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Abstract: Oasification and desertification are two essential processes of land use and cover (LULC)
change in arid regions. Compared to desertification, which is widely regarded as the most severe
global ecological issue, the importance of oasification has not received universal recognition. However,
neglecting oasification can lead to detrimental outcomes to the effectiveness of ecological governance
by affecting the comprehensiveness of environmental policies proposed only based on desertification.
Therefore, this study incorporates oasification into the examination of desertification by analyzing
land use data for five representative periods spanning from 1980 to 2020, as well as socioeconomic
and environmental data from 2000 to 2010. The aim is to evaluate the spatial and temporal dynamics
of oasification and desertification in the Manas River Basin and identify the underlying factors driving
these processes. The findings indicated that (1) the general trend of oasification and desertification
exhibited the expansion of oases and the retreat of deserts. Specifically, the oasification area showed a
“decrease-increase-decrease” pattern over time, while the desertification area consistently decreased.
(2) In terms of spatial distribution, oasification and desertification displayed a transition from scattered
and disordered patterns to an overall more organized pattern, with the hotspot area of desertification
shifting from Shawan County to Manas County over time. (3) Population density, average land GDP,
soil type and annual precipitation significantly influenced the degree of oasification, with driving
force q-values above 0.4, which were the key factors driving oasification. Population density and
average land GDP significantly affected the degree of desertification, with driving force q-values
above 0.35, which were the key factors driving desertification. The driving force of all factors
increased significantly after the interaction, and socioeconomic factors influenced oasification and
desertification more than other factors. The study’s findings aim to provide a scientific basis for land
resource use, ecological governance and sustainable development in the Manas River basin.

Keywords: oasification; desertification; geographic detector; Manas River Basin; China

1. Introduction

The arid region is the most fragile ecological environment due to water shortage, dry
climate and high wind and sand [1–3]. According to the United Nations Convention to
Combat Desertification, desertification commonly occurs in arid and semi-arid regions [4,5].
Desertification control has been carried out in the early 20th century [1]. A series of sig-
nificant research programs, such as the “National Action Plan for Desertification Control
(NPCD)” and the “European Experimental Research Program for Desertification Threat-
ened Areas (EFEDA),” have been implemented one after another [6]. Under such guidance,
many researchers and scholars have conducted a large number of field surveys [7,8], remote
sensing dynamic monitoring [9–11] and systematic studies [12–15] on desertification. How-
ever, global desertification is still expanding at a rate of 50,000 to 70,000 square kilometers
per year [16]. More than 100 countries and more than 1.4 billion people worldwide have
been affected by desertification [17,18]. This may be due to neglecting another process
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that is the opposite of the desertification process—oasification. While desertification is
widely recognized as the world’s most serious ecological environmental problem, the sig-
nificance of oasification has not received universal recognition. [19]. Neglecting oasification
will inevitably have adverse consequences on the effectiveness of ecological governance
as it undermines the comprehensiveness of environmental policies that solely focus on
desertification. Meanwhile, the United Nations included desertification control in the
2030 Agenda for Sustainable Development in 2015, proposing “to achieve the goal of zero
growth in global land degradation by 2030” [20,21]. In order to ensure the effectiveness of
ecological governance and the achievement of the desertification control target by 2030, it
is necessary to introduce oasification in desertification research. Oasification is the process
of transformation of desert into oasis by the combined effect of human and natural factors.
Existing research on oasification is still in the early stages of building a scientific framework
for oasification research [19,22]. Wang et al. believe it is essential to reveal further the
characteristics of oasification and its spatial and temporal pattern evolution, processes and
driving mechanisms to provide a scientific basis for comprehensive evaluation of environ-
mental change trends, ecological effects and policy establishment [23]. Therefore, this study
attempts to introduce oasification into the study of desertification, and further examine
the evolution of oasification and desertification over a long time and in space, discover
the interaction mechanisms between them and explore the driving factors of oasification
and desertification.

The study area is located in China, which is because of the fact that China is one
of the countries in the world with the largest desertification area, the largest population
affected and the most severe wind and sand hazards [24,25]. By the end of 2014, China’s
total area of desertified land was 2,611,600 square kilometers, accounting for 27.2% of
the country’s land area [26,27]. China’s desertification control is of great significance to
the green development of the world. The Manas River basin was chosen as an example
because of its typicality in terms of ecology and economy. In terms of ecology, there are
two major river basins in Xinjiang. One is the Manas River and the other is the Tarim River.
Compared with the Tarim River, the Manas River is located in the northern part of Xinjiang,
which has been more significantly affected by human activities in recent decades, and it is
the ecological intersection area in Xinjiang where the alternating evolution of oasification
and desertification is the most frequent and intense, which is of typical significance. In
terms of socio-economic aspects, Manas River is the core area of the economic belt on
the north slope of Tianshan Mountain, the largest oasis farming area in Xinjiang and the
fourth largest irrigated agriculture area in China, with relatively developed secondary and
tertiary industries and agriculture, which is listed as a typical demonstration area of oasis
agriculture [28,29]. The study of oasification and desertification in the Manas River Basin is
strategically significant for China’s socio-economic development and ecological civilization.
Considering the above factors, the Manas River Basin was selected as the main study
area. The objectives of this study are (1) to obtain the spatiotemporal evolution patterns of
oasification and desertification in the Manas River basin over the past 40 years. Specifically,
ArcGIS was used to obtain the desert and oasis localities in the typical period from 1980
to 2020, and based on this, the structural characteristics and change rates of the oasis and
desert were analyzed by the single dynamic degree model and the comprehensive dynamic
degree model. The evolution process of desertification and oasification in time and space
was analyzed by land transfer matrix model, to generalize and obtain their evolutionary
patterns. (2) To identify the influencing factors driving oasification and desertification in the
Manas River Basin. Specifically, the driving factors of the watershed are explored through
the geographical detector, combined with existing literature, from four aspects: geology,
topography, social economy and climate. The study’s findings provide new pathways for
identifying the driving factors inherent in the spatiotemporal evolution of oasification and
desertification in this watershed and provide theoretical support for ecological management
and sustainable development of the watershed.
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The main contributions of this study may be (1) the introduction of oasification in
the study of desertification. Desertification has been widely studied because of the severe
harm it poses to human well-being. However, compared to desertification, oasification
has only been underappreciated as an antonym of desertification. Neglecting oasification
will inevitably affect the comprehensiveness of environmental policies and bring adverse
results to the effectiveness of ecological governance. Therefore, this study argues that
both desertification and oasification should be addressed in the study of desertification
governance. (2) The study of oasification and desertification used the geographic detector
model. Existing studies on drivers mainly use qualitative and quantitative methods [30–33],
among which the qualitative methods cannot specifically derive the extent to which drivers
influence spatial and temporal evolution. In contrast, quantitative methods such as gray
correlation and correlation analysis are less objective [34,35]. Wang et al. [36] proposed a
geographic detector as a novel statistical model for detecting spatial differentiation and
revealing its driving forces. Among them is the geographic detector q-statistic, which can
measure spatial differentiation, detect driving factors and analyze the interaction between
variables. This method makes it possible to analyze the drivers behind oasification and
desertification quantitatively and can fill the gaps mentioned in the above quantitative
research methods. However, few studies exist on the use of geographic detectors to examine
the drivers of spatial and temporal evolution of oasification and desertification in the Manas
River. This study introduces a geographic detector to study the drivers of spatiotemporal
evolution, thus providing a new research approach to the existing literature. The rest of this
paper is presented in the following order: Section 2 shows the study area, related methods
and data; Section 3 presents the results of spatiotemporal evolution and driving factors;
Section 4 discusses the findings; conclusions and future research directions are obtained
in Section 5.

2. Materials and Methods
2.1. Study Area

The Manas River basin is located at the northern foot of Xinjiang Uygur Autonomous
Region, China (Figure 1), south of the northern slope of the Tianshan Mountains and
north of the Gurbantunggut Desert, roughly located at 84◦71′~86◦59′ E, 43◦08′~45◦97′ N,
204~5252 m above sea level, decreasing from south to north [37]. Since the 1950s, the
oasification and desertification within the basin have alternated frequently. There are three
main reasons for LULC changes in the basin. Firstly, natural factors: China’s western region
has entered a warm and humid climatic pattern. With rising temperatures, melting the
Tianshan Mountains’ snow and increased precipitation have contributed to the expansion
of oasis landscapes in the northern part of the Manas River Basin. Secondly, human activi-
ties: the large-scale promotion of drip irrigation water-saving technology in the region’s
agricultural production has significantly improved water resource utilization efficiency.
Surplus water has facilitated the restoration of natural vegetation in both oases and deserts.
At the same time, the importance of ecological environmental protection policies in China
has been increasingly recognized, playing a positive role in the conservation of forests
and grasslands in the desert plains of the Manas River Basin [38]. From east to west, the
watershed is distributed with major rivers such as the Tasi River, Manas River, Jingu River,
Bayingou River, etc. The administrative divisions include ten townships in Shawan County,
five in Manas County, Shihezi City and parts of Buxair Mongol Autonomous County,
Karamay City and Wusu City, etc.
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Figure 1. The location of the study region.

2.2. Study Methods

The spatiotemporal evolution of desertification (oasification) is mainly the changes in
the area and spatial distribution of the corresponding land use types in different periods.
Firstly, the magnitude, speed and trend of the change in desert and oasis area are quanti-
tatively analyzed using the single dynamic degree and comprehensive dynamic degree.
Secondly, the transfer matrix was used to obtain the relationship between desert and oasis
conversion and the spatial layout of desertification and oasification over the past 40 years.
Finally, the geographic detector was used to quantitatively analyze which factors drive
desertification or oasification in the study area.

2.2.1. Dynamic Degree

The dynamic degree is based on the desert (oasis) area, reflecting the magnitude and
rate of change of the desert (oasis) area in different periods, including single dynamic
degree and comprehensive dynamic degree [34,39–42].

(1) Single dynamic degree

The single dynamic degree is the ratio of the total area of a certain land type (e.g., Cul-
tivated land) at the end of the period (e.g., 1990a) that is converted into other land types
(all land types except Cultivated land) to the total area of that land type (Cultivated land)
at the beginning of the period (e.g., 1980a) [39,40]. The model reflects the speed of change
in the area of a particular land use type (e.g., Cultivated land) per unit of time. The formula
is as follows:

DS =
St+1 − St

St
× 1

T
× 100% (1)

where: DS is the desert (oasis) and its subordinate secondary land use type single dynamic
degree. St+1, St denotes the area of a specific land use type at the end and the beginning of
the study respectively and T is the study period.

(2) Comprehensive dynamic degree

The comprehensive dynamic degree is the ratio of the total decrease (or total increase)
of each class (referring to oasis or desert) in the region to two times the total area of the
regional land class [34,41]. The model reflects the magnitude and rate of change in the
overall land use type (referring to oasis or desert) area over the study period, and the
formula is as follows:

DC =
∑n

i=1 ∆Si−j

2∑n
i=1 Si

× 1
T
× 100% (2)
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where: DC is the comprehensive land use dynamic degree of the study area, ∆Si−j indicates
the absolute value of the area of land use type i converted to other land use types in the
study period, Si indicates the area of the land use type i at the beginning of the study period
and T is the study period.

2.2.2. Transfer Matrix

The land use transfer matrix is a classic method for studying the direction and quanti-
tative changes of transfers between land use types [42–45]. The model was used to explore
the role of the interconversion of desert and oasis relationships. The overlay analysis in the
software ArcGIS 10.7 was used to statistically calculate the dynamic change data generated
to obtain the transfer matrix. From the transfer matrix, we can know the direction of land
use type change in the Manas River basin, and the mechanism of interaction between
oasification and desertification in the Manas River basin. The formula is as follows:

Sij =

∣∣∣∣∣∣∣∣∣
S11 S12 · · · S1m
S21 S22 · · · S2m

...
...

. . .
...

Sm1 Sm1 · · · Smm

∣∣∣∣∣∣∣∣∣ (3)

where Sij is the required area matrix, S represents the area, m indicates the number of land
types under the oasis or desert, Sij means the area of desert or oasis component i at the
beginning of the study period transformed into j at the end of the study period.

2.2.3. Geographical Detector

Spatial heterogeneity refers to the uneven distribution of attributes within a region or
strata; for example, dryland and paddy fields are in the cultivated land. And the spatial
heterogeneity among regions or strata is called spatial stratified heterogeneity [46], such
as the distribution of LULC in different areas, or the difference in population density in
other regions and climates. This phenomenon of spatial stratified heterogeneity has been
widely described, but it is essential to determine whether such is statistically significant
and whether further analysis of the stratification is warranted, so a geographical detector
has been developed to address the above questions. The geographical detector is a novel
statistical model that detects spatial stratification and reveals its driving forces [36]. First
used to study the risk of diseases (e.g., neural tube defects (NTD)) caused by geographic
factors (e.g., watersheds, rocky areas and soils) [47–50], the geographical detector is now
widely used to examine the relationship between landscape patterns or urbanization, etc.
and their potential drivers [51–54]. It is based on the principle that variable X has a driving
effect on variable Y if the spatial distribution between variables X and Y tends to be the
same, and the q value is used to measure the magnitude of this driving effect. It has the
advantage of not limiting the nature of the original data, which can be both numerical and
qualitative. The geographical detector mainly consists of divergence and factor detection,
interaction detection, risk area detection and ecological detection. Factor detection and
interaction detection were used in this study.

(1) Factor detection is used to detect the degree of influence of a variable on oasis or
desertification in the Manas River basin [36] and is measured by the q-value. The formula
is as follows:

q = 1− ∑L
h=1(Nhσ2

h)
Nσ2 = 1− SSW

SST

SST =
L
∑

h=1

(
Nhσ2

h
)
, SST = Nσ2

(4)

In formula (4), q is the result of the factor detector, which is the driving force of the
variable on oasification or desertification in the Manas River basin. q ranges from (0,1),
when the value of q is 0, it means that there is no relationship between variable X and
variable Y. When the value of q is 1, it means that variable Y is completely determined
by variable X. When q its value is between 0 and 1, the larger the value indicates that the
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driving force of variable X on variable Y is more vital. N is the number of units in the whole
region, h = 1, 2, . . .L is the Strata of variable X or Y, Nh is the number of units in Strata h, is
the variance of units h, σ2 is the variance of the whole study area. SSW and SST are within
the sum of squares and the total sum of squares, respectively.

(2) Detection of factors interaction identifies interactions between different indepen-
dent variables, i.e., to determine whether the driving force on variable Y increases or
decreases when variables X1 and X2 interact. Or are the effects of X1 and X2 on Y indepen-
dent? [36]. Five types of interactions can be obtained by comparing the interaction q-value
(q(X1 ∩ X2)) and these two individual factors’ q-value (q(X1) and q(X2)) (Table 1).

Table 1. The type of interaction.

Quantitative Relationship Interaction Effect

q(X1 ∩ X2) = q(X1) + q(X2) Independent
q(X1 ∩ X2) < Min(q(X1), q(X2)) Nonlinear-weaken

Max(q(X1), q(X2)) < q(X1 ∩ X2) < Min(q(X1), q(X2)) Uni-weaken
q(X1 ∩ X2) > Max(q(X1), q(X2)) Bivariate-enhance

q(X1 ∩ X2) > q(X1) + q(X2) Nonlinear-enhance

2.3. Study Data

The data for analyzing the oasification and desertification in the study region were
land use data, obtained from the Multi-period Land Use Remote Sensing Monitoring
Dataset of China (CNLUCC) [55]. CNLUCC is a Chinese national-scale multi-period
LULC thematic database constructed by manual visual interpretation using Landsat remote
sensing imagery from the United States as the primary information source. In this study,
we mainly obtained five periods of data from CNLUCC, 1980, 1990, 2000, 2010 and 2020,
in which Landsat-MSS remote sensing image data with a resolution of 40m were mainly
used in 1980, Landsat-TM/ETM remote sensing image data in 1990, 2000 and 2010, and
Landsat OLI remote sensing image data with a resolution of 30 m in 2020. A cell size of
30 m was obtained by resampling the MSS image using the nearest neighbor method in
ArcGIS 10.7. Then, based on the Classification of Land Use Status of China [56], the data
were classified using a two-level classification system, with the first level classified as desert
and oasis, taking into account the actual and research needs of the study area. The second
level is further classified into nine types according to the first level type (Table 2). Among
them, deserts include four types of sandy land, Gobi, bare land (bare land and bare rocky
land) and saline marsh, and oases include five types of forest, grassland, cultivated land,
water and construction land. Based on the distribution of oases and deserts in 1980, the
expansion or reduction of oases (and woodland, grassland, water, cultivated land and
construction land) in 1990 (known as oasification), and the expansion or reduction of the
deserts (and sand, Gobi, bare land and saline marsh) (known as desertification) and so on,
were observed in 10-year increments. And the reclassification was executed from ArcGIS
to obtain five issues that can be used for remote sensing interpretation maps of the Manas
River basin for desertification and oasification analysis.

Table 2. Oasis and desert classification systems in the Manas River basin [55].

Class I
Classification

Class II
Classification Definition

Oasis

Cultivated land Refers to land planted with crops.

Forest Refers to the growth of trees, shrubs, bamboo and
coastal mangrove land and other forestry land.

Grassland Refers to all kinds of grasslands with herbaceous
plants growing mainly and covering more than 5%.

Water Refers to natural land water and water facilities land.
Construction land It refers to urban and rural settlements and the land

for industry, mining and transportation beyond them.
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Table 2. Cont.

Class I
Classification

Class II
Classification Definition

Desert

Sandy land Refers to the land with sand cover on the surface and
vegetation cover of less than 5%.

Gobi Refers to land where the surface is dominated by
gravel and the vegetation cover is less than 5%.

Bare land
Refers to land with soil cover (land with less than 5%
vegetation cover) or rocky or gravelly surface (land
with >5% of its body).

Saline marsh

Saline refers to land where salt and alkali gather on
the surface, vegetation is sparse and only salt-tolerant
solid plants can grow. Swamp refers to land with flat,
low-lying terrain, poor drainage, chronically wet,
seasonally or perennially waterlogged and
wet-growing plants on the surface.

According to the relevant literature [33,57,58], geological (soil type), topographic fac-
tors (elevation, slope, aspect), socioeconomic factors (population density, average land
GDP) and climatic factors (average annual temperature, annual precipitation, average
annual wind speed) were selected to construct the index system. The above model analysis
shows that the area transformed into oasis in the study area peaked in 2000–2010, consider-
ing the data availability. Therefore, 2000–2010 is used as the study period to explore the
drivers of oasification and desertification in the Manas River basin. The characteristics of
these data are summarized in Table 3.

Table 3. Data characteristics of driving factors.

Factor Date Resolution Source Abbreviations

Soil type 2009 1 km https://www.fao.org/
(accessed on 20 January 2023) Soil

Elevation 2000 30 m https://www.resdc.cn/
(accessed on 20 January 2023) DEM

Slope 2000 30 m https://www.resdc.cn/
(accessed on 20 January 2023) -

Aspect 2000 30 m https://www.resdc.cn/
(accessed on 20 January 2023) -

Population
density 2000–2010 -

http://tjj.xinjiang.gov.cn/
http://tjj.xjbt.gov.cn/

(accessed on 15 January 2023)
POP

Average land
GDP 2000–2010 -

http://tjj.xinjiang.gov.cn/
http://tjj.xjbt.gov.cn/

(accessed on 15 January 2023)
GDP

Average annual
temperature 2000–2010 1 km https://www.resdc.cn/

(accessed on 10 January 2023) VTem

Annual
precipitation 2000–2010 1 km https://www.resdc.cn/

(accessed on 10 January 2023) Pre

Average annual
wind speed 2000–2010 1 km https://www.resdc.cn/

(accessed on 10 January 2023) VWin

This study quantifies the area’s driving mechanisms of oasification and desertification
in terms of four major factors: geology, topography, social economy and climate. Soil type
data in the geological factors were obtained from the Chinese soil and topography database
published by the Land Degradation Assessment in Drylands (LADA) project of the Food
and Agriculture Organization of the United Nations (FAO). Elevation, slope and aspect
data in the geological factors were extracted from elevation maps. The annual average
temperature, annual precipitation and annual average wind speed in the climatic factors
were obtained from the Annual Spatial Interpolation Dataset of Meteorological Elements in

https://www.fao.org/
https://www.resdc.cn/
https://www.resdc.cn/
https://www.resdc.cn/
http://tjj.xinjiang.gov.cn/
http://tjj.xjbt.gov.cn/
http://tjj.xinjiang.gov.cn/
http://tjj.xjbt.gov.cn/
https://www.resdc.cn/
https://www.resdc.cn/
https://www.resdc.cn/
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China [59]. Population and GDP data in the socioeconomic factors were obtained from the
Xinjiang Statistical Yearbook and the Corps Statistical Yearbook for 2000 and 2010.

3. Results and Analysis
3.1. Spatiotemporal Evolution of Oasification and Desertification
3.1.1. Oasis and Desert Structural Features

The structural changes of deserts and oases in the Manas River Basin from 1980 to
2020 are depicted in Figure 2 and Table 4. Among them, figures (a)–(e) represent land use
distribution maps for the years 1980, 1990, 2000, 2010, and 2020, respectively.

1 

 

 
  

Figure 2. Oasis and desert structural features from 1980 to 2020.

Table 4. Area of land use types (unit: km2).

Class I
Classification

Class II
Classification 1980 1990 2000 2010 2020

Oasis

Cultivated land 5833.11 5970.11 6620.85 7403.14 7869.64
Forest 539.78 554.14 476.07 463.25 458.05

Grassland 11,250.10 11,221.86 10,549.14 10,107.88 9618.15
Water 888.29 929.22 939.97 956.04 1071.76

Construction land 290.58 366.61 411.16 444.91 541.61

Desert

Sandy land 5990.63 5659.15 5773.94 5596.93 5551.80
Gobi 4173.76 4170.76 4175.62 4171.55 4159.79

Bare land 4024.39 4046.87 4032.67 4026.04 4026.96
Saline marsh 516.54 588.47 527.76 337.45 209.43

The comparison reveals a slight difference in the overall area between the oasis and
the desert. The ratio of the oasis area to the total area of the study area witnessed an overall
trend of “increase-decrease-increase” from 1980 to 2020. The percentages for each year are
as follows: 56.11%, 56.83%, 56.7%, 57.82% and 58.37%, respectively. Between 1980 and 2020,
the oasis area in the study area increased by 757.34 km2, which is 4.03% higher than the
initial oasis area. Simultaneously, the desert area as a whole displayed a fluctuating trend
of decrease, with the ratio of the desert area to the total study area being 43.89%, 43.71%,
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43.3%, 42.18% and 41.63% for the respective years. The desert area decreased by 757.34 km2

during this period, accounting for a 5.15% reduction compared to the initial desert area. In
the oases, the cultivated land, construction land and water area increased significantly from
1980 to 2020, by 2036.53, 251.03 and 183.46 km2, respectively. Compared with the area in
1980, construction land had the most significant increase (86.39%), followed by cultivated
land (34.91%) and water (20.65%). The overall area of grassland and forest decreased, by
1631.95 km2 and 81.74 km2, respectively, with a decrease of 14.51% and 15.14%. Among
deserts, the area of sandy land and saline marsh decreased significantly from 1980 to 2020,
by 438.83 and 307.11 km2, respectively, and compared with the initial area, saline marshes
had the most significant reduction (59.46%), followed by sandy land (7.33%). In addition,
the overall area of Gobi and bare land changed, but not significantly: the area of Gobi
decreased by 13.97 km2, a decrease of 0.33%; the area of bare land increased by 2.57 km2,
an increase of 0.06%.

A precise temporal scale characterizes the evolution of deserts and oases in the Manas
River basin. In terms of oasis, the cultivated land had the most significant area change
(2036.53 km2) in the last 40 years. From 1980 to 1990, the cultivated land area expanded by
137.00 km2. Subsequently, from 1990 to 2000 and from 2000 to 2010, there was a particularly
notable increase in area, with expansions of 650.74 km2 and 782.28 km2, respectively. How-
ever, the expansion slowed down from 2010 to 2020, with an increase of 466.50 km2. The
area of grassland decreased the most in the last 40 years (−1631.95 km2), not significantly in
1980–1990 (−28.25 km2) but declined precipitously in 1990–2000 (−672.71 km2) and leveled
off in 2000–2010 and 2010–2020, but is still not negligible, with reductions of 441.26 and
489.73 km2, respectively. The land area for construction has changed considerably in the
four time periods, among which 1980–1990 and 2010–2020 are more prominent, with an
increase of 76.03 and 96.70 km2, respectively. In terms of the desert, the most significant
change in sandy land area was observed between 1980 and 2020, with a substantial decrease
in the area from 1980 to 1990 (−331.48 km2) and a significant increase from 1990 to 2000
(114.79 km2), which may be due to the rebound of the desert brought by desertification
control. Saline marshes showed little change in area between 1980–1990 and 1990–2000
(71.93 and −60.71 km2) and decreased significantly between 2000–2010 and 2010–2020
(−190.32 and −128.02 km2).

3.1.2. Desert and Oasis Dynamic Degree Analysis

The rates of oasis and desert changes are shown by single and comprehensive dynamic
degrees. As can be seen from Table 5, the oasis dynamic degree in the Manas River basin
was 0.08% during 1980–1990, indicating that the annual rate of oasis change was flat.
Among them, the annual rate of change of construction land is the largest in absolute
value (2.62%), followed by the annual dynamic degree of water area (0.46%), the annual
dynamic degree of cultivated land and forest land is similar in absolute value, and the
annual dynamic degree of grassland is the smallest in absolute value (0.03%).

Table 5. Desert and oasis dynamic degree.

Class I
Classification

Class II
Classification 1980–1990 1990–2000 2000–2010 2010–2020

Single dynamic
degree of oasis

Cultivated land 0.23% 1.09% 1.18% 0.63%
Forest 0.27% −1.41% −0.27% −0.11%

Grassland −0.03% −0.60% −0.42% −0.48%
Water 0.46% 0.12% 0.17% 1.21%

Construction land 2.62% 1.22% 0.82% 2.17%

Single dynamic
degree of desert

Sandy land −0.55% 0.20% −0.31% −0.08%
Gobi −0.01% 0.01% −0.01% −0.03%

Bare land 0.06% −0.04% −0.02% 0.00%
Saline marsh 1.39% −1.03% −3.61% −3.79%

Comprehensive
dynamic degree

Oasis 0.08% 0.38% 0.33% 0.30%
Desert 0.15% 0.07% 0.14% 0.07%
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The rate of oasis change accelerated from 1990 to 2000, with a comprehensive dynamic
degree of 0.38%. Among them, the absolute value of the forest dynamic degree is the
largest, 1.41%, the middle of cultivated land and construction land dynamic degree and the
smallest of grassland and water dynamic degree.

The rate of change of oasis slowed down in 2000–2010 and 2010–2020, with compre-
hensive dynamic degrees of 0.33% and 0.30%, respectively. In the first ten years, the rate
of change of cultivated land was the largest, with an absolute value of degree of 1.18%,
followed by construction land, grassland, forest land and water area. In the latter ten years,
the absolute values of construction land and water dynamic degree were the largest, with
2.17% and 1.21%, respectively, while the absolute values of dynamic degree for cultivated
land and grassland are in the middle and the absolute value of the dynamic degree for
forest was the smallest.

Regarding deserts, the comprehensive dynamic degree of deserts during 1980–2020
was larger only in 1980–1990 and 2000–2010, with 0.15% and 0.14%, respectively, and 0.07%
in the other two periods. Regarding single dynamic degree, saline marshes are the largest
in absolute value in all four periods, followed by sandy land. The Gobi and bare land
dynamic degree are basically zero.

Among the dynamic degree, construction land and cultivated land in oasis are the
land types constantly changing, consistent with the conclusion in the structural analysis
above. Forest and water are occasionally active, and grassland is relatively stable, which
contradicts the structural change analysis above that grassland has the most significant
reduction in area, which the large base of grassland area may cause. The reduction of
grassland area in each period has little impact. Saline marshes are the most active land
type in deserts, followed by sandy land, and the most stable desert land types are Gobi and
bare land.

3.1.3. Temporal Characterization of Oasification and Desertification

The land transfer model was used to acquire the temporal change characteristics of
desertification and oasification interconversion using ArcGIS 10.7 software (Tables 6–9).

Table 6. Transfer matrix of Manas River Basin, 1980–1990.

Year Type
1990

Culand Forest Grland Water Conland Sanland Gobi Baland Samarsh Sum To Derst

1980

Culand 5384.55 25.58 321.37 2.89 39.49 22.48 2.00 8.28 26.46 5833.11 59.23
Forest 5.59 517.29 15.26 1.60 0.02 0.00 0.00 0.00 0.02 539.78 0.02
Grland 536.06 8.03 10,552.89 8.97 32.97 19.98 0.09 4.31 86.82 11,250.10 111.19
Water 0.36 0.12 1.91 885.77 0.00 0.00 0.00 0.00 0.13 888.29 0.13

Conland 0.00 0.00 0.00 0.00 290.58 0.00 0.00 0.00 0.00 290.58 0.00
Sanland 40.99 2.69 322.61 1.85 1.30 5616.02 2.44 2.12 0.60 5990.63 5621.19

Gobi 0.00 0.00 0.33 0.00 1.16 0.00 4164.69 0.00 7.58 4173.76 4172.27
Baland 0.00 0.00 0.00 0.15 0.00 0.00 0.00 4024.24 0.00 4024.39 4024.24
Samarsh 2.56 0.43 7.49 28.00 1.09 0.67 1.54 7.92 466.85 516.54 476.97

Sum 5970.11 554.14 11,221.86 929.22 366.61 5659.15 4170.76 4046.87 588.47 33,507.18 -
To oasis 43.55 3.12 330.43 30.00 3.55 5616.69 4168.67 4034.28 475.03 - -

Note: Culand: cultivated land; Grland: grassland; Conland: construction land; Sanland: sandy land; Baland: bare
land; Samarsh: Saline marsh. “To desert” means the total area of cultivated land, forest, grassland, water and
construction land converted to sandy land, Gobi, bare land and salt marshes, respectively. “To oasis” means the
total area of sandy land, Gobi, bare land and salt marshes converted to cultivated land, forest, grassland, water
and construction land, respectively. Same below.

The temporal characteristics of oasification were analyzed by considering the oasis as
a whole and the desert, Gobi, bare land and saline marsh as individual units. The areas
shifting from desert to oasis exhibited a “decreasing-increasing-decreasing” trend. The con-
version areas were similar between the periods of 1980 to 1990 and 2000 to 2010, amounting
to 410.64 km2 and 413.85 km2 respectively. The smallest conversion area was observed
from 1990 to 2000, with a measurement of 125.04 km2, followed by 154.48 km2 from 2010
to 2020. Next, the temporal characteristics of desertification are analyzed by taking the
desert as a whole, taking the cultivated land, forest, grassland, water and construction
land as units. Specifically, 1980–1990, 1990–2000, 2000–2010 and 2010–2020 oasis-to-desert



Land 2023, 12, 1487 11 of 20

conversion areas are 170.58, 169.79, 35.83 and 29.60 km2, respectively, showing a continuous
decrease trend.

Table 7. Transfer matrix of Manas River Basin, 1990–2000.

Year Type
2000

Culand Forest Grland Water Conland Sanland Gobi Baland Samarsh Sum To Derst

1990

Culand 5777.33 1.28 96.67 10.28 64.76 3.69 0.00 0.36 15.74 5970.11 19.79
Forest 44.41 461.14 37.83 1.40 1.42 2.68 0.11 1.12 4.05 554.14 7.96
Grland 667.03 13.60 10,377.15 17.48 18.33 100.29 0.01 13.73 14.24 11,221.86 128.28
Water 1.44 0.04 4.40 909.52 0.06 0.13 0.00 11.30 2.32 929.22 13.75

Conland 32.44 0.01 8.31 0.06 325.77 0.00 0.00 0.00 0.01 366.61 0.01
Sanland 15.75 0.00 2.82 0.54 0.23 5638.85 0.00 0.00 0.95 5659.15 5639.81

Gobi 0.03 0.00 0.00 0.00 0.12 0.00 4170.61 0.00 0.00 4170.76 4170.61
Baland 35.21 0.00 3.09 0.00 0.09 2.29 0.00 4006.15 0.03 4046.87 4008.47
Samarsh 47.21 0.00 18.88 0.69 0.37 26.02 4.89 0.00 490.41 588.47 521.32

Sum 6620.85 476.07 10,549.14 939.97 411.16 5773.94 4175.62 4032.67 527.76 33,507.18 -
To oasis 98.20 0.00 24.79 1.23 0.81 5667.16 4175.50 4006.15 491.39 - -

Table 8. Transfer matrix of Manas River Basin, 2000–2010.

Year Type
2010

Culand Forest Grland Water Conland Sanland Gobi Baland Samarsh Sum To Derst

2000

Culand 6598.99 0.00 1.19 0.00 20.54 0.00 0.00 0.00 0.13 6620.85 0.13
Forest 13.83 460.15 1.07 0.38 0.38 0.00 0.00 0.00 0.25 476.07 0.25
Grland 433.22 2.07 10,058.43 17.38 5.51 2.02 1.22 0.00 29.30 10,549.14 32.53
Water 0.89 0.00 5.97 930.17 0.04 0.00 0.00 0.00 2.91 939.97 2.91

Conland 0.00 0.00 0.00 0.00 411.16 0.00 0.00 0.00 0.00 411.16 0.00
Sanland 170.68 1.01 7.52 0.11 0.00 5589.67 0.00 0.17 4.78 5773.94 5594.62

Gobi 5.42 0.00 0.47 0.00 0.08 0.00 4169.65 0.00 0.00 4175.62 4169.65
Baland 4.25 0.00 2.24 0.00 0.01 0.03 0.00 4025.85 0.30 4032.67 4026.17
Samarsh 175.86 0.01 30.99 8.00 7.21 5.22 0.68 0.02 299.78 527.76 305.69

Sum 7403.14 463.25 10,107.88 956.04 444.91 5596.93 4171.55 4026.04 337.45 33,507.18 -
To oasis 356.20 1.02 41.22 8.11 7.30 5594.91 4170.33 4026.04 304.86 - -

Table 9. Transfer matrix of Manas River Basin, 2010–2020.

Year Type
2020

Culand Forest Grland Water Conland Sanland Gobi Baland Samarsh Sum To Derst

2010

Culand 7265.14 0.01 72.28 0.00 65.58 0.12 0.00 0.00 0.00 7403.14 0.12
Forest 5.03 457.77 0.40 0.04 0.00 0.00 0.00 0.00 0.00 463.25 0.00
Grland 548.35 0.26 9532.04 3.83 19.26 0.73 0.00 0.01 3.39 10,107.88 4.13
Water 2.25 0.00 13.17 910.47 4.81 0.06 0.00 2.20 23.10 956.04 25.35

Conland 0.00 0.00 0.00 0.05 444.86 0.00 0.00 0.00 0.00 444.91 0.00
Sanland 44.91 0.00 0.10 0.18 0.87 5550.86 0.00 0.00 0.00 5596.93 5550.87

Gobi 0.00 0.00 0.00 8.92 2.84 0.00 4159.79 0.00 0.00 4171.55 4159.79
Baland 1.28 0.00 0.00 0.00 0.00 0.01 0.00 4024.75 0.00 4026.04 4024.76
Samarsh 2.67 0.00 0.16 148.27 3.38 0.03 0.00 0.00 182.94 337.45 182.97

Sum 7869.64 458.05 9618.15 1071.76 541.61 5551.80 4159.79 4026.96 209.43 33,507.18 -
To oasis 48.86 0.00 0.27 157.37 7.09 5550.90 4159.79 4024.75 182.94 - -

In the oasification, the area converted from saline marsh to oasis gradually increased
from 1980 to 2010, reaching a peak of 222.07 km2 in 2010, then decreased from 2010 to 2020.
The conversion area of sandy land to oasis showed a fluctuating downward trend, with the
maximum area (369.44 km2) in 1980–1990 and the minimum area (19.35 km2) in 1990–2000.
The conversion of bare land to oasis increased first and then decreased throughout the
study period. Still, the total transformation was insignificant (46.33 km2), while there was
almost no conversion of Gobi to oasis (19.37 km2). During 1980–2020, sandy land and saline
marsh conversion to oasis accounted for 94.39% of the total conversion area. Thus, saline
marsh and sandy land were the primary sources of oasis conversion.

Among desertification, grassland was the primary source of desert in 1980–1990,
1990–2000 and 2000–2010 with 65.19%, 75.55% and 90.81% contribution, respectively, but
its contribution declined in 2010–2020 with only 13.94%. Cultivated land was the secondary
source of desert in 1980–1990 and 1990–2000 with 34.72% and 11.66% contribution, respec-
tively, but its contribution decreased in 2000–2020 with almost 0. Watershed contributed
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less to desert in 1980–2010 with 0.08%, 8.1% and 8.13%, respectively, and became the main
source of desert in 2010–2020, with a contribution rate of 85.65%. The contribution rate of
forest to desert increases first and then decreases and reaches its peak (4.69%) in 1990–2000.
The contribution rate of construction land is the lowest, and its value is almost 0 in four
periods. The contribution of desertification is ranked as follows: grassland > cultivated
land > water > forest > construction land. Therefore, grassland and cultivated land are the
primary sources of desertification.

Overall, the existing land use pattern in the Manas River basin results from the
interaction of both oasification and desertification. Desertification shows a continuous
decreasing trend, while oasification shows a “decreasing–increasing–decreasing” trend. In
1980–1990, the area of oasification was higher than the area of desertification; in 1990–2000,
desertification was higher than oasification; and in 2000–2020, oasification was higher than
desertification, which indicates that the Manas River Basin is currently in the stage of
oasis expansion.

3.1.4. Spatial Characterization of Oasification and Desertification

Through ArcGIS 10.7 software, the spatial distribution map of the mutual transfer of
oasis and desert was output (Figure 3) to obtain the spatial characteristics of desertification
and oasification in the Manas River basin. Figure 3a shows the spatial distribution of
oasification and desertification in the Manas River basin during 1980–1990. Oasification is
mainly distributed in the central and west-central part of the study area, within Shawan
County and Dushanzi District, within the grassland, and a small part is located in the north-
central part of Manas County. At the same time, desertification is heavily concentrated in
the north-central and west-central parts of the study area, mainly located in the interlacing
zone of oasis and desert or Gobi. Figure 3b shows the spatial distribution of oasification
and desertification in the Manas River basin from 1990 to 2000. Oasification is mainly
located in the north-central part, where oasis and desert are interspersed. At the same
time, desertification is heavily concentrated in the northern part of Manas County, and
a small part is located in the mosaic of desert and grassland in Usu City. Figure 3c
presents the spatial distribution of oasification and desertification in the Manas River basin
during 2000–2010. Oasification is mainly distributed in the western part of the study
area, within Shawan County and Kuitun City, with sandy land and saline marsh as the
main transformers. At the same time, grassland is the primary source of desertification,
mainly within the alkaline zone. Figure 3d shows the spatial distribution of oasification
and desertification in the Manas River basin during 2010–2020, during which oasification
was mainly located in and around Manas Lake and desertification was located primarily
on the northern administrative boundary of Shihezi City.

During 1980–2020, the spatial distribution of oasification shifted from central to east-
west and then to northeast, and the spatial distribution of desertification shifted from
east-west to east-central. In the past 40 years, the areas that are more prone to oasification
are located in deserts within grasslands, where deserts and oases border, followed by saline
marsh, and finally where Gobi and oases border, with sandy land more easily transformed
into grasslands and saline marsh transformed into waters. The Gobi and bare land are
more solid and less likely to be changed. The areas more prone to desertification are also
mainly located where grassland, cultivated and sandy land border and construction land
and water. Grassland and cultivated land are more likely to be transformed into desert,
while forest is the most stable and less susceptible to desert erosion. Overall, oasis and
desert transformation are more intense at the intersection of oasis and desert, and more
prone to oasification or desertification. Sandy land and saline marsh are more prone to
oasis, grasslands and cultivated land are unstable and more prone to desertification, and
forests are the most stable and less prone to desertification.
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Figure 3. Spatial characterization of oasification and desertification.

3.2. Analysis of Driving Factors
3.2.1. Detection of Single Factor

A geographic detector was applied to reveal the primary factors driving the spatial
and temporal evolution of oasification and desertification in the Manas River basin. The
area of sandy land, Gobi, bare land and saline marsh transformed into oasis is taken
as the dependent variable Y1, and the area of cultivated land, forest, grassland, water
and construction land transformed into desert is taken as the dependent variable Y2.
The geographic detector explores the degree of influence of geological, topographical,
socioeconomic and climatic factors on oasification and desertification. q values in the
results (Figure 4) are the required driving force. p values are significance levels, and the
vast majority of p-values in the results are 0, indicating that the results are significant and
that the driving force of the driving factors on the dependent variables is credible.
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The q-values of the driving factors affecting oasification in the Manas River basin
are ranked as follows: Population density > Average land GDP > Soil type > Annual
precipitation > Elevation > Average annual wind speed > Average annual temperature
> Slope > Aspect, with most q-values below 0.3. The contribution of population density,
average land GDP, soil type and annual precipitation to oasification (all greater than 0.4) is
significantly more substantial than other factors, indicating that these four factors are the
key factors driving oasification in the Manas River basin. These are followed by elevation,
mean annual temperature and mean annual wind speed, which had q-values of 0.395,
0.276 and 0.282, respectively, with driving rates above 28%, indicating that these factors
significantly influence oasification.

The q-values of the driving factors affecting desertification in the Manas River basin
are ranked as follows: Population density > Average land GDP > Annual precipitation
> Soil type > Average annual wind speed > Elevation > Average annual temperature >
Slope > Aspect. The q-values of population density and averaged land GDP among the
socio-economic factors were 0.488 and 0.354, respectively, with a driving rate of more than
35%, which were the key influences driving desertification in the Manas River Basin. And
the q-values of annual precipitation, soil type, average annual wind speed, elevation and
average annual temperature were 0.34, 0.288, 0.281, 0.206 and 0.191, respectively, with a
driving rate of more than 19%, which had a more significant influence on desertification. In
contrast, the q-values of slope and aspect among the topographic factors were 0.018 and
0.005, respectively, with a driving rate of less than 2%, which had a lesser influence on
desertification.

3.2.2. Interaction Detection of Dual Factor

Using nine types of driving factors for interaction detection, the results (Tables 10 and 11)
present that the q-values of the interactions were all greater than the maximum of the
q-values of any two factors or the sum of the two, for two-factor enhancement or non-
linear enhancement, weakening or independent of each other does not exist. It indicates
that the results of oasification and desertification in the Manas River Basin are driven by
multiple factors together. The larger the interaction q value of the two factors, the higher
the influence of two-factor interaction on oasification or desertification.

Table 10. Results of oasification and desertification interaction detection from 2000 to 2010.

Factor Interaction Interaction q-Value Result Interpretation

Soil∩DEM 0.537 >0.428 = Max(q(Soil), q(DEM)) Bivariate-enhance
Soil∩Slope 0.457 >0.454 = q(Soil) + q(Slope) Nonlinear-enhance

Soil∩Aspect 0.461 >0.432 = q(Soil) + q(Aspect) Nonlinear-enhance
Soil∩POP 0.631 >0.538 = Max(q(Soil), q(POP)) Bivariate-enhance
Soil∩GDP 0.660 >0.533 = Max(q(Soil), q(GDP)) Bivariate-enhance
Soil∩VTem 0.507 >0.428 = Max(q(Soil), q(VTem)) Bivariate-enhance

Soil∩Pre 0.562 >0.428 = Max(q(Soil), q(Pre)) Bivariate-enhance
Soil∩VWin 0.597 >0.428 = Max(q(Soil), q(VWin)) Bivariate-enhance

DEM∩Slope 0.430 >0.420 = q(DEM) + q(Slope) Nonlinear-enhance
DEM∩Aspect 0.427 >0.398 = q(DEM) + q(Aspect) Nonlinear-enhance

DEM∩POP 0.645 >0.538 = Max(q(DEM), q(POP)) Bivariate-enhance
DEM∩GDP 0.678 >0.533 = Max(q(DEM), q(GDP)) Bivariate-enhance
DEM∩VTem 0.514 >0.395 = Max(q(DEM), q(VTem)) Bivariate-enhance

DEM∩Pre 0.498 >0.427 = Max(q(DEM), q(Pre)) Bivariate-enhance
DEM∩VWin 0.548 >0.395 = Max(q(DEM), q(VWin)) Bivariate-enhance

Slope∩Aspect 0.082 >0.029 = q(Slope) + q(Aspect) Nonlinear-enhance
Slope∩POP 0.577 >0.563 = q(Slope) + q(POP) Nonlinear-enhance
Slope∩GDP 0.567 >0.559 = q(Slope) + q(GDP) Nonlinear-enhance
Slope∩VTem 0.310 >0.302 = q(Slope) + q(VTem) Nonlinear-enhance

Slope∩Pre 0.462 >0.452 = q(Slope) + q(Pre) Nonlinear-enhance
Slope∩VWin 0.369 >0.307 = q(Slope) + q(VWin) Nonlinear-enhance
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Table 10. Cont.

Factor Interaction Interaction q-Value Result Interpretation

Aspect∩POP 0.570 >0.541 = q(Aspect) + q(POP) Nonlinear-enhance
Aspect∩GDP 0.559 >0.537 = q(Aspect) + q(GDP) Nonlinear-enhance
Aspect∩VTem 0.316 >0.280 = q(Aspect) + q(VTem) Nonlinear-enhance

Aspect∩Pre 0.457 >0.430 = q(Aspect) + q(Pre) Nonlinear-enhance
Aspect∩VWin 0.330 >0.285 = q(Aspect) + q(VWin) Nonlinear-enhance

POP∩GDP 0.656 >0.538 = Max(q(POP), q(GDP)) Bivariate-enhance
POP∩VTem 0.642 >0.538 = Max(q(POP), q(VTem)) Bivariate-enhance

POP∩Pre 0.632 >0.538 = Max(q(POP), q(Pre)) Bivariate-enhance
POP∩VWin 0.644 >0.538 = Max(q(POP), q(VWin)) Bivariate-enhance
GDP∩VTem 0.669 >0.533 = Max(q(GDP), q(VTem)) Bivariate-enhance

GDP∩Pre 0.658 >0.533 = Max(q(GDP), q(Pre)) Bivariate-enhance
GDP∩VWin 0.646 >0.533 = Max(q(GDP), q(VWin)) Bivariate-enhance
VTem∩Pre 0.496 >0.427 = Max(q(VTem), q(Pre)) Bivariate-enhance

VTem∩VWin 0.597 >0.558 = q(VTem) + q(VWin) Nonlinear-enhance
Pre∩VWin 0.565 >0.427 = Max(q(Pre), q(VWin)) Bivariate-enhance

Note: Soil: Soil type; DEM: Elevation; POP: Population density; GDP: Average land GDP; VTem: Average annual
temperature; Pre: Annual precipitation; VWin: annual wind speed (Table 3), same below.

Table 11. Results of desertification interaction detection from 2000 to 2010.

Factor Interaction Interaction q-Value Result Interpretation

Soil∩DEM 0.373 >0.288 = Max(q(Soil), q(DEM)) Bivariate-enhance
Soil∩Slope 0.307 >0.306 = q(Soil) + q(Slope) Nonlinear-enhance

Soil∩Aspect 0.296 >0.293 = q(Soil) + q(Aspect) Nonlinear-enhance
Soil∩POP 0.600 >0.488 = Max(q(Soil), q(POP)) Bivariate-enhance
Soil∩GDP 0.583 >0.354 = Max(q(Soil), q(GDP)) Bivariate-enhance
Soil∩VTem 0.395 >0.288 = Max(q(Soil), q(VTem)) Bivariate-enhance

Soil∩Pre 0.552 >0.340 = Max(q(Soil), q(Pre)) Bivariate-enhance
Soil∩VWin 0.593 >0.569 = q(Soil) + q(VWin) Nonlinear-enhance

DEM∩Slope 0.226 >0.225 = q(DEM) + q(Slope) Nonlinear-enhance
DEM∩Aspect 0.213 >0.212 = q(DEM) + q(Aspect) Nonlinear-enhance

DEM∩POP 0.602 >0.488 = Max(q(DEM), q(POP)) Bivariate-enhance
DEM∩GDP 0.558 >0.354 = Max(q(DEM), q(GDP)) Bivariate-enhance
DEM∩VTem 0.275 >0.206 = Max(q(DEM), q(VTem)) Bivariate-enhance

DEM∩Pre 0.369 >0.340 = Max(q(DEM), q(Pre)) Bivariate-enhance
DEM∩VWin 0.516 >0.288 = q(DEM) + q(VWin) Nonlinear-enhance

Slope∩Aspect 0.034 >0.023 = q(Slope) + q(Aspect) Nonlinear-enhance
Slope∩POP 0.510 >0.506 = q(Slope) + q(POP) Nonlinear-enhance
Slope∩GDP 0.395 >0.372 = q(Slope) + q(GDP) Nonlinear-enhance
Slope∩VTem 0.210 >0.209 = q(Slope) + q(VTem) Nonlinear-enhance

Slope∩Pre 0.361 >0.358 = q(Slope) + q(Pre) Nonlinear-enhance
Slope∩VWin 0.353 >0.300 = q(Slope) + q(VWin) Nonlinear-enhance
Aspect∩POP 0.497 >0.493 = q(Aspect) + q(POP) Nonlinear-enhance
Aspect∩GDP 0.361 >0.359 = q(Aspect) + q(GDP) Nonlinear-enhance
Aspect∩VTem 0.199 >0.196 = q(Aspect) + q(VTem) Nonlinear-enhance

Aspect∩Pre 0.349 >0.345 = q(Aspect) + q(Pre) Nonlinear-enhance
Aspect∩VWin 0.293 >0.286 = q(Aspect) + q(VWin) Nonlinear-enhance

POP∩GDP 0.542 >0.488 = Max(q(POP), q(GDP)) Bivariate-enhance
POP∩VTem 0.600 >0.488 = Max(q(POP), q(VTem)) Bivariate-enhance

POP∩Pre 0.601 >0.488 = Max(q(POP), q(Pre)) Bivariate-enhance
POP∩VWin 0.614 >0.488 = Max(q(POP), q(VWin)) Bivariate-enhance
GDP∩VTem 0.551 >0.545 = q(GDP) + q(VTem) Nonlinear-enhance

GDP∩Pre 0.557 >0.354 = Max(q(GDP), q(Pre)) Bivariate-enhance
GDP∩VWin 0.533 >0.354 = Max(q(GDP), q(VWin)) Bivariate-enhance
VTem∩Pre 0.382 >0.340 = Max(q(VTem), q(Pre)) Bivariate-enhance

VTem∩VWin 0.501 >0.472 = q(VTem) + q(VWin) Nonlinear-enhance
Pre∩VWin 0.509 >0.340 = Max(q(Pre), q(VWin)) Bivariate-enhance
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The six groups with the highest interaction driving force in the oasification process in
descending order were: average land GDP and elevation, mean annual temperature and
average land GDP, average land GDP and soil type, annual precipitation and average land
GDP, average land GDP and population density, mean annual wind speed and average land
GDP, and population density and elevation, and all six groups interacted at more than 64%.
And after interacting with other factors, the driving force of economic factors increased
significantly. The single slope and aspect factors had minor oasification driving forces.
However, after interacting with other factors, the driving force increased significantly, and
all showed non-linear enhancement.

In the desertification process, after the interaction of driving factors, the driving factors
with higher driving forces in order are the interaction of mean annual wind speed and
population density with a driving force of 0.614; the interaction of population density
and elevation with a driving force of 0.602; the interaction of annual precipitation and
population density with a driving force of 0.601; the interaction between population
density and soil type is the same as the interaction between mean annual temperature and
population density, both with a driving force of 0.6. The driving force of a single climatic
factor on desertification in the Manas River basin is weak. Still, it is higher than that of
climatic factors interacting with other factors after interacting with social economic factors.
This suggests that the climatic factors will significantly affect the transformation of the oasis
into desert after the population and economic factors reach certain climatic conditions.

4. Discussion

Through the above analysis, the oasification and desertification in the Manas River
basin were more significant in each period from 1980 to 2020, with the total oasification area
accounting for 4.03% of the initial oasis area and the total desertification area accounting
for −5.15% of the initial total desert area. Among them, the oasis is dominated by the
expansion of cultivated land, which coincides with the findings of Wang et al. [60] and
Li et al. [61]. And where the most significant increase in cultivated land area from 1990
to 2010 was due to the growth in population size that promoted the rise in food demand
and the limited amount of cultivated land, thus reclaiming cultivated land to balance the
existing contradiction. On the other hand, the widespread diffusion of drip irrigation
technology since 1999 has increased the efficiency of water resources, which have been
used to reclaim newly cultivated land and reuse abandoned land. Li et al. [62] found a
continuous decrease in grassland in the Manas River basin from 1976 to 2015, which is
consistent with the conclusion that the single dynamic degree of grassland is less than 0
and shows a retreat from 1980 to 2020 in this study. But this study also found sandy land
decreased the most in these nearly 40 years among the four secondary classifications of the
desert. On the one hand, this was due to the reduction of the sandy land area as a result
of the reclamation mentioned above of cultivated land, and on the other hand, due to the
implementation of ecological projects such as afforestation and wind and sand control.

In the process of desertification, grassland was the main contributor to the desert in
1980–2020, with the area converted to desert accounting for 16.9% of the total reduction,
followed by cropland, mainly in 1980–1990. The transformation of water into desert
primarily occurred between 2010 and 2020, which may be because although the drip
irrigation technology mentioned above saves a certain amount of water resources, the
uncontrolled development of cultivated land exacerbates the contradiction between the
supply and demand of water resources, resulting in a drastic reduction of water resources
in a short period, which is more consistent with the arguments related to the existing
literature [63]. In the process of oasification, the area converted from sandy land to oasis
exceeded the total area reduced in the study period, which is due to the unstable sandy
land morphology, where the sandy land is treated as oasis and then transformed into sandy
land, and the transformation morphology is more frequent. Secondly, the most significant
area converted to oasis is saline marsh, mainly converted to cultivated land. Therefore,
oasis is primarily derived from the exploration and transformation of sandy land and
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saline marsh, and the increase is mainly cultivated land and construction land. In contrast,
desertification is mainly derived from grassland and cultivated land, and the growth is
mainly sandy land and saline marsh. Meanwhile, the conversion between oasis and desert
is more likely to occur where the oasis–desert borders, because at the intersection, the
confrontation between the two is more intense and the mutual conversion is more frequent;
oasification and desertification are more likely to occur, followed by the ease of oasification
of sandy land within oases and desertification of grasslands within deserts, consistent with
some literature findings [64].

Among the driving factors of the spatial and temporal evolution of oasification and
desertification, population density, average land GDP, soil type and annual precipitation
are the key drivers of oasification in the Manas River Basin from 2000 to 2010, and the
increasing population and socioeconomic development drive people to develop the desert,
thus balancing the "human-cultivated land" imbalance. In addition to socioeconomic fac-
tors, geological and other natural factors also drive the evolution of oasification. Population
density and average land GDP are the critical drivers of desertification in the Manas River
basin from 2000 to 2010, which may be due to the increase in population and socioeco-
nomic development exceeding the local oasis carrying capacity (e.g., depletion of water
resources), resulting in the rebound of the desert and thus becoming the primary driver
of desertification.

5. Conclusions
5.1. Research Conclusions

The spatiotemporal evolution pattern of desertification–oasification in the Manas
River Basin 1980–2020 was obtained using the dynamic degree and land transfer matrix.
The driving factors behind the desertification–oasification in the Manas River Basin from
2000 to 2010 were identified through factor and interaction detection conducted by the
geographic detector. The main findings of the study are as follows.

(1) Regarding structural characteristics, the geographical landscape of the Manas River
basin from 1980 to 2020 is dominated by oases, with oases accounting for more than 50%
of the area. The overall trend is “expansion-recession-expansion” except for 1990–2000
when it was in retreat; all other periods were in expansion, and the desert was in “retreat-
expansion-retreat.” The oasis area expanded the fastest from 2000 to 2010, with the growth
and change rate up to 378.03 km2 and 1.9%, and the dynamic degree was much larger than
that of the desert from 1990 to 2020, and both remained at 0.3% and above.

(2) In terms of the temporal evolution of oasification and desertification, the total area
shifted from desert to oasis in the Manas River basin from 1980 to 2020 was as high as
1162.6 km2, and the overall desert to oasis shift showed a “decrease-increase-decrease ”
trend, and the total transfer area from the oasis to the desert is up to 405.79 km2, with
an overall trend of continuous decrease. In 1980–1990 the area of oasification was more
significant than the area of desertification; in 1990–2000, the area of desertification was
larger than the area of oasification; and in 2000–2020, the area of the oasis was larger than
the area of desertification. The primary sources of oasification are sandy land and saline
marshes, while the primary sources of desertification are grasslands and croplands.

From the spatial characteristics of oasification and desertification, they mainly occur
in the border between oasis and desert, local desert development within large oasis and
oasis degradation within large deserts. From the administrative division, oasification is
mainly distributed in Shawan County; desertification is primarily distributed in Shawan
County from 1980 to 1990, Manas County from 1990 to 2000 and from 2010 to 2020. The
spatial distribution of oasification is shifted from central to northwest and then to northeast
during 1980–2020, and the spatial distribution of desertification is shifted from northwest
to northeast.

(3) The four factors of population density, average land GDP, soil type and annual
precipitation are the key factors driving the degree of oasification in the Manas River basin
from 2000 to 2010, with the driving force q-values above 0.4. The two factors of population
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density and average land GDP are the key factors driving the degree of desertification in
the Manas River basin from 2000 to 2010, with a driving force above 0.35. The driving
force of all the factors increased significantly after the interaction, and the influence of
socioeconomic factors on the degree of oasification and desertification in the Manas River
basin was higher than other factors.

5.2. Limitations and Directions for Future Research

Research limitations and future research directions are as follows: (1) In this study,
the period of 2000–2010, the largest oasification area, was selected due to the availability
of data to explore the driving factors of the spatiotemporal evolution of oasification in the
Manas River basin and more extended time data can be used to explore the mechanism in
the future further to obtain more general conclusions. (2) The analysis of desertification-
oasification characteristics shows that the place where the transition between desert and
oasis is more frequent is at the junction of the two, and the next step can be to explore how
the stability of the desert–oasis transition zone is maintained. Secondly, it is known from
the study’s conclusion that the current Manas River basin is in the stage of continuous
oasis expansion, and the oasis area is still increasing with the addition of human factors.
Li et al. [62] proposed that the constant increase of the oasis area will not only help the
ecological environment, but also lead to its deterioration. In contrast, the oasis in the Manas
River basin is mainly the continuous increase of cultivated land area; the next step can be
from the suitable scale of cultivated land, the oasification governance and other aspects
of research.
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