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Abstract: Effectively managing the diversity and complexity of human settlements is pivotal in
tackling the sustainability challenges we face in the Anthropocene. Conceptualizing a city’s human
settlement as a unified social–ecological system and investigating its system archetype and evolution-
ary pattern offer a promising approach to understanding sustainability challenges within specific
spatio-temporal contexts. This study introduced a novel approach to assessing and characterizing
human settlements using a spatio-temporal two-tier structure archetype analysis for human settle-
ment systems. Applying inductive clustering to an integrated dataset, we identified five typical
human settlement systems for 2019 and eight change patterns (2001–2019) in the Yangtze River Delta
region. By linking inductively recognized human settlement systems into deductive categories of
human-nature connectedness and associating inductive change patterns with deduced phases within
the adaptive cycle, we defined five system spatial archetypes and three archetypical evolutionary
patterns, revealing the typical interaction between them. This enabled us to understand sustainability
challenges for each interaction, formulating seven tailored solutions to promote place-based develop-
ment in human settlements. Generally, our approach showcases considerable potential in uncovering
human settlement challenges, ultimately contributing to addressing these challenges at the local level
within the broader context of global sustainability issues.

Keywords: human settlement; nested archetype analysis; social-ecological system; place-based
development; urban agglomeration

1. Introduction

Human settlements in the Anthropocene grapple with multifaceted global challenges,
encompassing climate change, ecological destruction, and rising inequality [1–3]. The
imperative of looking at the larger picture in human settlements is underscored by both
the Sustainable Development Goals (SDGs) and the New Urban Agenda (NUA) [4,5].
Significant advances have been made in the classification [6], objectives [7], and various
attributes of human settlements, including spatial differentiation characteristics [8], social
and economic structure [9,10], and well-being [3]. Yet, it remains a major challenge to
meaningfully organize the diversity and complexity of human settlement configurations
and identify their potential development risks [11,12].

Understanding human settlements from the perspective of complex, social–ecological
systems (SESs) is a promising pathway in this regard [13]. SESs are a type of complex adap-
tive system, characterized by strong connections and feedback within and between social
and ecological components that determine their overall dynamics [14]. Previous research
has applied the SES framework to evaluate the transformability of high-density urban
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settlements [15], the resilience of rural settlements [13,16], as well as the adaptability of
settlement governance in resource-rich areas [17]. Sustainability assessments of settlement
systems vary in methodologies, encompassing qualitative analysis and quantitative indica-
tors. Qualitative research involves collecting data through observation, interviews, and
existing documents, employing approaches like action situation analysis [18], contextual
analysis [19], and content analysis [17]. On the quantitative front, research predominantly
focuses on establishing an evaluation index system to assess the sustainability of settlement
systems. This process utilizes remote sensing and statistical data, incorporating methodolo-
gies such as the analytic hierarchy process [20], geographical detector [13], and structural
equation modeling [21]. However, while efficient for assessing complex real-world situa-
tions, these methodologies present challenges in formulating specific solutions for future
development risks of local settlements.

In addressing this challenge, archetype analysis has emerged as a central tool in
sustainability research, spanning topics including climate change [22], land systems [23],
social–ecological systems [24], and institutional changes [25], serving as a basis for contex-
tualized, tailored management and decision making [26]. Archetype analysis comprehends
social–ecological dynamics by discerning recurring patterns in variables and changes that
dictate SES’s sustainability [27]. SES archetypes denote a set of typical and recurring
SESs, distinguished by their shared characteristics, trajectories of change, and underlying
challenges [26]. For instance, Cumming et al. [28] introduced a conceptual framework to
enhance the understanding of interactions between humans and ecosystems amidst global
agricultural transitions and rapid urbanization. They conceptualized three SES archetypes
from high to low human–nature connectedness—‘green-loop’ SESs, ‘transition’ SESs, and
‘red-loop’ SESs. These archetypes signify specific sustainability challenges and governance
requirements. Moreover, multi-tier nested SES archetypes have proven advantageous in
research by allowing intermediate abstractions that retain general patterns and local details,
paving the way for a broader understanding of human–nature interactions [29]. Sietz
et al. examined eight broad archetypes of vulnerability (e.g., extremely dry and resource-
constrained areas, dry areas with better agropotential, better governance, higher income,
and better nourished people) across all drylands of sub-Saharan Africa. They further
identified six nested archetypes within the archetype of dry areas with better agropotential,
primarily distinguishing system vulnerability based on erosion sensitivity, governance, and
undernourishment [30]. Yang et al. mapped two-tier nested SES archetypes, covering five
global SES archetypes (natural systems, ecological transition systems, agricultural systems,
urban–rural transition systems, urban systems) with 11 regional SES sub-archetypes in the
Beijing–Tianjin–Hebei urban agglomeration in China [31].

Current research primarily derives archetypes through inductive means (e.g., by
identifying commonalities within case studies) or deductive methods (e.g., theoretically
pinpointing key variables creating typological spaces) [32]. Inductive, data-driven ap-
proaches are vital for capturing complex real-world phenomena, enabling the generation of
empirical scientific knowledge about diverse SES archetypes globally. However, inductive
methods might yield challenging results to explain or articulate, hampering the formulation
of specific development strategies [33]. Deductive methodologies identify SES archetypes
by theoretically detecting critical variables that characterize human–nature interactions,
offering a basis for evidence-based practice [32]. The key variables utilized in the literature
include the level of land-use intensification and trade flows [34], the degree of connect-
edness between ecosystems and societies [28], and human population size, material and
energy use, and technology [25]. However, the practical application of these deductive
approaches may be constrained by their tendency to oversimplify real-world complexities,
thereby limiting their utility in devising context-specific policy and governance tools [35].

Integrating both inductive and deductive archetype analyses would leverage their
respective strengths to optimize diverse levels of abstraction, ensuring both general ap-
plicability and specific interpretative capacity. Nevertheless, this integration is still in its
nascent stage. Recent studies, such as Pacheco-Romero et al. [33] and Yang et al. [31],
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have made progress in this area, examining the spatial aspects of deductive archetypes
for SESs but lack a theoretical deduction of SES changes. Holling’s adaptive cycle theory
offers a framework for analyzing how complex systems change and the dynamics of their
sustainability [36]. This theory suggests that a dynamic system progresses through four
phases —exploitation (
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), conservation (K), release (Ω), and reorganization (α)—driven
by the interaction among potential, connectedness, and resilience [37]. System potential
represents internally accumulated capital expressed in ecosystem structure, productivity,
and human relationships. Connectedness refers to the degree of rigidity between internal
controlling variables and processes of the system. Resilience is a measure of a system’s
vulnerability to unexpected or unpredictable shocks. In the two front loop phases, r and
K, capital accumulates, leading to predictability and stability increases as redundancies
are gradually eliminated. Conversely, during the two back loop phases, Ω and α, there
is potential for innovation and novelty to emerge from the resources that are released,
however, with a certain degree of instability and unpredictability [38]. The adaptive cycle
provides an excellent tool to examine the deductive archetypes of SES changes [19].

Existing research successfully analyses different configurations of human settlements
individually; however, it remains challenging to understand the inherent complexity of
human settlement development as a multifaceted and nonlinear process. Utilizing the
archetype analysis method to scrutinize typical recurring patterns in spatial relationships
and changes in human settlements from the perspective of social–ecological systems pro-
vides a promising pathway. However, the integration of deductive and inductive archetype
analyses is still in its infancy, lacking a theoretical deduction of SES changes. Human
settlement development fundamentally represents an adaptive evolution process in which
each evolutionary phase presents distinct challenges for the future. Therefore, employing
deductive assessment for both spatial patterns and temporal changes is crucial.

This study introduces a methodology for conducting spatio-temporal two-tier struc-
ture archetype analysis, combining spatial archetypes of human settlement systems with
archetypal evolutionary patterns. We concentrate on exploring sustainable development
pathways of human settlements in a place-based context, emphasizing understanding and
addressing challenges at the local level within the broader context of global sustainabil-
ity issues [39]. Our efforts are directed at advancing the comprehension of sustainable
development for local human settlements in four ways: (1) treating the city’s human set-
tlement as a social–ecological system that integrates urban, rural, and wilderness spaces;
(2) linking inductively identified human settlement systems into deductive categories of
human-nature connectedness; (3) associating inductively identified change patterns into
deduced phases within the adaptive cycle; and (4) connecting system spatial archetypes
with archetypal evolutionary patterns to unveil local sustainability challenges and distinct
place-based development pathways for human settlements. As a case study, we selected
the Yangtze River Delta (YRD) region, which is grappling with increasingly strained
human–environment relations due to rapid urbanization and climate change [40]. The
YRD holds significance in China’s development strategy and is recognized as one of the six
major urban agglomerations worldwide [41]. In this study, we specifically addressed the
following questions:

1. What are the system spatial archetypes and the archetypical evolutionary patterns of
human settlements in the Yangtze River Delta?

2. What are the primary sustainability challenges faced by human settlements in this
region, and how do we develop place-based solutions to address these challenges in
pursuit of sustainability?

2. Materials and Methods
2.1. Study Area and City–Rural–Wilderness Spatial Classification

The Yangtze River Delta in eastern China comprises two provinces (Jiangsu and
Zhejiang) and one megacity (Shanghai). The natural evolution characteristics of the delta
make its ecosystem fragile, while its abundant resources attract human habitation. The
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study is based on the 2019 administrative divisions, comprising 25 research units (cities),
covering an area of approximately 219,000 square kilometers (Figure 1).
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Figure 1. Location of Yangtze River Delta (YRD) and distribution of the YRD’s urban, rural, and
wilderness spaces. (Self-drawn by the author).

The physical entity of human settlements on Earth is a continuum from nature to
artificial, categorizable into three primary types: urban, rural, and wilderness [42]. Urban
areas refer to the built-up regions within cities (including urban and town areas). Rural
areas consist of settlement forms ranging from scattered villages to townships that provide
production and service functions, characterized by extensive land use, low population
density, and evident pastoral features [43]. Wilderness comprises large areas, retaining
natural features with minimal human intervention and permanent human settlements [44].
Building on ESA’s existing land-use classification systems, urban, rural, and wilderness
spatial classification is conducted based on these definitions (Table 1). According to this
spatial classification, we identified and mapped the urban, rural, and wilderness spaces
in the YRD region (Figure 1). According to the statistics, the urban, rural, and wilderness
composition in the YRD region is approximately 1:6:5. This proportion is approximately
1:8:2 in Jiangsu Province, primarily oriented towards rural lands with dominant dry and
paddy field parts. Zhejiang Province holds a ratio of roughly 1:5:14, with more expan-
sive wilderness areas and generally better ecological resources. Meanwhile, in Shanghai,
the composition ratio is approximately 4:7:3, highlighting the dominance of urban and
rural lands.



Land 2023, 12, 2164 5 of 23

Table 1. Correspondence between urban, rural, and wildness spaces and existing land cover classifi-
cation system.

Land Interface Classification Existing Land Cover Classification System of ESA

Urban space Urban

Rural space
Rainfed cropland, Irrigated cropland, Mosaic cropland (>50%)/natural vegetation (tree, shrub,

herbaceous cover) (<50%), Mosaic natural vegetation (tree, shrub, herbaceous cover) (>50%)/cropland
(<50%) Mosaic natural vegetation (tree, shrub, herbaceous cover) (>50%)/cropland (<50%)

Wildness space

Tree cover, broadleaved, evergreen, closed to open (>15%); Tree cover, broadleaved, deciduous, closed
to open (>15%); Tree cover, needle leaved, evergreen, closed to open (>15%); Tree cover, needle leaved,
deciduous, closed to open (>15%); Tree cover, mixed leaf type (broadleaved and needle leaved); Mosaic

tree and shrub (>50%)/herbaceous cover (<50%); Mosaic herbaceous cover (>50%)/tree and shrub
(<50%); Grassland; Shrubland; Sparse vegetation (tree, shrub, herbaceous cover); Bare areas; Water; Tree

cover, flooded, saline water

2.2. Indicator System for Mapping Human Settlement Archetypes

To characterize and map human settlement system archetypes, we developed a com-
prehensive indicators dataset, drawing inspiration from Ostrom’s socio-ecological system
framework [45] and leveraging the variable selection approach used in SES assessment
by Pacheco-Romero [46,47]. Ostrom’s framework provides a foundational perspective,
portraying SESs as intricate hierarchies of subsystems and their interactions [45]. Building
on this conceptual foundation, Pacheco-Romero compiled a reference list of 60 variables for
characterizing SESs across the social system, ecological system, and their interactions [46].
Additionally, they used a data-driven approach to pinpoint 29 key indicators for mapping
SES archetypes [47].

Given that a city’s human settlement is a typical complex socio-ecological system,
we constructed a settlement system framework to include three principal components:
a socio-economic subsystem, an ecological subsystem, and their interactions. Aligning
with our research objectives, we refined our indicator selection based on the following
criteria: (1) indicators should represent the spatial heterogeneity of local human settlements,
encompassing human activity intensity and the proportions of urban, rural, and wilderness
spaces; (2) indicators should capture the temporal evolution characteristics of settlement
systems, including their potential, connectedness, and resilience; (3) data for selected
indicators should be available for both 2001 and 2019 at the city level, allowing for consis-
tency and comparability. Following these principles and referring to Pacheco-Romero’s
variables [46,47], we selected 10 key variables and 16 indicators to construct the indica-
tor system for mapping human settlement archetypes in the YRD urban agglomeration
(Table 2).

In the socio-economic subsystem, three dimensions were incorporated: population
dynamics, economic development, and governance [47]. First, changes in population size
and structure represent the human capital of settlement systems, which is an essential
part of the system’s potential, determining the range of possible future options [48]. We
used population density and birth rate to represent the dimension of population dynamics.
Second, the level of economic development significantly reflects the intensity of human
activity in settlement systems. However, China’s unique urban–rural dual household
registration system has led to disparities in the economic development levels of urban
and rural residents [49]. Therefore, we selected the per capita disposable income of rural
residents and urban residents’ unemployment rate to reflect this dimension [20]. Third,
the governance dimension was utilized to illustrate the contributions of policies to the
environment, a fundamental aspect of the resilience of settlement systems. In this context,
we considered indicators such as energy consumption reduction rate per unit of GDP,
municipal sewage treatment rate, and industrial solid waste utilization rate to assess the
effectiveness of positive governance from energy, water, and waste infrastructure [50].

In the environmental subsystem, three dimensions were also included: climate, natu-
ral productivity, and natural coverage [47]. Climate change has consistently shaped the
Yangtze River Delta and its socio-economic development [51]. We used indicators of aver-
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age annual precipitation and average annual temperature to represent this dimension [47].
Additionally, natural productivity and natural coverage play a significant role in determin-
ing the ecosystem structure and function, which is essential for the resilience of settlement
systems [52]. Indicators such as average annual NDVI and the proportion of wilderness
space were employed to reflect these two dimensions [53].

Moreover, we parsed the interactions between the two subsystems into three distinct
components: human actions on the environment, ecosystem service supply, and ecosystem
service demand [47]. The urban area is a concentrated representation of human actions
altering the environment [42]. Night light emissions observed through remote sensing
provide a direct signature of human activity [54]. Therefore, the proportion of urban space
and nighttime light intensity indicated the dimension of human actions on the environment.
Landscape heterogeneity is closely linked to the supply of multiple ecosystem services [55].
Diverse landscape types could enhance the intensity of interactions between adjacent
landscape units, reflecting the internal controllability of settlement systems [56]. Hence, the
landscape diversity index was chosen as the indicator of ecosystem service supply. With a
history of thousands of years of paddy rice cultivation [57], multi-functional agricultural
landscapes and rural areas in the YRD region provide clear evidence of land use changes
driven by demands for multiple ecosystem services at the local scale [58]. Here, the
indicators of the proportion of rural space and irrigated area, reflecting the quantity and
quality of cropland, were used to depict the local ecosystem service demand.

Table 2. The indicator system for mapping human settlement archetypes.

Subsystem Variable Indicator Unit Data Source

Socioeconomic
subsystem

Population
dynamics

Population density People km−2 CSYD
Birth rate of the population ‰ CSYD

Economic
development

Rural residents’ per capita
disposable income

¥ inhabitant−1

year−1 CSYD

Urban residents’ unemployment rate % CSYD

Governance

Energy consumption reduction rate per
unit of GDP % CSYD

Industrial solid waste utilization rate % CSYD
Municipal sewage treatment rate % CSYD

Ecological
subsystem

Climate
Average annual precipitation mm year−1 CSYD
Average annual temperature ◦C CSYD

Natural
productivity Average annual NDVI Index TPDC 2

Natural coverage The proportion of wilderness space % ESA 1

Interactions

Human actions on
the environment

The proportion of urbans space % ESA 1

Nighttime Light Intensity % HARVARD
Dataverse 3

Ecosystem service
supply Landscape diversity index Index

Fragstats
Landscape

Diversity Index
Ecosystem service
demand

The proportion of rural space % ESA 1

Irrigated area proportion (percentage of
paddy fields in total cultivated land) % ESA 1

1 http://www.esa-landcover-cci.org/ (accessed on 1 June 2023). 2 http://data.tpdc.ac.cn (accessed on 1 June 2023).
3 https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIYGJU (accessed on 1 June 2023).

2.3. Identifying System Spatial Archetypes and Archetypical Evolutionary Patterns of
Human Settlements

Increasingly, archetype analysis has been utilized as a methodological approach to
uncover patterns in the factors and processes shaping complex adaptive systems across
different locations and periods [27]. However, prevailing methods for identifying SES
archetypes primarily concentrate on spatial dimensions, neglecting the dynamic evolution-

http://www.esa-landcover-cci.org/
http://data.tpdc.ac.cn
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIYGJU
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ary properties inherent in complex adaptive systems. Therefore, this study first examined
spatial pattern clustering (2019) and temporal change clustering (2001–2019) of human
settlements in the YRD region, then linked the spatial clusters with deductive categories
of human–nature connectedness and associating temporal clusters with deduced phases
within the adaptive cycle to identify the system spatial archetypes (HSAs) and archetypical
evolutionary patterns (AEPs) of local human settlements. Furthermore, we examined
the spatial coexistence of HSAs and AEPs to identify the archetypical human settlement
spatio-temporal interactions in the YRD region (Figures 2 and 3).

Land 2023, 12, x FOR PEER REVIEW 7 of 23 
 

2.3. Identifying System Spatial Archetypes and Archetypical Evolutionary Patterns of Human 
Settlements 

Increasingly, archetype analysis has been utilized as a methodological approach to 
uncover patterns in the factors and processes shaping complex adaptive systems across 
different locations and periods [27]. However, prevailing methods for identifying SES ar-
chetypes primarily concentrate on spatial dimensions, neglecting the dynamic evolution-
ary properties inherent in complex adaptive systems. Therefore, this study first examined 
spatial pattern clustering (2019) and temporal change clustering (2001–2019) of human 
settlements in the YRD region, then linked the spatial clusters with deductive categories 
of human–nature connectedness and associating temporal clusters with deduced phases 
within the adaptive cycle to identify the system spatial archetypes (HSAs) and archetypi-
cal evolutionary patterns (AEPs) of local human settlements. Furthermore, we examined 
the spatial coexistence of HSAs and AEPs to identify the archetypical human settlement 
spatio-temporal interactions in the YRD region (Figures 2 and 3). 

 
Figure 2. Analysis routine to identify system spatial archetypes (HSAs), archetypical evolutionary 
patterns (AEPs), and archetypical spatio-temporal interactions of human settlements. (Self-drawn 
by the author). 

 

Figure 2. Analysis routine to identify system spatial archetypes (HSAs), archetypical evolutionary
patterns (AEPs), and archetypical spatio-temporal interactions of human settlements. (Self-drawn by
the author).

Land 2023, 12, x FOR PEER REVIEW 9 of 30 
 

 

Figure 3. Schematic overview of mapping system spatial archetypes and archetypical evolutionary patterns of human 
settlements. (Self-drawn by the author). 

2.3.1. Step 1: Inductive Detection of Typical Human Settlement Systems and Their Changes 

To classify the typical settlement systems in 2019 and the typical changes in human settlement from 2001 to 2019, 
we utilized SPSS software to perform hierarchical cluster analysis on the indicator data in 2019 and the difference 
in indicator data from 2001 to 2019 to achieve city cluster grouping. The dendrogram was used to assess the 
optimal number of clusters. When the 2019 indicator data were clustered into five classes, the distances between 
clusters rapidly increased, indicating low similarity between subsequent clusters. Therefore, five classes were 
selected as the number of clusters. The difference in indicator data from 2001 to 2019 clustered into nine classes, 
after which cluster distances increased rapidly, hence, we chose nine classes as the number of clusters. This yielded 
5 spatial pattern clusters (2019) and 9 temporal change clusters (2001–2019) of human settlements and cluster 
memberships for each city. 

2.3.2. Step 2: Deductive Assessment of System Spatial Archetypes 

After identifying 5 spatial pattern clusters of human settlements (2019), we applied Cumming et al.’s approach [28] 
to assess and interpret these clusters, distinguishing three deductive types—’green-loop’, ‘transition’, and ‘red-loop’ 
SESs—based on the degree of human-nature connectedness from high to low. Green-loop SESs exhibit high direct 
dependence on local ecosystems with minimal external economic involvement. These systems demonstrate an 
immediate feedback loop between human well-being and environmental degradation. On the contrary, red-loop 
SESs witness nearly all individuals meeting their basic needs through markets supplied by distant ecosystems, 
resulting in a society primarily disconnected from its local environment. The transition from green-loop to red-loop 
dynamics is propelled by feedback between technological change, population growth, and ecosystem 

Figure 3. Schematic overview of mapping system spatial archetypes and archetypical evolutionary
patterns of human settlements. (Self-drawn by the author).



Land 2023, 12, 2164 8 of 23

2.3.1. Step 1: Inductive Detection of Typical Human Settlement Systems and Their Changes

To classify the typical settlement systems in 2019 and the typical changes in human
settlement from 2001 to 2019, we utilized SPSS software to perform hierarchical cluster
analysis on the indicator data in 2019 and the difference in indicator data from 2001 to 2019
to achieve city cluster grouping. The dendrogram was used to assess the optimal number
of clusters. When the 2019 indicator data were clustered into five classes, the distances
between clusters rapidly increased, indicating low similarity between subsequent clusters.
Therefore, five classes were selected as the number of clusters. The difference in indicator
data from 2001 to 2019 clustered into nine classes, after which cluster distances increased
rapidly, hence, we chose nine classes as the number of clusters. This yielded 5 spatial
pattern clusters (2019) and 9 temporal change clusters (2001–2019) of human settlements
and cluster memberships for each city.

2.3.2. Step 2: Deductive Assessment of System Spatial Archetypes

After identifying 5 spatial pattern clusters of human settlements (2019), we applied
Cumming et al.’s approach [28] to assess and interpret these clusters, distinguishing three
deductive types—’green-loop’, ‘transition’, and ‘red-loop’ SESs—based on the degree of
human-nature connectedness from high to low. Green-loop SESs exhibit high direct depen-
dence on local ecosystems with minimal external economic involvement. These systems
demonstrate an immediate feedback loop between human well-being and environmental
degradation. On the contrary, red-loop SESs witness nearly all individuals meeting their
basic needs through markets supplied by distant ecosystems, resulting in a society primar-
ily disconnected from its local environment. The transition from green-loop to red-loop
dynamics is propelled by feedback between technological change, population growth, and
ecosystem transformation. ‘Green-loop’ and ‘red-loop’ SESs present distinct sustainability
challenges. The challenge in ‘green-loop’ systems is to avoid a ‘green trap,’ preventing
persistent poverty and excessive local ecosystem degradation. Conversely, in red-loop
systems, the challenge lies in averting overconsumption of distant ecosystems driven by
increasing wealth and the disconnect between people and the environment, known as the
‘red trap’ [28,59].

The disparity in human–nature connectedness among local human settlements is
mainly attributed to differences in human activity intensity [28]. Furthermore, this variation
manifests in physical space through differing proportions of urban, rural, and wilderness
spaces within human settlements [42]. Therefore, we linked inductively identified human
settlement systems (2019) into deductive categories regarding human activity intensity and
dominant land interface, leading to a two-tier nested structure of system spatial archetypes.

Specifically, the multi-criteria evaluation (MCE) approach [33] was employed to define
human activity intensity (HAI). The formula for HAI is as follows:

HAI = Population Density + Rural Residents’ Per Capita Disposable Income + Nighttime Light Intensity − Urban
Residents’ Unemployment Rate

Indicators were summed by the equal-weight method. Then, the HAI values for all
cities in each cluster were averaged. Utilizing Jenk’s natural breaks classification method to
categorize high, medium, and low degrees of HAI, we initially recognized three human
settlement archetypes according to Cumming et al.’s SES conceptual model [28]: red-loop
HSAs, transition HSAs, and green-loop HSAs.

To further assess our identified HSAs, we compared the proportions of urban, rural,
and wildness spaces for all cities within each cluster with the overall area averages. If only
one space proportion exceeded the average, the archetype would be characterized as a
system dominated by that particular space. When two space proportions surpassed the
average, the archetype would reflect a hybrid of these spaces. This approach subdivided the
green-loop HSAs into rural-dominated, wilderness-dominant, and rural–wildness hybrid
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systems. Simultaneously, the transition HSAs were classified as urban–rural and urban–
wildness hybrid systems, while the red-loop HSAs were described as urban-dominated
systems. This method helped identify 6 potential HSAs.

2.3.3. Step 3: Deductive Assessment of Archetypical Evolutionary Patterns

To deductively assess the system’s evolutionary patterns, the adaptive cycle frame-
work [60] serves as a diagnostic tool for distinguishing various evolution states of human
settlement systems. Drawing on this theory and integrating it with the developmental
features of human settlements, 4 deductive evolutionary pattern types were identified:
expansion and exploitation, conservation and stabilization, change and fluctuation, and
reconfiguration and innovation.

In the expansion and exploitation pattern, rapid construction and development of
the human settlement occur, with an elevation in socioeconomic levels and densification
of spatial structures, leading to a substantial increase in system potential and connectiv-
ity. However, environmental degradation and the solidification of social structures may
concurrently result in reduced system resilience and the loss of vitality. As potential and
connectivity reach higher levels, the system transitions into the conservation and stabi-
lization pattern, characterized by minimal changes in human settlement. The internal
connections within the local human territory become more rigid, contributing to reduced
system resilience and increased susceptibility to disruptive factors. The system enters
the change and fluctuation pattern when the disturbance intensity surpasses a threshold.
In this phase, unpredictability and the risk of imbalance significantly rise, yet there is a
potential for novelty to emerge from the released resources. Supposing the system adeptly
copes with this stage, it proceeds into the reconfiguration and innovation pattern, where
the system dynamically responds to external disturbances and internal changes, seeking to
establish a new order.

A comprehensive examination was undertaken to evaluate the evolutionary status of
each temporal change cluster of human settlements (2001–2019) by assessing the predomi-
nant factors influencing each collection. The values of each indicator for each cluster were
averaged. Then, zero-mean normalization was used to facilitate a comparative analysis
of the impact of each indicator on its respective cluster. This process enabled the charac-
terization and labeling of typical human settlement changes (HSCHs). Subsequently, by
analyzing the degree of conformity between HSCHs and deductive evolutionary patterns,
a correspondence was established to identify the archetypical evolutionary patterns of
human settlements (AEPs) in the Yangtze River Delta (YRD) region. This comparative
analysis sought to establish a clear association between observed human settlement changes
and theoretical deductive evolutionary patterns, providing insights into the archetypical
evolutionary trajectories within the YRD region.

2.3.4. Step 4: Identification of Archetypical Human Settlement
Spatio-Temporal Interactions

Examining the coinciding system spatial archetypes and archetypical evolutionary
patterns of human settlements facilitated an analysis of their spatial coexistence and inher-
ent correlations. This assessment aimed to understand how the archetypical evolutionary
patterns observed from 2001 to 2019 contributed in establishing system spatial archetypes
in 2019. This spatio-temporal relationship paved the way for a more in-depth exploration
of potential sustainability challenges, drawing insights from the corresponding HSAs
and AEPs. The findings and correlations derived from this analysis are expected to offer
valuable suggestions and guidance for the future development of local human settlements.

2.4. Data Sources

The study utilized socio-economic datasets and remote sensing datasets. Socio-
economic data were sourced from statistical data in the “China Urban Statistical Yearbook”
and other regional statistical yearbooks, providing data for 2001 and 2019. In cases where
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data for 2001 and 2019 were unavailable, the most closely relevant available year’s data
were used as a substitute. Remote sensing data were derived from global land cover data
from the European Space Agency (ESA), average annual NDVI data from the National
Tibetan Plateau Data Center of China (TPDC), and nighttime light intensity data from the
Harvard Dataverse. The remote sensing data were processed in ArcGIS using extraction
analysis tools based on administrative divisions to derive city-level data. Relevant land-
scape indices were computed using the Fragstats software based on land cover data. The
absolute differences in all 16 indicators from 2001 to 2019 were calculated to quantify the
changes in local human settlements. The data were processed using the range normal-
ization method to address issues of differing data dimensions, enabling comparability of
indicator changes.

3. Results
3.1. Detecting and Mapping System Spatial Archetypes of Human Settlements

This study examined system spatial archetypes of human settlements (HSAs), rep-
resenting recurring patterns of human activity intensity and dominant land interface in
the YRD region. Figure 4 shows spatial patterns of the seven indicators in the YRD region.
By linking inductively identified human settlement systems into deductive categories of
human–nature connectedness, we identified and mapped the spatial distribution of five
HSAs (Figure 5a).
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Regarding the human activity intensity, HSA01 and HSA02 exhibited population
density, urban employment rates, and rural disposable income per capita trending towards
the regional average. These HSAs also displayed higher-than-average population birth
rates and nighttime light intensity. Therefore, these HSAs reflected a moderate level
of human–nature connectedness and were classified as transition HSAs. Furthermore,
concerning the dominant land interface, HSA01 showed higher rural and urban spatial
proportions than the regional average, while HSA02 indicated higher wilderness and
urban spatial proportions. Consequently, HSA01 was further classified as an urban–rural
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hybrid system and HSA02 as an urban–wilderness hybrid system. HSA03 and HSA04
demonstrated the lowest human activity intensity among all HSAs, representing green-loop
HSAs. Specifically, HSA03 was characterized by low economic levels, low governance
efficiency, high population birth rates, and a landscape predominantly covered by cropland,
thus classified as a rural-dominated system. HSA04 featured the region’s lowest proportion
of the artificial surface area, with low population density, low rural disposable income, and
high wilderness and rural spatial proportions, holding the region’s highest net primary
productivity and low landscape fragmentation. It was classified as a wilderness–rural
hybrid system. HSA05 exhibited high population density, nighttime light intensity, and
efficient governance, indicating the lowest human–nature connectedness and representing
a red-loop HSA. Its wilderness and rural spatial proportions were lower than the regional
average, particularly with significantly lower wilderness spatial proportions, leading to a
high level of human influence and landscape fragmentation. Therefore, it was classified as
an urban-dominated system.
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Figure 5a illustrates that human settlement spatial archetypes in the YRD region
exhibited distinctive spatial clustering characteristics. The urban–rural hybrid systems
(HSA01) were mainly spread across the southwest of Jiangsu Province and the southeast
of Zhejiang Province, displaying significantly higher land quality and a 35.3% irrigation
area ratio. The urban–wilderness hybrid systems (HSA02) and urban-dominant systems
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(HSA05) were primarily concentrated in the core area of the YRD Urban Agglomeration.
They benefited from strategic locations, convenient transportation, and profound terrain
conditions that favor large-scale urban development. HSA02, mainly distributed in the
Taihu Basin, Qiantang River Basin, and coastal areas, benefited from valuable wilderness
provided by water bodies. The rural-dominated systems (HSA03) were concentrated
in the northern region of Jiangsu, located in the plains, providing the most favorable
conditions for agricultural production. The wilderness–rural hybrid systems (HSA04) were
geographically divided into two clusters. Cities such as Yangzhou, Nantong, Taizhou,
and Yancheng in the central part of Jiangsu, extending to the Yellow Sea, connected to the
Yangtze River and the Gaoyou Lake and Beijing–Hangzhou Grand Canal, had rich water
resources and a higher level of governmental ecological governance, ensuring the stability
of their wilderness spaces. Cities like Quzhou and Lishui in the southwest of Zhejiang
had a high proportion of mountainous and hilly terrain dominated by forested landscapes.
The relatively remote geographical location and natural topography obstacles challenged
modern development, restricting urban expansion.

3.2. Detecting and Mapping Archetypical Evolutionary Patterns of Human Settlements

The assessment of human settlement changes from 2001 to 2019 in the YRD region
revealed eight typical change patterns (HSCHs), as depicted in Figure 6 and Table 3. As
illustrated in Figure 5b, intensification towards medium-intensity cropland (HSCH03)
was widely prevalent in the study area, exhibiting the most extensive spatial distribution,
covering 116,873 square kilometers of land and accounting for 54.7% of the YRD’s area.
Subsequently, low-intensity urban expansion (HSCH01) spanned 33,883 square kilometers
of land, occupying 15.9% of the YRD’s area.
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Figure 6. Indicators of regional typical human settlement change patterns. The length of the black
solid line represents the disparity between a particular indicator level within this clustering and the
regional average level of this indicator. The size of the circle indicates this indicator’s impact on this
specific clustering. (Self-drawn by the author, drawing on the Web: https://www.chiplot.online/
(accessed on 20 September 2023)).

Associating the eight distinctive human settlement changes and their correlated indica-
tors with the adaptive cycle framework aids in identifying the archetypical evolutionary pat-
terns (AEPs) in the YRD and dissecting the primary characteristics of each phase. We noted
that intensification towards high-intensity cropland and in situ urbanization (HSCH02)
exhibited a substantial surge in the irrigated area proportion, significant increases in birth

https://www.chiplot.online/
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rates and per capita disposable income among rural residents, and a noteworthy decline
in urban unemployment rates. High-intensity urban expansion (HSCH05) showcased the
most pronounced upswing in population density and urban spatial area. These changes
represented the system’s potential for rapid growth, hence, they were categorized as expan-
sion and exploitation. Low-intensity urban expansion (HSCH01), intensification towards
medium-intensity cropland (HSCH03), stability (HSCH04), and low-intensity cropland
expansion and intensification (HSCH06) display minor increased in per capita disposable
income among rural residents, urban employment rates, and nighttime light intensity. At
the same time, the proportions of urban, rural, and wilderness areas leaned towards stability.
Thereby, they were classified as conservation and stabilization. Cropland de-intensification
(HSCH07) demonstrated the most notable decrease in the utilization rate of industrial solid
waste and average annual precipitation, with a marked increase in average annual NDVI.
De-urbanization (HSCH08) indicated substantial decreases in population density, with
growth rates in urban employment and rural residents’ per capita disposable income falling
considerably below the urban agglomeration’s average. However, HSCH08’s birth rate
had notably risen. These shifts depicted a mounting uncertainty about land use potential
and local livelihood development. Thus, this transformation is categorized as change
and fluctuation.

Table 3. Cluster descriptions for typical human settlement change patterns and their deduced
archetypical evolutionary patterns.

Cluster Change Patterns Description Cities Archetypical
Evolutionary Patterns

HSCH
01

Low-intensity
urban expansion

Above average increase in the proportion
of urbans space and nighttime
light intensity

Changzhou, Nanjing,
Suzhou, Taizhou,
Wuxi, Zhenjiang

Conservation and
stabilization

HSCH
02

Intensification
towards
high-intensity
cropland and in situ
urbanization

Highest increase in irrigated area
proportion; above average increase in
birth rate and rural residents’ per capita
disposable income; most significant
decline in urban residents’
unemployment rate

Hangzhou Expansion and
exploitation

HSCH
03

Intensification
towards
medium-intensity
cropland

Above average increase in irrigated area
proportion; highest increase in average
annual precipitation

Huzhou, Jiaxing,
Jinhua, Lishui,
Ningbo, Quzhou,
Shaoxing, Taizhou,
Huaian, Zhoushan,
Lianyungang,
Nantong, Yancheng,

Conservation and
stabilization

HSCH
04 Stability No substantial changes for any indicators Yangzhou Conservation and

stabilization

HSCH
05

High-intensity
urban expansion

Highest increase in population density
and population density and urban
spatial area

Shanghai Expansion and
exploitation

HSCH
06

Low-intensity
cropland expansion
and intensification

Above average increase in irrigated area
proportion and the proportion of rural
space; highest increase in municipal
sewage treatment rate and urban
residents’ unemployment rate

Wenzhou Conservation and
stabilization

HSCH
07

Cropland
de-intensification

Most significant decline in industrial solid
waste utilization rate and average annual
precipitation; highest increase in average
annual NDVI

Suqian Change and fluctuation

HSCH
08 De-urbanization

Highly below average increase in rural
residents’ per capita disposable income,
population density, and urban residents’
employment; highest increase in birth rate;
high increase in average annual NDVI

Xuzhou Change and fluctuation
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3.3. Archetypical Human Settlement Spatio-Temporal Interactions

Analyzing the spatial overlay between the human settlement spatial archetypes and
the typical local human settlement changes aided in identifying typical associations between
them (Figure 7). As depicted in Figure 8, intensification towards medium-intensity cropland
(HSCH03) exhibited the most extensive archetype influence, affecting four out of five human
settlement spatial archetypes.
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The typical associations demonstrated that the urban–rural combined system (HSA01)
was influenced by low-intensity urban expansion (HSCH01), intensification towards
medium-intensity cropland (HSCH03), and low-intensity cropland expansion and in-
tensification (HSCH06). Cities within this archetype were in an evolutionary mode of
conservation and stabilization. The urban–wilderness combined system (HSA02) was pri-
marily influenced by low-intensity urban expansion (HSCH01) and intensification towards
medium-intensity cropland (HSCH03), maintaining a mode of conservation and stabiliza-
tion. Only Hangzhou in HSA02 was affected by intensification towards high-intensity
cropland and in situ urbanization (HSCH02), positioning it in the mode of expansion and
exploitation. The rural-dominated system (HSA03) experienced varied influences in differ-
ent regions, impacted by intensification towards medium-intensity cropland (HSCH03),
cropland de-intensification (HSCH07), and de-urbanization (HSCH08). Thus, the cities
in HSA03 were placed in the conservation and stabilization mode or the change and fluc-
tuation mode. The regional human settlement stability was relatively low, indicating a
significant imbalance in socio-economic development. The wilderness–rural hybrid sys-
tem (HSA04) was affected by low-intensity urban expansion (HSCH01), intensification
towards medium-intensity cropland (HSCH03), and stability (HSCH04). With weaker
system intensity, it maintained stability, positioned in the conservation and stabilization
mode. The urban-dominated system (HSA05), represented by Shanghai, was influenced
by high-intensity urban expansion (HSCH05). Experiencing dramatic human settlement
changes, it fell under the mode of expansion and exploitation.

4. Discussion
4.1. Validation of Human Settlement Archetypes and Archetypical Evolutionary Patterns Mapping

To explore the intricacies of human settlement development as adaptive systems
evolve, we identified five system archetypes and three archetypical evolutionary patterns
within the specific spatio-temporal context of the YRD region. To demonstrate the validity
of our research outcomes, we conducted a comparative analysis with various research
results for the Yangtze River Delta area, revealing consistent alignment with previous
findings and policy responses.

Firstly, our archetypes’ distinct spatial clustering characteristics align closely with
the spatial distribution pattern of the existing cities’ development level in the YRD urban
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agglomeration. For instance, Zhu et al. observed significant spatial agglomeration charac-
teristics of green building development in the Yangtze River Delta that was concentrated
in the southern part of Jiangsu Province and the northern part of Zhejiang Province, with
Suzhou and Shanghai as the core [61]. This outcome corresponds to the distribution charac-
teristics of the urban–wilderness hybrid system (HSA02) and the urban-dominant system
(HSA05). Additionally, Ye et al. found that Hangzhou had strong economic ties with
Shaoxing, Jiaxing, Huzhou, Ningbo, and Suzhou [62], aligning highly with cities identified
in HSA02.

Secondly, the developmental trends of cities within the YRD urban agglomeration
are consistent with the archetypical evolutionary patterns we identified. Huang et al.
identified three distinct city clusters based on the sustainability performance of society,
the environment, and the economy. The cluster comprising Shanghai, Suzhou, Wuxi,
Changzhou, Nanjing, and Hangzhou achieved high society and economic sustainability
but with low environmental sustainability. These cities were also identified in the front
loop phases of the adaptive circle in our archetypical evolutionary patterns, character-
ized by capital accumulation but decreasing environmental resilience [63]. Furthermore,
according to Fan et al.’s study, Hangzhou established Fuyang District in 2014, Lin’an
District in 2017, and Qiantang New Area in 2019, aiming to address spatial constraints
through rapid external expansion, which led to a sprawling form of semi-urbanization [64].
This finding aligns with our identification of Hangzhou as being in an expansion and
exploitation pattern.

4.2. Describing Typical Sustainability Challenges Identify Place-Based Development Pathways

The evolution and development of human settlements occur within a dual spatial
and temporal dimension. Factors stemming from the natural environment and human
communities contribute spatially to forming distinct human settlements with local charac-
teristics and shaping urban–rural–wilderness spatial layout [65]. Moreover, these regional
disparities, continuous natural evolution, and human intervention drive human settle-
ments’ ongoing evolution over time [19]. By examining the archetypical spatio-temporal
interactions prevalent in the area, we gained insights into the major sustainability chal-
lenges in the YRD region, identifying seven place-based development pathways to enhance
settlement systems’ sustainability.

4.2.1. Urban–Rural Hybrid System in Conservation and Stabilization: Adaptive Transition
of Rural Localities

The urban–rural hybrid system (HSA01) is transitioning from the green-loop to the
red-loop. Urban development and specialization foster technological progress, strength-
ening population growth and urbanization [28]. This transition has led to the geographic
expansion of the supply demand range, lowering connectedness to the local ecosystem and
reshaping rural landscapes. As a system in conservation and stabilization, HSA01 exhibits
resilience decline, as seen through rural hollowing, reduced agricultural areas, loss of rural
landscape characteristics, and shifts in social structures based on blood relationships [40,66].
To mitigate imbalances and preserve local cultural identity, an active and positive evolution
respecting the needs of rural areas is essential [67].

In future development, these urban–rural hybrid systems need to combine rural local
characteristics with modern industry demands, such as integrating modern tourist facilities
into traditional rural styles and promoting traditional skills through modern platforms
like social media. These actions will give traditional rural features new commercial value,
fostering sustainable rural development while protecting their identity. In addition, caution
is advised to avoid rural gentrification and prevent drastic restructuring of local symbols
by external influences [68].
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4.2.2. Urban–Wilderness Hybrid System in Conservation and Stabilization: Livelihood
Transition of Natural Resource-Dependent Communities

The urban–wilderness hybrid system (HSA02) experiences a transition from the green-
loop to the red-loop. In this process, relying on local ecosystems for resources can no
longer meet the growing local demand. Many necessities previously fulfilled by these
ecosystems are now sourced from external regions. Consequently, there is a decline in
the proportion of individuals directly obtaining goods from ecosystems (such as farmers,
fishers, and loggers), potentially reducing their status [28]. Communities reliant on natural
resources face significant vulnerability [69]. The modernization development of HSA02 in
conservation and stabilization has reached a relatively high level. With the advancement of
high-tech industries, tourism services, and further application of modern agricultural tech-
nologies, urbanization is progressing steadily. The following developmental phase targets
sustainable, high-quality growth supported by governmental policies to restrict excessive
exploitation of natural resources [70]. The cities around Taihu Lake, such as Suzhou,
Wuxi, Huzhou, and Jiaxing, and the coastal regions, such as Ningbo and Zhoushan,
house numerous traditional fishing communities facing climate change and resource
depletion crises.

The future development of the urban–wilderness hybrid system should focus on facil-
itating these communities’ transition to sustainable livelihoods. This involves enhancing
residents’ awareness and understanding of climate change, natural resource management,
and sustainable development. It also requires developing additional livelihood skills
among residents and establishing long-term, adaptable plans for community transforma-
tion. Specifically, local residents’ active participation in the planning and executing of these
strategies is crucial [71].

4.2.3. Urban–Wilderness Hybrid System in Expansion and Exploitation: Refined
Ecological Control

Within the urban–wilderness hybrid system (HSA02), only Hangzhou experiences
the influence of high-intensity land consolidation and the urbanization of its periphery
(HSCH02), positioning it in an expansion and exploitation evolutionary phase. Drawing
from the adaptive cycle theory, the exploitation phase tends to cause local ecological deteri-
oration and degradation due to rapid development and construction, leading to a rapid
decline in system resilience [60]. Hangzhou designated the Fuyang district in 2014, the
Lin’an district in 2017, and the Qiantang New Area in 2019, employing a rapid outward ex-
pansion to address the scarcity of the development space. However, rapid expansion within
a short period easily disrupts the local ecological stability due to uncoordinated planning
and blind development practices. Consequently, this represents an opportune moment for
implementing new ecological management strategies to bolster local resilience [72].

In future development, these urban–wilderness hybrid systems should emphasize
establishing ecological red lines and hierarchical control over development intensity to
mitigate the risk of human activities disturbing high-value ecological service spaces. Si-
multaneously, it is vital to avoid further segmentation and erosion of wilderness spaces
caused by the construction of transportation infrastructure, maintaining a dynamic balance
between urban, rural, and wilderness spaces.

4.2.4. Rural-Dominated System in Conservation and Stabilization: Environmental
Pollution Control

The rural-dominated system resides in the green-loop mode. Human activities pri-
marily involve crop cultivation and traditional rural industries, resulting in significant
soil and water pollution due to the application of pesticides and fertilizers. In 2019, this
system’s urban sewage treatment rate was lower than the regional average. The dominant
level of traditional industries, primary heavy industrial structures, and raw material-based
product structures result in a low industrial waste comprehensive utilization rate of 89.25%,
significantly lower than the regional average of 95.46%. These issues create prominent
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environmental pollution concerns. The poverty and ecological degradation within this
green loop might strengthen each other, leading to a ‘green trap’ [28].

Additionally, systems in the conservation and stabilization phase exhibit lower re-
silience and are susceptible to rapid changes and fluctuations. Therefore, these rural
advantage systems must implement effective environmental pollution control measures
to maintain local equilibrium between economic development and environmental pro-
tection. Following the full life-cycle environmental risk management concept is crucial,
implementing environmental pollution investigations, classified governance, and overall
environmental risk control. Coordinating the relationship between wilderness spaces and
rural areas, enhancing wilderness space planning protection measures, and restoring de-
graded, damaged, or destroyed ecosystems is essential to sustain a ‘green-loop’ that avoids
long-term ecosystem degradation.

4.2.5. Rural-Dominated System in Change and Fluctuation: Land Remediation and
Industrial Transformation

The change and fluctuation pattern represents the most vulnerable phase, potentially
leading to an irreversible loss of resilience [73]. Within this pattern, the rural-dominated
system primarily focuses on grain supply, with a high proportion of arable land but low
land quality, resulting in inefficient land resource utilization. The relationship between
rural and urban spaces needs more effective support and driving forces. The economic
output function of urban space needs to be improved, with secondary and tertiary in-
dustries lagging, making it challenging to coordinate and drive rural space development
comprehensively. The average disposable income per rural resident in 2019 was only
18,997 yuan, significantly lower than the average level of 283,100.9 yuan in the YRD urban
agglomeration. Simultaneously, the outflow of local populations is a significant issue, with
many rural labor forces migrating to more economically developed surrounding areas like
southern Jiangsu, leading to an average population density decrease of 34.6 individuals per
square kilometer between 2001 and 2019. Urban spaces fail to absorb rural talent effectively.
This phase represents an optimal intervention point for local governments or agencies to
transition toward a more resilient and sustainable transformation [72].

For a better future, these systems should actively engage in rural space land remedia-
tion. Preserve and upgrade natural villages of relatively larger scale and distinctive regional
features with some development potential, improve supporting infrastructure, and protect
rural natural, cultural, and ecological elements. Gradually consolidate smaller-scale, poorly
inhabited villages through village planning to promote the industrialization and scaling
of agricultural production. Once these villages are merged, it is time to diversify income
sources, such as e-commerce, high-quality tourism, and organic agricultural product chains,
to transform rural villages into small towns [72].

4.2.6. Wilderness–Rural Hybrid System in Conservation and Stabilization: Fostering
Innovative Industries for Green Development

The wilderness–rural hybrid system is in the green-loop mode, with a high demand for
local ecosystems and a high level of human–environment connectedness [28]. HSA04 is in
the conservation and stabilization evolutionary pattern. The high ecological service value
of aquatic resources, forest resources, and a relatively high level of government ecological
governance efficiency ensure the stability of the system’s wilderness spaces, providing a
favorable living environment. However, highly connected and self-reinforcing systems
are susceptible to resource monopolization and structural preservation due to long-term
directed development, leading to a rigidity trap [74].

Therefore, the wilderness–rural hybrid system (HSA04) should focus on nurturing
emerging industries that align with local supply–demand relationships to enhance the
system’s flexibility in the future development. It could build cross-regional industrial
clusters and tourism groups to drive regional economic development. Additionally, there
should be a strong emphasis on sustainable development and rational utilization of su-
perior natural resources. With the implementation of dual-evaluation in territorial space,
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further enhancing the protection and management of high ecological service value spaces
is essential.

4.2.7. Urban-Dominated System in Expansion and Exploitation: Enhancing Landscape
Patterns and Agricultural System Resilience

The urban-dominated system, exemplified by Shanghai, is in the red-loop, signifying
a disconnection between its inhabitants and the local ecosystems. Its development relies
on the surrounding regions for food supplies and ecological balance. Overconsumption
within the red loop and failing to regulate ecological decline could result in a ‘red trap’ [28].
Since the 21st century, HSA05 has undergone intense urban expansion, leading to drastic
environmental changes and positioning it in an expansion and exploitation evolutionary
pattern. This system exhibits the highest population density and economic output, exerting
the most substantial anthropogenic influence, with a population density of 3830 individuals
per square kilometer and an artificial surface area reaching 30.9%. The high concentration
of people has led to a singular habitat, reducing the resilience of its living environment.

The shortage of natural land makes this system extremely vulnerable to natural
disasters such as extreme heat, air pollution, and urban flooding [75]. Thus, development
and construction efforts should optimize the urban landscape by incorporating ecological
patches and corridors to enhance its ecosystem regulation functions. This strategy aims
to prevent the urban system from falling into the ‘red trap’ [76]. Simultaneously, the
concentrated distribution and inadequate permeation of rural spaces have resulted in the
region’s heavy reliance on Chongming and surrounding areas for food supply, posing
challenges to food security. Given the uncertainties and risks of the post-pandemic era,
Shanghai’s existing food supply system faces significant challenges.

Consequently, future development should emphasize land reclamation, enhance the
quality of arable land, improve agricultural production conditions, and increase agricultural
spaces within the city. This approach, combined with the ‘dual carbon’ goal, aims to
drive the integration of agricultural activities within the city to address public concerns
regarding environmental friendliness, social welfare, community development, and food
security. This integration is crucial for promoting the sustainable development of the
urban-dominated system.

5. Conclusions

This study developed a novel approach for assessing and characterizing human set-
tlements by treating a city’s human settlement as an integrated social–ecological system,
employing a spatio-temporal two-tier structure archetype analysis that combines system
spatial archetypes with archetypal evolutionary patterns. The application of this approach
to the Yangtze River Delta region in China yielded significant findings, including (1) the
identification of five system spatial archetypes of human settlements displaying noticeable
spatial clustering within the region, (2) the recognition of eight typical human settlement
changes and three archetypical evolutionary patterns in the region; and (3) identification of
seven archetypical human settlement spatio-temporal interactions prevalent in the study
area. These findings provided invaluable insights into understanding the sustainability
challenges of each typical interaction within its distinct spatio-temporal context. Moreover,
the study proposed place-based development solutions to address local sustainability
challenges in the Yangtze River Delta region, encompassing adaptive measures for rural
localities, sustainable livelihood transitions, ecological control, pollution management, land
remediation and industrial transformation, green development initiatives, and enhance-
ments in landscape patterns and agricultural system resilience. This gives valuable insights
into the human settlement development of the area grappling with rapid urbanization and
climate change.

Specifically, our methodology allows for (1) the integration of inductive and deductive
perspectives, ensuring both general applicability and specific interpretative capacity in
archetype analysis; (2) the combination of typical spatial patterns and temporal changes of
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human settlements to deepen the understanding of human settlement development within
specific spatial differentiation and temporal evolution contexts; (3) the linkage of inductive
change patterns to existing deductive phases within the adaptive cycle to enhance insights
into potential evolution risks of human settlements. Further, our approach supports the
identification of local sustainability challenges, such as emerging social–ecological traps or
potential shifts in evolution, to explore sustainable development pathways in a place-based
context. Ultimately, it contributes to understanding and addressing human settlement
challenges at the local level within the broader context of global sustainability issues.
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Abbreviations

Acronyms Meaning
AEP Human Settlement Archetypical Evolutionary Pattern
ESA European Space Agency
HAI Human Activity Intensity
HSA Human Settlement System Spatial Archetype
HSCH Typical Human Settlement Changes
MCE Multi-Criteria Evaluation
NUA New Urban Agenda
SDG Sustainable Development Goals
SES Social-Ecological System
TPDC National Tibetan Plateau Data Center of China
YRD Yangtze River Delta
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