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Abstract: Habitat quality has great significance for regional ecological conservation and human welfare. In this
study, we evaluated the spatial and temporal characteristics of land use and habitat quality in the temperate
desert sub-region of Ordos Plateau using patch-generating land use simulation (PLUS) and integrated
valuation of ecosystem services and trade-offs (InVEST) models. From 2000 to 2020, the areas of grassland,
cropland, and unused land in the study area increased significantly; the areas of water bodies and woodland
increased slightly; and the area of wasteland decreased significantly. Moreover, the habitat quality in the
temperate desert subzone of the Ordos Plateau showed a trend of increasing and then decreasing from 2000 to
2020. The areas of lower and low habitat quality first decreased and then increased, and the overall area
decreased over time. Conversely, the areas of high and higher habitat quality initially increased and then
decreased, and the overall area increased over time. The area of medium habitat quality first decreased and
then increased, although the overall change was minimal. Based on the PLUS model, the habitat quality of the
study area in 2025 predicted under the natural development scenario was compared with that predicted under
the ecological conservation scenario, showing higher habitat quality and lower habitat degradation under the
ecological conservation development scenario. These results can be used to provide a scientific basis and
decision reference for the sustainable use of land resources and high-quality socio-economic development in
the temperate desert sub-region of the Ordos Plateau.
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1. Introduction

Land use change is closely related to human activities, and there is an overarching relationship
between the evolution of the natural environment and human socio-economic activities. Land use
change can visually reflect the conversion process of the surface system by human activities,
representing the centerpiece of global environmental change research (Winkler et al 2021). Habitat
quality indicates the ability of an ecosystem to provide suitable conditions for the survival and
development of individuals and populations, serving as an important measure of biodiversity and
regional sustainability (Zhang et al 2019). Land use is closely connected with habitat quality, and
different types of land use reflect the intensity of human exploitation of the land. The level of habitat
quality is negatively related to the intensity of human use of the land, which is expressed as a decrease
in land use intensity and an increase in habitat quality (Lei et al 2022). On the basis that land use
status can reflect the level of habitat quality, analysis of the spatial and temporal characteristics of
land use can help to further explore the patterns and causes of habitat quality changes (Gomes et al
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2021). The research on land use change is becoming increasingly mature in response to increasing
demands, and there have been significant advances in dynamic modeling techniques for assessing
and predicting land use change in recent years. These mature models enable combining geography,
ecology, deep learning, and other theories to predict the future land use change and thus evaluate
the future habitat quality (Riedler et al 2018, Wu et al 2021).

At present, futuristic land use prediction models mainly include the meta-automata model and
cellular automata (CA)-Markov model (plus references), along with further developments on the
basis of the meta-automata model, including the logistic-CA (Gao et al 2022), artificial neural network
(ANN)-CA (Zhang et al 2021), Future Land Use Simulation (FLUS) (Liu et al 2017b), and Patch
Generation Land Use Simulation (PLUS) models (Wei et al 2022b). Among these, the PLUS model
incorporates a land-sprawl optimization strategy and a multi-type stochastic patch seed generation
mechanism to improve the model’s running speed and simulation accuracy (Huang et al 2022, Wang
et al 2022b). The PLUS model, developed by Liang et al. (China University of Geosciences) (Zhu et al
2022), is a proposed patch-generated land use change model based on raster data. The transformation
strategy of the PLUS model involves a transformation analysis and a pattern analysis, which can
make up for the shortcomings of previous CA models in exploring the causes of land use change and
simulating the patch-level changes of multiple land use types at both spatial and temporal scales. For
example, Liu et al. (Liu et al 2017a) used a coupled grey multi-objective optimization model and the
PLUS model to analyze the spatial and temporal evolution of ecosystem service values in the Sichuan-
Yunnan region of China under three scenarios of natural growth, ecological priority, and ecological-
economic balance in 2026. Lin et al. (Lin et al) used the PLUS model in conjunction with the “14th
Five-Year Plan” for transportation in Guangzhou. Based on the PLUS model and the equivalence
factor method, Li et al. (Li et al 2023) predicted the land use changes in Nujiang Prefecture in 2025
under different scenarios and the ecosystem service values in 2025.

Habitat quality is affected by land use changes, mainly because land use causes the flow of
material and information between habitat patches (Fu et al 2017). The level of habitat quality can
visually reflect the functional status and change trends of ecosystem services in a given area. The
study of habitat quality changes in a particular region is of great significance to the sustainable
development and ecological protection of the region (Yohannes et al 2021). Currently, the main
models used for assessing regional habitat quality include the Integrated Valuation of Ecosystem
Services and Tradeoffs (InVEST) model and the Social Values for Ecosystem Services (SolVES) model
(Fu et al 2014, Zhao et al 2022b). The SolVES model assesses the value of ecosystem cultural services
in terms of a value index (VI), whereas the InVEST model is widely used in the field of habitat quality
assessment because it has the advantages of easy operation, strong visualization ability, and a sound
existing theoretical foundation (Pan et al 2023). For example, Bai et al. (Bai et al 2020) evaluated the
processes of urban expansion and habitat quality evolution in Hohhot, and explored the spatial and
temporal mechanisms of habitat quality changes in response to urban land expansion. Liao et al. (Liao
et al 2022) used a land use transfer matrix to analyze the transfer of each category and applied the
habitat quality module of the InVEST model to assess the habitat quality of the Kunming Dianchi
watershed. Qiu et al. (Qiu et al 2022) used the INVEST model to analyze the spatial and temporal
pattern evolution characteristics of land use and habitat quality in the ChangZhuTan urban
agglomeration in 2000, 2010, and 2020, and further analyzed the evolution mechanism and
influencing factors. Yang et al. (Yang et al 2021) assessed the degree of habitat quality degradation in
the Yellow River basin based on the INVEST model, analyzed the cold hotspots of habitat quality
using a spatial statistical approach combined with the geodetector model, and further explored the
main driving forces of the spatial distribution characteristics of habitat quality. Thus, application of
the InVEST model to the calculation and assessment of habitat quality at different scales demonstrates
the scientific validity and broad applicability of the model.

The Ordos Plateau temperate desert sub-region is located in the hinterland of the loop of the
Yellow River with several bends, south to the Mawusu Sands and north to the Kubugqi Desert, and is
representative of a typical ecologically fragile area in China (Guo et al 2017). The Ordos Plateau
temperate desert sub-region is also a typical transition zone in terms of ecology and geography. With
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respect to geomorphology, this sub-region is a transition zone from the Gobi Desert to the Plateau
(Luo et al 2013). With respect to climate, there is a transition from arid and semi-arid areas to humid
areas when moving from west to east. In terms of human activities, the study area is in a transition
zone from animal husbandry to agriculture (Qi et al 2020). The complex climate change accompanied
by human activities has led to variation in land use change and its driving force role in the region
with obvious spatial heterogeneity. In particular, the implementation of desertification prevention
and control policies such as enclosed grazing, returning farmland to forest (grass), and the
urbanization process and mining in the area have all accelerated in the past 10 years. Therefore, the
Ordos Plateau (Zhang et al 2020) offers a typical and representative area for studying desertification
dynamics and the driving mechanism.

Based on this background, in this study, we combined the advantages of the accuracy of the
PLUS model in predicting land use change and the intuitive accuracy of the InVEST model’s habitat
quality module in calculating habitat quality, using the temperate desert subzone of the Ordos
Plateau as the study area of focus. Specifically, these models were used to analyze the evolution
process of land use and habitat quality in the Ordos Plateau from 2000 to 2020. We further predicted
land use in 2025 under the scenarios of both natural development and ecological protection to provide
a reference for construction of an ecological civilization with regional planning and development in
the Ordos Plateau region.

2. Materials and Methods

2.1. Study area

The Ordos Plateau temperate desert sub-region (Ma et al 2019) belongs to the second level of the
first-level Inner Mongolia Plateau Grassland Resource Region, which is located in the southeast of
the first level, at 37°20'-40°50'N, 106°24'-111°28'E (Figure 1). This sub-region includes Ordos City in
Inner Mongolia and Yulin City in Shaanxi Province. The topography is slightly inclined from
northwest to southeast, with gentle undulations (Zhao et al 2019). The majority of the land is 862-
1627 m above sea level, and the main land use type is grassland, which accounts for approximately
70% of the total area of the region. The study area can be divided into five sections: sandy uplands in
the central and western regions, lakes and sand dunes in the southeast, the Kubuchi Desert of the
Yellow River terrace in the north, and the Table Mountain in the west, whose soil type is dominated
by brown calcium soils (Liu et al 2023). The climate of the study area is arid and semi-arid continental
monsoon, with an average annual temperature of approximately 5°C and an average annual
precipitation of approximately 400 mm, which is low and concentrated in summer (Fang et al 2016).
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Figure 1. Location map of the Ordos Plateau.

2.2. Research data

The primary data used for this study included land use data, soil data, topographic data, climate
data, road accessibility data, and socio-economic data. Referring to previous studies related to land
use prediction and habitat quality evaluation, based on the basic situation of the study area,
accessibility, timeliness, and significance of the data according to the accuracy and practicality of the
PLUS model, 14 candidate driving factors affecting land use change from natural and human
perspectives were selected for a land use simulation study of the study area, which are detailed in
Table 1.

Table 1. Data sources.

Data type Secondary data type Data source
Land Use Data Land use data for 22 gg 8 » 2005, 2010, 2015, https://essd.copernicus.org/
Soil Data Soil texture data https://www.fao.org/
Terrain Data 5522 https://www.gscloud.cn/

Climate Data

Annual average rainfall data

Annual average temperature data

National Earth System Science Data
Center, National Science & Technology
Infrastructure of China
(http://www.geodata.cn)

Road accessibility data

Socio-economic data

Distance from river
Distance from county seat
Distance from highway
Distance from railroad
Distance from primary roads
Luminous data
GDP

Population

CAS Resource and Environmental Science
and Data Center(https://www.resdc.cn/)

Worldpop
(https://hub.worldpop.org/)
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2.3. Research methodology
2.3.1. PLUS model

The selection of driving factors was based on the current situation of Ordos Plateau, the
availability of data, and with reference to existing relevant studies. A total of 14 influencing factors
were selected, including slope, elevation, soil texture, average annual rainfall, average annual
temperature, distance from rivers, distance from county-level stations, distance from highways,
distance from railroads, distance from primary roads, night light data, per capita gross domestic
product, and population data (Lu et al 2022).

The land use expansion analysis strategy (LEAS) was selected as a random sampling mechanism
to reduce the computational effort of the model with the random forest algorithm, which can handle
high-dimensional data and solve the covariance of the driving factors, to mine the excessive land use
transfer pattern (Biau 2012) and obtain the development probability of each land use type, calculated
as follows:

M —
Pi{‘ik(X) — Zn:ll[};;(x)—d] (1)

In this equation, Pifik(x) is the probability of growth of land use type k at spatial unit i; X is a
vector consisting of driving factors; M is the number of decision trees; d takes the value of 0 or 1, with
0 indicating that other land classes are not convertible to land class k and 1 indicating the opposite;
and is the type of land use prediction calculated when the decision tree is n. [h,(X) = d] is the
exponential function of the decision tree.

The multi-class random forest patch seed-based CA model (CARS) was used to determine the
land use distribution obtained from the simulation by obtaining the development probability that
each type of land use belongs to the scenario-driven land use simulation model. CARS is based on
meta-cellular automata simulation of multi-class land use change in Dongguan City from random
forest CA, and the calculation formula of the transfer probability of land use types is as follows:

OPSM = P& x 0f, x Df @)

In this equation, 0Pii=1't is the integrated probability of the transition to ground class k at
moment t at spatial uniti, P is the probability of suitability for the development of the land type at
spatial unit i to land class k, 2f, is the domain effect of cell i, z is the proportion of land use
components of land class k that are covered in the next domain, and Df provides the impact of future
demand on land class k (Shiferaw et al 2019).

The prediction of 2010 land use data based on the PLUS model using 2000 and 2005 land use
data of the temperate desert sub-region of the Ordos Plateau was compared and analyzed with the
Kappa coefficient and according to the overall accuracy with respect to the actual land use data in
2010. The results showed that the overall accuracy was 0.91 and the Kappa coefficient was 0.77.
Therefore, the PLUS model has high prediction accuracy and can accurately reflect the land use
change with strong general applicability in the study area.

2.3.2. InVEST model

The InVEST model (version 3.12.0) was released by Sharp et al. at Stanford University (Wang et
al 2023). Its habitat quality module is designed to evaluate the impact of human activities on the
ecological environment. The InVEST model considers habitat quality as a continuous variable while
taking into account the influence distance and spatial weights of stressors, and fully considers the
impact of and changes in land cover patterns on habitat quality when conducting the assessment (Li
et al 2021b). The model is calculated as follows:
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ij = R (Wr/zR r)ryirxyﬁxsjr 3)

In this equation, D,; is the degree of habitat degradation for raster x in habitat type j, R is the
number of threat sources, Wy is the weight of the threat source r, Y, is the number of grids of threat
sources, 7, is the stress value of grid y, B, is the accessibility of the threat source to the raster x, Sj.
is the sensitivity of habitat type j to the threat source, and i,,, is the stress value 7, of grid y to the
stress level of grid x. There are two types of decay considered: linear decay and exponential decay.

Linear attenuation: iy, = 1 — (= ddxy ) 4)
rmax
Exponential decay: i, = exp(idxy) ®)

drmax

In the above equation, d,, is the linear distance between raster x and raster y, and d,,4, is the
maximum stress distance of the threat source r. The habitat quality index is calculated by the
following formula:

Z

(6)

DZ +kz)

Quy = Hy |1 - Gk

In this equation, Q,; is the habitat quality index of raster x in habitat type j, H; is the habitat
suitability of habitat type j, k is the half-saturation constant, and z is the normalization constant. Based
on the above equations, the weights of the stressors and the maximum stress distance, along with
other parameters, were calculated for the study area (Table 2).

The InVEST model, which has the advantages of easily accessible data and high visualization
ability, was utilized to assess the habitat quality in 2000, 2005, 2010, 2015, and 2020 in the desert sub-
region of Ordos Plateau. According to the characteristics of the InNVEST model, previous studies
conducted in the agricultural-pastoral interlacing zone of arid and semi-arid regions, and the specific
situation of the study area, the threat sources were set as the ecological environment vulnerable to
human activities, including cultivated land, wasteland, and unused land (Moreira et al 2018,Sharp et
al 2016). After checking the existing research results and conducting a comprehensive analysis, the
weights of threat sources, the maximum impact distance, and the type of degradation were
determined (Berta Aneseyee et al 2020). Based on the above, the sensitivity of different site types in
the study area to different habitat threat sources was calculated (Table 3).

Table 2. Threat feed parameters.

Maximum coercive

Threat feeds distance(km) weight Spatial attenuation type
cultivated land 4 0.6 Linear
wasteland 8 0.4 Exponential
Unused land 6 0.5 Linear

Table 3. Sensitivity of different site types to habitat threat sources.

Type of land use Habitat suitability cultivated land wasteland  Unused land

cultivated land 0.3 0 0.8 0.4
woodland 1 0.6 04 0.2
grassland 0.9 0.8 0.6 0.6

water 0.7 0.5 0.4 0.3
wasteland 0 0 0 0.1

Unused land 0.5 0.6 04 0
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2.3.3. Multi-scene simulation

Two development situations were established for comparison: a natural development scenario
and an ecological protection scenario (Berta Aneseyee et al 2020, Chu et al 2018). The Markov chain
module in the land use PLUS model for 2025 under the natural development scenario had no
restrictions on the conversion of woodland, grassland, and water bodies, and no restricted area for
development based on the future land use change trends predicted by the 2015-2020 land use change
trends. The ecological protection scenario represents the area of high-quality protected habitat in the
future, which needs to strictly restrict the conversion of waters, woodland, and grassland to cropland,
construction land, and unused land; control the overgrowth of construction land and cropland; and
improve the development potential of woodland and grassland. The multi-scenario transfer matrix
settings are shown in Table 4, where 1 indicates that the conversion of land types can occur and 0
indicates that the conversion of land types cannot occur.

Table 4. Land use transfer matrix settings for two scenarios: natural development scenarios (NDS)
and ecological conservation scenarios (ECS).

Now cultivated land woodland  grassland water wasteland Unused land
Future
scenery NDS ECS NDS ECS NDS ECS NDS ECS NDS ECS NDS ECS
cultivated land 1 1 1 1 1 1 0 0 1 1 1 1
woodland 1 0 1 1 1 1 0 0 1 0 1 0
grassland 1 0 1 1 1 1 0 0 1 0 1 0
water 1 0 1 0 1 1 1 1 0 0 0 0
wasteland 0 0 0 0 1 0 0 0 1 1 1 1
Unused land 1 1 1 1 1 1 0 0 1 1 1 1
3. Results

3.1. Land use change from 2000 to 2020

We first calculated the area of each type of land in the temperate grassland sub-region of the
Ordos Plateau using geographic information spatial analysis (Figure 2). The areas of grassland,
unused land, and arable land increased significantly, while the area of wasteland decreased
significantly. From 2000 to 2020, the area of unused land increased to a greater extent, and the change
rate of unused land area was 43.09%, 57.55%, 24.23%, and 21.98% in 2005, 2010, 2015, and 2020,
respectively. The change rate of unused land area for these same four years was 43.09%, 57.55%,
24.23%, and 21.98%, respectively, showing a trend of first decreasing and then increasing. The rate of
change of the water body area in 2005, 2010, 2015, and 2020 was 0.62%, —1.17%, 4.15%, and 12.06%,
respectively, showing a gradual increasing trend, with an overall increase in the water body of 40.58
km?2. From 2000 to 2020, the area of grassland first increased and then decreased, with a significant
increase in 2020 compared with 2000, and the rates of variation of grassland area in 2005, 2010, 2015,
and 2020 were 5.07%, 4.47%, 2.55%, and —1.30%, respectively. The arable land area first increased and
then decreased, and the rate of change of arable land area was —7.69%, —1.72%, 10.55%, and 9.57% in
2005, 2010, 2015, and 2020, respectively.

The rate of change in the woodland area in 2005, 2010, 2015, and 2020 was 14.78%, 121.53%,
986.38%, and 189.98%, respectively, showing an overall increase over time. The rate of change of the
water body area was 0.62%, —1.17%, 4.15%, and 12.06% in 2005, 2010, 2015, and 2020, respectively,
showing a gradual increasing trend, and the area of water body in 2020 increased by 40.58 km?
compared with that in 2000. The trend is increasing, and the woodland area in 2020 increased by 30.83
km? compared with that in 2000, representing an obvious increase over time.
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Figure 2. Land use change. (a) Land use in 2000. (b) Land use in 2005. (¢) Land use in 2010. (d) Land
use in 2015. (e) Land use in 2020.

The spatial changes of each category in the study area from 2000 to 2020 were obtained from the
standard deviation ellipse calculation (Figure 3) (Zhao et al 2022c). From 2000 to 2020, the most
obvious change was detected in the woodland, and the gravity center shifted from the central part of
the study area to the northeast. The center of gravity of the wasteland shifted from the central part to
the north over time, and the distribution of the wasteland was more concentrated in 2020 than in
2000. From 2000 to 2020, the center of gravity of grassland was concentrated in the central part of the
study area and the area of grassland showed a trend of expansion, with obvious expansion to the
northeast of the study area in 2020 compared with that in 2000. The center of gravity of cropland
slowly moved southward between 2000 and 2020, and the area of cropland expanded to the
southwest. Between 2000 and 2020, the center of gravity of unused land and water bodies moved
slowly, with water bodies concentrated in the west of the central part of the study area and unused
land concentrated in the southeast part of the study area.
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Figure 3. Direction of change of different land types. (a) Cultivated land. (b) woodlands. (c)
Grasslands. (d) Water bodies. (e) Wasteland. (f) Unused land.
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3.2. Habitat Quality Changes from 2000 to 2020

The habitat quality of the study area was analyzed using the habitat quality module of the
InVEST model, demonstrating that the habitat quality of the temperate desert subregion of the Ordos
Plateau ranged from 0 to 1. The spatial and temporal variations of habitat quality are presented in
Figure 4. From 2000 to 2020, the low values of habitat quality were concentrated in the northern and
central areas of the study area, whereas the high values of habitat quality were mainly concentrated
in the southeastern areas. Grassland was the main land use type in areas with high habitat quality
values, with relatively low land use intensity and dense vegetation cover. Habitat quality in the
northern part of the study area was concentrated on the lower values, and the main land use type in
the northern part was arable land, which is more intensive and influenced by human activities. The
habitat quality of the temperate desert sub-region of the Ordos Plateau showed an overall trend of
increasing first by time lapse.

(a)2020 (b)2015

%" Habitat quality
p high: 0.999326

&
Habitat quality
g high: 0.999379

' 4 Habitat quality
T g high: 0.999913

iow:0 Eow: 0 M0
= J
' Habitat qualit Habitat quality
a 1la quality a l. quality KM
g high: 0.998478 = mm high: 0.997549
0 100 200

Hiow: 0 w0
Figure 4. Changes in habitat quality over time. (a) Habitat quality in 2000. (b) Habitat quality in 2005.
(c) Habitat quality in 2010. (d) Habitat quality in 2015. (e) Habitat quality in 2020.

The degree of habitat quality degradation in the study area was calculated according to the
habitat quality module of the INVEST model (Figure 5). The high values of habitat degradation degree
in the Ordos Plateau from 2000 to 2020 were concentrated in the northern and southwestern areas.
The land use types in this area are mainly arable land, grassland, and wasteland. The habitat quality
largely deteriorated owing to human farming and construction planning. Lower habitat degradation
values occurred in the grassland cover area in the central part of the study area, which was mainly
due to the fact that the grassland cover area is not eagerly exploited on a large scale and has low
disturbance by human activities. The degree of habitat degradation was highly variable from 2000 to
2020. From 2000 to 2010, the degree of habitat degradation in the study area increased by 0.28%; from
2010 to 2015, the degree of habitat degradation in the study area decreased by 0.01%; and from 2015
to 2020, the degree of habitat quality degradation in the study area increased by 0.02%.
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Figure 5. Change in habitat degradation over time: (a) 2000, (b) 2005, (c) 2010, (d) 2015, (e) 2020.

3.2.1. Change in habitat quality class

According to the results of habitat quality classification, the area share of each habitat quality in
the study area was determined to be approximately 20%, and the area share of each habitat quality
class was relatively uniform. From 2000 to 2020, the lower habitat quality area changed most
obviously, showing a trend of rapid decline followed by a slow rise (Figure 6).
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Habitat quality level

I lower habitat quality
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Figure 6. Habitat quality level over time. (a) Habitat quality rating for 2000. (b) Habitat quality rating
for 2005. (c) Habitat quality rating for 2010. (d) Habitat quality rating for 2015. (e) Habitat quality
rating for 2020.

From 2000 to 2015, the area of lower habitat quality decreased by 10,045.27 km? and the area
share decreased by 16.59%, whereas from 2015 to 2020, the area of lower habitat quality increased by
575.46 km? and the area share increased by 0.95%. From 2000 to 2020, the area of lower habitat quality
showed a trend of first decreasing and then increasing; the area decreased from 18,146.86 km? to
15,413.47 km? from 2000 to 2015, and the area share decreased by 4.52%. In the period of 2015-2020,
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the area share increased by 1.17% with an increase of 708.80 km?2. From 2000 to 2020, the area of
medium habitat quality increased by 1394.12 km? and the area share increased by 2.30%. Between
2000 and 2010, the area of medium habitat quality showed a decreasing trend. The area of medium
habitat quality showed an increasing trend from 2010 to 2020. The area of high habitat quality in the
study area increased and then decreased during the study period. The area share of high habitat
quality within the period 20002015 increased by 7.45%. From 2015 to 2020, the area share decreased
by 0.7%. In 2020, the area of high habitat quality in the region increased by 60.36 km? compared to
that of 2000, and the overall area increased by 4088.04 km? with an area share increase of 6.75%. The
area of higher habitat quality increased by 6011.94 km?. From 2000 to 2015, the area of higher habitat
quality increased significantly, and the area share increased by 12.34%. From 2015 to 2020, the area
decreased by 1457.35 km? and the area share decreased by 2.41%.

On the basis of the standard deviation ellipse and mean center of gravity calculations (Li et al
2021a), during the period of 2000-2020, changes in higher habitat quality were evident, with the
center of gravity of higher habitat quality shifting from the east to the center and its distribution
moving closer to the center as time progressed. From 2000 to 2010, the center of gravity of medium
habitat quality shifted significantly, moving from the center to the north, and its area shrunk from
east to south. From 2010 to 2020, the center of gravity of medium habitat quality shifted
insignificantly, with little change in the area. During the study period, the center of gravity of lower
habitat quality shifted to the northeast and the area occupied was concentrated toward the north over
time. The center of gravity of lower habitat quality shifted to the south, and the area occupied by
lower habitat quality showed a decreasing trend over time, with obvious changes from 2000 to 2015
(Figure 7).

(a)

(c)

0 100 200

Legend

Habitat quality focus in 2000 L Ellipse of standard deviation of habitat quality in 2000
Habitat quality focus in 2005 Ellipse of standard deviation of habitat quality in 2005
Habitat quality focus in 2010 Ellipse of standard deviation of habitat quality in 2010
Habitat quality focus in 2015 2] Ellipse of standard deviation of habitat quality in 2015
Habitat quality focus in 2020 LT Ellipse of standard deviation of habitat quality in 2020

e 0o 0 0o e

Figure 7. Different landscape species change directions: (a) higher habitat quality, (b) high habitat
quality, (c¢) medium habitat quality, (d) low habitat quality, (e) lower habitat quality.

3.3. Habitat quality in relation to land use

The areas of habitat quality classes corresponding to different land use types were statistically
analyzed and the results are presented in Figure 8. From 2000 to 2020, wasteland, including urban
and rural residential construction land and industrial and mining land, represented an area
belonging to high human development, and its habitat quality class was the lowest in all five years.
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The habitat quality class of cropland was lower in all five years, and the area of the lowest habitat
quality class decreased year by year. The habitat quality of unused land was classified as lower and
medium; the area of medium habitat quality showed a trend of increasing and then decreasing, while
the area of lower habitat quality did not change significantly. All habitat quality classes were
represented for woodlands and grasslands. The higher habitat quality of grassland from 2000 to 2015
showed an upward trend, and the area decreased slightly from 2015 to 2020. The high habitat quality
class of grassland increased year by year, and the area of medium habitat quality class fluctuated
year by year. The area of the lower habitat quality of grassland in 2020 decreased compared to that
in 2000. The area of higher habitat quality in the woodland increased and then decreased; the area of
high habitat quality tended to increase and then decrease, followed by another increase; and the area
of lower habitat quality and low habitat quality both tended to decrease and then increase. In water
bodies, the habitat quality included the lower habitat quality class, lower habitat quality class, and
medium habitat quality class. Among them, the area of medium habitat quality class increased first
and then decreased. The area of lower habitat quality class decreased continuously from 2000 to 2010
and the percentage of area increased from 2010 to 2020. The area of lower habitat quality decreased
from 2000 to 2005 and from 2010 to 2015, and then increased from 2015 to 2020.
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Figure 8. Map of habitat quality and land use 2000-2020. (a) 2020. (b) 2015. (c) 2010. (d) 2005. (f)
2000.
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3.4. Land use projections to 2025

The PLUS model was used to project land use data for 2025 based on 2020 land use data. Under
the nature development scenario, no adjustment was made to the original parameters of the model.

Under the ecological conservation development scenario, the area with lower habitat quality in
2020 was set as the key protected area in the PLUS model (i.e., the restricted conversion area). The
land use distribution pattern of the temperate desert sub-region of the Ordos Plateau in 2025 under
the ecological conservation scenario was obtained by running the PLUS model. Based on the
arithmetic results, the improvement of habitat quality in the study area under the ecological
protection scenario was more obvious. Under the natural development scenario, the higher ranked
habitat quality accounted for 20.76% of the total area of the study area and the highest ranked habitat
quality accounted for 12.76% of the total area of the study area, which was generally lower than the
area predicted under the ecological protection scenario. The area of the lowest habitat quality under
both scenarios accounted for approximately 17% of the total area. The habitat quality in the study
area was higher under ecological conservation development conditions (Figures 9 and 10).

) KM
100 200

Habitat quality level

Type of land use

i cultivated land ™ grassland ™ wasteland I [ower habitat quality [ high habitat quality

= woodland EEwater  MEunused land 0 low habitat quality [ higher habitat quality
") medium habitat quality

Figure 9. Land use and habitat quality grades under different conditions. (a) Land use under
ecological protection in 2025. (b) Habitat quality level in 2025 under ecological conservation scenarios.
(c) Land use in the context of natural development in 2025. (d) Habitat quality in 2025 under natural
development scenarios.


https://doi.org/10.20944/preprints202306.0029.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2023 d0i:10.20944/preprints202306.0029.v1

14

[ ] Ecological protection scenarios
[ |Natural development scenarios

Very high habitat quality | |

Habitat quality level

High quality | |

Mesohabitat quality ||

Low habitat quality | |

Very low habitat quality |

1 ]
0 2 4 6 8 10 12 14 16 1819
Area/(km?)

Figure 10. The corresponding areas of individual habitat quality levels under different development
conditions.

4. Discussion

4.1. Reasons for land use change

The transformation of land use patterns in the temperate desert sub-region of the Ordos Plateau
is the result of the combination of many factors (Luo et al 2023, Wei et al 2022a). Factors that threaten
habitat quality include wasteland, unused land, and cropland (Long et al 2022,Ma et al 2022).
Changes in the areas of these three land use types directly affect the changes in habitat quality. The
Ordos Plateau temperate desert sub-region land use pattern change is therefore the result of many
elements acting together. Analyzed from the perspective of land use transformation, the area of
cultivated land decreased before increasing from 2000 to 2020, and the area of woodland continued
to increase. The area of woodland in 2020 increased by 30 km? compared to that in 2000 and the area
of grassland in 2020 increased by 4661.66 km? compared to that in 2000. Among all land use types,
woodland appears to have the most obvious impact on habitat quality. Therefore, we can predict the
best balance among ecological restoration, habitat quality conservation, and socio-economic
development in arid areas with an inherently fragile ecological environment (Fu et al 2020). In this
study, we compared the habitat quality of the study area under two scenarios with the actual
situation of the temperate desert sub-region of the Ordos Plateau, and conclude that ecological
conservation significantly contributes to the improvement of habitat quality. The results of this study
are similar to those of the habitat quality study in Jilin performed by Zhao et al (Zhao et al 2022a).

4.2. Reasons for changes in habitat quality

In the temperate desert sub-region of the Ordos Plateau, habitat quality is closely related to the
status of land use. As a result, the level of habitat quality rose and then fell over time. The continued
improvement in habitat quality is due to the high cover of grasslands and the active ecological and
management measures carried out in recent years. In the southeastern part of the study area, there
are large areas of grassland with high and stable habitat quality and low habitat degradation. In the
northwestern part of the study area, there are large areas of cultivated land with low habitat quality
and high degradation.
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4.3. Suggestions and outlook

The temperate desert sub-region of the Ordos Plateau straddles Ordos City in Inner Mongolia
Autonomous Region and Yulin City in Shaanxi Province, located in the Yellow River basin in China,
with a fragile ecosystem. The ecological environment of the study area is of great practical
significance for promoting socio-economic development and ecological environment construction
(Sun et al 2021, Wang et al 2022a), among other activities. The results of this study show that there
are still some problems that need attention according to the analysis of land use and habitat quality
changes. In the period of 20002020, the arable land area increased, the expansion of arable land area
and the imbalance of regional economic development are prominent, and further rational planning
of regional land use is needed. In particular, there is a need to further rationalize the planning of
regional land development, protect high-quality arable land and limit the arbitrary expansion of
urban land, clarify urban positioning and functions, and scientifically lead the coordinated
development of regional and urban expansion. In terms of habitat quality, areas with a concentrated
population and better economic development are characterized by lower habitat quality and a higher
degree of degradation. Therefore, we need to focus on these corresponding areas to improve habitat
quality by constructing ecological landscape corridors, occupying high-quality arable land for urban
expansion, and returning farmland to woodland.

The predicted results in comparing the two scenarios of natural development and ecological
protection show that the trend of land use change in 2025 under the ecological protection scenario is
stable and the habitat quality is high. This can be used as a basis to confirm the rationality and
necessity of implementing ecological management and protection in the study area in recent years.
The government can establish nature reserves, return farmland to grassland for reforestation, and
guide the development of the ecological economy. This will enhance the regional ecological barrier,
improve the quality of the regional ecological environment, and reduce the degradation of the quality
of human habitat.

5. Conclusion

In this study, the habitat quality module of the InVEST model was used to appraise the habitat
quality of the Ordos Plateau in five periods of 2000, 2005, 2010, 2015, and 2020, and to characterize
the changes. In addition, the PLUS model was used to predict the natural development scenario and
ecological conservation. The main conclusions are as follows.

First, the grassland area, arable land area, and woodland area in the temperate desert sub-region
of the Ordos Plateau increased significantly from 2000 to 2020; the area of water bodies and unused
land increased slightly; and the area of wasteland continued to decrease. Grassland develops rapidly,
and the area increased by 4661.66 km? in 20 years. The area of arable land showed a trend of first
decreasing and then increasing, but the overall trend was in the upward direction. The area of
woodland continued to increase, with the area increasing by 300 times in 2020 compared with that in
2000. The area of wasteland continued to decrease, and the decreasing part has mainly transformed
into grassland.

Second, the low-value areas of habitat quality in the Ordos Plateau region from 2000 to 2020 are
distributed in the northern and central areas of the study area, while the high-value areas of habitat
quality are mainly distributed in the southeastern areas. The main land use type in the high-value
area is grassland, with relatively low land use intensity and dense forest and grass cover. The low-
value area is dominated by arable land, and the land use intensity in this area is higher and more
influenced by human activities.

Finally, the following patterns can be seen from the time-lapse analysis. The habitat quality in
the temperate desert subzone of the Ordos Plateau shows a trend of increasing and then decreasing;
the degradation of habitat quality in the study area shows a trend of increasing, decreasing, and then
increasing; and the areas with high degradation of habitat quality are mainly cultivated land types.
Analysis of the PLUS model prediction results using the InVEST model showed that the habitat
quality in the study area was higher under the ecological conservation scenario in 2025. The ecological
conservation scenario shows a decrease in the area of higher habitat quality, an increase in the area


https://doi.org/10.20944/preprints202306.0029.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2023

16

of medium and high habitat quality, little change in the area of low habitat quality, a decrease in the
area of lower habitat quality, and an overall increase of approximately 5% in the area above the
medium habitat quality level compared to the natural development scenario. Thus, habitat quality is
higher in the ecological conservation scenario.
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