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Abstract: With rapid economic development in China, the excessive expansion of cities has led to
the imbalance of land use structure, and then the ecological regulation function of the land ecosystem
experiences problems, which has become an obstacle to sustainable development. Therefore, in order
to protect the ecological environment, regulate urban development and pursue the maximization of
ecological benefits, it is necessary to analyze, simulate and predict land use change. In this study,
Hengyang City was taken as the study area, and based on the current land use data of Hengyang City
in 2010, 2015, and 2018, the land use type transfer during 2010-2015 and 2015-2018 was analyzed.
Then, starting from 2010, the FLUS model was used to simulate the spatial distribution of land use
in 2015 and 2018, and then the spatial distribution of land use in Hengyang City in 2025 was predicted
with the Markov prediction method under the premise of ecological protection priority. The results
show that the change in ecological land in Hengyang City is mainly distributed in the surrounding
and marginal areas, because the topography of Hengyang City is a basin. Changes in land type
in Hengyang City in 2015 were subtle and difficult to observe. However, in 2018, the transformation
of non-ecological land into ecological land was obvious, and the distribution area of ecological land
expanded significantly. The Kappa index of the results simulated by the FLUS model based on
neural network is above 0.72, and overall accuracy is above 0.9, which is highly consistent with
the actual situation. It is reasonable and convincing to predict the spatial distribution of land use
in the context of ecological protection. The predicted results can be useful for urban planning and
land use distribution and provide a reference for relevant decision-makers.
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1. Introduction

Land provides a variety of products and services for human beings, and the sustainable
use of land is the key link to sustainable development. Land resources are not renewable,
and changes in utilization mode will have a serious impact on the ecological environment,
society, and economy [1,2]. In recent years, the acceleration of urbanization has led to
the rapid expansion of construction land [3,4], the imbalance of land use, over-exploitation,
and extensive use of land resources, which have seriously affected the regional water and
soil resources and ecological environment [5,6], and further threatened regional sustainable
development. This issue has aroused wide and common concern all over the world [7,8].
Given the irrational use of land resources, how to effectively distribute the limited land
resources, coordinate the relationship between ecological benefits and economic benefits,
and achieve a harmonious relationship between man and land has become a hot topic
and difficult problem in land optimal allocation, and an important issue in geographical
research [9]. At present, scholars at home and abroad have made a series of explorations
in the field of optimal allocation of land use from different perspectives and taken into
account various factors affecting land spatial distribution. A large number of research
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results have been obtained [10], which have laid the theoretical basis and reference materials
for this study.

Model simulation and scenario analysis are important tools to achieve land use op-
timization [11]. Scholars are trying to use different models and algorithms to describe
and predict the development dynamic of urban land. The quantitative prediction mod-
els include the gray (GM) model [12,13], system dynamic (SD) model [14,15], Markov
model [16], linear programming (LP) [17], Multi-objective planning (MOP) [18], etc. Spatial
simulation models include the cellular automaton (CA) model [19], minimum cumulative
resistance (MCR) model [20-22], Agent-based System (ABM) [23], CLUE-S model [24,25],
FLUS model [26-36], etc. The mixed models include the Markov-CA model [37-39], SD-CA
model [40,41], GM-CA model [42], MOP-CA model [43], ABM-CA model [23], SD-CLUE-S
model [44], MCR-CLUE-S model [45], Markov-CLUE-S model [46], MCR-FLUS model [47],
SD-FLUS model [48], LP-CA model [49], etc. In addition, there are computer algorithms
such as the Artificial Neural Network (ANN) algorithm [50,51], ant colony (ACO) algo-
rithm [52,53], genetic (GA) algorithm [54-56], simulated annealing (SA) algorithm [57],
particle swarm optimization (PSO) algorithm [58], and so on. Land use/land cover change
(LUCC) is an important issue in urban form distribution [59]. Different LUCC models
have different functional mechanisms and have specific characteristics in the evolution of
urban spatial patterns. For example, the ABM model can simulate both single-use land
type and multi-use land type, but it cannot conduct spatial optimization [23]. The CLUE-S
model is generally used to simulate land layout change and is occasionally used for layout
optimization, but the optimization ability is limited [24,25]. MOP model can optimize
land allocation on the basis of the consideration of economic benefits and ecological bene-
fits [43]. Markov-CA assumes that land-use change was a random process, and the land
transfer matrix is established to judge the transfer probability between different land types.
In addition, some traditional mathematical models can also be used, but their limitations
are significant [37-39]. The CA model is favored by many scholars because of its two-
dimensional space-time integration ability. Its technical core is a conversion between cells.
Commonly used CA models include Logistic-CA [37], ANN-CA [50,51], SD-CA [40,41],
Markov-CA [37-39], and Random Forest (RF) CA [60]. However, most of these models
can only simulate the dynamic change of single land use, and in many cases different
land use change processes occur simultaneously and interact with each other. Therefore,
the simulation of multiple LUCC change is more effective for determining a realistic future
land use pattern. As one of the commonly used CA models, ANN-CA has outstanding
ability in simulating the complex expansion of cities [51].

In recent years, the Future Land Use Simulation (FLUS) model proposed by Liu
Xiaoping integrates the advantages of several traditional models, coupling SD and CA
models [28]. It also considers the dual characteristics of top-down macroscopic drive and
bottom-up micro-evolution, and can effectively deal with the uncertainty and complexity
of the transformation of various land-use types under the influence of natural and human
activities. It not only simplifies the program of SD model system mechanism construction,
but also overcomes the limitation of the CA model when simulating a nonlinear system,
and makes up for the problem that the Markov GM model is not compatible with driving
factors [28,29]. Especially, it has a significant effect on the feedback of the interaction
mechanism of the multi-factor driving factors in the human-land coupling system and
the complex principle of the transformation of different land types, which can provide
the results of spatial land-use change with high simulation accuracy [28-33]. To sum up,
most of the current simulation of land use distribution is still based on the traditional CA
model, while the FLUS model improves on the CA model by introducing a neural network
algorithm, which can more effectively reflect the process of land-use change under a real
situation. Some scholars adjust the quantity and spatial layout of different land use types
by setting different goals and constraints, to take into account different needs and benefits
of optimal allocation of land use [11]. Some regard economic benefits or the comprehensive
benefits of the economic environment as the main objectives of land use simulation [32],
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and some scholars have carried out corresponding studies in Beijing [61], Hubei [62,63],
Guangzhou [26], Jiangxi [27], Jilin [35], and other places. For example, Yang Lu et al.
simulated and optimized land use for the next 25 years by setting four scenarios of priori-
tizing natural development, ecological protection, economic development, and balanced
ecology—economy development [11]. Peifeng simulated land use by setting three scenarios
of cultivated land protection, ecological protection, and urban development, and discussed
the optimal allocation of land use while considering both ecological environment protection
and social and economic development [26]. He believed that the spatial layout of land use
under different scenarios is reasonable. Based on the production-living-ecological space
theory, Yingqing set up four scenarios of production space priority, living space priority,
ecological space priority, and production-living space coordination priority. He supposed
that in terms of spatial and temporal distribution, the core area of ecological space changed
slightly, while the marginal area changed significantly [36]. However, at present, many
researchers study the optimal allocation of land use from the perspective of comprehensive
consideration of social, economic, and ecological benefits. Few researchers focus on ecolog-
ical protection and take environmental protection as the leading goal. There is still little
research in this field and further work is needed. In this paper, the FLUS model is applied to
the simulation and forecast for Hengyang city to understand the change in land distribution
pattern and its influencing factors in the future. This study was designed to address the fol-
lowing questions: How will Hengyang develop land use in the future? Under the situation
of ecological security protection priority, how does land use type change in Hengyang City?
How does it differ from the actual natural development scenario? The aim is to provide
scientific information for the sustainable development of land in Hengyang City, in order to
make reasonable use of land resources. In the selection of research regions, most domestic
researchers tend to choose regions with a good economic foundation and a higher level
of social development, such as the Beijing-Tianjin-Hebei region [61], coastal cities [31,46],
Pearl River Delta [26], and Yangtze River Delta [34,62], and other urban agglomerations,
while ignoring a large number of developing third and fourth-tier underdeveloped cities
with a relatively backward economy and society. However, the current situation of land use
in these less developed areas may be more worrying, requiring more scientific assessment
and improvement. At present, under the constraint of environmental protection, there is
almost no research on the optimal allocation of land use structures in Hengyang City. There
are few studies on land use quantitative structure, spatial structure, combination structure,
and spatial-temporal variation in land structure. As the core city of Hunan Province,
Hengyang city is one of the most important centers of politics, economy, and culture.
It has a radiative effect on surrounding areas in its land development mode. The research
perspectives of scholars on Hengyang City mainly focus on the spatial-temporal changes
of land structure [64,65], environmental benefits of land use and ecosystem service value
(ESV) [66,67], construction land and economic development [68], evaluation of land ecolog-
ical security [69-71], urban expansion/growth boundaries [72], etc. Their main research
methods include linear programming [64], land use transfer matrix [67], grey correlation
degree [68], PSR model [69-71], ESV accounting [66,67], FLUS model [72], etc. Among
them, Miao [65] coupled the BFAST algorithm and RFC to carry out a dynamic analysis of
the time series change of arable land in Hengyang. Therefore, choosing Hengyang city as
the research area is a new attempt to focus on urban agglomerations around the Two River
Basins in China, as well as a new attempt to localize and utilize a LUCC model in different
regions. Globally, there are many large, medium, and small cities like Hengyang city.
This study has important reference value and significance for China and a large number of
underdeveloped cities elsewhere in the field of land pattern change and future land use
planning [1].
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2. Materials and Methods
2.1. Study Area

Hengyang City is located in the south-central part of Hunan Province, China.
(110°32" E-113°16’ E, 26°07' N-27°28" N). It has jurisdiction over 5 counties, 2 cities,
and 5 districts, covering an area of 15,310 km?. Hengyang City is in the Hengyang Basin,
the surrounding terrain is high, but low in the middle, the landform mainly consists of
mountains, but the overall terrain is relatively low and flat, tilted southwest to northeast
(Figure 1). At present, the contradiction between supply and demand for land resources
in Hengyang City is increasingly sharp, and it is very necessary to research the optimization
of land use structure and layout based on the restriction of ecological security land for
the construction of an ecological civilization in Hengyang City.
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Figure 1. The location of Hengyang city.

2.2. Data Source and Processing

The data types used in this study include land use data, road data (County Road,
Provincial Road, National Road, Railway High Speed), river data, city point data, DEM
data, and administrative boundary data (Table 1). All have a resolution of 30 m. DEM data
is downloaded from Geospatial Data Cloud (www.gscloud.cn, accessed on 29 March 2021)
FLUS model is downloaded from http:/ /www.geosimulation.cn/FLUS.html (accessed on
29 March 2021).
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Table 1. Data Resources.

Attribute Types Data Sources

Resources and Environment Science and Data Center

Land use data (www.resdc.cn (accessed on 26 March 2021))

Raster data

National Catalogue Service For Geographic Information

The road data (www.webmap.cn (accessed on 26 March 2021))
City point data National Catalogue Service For Geographic Information
Vector data (www.webmap.cn (accessed on 29 March 2021))
Administrative National Platform for Common Geospatial Information
district data Services (www.tianditu.cn (accessed on 29 March 2021))
Data on rivers National Catalogue Service For Geographic Information
and lakes (http:/ /www.webmap.cn/ (accessed on 9 April 2021))

natural reserve data Data on Hengyang National Nature Reserve

Land use data has two functions: one is to convert into vector data, which is used
as the basic data for land use conversion analysis; the other is basic data to simulate and
predict the spatial distribution of land use in Hengyang City. A reclassification process is
then performed to change the secondary classification to the primary classification, which
is mainly divided into the following six categories: cultivated land, woodland, grassland,
water area, urban land, and other land (Table 2).

Table 2. LUCC Classification System.

Types Name Types Name
Paddy Field Glacial Permanent Snow
Arable Land The Try Land Tidal Marsh
Forest Land Beaches
hrub Land iti d T
Woodland o Shrub Lan Construction Cities and Towns
pen Forest Land Land Rural Settlements
Other Woodlands an Construction Land for
Industry and Transportation
Grassland with High Coverage The Sand
The Grass Moderate Grass Coverage The Gobi
Low Coverage Grass Saline-alkali Land
Graff Other Lands Marsh Land
Waters Lakes Bare Land

Reservoir and Ponds

Bare Rock and Gravel Fields

2.3. Analysis of Driving Factors

The administrative boundary data is used to extract the boundary vector data of
Hengyang City, and then this data is used to extract the road (county road, provincial
road, national highway, highway, and railway) data of Hengyang City’s (county) point
data and river data. The nature reserve data, river and lake data, are consolidated and
rasterized, and then reclassified into two categories. 1 represents the area where land use
type conversion can be carried out (non-nature reserves and non-water areas); 0 represents
the area where land use type conversion cannot be carried out (nature reserves and water
areas), and this data is taken as a limiting factor (Figure 2).
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Figure 2. Limiting Factors.

Some influential factors with higher scores were selected by an expert scoring method,
which mainly included topographic factors and spatial accessibility variables, such as DEM,
slope, distance from city center, and distance from the road (national highway, provincial
highway, county road, freeway, and railway). Firstly, slope data is generated by the DEM
data of Hengyang City, the Euclidean distance tool of ArcGIS is used to extract the distance
from the road and the distance from the city center, then they are standardized to 0-1. Then
the resolution of all the above raster data is unified to 30 m, and finally all the data are
uniformly projected to the Albers projection coordinates (Figure 3).

N
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(a)Distance from natiomal highway (b)Distance from provincial highway (c)Distance from county road (d)Distance from the freeway

' ‘\ T
‘ Distance
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Figure 3. Influence Factors.
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2.4. FLUS Model

The FLUS model is used to simulate land-use change and future land use scenarios
under the influence of human activities and nature. Firstly, the FLUS model uses a neural
network algorithm (ANN) to obtain the suitability probabilities of various land-use types,
within the research scope, from land use data, and various driving factors including human
activities and natural effects. Secondly, the FLUS model is put forward based on a roulette
wheel selection of adaptive inertia competition mechanisms, which can effectively deal
with the uncertainty and complexity of the transformation of various land-use types under
different influences, giving the FLUS model higher precision which can obtain a result
similar to the real distribution of land use.

(1)  Suitability Probability

An ANN consists of three layer types: an input layer, a hidden layer, and an output
layer. In the input layer, each neuron corresponds to an input variable, which can be
mathematically expressed as

1

1+ efnetn(g,t) (1)

sg(g, k1) ank x sigmoid(net;(g,t) ank

where ¢ is the grid cell, ¢ is training time, k is land-use type, sg(g, k, t) is suitability proba-
bility; sigmoid () is an activation function; and w,, s is an adaptive weight between the input
layer and the hidden layer, which is calibrated during the training process. net;, (g, t) is
the signal received by neuron 7 in the hidden layer. The probability-of-occurrence of land
use type k on grid cell g at training time ¢ is denoted as sg(g, k, ), and the sum of suitability
probability is constant as 1, estimated according to the following equation

;g(g, kt) =1 @)

The Uniform sampling method is used to extract 10% of the grid as samples to ensure
the same sampling points for all types of land. Normalized processing is carried out and
then imported into the ANN model to obtain the suitability probability of each category.

(2) Self-adaptive inertia coefficient

The adaptive inertia coefficient reflects the difference between the amount of existing
land and the amount of expected land and adaptively adjusts this in the iterative process
to make the amount of all kinds of land develop towards the predetermined target.

-1 -2 -1
Intertzak ‘Dk ‘ < ‘Dk ‘
t—2

P - D _
Intertial{ Intertiay ' x Si=x 0> D} -
k

=2

.1 Dy
Intertia)” X DT
k

DI >Di2 >0

where Interia} denotes the inertia coefficient for land use type k at iteration time ¢. D}~ L

Dt 2 denotes the difference between the macro demand and the allocated amount of land
use type k until iteration time ¢ — 1, t — 2.

(3) Combined probability and neighborhood effects

By considering the probability-of-occurrence, neighborhood effect, inertia coefficient,
and conversion cost, the combined probability of a cell being occupied by a specific land-use
type is estimated using the following equation:

Tp;,k =5g(g, k1) x Q;,k x Intertiay x (1 — SPp—sk) 4)
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where T enotes the combined probability of erid ce to covert from the origina
h p;,kd h bined probability of grid cell g f h ginal

land-use type to the target type K at iteration time t; sg(g,k, t) denotes the probability-
of-occurrence of land use type K on grid cell g; Q; « denotes the neighborhood effect of

land use type K on grid cell g at iteration time ; Interia, denotes the inertia coefficient of
land-use type K at iteration time ¢; and sp;, . denotes the conversion cost from the original
land use type p to the target type K.

O — YN x Neon(py ! = k)
gk~ NxN-—1

X Wk (5)

This equation }_ N x Ncon( pfg_l = k) represents the total number of grid cells occu-
pied by the land use type K at the last iteration time f — 1 within the N x N window. W
is the variable weight among the different land-use types because of different neighbor-
hood effects for different land-use types. N = 3 and the number of iterations is 300 in this
calculation.

2.5. Accuracy Verification

The simulation of land use in 2015 and 2018 based on land use data of Hengyang
City in 2010 was compared respectively. The total accuracy (OA) and Kappa coefficient are
used to verify the validity. The range of the two values is between 0 and 1, and the closer
the value is to 1, the higher the degree of the simulation will be. When Kappa is greater
than or equal to 0.7, the simulation of the model shows a high degree of consistency with
the actual situation.

As can be seen from the two indexes of accuracy verification (Table 3), the overall
accuracy in 2015 and 2018 is higher than 0.95, and the Kappa coefficient is higher than
0.7, indicating the high accuracy of this model. Therefore, the FLUS model is suitable for
simulating the future spatial distribution of land use in Hengyang City with high precision.

Table 3. OA value and Kappa value of FLUS model.

Year OA Kappa
2015 0.964 0.76
2018 0.95 0.72

3. Results
3.1. Land Use Change Matrix

The land use transfer matrix is an important tool to analyze land use and cover
change. It can not only reflect the structural characteristics of land use and quantitatively
explain the conversion between different land types in the same region at the beginning
and end of a certain period of time, but also reveal the conversion rate and information
on the transfer between different land types. The analysis of land-use change in this study
is based on three pieces of land use data of Hengyang City in 2010, 2015, and 2018. As can
be seen from Table 4, on the whole, from 2010 to 2018, the area of grassland and woodland
showed a decreasing trend, while the area of the water area of construction land showed
an increasing trend. From 2010 to 2018, the woodland decreased from 56.17% to 55.56%,
the grassland decreased from 0.94% to 0.91%, the utilization rate of construction land
increased from 2.59% to 3.85% in 2010, and the water area increased from 1.98% to 2.03%.
From a local point of view, compared with the conversion results from 2010 to 2015, the total
occupancy rate of ecological land (forest land, grassland and water area) in Hengyang City
from 2015 to 2018 decreased slightly, while the utilization rate of construction land showed
an increasing trend.
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Table 4. Land-use change table.

Types 2010 2015 2018
(ha) Area Percentage Area Percentage Area Percentage

Arable Land 590,321.4 38.29% 589,971.9 38.28% 580,106.7 37.64%
Woodland 865,887.6 56.17% 861,770.7 55.91% 856,449.6 55.56%
The Grass 14,564.8 0.94% 14,293.0 0.93% 13,982.2 0.91%
Waters 30,566.7 1.98% 30,760.9 2.00% 31,304.6 2.03%
Construction Land 39,927.0 2.59% 44,315.9 2.88% 59,307.9 3.85%
Other Lands 271.9 0.02% 271.9 0.02% 233.0 0.02%

To describe the land use type conversion rate from 2010 to 2018 and from 2015 to 2018,
the Intersect tool in ArcGIS is used to generate the land-use change detection conversion
matrix, which aims to quantitatively monitor the land use transfer situation in different
periods. It can be seen from Tables 5 and 6 that, in the past eight years, the general trend is
that other land types transfer more to construction land, and less to ecological land (forest
land/grassland /water area). Construction land increased from 39,931.0 hectares in 2010
to 59,307.9 hectares in 2018, while ecological land decreased from 911,110.2 hectares to
901,736.4 hectares.

Table 5. Land-use change matrix in 2010 and 2015.

To 2015 Total
Arable Land Woodland The Grass Waters Construction Land Other Lands
From 2010
Arable Land 581,427.2 6408.5 38.8 233.0 2213.9 0.0 590,380.5
Woodland 7573.7 854,663.0 116.5 388.4 3146.0 0.0 865,974.2
The Grass 271.9 155.4 14,137.6 0.0 0.0 0.0 14,566.3
Waters 233.0 155.4 0.0 30,139.4 38.8 0.0 30,569.7
Construction Land 621.4 388.4 0.0 0.0 38,917.2 0.0 39,931.0
Other Lands 0.0 0.0 0.0 0.0 0.0 271.9 271.9
Total 590,127.2 861,770.7 14,292.9 30,760.9 44,3159 271.9 1,541,539.4
Table 6. Land-use change matrix in 2015 and 2018.
To 2018
° Total
Arable Land Woodland The Grass Waters Construction Land Other Lands
From 2015
Arable Land 553,773.5 24,313.5 388.4 1514.7 9981.7 0.0 590,030.9
Woodland 22,138.5 82,8601.7 349.6 1281.7 9399.2 0.0 861,856.8
The Grass 466.1 427.2 13,244.3 0.0 155.4 0.0 14,294.4
Waters 1126.3 893.3 0.0 28,352.8 388.4 0.0 30764.0
Construction Land 2563.4 2213.9 0.0 155.4 39,383.2 0.0 44,320.3
Other Lands 38.8 0.0 0.0 0.0 0.0 233.0 271.8
Total 580,106.7 856,449.6 13,982.2 31,304.6 59,307.9 233.0 1,541,384.1

Since this study focuses on the transfer of ecological land (woodland /grassland /water
area), the following five combinations related to the transfer of ecological land are selected
for discussion, so that no transfer of ecological land, conversion of arable land to ecological
land, conversion of construction land to ecological land, etc., and other transfer situations
are combined into one category (Table 7).
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Table 7. Conversion of land types to ecological land (woodland/grassland /water area) from 2010 to 2015 and from 2015 to 2018.

. 2010-2015 2015-2018
Conversion Types (ha)
Area Percentage Area Percentage

No conversion of ecological land 898,940 58.31% 865,198.8 56.13%
Ecological land conversion 815.7 0.05% 2951.8 0.19%

Conversion of arable land to ecological land 6680.3 0.43% 26,216.6 1.7%
Conversion of construction land to ecological land 388.4 0.03% 2369.3 0.15%

Conversion of other lands to ecological land 0 0% 0 0%

Other conversion conditions 599,352.4 38.88% 670,952.2 41.49%

From 2010 to 2015, and then from 2015 to 2018, the proportion of unconverted ecologi-
cal land in the total area of the study area decreased from 58.31% to 56.13%. Among other
land types, the percentage of conversion from arable land to ecological land was higher,
rising from 0.43% to 1.7%, the percentage of construction land converted to ecological land
increased from 0.03% to 0.15%, and the percentage of ecological land conversion increased
from 0.05% to 0.19%. By comparison, compared with 2010 to 2015, the conversion rate of
various land-use types to ecological land in Hengyang City from 2015 to 2018 has increased
as a whole.

3.2. Simulation Results

In this study, the land use data of Hengyang City in 2010 are used as the initial data to
obtain the suitability probability of each land use category. As can be seen from Figure
4, the darker the color, the weaker the suitability, and the lighter the color, the stronger
the adaptability. The adaptability of arable land is stronger at the bottom of the basin,
where the land is flat and near the river. The adaptability of woodland is strong at higher
elevations at the edge of Hengyang city but weak at the bottom of the central basin
and the population settlement area. The distribution of grassland is similar to that of
woodland but more dispersed also on the flat terrain. Construction land presents a discrete
distribution, that is, a core city in the central part and several urban agglomerations around
it. It is mainly distributed in urban or township agglomerated areas, etc., characterized by
strong adaptability, in a place with flat terrain, convenient transportation, and abundant
water sources. The waters with strong adaptability are mainly distributed in the Xiangjiang
River and its banks. The unused land with strong adaptability is mainly distributed to
the east and south of Hengyang City with a large number of tall mountains, and a small
amount in the middle of the basin. It can be seen from Figure 4 that the suitability of
different land-use categories is consistent with the natural and social status of Hengyang,
which is relatively reasonable.
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Figure 4. Adaptability probability of each land use type.

By comparing the number of pixels of each land-use type in the two phases (Table 8),
it can be seen that the simulated situation in 2015 is consistent with the current situation,
the land use structure is very stable, and there is no significant change in the quantitative
structure of the six land-use types. The simulation results in 2018 are slightly different from
the current situation. According to the forecast results in 2018, the area of cultivated land,
woodland, grassland, and water area is 2817, 2154, 49, 74 pixels less than the actual area, with
a range of —0.04%, —0.02%, —0.03%, and —0.01%, respectively. The area of construction land
is 897 pixels more than the actual area, with an increase of 0.26%, and other land shows no
change. The order of land-use change is as follows: Arable land > Woodland > Construction
land > Waters > The grass > Other lands. The order of variable amplitude is: Construction
land > Arable land > The grass > Woodland > Waters > Other lands.

Table 8. The number of pixels for land use type of Hengyang City in 2015 and predicted results in 2015.

Year Cultivated Land Woodland The Grass Waters Construction Land Other Lands
Actual quantity in 2015 6,554,620 9,554,202 164,375 493,918 348,305 2973
Forecast quantity in 2015 6,554,620 9,554,202 164,375 493,918 348,305 2973
Actual quantity in 2018 6,457,814 9,499,920 161,201 653,065 348,314 2276
Forecast quantity in 2018 6,454,997 9,497,766 161,152 652,991 349,211 2276

Error between predicted and

_ 0, _ 0, _ 0, _ 0, 0, 0,
actual quantities in 2018 (%) 0.04% 0.02% 0.03% 0.01% 0.26% 0%

By comparing the simulation results in 2018 with the real situation, it is found that, although
there are slight changes in the land use pixel, the overall situation does not change greatly.

The FLUS model was used to simulate the land spatial distribution for Hengyang City
in 2015 and 2018, and the results obtained are shown in Figure 5.
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Figure 5. Land use simulation results and actual situation of Hengyang City in 2015 and 2018.

As can be seen from Figure 5, the ecological land change in Hengyang is mainly
distributed in the surrounding and marginal areas, and the main reason for this phe-
nomenon is the topography of Hengyang. This is a basin topography, low in the middle
of surrounding higher areas, so the central region is suitable for urban development and
the surrounding ecological condition is better, thus leading to Hengyang city’s land distri-
bution overall characteristics. It can be seen from Figure 5 that the simulation result (al)
in 2015 is highly similar to the actual situation (a2) in 2015, and there are slight changes
in the spatial layout of various types of land in the simulated results, but these are not
obvious. By comparing the simulation results (b1) in 2018 with the current situation (b2)
in 2018, it can be seen that the ecological land of Hengyang City presents an increasing
trend, in which the area of the ecological land in the central urban area of Hengyang City
has slightly decreased, and the distribution area of the ecological land in Hengyang County,
Hengdong County, Hengyang County, and Qidong County has significantly expanded.
Regarding the increase of ecological land and the reduction of construction land in Leiyang
City, through the comparison chart (b1 and b2), it is found that from 2015 to 2018, Leiyang
has added a piece of construction land. On the whole, ecological land increased while
construction land decreased in Leiyang. However, according to the comparison figure
(b1, b2), construction land increased sharply in Leiyang from 2015 to 2018. The main reason
is that, according to the urban development planning of Leiyang, a planning area was built
in the northeast corner of Leiyang, i.e., the northern new town of Leiyang. In Hengnan
County, part of the construction land has been transformed into ecological land, and part
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of the ecological land transformed into building land. The root of this phenomenon lies
in the contradiction between urban development and economic protection. The transfor-
mation of ecological land to construction land in Changning County is obvious, which is
related to the development of urbanization in Changning County.

3.3. Forecast Results

This study uses the Markov method to calculate the land-use transfer probability of
Hengyang City from 2010 to 2015 and 2015 to 2018 and calculates the number of pixels of
each land-use type in 2025. The forecast results are shown in Table 9.

Table 9. Number of pixels predicted by Markov chain.

Year Arable Land Woodland The Grass Waters Construction Land Other Lands
2018 6,454,985 9,497,788 161,147 349,214 652,983 2276
2025 6,454,997 9,497,766 161,152 349,211 652,991 2267

Based on the ecological protection scenario, this study takes rivers, lakes and natural
ecological protection areas as restrictive factors to obtain the distribution pattern of land
use under ecological conservation priority in 2025 (Figure 6). Under the policy of ecolog-
ical protection, the ecological environment in the north and south of Hengyang City is
excellent, and the diversity of natural resources is rich. The area also contains national
nature reserves, such as the Mount Hengshan national nature reserve, three Yang nature
reserve, Tianguang Mountain Nature Reserve, Dayi Mountain Nature Reserve, and so on.
The establishment of nature reserves and the existence of surrounding forests has a positive
impact on the ecological environment in Hengyang City.

Legends
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Figure 6. Prediction results of the spatial distribution of land use in Hengyang city in 2025.

As can be seen from Figure 6, the spatial distribution of construction land, cultivated
land, woodland, and grass almost experienced no change, while the spatial distribution
of construction land and water area changed relatively significantly. On the whole, there
is more ecological land around and more construction land at the bottom of the basin.
Under the policy of “strictly protecting ecological land and prohibiting arable land from
occupying ecological land”, the area of arable land increased only slightly. The change
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in woodland showed a decreasing trend. Grass grows sporadically in different places
in terms of diffusion, mainly spreading to the periphery by means of filling and edge
expansion. The distribution of construction land is relatively concentrated, mainly in places
near cities and towns with convenient transportation, characterized by a slow expansion
rate and a relatively small growth rate. The main reason is the implementation of the policy
of prohibiting excessive development. The water area shows an obvious trend towards
expansion, which is beneficial to the construction of an ecological environment. However,
other land uses showed an obvious regression phenomenon. Other areas have been
converted to other land types, such as economic land and ecological land. In conclusion,
the spatial distribution pattern of each land type in the study area is reasonable under
the constraint of ecological protection, which is conducive to the sustainable development
of the ecological environment. The prediction results can be used as the basis for urban
layout and land use planning, and can provide a reference for relevant decision-makers.

4. Discussion

There is no doubt that cities will continue to be the main carrier of human life [73],
and the construction of sustainable cities is of great importance to sustainable develop-
ment [73,74]. Generally speaking, urban intensive land use is usually considered in the later
stages of urban development, but in fact, ecological security should be paid attention to at
any stage of urban development. The unscientific planning of land in the early stage of
urbanization will bring great pressure on the urban ecological environment [75]. To put eco-
logical protection into practice in land-use optimization, this study is no longer guided by
economic goals, but takes the maximization of ecosystem service benefits as the dominant
goal, trying to find the most suitable decision for the study region. This is an optimization
method that can not only protect the ecological environment but also ensure the needs
of economic development. Our study results provide useful insights for the develop-
ment of land-use management and environmental protection policies in Hengyang city,
and the research results have important reference significance for the formulation of land
use policies and ecological protection practices of urban agglomerations at home and
abroad in the future [76].

By comparison, the conclusion of this paper is roughly equivalent to that of the re-
search of Lu et al. under the ecological protection situation, i.e., the quantitative structure
and spatial layout of land use types under the ecological protection priority situation are
reasonable, and their long-term comprehensive benefits are considerable. On the one hand,
the research direction of optimal allocation of land use patterns in the future is to predict
and analyze the future development direction of land use through various research meth-
ods and to formulate appropriate urban development strategies. Currently, most studies
focus on the optimal layout of urban construction land, mainly on the layout of current
land, but there is no in-depth discussion on how to develop and optimize the layout of land
use in the future, and few studies on the prediction of future land use. On the other hand,
combining the optimization of land use quantity, space and benefit is the development
trend for land use structure optimization in the future [77].

The possible limitations of this study are as fellows. First, due to the numerous
factors affecting the spatial layout of land use, this study only selected some important
natural factors, and some factors that are not easy to be quantified, such as cultural
and economic factors, policies, and regulations, have not been fully considered in this
simulation. These factors can be analyzed in future studies. Second, the research object is
limited to only one province of China, thus the national and international implications and
the conclusions of this study may be different with an increase in the number of samples.
Therefore, to further expand this study, it is suggested to research more cities.

How to comprehensively consider all kinds of factors affecting land change in future
research and make more objective and scientific calculations for future land use demand
will also be the focus of future research on the optimal allocation of land use [11]. In ad-
dition, various artificial intelligence algorithms emerge in an endless stream. In addition
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to the traditional mathematical and computer models, artificial intelligence algorithms
are an advanced and novel research method. A consistent, comprehensive, and continu-
ous monitoring framework, remotely sensed data sets, and a relevant statistical machine
learning algorithm can effectively govern the changes in land-use patterns and play an im-
portant role in smart city governance [59], e.g., the scene simulation of GA can be based on
historical data of land use to predict the development of different land-use conditions, to
suggest how to optimize the number of land resources and space allocation in a particular
scenario [77]. Therefore, various artificial intelligence algorithms can be extended to the re-
search field of urbanization. The sustainable development of land use affects biodiversity,
food security, carbon storage, and other issues [59]. Taking these influencing factors as
variables in various algorithms will also be a research focus in the future.

5. Conclusions

Firstly, this study uses the land use transfer matrix to analyze the transfer of various
types of land use in Hengyang, especially the transfer of other lands to ecological land.
Next, the FLUS model was used to obtain the suitability probability from land-use data,
impact factors, and limiting factors. Then, the changes in ecological land use in Hengyang
City in 2015 and 2018 were simulated and verified by the accuracy coefficient (OA value
and Kappa coefficient). Finally, the Markov chain was used to calculate the number of land
use types in Hengyang City in 2025.

(1) According to the analysis of the land use transfer matrix, in the past 8 years there has
been a general trend in conversion of various land-use types to ecological land (wood-
land /grassland /water). Compared with the period from 2010 to 2015, the conversion
rate of various land-use types to ecological land in Hengyang City from 2015 to 2018
is higher.

(2) Driving factors and limiting factors with good explanatory power were selected,
and the suitability probability of each land use type calculated by using a uniform
sampling method and ANN model, and the spatial distribution pattern of land
use under ecological constraints analyzed, consistent with the social and natural
conditions of Hengyang. The results are convincing.

(3) The accuracy of the FLUS model is verified by two indicators of the OA index, Kappa
coefficient: the overall accuracy in 2015 and 2018 is higher than 0.95, and the Kappa
coefficient is higher than 0.7, which proved that the simulation accuracy of the model
is high.

(4) The change of ecological land in Hengyang is mainly distributed in the surrounding
and marginal areas. The main reason for this phenomenon is the topography of
Hengyang City. According to the comparison diagram of the land-use status and
simulation results in Hengyang City in 2015 and 2018 (Figure 5), it can be seen
that the changes of various land types in 2015 are subtle and difficult to observe.
However, in 2018, the transformation of non-ecological land to ecological land is
obvious in Hengyang City, and the distribution area of ecological land has expanded
significantly.

(5) The Markov chain can be used to predict the quantity of land use of different types
in Hengyang in 2025, and to simulate the spatial layout of land use in the perspective
of environment protection priority. The results show that there is more ecological
land in the surrounding areas of Hengyang city, with forest land as the mainland type,
and more construction land at the bottom of the basin.
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