

Cumulative deviation: calculate the cumulative deviation from the mean of the time
series τ as follows:

X(t, τ) =
τ

∑
t=1

(FVC(t) − FVC(τ)) 0 < t < τ (7)

Range: calculate the range of fluctuations within each time series τ as follows:

R(τ) = max
1≤t≤τ

X(t, τ)− min
1≤t≤τ

X(t, τ)(τ = 1, 2, . . . , n) (8)

Standard deviation: calculate the standard deviation of each time series τ as follows:

S(τ) = [ 1
τ

τ

∑
t=1

(FVC(t) − FVC(t))
2]

1
2 τ = 1, 2, . . . n

R(τ)

S(τ)
= cτH (9)
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log(
R(τ)

S(τ)
) = log(c) + H log(τ) (10)

where H is the Hurst index, c is a constant which takes the value of the intercept of the
regression equation and τ is the length of the time series.

3. Results and Discussion
3.1. Characteristics of Interannual Variation in Vegetation Cover

The annual FVC trend in Alar City from 1990 to 2020 is shown in Figure 2. We removed
abnormal data values, and the overall change over 30 years shows a fluctuation rise trend
(R2 is 0.867), with a growth rate of 8.2%/10a (annual) and an annual average FVC of
0.24~0.49. In the recent 30 years, the vegetation planting in Alar City has been continuously
enhanced. As shown in Figure 2, the average FVC is 0.347, and the maximum FVC in
2020 is 0.495. After eliminating the abnormal fluctuation values, it can be seen that the FVC
showed a slow growth trend from 1990 to 2003. Located in the northern edge of Taklimakan
Desert, Alar City is a typical artificial oasis, arid and rainless. In 2004, the Reclamation area
in Alar City was set up as a city, and its urban landscaping has been further increased. The
FVC increased significantly from 2004 to 2010 compared with the previous years. Due to
the implementation of the policy of converting cultivated land into forest in 2010, the FVC
decreased slightly compared with that in 2009; however, the overall FVC still showed an
upward trend from 2010 to 2020.
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Figure 2. Annual FVC change trend in Alar from 1990 to 2020.

As can be seen from Figure 3a–c, the FVC variation in the Alar region over the last
30 years is on the rise in the spring, summer and autumn, with the highest interannual
variation rate of 9.2%/10a and R2 of 0.96 in the summer, followed by 9.0%/10a and R2 of
0.97 in the autumn, and a lower interannual variation rate of 5.8%/10a and R2 of 0.81 in the
spring. As can be seen from Figure 4, there are still differences in the spatial distribution of
vegetation cover in different seasons of the same year. Spring and summer were dominated
by high vegetation cover, while the proportion of medium and higher vegetation areas
in the summer was the lowest among the four seasons. Higher vegetation cover and
medium vegetation cover are predominant in the spring, with a uniform distribution;
higher vegetation areas are more sparsely distributed. In addition, the proportion of areas
with low vegetation is relatively high in all seasons. Overall, vegetation cover is best in
the summer, average in the autumn and poor in the spring. Spring vegetation cover is low
due to low precipitation in the spring and the tendency to experience extreme weather
such as floating dust, fugitive dust and sandstorms, resulting in low vegetation cover and
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significant interannual fluctuations. In the summer, the area receives plenty of sunshine
and less extreme weather, and fruit crops and other crops are nearing maturity, which
has a greater impact on vegetation cover. Overall, there is variation in annual averages,
interannual rates of change and interannual fluctuations between seasons in the Alar region.
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3.2. Spatial Distribution Characteristics of Vegetation Cover

It can be seen from Figures 5 and 6 that the spatial distribution of FVC in the research
area is significantly different in different years, except that three reservoirs and two rivers
are not defined. It can be roughly divided into three stages: the first stage is from 1990 to
2000, and the distribution of vegetation coverage shows a polarization between extremely
high vegetation coverage and extremely short vegetation coverage. The extremely short
vegetation coverage area is the unreclaimed bare land in the desert, with the average
proportion dropping from 52.4% to 47.7%; the proportions of medium vegetation coverage
area and high vegetation coverage area increased, up from 6.9% to 11.8% and 9.5% to 12.3%,
respectively. The second stage is from 2000 to 2010, and compared with the previous stage,
the vegetation coverage area significantly increased. During this period, the desert bare
land was reclaimed into cultivated land, forest land, etc., with a relatively uniform spatial
distribution, and the proportion of bare land decreased from 47.7% to 37.2%; vegetation
coverage increased, in which the proportion of medium coverage area and high coverage
area increased to 12.9% and 19.2%, respectively. The third stage is from 2010 to 2020, and
the proportion of desert bare land gradually decreased and stabilized at about 27%. The
vegetation coverage area gradually tended to be stable after increasing, and the proportion
of medium and high vegetation coverage areas increased to 21.4% and 24.8%, respectively.
There is little difference in the proportion of medium and high vegetation coverage areas in
this decade.
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In the recent 30 years, the vegetation area in Alar City has been increasing continuously,
most of the desert areas have been reclaimed, the high vegetation coverage area has
increased from 9.5% to 24.8% and the low vegetation coverage area (desert bare land, etc.)
has decreased from 52.4% to 26.8%. The proportion of high vegetation coverage areas
is uniformly distributed in Alar City. Most of the high vegetation coverage areas are
near the reservoirs, Tarim River and other areas with plenty of water. The proportion of
medium vegetation coverage areas is relatively scattered. The short vegetation coverage
area accounts for the lowest proportion and is mostly distributed in the desert around
the third, eleventh and twelfth regiments (special administrative division of the plan with
the same administrative level as a town). In general, from 1990 to 2020, the overall trend
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of vegetation coverage in the Alar Reclamation area was good, and the desertification
control effect was significant, which led to the increase in cultivated land and forest land.
The area of forest land in the second, eighth, tenth and eleventh regiments increased, and
the increase in cultivated land was mainly distributed in the ninth, eleventh, twelfth and
thirteenth regiments.

In general, vegetation cover in desert oasis areas was dominated by an increase in
cover during the period 1990–2020, and there were more significant differences in the
spatial distribution of vegetation cover changes.

3.3. Vegetation Cover Stability Analysis

The coefficients of variation in image element values were calculated for long-term
remote sensing raster images of vegetation cover change in the Alar Reclamation area over
the past 30 years using MATLAB software, and the results are shown in Figure 7 and Table 3,
where the distribution of the coefficient of variation is highly spatially autocorrelated with
vegetation cover. The mean CV value for Alar Reclamation was 0.40, with a standard
deviation of 0.29, and 89.52% of the regional coefficient of variation values ranged from 0 to
0.8, indicating that Reclamation as a whole is in a state of steady growth and change. In
total, 23.82% of the area has a CV coefficient value between 0 and 0.2, which is a very stable
state. The areas with very stable vegetation cover are mainly the three reservoirs of Shengli,
Upstream and Dolang, the Tarim and Aksu rivers, and part of the Taklamakan desert
around the eleventh regiment. In total, 43.40% of the areas have CV coefficients between
0.2 and 0.5, which is a relatively stable state, mostly human activity areas mainly on the
north and south banks of the Tarim River. In total, 22.30% of the areas have CV coefficients
between 0.5 and 0.8, which is a weak state of variation. In total, 10.48% of the areas have
CV coefficients between 1 and 2.13, which is a high fluctuation and intense variation stage,
mainly in the areas around Duolang Reservoir and Shengli Reservoir, because where water
resources are abundant, people reclaim the desert, build new regiments and plant economic
crops such as cotton and pepper, which improve the vegetation cover. In summary, the
interannual fluctuations in vegetation cover are mainly caused by climate change and
human activities.
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Table 3. FVC change stability of Alar Reclamation area from 1990 to 2020.

CV Variation Range Degree of Variation Number of Pixels Image Area as a
Percentage

0 < CV ≤ 0.2 Stable 12,263,553 23.82%
0.2 ≤ CV < 0.5 Relatively stable 22,340,090 43.40%
0.5 ≤ CV < 0.8 Weakly variable 11,477,889 22.30%

0.8 ≤ CV < 2.13 Highly variable 5,396,171 10.48%

3.4. Vegetation Cover Persistence Analysis

Using the R/S analysis method, a time-series analysis of the vegetation cover of the
study area was conducted using MATLAB software on an image-by-image basis, and
hierarchical statistics were performed to obtain the spatial distribution of the Hurst index
for the study area from 1990 to 2020 (as shown in Figures 8 and 9).The variation trend
is divided into three categories according to the different range of H value [25,26]: anti-
persistence, stochasticity and positive persistence. Because the FVC value of the three
reservoirs and the Tarim River valley is zero, there is no definition in the calculation: it is
null in the figure. As shown in Table 4, the Hurst value of the whole Reclamation area is
0.07~1, with the mean value of 0.63 and the standard deviation of 0.15. The significant anti-
persistence areas with a Hurst index lower than 0.5 account for 18.3%, mainly concentrated
in the human activity areas around three major reservoirs and the Tarim River valley; the
areas with a Hurst index higher than 0.5 account for 81.7% and the areas with positive
persistence H values are mainly concentrated in the newly built regiments such as the ninth,
eleventh and twelfth regiments, alleviating desertification. It can be seen that the positive
persistence trend is stronger than the anti-persistence trend, and the trend of vegetation
coverage in Alar Reclamation area in the future is consistent with that in 1990–2020.
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The research area is a typical artificial desert oasis located in the north of Tarim Basin,
studied from 2000 to 2020. The land use transfer matrix for the study area was calculated
using arcgis software for the selected products of GLobeland 30 for the years 2000 and
2020. The land use types in the research area were converted to different degrees (as shown
in Table 5 and Figure 9). Among them, the null value indicates that the ground feature
types were not converted. It can be seen from the table that the grassland area increased by
32.2%, the cultivated land area increased by 21.2% and the forest land area decreased by
88% in the past 30 years; forest land has been converted into grassland, cultivated land and
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water bodies. The area of construction land increased by 64.4%, and the overall change in
water body was relatively small, increasing by 13%. It can be said that the impact of human
activities on vegetation coverage is far greater than that of natural factors. The promotion of
urbanization and the implementation of ecological and environmental protection policies
are the main driving factors for the spatial–temporal change in vegetation coverage in the
research area.
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Table 4. Types of future vegetation trends in the Alar Reclamation area and the proportion of
image numbers.

H Value Range Number of Pixels Image Area as a Percentage

0 < H < 0.4 2,483,059 5.7%
0.4 < H < 0.5 5,537,241 12.6%
0.5 < H < 0.6 8,140,309 18.5%
0.6 < H < 0.7 11,019,379 25.1%
0.7 < H < 0.8 10,202,826 23.2%
0.8 < H < 1 6,540,831 14.9%

Table 5. Land use transfer matrix for 2000–2020 for the Alar Reclamation Region.

Grassland Cropland Bare Artificial Surface Forests Wetlands Water Bodies

Area of different land use
types in 2000/(km2) 745.88 2257.67 1379.38 81.97 33.10 94.30 237.39

Area of different land use
types in 2020/(km2) 385.78 2028.55 904.69 71.00 15.63 41.51 142.97

Area transfer
difference/(km2) 360.1 229.12 474.69 10.97 17.47 52.79 94.42

Urban expansion is mainly reflected in population growth and economic development,
and human economic activities are an important influencing factor in vegetation cover
change [27]. According to the analysis of land cover dynamics in desert oasis areas,
the change in vegetation cover in Alar from 2000 to 2020 shows an increase in urban
construction land and arable forest land, with urban construction land having a more
pronounced impact on socio-economic factors compared to arable and forest land, and
the driving forces affecting the change in the three land types in Alar City are gradually
strengthening. Analysis of the statistical yearbook shows that the total agricultural output
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value in Alar from 2000 to 2020 increased by 21,952.82 billion yuan, the total forestry
output value increased by 2901.8 million yuan, the cultivated area of food crops decreased
by 88,500 hectares and the total sown area of crops increased by 884,400 hectares [28,29].
This paper uses multiple linear regression, the coefficient of variation and Hurst index to
explore and analyze the changes in vegetation cover in the Alar region in different years,
adding multifactorial considerations to ensure that the research results are more objective
and reasonable.

4. Conclusions

Based on the Google Earth Engine cloud platform, taking the Alar Reclamation area
as the research area, this paper calculated the time series of vegetation coverage in the
research area for 30 years with the use of Landsat series image data from 1990 to 2020. In
addition, analysis on the temporal and spatial pattern and variation trend was conducted
from the aspects of Slope regression analysis, coefficient of variance, Hurst index, etc., and
the role of human activities and climate factors in vegetation evolution was explored. It is
expected to provide a scientific basis for ecological environment protection and the control
of the desert oasis.

The results indicate the following:

(1) From 1990 to 2020, desert control in the Alar Reclamation area achieved notable
results, and the vegetation coverage showed a significant upward trend, with the R2

of 0.89 and the annual growth rate of 3.8%/10a. The overall trend of FVC remained
positive, but the variation rate and amplitude were different. The climate improved
with the management of the environment and, due to its geographical location and
other characteristics, the average annual amount of sunshine is currently sufficient
and the vegetation cover is at its highest in the summer and lower in the spring
due to the presence of extreme weather such as dust storms. The annual FCV mean
in the research area shows a positive correlation trend of fluctuation change with
a slow increase.

(2) Based on the estimation of the Slope trend analysis, the vegetation coverage in the Alar
Reclamation area in the recent 30 years has significantly improved, with the vegetation
coverage improvement area accounting for 62.6% and the basically invariant area
accounting for 19%. Among them, the area that has been improved and passed the
significance testing accounts for 42.8% of the total area, showing a spatial distribution
pattern of “high vegetation coverage on both sides of the north and south of the Tarim
River valley, low vegetation coverage in desert areas”.

(3) The comprehensive analysis of the coefficient of variance and Hurst index shows
that the overall variation trend and persistence of vegetation coverage in the whole
research area are positively correlated with each other. In total, 89.52% of the regions
with the coefficient of variance below 0.8 are in a relatively stable variation state, and
81.7% of the regions are characterized by medium and strong persistence in the Hurst
index, concentrated on both sides of the Tarim River.

(4) Human activities are the main driving factor for the improvement of vegetation
coverage in the Alar Reclamation area; among the natural factors, precipitation is the
most important factor affecting the vegetation growth in the research area, because the
climate in the research area is mainly arid, with temperature having little influence.

(5) There is a remote sensing image with long time span and multiresolution on the
Google Earth Engine cloud platform, leading to a strong analytical and calculation
ability with low time consumption. It is an effective tool to achieve monitoring of
vegetation coverage at different scales.
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