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This study investigates the dynamic relationship between economic currents and land use changes on Chongming
Island, China, during the period from 2000 to 2020, coinciding with its transformation into an Ecological Island
Carbon Neutral Demonstration (ECND) Zone. Employing remote sensing and Geographic Information Systems
(GIS), our research not only identifies significant spatiotemporal changes, such as an 8.72% increase in con-
structed land and an 11.79% decline in water areas, but also delves into the nuanced shifts in forested and
grassland areas. These findings prompt a critical exploration of the intricate balance between economic growth
and ecological preservation within the context of urbanization. Our research resonates with interdisciplinary
studies and policy objectives, emphasizing the imperative of sustainable urban development that respects the
island’s ecological equilibrium. Amidst the challenges posed by rapid urbanization, the oscillations in forested
and grassland areas underscore the vital importance of strategic land use planning and habitat restoration. This
quantitative analysis not only contributes to Chongming Island’s evolution as an ECND Zone but also provides a
valuable model for estuarine islands worldwide grappling with similar issues. As Chongming Island continues its
journey towards ecological sustainability, our study stands as a quantitative guide for informed decision-making
in sustainable land management and preservation, shedding light on the intricate interplay between economic
currents and land use changes in this unique context.

1. Introduction isolation from the mainland by water bodies, islands form relatively self-

contained natural systems with limited environmental carrying capac-

Since the beginning of the 21st century, the global phenomenon of
climate change has continued to worsen, giving rise to severe environ-
mental challenges, such as rising sea levels, which have garnered
widespread attention on a global scale. Excessive emissions of green-
house gases, notably carbon dioxide, constitute the primary driver of
climate change. The concept of “carbon neutrality” has rapidly emerged
as a pivotal idea, receiving extensive global support (Chen, 2021). As a
major contributor to carbon emissions, China plays a crucial role in
global carbon neutrality efforts. On September 22, 2020, China made a
significant commitment at the 75th session of the United Nations Gen-
eral Assembly, pledging to peak its carbon emissions by 2030 and strive
to achieve carbon neutrality by 2060 (Zhang et al., 2021).

In the pursuit of carbon neutrality, the ecological development of
islands has gained attention through regional policies. Due to their
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ity, making their ecosystems highly vulnerable (Chen et al., 2020, 2022;
Chuai et al., 2014). Consequently, the array of environmental issues
triggered by global climate change poses a greater threat to already
fragile island ecosystems. Among the severely affected islands, “estua-
rine islands” located at the confluence of rivers and oceans play a critical
role in the development of river delta urban clusters and coastal eco-
nomic zones, providing crucial locational resources, natural assets, and
ecosystem services (Lin et al., 2020; Shen et al., 2019; Tan and Solangi,
2023). They also tend to have closer connections between urban centers
compared to “oceanic islands.” Therefore, the urgent sustainable
development of estuarine islands distributed in China is not only vital
due to the fragility of their ecosystems but also aligns with the sus-
tainable development strategies of coastal regions. Moreover, the
sensitivity of island ecosystems makes them focal points of research and
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experimental fields for addressing global issues such as geomorpholog-
ical and landscape changes, population migration, and urbanization in
the context of climate change.

In this context, China has introduced the concept of Ecological Island
Carbon Neutrality Demonstration Zones (ECND zones) aimed at show-
casing environmentally friendly carbon neutrality practices. This
initiative integrates renewable energy, sustainable construction, and
carbon offset projects while emphasizing research, education, and
community engagement (Halvorssen, 2005; Ishii et al., 2010; Tan and
Solangi, 2023). In these designated areas, coastal transformation pri-
marily focuses on implementing anti-erosion measures, mangrove
restoration, wetland conservation, and sustainable fisheries practices to
protect coastlines. This region effectively illustrates the synergistic
relationship between carbon neutrality and the preservation of coastal
ecosystems. It represents a comprehensive strategy that integrates cul-
tural and economic factors, including renewable energy, sustainable
infrastructure, carbon offset initiatives, and innovative technologies.
Among these factors, carbon offset initiatives and sustainable infra-
structure are closely related to land use changes on Chongming Island
(Kuang et al., 2022; Li et al., 2023; Linna et al., 2014). Their goal is to
develop green spaces, eco-friendly buildings, and sustainable trans-
portation systems to reduce environmental impact, create a healthy
living environment, and offset carbon emissions through extensive
afforestation projects. The implementation of the ECND zone project
holds great significance as it demonstrates the practical benefits and
advantages of carbon neutrality and sustainable lifestyles. Renowned
islands like Chongming Island, with its rich ecological diversity, prox-
imity to urban centers, tourism potential, and suitability for showcasing
various carbon-neutral strategies, make it an ideal location for the
ECND zone project.

However, existing research on ecological governance similar to the
ECND zones remains limited and under-discussed. Prior studies have
primarily focused on oceanic islands, with research themes spanning
Pacific island nations, tourism management, island case studies, sus-
tainable financing, and energy vulnerability between 2005 and 2019
(Wu, 2020). Oceanic islands have been the primary focus of sustainable
island research, with a key emphasis on the conflict between island
ecological carrying capacity and resource development, resulting in is-
sues such as land use conflicts, biodiversity loss, and environmental
pollution. In contrast, estuarine islands, particularly those near
economically developed regions, have received less attention (Grigoras
and Uritescu, 2019; Polykretis et al., 2020; Wang et al., 2021, 2023).
Hence, this study selects Chongming Island, an estuarine island located
in the economic hub of Shanghai, as the research subject. It focuses on
land use changes on Chongming Island from 2000 to 2020, with
particular attention to changes in land use since it was initially desig-
nated as an ECND zone in 2005.

Land-Use and Land-Cover Change (LUCC) is a significant challenge
for sustainable development in economically developed regions.
Changes in land use patterns alter terrestrial ecosystems and have a
profound impact on the Earth’s carbon cycle. This transformation has
become a major catalyst for global and regional carbon emissions
changes (Li et al., 2022; Nijdam et al., 2012; Yang et al., 2020). China’s
rapid economic development in recent years has led to significant
changes in land use, resulting in a substantial increase in carbon emis-
sions. Given this enormous challenge and practical need, we believe that
studying the recent temporal and spatial changes in land use in the re-
gion and revealing their underlying drivers are crucial for promoting
carbon neutrality and formulating region-specific governance strategies.

In recent years, research on the spatiotemporal dynamics of land use
has made significant progress in terms of data sources and methodolo-
gies (Bai et al., 2021; Zhang et al., 2023). Techniques such as remote
sensing, GIS analysis, and model simulations have provided powerful
tools for understanding the spatiotemporal patterns and influencing
factors of land use change (Hansen, 2013; Nwakaire et al., 2020; Raihan
and Tuspekova, 2022). To assess the extent of tropical forest
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deforestation, Hansen et al. (2013) used satellite remote sensing data to
track annual changes in forest cover in the Amazon rainforest, revealing
an increasing rate of deforestation year by year, posing a significant
threat to the Amazon rainforest. Forest cover loss not only negatively
impacts global ecosystem stability but also releases a substantial amount
of carbon, accelerating climate change. Similarly, Smith et al. (2019)
employed remote sensing technology to monitor land use changes in the
vicinity of a major Chinese city, with a specific focus on the speed and
pattern of urban expansion. Their research found that urban expansion
had severe effects on surrounding farmland and ecosystems, leading to
challenges such as decreased land resources and food security issues in
agriculture. Additionally, urban expansion exacerbated traffic conges-
tion and environmental pollution. Zhang et al. (2018) conducted a
similar study, integrating data on urban expansion, population growth,
land quality, and infrastructure development using GIS technology to
assess the impact of urbanization on farmland and the natural envi-
ronment. The results showed that urbanization led to a reduction in
farmland, wetland degradation, and ecosystem loss, providing valuable
insights for urban planning and land management. Furthermore, studies
using model simulations mostly focus on predicting future land use/-
cover changes, especially in the context of natural disasters and climate
change. For instance, Zhang et al. (2019) employed model simulations
to assess the potential impact of flood disasters on land use/cover.

In terms of methodologies, research methods for studying land use
change have continuously advanced. In the field of image classification
and interpretation, deep learning techniques such as Convolutional
Neural Networks (CNN) have made significant progress, improving the
accuracy of automated classification (Maroulis & Xu, 2020). Both su-
pervised and unsupervised classification algorithms have benefited from
the application of deep learning and advanced clustering techniques
(LeCun & Hinton, 2015). Change detection methods have continuously
improved, particularly through the integration of multisource remote
sensing data to enhance change detection accuracy (Wang & Gong,
2019). Spatial analysis techniques have benefited from the ongoing
development of GIS technology and spatial data mining methods
(Goodchild & Gahegan, 2021). Model simulation methods have become
increasingly complex, considering more factors and driving factors,
while the use of open data and tools has improved the accessibility of
models (Ruane & Sultan, 2018).

These advancements contribute to a more comprehensive under-
standing of the complexity of land use change and provide a stronger
scientific basis for the formulation of sustainable land management
strategies. Interdisciplinary research and data integration will continue
to drive the forefront of land use change research (Chen and Mather,
2019; Shi et al., 2016; Smith et al., 2016), aligning with the high
complexity and diversity of land use changes observed globally in recent
years. Multiple factors, including urbanization, agricultural expansion,
and nature conservation, interact, leading to dynamic changes in land
use patterns. Simultaneously, the demands of socio-economic develop-
ment and environmental protection drive the continuous evolution of
land use patterns. These changes have profound implications for sus-
tainable development and ecological balance. Thus, a deep under-
standing of the trends and driving factors of spatiotemporal changes in
land use is crucial for the formulation of scientifically sound land
management policies. In conclusion, future research should continue to
focus on data integration from multiple sources, delve into driving fac-
tors, and use this as a basis for formulating sustainable land use man-
agement strategies.

Therefore, this study utilizes remote sensing images of Chongming
Island from 2000 to 2020, combined with RS and ArcGIS tools, to
determine land use data and transition matrices. It examines the
spatiotemporal changes in land in the region in recent years, along with
their driving forces, and analyzes the ecological environmental effects of
changes in land use types. The aim is to provide scientific references for
the rational development and utilization of land resources and ecolog-
ical environmental protection in the research area.
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2. Methodology
2.1. Overview of the study area

As an important ECND zone, Chongming Island is situated within
Shanghai, positioned at the mouth of the Yangtze River. It is bounded by
the East China Sea to the east, connected to the Yangtze River on its
western side, and faces the Pudong New Area, Baoshan District, and
Taicang City of Jiangsu Province to the south. To the north, it is sepa-
rated from the cities of Haimen and Qidong in Jiangsu Province by a
narrow waterway. This island features predominantly flat terrain
without any discernible hills. Based on data from the 2017 National
Geographic Monitoring, the land area of Chongming Island encompasses
approximately 1,500 km2. Within this expanse, approximately 224 km2
(15 %) is designated for construction purposes, 904 km2 (59 %) is uti-
lized for agricultural activities, 169 km2 (11 %) is covered by forests and
grasslands, 237 km2 (15 %) comprises water bodies, and a negligible
percentage represents unutilized land, classified as desert or barren
terrain. Furthermore, beyond the confines of Chongming Island’s land
area, the region boasts an additional expanse of nearly 2,500 km2
comprising diverse wetland resources. These resources encompass silty
beaches, intertidal saltwater marshes, estuarine waters, deltas, sand-
bars, sand islands, herbaceous marshes, and forested marshlands. The
focal scope of this study pertains to the land area of Chongming Eco-
Island, which is depicted in Fig. 1.

2.2. Research methods
2.2.1. Dynamics of land use

The concept of Land Use Dynamics Degree serves as a crucial metric
in portraying the extent of transformative changes occurring within a
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specific geographical area. Moreover, it elucidates the disparities that
exist within the pace of alteration across diverse land utilization cate-
gories within the same region (Xu et al., 2018). In the context of this
study, the focal objectives revolve around the utilization of both the
Single Land Use Dynamic Degree and the Integrated Land Use Dynamic
Degree. These metrics are instrumental in quantitatively encapsulating
the rate at which alterations unfold, be it for a particular land category
or encompassing the entirety of land types, over a designated timeframe.
The formulation underlying these dynamic degree indices can be
expressed as follows:

U=Ua 1 00% @
U, T

where D is the dynamic degree of a land use type during the analysis
period; U,. Uy respectively represent the area of a land use type at the
beginning and end of the analysis period; T is the length of the analysis
period.

2.2.2. Land use transfer matrix

The Land Use Transfer Matrix serves as a comprehensive tool for
elucidating both the magnitude and direction of shifts in regional land
utilization patterns. This methodology finds its origins in the realm of
quantitative analyses applied to system states and their transformations
within system theory, effectively capturing the evolutionary trajectory
of system states over time (Wu et al., 2014). This model is rooted in the
formulation of system dynamics, wherein changes are encapsulated by
the interplay of various components within a given system. The
expression formula that encapsulates this model is as follows:
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Fig. 1. Chongming Island.
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where T} is the area of the “i-th” land use type converted into the “j-th” &
land use type at a certain time, and “n” is the number of land use types.
In this study, using GIS software, land use data for consecutive years on -
Chongming Island during the study period were superimposed, and the §
spatial analysis module was used to calculate the land use transfer ma- 3 - e o
trix between each adjacent year from 2000 to 2020 in Chongming E R g % 2 E
Island. HEEEEEE:
Sjl<— ~—~—~
2.2.3. Unary linear regression model
Regression analysis is mainly used to explain the correlation between
variables and is generally divided into unitary and multiple regression f ,°:° i i Z\,c:
models. The Unary linear regression model is based on statistical prin- 9 ; E ; g 3
ciples for unary linear and nonlinear regression curve fitting. In this g
study, the unitary regression model is mainly selected and the formula %
is: -
y=a+bx+e 3
g g X323
Where x. y are the independent and dependent variables, respectively; g RERSS
a. b are regression coefficients; ¢ is a random variable of the error term. § g RE3ISS
The first step in this model is to use the P value to determine whether
there is a unitary regression relationship between x and y, the smaller
the P value, the better. And then, the closeness of the linear correlation RS
between the two variables should be determined, in which the correla- 883=58
tion coefficient R? is an important judgment indicator, taking a value Keeceee
range of [0,1], the closer its value is to 1, the stronger the linear cor- %
relation between the two variables. 8
3. Results
HEEEEEE
3.1. Land use changes analysis T% o ana
5|2
In the study period spanning from 2000 to 2020, the land use data
reveals noteworthy trends that have significant implications for both
environmental policy and urban planning (see Table 1 and Fig. 2). Most SRS
prominently, Cultivated Land holds a majority share throughout the h83RB8
years, undergoing a slight increase from 74.91 % in 2000 to 76.86 % in gf’ aeaad
2020, indicating the sustained importance of agriculture in land utili- g
zation. Forest Land, although smaller in proportion, remains relatively g
stable around 2.5 %, experiencing only a minor decrease from 2.57 % in
2000 to 2.35 % in 2020. This stability suggests that deforestation is not a S
major issue within the observed timeframe. Interestingly, Grassland, § g Bo¥ 8y
despite its minimal share, presents a curious rebound, surging from 0.11 el % Smh®e
% in 2015 to 0.37 % in 2020, which may warrant further investigation. § § g HEDDH
On the other hand, Water Areas see a dramatic decline from 13.21 % in N
2000 to 6.64 % in 2020, almost halving its share, which could signal 5
rising environmental stress and necessitate immediate conservation ef- b s
forts. Complementing this decline is the consistent expansion of Con- E SRR
structed Land from 9.07 % in 2000 to 13.78 % in 2020, indicative of an %" SN INENEN
ongoing urbanization trend. This data-driven insight into the evolution S g
of land use categories can serve as a foundational pillar for policy- g 8
makers, offering a nuanced understanding that aids in crafting targeted g
and effective land management strategies. =
As demonstrated in Table 2, the dynamic shifts characterizing E ]
Chongming Island’s land use during the interval of 2000-2020 are - 5 mooeg
notably discerned through a comparative lens, considering alterations g § Aaned
between selected preceding and subsequent years: E = g E § g E g
o o — = =
Cultivated Land: The area of cultivated land experiences modest g
fluctuations, yielding little substantial change. Over the two-decade < 'g N o b o®no
period, the cultivated land area contracts by 14.69 kmz, reflecting a % §* § § § § § g
= oA
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Fig. 2. The proportion of different land types in 2000-2020.

Table 2
Changes of Different Land Types in Chongming from 2000 to 2020.
Year Range
Cultivated land Forest land Grassland Water area Constructed land
Area Dynamic Degree  Area Dynamic Degree  Area Dynamic Degree  Area Dynamic Degree  Area Dynamic Degree
2000-2005  —17.5284  —0.34 % —0.4527  —0.26 % 0.1152 0.67 % 33.1047 3.69% —15.2388  —-2.47 %
2005-2010  24.5718 0.47 % 0.8046 0.46 % 0.0288 0.17 % 1.5372 0.21 % —26.9424  -3.89%
2010-2015  —2.3292 —0.05 % 0.1458 0.08 % 1.7631 10.66 % 4.4442 0.61 % —3.9285 —0.48 %
2015-2020  —20.403 —0.40 % 2.7198 1.58 % —3.4146  —44.19% 1.0552 7.28 % —15.9336 -1.88%

decrease rate of 0.32 %. Notably, this evaluation involves a
comparative analysis between two specific years, such as subtracting
the area in 2000 from 2020.

Constructed Land: A significant surge in constructed land area
underscores the degree of transformation with pronounced dyna-
mism. Throughout these twenty years, the region witnesses a
remarkable increase of 62.04 km? in constructed land area, signi-
fying a growth rate of 8.72 %. Correspondingly, the proportion of
constructed land within the total area expands from 15.76 % in 2000
to 23.70 % in 2020. This substantial shift corroborates the escalating
prominence of constructed land as a pivotal land use category within
the study area.

Forested Land: The trajectory of forested land unfolds as a succes-
sion of increments followed by decreases, culminating in an overall
reduction of 3.22 km? translating to a decrease rate of approxi-
mately 1.86 %. This pattern underscores the practice of deforestation
to facilitate the expansion of cultivated and constructed land during
the urbanization process.

Water Bodies: The aggregate area of water bodies experiences a
noteworthy contraction, accompanied by dynamic fluctuations that
depict an inclination towards more pronounced alterations. Over
two decades, the cumulative decrease amounts to 90.14 km?, signi-
fying a decrease rate of 11.79 %. This decline is most notable among
all land types, primarily attributable to the oscillation of water levels
stemming from global warming and shifts in rainfall patterns.
Grassland Area: The grassland area undergoes a sequence of
decrease followed by augmentation. Over the past fifteen years, the
grassland area records a net increase of 1.51 %. This development
points towards an amplified awareness of the pivotal role played by
grasslands in maintaining environmental quality during later

periods. This is highlighted by the initiation of an upswing in the area
designated for artificial greenery.

In essence, the assessment of land use alterations takes into account
the disparities between two selected years, unveiling the intricate
landscape dynamics of Chongming Island over the designated period.

Fig. 3 represents the spatial distribution of land on Chongming Island
spanning the years 2000 to 2020, thereby elucidating the salient char-
acteristics underpinning its land use dynamics:

Cultivated Land: Encompassing all areas except expansive water
bodies, cultivated land exhibits a consistent trend of diminishing
proportions annually. This pervasive trend is perceptible in the
spatial distribution map, highlighting the incremental reduction of
cultivated land over the years.

Constructed land: Notably clustered in the urban epicenter, con-
structed land’s spatial allocation undergoes a noticeable evolution as
time progresses. Its distribution expands from the city center towards
the surrounding regions, yet largely remains clustered. A conspicu-
ous feature is the significant aggregation of constructed land within
the city center, denoting the distinct clustering phenomenon.
Water Areas: Primarily situated in the eastern, northern, and
southern sections, water areas have significantly diminished across
the two-decade span due to the compounded effects of global
warming and decreasing precipitation. Notably, the eastern waters
have undergone a transformative shift, evolving into a transition
zone that has culminated in the establishment of the Dongtan
Wetland Park.

Forest Land and Grassland: Concentrated in the northeast and
southwest sectors of the urban expanse, both forest land and
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Fig. 3. Spatial Distribution of Different Land Types in Chongming from 2000 to 2020.

grassland maintain relatively stable spatial distribution patterns.
Despite the passage of twenty years, these land use categories exhibit
minimal alterations in terms of their spatial distribution.

In summary, Chongming Island’s predominant land use types in
2000 encompassed cultivated land, water areas, and constructed land.
However, over the ensuing two decades, the landscape has undergone
transformation. Noteworthy developments include the decline in the
proportion of cultivated land, a significant increase in constructed land,
a reduction in forest land proportions, and substantial changes in water
areas. Additionally, with the exception of cultivated land distributed
throughout the island, other land types manifest varying degrees of
concentration across specific regions.

3.2. Land use transfer matrix characteristics

By amalgamating the insights from Table 3 and Table 4, the evolving
landscape of Chongming Island’s land use unveils the following salient
characteristics:

Constructed land: The expansion of constructed land remains a
rapid and pronounced trend, significantly driven by the conversion
of cultivated land. Over the span of two decades, the constructed
land area surges from an initial 123.17 km? to 185.21 km?, reflecting
an average annual increment of 4.14 km?. This is mirrored in the
proportional increase from 15.76 % to 23.70 %, with an average
annual growth rate of 0.52 %. Notably, approximately 88.27 km? of

cultivated land transitions into constructed land, emphasizing the
pivotal role of cultivated land in the augmentation of constructed
land area. This robust shift underscores the ongoing process of ur-
banization within the district.

Non-Constructed land Types: Within this category, discernible
structural adjustments become evident. These adjustments manifest
in the more moderate alterations observed in the area encompassing
cropland, forest land, and grassland. Forest land and grassland
exhibit notable resilience, refraining from undergoing extensive
shifts to other land types on a large scale.

Water Areas: The decline in the overall area of water bodies emerges
as a significant phenomenon. However, upon scrutinizing Table 4, it
is evident that the shift from water areas to other land types remains
relatively limited. Consequently, the transformation in water area
dimensions is intrinsically linked to factors like global warming and
fluctuations in water surface levels, primarily attributed to shifts in
rainfall patterns.

In summation, the synthesis of data from Table 3 and Table 4 offers
an insightful perspective into the evolving landscape of Chongming
Island’s land use. Notably, constructed land’s expansion is propelled by
the conversion of cultivated land, non-constructed land types demon-
strate measured structural adjustments, and water area dynamics are
largely influenced by global warming and precipitation-induced alter-
ations in water surface levels.
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4. Discussion

In terms of policy context and objectives, over the past two decades,

(c) 2010
(continued).
Chongming Island has implemented proactive policy measures to facil-

itate its development as an Ecological Island Construction Demonstra-
tion (ECND) Zone. The “Chongming Three-Island Master Plan
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Fig. 3. (continued).

(Chongming County Regional Master Plan) 2005-2020,” released in World-Class Ecological Island Development 13th Five-Year Plan” in
2005, outlined the objective of developing Chongming Island into a 2016 further emphasized the significance of advancing ecological con-
modern integrated ecological island. Subsequently, the “Chongming struction during the 13th Five-Year Plan period. These policy documents
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Table 3
2000-2020 Chongming Island Land Use Transfer Matrix/km?.
Land types 2000 2020
Cultivated land Forest land Grassland Water area Constructed land Total Total
919.6353 2.8899 1.2762 29.1267 64.2996 1017.3915 1033.0803
2.3058 0 0.7245 0.3537 0.0549 3.4524 4.9599
95.4684 0.4473 2.9592 56.7639 9.7767 179.3547 89.2134
11.4021 0.2259 0 1.9827 109.5606 123.1713 185.2146
Table 4
Land use transfer matrix/km? at different stages of Chongming Island.
Time Period Cultivated land Forest land Grassland Water area Constructed land
2000-2005 Cultivated land 999.2151 0.4311 0.009 4.1238 13.6125
Forest land 0.2826 34.3413 0 0.0378 0.2016
Grassland 0.6363 0 2.6748 0.1413 0
Water area 28.089 0.4086 0.6444 141.8607 8.352
Constructed land 6.6969 0.135 0.009 0.0864 116.244
Total in 2005 1034.9199 35.316 3.3372 146.25 138.4101
2005-2010 Cultivated land 1004.5575 0.3465 0.0144 1.2969 28.7046
Forest land 0.3015 33.9804 0 0.0531 0.981
Grassland 0.0171 0 3.2733 0.0369 0.0099
Water area 0.9936 0.0639 0.0207 143.2089 1.9629
Constructed land 4.4784 0.1206 0 0.117 133.6941
Total in 2010 1010.3481 34.5114 3.3084 144.7128 165.3525
2010-2015 Cultivated land 1003.4316 0.1341 0.0171 0.6246 6.1407
Forest land 0.1566 34.1496 0 0.0279 0.1773
Grassland 1.6587 0 1.5201 0.1296 0
Water area 5.0967 0.0396 0.0054 139.4001 0.171
Constructed land 2.3337 0.0423 0.0027 0.0864 162.792
Total in 2015 1012.6773 34.3656 1.5453 140.2686 169.281
2015-2020 Cultivated land 940.0743 2.7819 1.287 28.2033 39.8169
Forest land 4.3551 28.3635 0 1.0152 0.6282
Grassland 0.0819 0 0.7677 0.1017 0.5823
Water area 66.4974 0.1161 2.8566 52.7193 4.6863
Constructed land 22.0716 0.3843 0.0486 7.1685 139.4109
Total in 2020 1033.0803 31.6458 4.9599 89.208 185.1246

have played a pivotal role in guiding the island’s land use changes and
ecological development. The analysis of Chongming Island’s land use
changes over the past two decades offers a compelling perspective on its
journey as an Ecological Island Carbon Neutral Demonstration (ECND)
Zone, particularly concerning land use governance. While the island’s
strides towards ecological sustainability are evident, a more compre-
hensive evaluation demands a closer scrutiny of the intricate interplay
between economic, housing, and population factors, combined with
insights from prior research.

The conspicuous decline in water areas, attributed partly to global
warming and shifting rainfall patterns, underscores the island’s adapt-
ability to environmental shifts. However, this adaptive response neces-
sitates a more holistic strategy. As Chongming Island endeavors to fulfill
its ECND objectives, proactive measures are imperative to address the
underlying causes of water area reduction. This need for anticipation
and proactive intervention aligns with the findings of Zhou et al. (2020)
and Zhang et al. (2020), who stress the importance of incorporating
multi-source remote sensing data for enhanced change detection accu-
racy and predictive landscape analysis.

The substantial expansion of constructed land, primarily concen-
trated within urban cores, reflects the island’s reaction to economic
growth and population dynamics. While urbanization is a worldwide
trend, its implications for land use management within the ECND
framework warrant careful consideration. The critical concern lies not
only in accommodating urbanization but also in cultivating sustainable
urban development that acknowledges the ecological limits of the is-
land. To achieve this, the insights from research by Gang (2020) can be
harnessed, emphasizing the necessity of interdisciplinary studies and
data fusion to address complex land use dynamics.

Amid the complexities posed by economic growth, housing demands,

and burgeoning population, the surge in constructed land area on
Chongming Island demands a comprehensive analysis. While the
alignment of construction expansion with economic prosperity and the
need for housing is evident, a fundamental question arises: Does the
rapid pace of construction harmonize with the island’s delicate
ecological balance? Answering this query requires a meticulous exami-
nation of housing policies within the broader context of environmental
preservation. To draw insights from analogous ecological contexts, we
can turn to the research of Lau (2020) and Asha (2021), whose work
underscores the necessity of a judicious and balanced approach to
development, particularly on estuarine islands akin to Chongming. Their
findings underscore the imperative equilibrium to strike between swift
urbanization and the safeguarding of the island’s unique ecological
fabric. By heeding their insights, Chongming Island can chart a course
that converges progress with the protection of its natural heritage.

The ebb and flow of forested land, intertwined with dynamic shifts in
grassland area, lay bare the intricate challenges of harmonizing urban-
ization with ecological preservation. The intricate interplay between
urban needs and the imperative of conserving natural habitats compels
the formulation of robust mitigation strategies. This ecological riddle
resonates with the discoveries of Matos et al. (2019), who underscore
the far-reaching impacts of urban expansion not just on immediate
landscapes, but also on adjoining farmlands and intricate ecosystems.
The heart of this predicament underscores the pressing need for an
amplified focus on habitat restoration initiatives and the scrupulous
orchestration of land use planning.

Within the evolving tapestry of Chongming Island’s metamorphosis,
it becomes distinctly clear that the expansion of constructed land, the
fluctuations in forested expanses, and the shifting grasslands are all
interconnected threads in the grand narrative of harmonizing human
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advancement with ecological stewardship. As Chongming Island em-
barks on its trajectory towards a thriving and harmonious ecological
future, it must embrace the synergy of research insights, visionary pol-
icies, and community participation to ensure that every stride taken
resonates harmoniously with the island’s ecological rhythm.

5. Conclusion

In conclusion, the analysis results provide valuable insights into
Chongming Island’s trajectory as an ECND Zone, yet a critical exami-
nation unveils disparities between aspirations and implementation. To
excel as an ECND Zone, Chongming Island must harmonize economic,
housing, and population factors with robust ecological principles. This
entails integrating a diverse range of research findings and implement-
ing multidisciplinary strategies to comprehensively address the chal-
lenges of land use governance. By leveraging insights from these studies,
Chongming Island can fortify its role as a paradigm for sustainable
development and ecological harmony.

While this study utilized RS and GIS technology to delineate changes
in land types and their proportions on Chongming Island from 2000 to
2020, along with the interconversion matrix of land types across
different periods, it’s essential to acknowledge some limitations. The
analysis primarily relied on data reports and literature reviews, with
limited on-site survey and data actual measurement. Future research
endeavors should focus on enhancing data collection through more
extensive fieldwork and measurement techniques to ensure the accuracy
and reliability of the findings.

The study highlights several key findings:

In 2020, cultivated land dominates the land use types on Chongming
Island, followed by constructed land, with the latter gaining promi-
nence as a pivotal urban land use category.

Over the 2000-2020 period, significant changes in land use are
evident, with water areas consistently diminishing and constructed
land expanding.

Transitions between land types vary across different stages, with
cultivated land primarily transforming into constructed land, indi-
cating the latter’s main source of expansion.

The human impact on land use, driven by socio-economic develop-
ment, urbanization, and policies, outweighs natural factors in
shaping Chongming Island’s land use dynamics.

As Chongming Island progresses, it’s imperative to establish a sus-
tainable land use strategy that balances economic growth with ecolog-
ical preservation. This requires careful planning and adaptation to local
conditions, ensuring the preservation of vital ecosystems while fostering
continued development. Moreover, addressing the implications of land
use changes on ecological systems, such as Dongtan Wetland Park, is
essential for long-term sustainability.

In summary, this study underscores the complex interplay between
natural processes and socio-economic forces in shaping Chongming
Island’s land use dynamics. While socio-economic factors have played a
significant role in driving changes, the island must navigate a fine line
between development and conservation to achieve its ecological and
sustainable goals.

While this study provides valuable insights into Chongming Island’s
land use changes, it is limited by the reliance on existing data and
literature reviews with minimal on-site surveys. Future research will
build upon this foundation and (Bai et al., 2021; Chuai et al., 2022; Xia
and Cai, 2023; Zhang et al., 2023) for more extensive fieldwork to
enhance accuracy. Additionally, the intricate interplay between natural
and socio-economic factors calls for further exploration. In summary,
this study contributes insights into land use dynamics but requires more
comprehensive research addressing data limitations and complex
relationships.
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