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Coastal regions in China have the highest levels of economic development due
to their prominent geographical locations and corresponding supporting policies.
Global research concerns now include the spatiotemporal analysis of urban land
use and landscape fragmentation in coastal plains. Research on coastal land
use in China and related topics can provide a scientific basis for urban land
use and sustainable development in other countries. In this study, a quantitative
analysis of spatiotemporal changes in land use and landscape fragmentation was
carried out based on land use data from Yancheng City, China. The dynamic
degree of land use, Markov transition matrix and landscape indices were all
subject to analysis. The results demonstrated that land use patterns in Yancheng
City underwent substantial changes from 1990 to 2020. Cropland was found to
be the dominant landscape in Yancheng City. Water rapidly increased whereas
Grassland and Woodland dramatically decreased during the study period. Frequent
transformations in and out of urban land were observed. In the late study period,
the Tidal flat was gradually transformed into Grassland and Water. Variations in
the landscape indices indicated significant changes in the landscape patterns. The
landscape patterns in Yancheng City over a 30-year study period were found to be
complicated. The special characteristics of Tidal flat land areas further intensified
the landscape heterogeneity of the spatial range. Based on the above analyses,
it was concluded that human activities (urban construction, beach reclamation,
land development, and utilization activities) increased landscape fragmentation
in Yancheng City throughout the three stages and gradually increased the
degree of disturbance. These findings indicated that human intervention, the
social economy and urban planning development could influence landscape
fragmentation in coastal cities. This study used a spatially explicit approach to
understand the relevant drivers of urban land-use change in a coastal plain.
Moreover, it reduced the knowledge gap between land-use change and landscape
fragmentation research from a temporal and spatial perspective.
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1. Introduction

Changes in land usage are an important consequence of human
activities on earth (Lambin et al., 2001). The rapid development
of cities and population growth could trigger dramatic changes
in land use patterns in coastal cities (Zhang et al, 2020) and
directly lead to the intensification of landscape fragmentation
to different degrees within these regions. Due to their unique
geological locations, coastal regions have become crucial areas for
national construction activities in China (Ju et al., 2021). Rapid
urbanization, population growth, and changes in land use could
have a substantial impact on the coastal regional environment
(Deng et al., 2009). Changes in land use and coverage are gradually
getting more pronounced over time. In particular (Yu et al,
2013), land use changes in coastal cities have become a key
driver for urban economic growth (Wu et al, 2019). In coastal
regions, land resources not only provide economic leverage, but
also act as a factor of production (Liu et al., 2018). Due to urban
growth, fundamental changes have occurred in the original land
use structure (Khadour et al., 2021). As a result, resource and
environmental problems in coastal cities have gradually emerged
(He et al,, 2007; Sun et al., 2011). National and local governments
have different land use objectives. The Chinese government has
adopted several countermeasures for land use change (Zhang,
2000). In coastal regions of eastern China, land use changes may
alter the landscape pattern to different extents while resulting in
changes in the ecological environment of these regions. Moreover,
land use changes may influence economic and social development.
Maintaining the continuity of ecosystems has become a core goal
of spatial planning policies. The current landscape fragmentation
in cities is largely due to excessive changes in land use as a result
of human activities. Urban development must consider the original
land types and should avoid landscape fragmentation (Chen, 2021).
However, there are limited quantitative analyses on the changes
in Cropland and Tidal flats (Zhang et al., 2019). Changes in the
traditional landscape structure and morphology of coastal cities are
inevitable. With rapid urbanization and the resulting expansion of
coastal cities, more complex challenges will come up. Therefore,
there is a need for a comprehensive understanding of land use and
landscape fragmentation in these regions (Shi et al., 2015).

Land use changes are primarily driven by urban expansion and
the resulting transformation of the corresponding land to other
land use types (FHuang et al., 2016). To analyse land use changes,
remote sensing images can provide consistent spatiotemporal
monitoring information (Kantakumar et al, 2016). Landscape
patterns are the core structures of landscape ecology and represent
different landscape types, quantities, areas, and spatial layouts
(Wu, 2000). The amount of literature on the landscape evolution
process based on various theoretical methods is increasing day
by day. However, the existing studies have mainly performed
either quantitative or qualitative analyses on landscape patterns.
Furthermore, the unique geographic characteristics of coastal cities
have a significant influence on landscape fragmentation. The
development process, land use changes and resource management
in coastal cities have considerable economic and social significance
(Bagheri et al., 2021). The evolution of the landscape pattern
is closely related to ecological processes. Microscopically, this
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can influence the living environment of human beings and
macroscopically, it can determine regional economic development.
Therefore, analyzing landscape fragmentation and its influencing
factors is critical to the study of land use/coverage changes
(Sui, 1998). Understanding spatiotemporal changes in landscape
patterns are vital for land use planning and the sustainable
economic development of regions (Li et al, 2021). To date,
only a few studies have focused on land use and landscape
fragmentation in coastal cities. Therefore, this case study based on
the coastal regions of Yancheng City was performed to examine the
development of land use functions and the spatial characteristics
of land use patterns. This study has included the calculation
of the dynamic change value of land use based on land use
classification data, the calculation of the corresponding landscape
difference value, and the application of pattern analysis to reflect
regional landscape characteristics. In addition, this study has
a novel approach while utilizing the moving window method
to analyse the landscape fragmentation and spatial distribution
characteristics of the Yancheng coastal city at the county scale.
Yancheng Tidal flat Wetland, located on the west coast of the
Pacific Ocean, is the largest tidal flat wetland in China. It
is home to a large number of living species, which ensures
the migration of millions of waterfowl and endangered species
such as red-crowned cranes throughout the winter. Blind land
use development will not only increase the risk of landscape
fragmentation but also destroy ecological balance and affect
regional economic development.

2. Study area

Coastal areas in China are mainly located in East China,
starting from the Yalu River to the Belun Estuary in the north
(18.2-40.5°N) (Wang et al, 2020). Yancheng City is located at
32934 to 34°28'N, 119°27 to 120°54 E. It is next to the Yellow
Sea in the east and is located in the middle-east of Jiangsu
Province. The local terrain is high in the northwest and southeast,
but low in the center and northeast. Yancheng City administers
Dongtai City, Yandu District, Tinghu District, Dafeng District,
Jianhu County, Sheyang County, Funing County, Binhai County
and Xiangshui County. As of November 2020, the registered
population of Yancheng City was 8.14 million. Yancheng City is
situated in the transition area between the northern subtropical
climate and the warm temperate climate. The climate can be
divided by the Subei General Irrigation Canal, where the southern
regions have a subtropical climate and the northern regions have
a warm temperate climate. As a result, it exhibits transitional
characteristics. The total land area in Yancheng City is 15,800
km?, including 361 km? of the coastal beach area. The total
coastal length is 582km, which accounts for 56% of the total
coastal length of Jiangsu Province. As the only city in China
that does not have any mountains, the elevation of most regions
in Yancheng City is <5m and the maximum relative height is
<8m. Comprehensive analysis shows that the land use types of
Yancheng are relatively concentrated and not overly complex. The
region is dominated by cultivated land and tidal flat land. There
are certain differences in the spatial distributions of various land
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types. Changes in regional land use and landscape fragmentation
are within the scope. According to historical records, the Yellow
River has entered into the sea through Yancheng City for over
700 years and has caused a considerable accumulation of sediment
in coastal regions after its convergence with the Yangtze River.
This has resulted in a vast coastal plain (Figure 1). Yancheng City
is constructing “two vertical and two horizontal” main ecological
corridors: the north-south coastal wetland ecological conservation
corridor, the north-south Tongyu River water source protection
ecological corridor, the east-west north Jiangsu irrigation canal
landscape ecological corridor, and the east-west ecological corridor
of Yanggang-Dalong Lake, which is the ecological corridor
connecting sea and land. In addition, several branch corridors are
also under construction.

The Overall Plan of Land Use in Yancheng City (2006-2020)
describes the further reclamation of coastal tidal wetlands, the
guarantee of various land uses based on reasonable development
and the complete remote supplementation of Cropland throughout
the province. In 2009, the State Council Meeting approved the
Coastal Regional Development Plan in Jiangsu Province. This
promoted coastal regional development in Jiangsu Province
to become a national strategy while resulting in the official
implementation of the regional development plan. Thus, the
development of coastal tidal resources is anticipated to increase
further.
areas could become a key strategy in coastal development. The

Reasonable utilization of tidal flat resources in sea

results of this study indicated that Yancheng City accelerated
the development of Tidal flat areas from 2010 to 2020.
Large areas of Tidal Flat were transformed into Grassland
and Water with some becoming Cropland and Urban land.
To improve the ecological environment in coastal wetlands,
Yancheng City has input a lot of capital into the reconstruction
land
providing strict protection of important ecological functional

of various landscapes, strengthening administration,
protection zones, and promoting sustainable utilization of

land resources.

3. Methodology

The fundamental geographic data for this study were derived
from the zoning plan, land use map and statistical yearbook
of Yancheng City. TM images were mainly based on Landsat
satellite data (USA). TM is an acronym for Thematic mapper,
meaning “Thematic plotter.” It is a type of imager that is
carried by the American LANDSAT satellite and has a high
spatial resolution, spectral resolution, extremely rich information
and positioning accuracy. Four Landsat TM/ETM+ images in
1990, 2000, 2010, and 2020 were chosen with a time span of
10 years. With absolute calibration on the star, the enhanced
thematic mapper known as ETM+ (Enhanced Thematic Mapper)
has improved the resolution and positioning quality of earth
observation, adjusted the accuracy, range and sensitivity of
radiation measurement, and reduced the high brightness saturation
effect caused by strong reflectors. To ensure the objectivity
of the data, a total 30 years study period was chosen for
comparative analysis.
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3.1. Land use analysis

Scientific analysis of land use changes can reveal the influence
of human activities on the natural environment (Bock et al,
2018). The land use dynamics may exhibit exponential growth
with changes in the population density of a region (Fei, 2015). To
study the rate of variation and land use pattern development, three
indices, i.e., the dynamic degree of land use (DD), spatial dynamic
degree of land use (SDD) and change status of land use (CS) were
chosen. The DD is an index that reflects land use changes and
is used to quantitatively analyse the variation rate of a land use
pattern in a study area. The SDD characterizes the degree of spatial
variation of a land use pattern and CS characterizes the variation
trend and state of a land use pattern. These three indices can be
expressed as follows:

Ub - U,
DD = ——— x 100% 1
U < o 6]
U; U,
sDD = —Zin T out 600 2)
U,T
Uin — U,
cS — in out (3)
Uin + Uout

where U, and Uy, are the areas of a land use pattern in the early and
late stages of the study period; T is the study period; Uy, is the sum
of areas transformed from other land use patterns into the chosen
land use pattern in the study period T; Uy, is the sum of the areas
transformed from a land use pattern into other land use types in the
study period T.

3.2. Markov transition matrix

A Markov transition matrix can be used to analyse land
transformation in and out within a corresponding time series
(Nouri et al., 2014). The transition matrix of land use patterns can
be used to quantitatively analyse mutual transformation among
different land use types and reveal the mutual transformation
proportions and rates. In the present study, land use/coverage
changes were mainly brought on by rapid urban economic
development. To reveal the variation in land use patterns within a
spatiotemporal range in the study area, a Markov transition matrix
was applied. The Markov transition matrix was used to analyse the
variation trend of land use and determine the landscape pattern
changes in Yancheng City. This transition matrix can be expressed
as follows:

St Si2 Sin
Sy Sop .- S

Si=| T @
Snl Sn2 Snn

where S represents the area; # is the number of land use patterns; i,
j(i,j=1,2,..., n) denotes the land use patterns before and after
the transition; and Sij is the area of the land use type i transformed
into the land use type j before the transition.

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1105897
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Jiang et al.

10.3389/fsufs.2023.1105897

116°0'0" %<

118°0'0" 4%

120°0'0"4< 122°0'0" 4

124°0'0" 4

2
A R
= o
o 2
9 o
Y 3¢}
@

3
2 N
R o
o 2
=3 ©
© @
@

a3
= 2l
R o
=] Huanghai o
o) <
°§ 3]

32°00" |
32°0'0"1k

30°0'0"1k
30°0'0"1k

117°0'0" %< 119°0'0" %% 121°0'0"

123°0'0" 4%

FIGURE 1
Location of the study area.

120°0'0" 43 121°0'0" %2

KT}
'_\'T
o
o
o
<
™

E

o

S

<

«©
ke
T
o
o
o
™
©

2

™

o

o

o

[l

«©

048 16 24 32
Miles

119°0'0" %< 120°0'0" %< 121°0'0" %<

3.3. Selection of landscape indices

Landscape pattern indices can be used to describe the spatial
distribution and arrangement of landscape patches. There are
mutual relations among the various landscape indices (Chi et al.,
2018). To reflect the variation characteristics and landscape
fragmentation trends in this study, a total of 11 landscape indices
at the class and land levels were selected. At the class level, the
number of patches (NP) of a particular patch type is a simple
measure of the extent of subdivision or fragmentation. Patch
density (PD) expresses patch number on a unit area basis, which
facilitates comparison between landscapes of different sizes. The
Largest patch index (LPI) quantifies the percentage of the total
landscape area comprised by the largest patch. Landscape Shape
Index (LSI) provides a standardized measure of total edge or edge
density that adjusts for the size of the landscape. Patch Cohesion
Index (COHESION) measures the physical connectedness of the
corresponding patch type. The percolation threshold was chosen
as the patch cohesion was sensitive to the aggregation of the
focal class. At the land level, edge density (ED) has the same
utility and limitations as Total Edge, except that edge density
reports edge length on a per unit area basis that facilitates
comparison among landscapes of varying sizes. Contagion Index
(CONTAG) is inversely related to edge density. When edge
density is very low, for example, when a single class occupies a
very large percentage of the landscape, then contagion will be
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high and vice versa. Aggregation Index (AI) is calculated from
an adjacency matrix at the class level. At the landscape level,
the index is computed simply as an area-weighted mean class
aggregation index, where each class is weighted by its proportional
area in the landscape. Interspersion and Juxtaposition Index
(ITT) is based on patch adjacencies rather than cell adjacencies
like the contagion index. Shannon Diversity Index (SHDI) is a
popular measure of diversity in community ecology, which has
been applied here to landscapes. Shannon’s index is somewhat
more sensitive to rare patch types than Simpson’s diversity
index. Simpson’s Evenness Index (SHEI) is expressed in a way
that an even distribution of area among patch types results in
maximum evenness.

The landscape indices for Yancheng City in 1990, 2000, 2010,
and 2020 were calculated using Fragstats 4.2 and were used
to examine spatial changes in land use intensity in Yancheng.
Quantitative description and monitoring of dynamic changes in
landscape structural characteristics as a function of time and degree
of landscape fragmentation were carried out.

3.4. Moving window method
Different landscapes have different pattern characteristics and

their responses to scale changes are also different. For the moving
window approach, raster data were utilized and a window of target
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size was moved over the study area in an orderly manner. The value
of the landscape index was calculated within each window and its © 6
value was assigned to the center grid of that window. This approach :?’ b é é E §
resulted in a new raster data graph that could be implemented in © E
Arc GIS to visualize the spatial distribution of the landscape index “7';
at the regional scale. This approach enabled a clear presentation E O
of the landscape pattern information and better connected the § g § § g E
landscape ecological processes of the natural and social landscapes g G R B
in the study area to the economic conditions. Measurement of
the environment in adjacent regions was performed using the =
moving window method through grid comparison (Meng et al, 82 &5 88 R
2020). Specifically, the Fragstats 4.2 moving window method was < § SRR R
used to analyse land use data at each of the four stages. Given -
the scale of the study area, the radii of moving windows were -
compared. Data analysis was carried out using 500, 1,000, 1,500, § § ala gl
2,000, 2,500, 3,000, and 4,000 m windows. Based on this analysis, 8 = bl E S
a radius of 2,000 m was selected for examination of the landscape =0
pattern spatial distribution in the study area. This radius not
only maintained the scale characteristics but also enabled the m,g ol wl ol w
examination of changes in the spatial pattern of counties and :’E) g PRI N I
districts in the study area. =
=3 .
4. Results 8 1883
4.1. Spatiotemporal change analysis of =0
landscapes in Yancheng City g 8-5 1.
[%)] - < o) (=)} 0
4.1.1. Land use changes and classification v <& e ¥
Land use areas and changes were studied and the relationship E 5 =
between the evolution of various landscape types and landscape T § %
fragmentation was analyzed. As shown in Figure 8. Land use £ Ko §§ Sl ol ol o
classification of Yancheng City in 1990, 2000, 2010, and 2020.and g & - S 8% F
Table 1, Cropland still occupied the largest area in all three % =0°
stages, which was consistent with the landform and functional g
characteristics of a plain city. It presented in Table I, areas 2 © 6
of Cropland, Water, Urban land, and Tidal flat increased E = :?)-"é § § i E
continuously from 1990 to 2000 while areas of Grassland decreased § S| =
annually and the area of Woodland exhibited little change. 3 g
During 2000-2010, areas of Water and Urban land continued g § g s
to increase while areas of Cropland, Woodland, Grassland, and § P 212 2 8
Tidal flat decreased annually. From 2010 to 2020, areas of "E, §“5
Water and Woodland continuously increased while areas of g
Cropland, Grassland, Urban land, and Tidal flat decreased annually. ; c
Throughout the period, Cropland made up roughly 75% of s 9_'3'% lf\; E € <
the total land area followed by Urban land, Water, Tidal flat, g T <§ D
Grassland, and Woodland. The proportion of Water increased El ©
significantly from 2.26 to 9.35%, indicating that the national % g_ @
policy of returning farmland to lakes has been effective. The 8 o §§ g2 3 8
proportion of Grassland decreased from 6.46 to 2.86% and the E 8% Sl I R
proportion of Tidal flat decreased from 4.05 to 2.29%. The bt =
variation in the proportions of other land use patterns was %
relatively constant. = o
£ I
4.1.2. Land ues analysis . °
As shown in Figure 2, the absolute DD values of Woodland, 'g Es 8 2 8
Grassland, Water, and Tidal flat in the study area were relatively & I D A I
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FIGURE 2
The dynamic analysis of land use types during three periods from
1990 to 2020 in the city of Yancheng.
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high, reflecting substantial variation in land use patterns. Other
land use patterns such as Cropland and Urban land were relatively
stable. Areas of Woodland, Grassland, and Tidal flat decreased
at each stage. The negative growth in Woodland reached a
maximum (4.74%) from 2010 to 2020. The area of the Tidal flat
decreased over time, indicating that large-scale transformation of
land use patterns occurred during the study period due to human
activities and the acceleration of the urbanization process. The
area of Water continued to increase across all periods and its DD
increased significantly from 2000 to 2010 while reaching 10.72%.
In other words, the area of Water increased from 2000 to 2010
and the growth rate accelerated. In terms of spatial variation,
the SDD values of Woodland and Grassland in Yancheng from
1990 to 2020 were relatively high, indicating a larger spatial
transfer area and frequent spatial transfer. The SDD values of
Cropland, Water, Urban land, and Tidal flat were relatively low,
indicating a small spatial transfer frequency among these land use
types. The SDD values of the six land use patterns underwent
a more pronounced change between 2000 to 2010 than those
in the other stages. From 2010 to 2020, the SDD of Grassland
reached a maximum (10.4%), indicating that Grassland frequently
transferred to other land use patterns during this time. Therefore,
the spatial variation frequency was highest. The CS values in the
three stages were also comprehensively analyzed. The CS values
of Urban land and Tidal flat first decreased and then increased,
reaching a peak from 2010 to 2020. However, the CS of Water
and Cropland did not significantly change. This indicated that
there was a gradual increase in the artificial transformation of land
use patterns.

4.1.3. Analysis of land use transfer

A transfer table of land use patterns in the study area from
1990 to 2020 was obtained using Arc GIS10.2 (Table 2). The land
use maps of Yancheng City from 1990 to 2020 were overlapped
spatially and the transfer matrix of land use patterns was calculated.
The transformation directions of numerous land use patterns were
compared. Over the past 30 years. There are great differences
in the transfer and change of different types in Yancheng City.
Among them, the area of Cropland decreased by nearly 400 km?
and a relatively large area transferred to Urban land. Moreover,
the total area of Woodland decreased and the area of Water
expanded the most. The proportion of Urban land that was
transferred was relatively high. The area of Tidal flats was further
reduced. A combination of various factors led to an increase
in the fragmentation of regional landscapes. A large number of
buildings were originally built along the Tidal flats. With the
extensive development of Tidal flats and the transfer to Water
and Grasslands, the Urban land area decreased by 300 km? from
2010 to 2020. Rapid urbanization has not significantly increased
the area of Urban land, which was mainly due to the violent
internal transformation. From 2003, the area of Urban land first
increased and then decreased while Cropland and Woodland’s
areas were lost, resulting in sharp changes to Cropland and
Grassland areas.
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TABLE 2 The transition of landscape types from 1990 to 2020 in the city of Yancheng (km?).

10.3389/fsufs.2023.1105897

Landscape Landscape types in 2020
types in 1990 :

Cropland Woodland Grassland Water Urban land Tidal flat Total
Cropland 11,239.66 0.74 10.49 144.87 680.56 5.90 12,082.21
Woodland 33.38 24.59 0.65 0.36 132 0.00 60.30
Grassland 288.62 0.24 290.89 407.88 28.60 4.14 1,020.37
Water 30.80 0.01 3.19 306.45 14.41 2.93 357.79
Urban land 91.53 0.44 1.35 481.55 1,059.41 476 1,639.04
Tidal flat 1.83 0.00 14591 136.22 12.57 344.03 640.33
Total 11,685.81 26.02 452.48 1,477.33 1,796.87 361.76 15,800.28

4.2. Landscape fragmentation analysis in
Yancheng City

4.2.1. Landscape fragmentation analysis at the
class level

Landscape fragmentation refers to the process of landscape
from simple to complex due to the interference of natural or human
factors, that is, the landscape from a single, homogeneous and
continuous whole to a complex, heterogeneous and discontinuous
patch Mosaic. To some extent, the NP reflects landscape
heterogeneity and 1is positively correlated with landscape
fragmentation. As shown in Figure 3, the NP of Urban land
was the highest among all study stages. Compared to other land
use patterns, Urban land had the highest degree of fragmentation
followed by Water. However, the NP of other land use types
exhibited little change. Cropland occupied the largest area, but its
NP was not the highest, indicating that the patch size was relatively
large. Moreover, there were abundant dominant patches, which
was consistent with the actual situation in the study area. From
1990 to 2020, the NP and PD of Cropland gradually increased,
indicating a steady increase in Cropland’s landscape fragmentation.
The continuous reduction in LPI and continuous increase in
LSI indicated that the degree of dominance of Cropland was
significantly impacted by human activities. The NP, PD and LSI
of Woodland increased from 1990 to 2010 but decreased from
2010 to 2020. In other words, the landscape fragmentation of
Woodland exhibited an inverted V-shaped trend. The LPI of
Cropland exhibited little change, indicating that its landscape
dominance remained fairly constant. Over the 30-year study
period, the NP and PD values of Water increased continuously.
The PD reached a peak value in 2010 while LPI kept on increasing.
The LSI decreased gradually and reached a low value in 2010. This
indicated that the connection structure of the water landscape
was better and its landscape dominance gradually increased.
The characteristics revealed irregular changes in direction. The
NP value of Grassland increased continuously while the LPI
value decreased continuously. Although other landscape indices
exhibited only slight changes, landscape fragmentation appeared to
intensify. From 1990 to 2020, the NP and LPI values of Urban land
exhibited inverted V-shaped variation trends and LSI exhibited a
V-shaped variation trend. In contrast, only COHESION exhibited
slight changes. In summary, the rapid urbanization process during
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the early study period had an influence on Urban land in Yancheng
City while urban construction planning was rational during the late
study period. It resulted in a different development mode to the
initial urbanization stage. Moreover, the connectivity and bonding
degree of Urban land was significantly increased due to the rapid
economic development. From 1990 to 2020, the landscape indices
of the Tidal flat did not fluctuate significantly.

4.2.2. Landscape fragmentation analysis at the
landscape level

The landscape indices at the landscape level in Yancheng City
are listed in Table 3. The results revealed that ED increased while
CONTAG and AI decreased from 1990 to 2020. This indicated
that the landscape marginal shape index in the study area was
complicated. Moreover, the degree of discrete landscape types
increased followed by a reduction in clustering in the regional
space range. The SHDI and SHEI increased except for a slight
decrease from 2010 to 2020. It indicated that the proportions
of different landscape patch types in the study area gradually
decreased. Moreover, a homogenous spatial distribution pattern
was observed. The significant change in the diversity and richness
of the landscape types was attributed to the reduction in Urban
land and Woodland as well as the growth in Cropland and Water.
There were relatively small differences in the proportions of various
landscape types, which increased the complexity of the landscape
pattern in Yancheng City over the 30-year study period. Due to its
unique characteristics, the Tidal flat exhibited increased landscape
heterogeneity across the spatial range. Based on the above analysis,
it can be concluded that the landscape patterns in Yancheng City
were greatly impacted by human activities from 1990 to 2020, and
the degree of interference gradually increased.

4.2.3. Landscape fragmentation and
spatiotemporal distribution characteristic analysis
at the county and district levels

As shown in Figure 4, the LPI values of Cropland, Grassland,
Water, Urban land and Tidal flat in Yancheng City changed
dramatically from 1990 to 2020 while the LPI of Woodland
only changed slightly. High LPI values of Cropland were mainly
concentrated in the southern regions of Funing County, western
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FIGURE 3
Landscape index of class types from 1990 to 2020 in the city of Yancheng.

regions of Jianhu County, western regions of Yandu District and  values of Woodland exhibited no changes whereas the high-value
central areas of Tinghu District. This indicates that Cropland  areas were scattered around. There was a reduction in low-value
is still the main landscape of urban development. The LPI  areas in Tinghu District, indicating minor human disturbances
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TABLE 3 Landscape index of land types from 1990 to 2020 in the city of Yancheng.

10.3389/fsufs.2023.1105897

Year/name ED CONTAG Al SHDI SHEI
1990 13.6968 73.2077 97.9329 0.8541 0.4767
2000 14.1011 73.1952 97.8723 0.8511 0475
2010 14.8698 71.4238 97.7576 0.908 0.5067
2020 15.6305 71.7763 97.6429 0.8906 04971
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FIGURE 4
LPI spatial distribution of various ground feature types in Yancheng City from 1990 to 2020.
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to Woodland. In other words, Woodland was very stable and
did not exhibit obvious changes during the study period. High-
value areas of Grassland were mainly concentrated in the central
area of Binhai County and the northern area of Funing County.
The Subei General Irrigation Canal and the Huai River entrance
are situated in these areas. The low-value areas of Grassland in
Sheyang County, Tinghu District, Dafeng District and Dongtai City
decreased annually. This implied that the proportion of Grassland
in the landscape area decreased annually. The high-value areas of
Water increased annually, whereas the low-value areas decreased
accordingly. Therefore, the integrity of Grassland in the study area
decreased and the fluctuation intensified. Low-value areas of Urban
land in the western regions of Tinghu District and east regions of
Yandu District increased dramatically indicating that Urban land
did not exhibit clustering growth and the urbanization process was
slow. LPI changes in the Tidal flat were mainly manifested by the
transformation of low-value regions into other land use types in
the eastern regions of the Dafeng District. In other words, the
artificial development of Tidal flat areas became more frequent with
significant artificial interference.

As shown in Figure 5, high IJI value regions of Cropland in the
study area fluctuated in the four stages while high-value regions
in the west of Xiangshui County and the central area of Funing
County decreased significantly. The reduction in the Cropland
area was due to the transformation into other land use types. The
adjacent degree was reduced to 0. The IJI values of Woodland and
Water remained intact, indicating that the landscape composition
surrounding these land use types remained unchanged. The
middle- and high-value regions of Grassland transformed into low-
value regions and even disappeared, indicating that the distribution
of Grassland transformation areas was relatively scattered and the
adjacent degree was decreased. For Urban land, the mid-value
regions in western Funing County, Jianhu County, and Yandu
District were transformed into low-value regions, indicating that
the Urban land of this region underwent landscape transformation
and resulted in decreased IJI values. Variation in Tidal flat was
mainly observed in the coastal regions. The middle- and high-
value regions decreased gradually. This reflects the acceleration of
artificial land development and utilization, which is closely related
to the national policy for coastal development in 2006.

As shown in Figure 6, the overall CONTAG value did not
change from 1990 to 2020. However, low-value regions in the
center of Tinghu District, the center of Dafeng District and western
Dongtai City were transformed into the middle- and high-value
regions. This indicated that the landscape connectivity of these
regions was strengthened and the landscape was stable. The middle-
and high-value regions in coastal cities were transformed into
low-value regions and exhibited regular stripped distributions,
indicating that these regions were influenced significantly by
human activities. The process of urban development should aim
to reduce the degree of spreading so as to ensure the continued
existence of certain landscapes such as urban ecological corridors.
This could help to relieve the urban heat island effect and protect
the biodiversity of the region while providing a better living
environment for residents. The LSI values gradually decreased,
indicating that landscape shapes in Yancheng City were developed
in a regular direction and the urban development was reasonable.

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1105897

Western Xiangshui County, central and western Binhai County,
and Funing County were transformed into low-value regions,
indicating that the LSI values decreased more significantly under
rapid urban development. The SHDI variation in Yancheng City
was mainly manifested as the transformation of low-value regions
in central and western Binhai County and Funing County into
mid-value regions and the transformation of high-value coastal
regions into low-value regions. Specifically, large-scale Cropland
was transformed into Urban land. The influence of human activities
on landscape changes was found to be significant, especially in the
urban clustering zone.

4.2.4. Landscape fragmentation analysis based on
different land use patterns

Differences in landscape indices can reflect the quantity of
variation and the trends in different land use patterns. Positive
and negative values indicate growth and reduction in the index,
respectively. Several land use types in Yancheng City were chosen
as the sample points. The difference in the landscape indices in
1990 and 2020 was calculated. As shown in Figure 7, there were
significant changes in the landscape indices of the various land
use patterns in Yancheng City over the 30-year study period.
These could be divided into three main types: (1) overall positive
differences: primarily including differences in LSI. The Water
exhibited the highest difference in LSI followed by Cropland. This
indicated that the NP in Yancheng City continuously increased
over the study period and land fragmentation intensified. (2)
Overall negative differences: primarily including differences in LP1.
This landscape index differed significantly among the various land
use patterns. Specifically, Water showed the highest difference in
LPI while Woodland exhibited the smallest difference. This could
be attributed to the rich water systems in coastal cities which
led to continuous segmentation of land use patterns. (3) Stable
differences: mainly relating to differences in NP and PD. Aside from
the great negative difference in Urban land, the remaining land use
patterns exhibited slight changes.

5. Discussion

5.1. Analysis of the causes of dynamic land
use change

Land use change is closely related to the external environment
2020). The results of this
study indicated that the natural landscape area within the

and human activities (Ju et al,

study area gradually decreased and the artificial landscape
area increased continuously. Much of the Cropland areas were
transformed into Urban land. Therefore, cropland protection
has become a pressing issue (Liu et al, 2015). Over the 30-
year study period, the proportions of Cropland, Woodland,
and Grassland decreased to different extents and changed to
Urban land. The influence of cities on Cropland in urban
suburbs gradually increased. This resulted in the widespread
2015). The wurban
construction activities in Yancheng City were relatively active.

transformation of Cropland (Lee et al,
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FIGURE 5
131 spatial distribution of various ground feature types in Yancheng City from 1990 to 2020.
The transformation and utilization of Tidal flat land changed Dense human activities could lead to land use changes in

significantly. Due to its unique soil properties, Tidal flat land  coastal regions, thus influencing the local landscape pattern (Tang
did not initially change during the study period. However, et al, 2020). Artificial interference is a major cause of landscape
the development and utilization of Tidal flat land have been  pattern changes in Yancheng City. Specifically, growth in the
increasing since 2000, which reflects the increase in artificial — gross domestic product (GDP) and per capita income were the
intervention activities. major causes of Croplands transformation. This indirectly indicates
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that the function of Cropland and its human utilization value
has changed. Following the promotion of social and economic
development, land use changes have gradually started to return to
rationality since 2015 (Liu et al., 2019; Jiao et al., 2020). According
to the data from the Statistical Bureau of Yancheng City (Table 4),
the GDP in the study area increased from 2.637 to 595.338 billion
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yuan over the 30-year study period. Outputs of all industries in
the study area increased at a stable rate. Specifically, the tertiary
industry began to exceed the second industry in 2010, which broke
the long-term industrial structure dominated by the secondary
industry. In the study period, land use patterns changed mutually
and frequently. Economic development influenced the growth rates
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FIGURE 7
Landscape fragmentation difference of land use types in Yancheng City from 1990 to 2020.

of industries. On the other hand, it drove the allocation and
adjustment of land resources. Hence, the population and economy
are the major driving forces in landscape pattern changes in the
study area (Zhao et al., 2021).

5.2. Analysis and understanding of
landscape fragmentation

Landscape pattern indices can be used to quantitatively assess
land use changes in cities (Cadenasso et al., 2007). Cropland was
generally the dominant land use pattern in coastal cities of the
study area. Cropland not only occupied a large area and had a high
degree of dominance, but it also exhibited good connectivity. The
results demonstrated that all six land use patterns in Yancheng City
have changed since the zoning adjustment in 2000. Considering
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the perspective of temporal and spatial changes in landscape
fragmentation, the fragmentation degree was higher from 2000
to 2010 than from 2010 to 2020. The removal of counties and
districts resulted in a rapid increase in the fragmentation of regional
landscapes from 2000 to 2010. It increased the complexity of land
use and spatial patterns. Over the past 20 years, infrastructure
construction and Urban land expansion have disrupted the
original large-scale spatial distribution of Woodland and Cropland,
resulting in increased fragmentation of the landscape in the region.

The degree of landscape fragmentation in coastal cities
decreased over the past 30 years. However, there were differences
at the county and district levels. Due to the urban development
of Cropland, Woodland, and Tidal flat, the NP and PD values
in the region decreased. The rising maximum patch index
indicated that landscape fragmentation decreased during the study
period. The landscape indices of Yancheng City exhibited obvious
regional differences. Landscape fragmentation was closely related
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TABLE 4 Some socio-economic indicators 1990 to 2020 in the city of Yancheng.

Index/year 1990 2000 2010 2020
Year end population (10,000 persons) 774.22 795.57 816.12 814.49
Regional GDP (100 million yuan) 26.37 548.59 2,315.71 5,953.38
Primary industry 7.64 165.14 374.21 661.2

The secondary industry 12 211.94 1,054.85 2,379.38
Tertiary industry 6.73 171.51 886.65 2,912.79

to regional development. Comparative analysis showed that patch
fragmentation was mainly concentrated in coastal wetlands while
the landscape index in the west and northeast of Yancheng City was
relatively stable.

Rapid urbanization further intensifies large-scale development
activities in coastal cities. It not only increases the regional economy
but also results in a series of ecological problems. Therefore, the
study of land use and landscape fragmentation in coastal cities is
critical. In this study, dynamic changes in land use and landscape
fragmentation were examined in coastal cities that have undergone
intense economic development. Moreover, the relevant influencing
factors were quantitatively analyzed. The results indicated that
due to social and economic development, the degree of landscape
fragmentation in Yancheng City increased significantly. Due to
differences in locational factors between coastal and inland cities,
the degree of landscape fragmentation differed in different counties
and regions of the study area.

Compared to an overall macroscopic analysis, this study
carried out a multi-scale analysis of the spatiotemporal features of
landscape fragmentation by combining land use changes, dynamic
degree changes and relevant landscape indices. However, the
correlation between landscape indices and scale is still unclear.
Below vital questions need to be further addressed. Are landscape
pattern indices related to landscape scales? How does landscape
heterogeneity change with scale? These problems must be urgently
addressed in order to more comprehensively understand landscape
indices, especially when analyzing these indices using the moving
window method. The optimum way to develop cities and protect
Cropland is also a problem that remains to be solved. Further
deep analysis and follow-up studies are required to address
these questions.

6. Conclusion

Geometric correction refers to the process of remote sensing
imaging. Under the comprehensive influence of various factors,
the geometric position, shape, size, dimension, orientation, and
other features of ground objects on the original image are often
inconsistent with those of the corresponding ground objects.
Radiation correction refers to the correction of systematic
and random radiation distortion (or distortion caused by
external factors), data acquisition and transmission system, and
eliminating/correcting image distortion caused by radiation
error. In this study, geometric and radiation corrections were
first conducted on the TM data. Using the administrative map
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of Yancheng City, administrative regions of Yancheng City
were sheared. Landscapes in Yancheng City were divided into
six types (Cropland, Woodland, Grassland, Water, Urban land,
and Tidal flat) using the monitoring classification method
in ENVI software. Four land use vector graphs (one for
each period) were obtained and vector data documents were
produced. A geographical database was established and Arc
GIS10.2 was used for the management of the spatial data
and function analysis. This enabled macroscopic analysis
of the landscape pattern in Yancheng City. The landscape
changes in Yancheng City in 1990, 2000, 2010, and 2020 were
analyzed. Statistical analysis of the transformation of different
land use patterns was carried out using GIS10.2 software
(Figure 8).

Urban land use change and landscape fragmentation features
in coastal regions were analyzed and measured in this study. The
results can provide theoretical references for optimal land use
structure and ecological environmental governance. In view of
the series of problems caused by human activities, rational use
of land resources, orderly urban construction and reclamation of
tidal flats can protect the ecological environment to the maximum
extent. Due to its good natural conditions and high economic
development level, Yancheng City is an ideal representative city
for studying land use changes. As a result of the process of
urbanization and rapid economic development, the demands for
Urban land in Yangcheng City continue to increase. This indirectly
suggests that landscape fragmentation in Yancheng City is mainly
related to urban construction activities. With respect to the patch
pattern changes, the landscape dominance of Cropland exhibited
an obvious reduction. Since multiple factors further increase the
complex boundary and shape of Cropland, landscape connectivity
was significantly impacted within the study period. Water and Tidal
flat land areas were the landscape corridors and influenced the
landscape heterogeneity of Yancheng City.

Dynamic changes in land use reflected vulnerability and
fluctuation of the ecological environment in Yancheng City.
This also leads to unstable changes to landscape structures in
the regional range. Establishing a corresponding information
database based on the use of GIS technology could allow
accurate quantification of landscape spatial pattern indices. The
establishment of a transfer matrix of land use patterns in this
study enabled the examination of mutual transformation of the
landscape matrix, patches, and corridors. Quantitative analysis
and comparison of the corresponding parameters can further
contribute to ecological environmental theories in the Yancheng
Region. Moreover, such results have important significance for
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FIGURE 8
Land use classification of Yancheng City in 1990, 2000, 2010, and 2020.

monitoring level-1 deterioration of land use/coverage. The use
of multiple information technologies and software computation
methods allows for the exploration of the evolutionary law of
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regional landscape fragmentation from the temporal dimension.

In this study, the distribution of various landscape types and

their transformation laws in different stages were explored from
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the spatial dimension. The landscape fragmentation in Yancheng
City was closely related to the location of coastal cities, urban
landforms and urban development. With the development of
the social economy, the intervention and regulation of human
activities on the stability of the ecosystem are more and more
intense. Natural factors and human factors often act together, and
human factors can lead to the strengthening or weakening of
natural factors. Therefore, artificial activities were the major driving
force in landscape pattern changes in these cities. Additionally,
the development and utilization of Tidal flat areas significantly
contributed to the transformation of landscape types while bringing
positive influence on the climate and ecological environment in
the region.
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