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Spatiotemporal evolution
characteristics and driving
mechanisms of habitat quality
in the Jiangsu coastal zone
Hong Zhang1,2, Zhou Chen1,2, Yi Ge1,2, Haifeng Zhang3

and Min Xu1,2*

1School of Marine Science and Engineering, Nanjing Normal University, Nanjing, China, 2Coastal Zone
Resources and Environment Engineering Research Center of Jiangsu, Nanjing, China, 3Island
Research Center, Ministry of Natural Resources, Pingtan, China
The coastal zone, as a typical land-sea interaction area, has experienced
signi� cant changes in habitat quality under the dual in� uence of climate
change and human activities. Identifying the land-sea differences in the
mechanisms in� uencing habitat quality in the coastal zone is essential for the
development of targeted ecological protection strategies. Based on the
integrated habitat quality assessment results for the Jiangsu coastal zone from
2010 to 2020, kernel density curves and Optimal Parameter Geographic
Detector (OPGD) were employed to investigate the land-sea differences in the
composition, spatiotemporal variations, and driving mechanisms of habitat
quality. The results indicate that, in terms of composition, low-quality habitats
are mainly distributed on land, while areas with medium to high habitat quality are
concentrated in the sea; in terms of spatiotemporal changes, from 2010 to 2020,
habitat quality degradation in the Jiangsu coastal zone is primarily manifested as
the expansion of low-quality terrestrial habitats into natural areas, as well as the
transition of high-quality marine habitats into suboptimal habitats; in terms of
driving mechanisms, changes in terrestrial habitat quality are primarily driven by
human activities, whereas marine changes are mainly in� uenced by natural
factors such as topography and hydrodynamics, with indirect disturbances
from human activities observed in speci� c years. These � ndings provide a
scienti� c basis for the targeted formulation of coastal zone ecological
protection policies.
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1 Introduction

The coastal zone is the boundary area between land and sea,
featuring rich ecological resources and important ecological functions
(Costanza et al., 1997). However, coastal ecosystems are under
unprecedented pressure due to global climate change and human
activities (Halpern et al., 2008; Nicholls et al., 2008). Human activities
such as land reclamation, port construction, and �shing have
intensi�ed the degradation of coastal ecosystems (Huang et al.,
2021). Simultaneously, climate-driven challenges like sea level rise
(Roy et al., 2023), extreme weather events (Adelekan and Fregene,
2015), and invasive species (Rius et al., 2014) further weaken coastal
ecosystems’ resilience. These combined pressures have signi�cantly
diminished the ecological services provided by coastal zones, with
habitat quality degradation being a major manifestation. Habitat
quality refers to the environment’s ability to support the survival and
development of organisms and is a key component of ecosystem
function (Hillard et al., 2017). Degradation of habitat quality not only
threatens biodiversity but also impairs essential coastal services like
water puri�cation, coastal protection, and carbon sequestration
(Beaumont et al., 2013; Cunha et al., 2021; Worm et al., 2006).
Therefore, assessing habitat quality and identifying its driving factors
is essential for effective ecological management and implementing
ecosystem-based coastal zone management strategies.

The ecological functions of the coastal zone rely on the
interconnectedness of terrestrial, intertidal, and marine
ecosystems. Therefore, to comprehensively assess habitat quality,
it is essential to view the coastal zone as a uni�ed ecosystem (de
Andre�s et al., 2023). However, habitat quality assessment in the
coastal zone faces unique challenges due to the differences between
terrestrial and marine ecosystems (Carr et al., 2003). Traditional
assessment methods are often designed for single ecosystems (e.g.,
terrestrial or marine), with different evaluation focuses. Terrestrial
habitat quality is mainly assessed using Land Use and Land Cover
(LULC) data, integrated with 3S technologies and ecological models
like InVEST and HSI (Wu et al., 2021b; Arenas-Castro and Sillero,
2021; Moreira et al., 2018). In contrast, marine habitat quality is
typically assessed based on indicators such as water quality and
benthic organisms, focusing on habitat condition and �shery
sustainability (Dong et al., 2021; Sarkar et al., 2021). Marine
habitat mapping has also become a key research area (Schill et al.,
2021). Additionally, the cross-realm threat—due to the interaction
of terrestrial and marine factors—must be considered in coastal
habitat assessments. Failing to address this could lead to biased
results and undermine the effectiveness of ecological protection and
management policies (Tallis et al., 2008).

Human activities and natural environmental factors are the two
main drivers of habitat quality degradation, with their impacts
varying signi�cantly across regions (Newbold et al., 2019).
However, previous studies still have limitations in quantitatively
assessing the intensity of these in�uencing factors (Calderon-
Aguilera et al., 2012). The emergence of methods such as the
GeoDetector (Chen and Liu, 2024a) and machine learning (Zhou
et al., 2024) has made it possible to quantitatively analyze the
driving mechanisms of habitat quality degradation. These methods
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provide insights into the intensity and regional differences in the
impacts of human and natural factors on habitat quality, offering
valuable tools for more re�ned assessments of habitat degradation.

Most existing studies focus on the independent assessment of
habitat quality in either terrestrial or marine ecosystems. While
some have attempted integrated coastal habitat quality assessments
(Liao et al., 2023), few comparative studies examine the land-sea
driving mechanisms. The Jiangsu coastal zone, characterized by its
muddy coastlines and ecologically sensitive environment, has
experienced �uctuating development intensity since 2010, shifting
from a “development over protection” approach to one prioritizing
both development and protection. This changing intensity of
human activities has had varying impacts on habitat quality.

This study takes the Jiangsu coastal zone as a case to conduct an
integrated assessment of habitat quality, addressing the limitations
of traditional land-sea separated research. It quantitatively explores
the impacts of human activities and natural factors, highlighting
structural differences between terrestrial and marine areas in terms
of habitat composition, spatiotemporal changes, and driving
mechanisms, ultimately supporting the development of targeted
ecological protection policies for coastal zones.
2 Materials and methods

2.1 Study area

Jiangsu Province, located in eastern China’s Yangtze River
Delta, is bordered to the east by the Yellow Sea. Its coastal cities,
from north to south, are Lianyungang, Yancheng, and Nantong.
The region hosts three major ecosystems: forests, oceans, and
wetlands, with unique sandy ridges and intertidal wetlands. The
terrestrial study area is de�ned by the administrative boundaries of
these coastal cities, while the marine area covers waters under
Jiangsu’s jurisdiction (Figure 1).
2.2 Integrated evaluation method of
coastal habitat quality

The Habitat Quality module in the InVEST model was used to
assess the habitat quality of the study area. The model is based on
habitat types, establishing a connection between habitat quality and
threat sources. It analyzes habitat sensitivity and the impact of
external threat factors, thereby providing insights into the spatial
distribution of habitat quality in the region. The habitat quality
index, ranging from 0 to 1, is used to represent regional habitat
quality, with higher values indicating better habitat quality. The
model’s calculation principles are detailed in the user guide. The
calculation formula for habitat quality is as follows:

Qxj = Hj ½1 � (
Dz

xj

Dz
xj + Kz )�

Here, Qxj represents the habitat quality of raster cell x within
land (or marine) use type j. � Hj denotes the habitat suitability of
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land (or marine) use type j, re�ecting the capacity of different
habitat types to provide suitable conditions for species’ survival and
reproduction. z is a normalization constant, set to 2.5, and K is the
half-saturation constant, with a default value of 0.5. Dxj is the threat
index of raster cell x within land (or marine) use type j, used to
quantify the level of stress imposed by threat factors and the degree
of habitat degradation (Nature Capital Project, 2025).

2.2.1 Coastal habitat classi�cation
In territorial spatial development, the complex interactions

between human activities and natural factors have created diverse
combinations of biological and human living spaces at different
scales (Liu et al., 2024). On land, land use types directly re�ect the
degree of human activity interference with regional habitat quality.
In contrast, the three-dimensional nature of marine space
challenges traditional two-dimensional spatial classi�cation
methods. While human activities in�uence the marine
environment, their impact is limited, and most areas remain
near-natural. To re�ne coastal habitat classi�cation, this study
introduced the benthic biodiversity index as a key biological
factor, enhancing the classi�cation of near-natural marine
habitats. Holistically considering coastal landforms, natural
ecological attributes, and human impacts, the study classi�ed
coastal habitats into 12 types. The de�nitions of each habitat
types are presented in Table 1.
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2.2.2 Threat factors and relevant parameters
Referring to related studies (Zhang et al., 2020; Li et al., 2019;

Lopes et al., 2023; Zhang et al., 2022), based on land use data and
marine resource development data, 9 human activities were selected
as habitat quality threat factors. The parameters of these threat
factors and the sensitivity of different habitat types to them were
shown in Table 2 and 3.
2.3 Research method for spatiotemporal
evolution of habitat quality

2.3.1 Kernel density estimation
The ridge plots were created using kernel density estimation

(KDE) to analyze the distribution patterns of habitat quality along the
Jiangsu coastline for the years 2010, 2015, and 2020, as well as the
temporal changes in these patterns. For each sample point, its kernel
density estimate was calculated to generate a smooth distribution of
habitat quality. The formula is as follows (Parzen, 1962):

f̂ (x) =
1
nh o

n

i=1
K(

x � xi

h
)

Where f̂ (x) refers to the density estimate at point x, n is the
number of samples, h is the bandwidth, K is the kernel function, xi is
the coordinate of the i-th sample point.
FIGURE 1

Study area.
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