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Abstract: Changes in land use patterns, types, and intensities significantly impact ecosystem ser-
vices. This study follows the time series logic from history to the expected future to investigate
the spatial and temporal characteristics of land use changes in Ezhou and their potential impacts
on the ecosystem services value (ESV). The results show that the Markov—FLUS model has strong
applicability in predicting the spatial pattern of land use, with a Kappa coefficient of 0.9433 and a
FoM value of 0.1080. Between 2000 and 2020, construction land expanded continuously, while water
area remained relatively stable, and other land types experienced varying degrees of contraction.
Notably, the area of construction land expanded significantly compared to 2000, and it expanded
by 70.99% in 2020. Moreover, the watershed area expanded by 9.30% from 2000 to 2010, but there
was very little change in the following 10 years. Under the three scenarios, significant differences in
land use changes were observed in Ezhou City, driven by human activities, particularly the strong
expansion of construction land. In the inertial development scenario, construction land expanded
to 313.39 km? by 2030, representing a 38.30% increase from 2020. Conversely, under the farmland
protection scenario, construction land increased to 237.66 km?, a 4.89% rise from 2020. However, in
the ecological priority development scenario, the construction land area expanded to 253.59 km?, a
10.13% increase from 2020. Compared to 2020, the ESV losses in the inertia development and farmland
protection scenarios were USD 4497.71 and USD 1072.23, respectively, by 2030. Conversely, the ESV
under the ecological protection scenario increased by USD 2749.09, emphasizing the importance of
prioritizing ecological protection in Ezhou City’s development. This study may provide new clues
for the formulation of regional strategies for sustainable land use and ecosystem restoration.

Keywords: land use change; sustainable development; multiple scenarios; ecosystem service value
(ESV); Markov-FLUS model; China

1. Introduction

While the acceleration of modernization has brought great convenience to human
life, the overconsumption of natural resources by human society has also exacerbated the
destruction of ecosystems [1]. The self-healing, supply, and carrying capacity of ecosystems
has declined significantly and the contradiction between ecological protection and economic
development has become increasingly prominent [2]. Ecosystem services (ES) are essential
to the healthy functioning of human life and production [3]. ES can be viewed as the
environmental conditions required to sustain human survival and development, which
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are primarily provided by different ecosystem service functions and are closely linked
to sustainable human development [4,5]. Ecosystem Service Values (ESV) is a monetary
measure used to measure the service functions provided and the product value created
by ecosystem services [6,7]. Land is the carrier of ecosystem services. In the early years,
land use overly focused on the supply of ES [2,6]. To meet the increasing demand for
ecosystem services brought about by the large population growth, some regions have
generally experienced excessive use of land resources, leading to ecological damage [4,7-9].
The changes in land use and land cover (LULC) are closely linked to ES, and changes
in the type, pattern, and intensity of land use affect, to varying degrees, the ecosystem
services carried by land use [10,11]. Changes in the ESV quantitatively and deeply reflect
changes in ES as a result of regional LULC change, which profoundly affects the long-term
development of the natural environment and human society, among other things [12,13].
Therefore, the ESV of a region can reflect the development and utilization situation of the
region and is also an important indicator for evaluating human land relations [14-17].

Some scholars elaborated on the meaning and value of ecosystem service functions,
and a more systematic and comprehensive definition of ecosystem services was developed
in 1997 [18]. Subsequently, Costanza et al. evaluated the value of global ecological services
and established the “Global Ecosystem Service Value Equivalent Table”, which opened up
new ideas for subsequent research [19,20]. Xie et al. developed an equivalence factor table
ESV suitable for China based on their knowledge of Chinese ecology and the characteristics
of regional realities [21,22]. It was refined in subsequent studies, and the method was
generally favored by scholars for its advantages of wider applicability and convenient data
sources. The improved value equivalence factor (VEF) methodology may take into account
region-specific ecological, economic, and social conditions, as well as the specific impacts
of different land types on ecosystem services [22]. By adjusting the value coefficients, this
approach allows for a more accurate assessment of the impact of land use change on ESV.
Therefore, this method has been applied globally to the study of ecosystem service value
and has been widely in several provinces, watersheds, cities, and typical landscape areas in
China [23,24]. The calculation of ESV can quantify the level of regional ecosystem services
and reflect the relationship between regional LULC and ecosystems. By comparing and
analyzing the spatial and temporal changes of LULC and ESV, scholars have explored the
impact of LULC changes on overall ESV in the target region, which helps us to understand
the far-reaching impacts of land use change on the value of ecosystem services from a
global perspective [25-27].

The rapid development of global urbanization has led to sharp changes in land use
areas and types, which have a serious impact on ES [28-30]. Numerous scholars have
conducted extensive research on the relationship between land use change and ESV at
different scales in different regions around the world [31-33]. The response of ESV to
LUCC is receiving increasing attention from scholars both domestically and internationally.
Kindu et al. studied the impact of LULC dynamics on ESV in the Ethiopian Plateau from
1973 to 2012 and elucidated the differential characteristics of the contribution of different
functions of ES to ESV [32]. Assessing the impact of LULC on the spatial and temporal
heterogeneity of ESV has become a global research priority. For example, the assessment
of spatio-temporal changes in ESV in arid ecosystems of Pakistan revealed the causes
leading to the decline in ESV [33]. In addition, by comparing and analyzing the spatial
and temporal variations of LULC and ESV in different regions, scholars explored the
effects of LULC changes on total ESV in the target regions [34]. These studies not only
improve our understanding of the impacts of LULC changes but also provide valuable
insights for land use planning and management on a global scale [35,36]. Some scholars
simulated land use changes in specific regions under different scenarios in the future using
the Cellular Automata—Markov model (CA-Markov) and predicted the spatial distribution
and aggregation pattern of ESV [37-39]. Wu et al. employed linear optimization techniques
together with a small-scale LULC conversion model to investigate ESV’s response to
various land use planning scenarios [40]. The FLUS model is a relatively new LULC
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change simulation model developed mainly based on the CA model [37,41]. The obvious
advantage is that it can effectively deal with the uncertainty and complexity of changes
in the LULC change process under the combined influence of natural and socio-economic
as well as anthropogenic factors. It has been widely applied to the simulation of three
living spaces, land use simulations, optimization of land spatial patterns, and evolution of
ES [42,43].

Although several studies have been conducted to analyze the impacts of urban land
use and cover change (LULC) on ecosystem service value (ESV), the current research is
mainly focused on the following aspects: first, it summarizes and evaluates the impact
of LULC changes on ESV over the “past-present” period and discusses the underlying
causes of ESV changes [44—46]. Second, the technical methods of LULC simulation and
ESV assessment were optimized to continuously deepen the innovation and scientificity
of the technical methods [35,38,47]. In addition, some studies have focused on exploring
the policy-driven intrinsic linkages between the construction of ecological civilization and
the development direction of eco-livable cities and ESV [37,48-51]. Given this, in order
to cope with the rapid and drastic changes in urban land use in the middle reaches of
the Yangtze River and to analyze the impacts of land use change on ESV in typical cities
in this geographic region, this study explores the spatial and temporal characteristics of
LULC and its impact on ESV in Ezhou in multi-scenarios from a logical perspective “past-
present-future” by utilizing LULC, natural, human, and policy factors of 2000, 2010, and
2020. First, the Markov-FLUS model was used to simulate land use changes in Ezhou City
in 2030 under three scenarios: natural development, farmland protection, and ecological
priority development. The Markov-FLUS model combines the predictive power of Markov
chains and the spatial simulation power of metacellular automata to provide an accurate,
comprehensive, and multifactor-driven simulation of land use change. In addition, a
modified table of value equivalence factors (VEFs) was constructed to match the actual
situation in Ezhou, and spatial and temporal distribution maps of ESV were created. Finally,
we explore the response of LULC change to ESV under various scenarios in 2030 according
to the multi-scenario land use change in Ezhou. This study aims to provide a reference
basis for optimizing regional sustainable land use and ecosystem restoration.

2. Materials and Methods
2.1. Overview of the Research Area

Ezhou is a prefecture-level city under the jurisdiction of Hubei Province, China,
along longitudes 114°30’ to 115°05’ E and latitudes 30°01’ to 30°36’ N (Figure 1). Ezhou
is a typical area of subtropical monsoon climate, with an annual rainfall of 1282 mm,
sunshine hours of 2003.8, average frost-free days of 266 days, an average temperature
of 17 °C, a maximum temperature of 40.7 °C, and a minimum temperature of —12.4 °C
(https:/ /www.ezhou.gov.cn/zjez/ezgk /202107 /t20210715_411738.html (accessed on 26
November 2023)). The basic framework of the hilly terrain is composed of Baizhi Mountain,
Fengjianzi Mountain, and Zaoshan on the eastern and southern sides. The western side of
the north and south is a hilly plain, with hills mostly at an elevation of about 90 m. There
are 133 lakes in Ezhou, with a water area of 49,700 hectares. It is a famous “city of hundreds
of lakes” and “hometown of fish and rice”. Liangzi Lake is the central lake of the Wuhan
Urban Circle and the strategic backup water source in Eastern Hubei. It is currently one
of the best-protected freshwater lakes in China. Ezhou is the focal point of the two major
strategies of the rise of the central region of the country and the Yangtze River Economic
Belt, with the location characteristics of a dual center of national and regional significance.

2.2. Data Source and Preprocessing

Data on land use are sourced from the Chinese Academy of Sciences Resource and
Environmental Science and Data Center (http://www.resdc.cn, (accessed on 21 June 2023)),
with a resolution of 30 m x 30 m. Using the national standard “Classification of Land
Use Status” revised by the Chinese Ministry of Land and Resources and the actual LULC
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situation in the region, the LULC type is classified into six categories: cultivated land,
woodland, grassland, waters, construction land, and unused land. A combination of
natural and human factors drives land use change. Referring to relevant research on land
use simulation, this article selects 11 driving factors from three aspects: natural factors
(elevation, slope, aspect), human factors (population density, GDP, distance from railways,
distance from established towns, distance from cities, and distance from rivers), and policy
factors (permanent basic farmland, ecological protection red line). We use DEM data
obtained from the Geospatial Data Cloud (http://www.gscloud.cn, (accessed on 26 June
2023)) platform and extracted slope data with a resolution of 30 m x 30 m. The distance
from railways, rivers, cities, etc., is measured in Euclidean distance. In addition, the data
related to permanent basic farmland and ecological protection red line in the study were
mainly obtained from the Natural Resources Bureau of Ezhou City and its affiliated areas.
All data are input according to the requirements of the FLUS model, and the coordinate
system and resolution are unified following land use data, strictly ensuring the consistency
of data rows and columns.
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Figure 1. Geographical Area Map (a) and Elevation Map of Ezhou (b).

3. Research Methods
3.1. Geological Information Mapping

Geographic information mapping (GIM) is a methodology for geographic spatio-
temporal analysis. It displays the spatial morphological structure of the earth system
and its elements and phenomena, as well as their spatio-temporal and temporal patterns
of change, through graphical thinking and visualization techniques such as GIS [36,40].
This spatial graphical spectrum can not only statically describe the spatial distribution
and pattern of geographic phenomena, but also dynamically show its evolution process.
The geomorphological mapping model is used to analyze the interaction transfer law
and evolution process of various types of land use. The specific function expressions are
as follows.

W=Ax10+B (1)

where W is the newly generated land space mapping code. The A and B are the land use
type mapping codes for the initial and final stages of the study, respectively. The mapping
code is formed by the mutual conversion of the two types of space using decimal notation.
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For example, W = 12 (i.e.,, 1 x 10 + 2) indicates the mapping code generated from the
conversion of arable land to woodland in this work. The geological mapping is realized
based on the raster calculator function of ArcGIS v 10.2.

3.2. Accounting for the Ecosystem Services Value

Scholars optimized the biomass of ESV unit price and proposed an improved equiva-
lent factor algorithm suitable for China [21,22,34]. The study modifies the economic value
of grain yield per unit area according to Hubei Province’s specific situation and defines
construction land as providing no ES. The final determination of the unit area ESV table
conforms to the development situation and land use characteristics of Ezhou (Table 1). The
ESV equivalence factor is as follows:

1

VG =7

1
x P x ;Zzﬂ:l Q; ()
where VC; is the value of the ESV equivalence factor (CNY/km?). P represents the average
price of grain in Ezhou, Hubei Province (CNY/kg). Q represents the average grain yield in

Ezhou (kg/km?). n represents the number of years.

Table 1. Value coefficient of the ES function.

Function of the ES

ESV/(CNY-Hectare)

Cultivated Land Woodland Grassland Waters Unused Land

Food production 2027.22 718.49 968.19 1065.45 44.98

Raw material production 897.36 6863.65 806.74 674.31 89.43
Gas regulation 1505.97 9967.78 3466.33 3297.35 131.24
Climate regulation 2201.28 9624.58 3610.67 18068.27 298.68
Hydrological regulation 1533.61 9469.25 3421.89 37369.62 159.52
Waste disposal 3158.96 3876.44 3084.20 33795.54 599.37
Maintains soil 3339.83 9651.09 5189.62 2739.91 368.61
Maintaining biodiversity 2341.16 10325.26 4332.53 8186.57 905.73
Provides aesthetic landscape 356.33 4689.71 2011.79 10593.96 569.23

This article uses the ESV estimation method proposed by Costanza et al. to estimate
the ESV of Ezhou [19-21] with the following formula:

ESV =) A;-VC 3)
where the Ay is the area (hm?) of the k-th type of LULC. VCy is the ESV equivalence factor.

3.3. Markov-FLUS Model

Compared to traditional cellular automata, the FLUS model uses the principle of CA
and ANN to estimate the probability of suitability for changes in LULC types based on
initial LULC and driving factors [52,53]. Its main consideration is the adaptive inertial
competition mechanism for roulette wheel choice. This model is capable of effectively
handling the complexity and uncertainty of land use changes under natural and human
influence. The future demand for various types of land is not consistent, and the FLUS
model requires input of the quantity and scale of future types of land under the different
scenarios [54,55]. Therefore, the FLUS model needs to be applied to forecast the demand
for each type of land well ahead of time. The Markov model is an effective quantitative
prediction model that predicts LULC changes based on the transition probability matrix
between years of land use status. However, it lacks consideration for spatial changes in
land use and can complement the FLUS model.

S(e+1) = PijSt @
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In the equation, S(; 1) is the state of LULC at time f + 1. P;; is the probability matrix
of LULC transfer. S; is the state at the initial time t of LULC.

3.4. Simulation of LULC for Multi Scenarios
3.4.1. Forecasting of Land Use Demand

This article employs Markov models to predict the scale demand for land use under
different scenarios. There are differences in the scale of each LULC type under different
scenarios, which will have a significant impact on the final simulation results [56-58]. The
key to the FLUS model in predicting and simulating future LULC changes lies in accurately
determining the scale of each LULC type and taking it as the core input parameter [55]. In
different contexts, the scale of each land use type is affected by multiple factors, such as
policy, environment, and economy, and shows obvious differences. These differences not
only reflect the changing trend of land use structure, but also directly affect the simulation
results of the FLUS model. To minimize the possible time series errors in the Markov model
prediction, in this study, the demand for each land use type under multiple scenarios in
2030 is predicted with a 10-year interval, and then the spatial pattern and evolution trend
of LULC in Ezhou under each scenario can be obtained.

3.4.2. Setting of Suitability Probability and Neighborhood Impact Factors

The ANN algorithms are employed in the FLUS model, which can effectively fit the
relationship between various driving factors and LULC types. The grid (30 m x 30 m) is
used to uniformly sample various types of data and then normalize each driving factor to
calculate the probability of suitability for spatial distribution of LULC [59,60].

1

pp A t) = 1 Wi X - —aon

)

In the equation, p(p, k, t) represents the probability of the distribution suitability, Wi
represents the adaptive weight, and net;(p, t) represents the signal received by neuron j
from all input neurons on cell p at time ¢.

Neighborhood impact factor, as an important aspect affecting land use transfer, can
not only reflect the interaction between different land classes, but also reveal the degree
of mutual influence of each land unit within the neighborhood [61,62]. This work used
Moore’s (3 x 3) as a neighborhood window.

t Y NxN con (c;’l =k

Pk NxN-1 )XWk ©)

where Q;/k are the neighborhood influence factors of cell c; attime . ) nyxn con (c;_l = k)

is the total number of all cells in the Moore neighborhood of the ground class k in the last
iteration t — 1. Wy is the parameter for different land types.

3.4.3. Coefficients of Adaptive Inertia

The adaptive inertia coefficient plays an important role in urban LULC simulation
systems. It can automatically adjust the inheritance of the current site type for each
metacell according to the difference between the expected demand and the actual site
type assignment. When the development trend of a particular site type is contrary to the
expected demand, the adaptive inertia coefficient reacts quickly and dynamically adjusts
the inheritance of the site type to ensure that the problem is corrected and the expected goal
is achieved in the next iteration. This self-optimizing and adaptive adjustment mechanism
not only improves the accuracy of the simulation but also better simulates and predicts the



Sustainability 2024, 16, 6237

7 of 23

development trend of different site types [30,54,55]. Therefore, the definition formula for
the adaptive inertia coefficient is as follows:

s 1t—1 : t—1 t—2
Intertial;, if ’Dk ' < ‘Dk ‘

. -1 D i t—2
Intertial}, = Intertial, " x D’t‘,l ifD, " <D ~<0 7)
.41 _ DL _ _
Inte17t1alltC 1 D];i‘z if 0 < Dlt( 2 < Dltc !

In the equation, Intertial}, represents the adaptive inertia coefficient for LULC class k
at iteration time ¢.

3.4.4. Scenario Settings

The demands of urban development determine the different positioning of land use
spatial development. Establishing land use simulation forecasts under different scenarios
is conducive to making more scientific judgments on the future development planning of
land use spatial patterns [37,38]. This is conducive to the establishment of a sustainable
human-land development relationship.

(1) Inertial development scenario. The scenario has no restrictions on the conversion be-
tween different types of land and does not involve changes in government and market
interventions, which are largely based on patterns of change in the pattern of urban
land use change and the current realities of urbanization and development [38,54]. It is
the basis for considering other constraints in urban land use change simulations. This
scenario considers the rate of LULC change and historical natural and human factors
from 2000 to 2020 in this study without considering policy planning constraints.

(2) Farmland protection scenarios. In the process of urbanization, farmland in urban
agglomerations is particularly critical, and they are at risk of being encroached upon
by other land uses. Therefore, strictly controlling the transformation of basic farmland
to other types of land use and preventing its encroachment is a key measure to protect
arable land and ensure the stability of the total amount of basic farmland. The scenario
adds the permanent basic farmland protection zone as the restricted diversion area
on the basis of the inertial development scenario. In addition, with reference to
relevant studies, the Markov transfer probability matrix was modified to minimize
the probability of transferring cultivated land to construction land by 60% in order to
enforce the protection of cultivated land [38,42].

(38) Ecological priority scenario. In recent years, the Chinese government has put forward
a brand new planning strategy that includes a system of overall protection and restora-
tion of mountains, rivers, forests, farmland, lakes, and grasslands [37,41]. Similar to
the scenario of farmland protection, this includes incorporating ecological protection
factors into the inertial development scenario. The scenario is a development model
that takes into account factors such as the structure of the city’s ecosystem and the
carrying capacity of land resources to prevent damage to the ecological environment
caused by urban sprawl [42,55]. It can promote urban development while giving full
consideration to ecological protection, leading to the coordinated development of the
two, which is more conducive to the realization of high-quality urban development.
This scenario creates the addition of ecological protection red line restricted areas,
with a reduction of 50% in the probability of woodland and grassland conversion to
construction land, and a 30% reduction in the probability of water area conversion to
construction land. In addition, cultivated land also has a certain ecological capacity
but is weaker compared to woodland. In this case, the probability of conversion of
arable land to construction land will decrease by 30%, and the decrease increases the
probability of conversion of farmland to forest land.
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3.4.5. Cost Matrix and Restriction Zone Setting

The cost matrix implies whether the LULC type is allowed to be transferred to other
types, with 0 meaning that they cannot be transferred and 1 indicating that they can be
converted. Several studies have revealed low probability mechanisms for the conversion
of construction land to other land types. Therefore, the probability of the conversion of
building land to other types of land is considered to be relatively low [36,39,54]. Taking
into account the reality of the development of the region, we propose the premise that
construction land cannot be transferred to other types. The conversion between other
categories cannot be directly determined and needs to be set up depending on the scenario
and reality [37,52]. In the context of inertial development, other land classes can be mutually
transferred. In the scenario of farmland protection, all types of LULC can be transferred
to farmland except construction land, which cannot be converted to other LULCs. In the
scenario of ecological priority development, forests and waters cannot be transferred to
other types [55]. To reflect the spatial pattern of regional land use development under
different scenarios, the permanent basic farmland protection area under the farmland
protection scenario and the ecological protection red line under the ecological priority
scenario are transformed into binary images, with 0 representing restricted areas and 1
representing non restricted areas. The input model is used as a limiting factor. The cost
matrix settings for scenarios are shown in Table 2.

Table 2. LULC Conversion Cost Matrix under Different Scenarios.

Inertial Development Cultivated Land Protection Ecological Priority
Scenario Scenario Scenario Scenario
Settings
CL WL GL WT CT UL CL WL GL WT CT UL CL WL GL WT CT UL

CL 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1
WL 1 1 1 1 1 1 1 1 1 0 1 1 0 1 0 0 0 0
GL 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0
WT 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 1 0 0
CT 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0
UL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Notes: CL, WL, GL, WT, CT, and UL represent cultivated land, woodland, glassland, waters, construction land,
and unused land.

3.4.6. Calculation of Overall Conversion Probability

The article considers the scale of land demand, the probability of suitability, the
adaptive inertia coefficient, and the transformation costs and limiting zone results of the
above scenarios, which allow for the calculation of the probability of transformation of the
units occupied by the LULC classes [54].

Tp;t;,k =Py x Q;,k X Intertia,t( X (1 —sceesk) ®)

In the equation, P, and Q;’k correspond to the above suitability probability and
neighborhood factor, respectively, while sc.., represents the conversion cost of converting
c land class to land class. After obtaining the overall conversion probability of cells for
each iteration, the FLUS model will use a wheel selection mechanism to determine which
land type the cells will be converted to. The higher overall conversion probability will
be more likely to be allocated to the target land. However, the lower overall conversion
probability still has a certain opportunity to be allocated to the target land, which, to some
extent, reflects the dynamics and uncertainty of real LULC changes.

3.5. Precision Verification

This research simulates the LULC in 2020 according to the LULC changes in Ezhou of
2000 and 2010, and it is compared with the actual land use in 2020. To verify the accuracy
of the simulation results of Ezhou in 2020 obtained by the FLUS model, GeoSOS-FLUS
v 2.4 software itself has an accuracy verification module, which provides two kinds of



Sustainability 2024, 16, 6237

9 of 23

indexes to check the simulation accuracy [54,55]: the closer the Kappa coefficient is to 1, the
better the simulation accuracy is. The Kappa coefficient is 0.9433 for the year 2020, which
indicates that the accuracy is up to standard. The FoM value is 0.1080 (the FoM coefficient
value ranges from 0.1 to 0.2, indicating that it is at the standard level), which indicates
that the FLUS model is robust and is appropriate to forecast the future LULC changes in
Ezhou [38,52].

4. Results
4.1. Characteristics of LULC Change

The construction land in Ezhou has continued to expand, while the agricultural and
ecological space has accelerated contraction and structural reorganization (Figures 2 and 3).
In terms of changes in the area of various LULC types, construction land has continued
to expand during the two decades, the watershed area changed very little in the latter ten
years, and all other LULC types contracted to varying degrees. The most noticeable change
in the scale of LULC is urban construction land, with an additional area of 94.075 km? in
the twenty years, with a continuous increase in the growth rate, and a growth rate of up
to 70.99% in this land use category by 2020. The watershed area expanded to 433.322 km?
from 2000 to 2010, but with a small change in the latter decade. It is similar to the results of
many studies, such as those showing that the rapid expansion of urbanization and human
activities, which have exacerbated the continuous spread of construction land, and other
land types are occupied and constrained to varying degrees [53,58,61-63]. This may be due
to the large-scale projects implemented in the previous decade regarding river and lake
restoration measures in the Yangtze River Basin, such as the return of previously reclaimed
farmland to the lakes. The areas of cultivated land, woodland, grassland, and unutilized
land all showed a decreasing trend during the two decades. Grassland and cropland areas
contracted most significantly between 2000 and 2010, with their rates of decline being
17.10% and 7.40%, respectively. The cultivated land area continued to decline significantly
in the latter decade, and the contraction rate of the cultivated land area was 6.57% in 2020.
In addition, the rate of decline of woodland, grassland, and water areas from 2010 to 2020
slowed down compared with the previous decade. It shows that the industrialization
on the sides of the Yangtze River and Changgang River encroaches on woodland and
grassland while optimizing the ecological structure due to the implementation of ecological
restoration projects.

900 | Area (km?)
800
700 2000 2010 2020
600
500

Figure 2. Statistical map of the area of land use types.
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Figure 3. Land use transfer chord map of Ezhou.

The change of LULC types in Ezhou is characterized by the encroachment of urban
space into agricultural and ecological space and the interchange of agricultural space with
ecological space. Figure 4 shows the cross-shifting process of specific land use types in
three periods. It reveals that the scale of conversion of farmland to waters and construction
land made up more than 97% of the scale of transferring cropland out of the city from
2000 to 2010. In addition, the larger transfer areas are water bodies and construction land,
with nearly 28 km? of these two land types transferred to cropland. From 2010 to 2020,
the transfer of cropland to waters and construction land was still the largest, with transfer
areas of 29.112 km? and 82.716 km?, respectively. A greater proportion of construction
land, waters, and woodland were converted to cropland during the period, accounting for
43.92%, 36.55%, and 14.04% of the area converted to cultivated land, respectively.

4.2. Multi-Scenario Land Use Change in 2030

The land use types in Ezhou are mainly characterized by cropland, watershed, and
construction land in 2020, and their areas are 727.85 km?, 433.32 km?, and 226.59 km?,
respectively. The simulation results (Figure 5 and Table 3) show that the land use character-
istics of Ezhou are stable, and these three types of LULCs are still the dominant land use
types in the three simulation scenarios in 2030. The changes in each type are concentrated
in cropland, woodland, and construction land, with the expansion of construction land
being the most significant. This may be due to the high expansion capacity of construction
land as a result of the impact of human activities, especially rapid urbanization. Under the
inertial development scenario, the construction land reaches 313.39 km?; as a consequence,
its scale grows by 38.30% when compared to the year 2020. The area of construction
land is 237.66 km?, which is an increment of 4.89% compared to 2020 under the farmland
protection scenario. The scale of construction land is 253.59 km?, an increase of 10.13%
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compared to 2020 when considering the ecological priority scenario. However, the overall
distribution of the LULC types remains essentially the same, when we compare the spatial
distribution of LULC under different scenarios. Cropland is mainly clustered in the flat and
well-developed plains in the southwestern part of the city. Forested land is mainly located
in the hilly and mountainous areas of the higher terrain in the southeast, and construction
land is mainly located on both sides of the rivers, mainly around the Yangtze River and the
Changgang River.
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Figure 4. Map of the transfer of LULC types. Notes: Codes 1-6 indicate cropland, woodland,
grassland, waters, construction land, and unused land. The mapping code is a combination of two
converted secondary space codes. For example, “cropland — woodland” (code 12).

Table 3. The area of current LULC and simulated LULC (unit: km?).

. Inertial Development Cultivated Land Ecological Priori
Scenarios Current LULC (2020) Scenario (201;0) Protection Scenario (2030) Scefario (2030)ty
Cultivated land 727.85 668.21 731.88 659.84
Woodland 137.16 125.87 127.73 159.43
Grassland 27.74 25.66 25.80 33.48
Waters 433.32 420.96 431.79 446.89
Construction land 226.59 313.39 237.66 253.59

Unused land 32.29 30.85 31.09 31.72
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Figure 5. Land use change in 2030 under three scenarios; (a) for the inertial development scenario,
(b) for the cultivated land protection scenario, (c) for the ecological priority scenario.

4.3. Multiple Scenarios: Simulation Results of Land Use
4.3.1. Inertial Development Scenario

The inertial development scenario provides a unique perspective when exploring the
many possibilities for land use change [37]. This scenario focuses on land use dynamics
driven by a combination of natural and human factors in addition to policy factors [41].
Through this setting, we are able to observe more clearly the direct and far-reaching impacts
of human activities on land use [52]. According to the simulation results, we can clearly see
that the area of arable land is showing an obvious decreasing trend, with a specific value
of 668.21 km?, which is a decrease of 8.19% compared with 2020. The area of forest land
and grassland is also shrinking, decreasing by 8.24% and 7.50%, respectively. This trend
reflects the risk of these land types being replaced by other uses in the absence of policy
guidance. What is of particular concern is the significant expansion of construction land.
Its rise is as high as 38.31%, indicating that human demand for land for construction is
growing rapidly to fulfill the demands of rising urbanization under this scenario [50]. This
growth in demand comes mainly from the conversion of cropland, forest land, grassland,
and unutilized land, making these land types the main source of construction land expan-
sion [53]. In terms of spatial pattern, the expansion of construction land is not disorderly. It
more often continues to extend along the river banks on the basis of its original distribu-
tion [54]. This expansion pattern not only occupies a large number of land categories with
ecological functions, such as waters, cropland, and forest land but also reveals the profound
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intervention of anthropogenic actions in the physical habitat. However, the consequences
of this unconstrained development pattern, if it continues, will be unimaginable [38]. The
ecological environment of the region may suffer serious damage, and the reduction of
natural resources such as watersheds and woodlands will directly affect the stability and
function of ES.

4.3.2. Cultivated Land Protection Scenario

In the scenario of farmland protection, in order to strictly implement farmland protec-
tion, the transfer of farmland to other LULC types is restricted [52,54]. In this scenario, the
cultivated land area is 731.88 km?, which represents an increment of 0.55% compared to
2020. Compared to other scenarios, the farmland area has achieved a slight growth. The
reduction in woodland and grassland area compared to 2020 has exceeded 6.88%, and
the increase in the area of these two types has slightly decreased compared to the inertial
development scenario. The expansion of construction land is significantly weaker than
in the inertial development scenario, but the growth still amounted to 4.89% compared
to the situation in 2020. It reveals that during the protection of farmland, the spread of
construction land will be limited to a certain extent while ensuring the area of woodland
and grassland. In addition, the unused land in the region has shown a downward trend
compared to 2020, with an area reduction of 3.73%. Overall, this scenario slows down
the rate of arable land conversion while incorporating basic farmland protection zone
limiting factors and increasing conversion costs, which can effectively ensure the quantity
of arable land and implement arable land protection policies [41]. However, the sprawl
trend of construction land is still unavoidable due to the continuation of urbanization in
the scenario, and the area of forestland, grassland, and water area has been compressed,
and its encroachment on other land categories has been effectively controlled [54,55].

4.3.3. Ecological Priority Scenario

In response to the policy of “not engaging in large-scale development, but jointly
focusing on large-scale protection”, an ecological priority scenario was set up [38]. The
prediction results suggest that the scenario can effectively protect ecological lands including
forests, grasslands, and watersheds. Compared to 2020, the woodland area of Ezhou in
2030 was 159.43 km?, implying a significant upward trend, with an increase of 16.24%.
Correspondingly, the grassland area was 33.48 km?, an increase of 20.66%, and the waters
area was 446.89 km?, an increase of 3.13%. In this scenario, the significant changes in LULC
are still concentrated in cropland and construction land. Compared to 2020, cropland
shows a decreasing trend, and its area is further compressed by 9.34%, with an area of
only 659.84 km?. The sprawl of construction land is very noticeable, but its expansion
rate has been effectively controlled, reducing from 38.31% in the inertial development
scenario to 11.92%. In order to ensure the ecological use of land while maintaining the
demand for social and economic activities, the main direction of farmland transformation
is still construction land [52]. Under the ecological priority scenario, there is a growth trend
in ecological land including woodland, water bodies, and grasslands, which promotes
cropland to become the main type of land transfer [56]. The reduction of ecological land
occupation by construction land plays a certain role in preserving ecological security.

4.3.4. Comparative Analysis of LULC of Multiple Scenarios

Under the scenario of inertial development, the transfer rate of LULC remains con-
sistent with the transfer rate from 2000 to 2020. In the absence of restrictions, the rapid
expansion of construction areas and the encroachment of space for other types of land
development will undoubtedly result in an increase in threats to ecological security, which
will inevitably be detrimental to sustainable socio-economic development [52,54]. In ad-
dition, there are certain food security risks due to the decline in the number of croplands.
Compared to other scenarios, in the scenario of farmland protection, the area of farmland
has achieved effective growth, farmland has been protected to a certain extent, and the
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rate of outward expansion of construction land has been greatly controlled. Woodland
and grassland have become the main types of transfer out, which will undoubtedly lead
to a further squeeze on ecological land. Under the ecological priority scenario, the areas
of woodland, grassland, and waters have all increased, and the transformation of other
land types has also been regulated to varying degrees. The main manifestation is that
the expansion of construction land has further decreased, from 38.31% under the inertial
development scenario to about 12%. In addition, unused land maintained a downward
trend in all three scenarios and was one of the sources of transfer from other land types,
but its reduction was relatively lowest in the ecological protection scenario (1.76%). This
is basically consistent with the findings of Wu and Athukorala et al. [51,64]. The continu-
ous expansion of construction land will inevitably occupy a large amount of arable land,
forested land, and wetlands, which is not conducive to the sustainable development of
urban economy and ecology. Therefore, no matter what development scenario we choose,
human beings need more space for their activities due to the advancement of urbaniza-
tion and continuous socio-economic development, which directly reflects the unstoppable
expansion and spreading characteristics of construction land. However, if land for construc-
tion in urban planning continues to be unrestricted by any measures, it will inevitably have
a serious impact on the sustainable land use structure, damage the regional ecology, and
make it difficult to achieve the development goal of ecological social economic harmony
and stability. Modeling the changing needs of LULC can lead to regulatory outcomes for
different land types depending on the scenarios. Regions need to comprehensively compare
simulation results and further adjust unreasonable land use structures in conjunction with
development goals to achieve sustainable regional development.

4.4. Characteristics of ESV under Multi Scenario Simulation

The total ESV of Ezhou in 2030 under the inertial development scenario, cultivated land
protection scenario, and ecological priority scenario were USD 95,562.19, USD 98,987.67,
and USD 102,808.99, respectively. The spatial distribution of the total ESV of Ezhou in 2030
was categorized into three categories using the natural breakpoint method in AcrGIS v10.2,
as shown in Figure 6. Figure 7 shows the rate of change in ESV for the three scenarios in 2030
compared to 2020. Specifically, the 2030 ESV losses for the inertial development scenario
and the farmland protection scenario are USD 4497.71 and USD 1072.23, respectively. In the
case of inertial development, the high loss of ESVs can offer a decision-making foundation
for future urban land planning by the government of Ezhou. Urban development cannot
blindly pursue economic development, and the synergy between ecology and development
is an effective method for the healthy development of the city. The ESV loss value of
the farmland protection scenario is only second to the inertial development scenario,
indicating that the development pattern from 2000 to 2020 is not appropriate for the
current development of Ezhou. Timely adjustment of urban development strategies and
optimization of urban land use layout are needed in the planning of Ezhou. However,
the ESV increased by USD 2749.09 in the ecological priority scenario, indicating that the
development of Ezhou needs to emphasize the conservation of the ecological land. The
ecosystem services under this development scenario have great potential for improvement.

Figure 8 shows the change in ESV for individual ecosystem services in 2030 compared
to 2020 for the three development scenarios in Ezhou. There are losses in each individual
ESV under the inertial development scenario and farmland protection development sce-
nario in 2030. The inertial development scenario has higher loss rates for all ESVs than
the other scenarios. The highest ESV loss is in raw material production services, with
a loss rate of 7.38%. The lowest ESV loss is in hydrological regulation services, with a
loss rate of 3.75%. The ESV losses of various ecological services under the scenario of
farmland protection and development are relatively low. Except for the high ESV losses of
raw material production and gas regulation, which are 3.34% and 2.250% respectively, the
ESV loss rate of other ecological services does not exceed 1%. What attracted our attention
was that the ESV for food production in 2030 is USD 2704.30 under the ecological priority
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scenario. Compared to 2020, the rate of ESV loss is 4.94%. However, the ESV for each of
the remaining ecological services shows a small increase. Under the ecological priority
scenario, the ESV of supply services shows a positive increase, with an increase of USD
872.69 in hydrological regulation, USD 478.82 in waste treatment, and USD 455.30 in climate
regulation. Due to the purposeful protection of the ecological space implemented in this
scenario, the spread of construction land has been delayed to some extent, and the total
value of ESV has increased by USD 455.30 compared to 2020. This has similarities with
the findings of Schirpke, Aziz, and Raviv et al., in which the highest value of ecosystem
services was found in ecological priority scenarios, which further supports the importance
of protecting ecological land [7,65,66]. The protection of ecosystems such as green spaces,
water bodies, and wetlands must be strengthened to support long-term economically,
socially, and environmentally sustainable development.

{5 L e — 1) 5
ESV(CNY) e O S 10 20 ESV(CNY, 172
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Figure 6. The ESV under different scenarios; (a) for the inertial development scenario, (b) for the
cultivated land protection scenario, (c) for the ecological priority scenario.
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Figure 8. Changes in individual ESV in 2030 (compared to 2020).

4.5. Differences in Influence of LULC on ESV under Multiple Scenarios

Loss of watershed area, cropland, and woodland is a key factor causing changes in
the ESV within the three scenarios. The reduction in ESV as a result of the reduction of
waters, farmland, and woodland accounts for 43.86%, 31.72%, and 22.57% of the total
value decrease in the inertial development scenario. In contrast, the reduction in ESV
caused by the reduction of woodland under the scenario of farmland protection accounts
for 79.04% of the total ESV reduction. Compared to these two scenarios, the overall ESV
under the ecological protection scenario shows an increasing trend. Additionally, the
total ESV increased by USD 2749.09 compared to 2020. Among them, the waters and
woodland areas have the highest contribution rates, with their ESV growth accounting
for 78.77% and 72.79% of the total ESV increase, respectively. It is generally consistent
with the findings of Schirpke, Zhang, and Gashaw et al. that the decline in the area of
watersheds, woodlands, and agricultural lands in the multi-scenario modeling contributed
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significantly to the decline in ESV [7,39,67]. This may be due to the reduced probability
of converting woodland, arable land, grassland, and waters into construction land under
this development scenario. In addition, due to strict restrictions such as ecological red
lines, the areas of grasslands, forests, and water bodies have shown a clear enlargement,
and the increase in the value of the three types of land has to some extent weakened the
decrease in ESV caused by the decrease in cultivated and unused land areas. The significant
increase in the area of natural landscapes (grasslands, waters, and forests) has become a
huge driving force for the reduction and increase of ecosystem service value under the
scenarios of cultivated land protection and ecological protection development.

5. Discussion
5.1. Land Use Change and the Ecosystem Service Value

The regional distribution of ecosystem service value (ESV) in Ezhou shows obvious
characteristics, and there is a close connection between it and land use types. In these areas
with high ESV values, we can see that natural land use types such as woodland, grassland,
and water dominate. These areas usually have high biodiversity and provide important
ecological services to the city, such as purifying air, regulating climate, and maintaining
soil and water. The existence of these natural land use types plays an irreplaceable role in
maintaining ecological balance and improving the quality of life of residents. However, in
sharp contrast, land use types in low ESV areas are mainly construction land, including
residential, commercial, and industrial land. The higher development intensity in these
areas is often accompanied by a reduction in ecosystem service functions. Natural land
use types such as forest land, grassland, and water bodies are rare in these areas, resulting
in relatively low ecological service values. To a certain extent, this phenomenon reflects a
problem in current land use planning; namely, over-emphasis on economic development
at the expense of ecological protection. This phenomenon is consistent with the findings
of Li, Cai, and Abd et al., who found that land use change is an important factor affecting
ecological quality [8,68,69]. When land is transformed from its natural state to construction
land, it tends to bring about a series of negative impacts such as the reduction of biodi-
versity and the decline of ecosystem service functions. This further confirms that if only
ecological protection or arable land protection is focused on and the needs of economic
development are ignored, then such a single development strategy is not conducive to
achieving sustainable economic, social, and ecological development [70,71].

5.2. Multi-Scenario Land Use Structure and Sustainable Urban Development

Land use structure plays a crucial role in sustainable urban development, especially
when facing different development scenarios. It is an indispensable basic element in the lay-
out of urban planning and implementation and has a far-reaching impact on realizing the
balanced development of urban economy, society, and ecology [56,72,73]. For Ezhou, how
to guarantee the sustainability of socio-economic-urban development while ensuring that
ecological livability is not threatened and realizing the harmony of economic development
is an urgent problem. There is an immediate need to take into account how to rationalize
the planning of future construction land, and how to regulate important food-producing
land, such as cropland, and ecological land, including forests and watersheds [74,75]. Land
use modeling is a complicated and dynamic process that requires consideration of numer-
ous integrated factors, and analysis based on historical utilization does not adequately
elucidate the various land use changes [76]. The evolution mechanism of the type also
lacks consideration for multiple development goals, and land use prediction in multiple
scenarios can provide supplementary analysis for the historical status of land use and
can optimize different patterns of LULC changes according to different scenarios such as
farmland protection and ecological restoration [77-79]. Land use prediction under multiple
scenarios can provide a richer perspective for understanding the historical state of land
use and optimize the pattern of land use/land cover (LULC) change according to different
development scenarios, such as cropland protection and ecological restoration [80,81].
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This approach has an important reference value for regional land management and land
conservation and can help regional decision-makers to develop more scientific and rational
land use plans and decisions and make up for the planning deficiencies that rely only on
the analysis of the current situation [82].

5.3. Land Use Recommendations

Ezhou City needs to re-examine and adjust the relationship between development and
protection in land use planning and management [83]. On the one hand, it is necessary to
optimize the land use pattern, rationally layout various land use types, and ensure that
the natural land use types are effectively protected and reasonably utilized [84-86]. On the
other hand, it is necessary to pay attention to the overall development and protection of the
country’s land space and formulate a comprehensive land use strategy in order to realize
the coordinated development of ecology, economy, and society [87]. In the future specific
land use process, the policy of protecting arable land should be further implemented,
the illegal occupation of arable land for non-agricultural construction should be strictly
prohibited, and the application conditions for the conversion of agricultural land should
be strictly controlled [62,88-90]. In addition, ecosystem areas such as urban green spaces,
wetlands, and natural landscapes play a crucial role in maintaining the ecological balance of
cities. They provide a range of services, including air purification, water filtration, climate
regulation, and biodiversity conservation [91,92]. The government has continued to step
up its efforts to investigate and regulate the occupation of arable land and the destruction
of ecological land for urban construction, while being vigilant about the occupation of
arable land and the encroachment of rural settlements on areas such as green spaces, water
bodies, and wetlands [93]. The land and environmental protection departments should
strictly prohibit the occupation of arable land for the construction of economic forests
and implement arable land restoration projects and ecological protection projects [94,95].
The planning department is gradually implementing comprehensive land improvement
throughout the region to increase the area of arable land and improve the quality of the
ecological environment.

5.4. Limitations and Perspectives

The modeling results of the Markov—FLUS model are closely linked to numerous
factors. The selection of driving factors is easily influenced by subjectivity and limited data
acquisition, coupled with the susceptibility of urban land use change to policy planning
guidance, resulting in increased uncertainty in simulation results [52,96]. Although the
study comprehensively considered natural and human factors, as well as policy constraints,
insufficient consideration was given to factors such as the geological environment, which
will be further incorporated into the model in future research [63,97]. In addition, the
setting of model parameters may have some degree of subjectivity in this study [98,99]. It
is mainly based on the degree of human influence on the land type and refers to previous
research experience on its continuous debugging so as to reach a good simulation state.
However, it does not necessarily mean accurate and perfect parameter settings. In future
studies, researchers will need to continually update and rationalize the drivers of the
study area [100-102]. This includes spatializing data on important human factors, such
as regional policies, to more accurately reflect the impact of these factors on land use
change [103]. Meanwhile, researchers need to consider the comprehensiveness of the
driving factors, including multiple dimensions such as economic, social, and environmental,
to ensure that the model can comprehensively capture the various factors affecting land
use change [104,105]. In addition, the scenario settings are continuously improved and
optimized according to the latest land use planning and policy directions to enhance the
adaptability and foresight of the model [106].
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6. Conclusions

In this study, the Markov-FLUS model was used to simulate the multi-scenario land
use changes of 2030 based on LULC and other socio-economic data of Ezhou in 2000, 2010,
and 2020. We calculated the ecosystem service values under different scenarios based on
the multi-scenario land use and analyzed the spatial characteristics of land use change and
ecosystem service values and their responses. This study can draw the following main
conclusions. First, the construction land in Ezhou continues to expand from 2000 to 2020,
and the other types have different levels of contraction. The growth rate of construction
land to area was as high as 70.99% in 2020, and the waters area expanded to 433.322 km?
from 2000 to 2010, but the change was small in the latter decade. Next, under the three
scenarios, there are significant differences in the structure of land use demand. In the
inertial development scenario, the area of construction land is projected to increase by
38.30% in 2030 compared to 2020. Under the farmland protection scenario, the area of
construction land is 237.66 km?2, which represents a 4.89% increase from 2020. In contrast,
under the ecological priority scenario, the scale of construction land is projected to increase
by 10.13%. Furthermore, the ESVs are USD 95,562.18, USD 98,987.67, and USD 102,808.99,
respectively, under the three scenarios in 2030. Compared to 2020, the ESV increased by
USD 2749.09 under the ecological protection scenario. Finally, there are losses in each
individual ESV under the three scenarios in 2030. The highest ESV loss is in raw material
production services, with a loss rate of 7.38%. The lowest ESV loss is in hydrological
regulation services, with a loss rate of 3.75%.
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