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Abstract

Against the dual backdrop of rapid urban development and the drive to build an ecological
civilization, coordinating industrial growth with ecological protection is crucial for the
sustainable development of industrial cities. Using Haining—a typical industrial city—as a
case study, this paper analyzes land-use and landscape-pattern evolution with five phases
of land-use/land-cover data (1980, 1990, 2000, 2010, and 2020) and constructs an ecological
security evaluation system. The results indicate that (1) under policy influences, multiple
land types in Haining tended to convert into urban–rural residential construction land;
(2) over the past forty years, the landscape pattern became more optimized, and ecological
security improved, with increased diversity alongside reductions in fragmentation and
contagion; and (3) the overall ecological security level rose significantly during the same
period. Sustained macro-level policy regulation is needed to maintain long-term ecological
security in industrial cities. The study shows that Haining’s ecological security is closely
linked to landscape patterns, land-use change, and human disturbance. By tailoring
development strategies for different stages, ecological security and sustainable development
can be effectively supported, offering guidance for Haining and industrial cities worldwide.

Keywords: industrial city; land use; ecological security evaluation; landscape pattern
evolution

1. Introduction
In recent years, the processes of international industrialization and urbanization

have accelerated, and resource-intensive regions have rapidly expanded, giving rise to
a growing number of “industrial cities” dominated by resource exploitation and heavy
industries worldwide. However, while these industrial cities continue to release economic
and social vitality, they simultaneously exert negative impacts on the urban ecological
environment [1]. In particular, the “extensive and outward-expansion” land use model in
the construction of industrial cities has encroached upon agricultural land and ecological
land, seriously hindering the sustainable development of industrial cities, and making
ecological security issues increasingly severe. Against this background, China proposed
the “National Sustainable Development Plan for Resource-Based Cities (2013–2020)”, and
the United Nations launched the Sustainable Development Goals (SDGs), both aiming to
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emphasize urban ecological security, industrial green transformation, and circular economy
construction. Therefore, under the conditions of increasing ecological pressure and land
use imbalance, it is urgent for China and the international community to guide industrial
cities toward green, circular, and sustainable development through planning in order to
ensure their ecological security.

Industrial cities refer to cities dominated by industry as the leading sector, where indus-
try occupies a dominant position in the urban economic structure. The ecological security
problems of industrial cities are characterized by complexity, systematicity, and long-term
persistence, which not only affect the health and quality of life of urban residents but also
restrict the spatial extent of sustainable urban development [2]. Although the research on
industrial cities has gradually increased, several deficiencies remain: in terms of research
content, existing studies mainly focus on ecological restoration strategies, and substantial
progress has been made in areas such as industrial city air pollution [3], water ecological
management [4], soil remediation [5], and vegetation restoration technologies [6]. However,
systematic studies on ecological security and landscape pattern evolution of industrial cities
under the background of territorial spatial planning are relatively insufficient. In terms
of research perspective, most studies have focused on regions with abundant resource
endowments and large-scale cities [7,8], while insufficient attention has been paid to the
ecological security dilemmas of resource-depleted industrial cities, particularly medium-
and small-sized industrial cities characterized by regional industrial transformation and
land restructuring. These cities often face more difficult situations in terms of weakened
ecological functions and accumulated environmental risks. Therefore, it is necessary to
strengthen the systematic analysis of the dynamic evolution of landscape ecological security
patterns in small- and medium-sized industrial cities, so as to provide stronger theoretical
support and practical guidance for their ecological protection and restoration efforts.

Land use change in industrial cities refers to the process whereby, in the course of
industrialization and driven by industrial activities and related socio-economic factors,
different types of urban land undergo adjustments and transformations in their spatial
distribution and functional attributes [9]. In resource-based cities (RBCs), where resource
exploitation is the primary development path, land use change is more intense, with more
pronounced structural adjustment and spatial restructuring [10]. Land use change is the
direct driving force of urban landscape pattern change [11] and has profound impacts on
the ecological security of industrial cities. Most existing studies emphasize the relationship
between land use change and the evolution of ecological risk, showing that urban expansion
significantly increases the proportion of high-risk ecological security areas [12,13]. Tian Yu
et al. combined landscape pattern indices with the human disturbance index (Hemeroby)
and, using quantitative methods, depicted the response relationship between human distur-
bance and landscape pattern evolution during the development of resource-based cities [14].
Li Yanan et al., based on the ArcGIS (ArcMap 10.8) platform and the InVEST habitat quality
model, assessed the impact of land use change on habitat ecological quality, revealed the
effects of different land use transformations on the ecological habitat pattern of Yanshan
County, Jiangxi Province, and, by analyzing the degree of habitat degradation within urban
areas, provided new perspectives and methods for ecosystem management and targeted
policy-making in mining cities [15]. However, such studies rarely conduct systematic
evaluations of the complete chain of interactions among land use, landscape pattern, and
ecological security evaluation. Regarding research objects, existing achievements mostly
focus on evaluating the security level of single ecological elements in resource-based cities,
such as forestry resources [16], wetland resources [17], and mining resources [18]. This
perspective is relatively limited and insufficient to capture the complexity and diversity of
ecological security issues in industrial cities, where multiple pollution sources, land use
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conflicts, and intertwined ecological problems coexist [19]. Moreover, many studies suffer
from limited time-series spans and lack the comprehensive application of multi-period
time-series data, spatial statistical methods, and systematic evaluation frameworks, making
it difficult to reveal in depth the internal connections among long-term dynamic landscape
pattern evolution, land use, and ecological security level; as a result, their conclusions
remain limited in systematicness and foresight [20–22]. This study draws on forty years
of longitudinal data to establish an integrated evaluation framework linking land use,
landscape pattern, and ecological security. It uncovers how multiple ecological issues inter-
sect in small- and medium-sized industrial cities, addressing gaps in prior research and
providing new perspectives and empirical evidence on the evolution of ecological security.

The ecological security level of industrial cities is closely related to their urbanization
level and industrial development process [23]. Industrial cities in foreign countries mostly
experienced a peak of industrial transformation during the 1970s and 1980s, and through
“deindustrialization” strategies and innovative industrial models, gradually realized the
transition from resource-dependent cities to knowledge- and ecology-driven cities, while
implementing large-scale urban ecological restoration projects [24]. For example, Ger-
many’s Ruhr region has constructed a continuous blue-green corridor network through
watershed restoration and brownfield regeneration in the Emscher Landscape Park, sig-
nificantly improving ecological corridor connectivity and landscape cohesion. Similarly,
Madrid, Spain, implemented the “renaturalization” of the Manzanares River, restoring
riparian ecological processes and linear green corridors, thereby enhancing ecological
connectivity and accessibility in adjacent terrestrial areas. In contrast, the development
and transformation of industrial cities in China started relatively late. For decades, they
have long relied on resource exploitation and light and heavy industries, characterized by
a single industrial structure and great ecological environmental pressure. At present, most
industrial cities in China are still in the exploratory stage of transformation [25]. Due to
differences in national conditions and development stages, land use patterns, ecological
security assessment, and industrial renewal modes in Chinese industrial cities significantly
differ from and lag behind those of Western industrial cities. Therefore, selecting domestic
industrial cities as research objects has stronger pertinence and application value [26]. More-
over, with China’s continuous exploration in the industrial transformation of industrial
cities, land use optimization, and landscape ecological security management, its expe-
riences can also provide useful references for global industrial cities still in the stage of
resource dependence and transitional difficulties.

Haining is a typical representative of small- and medium-sized industrial cities in
China. It has been ranked among the top 100 counties (cities) in China for many consecutive
years. Its dominant traditional industries include leather, warp knitting, and home textiles,
with a high degree of industrial agglomeration and a complete industrial foundation [27].
In its process of industrialization, landscape pattern evolution driven by land use change
and urban expansion has led to common problems faced by resource-based cities, such as
overexploitation of natural resources and ecological environmental degradation. How to
effectively realize “overall protection, systematic restoration, and comprehensive manage-
ment” of territorial space, achieve the transformation from industrial city to ecologically
livable city, and realize sustainable high-quality development has become a major problem
and challenge in the current development of industrial cities. At the same time, these
problems not only reflect the common characteristics and development trends of ecological
security in many industrial cities in China but also provide useful references and insights
for the ecological security governance and sustainable development of similar cities.

In summary, based on the land use type change data of Haining City in 1980, 1990,
2000, 2010, and 2020, this study combines the evolution of landscape patterns in industrial
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cities with the evaluation of ecological security levels by using research methods such
as the land use transfer matrix, landscape pattern indices, landscape ecological security
evaluation, and spatial autocorrelation analysis, with the aim of providing theoretical
support and practical guidance for landscape pattern optimization, ecological security
improvement, and sustainable development in industrial cities (Figure 1).

Figure 1. Schematic Diagram of the Research Methodology Process.

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

Haining City (30◦ N, 120◦ E) is located in the northeastern part of Zhejiang Province,
China, within the Yangtze River Delta, with a total area of 86,300 ha (Figure 2). Haining be-
longs to the northern subtropical maritime monsoon climate, characterized by four distinct
seasons, with relatively long winters and summers, and short springs and autumns. Except
for the hilly areas in the southeast and the elevated zones along the river, climatic differ-
ences within the plains are minimal. According to the Bulletin of the Third National Land
Survey of Haining City, the main land use types in Haining include farmland (18,433.19
ha), woodland (2580.77 ha), urban, rural, and industrial/mining land (23,766.68 ha), among
which urban land accounts for 5355.06 ha. Mining land covers 20.57 ha, accounting for
0.09%, while transportation land accounts for 4546.94 ha, and waters and water conservancy
facilities cover 20,798.45 ha (Figure 2).

As an industrial city located in a key position of the Yangtze River Delta urban agglom-
eration, Haining has a complete industrial chain and a significant park-oriented spatial
layout. Its highly developed regional transportation network and infrastructure have
promoted active market interactions, while the concentration of population and industrial
factors has driven the structural expansion of urban construction land. Consequently, the
ongoing reduction of farmland and blue-green spaces has intensified landscape fragmenta-
tion, disrupted ecological connectivity, accelerated ecological deterioration, and hindered
the momentum for sustainable urban development.
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Figure 2. Location Map of the Research Area in Haining City, Zhejiang Province.

2.2. Research Methods
2.2.1. Data Sources and Preprocessing

The land use data adopted in this study are derived from the China Land Cover
Dataset (CLCD), developed by Wuhan University, based on Landsat imagery, and gener-
ated using the random forest classification algorithm, with an overall classification accuracy
of about 80% [28]. To ensure the consistency of spatial data, bilinear interpolation and
nearest neighbor resampling were applied to all data, and all data were unified into the
WGS_1984_Albers projection coordinate system. Based on the China Land Classification
System and the actual land use changes in Haining in recent years, land use types were
classified into seven categories: farmland, woodland, grassland, waters, urban and rural
residential land, industrial/mining land, and unused land. Considering the spatial resolu-
tion of the images and the accuracy of information extraction, land such as factories, large
industrial parks, and quarries was uniformly classified as industrial/mining land.

2.2.2. Land Use Change Method

The land use transfer matrix refers to a matrix-form data table generated by overlay-
ing and counting land use change data in a study area during a specific period, which
expresses the conversion of different land types into one another during that period [29,30]
This study employs land use transfer analysis and transfer matrix methods to examine
the spatiotemporal patterns of land use change in Haining, quantitatively capturing the
dynamic conversions among different land categories through multi-period vector data
overlay analysis.

2.2.3. Landscape Pattern Indices

As a quantitative research method, landscape pattern indices can describe the spatial
structure and characteristics of the distribution, shape, size, and connectivity of different
land use and cover types within a study area [31]. These indices help reveal the composition
and configuration of landscape structures, thus providing an in-depth understanding of the
multiple impacts of landscape pattern changes on urban ecological security. To comprehen-
sively reflect the fragmentation and diversity characteristics of landscape patterns in the
study area, this study systematically analyzed the landscape pattern changes in Haining
at two scales: the patch-type level and the landscape level. Specifically, four patch-level
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indices (LPI, AREA_MN, FRAC_AM, and COHESION) and five landscape-level indices
(NP, CONTAG, LPI, FRAC_AM, and SHDI) were selected, and each index was calculated
using Fragstats 4.2 software.

At the patch level, the four indices are defined as follows: LPI refers to the proportion
of the largest single patch in the landscape, usually expressed as a percentage; AREA_MN
describes the average area of all landscape patches within a specific region; FRAC_AM mea-
sures the complexity of patch shapes; COHESION reflects the degree of spatial connectivity
among patches in the landscape.

At the landscape level, the five indices are defined as follows: NP measures the
number of all patches in the landscape; CONTAG reflects the degree of spatial aggregation
or dispersion of different patch types in the landscape; LPI and FRAC_AM have the same
meanings as at the patch level; SHDI is used to measure biological or landscape diversity
within a region.

2.2.4. Ecological Security Evaluation

1. Selection of Ecological Security Evaluation Indicators

When conducting an ecological security evaluation, it is necessary to reasonably se-
lect landscape ecological indicators that match the research content as the core points
of the research design. Existing studies generally adopt the PSR model, that is, the
“Pressure–State–Response” model, to construct urban ecological security evaluation sys-
tems [32–34]. At the same time, some researchers use the TOPSIS model and the
entropy–CRITIC combined weighting to evaluate water ecological security in the study
area [35]. However, the above ecological security evaluation models are mostly used at
the macro level for assessing urban ecological carrying capacity, and they are relatively
subjective. Existing researchers have adopted landscape disturbance and landscape vul-
nerability to construct urban landscape ecological security index models [36–38]. On the
basis of previous research, this study adds landscape dominance as an indicator. On the
one hand, landscape dominance can reveal the characteristics of dominance and imbalance
in the landscape pattern; on the other hand, incorporating it into the ecological security
level evaluation model can improve the completeness and refinement of the evaluation
results [39]. At the same time, this indicator helps to understand more deeply the internal
mechanisms of the evolution process of ecological security levels in industrial cities, and
then to formulate ecological restoration policies and strategies that are more suitable for
the study area.

In order to comprehensively evaluate the level of landscape ecological security, this
study selects three indicators to construct a calculation system for landscape disturbance,
namely landscape fragmentation, landscape separation, and landscape dominance, and
introduces landscape vulnerability Fi to carry out weight correction, and finally constructs a
landscape ecological security index model. Among them, landscape fragmentation is used
to represent the degree of fragmentation of natural and human landscapes in space after
being affected by many external factors, which is usually manifested as a complex spatial
pattern formed by the weakening of connectivity and the enhancement of isolation among
different landscape types (water bodies, grassland, forest, wetland, etc.) within a region [40];
landscape separation refers to an indicator of the degree of spatial distribution dispersion
of different landscape types within a given area [41]; landscape dominance is usually a
measure of the area and coverage degree of a specific patch type in the overall landscape
pattern, and to a certain extent represents its importance or dominant position in a certain
area. According to the weight settings in existing research, landscape fragmentation
occupies a core position among the indicators of landscape disturbance, with a weight of
0.5, while landscape separation and landscape dominance are 0.3 and 0.2, respectively, so
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as to reflect the degree of influence of the factors on landscape disturbance [42]. According
to existing research, landscape vulnerability reflects the degree of change in a certain area’s
landscape use types after being disturbed. Based on the actual situation of the study area
and existing research analysis, the vulnerability status of different landscape use types can
be divided into five levels: urban and rural residential construction land is the most stable,
assigned a value of 1; forest land and grassland are mostly distributed on slopes and are far
from places of frequent human activities, and their vulnerability is similar, assigned values
of 2 and 3, respectively; farmland, as a land type managed by human cultivation, is easy
to change and is assigned a value of 4; water bodies are mostly adjacent to construction
land and farmland and are more easily affected by human activities, assigned a value of 5;
unused land and industrial/mining land have more fragile ecosystems compared with the
above land types and are assigned a value of 6 [43].

2. Determination of Landscape Ecological Security Standards

In order to systematically and scientifically evaluate the landscape ecological security
level of Haining and ensure the comparability of time-series analysis within the study
area, this study refers to the existing ecological security evaluation practices of resource-
based cities [44], and adopts the natural breaks method to classify the landscape ecolog-
ical security index ESk into five levels (low security—relatively low security—medium
security—relatively high security—high security). The yearly classification interval is
taken as the baseline and uniformly applied to the classification intervals of other years.
According to the calculation results, the ESk values are divided into five security levels:
when ESk is between 0.070–0.252, it is defined as low security, in which the regions are
characterized by high landscape fragmentation, poor connectivity, and ecosystems prone
to external disturbance and instability; when ESk is between 0.252–0.434, it corresponds
to relatively low security, mostly reflecting areas strongly affected by human activities
with limited ecological recovery capacity; the medium security level corresponds to ESk

between 0.434–0.616, representing areas with relatively balanced ecological structures but
still under moderate anthropogenic pressure; the relatively high security level (0.616–0.798)
indicates higher landscape connectivity and stability, with certain ecological regulation
functions; the high security level (0.798–0.980) represents areas with high ecosystem in-
tegrity, minimal external disturbance, and well-maintained habitat quality. In other words,
the larger the landscape ecological security index value, the higher the ecological security
level of Haining.

2.2.5. Spatial Autocorrelation Analysis

Global spatial autocorrelation is an important concept in spatial statistics, used to
analyze the spatial distribution pattern of a variable across the entire geographic region,
and to help determine whether the ecological security level in geographic space exhibits
aggregation or randomness. In this study, Moran’s I is used for representation. Local
spatial autocorrelation, based on global autocorrelation, further examines the relationships
between each spatial unit and its neighboring areas in a “magnifying glass” manner, and is
used to reveal local spatial anomalies and spatial aggregation patterns. In this study, the
LISA index is used for representation. This study adopts a spatial autocorrelation analysis
method combining both global and local autocorrelation. The global autocorrelation index
reflects whether aggregation or outliers appear in space, while the local autocorrelation can
pinpoint clustering at specific locations.
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3. Results
3.1. Analysis of Land Use Change
3.1.1. Current Situation of Land Use

From 1980 to 2020, over a forty-year period, the land use pattern of Haining showed
significant temporal variation characteristics. Overall, farmland has always been the
dominant land use type in Haining, ranking first in area in all years, but its proportion has
shown a continuous downward trend, decreasing from 60.42% in 1980 to 49.30% in 2020.
The scale of urban and rural residential construction land has continuously expanded, with
its proportion steadily increasing from 16.57% to 28.43%, reflecting the acceleration of the
urbanization process. Although industrial and mining land accounts for a relatively small
proportion of the total area, its expansion has been substantial, nearly tripling from 1980 to
2020. This trend indirectly reflects that the process of urban industrialization in Haining
has amplified the fragmentation and morphological simplification of the surrounding
landscape pattern. In terms of spatial distribution pattern, urban and rural residential
construction land in Haining was initially concentrated in the northern urban areas and
later extended to the southern and eastern regions. Farmland was distributed throughout
the city and not limited to specific areas. Waters were mainly located in the southern part
of the study area, woodlands were mostly concentrated in the southwest, while industrial
and mining land was scattered, distributed in point-like forms in some eastern, western,
and southern areas (Table 1).

Table 1. Land Use Change in the Study Area from 1980 to 2020.

Land Use
Type

1980 1990 2000 2010 2020
Area/ha Percentage/% Area/ha Percentage/% Area/ha Percentage/% Area/ha Percentage/% Area/ha Percentage/%

Farmland 524.13 60.42 528.64 60.94 510.64 58.86 496.77 57.27 427.65 49.30
Woodland 11.18 1.29 12.80 1.48 12.48 1.44 13.22 1.52 12.46 1.44
Grassland 28.24 3.26 0.36 0.04 0.33 0.04 0.33 0.04 8.66 1.00

Waters 155.41 17.91 186.15 21.46 190.21 21.93 157.47 18.15 154.91 17.86
Urban and

Rural
Residential

Land

143.71 16.57 137.46 15.85 151.48 17.46 187.30 21.59 246.59 28.43

Industrial
and Mining

Land
4.82 0.56 2.02 0.23 2.34 0.27 12.40 1.43 17.22 1.99

unused
land 0 0 0.04 0.004 0 0 0 0 0 0

3.1.2. Land Use Structure Change

From 1980 to 2020, the land use pattern of Haining experienced significant adjustments,
with the mutual transformation among farmland, urban–rural construction land, grassland,
and water areas constituting the core pathway of land use evolution. Among these, the
conversion of farmland to urban and rural residential construction land was the largest in
scale and exhibited a continuous transfer trend. Meanwhile, 5.5 hectares of water bodies
were converted into urban–rural construction land, with parts of wetlands and aquatic
resources replaced by construction activities (Figure 3 and Table A1). These changes were
mainly concentrated in the northern and southeastern parts of Haining, reflecting the
spatial compression of agricultural and ecological spaces caused by urbanization and the
increasing demand for industrial land. This indicates that, under the context of rapid
industrialization, the urbanization process has become the primary driving force behind
the transformation of land use structure, while also intensifying spatial competition among
different land types and restructuring ecological functions.
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Figure 3. Land Use Change in Haining City from 1980 to 2020.

From the perspective of spatial and temporal evolution, different land use types in
Haining showed distinct stage-based differences and conversion characteristics between
1980 and 2020. In particular, two periods—1980–1990 and 2010–2020—witnessed the
most significant land use adjustments. During 1980–1990, the water area in Haining
expanded noticeably, with most of the newly added water bodies converted from grassland,
accompanied by minor adjustments involving farmland and construction land. Meanwhile,
a slight replenishment of farmland was also observed (Figure 3 and Table A2). These
changes were mainly concentrated along the southeastern waterfront zone, indicating that
early urban development oriented toward water resources, together with water system
management, jointly promoted the reorganization of blue–green spatial structures. From
2010 to 2020, land use changes in Haining exhibited a dual-driven pattern. On the one
hand, the implementation of national ecological restoration policies—such as “returning
farmland to forest” and “returning farmland to grassland”—encouraged the transformation
of degraded farmland into ecological land, thereby enhancing the connectivity and cohesion
of ecological restoration zones. On the other hand, rapid economic growth and urbanization
in China strongly accelerated the large-scale conversion of farmland into construction land,
mainly concentrated in the northern and southeastern parts of the study area (Figure 3
and Table A3). During this period, the former process, driven by ecological restoration
initiatives, improved the structural connectivity of the landscape and generated stable
clusters of high-value ecological zones, whereas the latter led to increasing fragmentation of
landscape patterns in the north and southeast. Therefore, strategies such as strengthening
ecological buffer zones and promoting the renewal of existing land should be adopted to
mitigate the spread of fragmentation.

Overall, from 1980 to 2020, Haining’s land use pattern underwent significant trans-
formations, with the expansion of urban and rural construction land and the reduction
of cultivated land being particularly evident. The changes in land use structure over
these forty years reflect that land development and utilization were strongly influenced
by factors such as industrialization, urban expansion, industrial layout adjustments, and
improvements in the transportation network (Figure 3).
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3.2. Analysis of Landscape Pattern Change
3.2.1. Patch-Scale Change Analysis

From the time-series evolution of the mean patch area (AREA_MN) index, it can
be seen that farmland in Haining always maintained a relatively high mean patch area
during the study period. This means that farmland had the strongest spatial continuity
and the lowest degree of landscape fragmentation. Since the 1980s, the mean patch area
of farmland continued to expand, reaching its peak in 2000, indicating that landscape
fragmentation was at its lowest during that period. However, after 2000, with the rapid
advancement of urban–rural construction and industrialization, the overall connectivity of
farmland began to weaken, the trend of patch fragmentation gradually appeared, and the
degree of landscape fragmentation increased. By contrast, the patch areas of urban and
rural residential land, industrial development land, and unused land were significantly
smaller and highly dispersed. The reason was closely related to activities such as defor-
estation, mining development, and construction land occupation, which caused originally
continuous farmland or grassland to be transformed into scattered artificial construction
sites (Figure 4).

  
(a) (b) 

 
(c) (d) 

Figure 4. Changes of Patch-Scale Landscape Pattern Indices in Haining from 1980 to 2020.
(a) 1980–2020 AREA_MN index change; (b) 1980–2020 COHESION index change; (c) 1980–2020
FRAC_AM index change; (d) 1980–2020 LPI index change.

From the time-series change of landscape cohesion (COHESION), except for unused
land, the aggregation index of all other land types maintained a level close to the maximum
value over forty years, showing strong spatial dependence and overall connectivity among
patches. The cohesion of unused land was significantly different from other land types. In
1980, 2000, 2010, and 2020, its value was 0, and this land type was absent in most years of
land conversion and development. It only appeared briefly in 1990 due to the conversion
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of a mining land in the southwest coastal area. Limited by its extremely small area and
sparse distribution, the cohesion of this land type was very low (Figure 4).

From the time-series change of the area-weighted mean patch fractal dimension
(FRAC_AM), the FRAC_AM value of farmland remained the highest among all land types
during the forty years, stabilizing at around 1.3, which indicates that its patch boundaries
were more tortuous and complex, and the irregularity of edges was significantly stronger
than other land types. The FRAC_AM values of woodland, grassland, and waters were rela-
tively close, mostly remaining around 1.0, reflecting that the patch boundaries of these land
types were relatively straight and regular in shape. It is worth noting that the FRAC_AM
value of grassland showed a stage decline in 1990 and rose again in 2010. This change
was influenced by the gradual introduction and implementation of ecological protection
policies such as returning farmland to grassland. At the early stage, artificial intervention
caused the grassland boundaries to become more regular, and with the advancement of
natural recovery, the boundary complexity increased again. This trend was consistent with
the stage fluctuations shown in the chart data. By contrast, the FRAC_AM value of urban
and rural residential land showed a gradual upward trend after 2000, indicating that during
the urban development process, this land type tended to become more regular in shape,
and its boundary lines were simplified, reflecting the orderliness and standardization in
construction land development (Figure 4).

In terms of the Largest Patch Index (LPI), farmland and waters were always the
dominant landscape types in Haining, but their time-series trends diverged significantly.
From 1980 to 1990, farmland LPI showed an upward trend, but after 1990, it declined
rapidly, which contrasted with the steady increase of the LPI of urban and rural residential
land. Combined with the actual situation of urbanization and industrialization in the
study area, this trend directly reflected the continuous encroachment of farmland by the
expansion of construction land. The LPI of waters exhibited a stage evolution of first
increasing and then decreasing. The initial increase was mainly due to the conversion
of grassland into waters, while the later decline was influenced by some waters being
converted into farmland and other development activities. Overall, the time-series changes
of LPI for different land types showed clear stage characteristics, which were consistent
with the results of the land use transfer matrix and policy background analysis (Figure 4).

3.2.2. Landscape-Scale Change Analysis

From the change of area-weighted mean patch fractal dimension (FRAC_AM), the
overall trend from 1980 to 2020 showed a slow decline, decreasing from 1.2497 to 1.2306,
with a reduction of 0.02. This change indicates that the complexity of patch shapes and the
tortuosity of boundaries gradually decreased, tending towards geometric regularization
and edge smoothing, reflecting a trend of weakening spatial heterogeneity. This trend was
related to the centralized renovation of urban construction land and some agricultural
land, as such human interventions resulted in the regularization and simplification of patch
boundaries (Figure 5).

The Largest Patch Index (LPI) declined from 59.40% in 1980 to 45.62% in 2020, showing
that the dominance of farmland and waters in the landscape was significantly weakened,
which meant that farmland was compressed in scale, while the overall landscape dominance
shifted towards diversification. According to the land use change data, this trend was
mainly caused by the large-scale expansion of urban and rural residential construction
land, which formed new relatively dominant landscape patches in local areas (Figure 5).
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Figure 5. Changes of Landscape-Scale Indices in Haining from 1980 to 2020. (a) 1980–2020 FRAC_AM
index change; (b) 1980–2020 LPI index change; (c) 1980–2020 NP index change; (d) 1980–2020 SHDI
index change; (e) 1980–2020 CONTAG index change.

In terms of the Number of Patches (NP), local high values appeared in 1980 (1494
patches) and 2010 (1459 patches), reflecting that the landscape fragmentation was higher
in these two periods and the spatial distribution of patches was more discrete. By 2020,
NP decreased to 1387, the lowest value during the forty years, which meant that the
connectivity among different landscape types increased, landscape continuity improved,
and overall stability of the structure recovered to some extent, enhancing the ecological
system’s resilience to disturbance (Figure 5).

Shannon’s Diversity Index (SHDI) showed a steady increase from 1990 (1.0038) to a
peak of 1.1983 in 2020, reflecting that the composition of landscape types in Haining became
richer and more balanced. This steady growth trend was partly due to the promotion of
ecological restoration policies such as returning farmland to forest and grassland, and partly
due to the acceleration of urbanization which increased the diversity of urban residential
land and transportation land types, indirectly enhancing the heterogeneity of the urban
landscape (Figure 5).

The Contagion Index (CONTAG) declined continuously from 59.29% in 1990 to 50.30%
in 2020, with a cumulative decrease of 9%, reflecting that the adjacency and spatial aggrega-
tion among different landscape patches were significantly weakened. This trend indicated
that over forty years, the spatial pattern of Haining’s landscape gradually shifted from
large continuous patches to a pattern of small patch mosaics. This development trend was
closely related to human activities such as industrial park layout, road construction, and
urban expansion under the background of rapid urbanization (Figure 5).

3.3. Evolution of the Landscape Ecological Security Pattern
3.3.1. Overall Pattern of the Landscape Ecological Security Index

From 1980 to 2020, the level of landscape ecological security in Haining showed an
obvious spatial differentiation in the time series. The most prominent feature was that the
southern region as a whole was at a lower security level, while the northern region showed
a relatively higher security level. Overall, the landscape ecological security level of Haining
showed a trend of gradual improvement during this 40-year period (Figure 6).
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Figure 6. Evolution of the Landscape Ecological Security Level in Haining from 1980 to 2020.

In 1980, the areas of low-security zones and relatively low-security zones in Haining
accounted for 0.11% and 11.69% of the total area of the city, respectively, mainly concen-
trated in the southern part of the city. In these southern regions, farmland, urban and rural
residential construction land, water areas, and industrial/mining land were interlaced,
resulting in a high degree of landscape fragmentation and at the same time weakening
ecological connectivity. In contrast, relatively high-security zones and high-security zones
were mainly distributed in the northern and eastern parts of the study area. These regions
together accounted for 64.51% of the total area, with land types dominated by farmland
and urban/rural residential construction land, forming a relatively continuous and more
complete landscape pattern.

Between 1990 and 2000, the overall landscape ecological security level still maintained
the “low in the south and high in the north” pattern, but the low-security and relatively
low-security zones in the south showed a gradual northward expansion, with their total
proportion increasing from 19.54% in 1990 to 27.16% in 2000. The reason was that during
this period the ecological environment of Haining was subject to strong human distur-
bance, leading to a decline in landscape ecological security. At the same time, the areas of
high-security zones at both the southern and northern ends increased, which was closely
related to the expansion of urban and rural residential construction land.

During the period from 2010 to 2020, the landscape ecological security pattern of
Haining gradually evolved from “low in the south and high in the north” to “low in
the southwest and high in the northeast.” The ecological security level in the central
region declined, whereas the security level in the northern region rose. In 2010, the
proportion of low and relatively low ecological security zones dropped to 17.43%, while
the proportion of high and relatively high ecological security zones increased to 56.37%,
mainly distributed in waters, reflecting that ecological restoration policies and projects
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achieved remarkable results during this period. By 2020, along with the outward expansion
of urban and rural construction land, landscape connectivity gradually increased, and a
large ecological security area formed in the central region, accounting for 15.67%. The low
ecological security zone in the southwest shrank significantly, and low ecological security
zones appeared in the southern and northern regions, mainly affected by the accelerated
urbanization process and the local increase of industrial/mining land. Compared with
2010, the overall landscape ecological security level showed a slight decline.

3.3.2. Spatial Autocorrelation Analysis of the Landscape Ecological Security Index

Between 1980 and 2020, the global Moran’s I values of the study area were 0.473, 0.588,
0.661, 0.626, and 0.643, all of which passed the test at the significance level of p = 0.01,
indicating that the spatial distribution of Haining’s landscape ecological security index was
not random but showed a sustained and significant positive spatial correlation. Based on
the identification of clustering locations, this study combines local spatial autocorrelation
with multi-year landscape indicators for joint analysis. The results show that the high–
high clustering areas were continuously distributed in the northern farmland and forest
regions during 1980–2020, while the low–low clustering was concentrated in the southern
urban–rural construction land and water areas. Compared with the “non-significant” re-
gions, the high–high clustered grids exhibited higher dominance and connectivity, weaker
fragmentation, and more regular patch shapes; for example, the LPI, COHESION, and
CONTAG indices remained high, whereas NP and FRAC_AM were lower, and AREA_MN
was larger. In contrast, the low–low clustered grids showed increases in NP and FRAC_AM,
while COHESION and CONTAG presented a decreasing trend, indicating that the land-
scape ecology became more fragmented and cohesion weakened. These differences re-
mained relatively stable over time, while the evolutionary trajectories of the high–high
and low–low clustering regions showed local changes with land-use transformations; for
instance, human activities such as the conversion of southern farmland into urban–rural
construction land and the restoration of northern ecological corridors affected the long-
term variations of landscape indices and spatial autocorrelation data. Overall, land-use
transformation has promoted the reorganization of landscape patterns, thereby producing
multiple impacts on the spatial heterogeneity of ecological security, and this mechanism
chain is strongly supported by the long-term visualized data and chart analyses (Figure 7).

From the perspective of temporal variation, in 1980, the distribution of high–high and
low–low units was relatively scattered, and the spatial pattern was not concentrated. From
1990 to 2000, the spatial clustering pattern gradually stabilized, and the low–low clustering
area in the central and southwestern regions showed a clear trend of expansion, reflecting
that during this period the development of urban and rural construction land in this region
led to a decline in ecological security levels and increased ecosystem vulnerability. At the
same time, the high–high clustering zone in the north remained basically stable. Woodland
and farmland, as the main landscape categories in the northern region, played a core barrier
role in maintaining regional ecological security during this period.

From 2010 to 2020, the central low–low clustering gradually shifted to the southern
region, while the range of the northern high–high clustering zone remained relatively
stable. During the stage of rapid urbanization, the adjustment of land use structure guided
the central region to implement more reasonable planning. Urban and rural residential
construction land gradually aggregated into relatively regular large patches, the edge
effect was gradually weakened, and ecological disturbance to surrounding areas decreased
accordingly. In contrast, due to the development and continuous expansion of industrial
and mining land in the southern region, the ecological security level declined, the low–low
clustering significantly increased, and the risk of ecological degradation also rose.



Sustainability 2025, 17, 9539 15 of 24

Figure 7. Local spatial autocorrelation maps of the landscape ecological security index in the study
area, 1980–2020 (P = 0.01).

4. Discussion
4.1. Driving Mechanism and Causal Relationship of Land Use Change on Landscape Pattern
Evolution

To systematically reveal the driving mechanisms and action pathways of land use
change on the evolution of landscape patterns, and to construct the coupled logic among
“land use–landscape pattern–ecological security” (Figure 7), it is necessary to focus on the
causal relationship between land use change in the study area and the evolution of the local
landscape pattern. This is mainly reflected in two aspects: the perspective of ecological
protection and governance policies and the perspective of socio-economic drivers.

From the perspective of ecological protection and governance policies, over the forty-
year period, farmland has consistently been the dominant land type in Haining, maintaining
a large average patch area and a relatively high FRAC_AM value, but its integrity has been
weakened under the pressure of urban construction and industrialization. With the contin-
ued implementation of cultivated land protection and ecological restoration policies—such
as the Reply of the People’s Government of Zhejiang Province on the Overall Land Use
Plan of Haining City (2016), which emphasizes “cherishing land, rational utilization, and ef-
fective protection of farmland”—the rate of farmland reduction has gradually slowed, and
the farmland structure has tended to stabilize. Under the combined effects of “returning
farmland to grassland” and natural recovery, the boundary morphology of grassland has
shifted from regular to more complex, increasing morphological diversity and enhancing
local connectivity potential. Urban–rural residential construction land, constrained by
planning rectification, has shown a slight increase in FRAC_AM and overall regularity
of shape, but it still exerts pressure on surrounding ecological patches. Overall, policy
interventions have, to a certain extent, effectively curbed the fragmentation of the landscape
pattern and maintained key regional ecological functions; however, it remains necessary to
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further consolidate landscape connectivity through rigid farmland protection, continuous
ecological buffer zones, and the management of blue–green corridors.

From a socio-economic driving perspective, Haining, as a typical small- and medium-
sized industrial city, has experienced continuous expansion of industrial policies, industrial
introduction, and park layouts during its forty years of industrialization. These processes
have directly influenced the structural transformation of land types, with a predominant
trend toward the concentration of manufacturing and logistics industries. While this has
continuously strengthened the development intensity along specific urban corridors, the
overall landscape has shown an increase in the number of patches, more regular shapes,
proliferated edges, and a gradual rise in fragmentation, accompanied by reduced con-
nectivity and cohesion, ultimately leading to clusters of low ecological security values.
The advancement of industrialization and urbanization has accelerated population inflow,
which, along with the expansion of urban–rural residential construction land and the
spatial separation between workplaces and residential areas, has promoted the develop-
ment of transportation infrastructure such as railways and expressways. However, this
also intensified disorderly land conversion and expansion along transportation corridors,
further compressing farmland and ecological buffer zones. Additionally, the discontinuity
of cross-regional governance and management boundaries has resulted in insufficient pro-
tection of ecological corridor continuity and integrity, while ecological restoration projects
and temporal coordination are often constrained. Therefore, attention must be given to
the structural land use transformations driven by industrial policies, population pressures,
and governance fragmentation, as these factors collectively contribute to the increasing
fragmentation of the landscape pattern.

4.2. Ecological Security Regulation and Planning of Haining
Ecological Security Zoning Plan of Haining

As an industrial city dominated by manufacturing, Haining needs to consider multiple
conditions such as its own economic development characteristics, natural environmen-
tal conditions, and land use change. Combined with the 2020 evaluation of landscape
ecological security levels, the risk characteristics and ecological functions of regions with
different ecological security grades should be analyzed, and then systematic, scientific,
and sustainable zoning control strategies and planning should be formulated. In 2020,
the Haining municipal government issued an ecological environment zoning control plan,
which mainly delineated ecological zones based on policy red lines, but lacked quantitative
analysis of landscape patterns and assessment of landscape ecological security. This study
takes the 2020 landscape ecological security index of Haining as the core basis, combined
with the requirements of higher-level spatial planning, and makes use of multi-source
spatial data, including the current land use pattern, digital elevation model (DEM), and
administrative boundary data. Through overlay analysis, spatial interpolation analysis,
and relevant geographic information processing methods, the ecological security levels of
Haining were spatially identified, and finally divided into four ecological functional zones:
key ecological restoration zones, ecological pattern optimization zones, ecological function
protection zones, and green development guidance zones (Figure 8).

The southern coastal area, the southeastern riverside area, and parts of the south-
western region of Haining are designated as key ecological restoration zones, including
Huangwan Town, the northern part of Yuanhua Town, the riverside area of Dingqiao Town,
and the southern part of Xucun Town, with an area of 16,457.41 ha, accounting for 19.07%
of the total area (Figure 8). As high-priority land for ecological governance and restoration,
this zone should focus on protecting farmland, woodland, and waters, implementing land
quality improvement, vegetation restoration, and water system restoration measures. In
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addition, considering the actual conditions of manufacturing and regional location in Hain-
ing, high-pollution and high-energy-consuming industries should be strictly prohibited
from gathering or expanding in this zone, especially enterprises related to printing, leather,
and chemical industries with pollution discharge needs. At the same time, in the south-
ern riverside area of Dingqiao Town, reclamation, large-scale urban–rural construction,
and other high-intensity human development activities should be forbidden to ensure
that this ecologically fragile zone can achieve long-term ecological function restoration
and protection.

Figure 8. Ecological Security Zoning Plan of Haining City.

The ecological pattern optimization zone is mainly distributed in the buffer belt
between the southern coastal area and the central area, as well as in parts of the northern
and northwestern regions. This zone includes the boundary area between Huangwan
Town and Yuanhua Town, the northern part of Dingqiao Town, the northern part of
Shenshi Town, and the area north of Haichang Subdistrict, with an area of approximately
21,997.84 ha (Figure 8). The land use types in this zone are mainly cultivated land and
some construction land, and there are many local dominant industrial sectors within the
area, such as textile manufacturing, materials and chemical industry, leather processing,
and machinery manufacturing. Therefore, this zone is subjected to multiple pressures
from urban expansion, the intensive layout of industrial parks, and trunk transportation,
resulting in the subdivision of landscape patches and the cutting of ecological corridors.
Although it has a certain recovery function, timely intervention with ecological security
measures is still needed.

The ecological function protection zone corresponds to the “relatively safe” level in
terms of landscape ecological security. This zone is mainly a central belt, serving as a
buffer between the northern safe zone and the southern generally safe zone. In geographic
terms, it runs through the line of Tanqiao Township–northern Dingqiao Town–southern
Guodian Town–western Xucun Town–Shenshi Town, as well as partial belt-shaped areas
south of Haichang and north of Xieqiao Town, with an area of 19,193.12 (Figure 8). The
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land types in this zone are mainly cultivated land and urban–rural residential construction
land, and the riparian waters of the Qiantang River also play an ecological connectivity
role here as an important hydrological element. This zone features strong ecological
connectivity and a relatively complete ecological structure, with a higher level of ecological
security. To maintain and enhance the ecological regulation function of this zone, emphasis
should be placed on protecting cultivated land and the river–network pattern, strictly
controlling the occupation of newly added construction land, and reducing the intensity of
human disturbances.

The green development guidance zone is mainly distributed in the central part of
Haining, as well as in parts of the northern and western areas, showing a belt-like extension
and forming a surrounding transitional pattern with the ecological function protection zone.
This zone has a high degree of ecological structural integrity, good landscape connectivity,
and strong natural recovery capacity (Figure 8). Although the ecological security level
of this zone is the highest, it still faces environmental pressures during the process of
urbanization. On the basis of maintaining the overall pattern of cultivated land and water
systems, farmland shelterbelts and riparian vegetation buffer belts should be improved to
further enhance landscape connectivity and strengthen ecological security functions. In
terms of industrial structure, high-pollution and high-energy-consuming projects should be
strictly prohibited, and an eco-friendly industrial chain should be explored. To enhance and
maintain ecological security in industrial cities, it is also crucial to reasonably manage and
restrict the types, layout, and renewal of regional industries, so as to promote the sustainable
development of industrial cities under the premise of ensuring ecological security.

To ensure that strategies for ecological functional zones are effectively implemented,
coordinated promotion at the government level is essential. In terms of funding, a dedicated
fund for ecological security and functional protection should be established and an annual
project funding pool created. Priority should be given to the renewal of existing land,
with reasonable selection of inefficient parks for land consolidation. Enterprises should be
encouraged to save energy, reduce emissions, and upgrade technologies, with incentives
linked to performance indicators such as “no decline in connectivity” and “no increase
in fragmentation.” In terms of regulation, red-line boundaries and laws and regulations
for penalties and supervision—such as a “Regulation on Urban Land Ecological Security
Management”—should be set. Rigid requirements such as “no narrowing of buffer zones,”
“no reduction in cross-regional connectivity,” and “no damage to hydrological ecology”
should be incorporated into approval thresholds. Zero net increase and capacity limits
should be imposed on high-pollution, high-energy-consuming projects, and clear rules
should be defined for industry/project admission and enterprise transformation pathways.
In terms of law enforcement, leading departments and local responsibilities should be
clarified, routine monitoring and assessments should be carried out, and a cross-regional
remote sensing monitoring and joint law enforcement mechanism should be established.
Heavy penalties and time-limited rectification should be applied to illegal land occupation,
over-intensity development, and excessive emissions. Supervision should be strengthened
through information disclosure and third-party evaluation, and long-term conservation
contracts should be signed with high-quality enterprises to ensure that zoning control and
ecological functions remain stable and sustainable.

4.3. Implications for the Planning and Development of Industrial Cities

In industrial cities at the early stage of development, frequent conversions occur
among different landscape types, with a high degree of regional landscape fragmentation,
continuous increase in landscape shape complexity, and poor landscape connectivity. In
future development, unused land should be prioritized for reclamation, and different
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land uses should be planned in an integrated manner. For areas with severe landscape
fragmentation, measures such as landscape reconstruction and ecological space integration
should be adopted in a timely manner to promote the ecological restoration of inefficiently
developed land, strengthen the construction of ecological corridors, and enhance the
connectivity and integrity of the overall regional ecology.

In industrial cities at the mature stage, landscape ecology still faces the trend of frag-
mentation and irregularity, with continuous expansion of urban–rural construction land,
as well as the degradation and dispersion of natural landscapes. In future development,
large-scale and disorderly expansion of industrial land should be prohibited, and ineffi-
cient, extensive land use patterns should be avoided. Intensive management and functional
improvement of industrial industries should be prioritized, and green development should
be advocated. For example, through the renewal and transformation of inefficient fac-
tory buildings, optimization of industrial layout, and guidance of infill development of
industrial land, land use efficiency can be improved. At the same time, the transformation
toward eco-friendly industries should be vigorously promoted, gradually reducing the
high-intensity disturbance impact of resource development activities on the natural ecology.

In industrial cities at the transformation stage, the distribution characteristics of urban–
rural construction land, farmland, grassland, and woodland landscapes have changed
considerably. In order to meet the needs of urban transformation and development, the
process of urbanization has accelerated, and ecological natural landscapes are still subject
to human disturbances. In future transformation development, on the one hand, traditional
industries should be upgraded, actively responding to opening-up policies, improving
the level of technological innovation, and accelerating the development of modern service
industries. On the other hand, during the transformation process, the protection of basic
farmland, woodland, and water systems should be strengthened, and the conversion of
such land into industrial land should be strictly controlled.

4.4. Limitations and Future Directions

This study focuses on the evaluation of ecological security patterns and zoning plan-
ning in industrial cities, providing a practically targeted analytical framework for ecological
protection and spatial optimization in global industrial cities. The results of this ecological
security level analysis can offer systematic and scientific references for local governments in
formulating ecological space control policies and urban sustainable development planning,
and help industrial cities at different development stages to identify ecologically vulnerable
areas and adopt regionally differentiated regulation strategies, thereby promoting the
ecological security level to develop in a sustainable direction.

However, several limitations of this study still need to be acknowledged. First, in
terms of the selection of landscape pattern indices, the control of remote sensing data
accuracy, and the setting of ecological security evaluation standards, there is still a lack of
high precision, which may lead to certain deviations in the final evaluation results. Future
research can further introduce ecological risk assessment models to cross-validate the
current results and enhance the robustness of the evaluation. Second, although this study
systematically analyzed the spatiotemporal evolution characteristics and spatial distribu-
tion patterns of ecological security levels and explored their spatial autocorrelation, the
driving factors affecting the ecological security level of industrial cities were not fully and
deeply investigated. Follow-up studies need to combine quantitative methods such as geo-
graphical detectors and structural equation models, starting from more driving factors such
as industrial layout, population density, and distribution, to reveal the impacts of multiple
factors on ecological security levels. Finally, the regulation strategies and ecological zoning
planning proposed in this study are mostly based on a macro policy perspective, lacking
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in-depth discussion of specific implementation paths. Future research needs to link the
entire process from strategic guidance to concrete operational implementation, promoting
collaborative governance between macro-level theories and micro-level practices.

5. Conclusions
In this research, Haining was chosen as a representative case of an industrial city. A

novel attempt was made to link the evaluation of ecological security conditions with the
strategic framework of sustainable development in such cities. Using land use transition
data, landscape metrics, and a comprehensive ecological security assessment system,
this study systematically explored how the evolution of urban land use from 1980 to
2020 affected both the landscape configuration and the levels of ecological security. The
outcomes can serve as a reference for other industrial cities that share similar development
characteristics and are at comparable stages. Our findings indicate the following:

(1) Rapid industrialization and urban construction activities significantly drove the con-
version of farmland into urban–rural residential construction land, which in turn led
to landscape fragmentation, reduction of ecological patches, and decreased landscape
connectivity. The overall stability and recovery capacity of the ecosystem were neg-
atively disturbed by human activities, and the regional ecological security pattern
evolved from stability to a fluctuating trend of ecological risks.

(2) From 1980 to 2020, the evolution of Haining’s landscape pattern demonstrated the typ-
ical characteristics of a rapidly industrializing city. At the patch scale, most land types,
except for farmland, exhibited trends of high fragmentation, simplified morphol-
ogy, and declining ecological stability, while farmland and water areas maintained
their dominant positions and leading roles. At the landscape scale, the diversity of
landscape types increased, and both fragmentation and contagion indices decreased,
indicating that the spatial organization of land use was gradually optimized. These
changes correspond to the implementation of land management policies and ecolog-
ical governance measures at different stages, suggesting that policy interventions
can substantially enhance regional ecological security. Based on this case study, sim-
ilar industrial cities aiming to improve their ecological security levels should take
blue-green corridors and ecological core patches as the structural framework to limit
the fragmentation of conversion corridors for construction land while prioritizing
cross-regional connectivity and the continuity of riparian buffer zones to strengthen
regional ecological security. It is particularly important to enhance the spatial con-
nectivity of landscape patterns in industrial cities, as such connectivity plays a key
role in supporting ecological optimization processes, mitigating habitat isolation, and
promoting sustainable urban development.

(3) According to the overall ecological security evaluation, spatial autocorrelation analy-
sis, and the identification of clustering characteristics, the overall ecological security
planning of Haining should be divided into four regulation zones: key ecological
restoration zones, ecological pattern optimization zones, ecological function protec-
tion zones, and green development guidance zones. Combined with the land use
characteristics, patch properties, and regional industrial layout of different ecological
regulation zones, differentiated regulation strategies were proposed, including restrict-
ing disorderly urban expansion, strengthening ecological buffer zone construction,
and promoting regional industrial transformation. This analytical and identifica-
tion method can provide theoretical and empirical support for ecological security
governance in industrial cities.

(4) From the perspective of spatial structure and ecological function, this paper deepened
the correlation mechanism among “land use—landscape pattern—ecological security,”
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and constructed an evaluation framework suitable for regulating ecological security
risks during the transformation of industrial cities worldwide. Furthermore, this
evaluation system can not only diagnose urban ecological vulnerable zones and
potential risk zones but also provide a scientific basis for government departments
to formulate spatial planning policies for ecological zoning control, with strong
operability and practical guidance value.
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Appendix A

Table A1. Land Use Transfer Matrix from 1980 to 2020.

Unit: ha

1980
2020

Grassland Farmland
Industrial and
Mining Land

Urban and
Rural Residential Land Woodland Waters Total

Grassland 6.49 0 0.35 13.31 1.12 6.97 28.24
Farmland 0 422.45 10.63 83.81 0.71 6.53 524.13

Industrial and Mining Land 0 0.38 3.67 0.69 0.08 0 4.82
Urban and Rural Residential Land 0 0.38 0 143.11 0 0.22 143.71

Woodland 0 0 0.21 0.16 10.57 0.25 11.18
Waters 2.17 4.43 2.36 5.51 0 140.94 155.41
Total 8.66 427.65 17.22 246.59 12.46 154.91 867.49

Appendix B

Table A2. Land Use Transfer Matrix from 1980 to 1990.

Uni: ha

1980
1990

Grassland Farmland
Industrial and
Mining Land

Unused
Land

Urban and Rural
Residential Land Waters Woodland Total

Grassland 0 0.36 0 0 0 26.36 1.24 28.23
Farmland 516.68 0 0 0 4.34 2.37 0.71 524.13

Industrial and Mining Land 2.29 0 2.02 0.04 0.38 0.01 0.09 4.82
Urban and Rural Residential

Land 2.81 0 0 0 132.15 8.74 0 143.71

Waters 6.41 0 0 0 0.54 148.41 0.05 155.40
Woodland 0.45 0 0 0 0.01 0 10.73 11.18

Total 528.64 0.36 2.02 0.04 137.46 186.15 12.80 867.48
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Appendix C

Table A3. Land Use Transfer Matrix from 2010 to 2020.

Unit: ha

2010
2020

Farmland Grassland
Industrial and
Mining Land

Urban and Rural
Residential Land Waters Woodland Total

Farmland 427.65 6.16 4.66 57.55 0.75 0 496.77
Grassland 0 0.33 0 0 0 0 0.333814

Industrial and Mining Land 0 0 12.40 0 0 0 12.40
Urban and Rural Residential Land 0 0 0 187.08 0.22 0 187.30

Waters 0 2.16 0.17 1.20 153.94 0 157.47
Woodland 0 0 0 0.76 0 12.46 13.22

Total 427.65 8.66 17.22 246.59 154.91 12.46 867.49
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