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Abstract: The Yellow River Basin in Shaanxi (YRBS) has a relatively fragile ecological environment,
with severe soil erosion and a high incidence of natural and geological disasters. In this study, a
river basin landscape ecological risk assessment model was constructed using landscape ecology
principles to investigate the temporal and spatial evolution, as well as the spatial autocorrelation
characteristics of landscape ecological risks in the YRBS over a 20-year period. The main findings
from the YRBS were that the land use types changed significantly over the span of 20 years, there
was spatial heterogeneity of the landscape pattern, and the ecological risk value was positively
correlated. The threat of landscape ecological risks in YRBS is easing, but the pressure on the
ecological environment is considerable. This study provides theoretical support administrative
policies for future ecological risk assessment and protection, restoration measures, and control in the
Yellow River Basin of Shaanxi Province.
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1. Introduction

The Yellow River is the second largest river in China and the sixth largest river in the
world; it is considered the mother river of China. Thus, the protection and development
of the Yellow River Basin is important for the peace and prosperity of the people [1-3].
Presently, with the rapid development of urbanization, the interference of human activities
on the natural landscape has increased, and the considerable changes in land cover have
led to significant changes in the landscape pattern of the basin [4-6]. Therefore, studying
the temporal and spatial evolution characteristics of land use types and controlling the
overall ecological risk in the watershed is beneficial for prescribing the best methods to
counteract landscape degradation based on the different risk levels, and give appropriate
management and control suggestions. Sustainable development in the Yellow River Basin
has important practical and theoretical significance [7-10].

A watershed is a comprehensive ecological regional system that connects natural
ecosystems (land cover types and water cycles) with socio-economic systems (society and
population) [11-13]. Owing to more complex, holistic, and special location characteristics,
the excessive disturbance of a certain element in the basin ecosystem will inevitably threaten
the overall stability. The excessive land use changes by humans leads to fragile regional
ecosystems [14-17]. In this study, we performed landscape ecological risk assessments
for landscape changes in land use and analyzed the threat of human activities to regional
ecosystems. This new ecological management tool provides us with the theoretical support
for policy-making, sustainable development, and ecological environment management
in river basin risk management and control [18-20]. Therefore, this type of assessment
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has become the main method that is used by scholars to carry out regional ecosystem
assessments and is currently a trending topic in landscape ecology [21-24].

The history of the development of ecological risk assessments has gone through
four stages [25-30]: (1) the infancy stage (before the 1980s), based on qualitative analysis,
mainly focusing on toxicological research on the impact of pollutants on the environment
and humans [31-33]; (2) human health risk assessment stage (1980s), where the evaluation
method was changed to quantitative and the evaluation process and framework were
gradually systematic, focusing mainly on human health and their exposure to chemical
pollution [34,35]; (3) ecological risk assessment stage (1990s), where the focus changed
from environmental and human health risk assessments to ecological risk assessments,
and the relevant standard documents of ecological risk assessment were promulgated by
many countries and organizations, trying to transform the human health risk assessment
framework to the ecological risk assessment framework. Thus, in 1998, the “Guidelines
for Ecological Risk Assessment” were released, pioneering progress in the theory and
technology of ecological risk assessments [36-39]. Finally, (4) the regional, landscape, and
watershed ecological risk assessment stage (late 1990s to the present), where ecological
risk assessment is combined with the theory of landscape ecology, and the research scale
extends from population and ecosystem assessments to regional, landscape, and watershed
assessments [40-42]. Sources and risk receptors both present a period of comprehensive
risk assessment from a single development to a variety of risks, such as urbanization,
human activities, meteorological changes, and land use changes and are all considered in
ecological risk assessments, which uses spatial analysis tools to build models that are based
on multi-scale and multi-factor analyses [43-46].

Shaanxi Province is in the middle reaches of the Yellow River and approximately 70%
of the land area and 80% of the population belong to the Yellow River Basin [47]. It is an
education, technology, energy, and equipment manufacturing base and the core area of
economic development in China. Shaanxi is in an important regional location and has
exceptional ecological functions; however, there are still practical problems such as a fragile
ecological environment, shortage of water resources, insufficient carrying capacity, and
uncoordinated regional social and economic development in the Yellow River Basin. The
hilly and gully area of the Loess Plateau in northern Shaanxi is the main source of silt
entering into the Yellow River [48-50]. A cumulative total of 2.69 X 10* km? of farmland
has been restored to forest and grassland, and 15.7 million mu of desertified land has been
treated. The Shaanxi section of the basin accounts for more than 83% of the industrial water
and more than 78% of the domestic water in the province. The water resource of YRBS
provides only 447 m? of water per capita [51], less than one-fifth of the national average.
Therefore, in-depth development of the temporal and spatial evolution of land use and
landscape patterns, and landscape ecological risk assessments that are based on the theory
of landscape ecology in the YRBS is of great strategic significance to scientifically promote
the ecological protection and sustainable development of the Yellow River Basin. This
will help rationally allocate and utilize land resources and maintain a balanced state of
economic and agricultural development [52-55].

This study was conducted in the Yellow River Basin in Shaanxi. We aim to provide a
scientific basis for the ecological protection of the Yellow River Basin in Shaanxi. First, any
law changes regarding the different land use types in the basin from 2000 to 2020 were
determined; second, the spatial scale of the landscape pattern was studied, and the changes
in the landscape pattern were analyzed from both the landscape and patch-type level. Based
on the ecological risk assessment of the regional land use landscape pattern of the area,
the temporal and spatial evolution and spatial correlation characteristics of the landscape
ecological risk were revealed. Finally, considering the results of landscape ecological risk
assessment, corresponding ecological risk management countermeasures are proposed.
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2. Materials and Methods
2.1. Study Area

The Shaanxi section of the Yellow River Basin is in the center of the middle reaches of
the Yellow River and passes through the north-central part of Shaanxi Province (Figure 1).
It spans approximately 400 km and is connected to Gansu in the west, the Yellow River
and Shanxi in the east, Inner Mongolia in the north, and the main beam of the Qinling
Mountains in the south, 17.49% of the total area. This section has complex topography,
such as undulating mountain ranges, vertical and horizontal rivers, high-lying areas in the
north and south and low-lying in the middle, and slopes from west to east. The Shaanxi
section of the Yellow River Basin is composed of 79 counties (districts and cities) in 8 cities,
namely Yulin, Yan’an, Tongchuan, Baoji, Xianyang, Xi’an, Weinan, and Shangluo, with
a population of about 29.15 million, accounting for 75.41% of the total population of the
province [56]. It spans two climatic zones, roughly bounded by the Great Wall of China, the
north is located in the middle temperate zone and the south is in the warm temperate zone.
The natural vegetation is considerably varied, with grasslands and shrubs in the north and
forests in the south.
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Figure 1. The location of the Yellow River Basin in Shaanxi Province, China.

2.2. Data Collection and Processing

There were three periods of land use data from Shaanxi Province (shp. Format), namely,
2000, 2010, and 2020, that were used in this study, derived from the GlobeLand 30 surface
cover dataset (raster data, with a resolution of 30 m) (http://www.Globallandcover.com/
(accessed on 1 July 2022). The maps of the administrative division of the study area and the
water system of the Yellow River Basin were obtained from the Resource and Environmental
Science Data Center of the Chinese Academy of Sciences (http://www.resdc.cn (accessed
on 1 July 2022)). The vector boundary of the YRBS used the hydrological model in ArcGIS
software v10.2 (Esri, Redlands, CA, USA) The watershed delineation tool in ArcSWAT used
the automatic watershed delineation command to generate watershed divisions. Based on
the national land use classification system and according to the land use characteristics and
research purposes of YRBS, the land use types in the study area were divided into eight
categories: cultivated land, forest, grassland, shrubland, wetland, water body, artificial
surface, and bare land.

2.3. Methods

In order to study the temporal and spatial variation characteristics of landscape
ecological risk in the YRBS, the workflow is as follows (Figure 2). First, based on land
use data in 2000, 2010, and 2020, Land use dynamics and the Land Use Transfer Matrix
were used to explore the process of land use change in the YRBS. Then, we evaluated the
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landscape ecological risk and discuss its temporal and spatial variation characteristics.
Finally, the spatial autocorrelation of ecological risk index was analyzed by Moran’s I index
and local spatial autocorrelation analysis method.
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Figure 2. The workflow of the research.

2.3.1. Land Use Dynamics

The dynamic degree of land use quantitatively expresses the speed of land use change
in certain periods, measures the difference in land use change between different regions,
and predicts the future trend of land use change in the region. The two land-use dynamic
degrees that were used in this study were the single land use K and the comprehensive land
use S. The larger the absolute value of the single land use dynamic degree is, the faster the
transformation speed of the land use type. The comprehensive land use dynamic degree
indicates the degree of land use change in the study area from a macro perspective, and the
larger the dynamic degree is the more severe the degree of change. The specific equations
are as follows:

u,-u, 1
K= ———— x = x 1009
0, X T X Yo
< Asi_j 1 [o)
S=Y. 5 X X 100%

where K is the dynamic degree of a certain land use type in the research period; U, and
U, are the area (km?) of the land use types in the study area at the beginning and end
of a certain period, respectively; and T is the research time (years). S represents the
comprehensive land dynamic degree, S ... is the total area (km?) of the i-type land use that
is converted to other land use types in the T period
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2.3.2. Land Use Transfer Matrix

For the land use transition matrix, we used the Markon transition probability matrix.
The Markon model can not only directly and specifically quantify the structural characteris-
tics between the changes of land use types, but also show the number of transfers between
different land types; thus, quantitatively showing the degree of system analysis on the
system state and state transfer. The following equation was used:

S11 S12 - Sw
Sy1 S» -+ So

Snl Sn2 e Snn

where S represents the transition matrix of land use change; n is the total number of different
land types (n = 8); i and j represent the initial and final land types, respectively, in the study
area (i,j=1,2,...,n);and S is the area of the ith land type that is converted to the area of
the jth land type, the larger the value, the more severe the change, and vice versa.

2.3.3. Landscape Ecological Risk Assessment

According to the characteristics of the area of the YRBS, the moderateness of the data
sampling workload and the accuracy of the evaluation unit, the study area is divided
into a 10 x 10 km grid size by using the equal-spaced systematic sampling method and
the Create Fishnet tool of ArcGIS 10.2 software (Esri, Redlands, CA, USA). A total of
1500 risk cells (as shown in Figure 3). Then, ArcGIS 10.2 software was used to calculate the
landscape ecological risk value of each risk area, and the ecological risk index was assigned
to the center of each risk area, and then the ordinary Kring interpolation method of spatial
interpolation was used to obtain the spatial distribution map of landscape ecological risks
in the YRBS. In this way, the landscape ecological risk assessment of the entire watershed
can be carried out.
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Figure 3. The ecological risk evaluation cells.
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The landscape disturbance index (E;) and landscape vulnerability index (F;) were
selected in this study for constructing a comprehensive Ecological Risk Index (ERI) model
for the YRBS. The landscape ecological risk index was calculated as follows:

ERI; = ZA— X R;

i=1 “k

where ER]; is the landscape ecological risk index of the ith risk unit, # is the number of
landscape types, Ay; is the area of the ith of landscape type in the kth risk unit, and Ay is
the total area of the kth risk unit. R; is the landscape loss index of the ith landscape type,
which is calculated from the landscape disturbance degree and vulnerability index. The
equations for each landscape pattern index in the model are shown in Table 1.

Table 1. Calculation formula of landscape index and ecological significance.

Index

Calculation Formula Ecological Significance

Landscape loss degree index (R;)

R; indicates the degree of loss of natural properties of
ecosystems represented by different landscape types
when they are subjected to natural and anthropogenic
disturbances [54].

Ri:El‘XFi

Landscape disturbance index (E;)

E; describes the extent to which ecosystems located in
different landscape types are disturbed by human
activities and characterizes differences related to
maintenance of ecological stability of different
landscape types [57]; a, b, and c represent weights of
the corresponding landscape indices; according to
results of previous studies, values of a=0.5,b =0.3,
and ¢ = 0.2 are assigned.

E; = aC; + bN; + ¢D;

Landscape fragmentation index (C;) C, = Z—"I_

Describes the degree of fragmentation of a landscape
type in the region at a given time; such that, the higher
its value, the lower the stability within the landscape
unit and the greater the heterogeneity and
discontinuity among patches [58]; n; denotes the
number of patches of landscape type i and A; denotes
the total area of landscape type i.

Landscape dominance index (D;) D; =

The higher the value, the greater the influence of the
landscape type on the overall landscape pattern [59].
QM | L Q; = number of samples in which patch i occurs/total
2 number of samples; M; = number of patch i/total
number of patches; and L; = area of patch i/total
area of samples.

landscape separateness index (N;) N; = 4

The greater the degree of separation between different
patches in a landscape type, the more discrete the
" distribution of the landscape type in the region for a
24;\ A correspondingly higher degree of fragmentation [60];
A is the total area of the landscape; N; is the distance
index of landscape type i.

Landscape vulnerability index (F;)

The higher the value, the more vulnerable and
unstable the landscape type is and the more likely it
will suffer ecological losses and physical changes due
to external disturbances [61]. Based on the previous
studies, in this study [62], vulnerability indices of
six landscape types were assigned as follows: unused
land 6, water 5, cultivated land 4, grassland 3,
woodland 2, and residential land 1, with the landscape
vulnerability index F; obtained after normalization.

Based on the previous studies
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Finally, the natural breakpoint method is used to divide the ecological risk into five
grades, as shown in Table 2.

Table 2. Landscape ecological risk classification in the Yellow River Basin, Shaanxi Province, China.

Risk Level
Ecological Risk
Low Low-Medium Medium Medium-High High
rank I II III v A%
value 0.0135 < ERI 0.0135 < ERI < 0.030 0.030 < ERI<0.060 0.060 < ERI < 0.099 ERI > 0.099

2.3.4. Spatial Autocorrelation Analysis
(1) Global spatial autocorrelation

Global spatial autocorrelation analysis was used to measure the agglomeration charac-
teristics of the attribute values in the entire study area, reflecting the approximation of the
attribute values of adjacent units. Generally, Moran’s I index was used to characterize the

degree and significance of spatial autocorrelation of ecological risks in the study area. The
equation is as follows:

n Yy ¥ Wij(xi — ) (x; — X)
(Zi Y wij) Yi(x— f)z

Moran’s I =

where x; and x; are the attribute values of the variables in the adjacent units of the region,
Wi; is the spatial weight matrix, and X is the average attribute value. The value range
of Moran’s I index is (1, 1) which means that the positive correlation of similar spatial
proximity transitions to the negative correlation of spatial proximity dissimilarity. When
Moran’s I > 0, the spatial correlation is positive and the unit attribute value presents
spatial clustering characteristics, and the closer the value is to 1, the higher the degree
of agglomeration. When Moran’s I < 0, the space is negatively correlated, and the unit
attribute values show spatially discrete characteristics. When Moran’s I = 0, there is
no spatial correlation, and the unit attribute values are random with an independent
distribution status.

(2) Local spatial autocorrelation

The global spatial autocorrelation represents the overall spatial state of the attribute
value and cannot reflect the specific location of the agglomeration or abnormal attribute
value in the spatial distribution. In this case, the local autocorrelation method needs to
be used for further explanation. Local spatial autocorrelation mainly reveals the hetero-
geneity of the spatial distribution of local unit attribute values, including all spatial unit
attribute values in the study area. Local Moran’s I (I;) is used to express the local spatial
autocorrelation and it is calculated as follows:

(x; —%)[(n —1) — 2]
i xizj i Ly Wij(x —X)

where x; and x; are the attribute values of the variable in the adjacent units of the region,
Wi; is the spatial weight matrix, and X is the average attribute value. When [; > 0, the
attribute value of the ith unit is similar to the attribute value of the adjacent unit, and the
attribute value of the unit presents spatial discrete characteristics, which is a positive spatial
correlation. When I; <0, the attribute value of the ith unit is related to the adjacent unit, the
attribute values of the units are quite different, and the unit attribute values show spatial
discrete characteristics, which is a negative spatial correlation.
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3. Results
3.1. Land Use Change Processes from 2000 to 2020
3.1.1. Analysis of Land Use Dynamics Change
Using the dynamic degree formula to calculate the three-phase land use data in the Shaanxi

Yellow River Basin from 2000 to 2020, we obtained the dynamic degree of each land use type in
the study area from 2000 to 2010, 2010 to 2020, and 2000 to 2020 as shown in Table 3.

Table 3. Change in the area and single dynamic degree of land types in the Yellow River Basin,
Shaanxi Province, China.

2000-2010 2010-2020 2000-2020
Land Type Area Change  Single Dynamics  Area Change  Single Dynamics  Area Change  Single Dynamics
(km?) (%) (km?) (%) (km?) (%)
Cultivated Land —1000.56 -0.17 —197.86 —0.03 —1198.41 —0.11
Forest Land 351.25 0.09 —118.57 —0.03 232.68 0.03
Grassland —502.24 —0.11 —1232.16 —0.28 —1734.4 -0.2
Shrubland 159.93 3.14 —28.45 —0.41 131.48 1.36
Wetland —54.8 —2.03 —10.77 —0.51 —65.56 —1.28
Water Body —40.31 —0.69 30.08 0.56 —10.23 —0.09
Artificial Surface 1072.16 3.11 1665.78 3.59 2737.94 4.21
Bare Ground 14.47 0.09 —103.61 —0.64 —89.13 —0.29
Comprehensive Dynamics (%) 0.108 0.114 0.111

As shown in Table 3, there are discernable differences in the single dynamic degree of
each land use type during the study period, and the overall performance adheres to the fol-
lowing order: artificial surface > shrubland > wetland > bare land > grassland > cultivated
land > water body > forest. The type of land cover with the greatest variation in single
dynamics is always artificial surfaces. Between 2000 and 2010, the greatest change in the
single dynamic degree was that of shrubland and artificial surfaces, which changed by 3.14
and 3.11%, respectively, and the area increased by 159.93 km? and 1072.16 km?, respectively.
Between 2010 and 2020, except for artificial surfaces and water bodies, the single dynamic
degree of the utilization type is in a decreasing state, and the artificial surface is still the
land use type with the largest change in single dynamic degree. The area has increased
by 1665.78 km? in 10 years, and the dynamic degree is 3.59%. The single dynamic degree
of the water bodies initially had a negative change but turned positive. The arable land,
grassland, and wetland continued to decrease, and the change rate of grassland accelerated
significantly compared to that in 2000-2010, the area decreased by 1232.16 km?, and the
change rate of arable land and wetland slowed down compared to the previous 10 years.
Shrubland showed a significant slowdown with a single dynamic degree of 0.41% and
went from a positive change at the beginning to a negative change. In general, artificial
surfaces have grown positively throughout the research period from 2000 to 2020. The
area increased by 2737.94 km? over 20 years, and the single dynamic degree is at most
4.21%. In 2010, there was rapid economic and social development in China, the pace of
urbanization accelerated, anthropogenic interference increased, the change rate of land use
types accelerated, and the change rate of man-made surfaces increased faster than that of
other land types. In addition, all the remaining land use types showed fluctuating changes
except for cultivated land, grassland, and wetlands, which showed a constant decreasing
trend over the span of 20 years.

3.1.2. Analysis of Land Use Transfer Change

To further visualize the spatial evolution characteristics and mutual transformation
rules of various land cover types in the Yellow River Basin of Shaanxi Province, we used
GIS spatial analysis technology and the land use transfer matrix model to analyze the
direction and quantity of changes between various land use types.

Figure 4A shows that during the conversion process of land use types in the Yellow
River Basin of Shaanxi Province from 2000 to 2010, the conversion of cultivated land was
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the most severe, with a total transfer area of 3194.05 km?. For artificial, grass, and forest
land, the transfer area was 1559.61, 989.53, and 450.16 km?, respectively; the conversion
of grassland to other land types was more severe, with a transfer area of 1690.09 km?.
The top three areas with the largest conversion from grassland to other land types are,
cultivated land, forest, and shrubland with transfer areas of 1060.96, 307.76, and 150.49 km?2,
respectively. The transfer area of artificial surfaces is 615.90 km?, the main transfer type is
cultivated land with an area of 589.48 km?, and the transfer area of forest is 433.85 km2. The
transfer areas were sorted as follows: Cultivated land > grassland and the transfer-out areas
were 324.51 km? and 90.4 km?, respectively. Wetlands and water bodies were relatively
small with transfer areas of 168.92 km? and 252.12 km?, respectively. The total area of
shrubland and bare land was small, and the conversion was not significant. Figure 4B
shows the conversion of land use types from 2010 to 2020, the conversion of grassland
was most severe, with a total area of 5858.58 km?, followed by cultivated land, forest, and
artificial surfaces with transfer areas of 3155.60, 1405.16, and 565.91 km? respectively. The
conversion of cultivated land is frequent, and the total transferred-out area is 4922.38 km?2.
The top three areas with the largest area of cultivated land that were converted to other
land types were grassland, artificial surfaces, and forest with transfer areas of 2450.65,
1583.78, and 688.29 km?, respectively. The total forest transfer area is 2291.98 km?, and the
transferred land types are mainly grassland and cultivated land, with an area of 1465.67
and 719.80 km?, respectively. Shrubland, artificial surfaces, and bare land have relatively
small transfer-out areas of 422.106, 576.124, and 524.71 km?, respectively. The total transfer
area of wetlands was small, and the transformation was not significant.

Cultivated Land

(A)

o7 Bare ground
9.

=220

168.9

N E Wetland
252.1

I Water Body

/ 4338

Forest Land
/ ne

Artificial
surface
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1.7k

Grassland

(B)

800 Wetland

m'*' Water Body

Cultivated Land Bare ground

/57‘1[
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/ 23k surface
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Forest Land

Figure 4. Land use type transfer area (km?) matrix of the YRBS from 2000 to 2010 (A) and 2010 to 2020 (B).
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3.2. Analysis of Spatial and Temporal Changes in Ecological Risks

According to the average values and change trend of landscape ecological risk from
2000 to 2020 (Figure 5), the overall landscape ecological risk of the Shaanxi Yellow River
Basin is at a lower risk level, and the temporal change showed an increasing trend at first
and then a decreasing trend. From 2000 to 2010, the increase rate was relatively clear,
increasing from 0.0198 to 0.0203, and the decrease rate was significant from 2010 to 2020,
decreasing from 0.203 to 0.0197. The landscape ecological risk value was in a state of decline
over the span of 20 years (2000-2020). Since the 18th National Congress of the Communist
Party of China proposed the concept of an ecological civilization to build a beautiful China,
Shaanxi Province has actively responded by implementing a series of important ecological
protection and restoration projects directly impacting the Yellow River Basin ecosystem.
The landscape ecological risk showed a benign development trend; thus, it is necessary to
coordinate the relationship between economic construction and environmental protection
in the future.

0 100 I ow risk

w
—km ; [ Low-medium risk

[ I Medium risk ;
[ Medium-high risk L)
B e risk 9

(0)2020

(B)2010 ..

Figure 5. Spatial distribution changes in landscape ecological risk areas in the Yellow River Basin,
Shaanxi Province from 2000 to 2020.

The proportion of different ecological risk areas in the Yellow River Basin from 2000
to 2020 and the temporal change characteristics of ecological risk levels in the basin over
20 years is shown in Figure 6. These data show the area distribution of each ecological risk
area and indicate that the low-risk areas are always the largest and the high-risk areas are
the smallest (low-risk > medium-risk > high-risk area). For example, in 2020, the low-risk
areas accounted for 54.07% of the total basin area, the low-medium-risk areas accounted for
35.35%, and the medium-risk, medium-high-risk, and high-risk areas accounted for only
5.92%, 2.77%, and 1.89%, respectively.

Considering the temporal change characteristics of the ecological risk areas over the
span of 20 years, the low-risk and low-medium-risk areas have always been dominant in
terms of proportion, but there are still significant changes in the ecological risk areas. The
size of the low-risk areas first decreased and then increased, decreasing from 74,208.75 km?
in 2000 to 71,238.50 km? in 2010, and increasing to 72,031.50 km? in 2020. The low-risk
areas showed first an increase and then a decrease. However, the increase was evident
in the first 10 years, and only a slight decrease was observed from 2010 to 2020. The size
of medium-risk areas increased continuously, but the increase in the first 10 years was
substantially higher than that of the next 10 years. The area increased by 579.25 km? in 2010
and 175.5 km? in 2020. The size of the high-risk areas showed relatively clear growth from
2000 to 2010, increasing by 357.25 km?, and then declined from 2010 to 2020, decreasing
by 398.75 km?. The size of the high-risk areas continued to decrease throughout the study
period with a total decrease of 401.5 km? over the span of 20 years.
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Figure 6. Area (km?) change of landscape ecological risk area of the Yellow River Basin, Shaanxi
Province from 2000 to 2020.

3.3. Analysis of the Spatial Pattern of Ecological Risks
3.3.1. Global Spatial Autocorrelation Analysis

According to Figure 7, the global Moran’ I index of the landscape ecological risk
values from 2000, 2010, and 2020 all exceeded 0.5, and were 0.698, 0.645, and 0.620, re-

spectively, indicating that the landscape ecological risk values in the study area were
positively correlated.

10

lagged BRI2000
lagged BRI2010
lagged ERI2020

1
-10
1

t T T T T T T T
7 5 1 -10 -8 -2

2 1 2 6 10 5 TR e
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Figure 7. Moran’s I index scatter distribution of the landscape ecological risk values in the Shaanxi
Yellow River Basin from 2000 to 2020.

In addition, the distribution of the scattered points in Figure 4 is close to the re-
gression line, indicating that the ecological risk values of the watershed landscape have
characteristics of agglomeration in the spatial distribution. Meanwhile, the z-scores of the
landscape ecological risk values from 2000, 2010, and 2020 were 36.281, 33.774, and 32.515,
respectively, all exceeding 1.65, indicating that the elements in the spatial distribution are
non-random processes, and the possibility of a random generation of clustering patterns
is unlikely. Additionally, the calculated p-values are all equal to 0.001, indicating that the
spatial autocorrelation is significant at the 99.9% confidence level.

3.3.2. Local Spatial Autocorrelation Analysis

According to Figure 8, the correlation changes of the landscape ecological risk index are
consistent with the risk distribution map of ordinary kriging interpolation of the landscape
ecological risk values. The ecological risk values of the watershed landscape are mainly
distributed in high-high (H-H) and low-low(L-L) agglomeration. This area belongs to the
ecological protection barrier area of the Mu Us Sandy Land, which has a high degree of
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land loss and a fragile natural ecosystem, reducing its ability to resist risks; thus, forming a
high-risk area cluster that is consistent with the distribution of low-risk areas. This area is
mainly dominated by cultivated land, forest, and artificial surface land types. It is relatively
flat, landscape loss is low, landscape internal structure is stable, and anti-interference ability
is strong, forming a cluster of low-risk areas.

N 0 100 203 N-S
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Figure 8. Local spatial autocorrelation distribution map of landscape ecological risks in the Yellow
River Basin in Shaanxi Province from 2000 to 2020.

4. Discussion
4.1. Tempo-Spatial Changes of the Land Use and Landscape Ecological Risk in YRBS

Land use in YRBS experienced dramatic changes from 2000 to 2020. On the whole, the
land use change was affected by human activities and natural factors. This is consistent
with other research findings [63,64]. We found that cultivated land, forest land, and
grassland had the largest changes and were the main land use types in the YRBS. It is
closely related to the continuous promotion of ecological protection policies in Shaanxi
Province. Shaanxi Province is one of the first provinces in China to pilot the policy project
of returning farmland to forests and grasslands [65,66]. A series of policies of returning
farmland to forests and grasslands have enabled the restoration of forest land and grassland
areas, which relieved the pressure that was brought by the ecological footprint to a certain
extent. In order to further improve the ecological carrying capacity of the YRBS and build
a good ecological environment, it is necessary to continue to implement strict ecological
environmental protection policies, and promoting the construction of ecological civilization
is the key to promoting the sustainable development of the basin [67].

Our study found that high-risk areas in the YRBS are located in northern Shaanxi.
This is related to the Loess Plateau region in the north, which has been studied by a large
number of scholars [68-70]. However, the overall ecological risk management and control
in northern Shaanxi has achieved preliminary results in the past 20 years. Ecological
restoration projects such as forest (grass) and slope farmland improvement are closely
related. A series of ecological restoration projects have adjusted the land use structure to a
certain extent [71,72]. The area of cultivated land, forest land, and water area in northern
Shaanxi has increased, which has improved the ecological conditions for agricultural
production. However, there are still some problems of ecological degradation in the
region. With the acceleration of urbanization, the demand for construction land has
expanded rapidly, and human activities have exacerbated the division and occupation of
cultivated land.

It is worth mentioning that we have studied the temporal and spatial evolution
characteristics of ecological risks in the YRBS in the past 20 years, which can reflect the long-
term trend of ecological quality in the basin to a certain extent. Overall, the distribution of
risk areas is relatively stable. It can be judged that the vegetation of the YRBS has recovered
significantly, and the ecological environment construction has achieved remarkable results,
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but the region is still a relatively fragile ecological environment [73,74]. In fragile areas,
when the ecological service value is insufficient to maintain the self-circulation of the system,
the ecological environment will deteriorate. In the context of global warming, extreme
weather phenomena such as droughts, rainstorms, and floods have intensified, and it is
difficult to maintain stable regional vegetation coverage. With economic development,
the water demand for agriculture, industry, and urban domestic water increases, and the
disparity between regional water supply and demand will become more prominent [75,76].
Therefore, it is necessary to strengthen the assessment of the impact of climate change on
regional water resources and to improve the climate change response capabilities of key
ecological function areas and ecological restoration and management areas, so as to better
meet the needs of regional high-quality development.

4.2. Ecological Protection and High-Quality Development of the YRBS

Located in the middle reaches of the Yellow River, Shaanxi is an important national
advanced manufacturing base, national defense science and technology industrial base,
agricultural high-tech industrial base, energy and chemical base, and scientific, educa-
tional, and cultural base. It is the core area of ecological protection and economic and
social development in Shaanxi Province [77]. The task of ecological protection is heavier.
Compared with the goal of beautiful scenery in ecological space, the quality of forests
in the Yellow River Basin is relatively low, the stock volume per unit area and the value
of ecological service functions are lower than the national average level, the structure of
forest and grass is unreasonable, the water conservation capacity is not high, the pressure
of water ecological protection is high, and the area of some wetlands has shrunk [78,79].
Governance tasks remain daunting. Soil erosion control has a long way to go. The Baiyu
Mountains, Weibei Dry Belt, and other key areas have a lot of historical debts, and the cost
of control is high. The relationship between water and sediment is still inconsistent, and
the water and sediment control system still needs to be improved. The construction of
garbage and sewage treatment facilities in individual cities and towns is relatively lagging
behind, and the water quality of some river sections such as the Yanhe River, Qingjian River,
and Beiluo River cannot reach the standard stably. The progress of governance in coal
mining subsidence areas is relatively slow. The problem of water shortage is prominent.
The precipitation in the basin is low, the total water resources only account for one third of
the province, and the per capita water resources are less than one fifth of the country.
Xi’an, Xianyang, and other cities have serious over-exploitation of groundwater, and the
ecological water volume of Yanhe, Wudinghe, Hongjiannao, and other rivers and lakes
is insufficient, and some counties and districts are still seriously short of water resources,
engineering, and water quality [80]. Development has caused certain constraints, and the
way of water for production and living is relatively extensive. The quality of development
needs to be improved urgently. The effect of implementing the new development concept
is not obvious enough, the industrial structure adjustment and transformation and up-
grading are relatively heavy tasks, the transformation of advantages in science, education,
military industry, etc., is not sufficient, and the shortcomings of insufficient openness are
still obvious. The central city’s radiating and driving role is not strong, the regional urban
and rural development is unbalanced, there are still shortcomings in the field of people’s
livelihood, and the modernization level of the governance system and governance capacity
is not high [81,82].

According to the different regional characteristics and development orientations of the
YRBS, we will coordinate the implementation of ecological governance measures that are
differentiated, complete in governance elements, and reasonably and scientifically config-
ured. Promoting the construction of check dams, changing slopes to ladders, and making
land for ditch management according to local conditions. On the basis of following the
laws of nature and resource endowments, implement suitable forests for forests, irrigation
for irrigation, grasses for grasses, and famines for famines, and scientifically carry out land
consolidation, high-standard farmland construction, and forest vegetation conservation and
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restoration. Coordinate the high-quality governance of mountains, rivers, forests, fields,
lakes, grass, and sand and the construction of ecological projects, promote the restoration
of ecosystem functions, comprehensively optimize the ecological environment of the Loess
Plateau in northern Shaanxi, and consolidate the foundation for the healthy operation of
the agricultural ecosystem [83]. To coordinate the relationship between ecological risk
management and high-quality agricultural development, it is necessary to build a modern
agricultural industrial cluster on the Loess Plateau that is based on regional ecological
risks and resource endowments. Build an intensive, high-value green agricultural industry
cluster that is focusing on grains (millet, barley, etc.), forest fruits (apples, red dates, etc.),
edible fungi, and characteristic plants (medlar, sea buckthorn, hops, etc.), feed, meat (Beef
cattle, sheep, etc.), dairy industry, cashmere-based agriculture, and animal husbandry
combined with conservation agriculture and conservation grassland agriculture industry
clusters. Strengthen the integration and matching of natural endowments and production
factors; promote the development of regional agricultural industries to complement soil
erosion control, farmland water conservancy construction, and circular agricultural projects;
and support the development of eco-friendly new technologies, new formats, and new
models [84].

4.3. Limitation

There are a few limitations and improvements that need further in-depth research
and discussion: (1) Due to the difficulty of data collection, this study only started from
the level of landscape structure changes that were caused by human activities as the
source of risk. However, the basin is affected by natural factors such as soil erosion,
meteorological changes, and geological disasters. Therefore, in the future, it is necessary to
comprehensively evaluate the ecological risk from the perspective of multiple risk sources.
(2) In this study, we only analyzed the temporal and spatial evolution of the existing land
use data, therefore, there is no information on the future possibilities of land use in the river
basin. Thus, the next step is to conduct prediction research. (3) Due to data availability
and research time factors, this study only provides management suggestions that are based
on the research results from the perspective of different risk levels. We did not build an
indicator system for ecological risk influencing factors in detail but conducted a driving
factor analysis. Generally, multi-dimensional analyses of the impact mechanism of the
ecological risk in the basin are carried out.

5. Conclusions

The land use types in the YRBS have changed significantly over the span of 20 years.
From 2000 to 2020, the overall landscape ecological risk value of the Yellow River Basin
first increased then decreased, but the overall ecological risk level of the basin was lower,
indicating that the ecological status of YRBS improved. The spatiotemporal evolution
characteristics of five different levels of ecological risk areas in the YRBS that were discov-
ered through this study provide scientific insights into the laws of ecological evolution
in different regions in the river basin, which can further provide insights into regional
ecological environment management, ecological security protection, risk early warning,
and provide theoretical support for policy formulation in sustainable development and
other aspects. The research conclusion can promote the sustainable development of land
use and high-quality ecological protection in Changsha River beach.

In the future, further research can improve the evaluation index system of ecological
risk, and not only carry out ecological risk evaluation on the basis of land use change, but
also a more complex and richer index system and evaluation system should be considered.
At the same time, it is also possible to analyze the driving mechanism of the evolution of
ecological risks, especially considering the impact of socioeconomic factors and human
activities on ecological risks.



Int. |. Environ. Res. Public Health 2022, 19, 9547 15 of 18

Author Contributions: Conceptualization, Z.Z. and Y.F.; methodology, Z.Z.; software, Z.Z.; vali-
dation, Z.M. and Z.Z.; formal analysis, Z.Z.; investigation, Z.M. and X.X.; writing—original draft
preparation, Z.Z.; writing—review and editing, G.R.; funding acquisition, Y.F. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Shaanxi Provincial Forestry Science and Technology
Innovation Program Special Project (grant number SXLK20200102) and the China Association for
Science and Technology 2020 Postgraduate Science Popularization Ability Improvement Project
(grant number kxyjs202034).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gao,]J,; Liu, X.R.; Hao, H.; Yuan, H.; Zhou, H.D. Survey on typical organic pollutants and health risks of main water sources in
yellow river basin. Environ. Eng. Manag. J. 2013, 12, 1751-1755.

2. Gao, P; Wang, YM.; Li, PE; Zhao, G.J.; Sun, W.Y.; Mu, X.M. Land degradation changes in the Yellow River Delta and its response
to the streamflow-sediment fluxes since 1976. Land Degrad. Dev. 2018, 29, 3212-3220. [CrossRef]

3. He, J.X;; Wang, Y.X. Study on shaanxi’s leading role in the metropolitan area on ecological protection and high-quality development
of the yellow river “ji” bay. J. Environ. Prot. Ecol. 2021, 22, 656-664.

4. Ma, LJ.; Liu, Z.; Zhao, B.F; Lyu, ].W.; Zheng, FM.; Xu, W.; Gan, X.B. Variations of runoff and sediment and their response to
human activities in the source region of the Yellow River, China. Environ. Earth Sci. 2021, 80, 551. [CrossRef]

5. Mao, W.B,; Kang, S.Z.; Wan, Y.S.; Sun, Y.X,; Li, X.H.; Wang, Y.F. Yellow River Sediment as a Soil Amendment for Amelioration of
Saline Land in the Yellow River Delta. Land Degrad. Dev. 2016, 27, 1595-1602. [CrossRef]

6. Wang, M.].; Qi, S.Z.; Zhang, X.X. Wetland loss and degradation in the Yellow River Delta, Shandong Province of China. Environ.
Earth Sci. 2012, 67, 185-188. [CrossRef]

7. Wohlfart, C.; Kuenzer, C.; Chen, C.; Liu, G.H. Social-ecological challenges in the Yellow River basin (China): A review. Environ.
Earth Sci. 2016, 75, 1066. [CrossRef]

8.  Xia, HJ,; Liu, L.S,; Bai, ].H.; Kong, W.J.; Lin, K.X.; Guo, F. Wetland Ecosystem Service Dynamics in the Yellow River Estuary under
Natural and Anthropogenic Stress in the Past 35 Years. Wetlands 2020, 40, 2741-2754. [CrossRef]

9. Yang, X.; Zhang, H.Y,; Yang, J.; Li, H.W.; Zhu, X.B. Research on ecological compensation of water resources in the yellow river
basin. Fresenius Environ. Bull. 2020, 29, 4426-4429.

10. Yin, ].; Ly, Y.;; Ou, Z. Regional agricultural water footprint and crop water consumption study in yellow river basin, China. Appl.
Ecol. Environ. Res. 2019, 17, 5539-5559. [CrossRef]

11. Bai, Y,; Chen, Y.Y,; Alatalod, ].M.; Yang, Z.Q.; Jiang, B. Scale effects on the relationships between land characteristics and ecosystem
services—A case study in Taihu Lake Basin, China. Sci. Total Environ. 2020, 716, 137083. [CrossRef] [PubMed]

12.  Cheng, G.D.; Li, X.; Zhao, W.Z; Xu, Z.M.; Feng, Q.; Xiao, S.C.; Xiao, H.L. Integrated study of the water-ecosystem-economy in the
Heihe River Basin. Natl. Sci. Rev. 2014, 1, 413-428. [CrossRef]

13.  Flint, N; Rolfe, J.; Jones, C.E.; Sellens, C.; Johnston, N.D.; Ukkola, L. An Ecosystem Health Index for a large and variable river
basin: Methodology, challenges and continuous improvement in Queensland’s Fitzroy Basin. Ecol. Indic. 2017, 73, 626—636.
[CrossRef]

14. Ge, Q.Q.; Xu, WJ,; Fu, M.C,; Han, Y.X,; An, G.Q.; Xu, Y.T. Ecosystem service values of gardens in the Yellow River Basin, China.
J. Arid. Land 2022, 14, 284-296. [CrossRef]

15. Huang, L.Y,; Wang, J.; Chen, X.J. Ecological infrastructure planning of large river basin to promote nature conservation and
ecosystem functions. J. Environ. Manag. 2022, 306, 114482. [CrossRef] [PubMed]

16. Huang, X.; Ma, ].X. Changes in the ecosystem service values of typical river basins in arid regions of Northwest China. Ecohydrology
2013, 6, 1048-1056. [CrossRef]

17.  Liu, H.; Zheng, L.; Wu, J.; Liao, Y.H. Past and future ecosystem service trade-offs in Poyang Lake Basin under different land use
policy scenarios. Arab. ]. Geosci. 2020, 13, 46. [CrossRef]

18. Liu, R.R.; Dong, X.B.; Zhang, P; Zhang, Y.; Wang, X.W.; Gao, Y. Study on the Sustainable Development of an Arid Basin Based on
the Coupling Process of Ecosystem Health and Human Wellbeing under Land Use Change—A Case Study in the Manas River
Basin, Xinjiang, China. Sustainability 2020, 12, 1201. [CrossRef]

19. Sun,R; Yao, P.P; Wang, W.; Yue, B.; Liu, G. Assessment of Wetland Ecosystem Health in the Yangtze and Amazon River Basins.

Isprs Int. J. Geo Inf. 2017, 6, 81. [CrossRef]


http://doi.org/10.1002/ldr.3049
http://doi.org/10.1007/s12665-021-09850-w
http://doi.org/10.1002/ldr.2323
http://doi.org/10.1007/s12665-011-1491-0
http://doi.org/10.1007/s12665-016-5864-2
http://doi.org/10.1007/s13157-020-01368-4
http://doi.org/10.15666/aeer1703_55395559
http://doi.org/10.1016/j.scitotenv.2020.137083
http://www.ncbi.nlm.nih.gov/pubmed/32036149
http://doi.org/10.1093/nsr/nwu017
http://doi.org/10.1016/j.ecolind.2016.10.007
http://doi.org/10.1007/s40333-022-0061-5
http://doi.org/10.1016/j.jenvman.2022.114482
http://www.ncbi.nlm.nih.gov/pubmed/35033894
http://doi.org/10.1002/eco.1411
http://doi.org/10.1007/s12517-019-5004-x
http://doi.org/10.3390/su12031201
http://doi.org/10.3390/ijgi6030081

Int. |. Environ. Res. Public Health 2022, 19, 9547 16 of 18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Sun, YJ; Li, J.; Liu, X.E; Ren, Z.Y; Zhou, Z.X.; Duan, Y.F. Spatially Explicit Analysis of Trade-Offs and Synergies among Multiple
Ecosystem Services in Shaanxi Valley Basins. Forests 2020, 11, 209. [CrossRef]

Woldeyohannes, A.; Cotter, M.; Biru, W.D.; Kelboro, G. Assessing Changes in Ecosystem Service Values over 1985-2050 in
Response to Land Use and Land Cover Dynamics in Abaya-Chamo Basin, Southern Ethiopia. Land 2020, 9, 37. [CrossRef]

Wu, CS.; Ma, G.X,; Yang, W.S,; Zhou, Y.; Peng, E; Wang, ] N.; Yu, F. Assessment of Ecosystem Service Value and Its Differences in
the Yellow River Basin and Yangtze River Basin. Sustainability 2021, 13, 3822. [CrossRef]

Xu, Z.H.; Fan, W.G.; Wei, H.].; Zhang, P; Ren, ]. H.; Gao, Z.C.; Ulgiati, S.; Kong, W.D.; Dong, X.B. Evaluation and simulation of
the impact of land use change on ecosystem services based on a carbon flow model: A case study of the Manas River Basin of
Xinjiang, China. Sci. Total Environ. 2019, 652, 117-133. [CrossRef]

Yang, J.; Xie, B.P,; Tao, W.Q.; Zhang, D.G. Ecosystem Services Assessment, Trade-Off, and Bundles in the Yellow River Basin,
China. Diversity 2021, 13, 308. [CrossRef]

Abdullah, A.M.; Masrur, A.; Adnan, M.S.G.; Al Baky, M.A.; Hassan, Q.K.; Dewan, A. Spatio-Temporal Patterns of Land Use/Land
Cover Change in the Heterogeneous Coastal Region of Bangladesh between 1990 and 2017. Remote Sens. 2019, 11, 790. [CrossRef]
Bai, Y.; Jiang, B.; Wang, M.; Li, H.; Alatalo, ].M.; Huang, S.F. New ecological redline policy (ERP) to secure ecosystem services in
China. Land Use Policy 2016, 55, 348-351. [CrossRef]

Burkhard, B.; Kroll, F.; Nedkov, S.; Muller, F. Mapping ecosystem service supply, demand and budgets. Ecol. Indic. 2012, 21, 17-29.
[CrossRef]

Connors, ].P.,; Galletti, C.S.; Chow, W.T.L. Landscape configuration and urban heat island effects: Assessing the relationship
between landscape characteristics and land surface temperature in Phoenix, Arizona. Landsc. Ecol. 2013, 28, 271-283. [CrossRef]
Cote, LM,; Darling, E.S.; Brown, C.J. Interactions among ecosystem stressors and their importance in conservation. Proc. R. Soc. B
Biol. Sci. 2016, 283, 20152592. [CrossRef] [PubMed]

Dadashpoor, H.; Azizi, P.; Moghadasi, M. Land use change, urbanization, and change in landscape pattern in a metropolitan area.
Sci. Total Environ. 2019, 655, 707-719. [CrossRef]

Dai, L.; Liu, Y.B.; Luo, X.Y. Integrating the MCR and DOI models to construct an ecological security network for the urban
agglomeration around Poyang Lake, China. Sci. Total Environ. 2021, 754, 141868. [CrossRef] [PubMed]

Fan, C.; Myint, S. A comparison of spatial autocorrelation indices and landscape metrics in measuring urban landscape
fragmentation. Landsc. Urban Plan. 2014, 121, 117-128. [CrossRef]

Gibb, R.; Redding, D.W.; Chin, K.Q.; Donnelly, C.A.; Blackburn, T.M.; Newbold, T.; Jones, K.E. Zoonotic host diversity increases
in human-dominated ecosystems. Nature 2020, 584, 398-402. [CrossRef]

Hale, R.; Swearer, S.E. Ecological traps: Current evidence and future directions. Proc. R. Soc. B Biol. Sci. 2016, 283, 20152647.
[CrossRef] [PubMed]

He, L.; Shen, J.; Zhang, Y. Ecological vulnerability assessment for ecological conservation and environmental management.
J. Environ. Manag. 2018, 206, 1115-1125. [CrossRef] [PubMed]

Hu, X.J.; Ma, C.M.; Huang, P.; Guo, X. Ecological vulnerability assessment based on AHP-PSR method and analysis of its single
parameter sensitivity and spatial autocorrelation for ecological protection ? A case of Weifang City, China. Ecol. Indic. 2021,
125, 107464. [CrossRef]

Islam, A.M.T.; Talukdar, S.; Mahato, S.; Ziaul, S.; Eibek, K.U.; Akhter, S.; Pham, Q.B.; Mohammadi, B.; Karimi, F.; Linh, N.T.T.
Machine learning algorithm-based risk assessment of riparian wetlands in Padma River Basin of Northwest Bangladesh. Environ.
Sci. Pollut. Res. 2021, 28, 34450-34471. [CrossRef]

Jiang, B.; Bai, Y.; Wong, C.P,; Xu, X.B.; Alatalo, ].M. China’s ecological civilization program-Implementing ecological redline policy.
Land Use Policy 2019, 81, 111-114. [CrossRef]

Jones, N.A_; Shaw, S.; Ross, H.; Witt, K.; Pinner, B. The study of human values in understanding and managing social-ecological
systems. Ecol. Soc. 2016, 21, 15. [CrossRef]

Jung, JW,; Park, J.W,; Eo, S.; Choi, J.; Song, YK.; Cho, Y.; Hong, S.H.; Shim, W.J. Ecological risk assessment of microplastics
in coastal, shelf, and deep sea waters with a consideration of environmentally relevant size and shape. Environ. Pollut. 2021,
270,116217. [CrossRef]

Kroll, F; Muller, F.; Haase, D.; Fohrer, N. Rural-urban gradient analysis of ecosystem services supply and demand dynamics.
Land Use Policy 2012, 29, 521-535. [CrossRef]

Lasanta, T.; Arnaez, J.; Pascual, N.; Ruiz-Flano, P; Errea, M.P,; Lana-Renault, N. Space-time process and drivers of land
abandonment in Europe. Catena 2017, 149, 810-823. [CrossRef]

Lawler, J.].; Lewis, D.J.; Nelson, E.; Plantinga, A.J.; Polasky, S.; Withey, ].C.; Helmers, D.P.; Martinuzzi, S.; Pennington, D.; Radeloff,
V.C. Projected land-use change impacts on ecosystem services in the United States. Proc. Natl. Acad. Sci. USA 2014, 111, 7492-7497.
[CrossRef]

Levers, C.; Muller, D.; Erb, K.; Haberl, H.; Jepsen, M.R.; Metzger, M.].; Meyfroidt, P; Plieninger, T.; Plutzar, C.; Sturck, J.; et al.
Archetypical patterns and trajectories of land systems in Europe. Reg. Environ. Chang. 2018, 18, 715-732. [CrossRef]

Maanan, M.; Saddik, M.; Maanan, M.; Chaibi, M.; Assobhei, O.; Zourarah, B. Environmental and ecological risk assessment of
heavy metals in sediments of Nador lagoon, Morocco. Ecol. Indic. 2015, 48, 616-626. [CrossRef]


http://doi.org/10.3390/f11020209
http://doi.org/10.3390/land9020037
http://doi.org/10.3390/su13073822
http://doi.org/10.1016/j.scitotenv.2018.10.206
http://doi.org/10.3390/d13070308
http://doi.org/10.3390/rs11070790
http://doi.org/10.1016/j.landusepol.2015.09.002
http://doi.org/10.1016/j.ecolind.2011.06.019
http://doi.org/10.1007/s10980-012-9833-1
http://doi.org/10.1098/rspb.2015.2592
http://www.ncbi.nlm.nih.gov/pubmed/26865306
http://doi.org/10.1016/j.scitotenv.2018.11.267
http://doi.org/10.1016/j.scitotenv.2020.141868
http://www.ncbi.nlm.nih.gov/pubmed/33254915
http://doi.org/10.1016/j.landurbplan.2013.10.002
http://doi.org/10.1038/s41586-020-2562-8
http://doi.org/10.1098/rspb.2015.2647
http://www.ncbi.nlm.nih.gov/pubmed/26865295
http://doi.org/10.1016/j.jenvman.2017.11.059
http://www.ncbi.nlm.nih.gov/pubmed/30029345
http://doi.org/10.1016/j.ecolind.2021.107464
http://doi.org/10.1007/s11356-021-12806-z
http://doi.org/10.1016/j.landusepol.2018.10.031
http://doi.org/10.5751/ES-07977-210115
http://doi.org/10.1016/j.envpol.2020.116217
http://doi.org/10.1016/j.landusepol.2011.07.008
http://doi.org/10.1016/j.catena.2016.02.024
http://doi.org/10.1073/pnas.1405557111
http://doi.org/10.1007/s10113-015-0907-x
http://doi.org/10.1016/j.ecolind.2014.09.034

Int. |. Environ. Res. Public Health 2022, 19, 9547 17 of 18

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

More, S.J.; Hardy, A.; Bampidis, V.; Benford, D.; Bennekou, S.H.; Bragard, C.; Boesten, J.; Halldorsson, T.I.; Hernandez-Jerez, A.E;
Jeger, ML].; et al. Guidance on harmonised methodologies for human health, animal health and ecological risk assessment of
combined exposure to multiple chemicals. Efsa J. 2019, 17, e05634. [CrossRef]

Li, C.X.; Wu, J.Y. Land use transformation and eco-environmental effects based on production-living-ecological spatial synergy:
Evidence from Shaanxi Province, China. Environ. Sci. Pollut. Res. 2022, 29, 41492-41504. [CrossRef]

Sayles, ].S.; Baggio, J.A. Social-ecological network analysis of scale mismatches in estuary watershed restoration. Proc. Natl. Acad.
Sci. USA 2017, 114, E1776-E1785. [CrossRef]

Su, S.L.; Xiao, R.; Jiang, Z.L.; Zhang, Y. Characterizing landscape pattern and ecosystem service value changes for urbanization
impacts at an eco-regional scale. Appl. Geogr. 2012, 34, 295-305. [CrossRef]

Tscharntke, T.; Tylianakis, ].M.; Rand, T.A.; Didham, R.K.; Fahrig, L.; Batary, P; Bengtsson, J.; Clough, Y.; Crist, T.O,;
Dormann, C.F; et al. Landscape moderation of biodiversity patterns and processes—Eight hypotheses. Biol. Rev. 2012,
87, 661-685. [CrossRef]

Shaanxi Provincial Bureau of Statistics. Shaanxi Statistical Yearbook; China Statistics Press: Beijing, China, 2021.

Munteanu, C.; Kuemmerle, T.; Boltiziar, M.; Butsic, V.; Gimmi, U.; Halada, L.; Kaim, D.; Kiraly, G.; Konkoly-Gyuro, E.;
Kozak, J.; et al. Forest and agricultural land change in the Carpathian region-A meta-analysis of long-term patterns and drivers
of change. Land Use Policy 2014, 38, 685-697. [CrossRef]

Olsson, P; Galaz, V.; Boonstra, W.J. Sustainability transformations: A resilience perspective. Ecol. Soc. 2014, 19, 4. [CrossRef]
Peng, J.; Zhao, M.Y.; Guo, X.N.; Pan, Y.J.; Liu, Y.X. Spatial-temporal dynamics and associated driving forces of urban ecological
land: A case study in Shenzhen City, China. Habitat Int. 2017, 60, 81-90. [CrossRef]

Sarkodie, S.A. Environmental performance, biocapacity, carbon & ecological footprint of nations: Drivers, trends and mitigation
options. Sci. Total Environ. 2021, 751, 141912. [CrossRef] [PubMed]

Shaanxi Provincial Bureau of Statistics. Statistical Bulletin of Shaanxi Province; China Statistics Press: Beijing, China, 2021.

Coops, N.C.; Wulder, M. A ; Iwanicka, D. Large area monitoring with a MODIS-based Disturbance Index (DI) sensitive to annual
and seasonal variations. Remote Sens. Environ. 2009, 113, 1250-1261. [CrossRef]

Yao, Y.; Cheng, T,; Sun, Z.; Li, L.; Chen, D.; Chen, Z.; Wei, ].; Guan, Q. VecLI: A framework for calculating vector landscape indices
considering landscape fragmentation. Environ. Model. Softw. 2022, 149, 105325. [CrossRef]

Cong, R.-G.; Ekroos, J.; Smith, H.G.; Brady, M.V. Optimizing intermediate ecosystem services in agriculture using rules based on
landscape composition and configuration indices. Ecol. Econ. 2016, 128, 214-223. [CrossRef]

Wang, H.; Liu, X.; Zhao, C.; Chang, Y.; Liu, Y,; Zang, F. Spatial-temporal pattern analysis of landscape ecological risk assessment
based on land use/land cover change in Baishuijiang National nature reserve in Gansu Province, China. Ecol. Indic. 2021,
124,107454. [CrossRef]

Reddy, C.S.; Manaswini, G.; Satish, K.V.; Singh, S.; JTha, C.S.; Dadhwal, V.K. Conservation priorities of forest ecosystems:
Evaluation of deforestation and degradation hotspots using geospatial techniques. Ecol. Eng. 2016, 91, 333-342. [CrossRef]

Mo, W.; Wang, Y.; Zhang, Y.; Zhuang, D. Impacts of road network expansion on landscape ecological risk in a megacity, China: A
case study of Beijing. Sci. Total Environ. 2017, 574, 1000-1011. [CrossRef] [PubMed]

Yang, Y.Y; Liu, Y.S,; Li, Y.R; Du, G.M. Quantifying spatio-temporal patterns of urban expansion in Beijing during 1985-2013 with
rural-urban development transformation. Land Use Policy 2018, 74, 220-230. [CrossRef]

Zhao, M.W.; Wei, G.W.; Wei, C.; Wu, J.; Wei, Y. Extended CPT-TODIM method for interval-valued intuitionistic fuzzy MAGDM
and its application to urban ecological risk assessment. |. Infell. Fuzzy Syst. 2021, 40, 4091-4106. [CrossRef]

Wortley, L.; Hero, ].M.; Howes, M. Evaluating Ecological Restoration Success: A Review of the Literature. Restor. Ecol. 2013,
21, 537-543. [CrossRef]

Wau, J.G. Urban ecology and sustainability: The state-of-the-science and future directions. Landsc. Urban Plan. 2014, 125, 209-221.
[CrossRef]

Ni, Q.; Zhao, M. ; Li, C.Q.; Shi, Y.X.; Xu, T.; Khan, I. Multidimensional trust and its impact on the willingness to pay for ecological
compensation in China’s transboundary watersheds-taking the largest tributary of the Yellow River as an example. J. Environ.
Plan. Manag. 2021, 64, 2257-2275. [CrossRef]

Li, C.; Yang, X.; Liu, H.; Zhu, H.; Wei, H.; Na, J.; Cui, X. Spatial distribution characteristics of discontinuous hillslope gullies on
the Loess Plateau of China: A special focus on spoon gullies. Catena 2022, 215, 106327. [CrossRef]

Sun, J.; Li, G.; Zhang, Y.; Qin, W.; Wang, M. Identification of priority areas for afforestation in the Loess Plateau region of China.
Ecol. Indic. 2022, 140, 108998. [CrossRef]

Sun, W,; Ding, X; Su, J.; Mu, X,; Zhang, Y.; Gao, P; Zhao, G. Land use and cover changes on the Loess Plateau: A comparison of
six global or national land use and cover datasets. Land Use Policy 2022, 119, 106165. [CrossRef]

Xu, X.; Zhang, D.; Zhang, Y.; Yao, S.; Zhang, J. Evaluating the vegetation restoration potential achievement of ecological projects:
A case study of Yan’an, China. Land Use Policy 2020, 90, 104293. [CrossRef]

Zhang, D.; Ge, W.; Zhang, Y. Evaluating the vegetation restoration sustainability of ecological projects: A case study of Wugqi
County in China. J. Clean. Prod. 2020, 264, 121751. [CrossRef]

Wen, X; Théau, J. Spatiotemporal analysis of water-related ecosystem services under ecological restoration scenarios: A case
study in northern Shaanxi, China. Sci. Total Environ. 2020, 720, 137477. [CrossRef] [PubMed]


http://doi.org/10.2903/j.efsa.2019.5634
http://doi.org/10.1007/s11356-022-18777-z
http://doi.org/10.1073/pnas.1604405114
http://doi.org/10.1016/j.apgeog.2011.12.001
http://doi.org/10.1111/j.1469-185X.2011.00216.x
http://doi.org/10.1016/j.landusepol.2014.01.012
http://doi.org/10.5751/ES-06799-190401
http://doi.org/10.1016/j.habitatint.2016.12.005
http://doi.org/10.1016/j.scitotenv.2020.141912
http://www.ncbi.nlm.nih.gov/pubmed/32898749
http://doi.org/10.1016/j.rse.2009.02.015
http://doi.org/10.1016/j.envsoft.2022.105325
http://doi.org/10.1016/j.ecolecon.2016.05.006
http://doi.org/10.1016/j.ecolind.2021.107454
http://doi.org/10.1016/j.ecoleng.2016.03.007
http://doi.org/10.1016/j.scitotenv.2016.09.048
http://www.ncbi.nlm.nih.gov/pubmed/27668852
http://doi.org/10.1016/j.landusepol.2017.07.004
http://doi.org/10.3233/JIFS-200534
http://doi.org/10.1111/rec.12028
http://doi.org/10.1016/j.landurbplan.2014.01.018
http://doi.org/10.1080/09640568.2020.1866510
http://doi.org/10.1016/j.catena.2022.106327
http://doi.org/10.1016/j.ecolind.2022.108998
http://doi.org/10.1016/j.landusepol.2022.106165
http://doi.org/10.1016/j.landusepol.2019.104293
http://doi.org/10.1016/j.jclepro.2020.121751
http://doi.org/10.1016/j.scitotenv.2020.137477
http://www.ncbi.nlm.nih.gov/pubmed/32325568

Int. |. Environ. Res. Public Health 2022, 19, 9547 18 of 18

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Zou, C.; Zhu, J.; Lou, K,; Yang, L. Coupling coordination and spatiotemporal heterogeneity between urbanization and ecological
environment in Shaanxi Province, China. Ecol. Indic. 2022, 141, 109152. [CrossRef]

Du, H;; Liu, X,; Jia, X,; Li, S.; Fan, Y. Assessment of the effects of ecological restoration projects on soil wind erosion in northern
China in the past two decades. Catena 2022, 215, 106360. [CrossRef]

Jiang, L.; Liu, Y.; Wu, S.; Yang, C. Analyzing ecological environment change and associated driving factors in China based on
NDVI time series data. Ecol. Indic. 2021, 129, 107933. [CrossRef]

Wei, X.; Ye, Y.; Li, B.; Chen, T. Reconstructing cropland change since 1650 AD in Shaanxi province, central China. Quat. Int. 2022,
130, 105132. [CrossRef]

Sun, Y.; Wang, N. Development and correlations of the industrial ecology in China’s Loess Plateau: A study based on the coupling
coordination model and spatial network effect. Ecol. Indic. 2021, 132, 108332. [CrossRef]

Zhang, Q.; Li, F. Correlation between land use spatial and functional transition: A case study of Shaanxi Province, China. Land
Use Policy 2022, 119, 106194. [CrossRef]

Zhang, Y.; Yuan, J.; You, C; Cao, R.; Tan, B.; Li, H.; Yang, W. Contributions of National Key Forestry Ecology Projects to the forest
vegetation carbon storage in China. For. Ecol. Manag. 2020, 462, 117981. [CrossRef]

Chen, Y.; Xu, F. The optimization of ecological service function and planning control of territorial space planning for ecological
protection and restoration. Sustain. Comput. Inform. Syst. 2022, 35, 100748. [CrossRef]

Li, X.; Xiao, L.; Tian, C.; Zhu, B.; Chevallier, J. Impacts of the ecological footprint on sustainable development: Evidence from
China. J. Clean. Prod. 2022, 352, 131472. [CrossRef]

Meng, Y.; Wang, M.; Xu, W.; Guan, X.; Yan, D. Structure construction, evolution analysis and sustainability evaluation of
Water-Ecological-Economic system. Sustain. Cities Soc. 2022, 83, 103966. [CrossRef]

Sun, Y.; Wang, N. Sustainable urban development of the m-shaped Curve Area in the Yellow River basin under ecological
constraints: A study based on the improved ecological footprint model. J. Clean. Prod. 2022, 337, 130452. [CrossRef]


http://doi.org/10.1016/j.ecolind.2022.109152
http://doi.org/10.1016/j.catena.2022.106360
http://doi.org/10.1016/j.ecolind.2021.107933
http://doi.org/10.1016/j.quaint.2022.02.025
http://doi.org/10.1016/j.ecolind.2021.108332
http://doi.org/10.1016/j.landusepol.2022.106194
http://doi.org/10.1016/j.foreco.2020.117981
http://doi.org/10.1016/j.suscom.2022.100748
http://doi.org/10.1016/j.jclepro.2022.131472
http://doi.org/10.1016/j.scs.2022.103966
http://doi.org/10.1016/j.jclepro.2022.130452

	Introduction 
	Materials and Methods 
	Study Area 
	Data Collection and Processing 
	Methods 
	Land Use Dynamics 
	Land Use Transfer Matrix 
	Landscape Ecological Risk Assessment 
	Spatial Autocorrelation Analysis 


	Results 
	Land Use Change Processes from 2000 to 2020 
	Analysis of Land Use Dynamics Change 
	Analysis of Land Use Transfer Change 

	Analysis of Spatial and Temporal Changes in Ecological Risks 
	Analysis of the Spatial Pattern of Ecological Risks 
	Global Spatial Autocorrelation Analysis 
	Local Spatial Autocorrelation Analysis 


	Discussion 
	Tempo-Spatial Changes of the Land Use and Landscape Ecological Risk in YRBS 
	Ecological Protection and High-Quality Development of the YRBS 
	Limitation 

	Conclusions 
	References

