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ecological integrity in the Alxa
League from 1990 to 2020
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Ministry of Education Key Laboratory of Ecology and Resource Use of the Mongolia Plateau,
Collaborative Innovation Center for Grassland Ecological Security, School of Ecology and
Environment, Inner Mongolia University, Hohhot, China
Ecological integrity can satisfactorily reflect the comprehensive quality of

ecosystems and has become a useful tool for evaluating the ecological

environment. Ecological integrity evaluation has been widely applied in various

ecosystems. Conducted in the Alxa League, the study established an ecological

integrity index based on ecosystem structure, function and resilience and

evaluated the ecological integrity of the study area in 1990, 2000, 2010 and

2020. Using hotspots spatial analyses, we analyzed the temporal and spatial

variation of ecological integrity index during the study period. The main

contributing factors affecting ecological integrity were identified with the help

of the geographical detector model. Our results showed that: (1) Ecosystem

structure, function and resilience in the Alxa League had obvious spatial

heterogeneity and barely changed from 1990 to 2020. (2) Half of the area had

a poor ecological integrity index, and the decrease in ecological integrity mainly

occurred in the Alxa Left Banner. (3) Among the factors affecting the ecological

integrity index, land use intensity was the major driving factor, and desertification

was a key reason leading to the decrease. Ecological integrity evaluation can

increase public awareness of desert conditions and guide policy makers to make

reasonable and sustainable policies or strategies to protect and restore

desert ecosystems.

KEYWORDS

the Alxa League, ecological integrity, desert ecosystem, ecosystem evaluation,
driving factors
1 Introduction

Natural ecosystems play a vital role in providing products and services for human

survival and development (Costanza et al., 1997; Peng et al., 2017). For centuries, human

activities and global change have had considerable influence on ecosystem structure and

function (Hughes et al., 2003; Foley et al., 2005; Hughes et al., 2018). Although ecological

restoration measures have been implemented to reduce the negative impacts on ecosystems

(Peng et al., 2018; Fischer et al., 2021; Li et al., 2021), many ecological problems still limit
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human social and economic development and even threaten human

health (Qu and Fan, 2010; Law and Annual, 2017; Chase et al.,

2020). Thus, it has become necessary to conduct ecological

valuations to diagnose the condition of the ecological

environment. As an important concept in natural resource

management and environmental protection, ecological integrity

has been widely used in ecological condition evaluations (Huang

et al., 2006; Borja et al., 2008).

Ecological integrity, also known as ecosystem integrity, was first

noted by Leopold in 1949 (Leopold, 1949). Initially, ecological

integrity was designed as an objective reflection of the ecosystem

composition, which included physical, chemical and biological

integrity (Karr and Dudley, 1981; Karr, 1996). Later, scholars

argued that ecological integrity should not only focus on the

ecosystem structure, but also consider other characteristics of

natural ecosystems, such as ecosystem function, resilience and

self-organization (Andreasen et al., 2001; Pan et al., 2021b; Ma

et al., 2022). In addition, some studies began to keep a watchful eye

on the involvement of humans, not only considered the condition of

natural ecosystem itself, the ability of meeting human demand also

should be adopted during the construction of ecological integrity

(Kay, 1991; Angermeier and Karr, 1994; Parrish et al., 2003). With

the development of ecological integrity theory, the concept of

ecological integrity was widely expected to reflect both the

comprehensive quality of ecosystem composition, structure,

function, and resilience and the ability to achieve sustainable

development (Karr and Dudley, 1981; Barbour et al., 2000;

Parrish et al., 2003; Wurtzebach and Schultz, 2016; Roche and

Campagne, 2017).

The high practicability and effective ability reflect the

comprehensive condition of ecosystems have led to ecological

integrity being widely used in ecological evaluations. For example,

Tierney et al. (2009) evaluated the forest ecological integrity in

Acadia National Park and provided effective management

suggestions and scientific guidance related to potential problems.

Ecological integrity was also regarded as an indicator reflecting the

condition of agroecosystems in southern South America, to

scientifically guide agricultural production (Blumetto et al., 2019).

In addition, the ecological significance behind ecological integrity

made it sever well in reflecting the local ecological environment, and

ecological integrity assessments have been broadly applied to

various ecosystem types, such as oceans (Maloney, 2019), rivers

(Stevens et al., 2021), wetlands (Jiang et al., 2015), lakes

(Ozkundakci et al., 2014), grasslands (Kaiser et al., 2009) and

urban area (MacGregor-Fors et al., 2022). In addition, sustaining

sufficient levels of ecological integrity also became the fundamental

basis for the implementation of natural resource protection. The

CleanWater Act (CWA) in 1972 regarded maintaining high-quality

ecological integrity as the basic and durative goal for protecting

water resources (Barbour et al., 2000), and similar requirements

appeared in the Austrian Water Act in 1990 (Moog and Chovanec,

2000). National parks in China also took maintaining high-level

ecological integrity as the standard during conservation

management (Zhao and Yang, 2021).

Typically, the method used to evaluate ecological integrity

depends on the type of research area, which can be divided into
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small-scale and large-scale areas (Coppedge et al., 2006; Mora, 2017;

Zeleny et al., 2021). Small-scale research has been usually conducted

using field observational data, such as species data and soil

physicochemical index data (Ordóñez and Duinker, 2012;

Blumetto et al., 2019). Large-scale research has used spatial data

produced by remote sensing techniques or geographic information

systems (Revenga, 2005; Lausch et al., 2017) to evaluate the

ecological integrity of large-scale regions. In large-scale studies,

these indicators mainly included the landscape index (Pan et al.,

2021b) and ecosystem services (Han et al., 2022), which can reflect

the condition of ecosystem structure and function.

Desert ecosystems are the dominant ecosystem type, covering

approximately one-third of the global terrestrial surface area (Bidak

et al., 2015; Liang et al., 2019). Deserts can provide ecosystem services

associated with windbreaks and sand fixation, soil conservation,

biodiversity conservation and culture (Warren, 1981; Khan et al.,

2017). Moreover, deserts suffer from various kinds of ecological

problems, such as dust storms (Middleton, 2017), land

desertification (Shao et al., 2023) and water scarcity (Fang et al.,

2015). Scholars currently focused on desert ecosystems have focused

mainly on one part of ecological integrity, such as desert ecosystem

structure (Durant et al., 2012; Wang et al., 2022b) or desert ecosystem

function (Slemnev and Gunin, 2000; Taylor et al., 2017; Alrawaf et al.,

2023). However, few studies have focused on evaluating the overall

ecological integrity condition in arid regions.

In China, desert ecosystems and desertification-prone regions

occupy 44% of the land area, especially in northern China (Wang

et al., 2022a), where had our study area, Alxa League. As a typical

arid desert region, the Alxa League has harsh natural conditions,

sparse precipitation, strong evaporation and a vulnerable ecological

environment. Although ecological governance projects, such as the

“Three-North” Shelter Forest Program (Zhang et al., 2016), have

been applied, the ecological environment is still fragile. In addition,

how the quality of the natural environment of the Alxa League has

changed in recent decades and the factors that have influenced the

environment are still unclear. An evaluation of ecological integrity

of the Alxa League not only provides an effective tool for decision-

makers to identify the integrity status of regional ecosystems but

also has guiding significance for the conservation and restoration of

ecological environments.

In this study, we established a framework that included

structure, function and resilience of the ecosystem to evaluate the

ecological integrity of the Alxa League. We aimed to: (1) evaluate

the ecological integrity of the Alxa League and analyze the

spatiotemporal variation in ecological integrity from 1990 to 2020

and (2) explore the factors influencing the ecological integrity of the

Alxa League.
2 Materials and methods

2.1 Study area

The Alxa League is in western Inner Mongolia of China and

covers an area of 270,000 km2 (37°24′–42°47′N, 97°10′–106°53′E)
(Figure 1). The Alxa League has a temperate continental climate,
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and the annual average temperature is approximately 7.9–10.0°C.

The annual precipitation is only 30–300 mm, and approximately

80% of rainfall is concentrated between June and September. The

main land use types in Alxa are desert and barren, accounting for

approximately 71.6% and 16.3%, respectively (referring to the land

use data in 2020). The vegetation coverage in most areas is less than

15%, and the main vegetation types are degraded shrubbery and

grassland, including typical desert psammophytes (He et al., 2007).

Alxa has three of China’s eight deserts, including the Badain Jaran,

Tengger and Ulan Buh Deserts. Three banners, Ejin Banner, Alxa

Right Banner and Alxa Left Banner (henceforth simply Ejin, Alxa

right and Alxa left) make up the Alxa League. The population

density of Alxa is low, and the total population was approximately

0.26 million in 2020.
2.2 Data sources and processing

The data we used in this study can be classified into two

categories: spatial data and statistical data, and the time nodes of

the data we used were 1990, 2000, 2010 and 2020. Spatial data

included the following: (1) The land-cover dataset (1 km

resolution), digital elevation model (DEM) data (90 m

resolution) and distance to highway data were supported by the

Data Center for Resources and Environmental Sciences, Chinese

Academy of Sciences (RESDC) (http://www.resdc.cn). Slop and

aspect data (90 m resolution) were calculated from DEM data and

were used as driving factors. (2) The meteorological datasets (1 km

resolution), including annual precipitation, mean annual

temperature and annual potential evapotranspiration, were used

as driving factors, which came from the National Tibetan Plateau
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Data Center (National Tibetan Plateau Data Center, tpdc.ac.cn).

(3) The NDVI data (100 m resolution). Using the Google Earth

Engine (GEE) platform, we obtained the NDVI data of the

growing period (June-October) based on the red and near

infrared bands of the surface reflectance collections for Landsat

5 and 8 (USGS Landsat Surface Reflectance Tier 1). Based on the

NDVI data, we obtained the fractional vegetation cover data of

Alxa Left. Statistical data included GDP and population data, were

mostly collected from the Alxa Statistical Yearbook and Inner

Mongolia Statistical Yearbook.

To show the features of the classical desert ecosystem region, we

divided the unused land into desert and barren parts, and forestland

was divided into forest and shrub land (Wang et al., 2022b). The

remaining land use types included dryland, grassland, water and

construction land.

Typically, the spatial scale of grid included 1 km, 3 km, 5 km

and 10 km (Ou et al., 2018). In our study, we conducted the

ecological integrity in the different scales and found that the spatial

distribution regularity of ecosystem integrity index was quite

similar. Referencing the previous study (Gao et al., 2011; Liu

et al., 2023) and considering the area of the study area, where

covered great area of dune and desert, the 5 km × 5 km grid was less

than the average area of typical land use type in the Alxa League,

which means the 5 km × 5 km grid was small enough to represent

the ecological integrity condition of the Alxa League. Thus, we

decided use 5 km × 5 km grid as the final scale. Using the Create

Fishnet tools in ArcGIS 10.7, we divided the Alxa League into 9916

5 km × 5 km grids. These grids were chosen as the basic research

area, and analysis of the spatial temporal change in ecological

integrity was also based on them.
2.3 Ecological integrity index

We established an ecological integrity assessment framework

based on ecosystem structure, ecosystem function and ecosystem

resilience (Figure 2). From these three parts, the assessment not

only reflected the comprehensive quality of the ecosystem, but also

ensured the ability of sustainable development under human

demand. Referring to the assessment method of ecosystem health

of Costanza (2012), we established the calculation of the ecological

integrity index (EII):

EII =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ESI � EFI � ERI3

p
(1)

where EII is the regional ecological integrity index, ESI is the

ecosystem structure index, and EFI and ERI are the ecosystem

function index and ecosystem resilience index, respectively. These

indexes (i.e., EII, ESI, EFI and ERI) were normalized to [0,1], and

the processing method was as follows:

Positive index :  Yij = Xij −min(Xi)=max(Xi) −min(Xi)

Negative index :Yij = max(Xi) − Xij=max(Xi) −min(Xi)
(2)

where Xij is the actual value of the indicator in the i-th year, min

(Xi) is the minimum value, max (Xi) is the maximum value, and Yij

is the normalized value.
FIGURE 1

Study area location.
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2.3.1 Ecosystem structure index
The ecosystem structure index reflects the stability of the

ecosystem structure, which is mostly measured by the landscape

pattern index in terms of landscape heterogeneity and connectivity

(Howell et al., 2018). Landscape heterogeneity is a combination of

land use and landscape features (Seidl and Golobic, 2020), and

landscape connectivity represents the connectivity of the overall

landscape and important ecosystems, such as forest, water and

grassland, which are highly related to soil conservation, windbreaks

and sand fixation (Styers et al., 2010; Lavorel et al., 2017). We

calculated several landscape indexes (Table 1) from class metrics

based on ArcGIS 10.7 and Fragstats 4.2 software, and the ecosystem

structure index (ESI) was measured as follows:

ESI =o
N

i=1
Ski=Sk �o Ci + Vi + +AI + COHESIONð Þ=4� �

(3)

where Ski is the area of landscape i in research grid k; Sk is the

total area of landscape in grid k, and the following indexes were

normalized and explained in Table 1.
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2.3.2 Ecosystem function index
Ecosystem services represent the products and services provided

by natural ecosystems for humans (Costanza et al., 1997; de Groot

et al., 2002). Ecosystem service value reflects the quality of regional

ecosystems and shows the ability of basic ecosystem functions, such as

grain production and climate comfort (Groot, 1992; Egoh et al., 2007).

Referencing the Millennium Ecosystem Assessment (Finlayson et al.,

2005), we measured the ecosystem function index from provisioning,

regulating, supporting and cultural services, and used the equivalence

factor to calculate the value of these services (Costanza et al., 1997; Xie

et al., 2003). The following method was used:

ESV =o
m

s=1
o
n

i=1
Ai � Vsið Þ (4)

where Ai is the different land use areas, and Vsi is the monetary

value unit of the service type for different land use types. Based on

the improved method of Xie et al. (2015), we obtained the Vsi for

Alxa, and then normalized the ESV to the ecosystem function index

(EFI). The value of Vsi is given in Table S1.
TABLE 1 Calculation description of ecosystem structure index.

Rule
hierarchy

Indicator
[weights]

Calculation method Explanation

Landscape
heterogeneity

Landscape fragmentation
index (−) [0.25]

Ci = ni=Ai
ni, n are the number of different landscape patches
and total number of patches
Ai, A are the cover area of different landscape
patches and total number of patches
gii is the number of similar adjacent patches of
landscape-i
Pij and Aij are the circumference and area of ij-patch

Landscape isolation index
(−) [0.25]

Vi = (A�
ffiffiffiffiffiffiffiffiffiffi
ni=A

p
)=2Ai

Landscape
connectivity

Aggregation index
(AI) (+)
[0.25]

AI = ½gii=maxðgii)� � 100

Patch cohesion index
(COHESION) (+)
[0.25]

COHESION = (1 −o
m

i=1
o
n

j=1

Pij=o
m

i=1
o
n

j=1

Pij
ffiffiffiffiffiffi
Aij

q
)� (1 − 1=

ffiffiffi
n

p
)−1 � 100
FIGURE 2

Framework of the ecological integrity evaluation.
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2.3.3 Ecosystem resilience index
Ecosystem resilience is designed to describe the ability of an

ecosystem to resist the disturbance and restore stability after

disturbance; hence, resilience can be characterized through

resistance and resilience to external disturbances (Holling, 1973;

Whitford et al., 1999). Referring to previous studies on ecosystem

resilience models (Peng et al., 2017; Pan et al., 2021b) and considering

the ecological environment of the study area, we obtained a method of

ecosystem resilience index in the Alxa League. Ecosystem resistance is

the ability to avoid change, we chose the NDVI to represent the Resist.

The NDVI can reflect the condition of vegetation coverage, which

helps to show where these is a good situation of ecosystem resistance.

In addition, the value trend of Resist (NDVI) in each land use type used

in our research was similar to that in previous research (Xiao et al.,

2019; Zhou et al., 2022). For ecosystem resilience, which is the ability

of an ecosystem to restore itself to its original state, we obtained the

value of Resil based on the study of Gao (2001).

ERI = 0:6� Resist + 0:4� Resil (5)

Resil = −oAi=A� log2 Ai=Að Þ� ��oAi � Pi (6)

where ERI is the ecosystem resilience index, Resisit represents ecosystem

resistance, and Resil represents ecosystem resilience;Ai andA are the area

of different land use types and the total area in each grid, respectively; Pi
refers to the ecological resilience score, the value of Pi were referred the

study of Gao (2001) and adjusted to suitable for the condition of the

Alxa League. The specific value of Pi is given in Table S2.

2.3.4 Levels of each index
To better describe each level of ecological indexes and show the

regional differences and temporal changes in the Alxa League, we

used the natural breaks (Jenks) method to divide all indexes into five

levels, and the same index from 1990 to 2020 had the same

standard (Table 2).
2.4 Hotspots and coldspots spatial analyses
of the EII

Hotspots spatial analyses have been widely used in ecology to

help determine the spatial locations of hotspots and coldspots,

namely, spatial clusters of high and low values (Li et al., 2016; Zhao

et al., 2020). In our study, we used the hotspots analysis tool in

ArcGIS 10.7 (Getis-Ord Gi*) to explore the spatial changes in
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ecological integrity from 1990 to 2020 in the Alxa League, and

the increasing EII changes represented hotspots, while the

decreasing EII changes represented coldspots.
2.5 Analysis of driving factors

2.5.1 Geographical detector model
Spatial autocorrelation and spatial heterogeneity are two major

features of ecological and geographical phenomena (Goodchild and

Haining, 2004; Wang et al., 2016). Based on the feature of spatial

heterogeneity, the geographical detector model (GDM) can be used to

indicate the relationship between a geographical feature and a factor

(Zhao et al., 2020; Zhu et al., 2020). In this study, we used GDM to

explore the relationship between ecological integrity and driving factors

in the remaining 3378 grids in Alxa Left, and found the change in each

factor from 1990 to 2020. Its calculation formula is as follows:

q = 1 −o1
i=1ni ∂

2
i =n ∂

2 (7)

where q represents the explanatory power of the driving force X to

Y, and the range is 0–1; i is the number of stratifications (classes) of

dependent variable Y or factor X; ∂i
2 and ∂2 represent the variance

in the Y value of layer i and the whole area respectively; and n and ni
are the number of units in the whole area and layer i, respectively.

2.5.2 Selection of driving factors
Through hotspots analysis, we found that the change in EII mainly

occurred in Alxa Left. To determine how nature and humans

influence the ecological integrity in Alxa Left, we selected eleven

driving factors and explored their influence on the EII (Table 3). These

driving factors mainly refer to the local condition of the research area

and the related studies (He et al., 2019; Wang et al., 2022c), and can be

categorized into five groups of driving forces. The calculation of land

use intensity referenced the study of Zhuang and Liu (1997).
3 Results

3.1 Spatial and temporal characteristics of
ecological indexes

3.1.1 Ecosystem structure, ecosystem function
and ecosystem resilience

In 2020, the ecosystem structure in the Alxa League was

dominated by the excellent level, accounting for 71.2% of the
TABLE 2 The indicators of each ecological index in the Alxa League.

Index & Levels ESI EFI ERI EII

Poor 0–0.45 0–0.02 0–0.08 0–0.15

Fair 0.45–0.70 0.02–0.10 0.08–0.20 0.15–0.25

Moderate 0.70–0.85 0.10–0.30 0.20–0.33 0.25–0.40

Good 0.85–0.95 0.30–0.60 0.33–0.58 0.40–0.60

Excellent 0.95–1 0.60–1 0.58–1 0.60–1
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Alxa League. The regions with poor and fair structure indexes were

particularly distributed in the middle of Ejin and the east of Alxa

Left, which accounted for only 2.8% of the Alxa area. Different from

the ecosystem structure index, the poor level was the primary degree

of the ecosystem function index, and 85.4% of the regions of the

Alxa League were categorized as having a poor function index in

2020. Only 400 km2 had a high ecosystem function index value in

the Alxa League (Table S3), and these regions were mainly in the

water around the area of Ejin and Alxa Left. This contrast of spatial

distribution between ecosystem structure and function index was

especially embodied in Alxa Right, where 88.3% of the area had an

excellent structure index, while no region had a good or excellent

function index. For the ecosystem resilience index in 2020, half of

the area of the Alxa League was at a poor level. Of the regions with a

poor resilience index in the Alxa League, 42.8% were located in Alxa

Right and 40.1% were Ejin. However, Alxa Left had the highest

proportion of fair and moderate resilience indexes in the Alxa

League, with values of 56.6% and 59.9%, respectively.

From 1990 to 2020, ecosystem structure and function showed

similar temporal changes, and the proportion of each degree of both

indexes barely changed (Table S3). The area classified by the poor

and fair ecosystem resilience indexes slightly changed during the

study period (Table S3). Although the area of each ecosystem index

type changed slightly, the spatial distribution pattern of these index

levels barely changed from 1990 to 2020 (Figure S1). Thus, we
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selected only 2020 as the example to analyze the spatial distribution

characteristics and area proportions of these indexes (Figure 3).

3.1.2 Ecological integrity index
A similar spatial distribution pattern was observed between the

ecosystem resilience index and EII (Figure 4), and the primary

degree of EII was also poor, similar to the ecosystem resilience

index. The area with a poor EII were mainly located in Alxa Right

and western Ejin, especially in Alxa Right, and the poor EII regions

showed a contiguous distribution pattern. Except in 1990, the

percent of poor EII in Alxa League was always over 60% from

1990 to 2020. The second main degree of EII was the fair level, and

fair EII regions were mostly distributed in the east of Alxa Left and

in eastern Ejin. The fair EII covered 34.9% of the area in the Alxa

League in 1990, while this number changed to only 22.2%, on

average, in the last three decades. The area with a moderate EII

accounted for 11.8%–14.6% of the Alxa League, and half of the

moderate level areas were located in Alxa Left. The sum of the good

and excellent levels accounted for only 2.3% of the Alxa League on

average during the study period, and these high-value regions were

mainly in eastern Alxa Left and the middle of Ejin. The turning

point of the EII occurred in 2000, when the number of low EII value

areas showed an obvious expansion trend from 1990 to 2000; 46.4%

of fair level area and 15.8% of moderate level area in 1990 changed

to poor level area and fair level area in 2000 (Figure 5), respectively.
FIGURE 3

Subsystem for EII of the Alxa League in 2020.
TABLE 3 The driving factors to effect on ecological integrity in Alxa left.

Driving force Driving factors Unit Factor code

Climate Annual precipitation mm AP

Mean annual temperature °C MAT

Annual potential evapotranspiration mm APET

Topography Elevation m EL

Slope degree SL

Aspect degree AS

Economic factor Population density Person/ha PD

Gross Domestic Product yuan GDP

Distance from road m DR

Fractional vegetation cover Fractional vegetation cover % FVC

Land use intensity Land use intensity – LUI
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The changed area mostly emerged in the middle of Alxa Right and

the south of Alxa Left. In the following years, although the area of

each EII level transformed, the proportion of each degree was

maintained at a stable value (Figure 5).
3.2 Hotspots and coldspots of EII changes

In the 1990–2000, 2000–2010 and 2010–2020 periods, the

change in the EII mainly occurred in Alxa Left and Ejin

(Figure 6). From 1990 to 2000 (Figure 6A), the EII coldspots area
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accounted for 8.1% of the Alxa League, and 79.2% of the coldspots

regions were located in Alxa left, covering 15,500 km2. The hotspots

regions accounted for 6.7% of the Alxa League, and they were

mainly clustered in northern Ejin, with a total hotspots area of

12,900 km2. In the following decade (Figure 6B), the EII of the Alxa

League mainly showed decreasing trend, and the coldspots area

accounted for 8.5% of the Alxa League, which was the highest

among the three periods. The coldspots regions of the EII were

mainly distributed in northern Ejin, where 20.5% of the area

showed significant negative changes. In addition, the EII in Alxa

Left and Alxa Right had small regions with an improving trend

from 2000 to 2010, and the hotspots area accounted for 6.3% of the

Alxa League, which was the lowest among the three periods. From

2010 to 2020 (Figure 6C), the distribution of EII change was more

scattered than that in other periods, and 53.0% of the change in the

Alxa League was located in Alxa Left. In this period, the areas of

coldspots and hotspots were similar, and both accounted for

approximately 7.2% of the Alxa League. We also explored how

the EII changed between 1990 and 2020 (Figure 6D), and the

percentages of coldspots and hotspots in the Alxa League were

12.4% and 7.3%, respectively. From 1990 to 2020, we found that in

each period, the dominate change trend of the EII in the Alxa

League was a decrease. Especially in eastern Alxa Left (Figure S2),

the EII significantly decreased in the 1990–2000 period, while in the

1990–2020 period, this area still showed a negative change, which

means that the EII in this region has not recovered since 2000. To

determine the factors influencing the EII and the reasons for the EII

changes in Alxa Left, we analyzed the driving factors in the

next section.
FIGURE 5

Change of EII of the Alxa League from 1990 to 2020.
FIGURE 4

EII of the Alxa League from 1990 to 2020.
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3.3 Driving factors of the EII in Alxa Left

Based on the geographical detector model, we explored the

explanatory power (q values) of driving factors to EII in Alxa Left

and all eleven factors (Table 3) passed the 0.01 significance test.
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Figure 7 shows the results of single factor geographic explanatory

and the interaction between the factors.

The land use intensity had the highest q value among these

selected factors, and it could contribute more than 0.550 to the EII in

each year. However, the explanatory power of land use intensity
FIGURE 7

Interactive influence coefficients of EII in Alxa Left from 1990 to 2020. From the top to bottom, the sum of q value represents climate, topography
and economic factor.
B

C D

A

FIGURE 6

Spatial clustering of EII change between 1990 and 2000 (A), 2000 and 2010 (B), 2010 and 2020 (C), and 1990 and 2020 (D).
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showed weakening trend, and the value in 2020 was 0.552, 13.1%

lower than that in 1990. The following driving factor was fractional

vegetation cover, which could 0.141 to the EII of Alxa Left, on

average, and the explanatory power has continued to increase since

1990. The sum q value of climate was 0.202 on average over four

years, and the annual precipitation had a slightly higher q value

among the climate parts, with an average of 0.070. The mean annual

temperature and annual potential evapotranspiration had similar

explanatory power for the EII, with average q values of 0.066. The

q value of the remaining driving factors was less than 0.06, and these

factors mainly came from topography and economic factors. The

sum of the q values of the economic factors contributed only 0.123 on

average to the EII.

The interaction detection results showed that the interactions

between pairs of the selected factors exhibited more highly

significant effects than did any single factor, and the interaction

type was mainly manifested as a nonlinear enhancement of both

factors (Figure 7). Land use intensity and fractional vegetation cover

exerted strong influences on the factor interactions, and the q values

of the interactions of other factors with land use intensity and

fractional vegetation cover were several times higher than the value

for the independent actions of these factors. In addition, the pair of

land use intensity and fractional vegetation cover had significant

bilateral enhancement in each year, and the greatest enhancement

was 0.694 in 1990. From 1990 to 2020, the highest q value was 0.704

in 1990, which was produced by the combination of land use

intensity and annual precipitation (Figure 7).
4 Discussion

4.1 Driving factors of ecological integrity

In our study, we found that land use intensity was the dominant

driving factor affecting desert ecosystem integrity. This result was

similar to the study of Pan et al. (2021a), who found that land use

intensity had a great influence on ecosystem services in arid regions.

Land use intensity also influenced the ecological integrity condition of

different ecosystem types, such as wetland (Jiang et al., 2015) and

island zones (Jiang et al., 2018). However, compared with desert

ecosystems, the explanatory power of land use intensity in other

ecosystems was much weaker, and economic factors had more weight

in terms of affecting ecosystem integrity (Xiao et al., 2022; Xu et al.,

2022). Typically, the economy has a complicated influence on the

local natural ecological environment (Kijima et al., 2010), while our

study showed that the economic factor had a lower influence on

ecological integrity. Because land use intensity was highly related to

economic acuities (Zhuang and Liu, 1997), the explanatory power

between economic factors and land use intensity would not have such

a great magnitude difference in Alxa Left. However, in Alxa Left,

limited human activities influenced the land use intensity in the oasis

regions, it is difficult to affect the original natural environment in the

dune regions. In addition, both the low population and the large dune

area limited the economic growth of Alxa Left. Thus, this background

in Alxa Left made land use intensity the primary driving factor, and

economic factors had less explanatory power for ecological integrity.
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In addition to human activists, natural factors influenced the

ecological integrity condition of Alxa Left. Related studies have shown

that the ecological environment of desert ecosystems is deeply

influenced by climate factors (Clarke and Rendell, 1998; Ran et al.,

2021). In our study, climate factors, including precipitation,

temperature and potential evapotranspiration had a great effect on

the ecological integrity of Alxa Left. He et al. (2019) found that

temperature and precipitation had a significant influence on

ecosystem health in the northwest region of China, which also

supported our results regarding the influence of climate factors.

Vegetation also plays an important role in influencing ecological

conditions. The vegetation in Alxa Left was composed of natural

vegetation and artificial vegetation (Zhang et al., 2021), and the

condition of fractional vegetation cover had a significant effect on

ecosystem resilience, which indirectly influenced the ecological

integrity. In addition, studies have found that fractional vegetation

cover could influence the quality of ecosystem health and services in

arid regions (Halmy, 2019; Lu et al., 2022). Moreover, suitable natural

environmental factors such as climate and topography could improve

the growth of vegetation (He et al., 2007; Jiang et al., 2017), which was

reflected by the result in which climate and topography could enhance

the q value of fractional vegetation cover. We found that the

explanatory power of fractional vegetation cover showed an

increasing trend from 1990 to 2020. Due to afforestation projects in

recent years (Zhang et al., 2021), the condition of vegetation in Alxa

Left has improved since 2005, and these ecological restoration projects

have led to the increasing weight of fractional vegetation cover.
4.2 Toward a new understanding
of deserts

In this study, we established a framework, including ecosystem

structure, function and resilience, to evaluate the ecological integrity

of the Alxa League, where the main ecosystem type is desert.

Although the assessment results showed that the dune region was

dominated by low ecological integrity value, compared with other

ecosystem, it is hard to say that these places have poor ecosystem

health. From 1990 to 2020, the EII changes mainly occurred around

rivers and lakes in Ejin or in the grassland and forest in Alxa Left. For

example, in eastern Alxa Left, the EII significantly decreased during

the study period. In contrast, the great area of dune-covered regions,

such as Badain Jaran Desert, is in the middle of Alxa Right, where

ecological integrity was stable and barely changed during the study

period. A related study also proved that the central regions of dunes

were more healthy and stable than the border regions of deserts and

grasslands because the central regions had a lower distribution of

frequent human activities or natural influences (Cheng et al., 2020).

The pressure from ecological problems, such as land

desertification, made the desert situation unpleasant. In our study,

we found that desertification caused a negative change in the EII in

Alxa Left, by combining land use data between 1990 and 2020. The

ecological integrity evaluation could well identify the regions where

the ecological environment had worsened. Combined with the

results of the factors influencing ecological integrity, our study

provides significant guidance for ecological restoration. Moreover,
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through long-term monitoring and analysis of spatial changes in

ecological integrity, we can obtain the regularity of how the

ecological integrity state has worsened, which can be applied to

other similar regions and provide a reference for ecological

protection. At present, hundreds of millions of people inhabit

regions classified as desert ecosystems or desertification-prone

regions in China (Wang X. M. et al., 2022). Empowering these

people under combating desertification also remains a challenge in

China (Wang et al., 2023). A previous study showed that positive

ecological restoration is the dominant driver of the recent reversal

of desertification (Liu et al., 2020). An ecological integrity

evaluation and the related analysis could generate information

needed for developing suitable and scientific measures for

ecological environmental governance in desert regions.
4.3 Limitations and further research

In this study, considering the accessibility of data and the

condition of administrative divisions of the Alxa League, we

showed the results of ecological integrity based on 5-km grid

scales. Taking administrative divisions as the evaluation unit is

more suitable for macroscale decision-making and management,

but some important information might be lost during the

evaluation process, while some details could be obtained well at

the grid scale (Peng et al., 2015; Li et al., 2022). Thus, the scale effect

could not be ignored during the ecological integrity evaluation.

Second, this paper analyzed the driving factors of ecological

integrity of the Alxa Left, the further research should force on

what measures could protect the ecological integrity and how to

improve the ecological integrity, which could provide more

significant guidance for local ecological governance.
5 Conclusions

In this study, we established a framework using ecosystem

structure, ecosystem function and ecosystem resilience, and

evaluated the ecological integrity of the Alxa League from 1990

to 2020.

The ecosystem structure, function and resilience had obvious

spatial heterogeneity and barely changed during the study period. In

the Alxa League, the ecological intensity degree was always

dominated by poor levels during the study periods, and the high

value regions were mainly distributed in the middle of the Ejin

Banner and the Alxa Left Banner, while low value regions were

clustered in the Alxa Right Banner. From 1990 to 2020, the ecological

integrity of the Alxa Left Banner had a significant deceasing trend,

and we found that compared with dune regions, other ecosystems,

such as grassland and water in desert regions, had a much greater

possibility of having a negative change in ecological integrity. In the

Alxa Left Banner, the ecological integrity was influenced mainly by

the land use intensity, and the next most influential factors were

fractional vegetation cover and precipitation. The economic factors

showed quiet weak influence on the ecological integrity.
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Through the evaluation of ecological integrity and the analysis

of spatiotemporal variation, we could monitor the fluctuation in the

ecological environmental quality of the Alxa League. In addition,

this study provides references for ecological restoration based on

the results of driving factors.
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