m land

Special Issue Reprint

Smart Land Use Planning |l

Edited by
Xufeng Cui, Walter T. de Vries, Fei Li and Basanta Paudel

mdpi.com/journal/land

WVI\DPI

F




Smart Land Use Planning II






Smart Land Use Planning II

Guest Editors

Xufeng Cui
Walter T. de Vries
Fei Li

Basanta Paudel

F
rM\D\Py Basel o Beijing ¢ Wuhan e Barcelona e Belgrade e Novi Sad e Cluj e Manchester
/



Guest Editors

Xufeng Cui Walter T. de Vries Fei Li

School of Business Department of Aerospace and Research Center for
Administration Geodesy Environment and Health
Zhongnan University of Technical University of Zhongnan University of
Economics and Law Munich (TUM) Economics and Law
Wuhan Miinchen Wuhan

China Germany China

Basanta Paudel

Institute of Geographic
Sciences and Natural
Resources Research

Chinese Academy of Sciences
(CAS)

Beijing

China

Editorial Office

MDPIT AG
Grosspeteranlage 5
4052 Basel, Switzerland

This is a reprint of the Special Issue, published open access by the journal Land (ISSN 2073-445X),
freely accessible at: https:/ /www.mdpi.com/journal/land/special issues/7RM6R2QT2F.

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, A.A.; Lastname, B.B. Article Title. Journal Name Year, Volume Number, Page Range.

ISBN 978-3-7258-6724-0 (Hbk)
ISBN 978-3-7258-6725-7 (PDF)
https://doi.org/10.3390/books978-3-7258-6725-7

© 2026 by the authors. Articles in this reprint are Open Access and distributed under the Creative
Commons Attribution (CC BY) license. The reprint as a whole is distributed by MDPI under the terms
and conditions of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

license (https:/ /creativecommons.org/licenses/by-nc-nd /4.0/).



Contents

Xufeng Cui, Huakun Huo, Fei Li, Walter Timo de Vries and Basanta Paudel
Smart Land Use Planning: Hotspots and Prospects
Reprinted from: Land 2025, 14, 2193, https:/ /doi.org/10.3390/land14112193 . . . . . . . ... .. 1

Ivis Garcia

When the Map Does Not Tell the Whole Story: Integrating Community Voices into GIS
Gentrification Analysis

Reprinted from: Land 2025, 14, 1510, https:/ /doi.org/10.3390/land14081510 . . . . . . . ... .. 8

Gangjian Lin and Yuanshuo Xu

Examining Municipal Procurement and Cooperation Networks in Smart Land Use Planning;

The Yangtze River Delta Case

Reprinted from: Land 2025, 14, 1139, https:/ /doi.org/10.3390/land14061139 . . . . . . .. .. .. 29

Wenfang Pu, Mengba Liu and Anlu Zhang

Does Industrial Green Transformation Really Lead to High Land Use Efficiency? Evidence
from China

Reprinted from: Land 2025, 14, 1110, https:/ /doi.org/10.3390/land14051110 . . . . . . . ... .. 49

Tianren Ge, Yang Yu, Xiaohua Zhong and Yongli Jiao

Cross-Provincial City-Regionalism in China: Evidence from Smart Planning and Integrated
Governance of the Yangtze River Delta

Reprinted from: Land 2025, 14, 156, https:/ /doi.org/10.3390/land14010156 . . . .. .. ... .. 73

Jianying Xiao, Jinjin Dai, Longqian Chen and Yan Song

The Identification of Land Use Conflicts and Policy Implications for Donghai County Based on

the “Production-Living—Ecological” Functions

Reprinted from: Land 2024, 13, 2013, https:/ /doi.org/10.3390/1and13122013 . . . . . . . ... .. 94

Zizhen Jiang, Yuxuan Luo, Qi Wen, Mingjie Shi, Ramamoorthy Ayyamperumal and
Meimei Wang

Achieving Sustainable Land Use Allocation in High-Altitude Area by 2030: Insights from Circle
Structure and Scenario Predictions for Production-Living—Ecological Land in Xining Marginal
Area, China

Reprinted from: Land 2024, 13, 1241, https:/ /doi.org/10.3390/1and13081241 . . . . . . . ... .. 112

Tétou-Houyo Blakime, Kossi Adjonou, Kossi Komi, Atsu K. Dogbeda Hlovor, Kodjovi
Senanou Gbafa, Jean-Bosco Benewinde Zoungrana, et al.

Dynamics of Built-Up Areas and Challenges of Planning and Development of Urban Zone of
Greater Lomé in Togo, West Africa

Reprinted from: Land 2024, 13, 84, https://doi.org/10.3390/1and13010084 . . . . ... ... ... 137

Tonghui Yu, Xuan Huang, Shanshan Jia and Xufeng Cui

Unveiling the Spatio-Temporal Evolution and Key Drivers for Urban Green High-Quality
Development: A Comparative Analysis of China’s Five Major Urban Agglomerations

Reprinted from: Land 2023, 12, 1962, https:/ /doi.org/10.3390/land12111962 . . . . . . ... . .. 153

Xiaoshuang Qu, Gaoyang Xu, Jinghui Qi and Hongjie Bao

Identifying the Spatial Patterns and Influencing Factors of Leisure and Tourism in Xi’an Based

on Point of Interest (POI) Data

Reprinted from: Land 2023, 12, 1805, https:/ /doi.org/10.3390/1and12091805 . . . . . . . ... .. 178



Pengtao Wang, Xupu Li, Liwei Zhang, Zhuangzhuang Wang,
Yongyong Song, et al.

Jiangtao Bai,

Spatiotemporal Variations of Production-Living-Ecological Space under Various, Changing
Climate and Land Use Scenarios in the Upper Reaches of Hanjiang River Basin, China

Reprinted from: Land 2023, 12, 1770, https:/ /doi.org/10.3390/land12091770

Haocong Wang, Kening Wu, Zhe Feng, Huafu Zhao, Hua Ai and Chao Meng
Evaluation of Urban Commercial Land Use Intensification Based on Land Parcels: Taking Wuxi

City as an Example
Reprinted from: Land 2023, 12, 1608, https:/ /doi.org/10.3390/1and12081608

vi



Preface

With the rapid evolution of geographic information systems, remote sensing, data mining,
and related technologies, concepts such as intelligent land management, refined planning, big
data analytics, and smart monitoring have transitioned from theory to widespread practice.
Under the influence of a new wave of scientific and technological revolution, a key issue has
emerged: how to leverage new technologies to propel the smart transformation of land-use
planning and achieve sustainable land use. It is foreseeable that future land-use planning will be
network-based, software-platform-centered, data-driven, and security-guaranteed, integrating the
Internet, geographic information systems (GISs), Internet of Things (IoT), artificial intelligence (AI),
cloud computing, and other technologies to form a diversified and integrated intelligent system.

The purpose of this Special Issue is to gather insights from both academia and industry, inviting
scholars and practitioners to share their valuable practical experiences and profound perspectives in
the field of smart land-use planning. We aim to provide a platform for showcasing and discussing
cutting-edge theories, innovative tools, and practical case studies that underpin this transformation.
The research compiled herein reflects how the integration of multiple technologies empowers the
entire planning cycle—from perception and analysis to decision-making and supervision—while also
delving into the challenges encountered in practice and potential solutions.

We hereby commend this Reprint to all researchers, engineers, planners, and policy-makers
interested in land science, urban and rural planning, geographic information science, resource
management, and sustainable development. We sincerely thank all the contributors for dedicating
their outstanding research to this Reprint and extend our gratitude to the reviewers for their
invaluable time and professional expertise. It is our hope that this Reprint will stimulate further
discussion and collaboration, jointly advancing land-use planning towards a more intelligent, precise,

and sustainable future.

Xufeng Cui, Walter T. de Vries, Fei Li, and Basanta Paudel
Guest Editors
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1. Introduction

Land use planning is a crucial tool for achieving the optimal allocation of land re-
sources. However, traditional land use planning exhibits inadequacies in adaptability
when confronting increasingly complex and diverse land use issues, such as resilient cities
development [1], Urban Digital Twins (UDTs) [2], and smart city initiatives [3]. Therefore, it
is imperative to transform land use planning from a traditional experience-based paradigm
to a data-driven one and address current land use issues through Smart Land Use Planning.
Smart land use planning is a diversified integrated intelligent system that is network-based,
with software platforms as the core, data as the key element, and security as the fundamen-
tal guarantee. It integrates technologies including Geographic Information System (GIS),
Internet of Things (IoT), and Artificial Intelligence (AI) [4]. It can provide core technical
support for the sustainable utilization of land resources and the achievement of regional
development goals.

2. Technology Hotspots: Core Links of Digital Empowerment

The key feature of smart land use planning lies in the integrated application of multi-
source big data and diverse tools [4]. It emphasizes the integration of intelligent perception
technology, intelligent decision-making technology, and intelligent operation technology
throughout the entire life cycle of land use planning, forming a data-driven planning and
management process. Ultimately, this enhances the rationality of land resource allocation
in terms of spatial layout, functional configuration, and utilization efficiency, thereby
facilitating the efficient allocation of land resources.

2.1. Intelligent Perception

Spatio-temporal data elements are essential components of smart land use planning,
and accurate temporal information and geographical locations constitute the basic premise
for sound land use planning. The process of integrating such multi-source heterogeneous
data in real-time through multiple technologies is defined as intelligent perception. From
the perspective of smart land use planning, intelligent perception technology encompasses
two aspects: dynamic perception and systematic cognition. Specifically, it acquires fine-
classification information of Land Use and Land Cover (LULC) via hyperspectral remote
sensing satellites [5] and deploys Internet of Things (IoT) technology to monitor the dy-
namic changes in land use, thereby realizing the real-time collection, transmission, storage,
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and processing of multi-source data. Based on the acquired dynamic land use data, tech-
nologies such as big data and simulation can be employed for efficient data cleaning,
summarizing the laws governing land use changes, establishing a systematic land use
framework, and predicting future spatial patterns of land use to guide land use planning.

The process of intelligent perception technology significantly improves the efficiency
and quantity of data acquisition for smart land use planning, thereby providing data
support and a model foundation for subsequent smart land use decision-making and
operations. The massive volume of accurate data obtained through intelligent percep-
tion technology can maximally support the application of land use planning in various
scenarios. Ranging from smaller-scale village planning and urban planning to regional
and even national-level planning, data matching the required resolution and coverage can
be obtained, forming a complete technical chain. Thus, intelligent perception technology
serves as the foundation of smart land use planning.

2.2. Intelligent Decision-Making

In the past, the decision-making subjects of land use planning were typically govern-
ments, public organizations, or individuals. However, smart land use planning breaks the
limitations of a single and relatively isolated subject in the traditional planning process.
Specifically, through intelligent decision-making technology, it innovates decision-making
tools and platforms to achieve human—computer interaction and collaborative governance.
Against the backdrop of intelligent decision-making, based on the results of data perception,
smart land use planning introduces decision-making tools such as Artificial Intelligence
(AI) [6] and Geographic Information System (GIS) as auxiliary technologies. These tools
intelligently identify numerous land elements and conduct spatial correlation analysis,
providing decision-makers with corresponding adjustment schemes for land use planning.
Additionally, digital platform technology enables the integration of various departments
into the public space of the network, realizing resource sharing and inter-departmental col-
laboration. This maximizes the compatibility between various types of land use planning
and their “red lines,” avoiding conflicts between different plans.

The systematic application of this series of intelligent decision-making technologies
not only rapidly generates scientific decision-making and planning schemes for decision-
makers to choose from but also allows for flexible adjustments based on practical needs.
Furthermore, digital platforms can engage more stakeholders in the land use planning
process and expand their participation channels. Therefore, intelligent decision-making
technology constitutes the core part of smart land use planning. It is pivotal to the full and
effective utilization of planning data elements and provides directions and goals for the
smooth implementation of subsequent land use planning.

2.3. Intelligent Operation

After making sound decisions, smart land use planning enters the practical operation
phase. The key to this phase is to ensure the effective implementation of decision content,
which requires the support of intelligent operation technology. Specifically, through tech-
nologies such as Digital Twins (DT) [7], Information and Communications Technology
(ICT) [8], and City Information Modeling (CIM) [9], physical entities of land use that incor-
porate factors like population, environment, and economy are constructed. This enables
bidirectional interaction between the ecological, economic, and social goals of planning
and digital models, forming a closed feedback loop: the decision schemes and intervention
strategies formulated by smart land use planning through systematic analysis can be im-
plemented in the physical operation of land use scenarios. The relevant implementation
results can then be dynamically monitored by means of technologies such as DT, ICT, and
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CIM, thereby supporting the closure of the loop. This continuous cycle enables iterative
improvement and refinement, provides land governance strategies, and allows intelligent
operation technology to quickly adapt to changing conditions.

By establishing an intelligent adaptive planning and operation system, intelligent
operation technology effectively drives the full-process optimization of land use planning
from implementation to dynamic monitoring. It not only ensures the efficiency of planning
implementation but also achieves full coverage of the monitoring link and the sustainable
development of the entire process. This multi-faceted capability connects elements such
as land, economy, and ecology with strategic planning, creating an integrated framework.
It enhances the adaptability and dynamic capabilities of the land use planning system,
ensuring that planning plays a guiding role throughout the entire land use process and
preventing the “absence” of planning.

In summary, in the context of smart land use planning, intelligent perception, intel-
ligent decision-making, and intelligent operation constitute three core links. These three
links fully cover the entire life cycle of smart land use planning. By embedding techni-
cal elements into the entire process of planning, approval, implementation, monitoring,
and evaluation, they realize intelligent, efficient, and scientific development. This effec-
tively overcomes the limitations of traditional land use planning in aspects such as data
acquisition efficiency, decision-making scientificity, and implementation accuracy. More
importantly, through the in-depth integration of digital technology and planning business,
they significantly improve the efficiency of land resource allocation, ultimately providing
technical support for smart land use planning to realize the digital empowerment process
of “data-driven—scientific decision-making—efficient operation.”

3. Practical Challenges: Bottlenecks in Technology Implementation

Despite the increasing advancement of technical tools, the full-scale implementation of
smart land use planning in the field of land use planning, which is characterized by strong
policy relevance and complex interest relationships, still faces numerous challenges. Cur-
rently, the most prominent difficulties in smart land use planning stem from three aspects:
institutional environment, human resource environment, and technological environment.
These three factors collectively determine the level of intelligence and effectiveness of land
use planning.

3.1. Challenges from the Institutional Environment

The government is regarded as a key player in smart cities. Similarly, the stability
and continuity of the institutional environment, including the government and policies,
also determine the degree of realization of Smart Land Use Planning. In practice, the
implementation of smart land use planning requires a relatively long-term process. The
application of technology, coordination of interests, and adjustment of goals also demand
that policies remain relatively stable over a certain period to ensure that the planning path
aligns with the needs of social development. However, due to differences in conditions and
diverse goals across countries or regions, coupled with the rapid development of the social
economy and science and technology, the weight of concepts such as ecological protection,
human settlement optimization, and social equity continues to rise. This leads to timely
adjustments in specific national development planning requirements, which in turn affect
the application level and effectiveness of smart land use planning. For example, India’s
smart city development relies on the top-down management model of the Special Purpose
Vehicle (SPV) Model [10], which tends to lead to fragmented management in smart city
development due to decentralized governance; the Chinese government implements the
“integration of multiple plans,” and the integration of multiple planning systems such as
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Land Use Planning and urban-rural planning may lead to difficulties in historical data
compatibility, affecting the role of technical coordination; Iran adopts exogenous Land Use
Planning (LUP) [11], which emphasizes external perspectives and tends to be disconnected
from the country’s actual conditions, weakening the feasibility of technology application.
While these policies align with national development needs, they also alter the application
scope and value orientation of land use planning itself. This directly affects the goal-setting
and scope of application of smart land use planning, thereby requiring it to possess greater
resilience and adaptability.

3.2. Challenges from the Human Resource Environment

The relationship between land and people is an eternal topic in geography and many
other disciplines. From the perspective of smart land use planning, challenges related
to human resources also constitute an important issue that must be addressed, mainly
reflected in two dimensions: the shortage of interdisciplinary talents for smart land use
planning and the difficulty in coordinating multiple stakeholders. On the talent supply
side, smart land use planning imposes interdisciplinary application requirements on practi-
tioners’” knowledge structures. Practitioners must absorb and draw on knowledge from
disciplines such as landscape ecology, economics, and management in terms of concepts,
master various digital technology planning tools in terms of skills, and achieve refinement
in intelligent perception, precision in intelligent decision-making, and accurate calculation
in intelligent operation in terms of goals. These requirements for interdisciplinary talents
impose significant pressure on practitioners. Practitioners must invest more time and effort
to master these technologies, which directly prolongs the process of practical implementa-
tion of advanced planning technologies and affects the intelligent transformation of land
use planning. Meanwhile, the development of smart land use planning involves various
stakeholders, such as governments, investors, and citizens. These stakeholders have dis-
tinct and strong interest demands, and their understanding of planning goals often varies,
which easily leads to conflicts of interest demands. Current smart land use planning lacks
efficient coordination mechanisms. Although smart planning technologies can provide data
support for conflict resolution and expand channels for public participation in governance,
they are unable to directly balance the demands of all parties. This goal of considering
multiple demands in the process of technology application also poses challenges to smart
land use planning.

3.3. Challenges from the Technological Environment

The most significant challenges faced by smart land use planning have always centered
on the application of technology. To a certain extent, the intelligentization process is a
process of technology application. Therefore, the feasibility of technology must be a
key consideration. This feasibility not only encompasses the connotation of technology
application but also requires that technology conforms to social value concepts, both of
which constitute major technological environment constraints for smart land use planning.
On one hand, the regional environments covered by land use planning exhibit significant
heterogeneity. Land use planning technologies must be able to accurately adapt to the
complex and diverse environments of different regions. For example, cloudy climates in
basin areas affect remote sensing monitoring, which tends to reduce the accuracy of remote
sensing images. This requires the exploration of more media for monitoring planning
targets in terms of technology, but this will significantly increase the cost of applying
land use planning technologies. On the other hand, intelligent technologies may trigger
social concerns. For instance, the development of smart cities requires tracking vehicle
information [12], and such data tracking may give rise to issues related to data privacy
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and security. The protection of privacy will restrict the application scope and scenarios of
intelligent planning technologies. Alleviating the contradiction between data security and
planning accuracy requires smart land use planning to explore diverse technical paths that
balance security and practicality and meet the dual needs of technology application and
social values.

In summary, the bottlenecks in the implementation of smart land use planning tech-
nologies are not caused by a single factor but result from the interweaving and mutual
constraints of the three environments: institutional, human resource, and technological.
Furthermore, these three aspects do not exist in isolation. Policy adjustments at the institu-
tional level may exacerbate the difficulties in updating interdisciplinary talents, while issues
such as privacy concerns at the technological level also require institutional guarantees and
public collaboration for resolution. This implies that future research and practice must be
based on the interconnections among these three environments and construct integrated
solutions to effectively overcome the current predicament of technology implementation.

4. Future Prospects: Outlook on Smart Governance

To realize its core value and large-scale application, effective smart land use planning
must systematically address the aforementioned institutional, human resource, and techno-
logical issues. The resolution of these issues requires relying on the collaborative response
of the three rather than isolated policies. This will promote the normalization of smart land
use planning, making it a core force supporting the coordinated development of urban
and rural areas, efficient resource utilization, and the achievement of mutually beneficial
outcomes in ecological protection.

To address the pain point of enhancing the resilient governance capacity of smart land
use planning amid challenges from the institutional environment, a conceptual shift is
necessary to avoid overemphasizing physical and technical aspects [13]. Policy changes
stem from the dynamic allocation of resources, and the resilient governance of planning
requires embedding value concepts such as social sustainability and social justice into the
entire technical process, enabling smart land use planning to obtain reliable long-term guid-
ing capabilities. For example, guided by the goal of sustainable development, Shenzhen,
China integrates smart city development technologies [14] into urban planning; through
the combination of technology and green development goals, the planning becomes more
adaptable when facing ecological pressures; the African Great Green Wall (GGW) Initiative,
as a form of land use planning [15], emphasizes the combination of long-term security
and stability of Land tenure security with social sustainability, significantly enhancing
the resilience of planning in response to dynamic changes in power. This approach of
binding land resource utilization with multiple goals can maximize the balance of allocation
requirements for different resources. In the future development of smart land use planning,
emphasis should continue to be placed on resource allocation issues, with priority given to
their implementation. This will enhance the ability of planning to address complex issues
and provide rigid support for the sustainable use of resources and social justice.

Focusing on the issues of talent scarcity and meeting the needs of stakeholders amid
challenges from the human resource environment, future smart land use planning must
prioritize the cultivation of personnel skills and engage more interdisciplinary talents
in the land use planning process. This is not only an effective way to leverage public
wisdom to solve problems and make up for the shortcomings of existing methods but also
enables timely responses to citizens” demands, emphasizing public participation and social
inclusion. The form of Participatory Budgeting [16] can promote the integration of social
capital, social inclusion, and mainstream pluralism in the decision-making process into the
content of land use planning. These characteristics are conducive to the development of
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a democratic and diversified spatial pattern of land use planning, thereby facilitating the
formulation of more inclusive and high-satisfaction land use planning schemes.

To address the current challenges faced by smart land use planning at the technological
level, such as insufficient diversification and weak scenario adaptability, future efforts
need to promote the diversified expansion of the technology system. Meanwhile, the
iteration of land use planning tools has progressively accelerated [17], requiring continuous
dynamic optimization in practical applications to adapt to the core scenarios of land
use planning. In this process, the effective implementation of technology is only a basic
requirement; the more core aspect lies in that technology application must carry social
value orientations. This requires the construction of social participation mechanisms in
the technical framework, integrating public demands into the technology embedding
link throughout the entire planning process, and maximizing the engagement of multiple
stakeholders in the formulation of land use planning schemes. Ultimately, technology will
break through the attribute of single tool integration and become a core link connecting
multiple values.

In the face of the three core challenges, namely institutional, human resource, and tech-
nological, future smart land use planning needs to construct systematic solutions through
the aforementioned measures and promote the collaborative governance of the three. This
in-depth coupling of “institution—human resource—technology” can not only effectively
resolve the current pain points and difficulties in planning practice but also promote smart
land use planning to form an integrated system with resilience, inclusiveness, and sustain-
ability. Ultimately, it will provide planning guarantees for countries or regions to utilize
land resources in a rational and efficient manner, achieving goals such as coordinating
economic development and land resource allocation, and ensuring the sustainable use of
land. Furthermore, the advancement of smart land use planning from theory to practice
represents an inevitable trend in the integration of empirical scientific concepts of land
resource management with advanced technologies. The human-land relationship follows
complex laws; future smart land use planning must adopt more advanced technologies and
concepts, coordinate the demands of different stakeholders in a more equitable manner,
and plan the future of land resources in a more sustainable way.
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When the Map Does Not Tell the Whole Story: Integrating
Community Voices into GIS Gentrification Analysis

Ivis Garcia

Department of Landscape Architecture & Urban Planning, School of Architecture, Texas A&M University,
College Station, TX 77843, USA; ivis.garcia@tamu.edu

Abstract: This exploratory case study examines the alignment between GIS-based displace-
ment models and lived experiences of residents in Salt Lake City, addressing the benefits
and limitations of spatial tools in capturing urban displacement complexities. By com-
paring the Urban Displacement Project’s Estimated Displacement Risk (EDR) model with
qualitative interviews from diverse neighborhoods, the research highlights discrepancies
between predictive outputs and community narratives. The findings reveal that while GIS
models effectively identify displacement hotspots, they often underestimate risks in areas
with high homeownership or recent development. Conversely, resident interviews provide
valuable insights into emerging displacement pressures that GIS may overlook. This study
underscores the importance of integrating spatial analysis with community engagement
to produce more equitable land-use planning strategies. The study contributes to urban
governance and sustainable development by advocating for policies that prioritize the
voices of vulnerable populations, fostering more resilient and inclusive cities.

Keywords: displacement; gentrification; Geographic Information Systems (GIS); qualitative
data; quantitative data; Salt Lake City

1. Introduction
1.1. Problem Statement and Research Gap

Urban displacement driven by gentrification has become a critical challenge facing
cities across the United States, yet significant gaps remain in how we understand and
predict these processes. While Geographic Information Systems (GIS) have emerged
as powerful tools for mapping displacement risk through quantitative modeling, these
approaches often fail to capture the complex lived realities of affected communities. This
limitation is particularly pronounced in mid-sized cities, where gentrification studies
remain underrepresented compared to research focused on major metropolitan areas.

The Urban Displacement Project’s (UDP) GIS-driven Estimated Displacement Risk
(EDR) model exemplifies the current state of spatial modeling for displacement prediction,
utilizing demographic and housing data to identify census tracts exhibiting characteristics
correlated with low-income renter displacement [1]. However, such models, while valuable
for visualizing risk patterns across geographic areas, cannot fully account for the personal,
cultural, and social dimensions that shape residents” experiences of housing pressures,
rising rents, and neighborhood change.

1.2. Research Contribution and Approach

This study addresses these limitations by employing research method approach that
shows the UDP’s GIS-based predictions and aligns them with narratives and lived ex-
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periences gathered through community interviews across various neighborhoods in Salt
Lake City. This research makes a unique contribution to the displacement literature by
validating quantitative displacement models against ground-level community knowledge
in a mid-sized city context—an understudied urban typology in gentrification research.
The conceptual relationship between gentrification and displacement is central to the
analysis. Gentrification—defined as the influx of higher-income residents and reinvestment
in historically under-resourced neighborhoods—often triggers both direct displacement
(through evictions) and indirect displacement (through rent increases or loss of cultural in-
stitutions). These interconnected processes alter neighborhood demographics and housing
markets, making communities less accessible to low-income, long-standing residents. This
study examines how these forces unfold in real-time through community narratives.

1.3. Research Objectives

This study seeks to (1) reveal discrepancies between model predictions and lived
realities, (2) validate displacement patterns identified through quantitative analysis, and
(3) highlight the strengths and limitations of GIS-driven tools in capturing the complexities
of urban displacement. By capturing the voices of residents—many of whom have either
experienced displacement or perceive themselves to be at risk—this comparison provides
critical insight into the human dimensions of displacement. These include factors such as
social networks, emotional ties to place, and barriers to relocation that GIS models cannot
quantify. The analysis also helps identify areas where the model may underestimate or
overestimate displacement risk due to local factors such as recent housing developments,
specific policy interventions, or impacts from events like the COVID-19 pandemic.

1.4. Significance and Broader Context

The integration of spatial data in urban planning has grown significantly over the
past decade, offering powerful tools for mapping socio-economic changes [2]. GIS appli-
cations in displacement research extend beyond basic risk mapping to encompass force
displacement due to disasters [3], climate vulnerability mapping [4], and land-use suit-
ability modeling [5]. Studies have demonstrated how layering datasets related to income,
race, and land-use can reveal patterns of inequality and inform more equitable policy
interventions [6]. However, researchers increasingly caution against over-reliance on quan-
titative models, emphasizing the importance of contextual, ground-level data to avoid
misinterpretations [7]. This research contributes to a growing body of work that high-
lights how emerging tools—including remote sensing, big data analysis, and predictive
modeling—can benefit from validation through on-the-ground experiences.

1.5. Paper Organization

This paper offers insights that can inform targeted policy interventions, resource
allocation, and proactive community engagement strategies by revealing how lived re-
alities contribute to GIS analysis. The findings underscore the need for adaptive urban
governance frameworks that integrate both technological advancements and localized
community knowledge to create more resilient, inclusive, and socially just cities. As cities
continue to grapple with rapid urbanization, rising housing costs, and shifting demographic
patterns, this research highlights the imperative of balancing data-driven approaches with
participatory planning to ensure that urban development efforts genuinely reflect the needs
and experiences of at-risk communities.

The paper proceeds as follows: Section 2 reviews the relevant literature on GIS-based
displacement modeling and community-based research approaches; Section 3 outlines
the methods methodology; Section 4 presents the comparative analysis of UDP model
outputs and community narratives; Section 5 discusses the implications of the findings for
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urban planning practice; and Section 6 concludes with recommendations for integrating
quantitative and qualitative approaches in displacement research.

2. Literature Review

Displacement due to gentrification and increased housing costs is a major challenge in
cities across the world [8-10]. The issue calls for the use of better tools to help in the predic-
tion of the neighborhoods at risk to be able to manage the effects. There is an increased
application of GIS and predictive modeling for measuring the risk of displacement [2].
However, this article contributes to the existing literature that argues that understand-
ing displacement cannot be left alone to GIS models but that inclusion of qualitative,
community-based of narratives of gentrification is also necessary to help in the prediction
and management of the effects. We need both quantitative and qualitative data to not only
study the phenomenon but come up with equitable and smart land-use planning strategies.

2.1. GIS and Predictive Displacement Models

The GIS-based models have become more relevant as they help in processing spatial
data and determining areas which are likely to be impacted by displacement [2,11,12].
The Urban Displacement Project (UDP), who were author collaborators, is a research
initiative conducted by scholars from University of California, Berkeley and it can be
considered as a pioneering work in this regard [13]. The UDP employs GIS to generate
Estimated Displacement Risk (EDR) models, which use demographic data, housing market
trends, and historical redlining patterns to predict displacement vulnerability [14]. These
models visualize displacement hotspots, providing policymakers with critical tools to guide
intervention strategies [15].

A notable 2010 framework is the Voorhees Center Gentrification Index, which com-
bines 13 variables, such as racial composition, educational attainment, income levels,
housing characteristics, and family structure, to assess gentrification and displacement
risk [16]. Garcia applied this index with never before used data from 1970 to 2010 for
Salt Lake City, recreating it to reflect the unique housing and demographic dynamics
of the region, thereby providing localized insights that complement broader GIS-based
approaches [2]. The findings revealed that while the effects of gentrification and commu-
nity decline were pronounced in Chicago, in Salt Lake City, the impact of upgrading and
decline was significantly less pronounced. Similarly, Chapple and Zuk’s (2016) displace-
ment typology, which combines socioeconomic indicators with housing market metrics to
classify neighborhoods based on gentrification and displacement risk [17]. These models
underscore the growing use of predictive analytics in addressing housing insecurity and
urban inequality.

However, GIS models have limitations. As Easton et al. (2020) notes, predictive tools
often fail to capture the nuanced, lived experiences of residents [18]. GIS models may
underrepresent displacement risk in areas with high homeownership or where informal
housing arrangements exist [1]. Additionally, static datasets can lag real-time developments,
missing emergent displacement pressures linked to economic shocks or pandemics [19].

2.2. Qualitative Approaches to Displacement

Complementing GIS, qualitative methodologies such as community interviews, focus
groups, and dialog provide critical insights into the human dimensions of displacement [20].
Research in New York by Newman and Wyly (2006) underscores the importance of resident
narratives in identifying displacement precursors, including rising rents, evictions, and shifts
in neighborhood demographics [21]. They concentrate in using interviews to uncovering
experiences on the ground highlighting the social and emotional impacts of gentrification.
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Studies conducted in rapidly gentrifying cities illustrate how qualitative research can
validate or challenge GIS predictions. For example, Gould and Lewis (2017) found that
while GIS models indicated low displacement risk in certain Brooklyn neighborhoods,
interviews with residents highlighted significant housing instability and eviction threats,
reflecting a mismatch between model outputs and lived realities [22]. Qualitative data
often reveals early warning signs that GIS models may overlook, such as the loss of local
businesses, cultural institutions, and social networks [23].

While participatory GIS and gentrification studies are well-established fields, this
research addresses a specific gap: systematic validation of displacement prediction models
through community narratives in mid-sized cities. Unlike previous studies that focus on
major metropolitan areas or develop new participatory frameworks, this study evaluates
an existing model’s accuracy against ground-level experiences in Salt Lake City’s unique
demographic and housing context.

2.3. Integrating GIS with Community Narratives

Emerging scholarship advocates for the integration of GIS with qualitative data to
produce more comprehensive displacement assessments. This hybrid approach not only
enhances model accuracy but also empowers communities to influence urban planning
processes [24]. The UDP’s Salt Lake City analysis exemplifies this integrative approach. By
comparing EDR model outputs with resident interviews, the project identifies discrepancies
and contextualizes data within broader social and economic frameworks. Studies using GIS
along with narratives contribute to more equitable land-use planning and displacement
mitigation policies [21,25,26].

While many studies have employed participatory methods, this paper offers a unique
contribution by systematically comparing GIS model outputs with qualitative narratives
from residents in Salt Lake City neighborhoods. This approach advances the existing body
of research by demonstrating how community insights can validate and refine spatial
models, ultimately enhancing their policy relevance.

2.4. Displacement in Mid-Sized Cities: Insights and Future Directions

Despite advancements in GIS and participatory methodologies, gaps remain in ad-
dressing displacement dynamics across diverse urban contexts. Research often focuses on
large metropolitan areas, with limited attention to mid-sized cities and rural communities
experiencing similar pressures [27,28]. Nationally, cities with populations between 100,000
and 500,000 are often considered mid-sized [29]. Thus, Salt Lake City with a population of
209,593 in 2023 fits within this mid-sized category [30].

Unlike larger metropolitan areas, mid-sized cities face unique challenges that include
fewer financial resources, limited planning capacities, and rapidly shifting demograph-
ics [31-34]. These constraints can amplify vulnerabilities to displacement and gentrification,
as such cities often lack the robust housing policies or funding mechanisms seen in larger
urban centers [35]. Research highlights that mid-sized cities frequently encounter rapid
population growth or decline, creating pressure on existing infrastructure and housing
markets [36,37]. For instance, Portland, OR, and Providence, RI, have shown how limited
budgets and smaller planning departments can struggle to respond to gentrification and
displacement trends, leaving gaps in housing equity [9,38]. Additionally, the limited di-
versity of industries in these cities can lead to economic volatility, further exacerbating
housing insecurity for low-income populations [39].

Demographic changes in mid-sized cities, such as increased in-migration of affluent
populations, further complicate urban planning efforts [33,40]. Studies have shown that
these shifts often result in rising housing costs and displacement of long-standing com-
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munities, particularly those of color and low-income households [15,18,41]. In Salt Lake
City, for example, these dynamics mirror the challenges observed in other mid-sized cities,
where the lack of targeted policies has allowed speculative development and gentrification
to disproportionately impact vulnerable groups [42].

This study builds upon previous research in cities such as Portland, OR, and Provi-
dence, RI, which have also explored the intersection of GIS-based displacement modeling
and community narratives. In Portland, researchers found that while GIS identified high-
risk neighborhoods, qualitative interviews revealed unique local challenges, such as zoning
changes and public opposition to affordable housing, that GIS models did not account
for [43]. Similarly, in Providence, studies highlighted the role of historical inequities and
policy decisions in shaping displacement risks, which were underrepresented in GIS out-
puts [38]. These examples illustrate that mid-sized cities often face distinct displacement
dynamics, shaped by their scale, governance frameworks, and socio-economic conditions.
By comparing Salt Lake City’s findings to these contexts, this study underscores the im-
portance of tailoring displacement interventions to the specific characteristics of mid-sized
urban areas.

Furthermore, this paper contributes to theoretical debates in urban studies by integrat-
ing structural urban political economy theories—such as Smith’s rent gap theory and Logan
and Molotch’s urban growth machine—with participatory, community-centered frame-
works like Asset-Based Community Development (ABCD) and Participatory GIS [44—47].
This theoretical integration allows to analyze displacement as a multi-scalar process, driven
both by macroeconomic forces and local development politics, and mediated through the
lived experiences of residents. The approach foregrounds the limitations of data-driven
models when disconnected from on-the-ground realities.

This research fills a significant gap in the literature by offering a novel comparison of
GI models with qualitative analysis in a mid-sized city, which is often underrepresented
in gentrification and displacement studies. It demonstrates how community insights
can validate, refute, and enrich predictive GIS models, enhancing their policy relevance
and social equity impacts. This contributes to ongoing efforts to build more just and
participatory urban planning practices.

3. Materials and Methods
3.1. Partnership Background Between Author and EDR Researchers

The author worked with the UDP who did a data analysis for SLC as part of the
“Thriving in Place Project,” which is a community-driven process to analyze and understand
gentrification and displacement and then craft a plan of action [48]. UPD employs a
combination of GIS modeling and data analysis to evaluate displacement risk across the
city [1]. At the core of the study is the EDR model, a GIS-driven tool designed to estimate
the likelihood of displacement for low-income renter households across all census tracts in
Utah, with a particular focus on Salt Lake City [1].

3.2. EDR Model

The EDR model identifies census tracts with characteristics strongly correlated with
low-income renter population loss between 2015 and 2019. The model analyzes migration
patterns by comparing low-income renter populations who left neighborhoods versus
those who moved in, using American Community Survey data as the primary data source.
The model generates risk classifications through a framework where Low Data Quality
indicates tracts with fewer than 500 total households or census margins of error greater
than 15% of the estimate. Probable Displacement means the model estimates displace-
ment is likely occurring, Elevated Displacement indicates the model estimates a small
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amount of displacement, and High Displacement shows the model estimates relatively
high displacement levels. The model produces three distinct map layers including an
Overall Displacement layer that shows the number of income groups experiencing any
displacement risk, a 50-80% AMI layer showing displacement risk specifically for low-
income households, and a 0-50% AMI layer that combines extremely low-income and very
low-income households using the more extreme displacement scenario when predictions
differ.

Key model variables include demographic characteristics, housing market conditions,
and built environment features, though the technical report notes that specific variable
weights and mathematical formulas are proprietary to the Urban Displacement Project
methodology. Critical model limitations acknowledged by UDP include that the model
focuses exclusively on renter displacement rather than homeowner displacement pres-
sures, uses 2015-2019 data while missing pandemic and post-pandemic housing market
changes, does not incorporate recent housing construction or infrastructure projects, may
overestimate risk in areas with high student or military populations due to natural mo-
bility patterns, and may underestimate risk in high-homeownership areas experiencing
gentrification pressures.

To enhance the depth of the analysis, the EDR model incorporates additional map
layers detailing demographic and economic conditions, such as the percentage of low-
income renters, an Affordable Market Index, segregation patterns, and redlined zones from
the 1930s. Historical redlining data, sourced from the University of Richmond’s Mapping
Inequality project, delineates neighborhoods that were redlined in the 1930s, underscoring
the enduring effects of racial segregation and disparities in wealth and homeownership [49].

Overlay layers further contextualize the analysis by including city limits and city
council district boundaries, which help define the geographic scope of governance and
policymaking. Additionally, the analysis integrates demographic-specific layers to account
for unique population characteristics, such as tracts with over 30% student populations
or over 40% retired individuals. While students” low wages and high migration rates
may lead to overestimations of displacement risk, low-income non-student residents in
these areas may still face significant pressures. Similarly, retired populations, despite their
low incomes, often have stable housing situations, which may also skew risk predictions.
Military infrastructure, another key layer, captures areas with military bases or facilities,
where high in- and out-migration rates may affect displacement assessments. Finally, the
inclusion of roads and transit networks reflects the critical role of accessibility and mobility
in shaping housing dynamics.

Together, these layers provide a comprehensive framework for evaluating displace-
ment risk, balancing historical, demographic, and infrastructural influences, and ensuring
a more nuanced understanding of the factors contributing to housing instability. More
details of the EDR model applied in SLC could be found in the technical paper: Urban
Displacement Project’s Salt Lake City Displacement Data Analysis [1].

3.3. Limitations of EDR Model

Because the model assesses displacement risk for renters, it may overlook displacement
pressures faced by homeowners, leading to potential underestimations in areas with higher
homeownership rates. Furthermore, the model does not account for new housing develop-
ments or infrastructure projects initiated after 2019, which may influence current displacement
dynamics. The use of pre-2019 data introduces substantial limitations given COVID-19’s
transformative impacts on housing markets, with remote work policies, eviction moratoriums,
and historically low interest rates fundamentally altering displacement dynamics.
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3.4. Interview Data Collection

This study involved comparing the GIS model’s outputs with qualitative neighbor-
hood assessments conducted by University of Utah students under the author’s guidance.
This qualitative data, drawn from 22 community interviews per neighborhood and narra-
tives, offers on-the-ground insights that either validate or challenge the model’s predictions.
In this study, data for six neighborhoods is presented—Poplar Grove, Glendale, Ballpark,
Central City, East Central, Fairpark—for a total of 132 interviews.

The selection of neighborhoods—Poplar Grove, Glendale, Ballpark, Central City, East
Central, and Fairpark—was informed by their historical, socio-economic, and demographic
significance. These areas represent a spectrum of displacement pressures, from high-risk
zones identified by the EDR model to neighborhoods experiencing early signs of gentrifi-
cation. By focusing on these specific neighborhoods, the study aimed to capture a diverse
range of displacement dynamics, offering insights into how varying socio-economic factors
interact with urban development and housing policies. Additionally, these areas provided
opportunities to compare the model’s outputs with rich, community-driven qualitative data,
enabling the identification of discrepancies and validation of predictive patterns.

To ensure a diverse and representative sample, researchers employed multiple strate-
gies to engage potential interviewees. Outreach was conducted in various public and
private settings, including sidewalks, commercial establishments, and community events.
A common practice involved researchers introducing themselves as graduate students
from the University of Utah’s City and Metropolitan Planning Master’s Program. They
explained that the interviews were part of a project for their Community Engagement in
Planning course, aimed at understanding neighborhood changes.

3.5. Interview Procedures

Each interview lasted approximately 20 min and followed a semi-structured format,
allowing participants to provide in-depth responses to key questions while enabling flexi-
bility to explore emerging themes. Interviews were conducted in person, and participants
were recruited through public outreach at community events, local businesses, and residen-
tial areas. Interviews were audio-recorded with participant consent and later transcribed
verbatim for analysis by each student who conducted them. Participants could choose to
use their names or not.

The interview process was structured to gather insights into participants’ connections
to the neighborhood and their views on its evolution. The interview questions were crafted
to explore several key themes:

e  Relationship to the Neighborhood:

O How long have you lived or worked in this area?
O Did you grow up here?
e  Neighborhood Strengths:

O What aspects of this neighborhood do you value most?
O Which places hold personal significance for you?

e  Changes and Losses:

O Are there places that were important to you but no longer exist?
O How have you observed the neighborhood change over the past 10-15 years?

e  Community Connections:

O Who are the key people, groups, or leaders that contribute to the neighbor-
hood’s character?
O Are there business owners or community organizations that play an important role?
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e  Future Vision:

O How would you like to see the neighborhood develop moving forward?
O What changes or improvements would you prioritize?

The interview questions were designed to capture key dimensions of gentrification
and displacement that quantitative data alone cannot reveal. Questions about participants’
relationship to the neighborhood and their observations of changes provide insights into
how gentrification impacts long-term residents and the social fabric of the area. From the
perspective of Asset-based Community Development (ABCD), exploring neighborhood
strengths and community connections highlights the cultural and social assets that define
the neighborhood’s identity, which are often threatened by displacement [46,50]. Lastly,
asking about participants’ future vision for the neighborhood helps identify their priorities
and concerns, ensuring that community voices are considered in planning and policy
decisions. These questions enable a comprehensive understanding of gentrification by
uncovering the lived experiences behind broader socioeconomic trends.

3.6. Ethics of Qualitative Data Collection

To protect participant confidentiality, pseudonyms were used for most people unless they
wanted to use their real name. Students were required to submit images of their engagement.
The IRB allowed images and names of participants if they were interested in telling their stories.
We found that business owners, non-profit, and advocates were interested in telling their stories
using their names. If people choose anonymity the identifying information was removed from
the transcripts. All participants provided informed consent under an Institutional Review
Board (IRB)-approved protocol. A total of 12 students contributed to these interviews and they
received training under the IRB, a committee responsible for ensuring the ethical treatment of
human subjects in research. The IRB approval number is 00099240, titled “Gentrification and
Neighborhood Change: Index and Affordability Strategies for Salt Lake City”.

3.7. Limitations of Qualitative Data

While 132 interviews were conducted across six neighborhoods (22 per neighborhood),
detailed demographic breakdowns of participants were not systematically collected, repre-
senting a limitation in assessing potential sampling bias. Despite the absence of explicit
demographic information about all respondents, the reliability of the interview data can be
supported by the methodological approach described in the documents, which focused
on gathering in-depth perspectives from directly affected individuals within the neighbor-
hoods. The research aimed to collect valuable information from people most affected by
current development and displacement trends. The methodology emphasized engaging
directly with residents to develop a deeper and more detailed story of the community
and its assets, with collected information including personal experiences that were shared,
which is crucial for understanding the qualitative impact of neighborhood changes from the
perspective of those living them. By focusing on direct engagement and collecting unique
stories, the interviews aimed to provide rich, contextualized data about neighborhood
changes and community assets, which is a hallmark of qualitative research that prioritizes
the depth and nuance of individual experiences over broad statistical representation. There-
fore, while specific demographic breakdowns are not provided for all interviewees, the
data’s reliability stems from the direct, in-depth engagement with individuals significantly
impacted by and knowledgeable about the neighborhood changes, ensuring the captured
experiences are authentic and relevant to the study’s objectives.
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4. Background: Description of Salt Lake City and Neighborhoods

Data from the American Community Survey (ACS) for 2019 is presented in Table 1 to
provide context for each neighborhood, offering a detailed snapshot of their demographic,
economic, and housing characteristics. These metrics help illuminate the unique dynamics
of neighborhoods like Poplar Grove, Glendale, Ballpark, Central City, East Central, and
Fairpark, highlighting the socioeconomic conditions and housing trends that shape their
identities. Figure 1 shows where Salt Lake City is located in the United States, and Figure 2
shows where the neighborhoods are situated within Salt Lake City.

Table 1. Demographic, Socioeconomic, and Housing Characteristics.

Salt Lake City Central City Ballpark East Central Glendale Fairpark Poplar Grove
Population 210,314 10,152 5298 3175 20,899 6409 14,197
o Race (Use the “White 739 731 663 80.6 05 68.0 365
alone” category)

% Ethnicity (Latino) 21.0 15.4 32.6 10.8 43.4 424 53.5

% Children under 18 years old 6.1 15 7.7 2.1 10.4 6.9 10.5

% Over 65 years old 11.4 10.6 7.3 7.8 7.0 12.3 7.3

‘o Female-headed families 9.3 5.2 159 14 188 175 159
with children

% Family households 56.3 21.7 422 26.6 78.5 66.6 75.0

% Renter-occupied 45.0 85.1 84.3 71.0 43.0 333 526
housing units

o Owner-occupied 55.0 14.9 157 29.0 57.0 66.7 474
housing units

% College educat.wn (college 336 394 92 391 96 138 86

degree of higher)
. usD usD usD
Median House Value USD 342,316 USD 285,600 244,000 USD 409,500 190,033 134,600 USD 174,067
. . UsDh UsD uUsD
Median Family Income USD 91,332 USD 55,951 51,534 USD 76,250 62,447 48,936 USD 43,576
% Persons Below Poverty 15.7 23.2 317 27.3 17.6 32.7 17.4
% Managerial Occupations 9.1 9.6 7.3 12.2 7.1 7.2 44

0 65 130 kny

Greailee WYOMING
reat)
Salt 5} \

Lake | @Salt Lake

NEVADA

COLORAD

ARIZONA NEW MEXIC(

Figure 1. Where Salt Lake City, Utah, is located in the United States.
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Figure 2. Where the neighborhoods are situated within Salt Lake City.

This contextual information is critical for understanding how gentrification manifests
differently across neighborhoods. For example, indicators such as rising median house
values, shifts in racial and ethnic composition, changes in educational attainment, and
varying proportions of renter-occupied versus owner-occupied housing provide insights
into the pressures and transformations that neighborhoods may experience. These data
points are not only descriptive but also serve as key indicators of broader trends, helping
to identify where gentrification and displacement pressures may be occurring and where
targeted interventions might be needed to support vulnerable populations.

4.1. Salt Lake City

Salt Lake City, the capital of Utah, has a population of approximately 210,314. The
city is predominantly composed of residents who identify as “White alone” (73.9%), with a
significant Latino population (21%). It has a relatively younger demographic, with only
6.1% of its population under 18 years old and 11.4% over the age of 65. Family households
comprise 56.3% of the total, with 9.3% being female-headed families with children. Housing
in Salt Lake City is almost evenly split between renter-occupied units (45.0%) and owner-
occupied units (55.0%). The city’s median family income is USD 91,332, and 33.6% of
residents have obtained a college degree or higher. Despite its relatively high median house
value of USD 342,316, 15.7% of the population lives below the poverty line.

The city’s demographic and economic makeup provides a unique lens for examining
gentrification and displacement trends. Salt Lake City’s mix of renters and homeowners
indicates a population at risk for displacement, particularly as housing prices continue to
rise. Neighborhoods with higher proportions of renters and vulnerable populations, such
as families below the poverty line and Latino residents, often experience the earliest signs
of gentrification. These signs include rising rents, new high-density developments, and an
influx of higher-income residents. Such dynamics, combined with the city’s relatively high
percentage of college-educated individuals, suggest pressures for neighborhood upgrading
and redevelopment. These changes risk displacing long-standing residents, disrupting
social networks, and transforming the cultural character of vulnerable communities. Un-
derstanding these trends is essential for crafting policies that address housing inequities
and promote inclusive urban development.
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4.2. Central City

Central City exhibits strong indicators of gentrification, including the highest percent-
age of college graduates (39.4%) and one of the lowest percentages of family households
(21.7%). Median house values are relatively high at USD 285,600, and the population is pre-
dominantly White (73.1%). With 85.1% renter-occupied housing and higher income levels
(USD 55,951), the area reflects typical signs of urban gentrification, such as displacement of
long-standing, low-income residents in favor of higher-income, educated newcomers.

4.3. Ballpark

Ballpark is characterized by high renter occupancy (84.3%) and a lower percentage
of families (42.2%). The median house value is USD 244,000, and poverty levels are high
(31.7%). The demographic composition includes a majority White population (66.3%) and
32.6% Latino residents. This neighborhood shows significant signs of gentrification, with
low family household percentages and high renter occupancy, suggesting turnover and
housing instability.

4.4. East Central

East Central stands out as the most affluent neighborhood in the group, with the
highest median house value (USD 409,500) and median family income (USD 76,250). A
significant portion of the population holds college degrees (39.1%), and only 10.8% of
residents are Latino. High housing costs and a low percentage of family households (26.6%)
suggest this area has undergone substantial gentrification, leading to reduced housing
affordability for low-income populations.

4.5. Glendale

Glendale exhibits similar demographic characteristics to Poplar Grove, with 43.4%
Latino residents and a slightly higher median house value (USD 190,033). Owner-occupied
housing (57%) dominates, but renters still make up a significant portion (43%). The per-
centage of families below the poverty line is moderate (17.6%), and educational attainment
remains low (9.6% with a college degree). While the signs of gentrification are subtle,
its higher family household rates and homeownership could make it less vulnerable to
displacement pressures.

4.6. Fairpark

Fairpark has a more balanced housing mix, with 33.3% renter-occupied units and
66.7% owner-occupied units. The median house value (USD 134,600) and income levels
(USD 48,936) are among the lowest, and poverty rates are high (32.7%). While educa-
tional attainment (13.8%) and managerial occupation percentages (7.2%) remain low, the
area shows fewer signs of gentrification due to its lower housing costs and stable family
household percentages (66.6%).

4.7. Poplar Grove

Poplar Grove has a predominantly Latino population (53.5%), with relatively low
educational attainment (8.6% college graduates) and a median house value of USD 174,067,
among the lowest in the group. A significant portion of housing units are renter-occupied
(52.6%), and poverty levels (17.4%) are moderate. Signs of gentrification are less apparent
here, as low house values and income levels suggest limited economic changes compared
to other neighborhoods. However, the area’s proximity to more central locations may
attract future development pressures.

According to the ACS data alone, Ballpark, Central City, and East Central show the
strongest indicators of gentrification, with high renter occupancy, increasing house values,
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and higher levels of education and income. These patterns suggest displacement risks for low-
income, minority, and family households. In contrast, neighborhoods like Fairpark, Glendale,
and Poplar Grove retain more affordable housing and family-friendly characteristics, but they
may face future pressures as development continues in adjacent areas.

5. Results: Alignment Between GIS Predictions and Lived Experiences

The results of this study reveal significant insights into the relationship between GIS-
driven displacement models and the lived experiences of residents in Salt Lake City. By
comparing the Urban Displacement Project’s (UDP) Estimated Displacement Risk (EDR)
model with qualitative interviews conducted across various neighborhoods, several key
findings emerged, highlighting both the strengths and limitations of predictive GIS tools in
capturing urban displacement dynamics. In Figure 3 the dark reddish color means that
the zip code shows high displacement risk for two income groups (very low 0-50% AMI
and low income 50-80%), the dark orange is elevated displacement for very low-income
households (0-50% AMI) and light orange is probable displacement risk. This classification
suggests that rising housing costs, demographic shifts, and increased development are
contributing to the vulnerability of low-income households.

+L DT " wua\a "B N T Estimated Renter Displacement &
Special Population Layers

@ Overall Displacement
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Figure 3. Urban Displacement Project’s (UDP) Estimated Displacement Risk (EDR). View Map
in Full Screen (https:/ /www.urbandisplacement.org/maps/salt-lake-city-estimated-displacement-
risk-model/, accessed on 20 November 2024).

5.1. Central City

The risk of displacement in Central City is evident through the voices of long-time
residents and business owners. Bailey, who has lived in the neighborhood since her college
years, notes that “the stability of the Central City neighborhood is threatened by the
aggressive development of high-priced apartment buildings.” She laments the demolition
of historical buildings, replaced by luxury apartments, contributing to the erosion of the
area’s character and affordability. Similarly, Ken, a business owner for 25 years expressed
concern that rising rents may force his closure, stating, “If my business is forced to close its
current location, I will have nowhere to relocate to. Affordable space no longer exists in
the valley.”

Long-term residents like Gabriella, who lives in senior housing, worry about the
vulnerability of their communities. She shares, “If folks from my building were displaced
due to rising rents, I am unsure where they would go.” Donnie, a homeowner, highlights
the impact of short-term rentals, describing how “more than half my street is short-term
rentals, making it feel like I have no neighbors.” This shift toward short-term leasing
reduces the availability of stable housing, contributing to displacement.
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Even those involved in development acknowledge the issue. One developer suggests,
“There should be a 2:1 replacement requirement for any affordable rental housing that is
lost in development.” The voices from Central City reflect a neighborhood in transition,
with rising costs and changing demographics pushing out long-standing residents and
businesses, underscoring the urgent need for policies to address displacement risks.

The map highlights a high risk of displacement in the area, which aligns with ongoing
trends in the neighborhood. Historic homes have been demolished to make way for
higher-density apartment buildings, reflecting increased development pressure. The area,
previously redlined, is now seeing a surge in investment, contributing to rising property
values and rents. With most residents being low-income renters, they are particularly
vulnerable to these changes. Additionally, the neighborhood is attracting an influx of
out-of-state residents, further intensifying competition for housing. The area’s proximity
to downtown and strong public transit access makes it desirable, accelerating the risk of
displacement. However, the presence of affordable, deed-restricted units provides some
safeguard, helping to stabilize households that meet the qualifications for these units.

5.2. Ballpark

The Ballpark neighborhood of Salt Lake City is undergoing significant redevelop-
ment, sparking concerns about displacement and the erosion of community character as
described by interviewees. Tracy, a resident since 2015, points out the stark juxtaposition of
gentrification and persistent social issues, stating, “It’s weird cause, like, I still have people
smoking heroin on my front porch, but then I also have a bunch of yuppies that are like
mad about it.” This highlights the culture clash between long-time residents and wealthier
newcomers, as rents in the area continue to rise, forcing many to downsize or leave.

Garrett, who rents a house with others, expresses frustration with the shifting landscape,
noting that “I'm not a big fan of all the luxury apartments” replacing historic homes and
businesses. Similarly, longtime resident Ron reflects on the physical transformation of the
neighborhood, lamenting that “it’s on its last legs” as apartment complexes replace single-
family homes, diminishing the neighborhood’s historic character and sense of community.

Matt, who has lived in Ballpark for 20 years, underscores the resilience of residents
fighting to preserve the neighborhood’s character, explaining, “We fight what we can fight,
we’re very careful to welcome those who are going to bring services to the community.”
However, he also recognizes the challenges posed by safety issues and the lack of local
amenities, pointing out the need for more schools and better infrastructure. The voices
from Ballpark paint a picture of a neighborhood at a crossroads, where redevelopment
brings both opportunity and concern for those at risk of being displaced.

The map indicates elevated displacement risk for both income groups, which aligns
with the area’s history and current trends. The neighborhood was previously redlined,
has a high concentration of low-income renters, and is experiencing rising rents alongside
new apartment and townhome developments. Its proximity to transit further increases the
likelihood of displacement.

In contrast, the map shows no displacement risk in other areas. This is consistent with the
fact that these neighborhoods were historically rated as “best” or “still desirable” on redlining
maps. They are characterized by large populations of wealthy White homeowners and high
housing prices, making them exclusive and less susceptible to displacement pressures.

5.3. East Central

The interviews conducted in the East Central and East Liberty Park neighborhoods
validate the mapping that indicates a high risk of displacement. Several residents ex-
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pressed concerns about rising rents, new luxury developments, and the influx of wealthier
individuals reshaping the area.

Kyle, a new resident, observed that “small single-family homes are being torn down
and replaced by large, hideous luxury condos.” He expressed fears that these new de-
velopments drive up housing costs without sufficiently increasing housing availability.
Similarly, Ethan reflected on the changing character of the neighborhood, pointing out that
“new apartment complexes are not creating more walkable neighborhoods” and are instead
contributing to rising rents.

Long-term residents like Blair also highlighted the impact of new construction, sharing
that “local businesses are getting torn down to make way for development,” which he finds
overwhelming. Gavin, planning to move out of state due to housing costs, emphasized
that “rising rents are not just a possibility—they’re happening now.”

While some residents like Nikki have not yet experienced significant displacement,
there is widespread acknowledgment that the increasing presence of luxury apartments
and high property values threatens the neighborhood’s stability. Dustin, a 12-year resident,
noted that “larger apartments going up aren’t the answer” and expressed concerns that
people will have to relocate to less expensive areas further west if costs continue to rise.

Overall, the interviews consistently reflect anxiety about displacement, reinforcing
the findings of the mapping analysis and painting a clear picture of a neighborhood in
transition, facing the pressures of gentrification and increasing housing insecurity.

The map indicates high displacement risk in the northern part of the area, while the
rest shows no significant risk. This aligns with local demographics, as the northern section
near the university has a large student population, most of whom are renters with relatively
low incomes. In contrast, the surrounding neighborhoods are more affluent, with a higher
concentration of homeowners, contributing to greater stability and lower displacement risk.

5.4. Glendale

The interviews from Glendale reveal deep concerns about gentrification and displace-
ment, reflecting a community at risk of significant change. Residents consistently highlight
rising rents, increasing development, and demographic shifts as emerging threats to the
neighborhood’s stability.

Erin, a homeowner for two years, expressed apprehension about the influx of con-
dominiums and rising housing prices, noting that “there are more rental properties and
higher prices now than in previous years.” She fears that if current trends continue, there
will be no affordable options left within Salt Lake Valley for displaced residents. Similarly,
Austin observed a decline in the racial diversity that once defined Glendale, attributing
it to the arrival of young, wealthier newcomers. He remarked, “I was more of a minority
when I moved here, but now there’s been a shift.”

Long-term residents like Kim, who has lived in Glendale for 18 years, voiced concerns
about the neighborhood losing its character due to increased crime, homelessness, and
development pressures. “You have to be rich now to live here,” said James, underscoring
the economic divide that gentrification exacerbates. Cheryl echoed these sentiments,
warning that as more people move in, “they’re going to start tearing a lot of places down
soon.”

Despite these challenges, many residents remain committed to preserving Glendale’s
community spirit. Cassy, a nine-year resident, values the neighborhood’s diversity and
hopes it will retain its cultural identity, explaining, “I've lived all over the valley and
immediately felt the community here.”

The collective narrative points to a strong sense of place and belonging, but also a
growing unease about the future. Glendale residents recognize the need for affordable
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housing, improved infrastructure, and protections for long-term community members to
mitigate displacement and ensure the neighborhood’s inclusivity endures.

The map shows probable displacement risk for the lowest income group, while show-
ing no significant risk for the 50-80% AMI group [1]. The area has a large Latinx population
with flourishing businesses, along with other immigrants and many residents are lower-
income households [1]. However, similar to other neighborhoods on the west side, the area
has a lot of homeowners who are less likely to be displaced [1].

5.5. Fairpark

The Fairpark community in Salt Lake City reflects a neighborhood deeply concerned
about the risk of gentrification and displacement. Interviews with residents reveal anxieties
about the area’s increasing development, rising property values, and the influx of new,
wealthier residents. One long-time resident noted, “This place changes all the time. .. it’s
suddenly beginning to recover. This was just urban decay.” While some see revitalization
as positive, others fear it could lead to displacement of lower-income households.

Several interviewees pointed to the loss of local businesses and essential services,
like the closure of a neighborhood Walgreens. One resident expressed frustration, saying,
“There was no replacement for those businesses, they went away, they’re gone.” This lack
of reinvestment in community-serving institutions raises concerns that new developments
may not prioritize existing residents’ needs.

Additionally, there is a notable divide between long-term residents and newcomers.
A young resident reflected on the transformation, mentioning, “They see some economic
growth and a fiscal dollar sign on it, now they’re wanting to invest a lot more into where
they overlooked for way too long.” While development brings attention to the neighbor-
hood, many fear that these changes could price out current residents, forcing them to
relocate to more affordable areas outside of Salt Lake City.

The proximity of Fairpark to downtown and transit hubs makes it a prime target for
redevelopment, and while residents acknowledge the benefits of investment, many worry about
the neighborhood losing its cultural identity. Efforts to preserve affordability and community
assets will be crucial in ensuring that revitalization does not lead to widespread displacement.

The map indicates probable displacement risk for both income groups, though the
qualitative narrative suggests an even greater risk than the map reflects. Residents highlight
the transformation of dilapidated homes into renovated properties, signaling increased
investment and rising housing costs. The area’s high poverty rate, large Latinx population,
and the displacement of multigenerational families by younger renters further emphasize
the pressures of gentrification. These firsthand accounts paint a picture of a neighborhood
undergoing rapid change, where the threat of displacement looms larger than quantitative
models may capture.

5.6. Poplar Grove

The Poplar Grove community in Salt Lake City reflects a growing concern about
displacement and gentrification, as highlighted by residents’ narratives and observations.
While the map may show probable displacement risk, the interviews reveal deeper anxieties
and lived experiences of change. Long-term residents like JT expressed frustration over
the influx of new people, stating, “They are taking over the neighborhood and making
it worse.” He attributes rising costs, and neighborhood shifts to the arrival of wealthier
newcomers and increasing development.

Other residents echoed similar sentiments. One resident, “P,” noted how demand for
housing is pushing prices up, sharing that his own home value increased by USD 80,000.
He described receiving frequent cash offers for his property, which he sees as a sign of
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encroaching gentrification. P voiced concern over large-scale apartment developments,
emphasizing that “I would like to see families move in, not apartment buildings with
hundreds of people.”

Steph and Dan, residents for nearly a decade, described an “interesting juxtaposition of
new development and deterioration.” They observed vacant businesses and deteriorating
homes alongside new renovations and infrastructure improvements, reflecting the uneven
nature of neighborhood change. While they appreciated enhancements to green spaces and
trails, they were wary of the rising number of homeless individuals in parks, which they
saw as a sign of economic strain and displacement.

Overall, the qualitative data reflects widespread community concern that gentrification
is already underway, driven by increasing property values, new development, and shifting
demographics. Residents express a strong desire to preserve the character and affordability
of Poplar Grove, fearing that unchecked development could lead to the displacement of
long-standing, lower-income households.

The map indicates probable displacement risk, with the northwest part of the area
showing elevated risk. However, the qualitative narrative points to potentially greater
displacement pressures. The neighborhood is highly diverse, with a population that is
half Latinx, and new development is emerging along North Temple. Rising home prices,
along with the area’s green spaces and strong transportation access, make it increasingly
appealing to higher-income residents, further heightening the risk of displacement.

6. Discussion
6.1. Summary Comparing EDR Model an Interview Data

The following neighborhood assessments represent exploratory comparisons based on
22 interviews per area. These findings are context-specific to Salt Lake City and should not
be generalized beyond this case study without additional validation in similar urban contexts.
Table 2 shows a detailed comparison of the EDR model’s predicted displacement risk levels
with the qualitative insights gathered from community narratives, highlighting key areas of
alignment as well as discrepancies in neighborhoods across Salt Lake City. In many cases, the
EDR model accurately identified areas experiencing displacement pressures, particularly in
neighborhoods near downtown and the east side of the city. Residents in these areas reported
increasing rent burdens, new high-density developments, and the loss of affordable housing
stock—factors that closely aligned with the model’s designation of elevated or high displacement
risk. Neighborhoods such as Central City, Ballpark, and the East Central emerged as hotspots
where both the model and community narratives highlighted ongoing displacement.

Table 2. Summary of Findings and Discrepancies between EDR Model and Community Narratives.

Neighborhood EDR Model Risk Level Community Narratives Key Discrepancies
. . Increasing rents, high-density developments, ~ Aligns well with the model’s
Central City High and loss of affordable housing stock. predictions.
. Rising housing costs and rapid Validates model output but
Ballpark High gentrification observed. adds nuanced cultural losses.
East Central High Residents nqted s.1gn1f.1cant commercialand ~ Model aligns; qu.ahta‘tlve data
residential displacement. adds psychological impacts.
Glendale Moderate Residents reported early gentrlﬁcgt'lon signs, Model gnderestlmates
such as new developments and rising rents. emerging pressures.
. Concerns about commercial displacement and Model does not reflect
Fairpark Moderate .
loss of cultural networks. incremental changes.
Poplar Grove Low Early signs of gentrification and social network ~ Model underrepresents risks

erosion identified.

faced by homeowners.
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6.2. EDR Analysis

While Table 2 presents a summary of alignment and discrepancies between the EDR
model and community narratives, further analysis reveals key structural limitations in
the model’s predictive framework. For example, the model tends to underestimate dis-
placement risk in neighborhoods like Glendale, Fairpark, and Poplar Grove due to its
reliance on renter-focused metrics and lagging data sources. These areas, characterized by
higher rates of homeownership and strong community ties, are experiencing what might
be termed “cultural” or “anticipatory” displacement—forms of neighborhood change not
readily captured by traditional indicators such as rent burden or income levels. In contrast,
high-risk areas like Ballpark and Central City exhibit alignment between the model and
resident accounts, but qualitative data reveals deeper impacts, including the erosion of
social networks, loss of small businesses, and feelings of disconnection. This suggests
that while GIS models are valuable for identifying displacement hotspots, they require
complementary qualitative inputs to expose early warning signs, local nuances, and the
broader emotional and social dimensions of displacement. Thus, the integration of spatial
and narrative data does not merely validate the model but also exposes its blind spots,
ultimately strengthening its policy relevance.

However, the study also found discrepancies between model predictions and ground-
level experiences, particularly in the west side neighborhoods of Glendale, Fairpark, and
Poplar Grove. While the EDR model suggested moderate or low displacement risk in
these areas, interviews revealed significant concerns about rising housing costs, new
developments, and the influx of higher-income residents. Community members described
the early signs of gentrification, including commercial displacement and the gradual
erosion of long-standing cultural and social networks. These findings suggest that the
model may underrepresent displacement risk in areas with higher rates of homeownership,
as it primarily focuses on renter displacement.

Several limitations of the GIS model became apparent through qualitative engagement.
The model uses U.S. Census American Community Survey (ACS), Housing Urban Devel-
opment (HUD) Fair Market Rent and the Bureau of Labor Statistics (BLS) Consumer Price
Index data from Salt Lake City 2015-2019. Some of the limitation of this data is that it might
now reflect recent upzoning changes [51], demolition of naturally occurring affordable
housing, and other displacement pressures that have been taking place in the city [50].
Also, changes related to COVID-19 like the lowering of interest rates which increase home
prices during the pandemic [52-55]. In addition, the overall inflation that the economy
experience is also reflected in increases in rent [52,54,55].

6.3. Qualitative Data Analysis

Nonetheless, this research should be understood as a methodological exploration
rather than a comprehensive validation study. The sample size of 132 interviews, while
substantial for qualitative research, cannot support statistical generalization to other urban
contexts. The findings are specific to Salt Lake City’s unique demographic composition,
housing market conditions, and policy environment during the study period.

In west side neighborhoods, interviewees noted that while displacement was not
yet as widespread as in downtown areas, it was occurring incrementally, often affecting
vulnerable populations first. These patterns, driven by speculative development and
increasing land values, were not fully reflected in the model’s risk assessments. The
discrepancy underscores the need for real-time data integration and continuous model
updates to reflect the rapidly evolving housing landscape.

Qualitative data plays a critical role in validating GIS-based models by providing
a nuanced understanding of the lived experiences that quantitative metrics may fail to
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capture. Specifically, in the context of content validity, qualitative insights ensure that the
variables used in the model reflect the realities on the ground. For example, interviews
and community narratives can reveal socio-cultural factors, emotional ties, and informal
networks that are not easily quantified but significantly impact displacement dynamics. By
incorporating qualitative data, researchers can identify gaps or biases in the model, leading
to more robust and comprehensive evaluations.

6.4. What We Can Learn

From a theoretical perspective, this study highlights the critical intersection of struc-
tural and human-centered approaches to understanding displacement. While GIS models
provide valuable predictive insights, they must be contextualized through the lived experi-
ences of residents to avoid perpetuating inequities in urban development. Practically, the
findings underline the need for adaptive policymaking that combines data-driven strategies
with community engagement to create equitable solutions. For example, policymakers
should consider mechanisms to safeguard affordable housing, incentivize inclusive devel-
opment, and support displaced populations with resources such as relocation assistance
and social network rebuilding initiatives.

The focus on Salt Lake City as a mid-sized urban area provides a unique lens to
understand displacement dynamics that differ from those in large metropolitan areas, such
as New York or Los Angeles. As noted in the literature review, mid-sized cities often
face distinct challenges, including fewer financial resources, limited planning capacities,
and rapidly changing demographics [36,37]. The findings align with studies from other
mid-sized cities, such as Portland and Providence, where discrepancies between GIS
model predictions and community narratives have revealed early signs of displacement
pressures [38,43]. However, the qualitative data further emphasized the emotional and
psychological toll of displacement—factors that GIS models cannot easily quantify.

Residents expressed deep ties to their neighborhoods, with many citing generational
connections and the importance of local social networks in providing stability. Displace-
ment not only disrupted housing but also affected access to schools, jobs, and essential
services, contributing to broader economic and social instability. This human dimension of
displacement adds critical context to the model’s findings, reinforcing the need for policies
that prioritize community preservation alongside housing development.

Fostering participatory planning processes is essential for aligning development
projects with the needs and aspirations of residents. Community engagement can provide
valuable insights and build trust, ensuring that urban development is equitable and inclu-
sive. Finally, there is a pressing need to develop real-time monitoring tools to better reflect
current market and socio-economic conditions, particularly in the post-COVID-19 era.
Investing in real-time data collection and regular model updates will allow policymakers to
respond more effectively to rapidly changing housing dynamics and mitigate displacement
pressures in a timely manner.

By integrating predictive models with community narratives, this study advances both the
theory and practice of urban planning, emphasizing the importance of inclusive, data-informed
policies to address displacement. Future research should explore how these approaches can be
applied to other mid-sized cities, further enhancing their relevance and scalability.

Based on this case study’s exploratory findings, future research might consider de-
veloping systematic approaches to incorporate community feedback into displacement
models. This could include regular community surveys, real-time development tracking,
and cultural displacement indicators, though such integration would require extensive
validation across multiple urban contexts before implementation
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6.5. Future Research

Longitudinal studies tracking displacement over time are needed to assess the long-
term effectiveness of policy interventions [56]. Future research should prioritize cross-
disciplinary collaborations, integrating insights from urban planning, sociology, and public
health, among others [57]. Finally, expanding the accessibility of GIS tools so that residents
could use them and fostering community partnerships will be essential in developing
responsive, inclusive urban policies that safeguard vulnerable populations against displace-
ment [58].

7. Conclusions

This exploratory study demonstrates the potential value of comparing GIS displace-
ment models with community narratives while acknowledging significant methodological
limitations. The case study approach in Salt Lake City suggests that community voices can
provide valuable context for understanding model predictions, particularly in identifying
areas where quantitative tools may under- or over-estimate displacement risks.

However, the findings cannot be generalized beyond Salt Lake City without additional
research. The study’s contribution lies in demonstrating a methodological approach for model
validation rather than establishing universal principles for GIS-community integration.

Future research should expand this approach through multi-city comparative studies
with larger sample sizes, longitudinal tracking of model accuracy over time, and THE
systematic development of metrics for quantifying community-reported displacement
pressures. Only through such expanded research can the field develop reliable frameworks
for integrating technological tools with participatory planning approaches.
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Abstract: Smart Land Use Planning (SLUP) has gained increasing attention in urban
development, yet few studies examine its implementation from an urban governance
perspective. This study investigates municipal SLUP project characteristics, their spatial
distribution, and intercity cooperation networks by analyzing 3689 SLUP government
procurement contracts in China’s Yangtze River Delta urban agglomeration. Using the
Latent Dirichlet Allocation model, this study identified four main SLUP project types:
real estate management, land resource protection, land use planning, and geographic
information services. Spatial analysis revealed significant imbalances across cities, with
SLUP projects concentrated in central cities while other cities heavily depend on intercity
cooperation for technical support and services. Network analysis showed a core-periphery
structure, with industrial structure and institution similarities significantly facilitating
cooperation, while geographic distance and cultural similarity had limited impact. Future
research should expand data sources to enable cross-regional comparative analysis. This
study offers empirical evidence for policymaking in the implementation of SLUP and
regional coordinated development.

Keywords: government procurement; local government network; smart city; intercity
cooperation

1. Introduction

With increasing urbanization and digital advancement, Smart Land Use Planning
(SLUP) has become an important tool for optimizing land resource allocation and enhancing
urban governance effectiveness. SLUP uses artificial intelligence algorithms such as such
as machine learning (ML) and deep learning (DL) to process data, integrating GIS and
big data analysis to address urban land scarcity, irrational land use, and environmental
sustainability challenges [1-7]. It has significant value for improving land use efficiency
and achieving smart city and sustainable development goals [8-10].

Existing studies on SLUP mainly focus on three aspects: technological applications,
policy frameworks, and effectiveness assessment. Technological application studies focus
on how to utilize remote sensing, big data, and artificial intelligence technologies to support
land use decisions [11-13]. Policy framework studies explore institutional design and
policy instruments that promote SLUP implementation [14-16]. Effectiveness assessment
studies primarily examine SLUP’s impact on land use efficiency, environmental quality, and
social equity factors [17-20]. However, few studies discuss the government’s role in SLUP
implementation from an urban governance perspective, especially government behaviors
and intercity cooperation at the regional scale. In other words, how do governments within
a region implement SLUP?
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Government is the key driver of smart city and SLUP implementation [21], and its
investment directly affects the progress and effectiveness of smart city and SLUP [1,22].
Particularly under China’s government-led urban development model, government pro-
curement has become an important policy tool for promoting SLUP [8]. Government
procurement refers to the act of government obtaining necessary goods, works, and ser-
vices from other organizations using fiscal funds through statutory procedures [23,24]. It is
an important means for local governments to provide public services. Through government
procurement, governments can overcome their own capability limitations and improve
service efficiency and performance by leveraging the strengths of other governments and
enterprises [25,26]. Specifically in the SLUP context, since governments themselves lack
sufficient digital technology capabilities, cooperation with enterprises through government
procurement is an important pathway for SLUP implementation. Governments may adopt
digital technologies in several types of public service delivery to achieve SLUP. For example,
in land property rights management, digital registration systems improve the reliability
and transparency of property information [27,28]; in land resource protection, intelligent
monitoring technologies enable governments to more effectively monitor land use condi-
tions [29]; in land use planning, data analysis and simulation tools provide scientific basis
for decision-makers [30-32]. However, adopting these technologies may also generate chal-
lenges, including insufficient communication and integration between different systems
and administrative levels, creating data silos, inefficiencies, and coordination difficulties
in governance [33,34]. Investments in these areas reflect local governments’ policy prefer-
ences and innovation willingness in SLUP, which is significant for understanding SLUP
implementation, yet few studies have discussed this.

Moreover, due to differences in development stage within a region, government pro-
curement in SLUP among different cities may exhibit significant variations, leading to
spatially uneven distribution of SLUP development levels. This spatial imbalance may
affect the overall regional SLUP development level, thereby hindering regional sustainable
development goals [3,4,16]. In this context, cooperation between cities within a region
plays an important role in promoting regional SLUP development [35,36]. Since govern-
ment procurement involves cooperative relationships between city governments and other
organizations, cities lacking digital technology capabilities can achieve SLUP by purchasing
services from more capable cities within the region. Procurement contract relationships
among cities constitute the intercity cooperation network in SLUP. Therefore, understand-
ing the intercity cooperation mechanisms in SLUP government procurement is important
for helping lagging cities implement SLUP projects, thereby enhancing regional SLUP
development levels.

City networks provide an important perspective for understanding cooperative rela-
tionships between cities within a region. City networks are complex systems constituted by
various flow relationships between cities (such as capital, information, technology) [37-39].
Castells describes them as social forms constituted by spaces of flows [40], while Taylor
and Derudder emphasize that city networks are concrete manifestations of functional
connections between cities in the context of globalization [41]. City network research
examines various relationship types (Table 1): production networks explore economic
value chains and capital flows between enterprises [42]; infrastructure networks investigate
how transportation systems like aviation and railways affect urban development [43,44];
and innovation networks analyze academic collaboration and technology diffusion path-
ways [45,46]. In the field of public administration, government-involved city networks
also receive attention. Shrestha and Feiock proposed the concept of local government
networks [47]. These networks are collaborative structures where local governments in-
teract with diverse actors—including government agencies, corporations, nonprofits, and
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citizens—to solve cross-jurisdictional problems, share policy expertise, and align regional
development strategies [48,49]. In local government networks, intercity cooperation may be
influenced by multiple factors, including geographic distance, size similarity, institutional
similarity, and others [50,51]. However, existing research has not systematically revealed
the formation mechanisms of intercity SLUP cooperation networks, especially in rapidly
developing urban agglomeration regions.

Table 1. Summary of city network concepts and research themes.

Theme References Brief Summary
Production Networks [34] Networks that e>.<plore economic value chains and capital flows
between enterprises.
Infrastructure Networks [35,36] Nt.etworks'exammmg how transportation systems (aviation,
railways) influence urban development.
Innovation Networks [37,38] Netwgrks analyzing academic collaboration and technology
diffusion pathways.
Collaborative structures involving local governments and diverse
Local Government Networks [39-41] actors addressing cross-jurisdictional issues, sharing policy

knowledge, and aligning regional development strategies.

The Yangtze River Delta urban agglomeration (YRD), one of China’s most economi-
cally vibrant regions, offers an ideal case study for examining the characteristics of SLUP
projects and cooperation networks across cities. Based on government procurement con-
tracts, this study employs text analysis and social network analysis methods to explore
the spatial distribution in SLUP government procurement projects and city cooperation
networks across the YRD. Specifically, the study focuses on three questions: (1) What are the
typological characteristics of SLUP government procurement projects in the YRD? (2) How
are government SLUP projects spatially distributed across different cities in the region?
(3) What are the structural characteristics of the intercity SLUP cooperation network, and
which factors influence the formation of cooperative relationships?

For the first question, the study collects 3689 SLUP-related government procurement
contracts and applies Latent Dirichlet Allocation (LDA) analysis, identifying four main
project types. For the second question, the study analyzes the procurement scale and spatial
distribution characteristics of SLUP-related government procurement projects across the
41 YRD cities. For the third question, the study develops an intercity SLUP cooperation
network for the YRD region and employs Multiple Regression Quadratic Assignment
Procedure (MRQAP) to examine the influence of city homogeneity and proximity on SLUP
cooperative relationships. This paper makes three main contributions. First, it reflects
government actions and preferences in the SLUP implementation process based on actual
government procurement data. Second, it reveals the spatial distribution characteristics of
SLUP government investment in the YRD region, enriching the regional research perspec-
tive on SLUP. Finally, it introduces social network analysis methods into SLUP research,
revealing the structural characteristics and formation mechanisms of SLUP city cooperation
networks, providing a new analytical framework for understanding regional cooperative
actions and promoting SLUP development.
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2. Materials and Methods
2.1. Study Area

The YRD region encompasses 41 cities across Shanghai Municipality, Jiangsu Province,
Zhejiang Province, and Anhui Province, with a population over 220 million and covering
an area of 358,000 square kilometers [52]. The YRD holds a crucial strategic position in
China’s regional development landscape and serves as a focal point for the country’s
digital economy growth. In 2023, the YRD'’s digital economy added value surpassing CNY
12 trillion, accounting for over 40% of the total GDP across the three provinces and one
municipality. Meanwhile, major differences in digital development persist among cities
in the YRD. For instance, in the 2022 Digital Financial Inclusion Index [53], seven cities in
the YRD ranked among China’s top ten in 2022, while Huaibei City was positioned only
140th nationally, highlighting the digital development gap between core and peripheral
cities. In recent years, the integrated development of the YRD has been proposed as a
national strategy. Cities within this region have established cooperation across multiple
domains, with smart city initiatives, including SLUP, emerging as a key area of cooperation.
However, systematic research is still lacking, especially on how much cities invest in SLUP
and what factors promote or hinder intercity cooperation of SLUP. Therefore, focusing on
the YRD as a research area helps understand local government behavior during regional
integration processes and provides theoretical and practical insights for promoting more
widespread and effective implementation of SLUP.

2.2. Data Source

This study utilizes government procurement data obtained from online government
procurement contracts. Current social science research increasingly leverages government
procurement data to analyze government service delivery [23,25]. In China, the Ministry
of Finance mandates the disclosure of government procurement contract information on
the China Government Procurement Website [54] and provincial procurement websites
since 2017. We collected contracts related to government digitalization projects by using
keywords including “system”, “platform”, “digital”, “information”, and “smart” on the
China Government Procurement Network and the provincial procurement websites of
Zhejiang, Jiangsu, Shanghai, and Anhui provinces. Data retrieval occurred in June 2023,
yielding a total of 203,996 procurement contracts. We limited our search scope to land-
related government agencies, including Bureau of Land and Resources, Bureau of Planning,
and Bureau of Planning and Natural Resources, covering procurement data from 2018
to 2022. Python web crawlers (Python version 3.10.9) were used to extract the relevant
data. For the collected contracts, we applied regular expressions to identify key contract
information from unstructured web data, including project names, dates, administrative
regions, purchasers, suppliers, and contract amounts. Subsequently, we matched supplier
information from these contracts with enterprise registration data obtained from Tianyan-
cha [55], one of China’s largest enterprise databases, to identify supplier addresses. After
manual verification of the extracted data, and excluding SLUP projects procured by central
and provincial governments and simple goods procurement contracts (e.g., purchasing
computers and servers, which typically do not involve complex collaboration processes),
we obtained 3689 government procurement projects related to SLUP. Figure 1 illustrates
the data acquisition and filtering procedure.
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Data Source: Government Procurement Websites (www.ccgp.gov.cn)

U

Keywords Searching and Contracts Extraction via Python Scraping (N = 203,996)

i

Key Information Extraction via Regular Expressions (N = 203,996)

U

Filter by SLUP-related Departments and Time Range (N = 6886)

U

Remove Central/Provincial Contracts and Simple Goods Procurement (N = 3689)

Figure 1. Data Acquisition and Filtering Procedure.

2.3. Methods
2.3.1. Latent Dirichlet Allocation Topic Model Analysis

We use LDA to identify the main types of SLUP projects from government procurement
project titles. Latent Dirichlet Allocation (LDA) is a generative probabilistic topic model
designed to discover latent thematic structures in text collections [56]. LDA assumes
each document consists of multiple topics mixed in different proportions, with each topic
representing a probability distribution over words in the vocabulary. The generative process
of LDA is based on two multinomial distributions: topic-word distribution and document-
topic distribution, both governed by Dirichlet priors. Implementing LDA analysis typically
involves three steps: text preprocessing, model training, and topic inference. Preprocessing
includes tokenization, stopword removal, and vocabulary construction. Model training
generally employs methods such as variational Bayes or Gibbs sampling to estimate model
parameters. Topic inference calculates the topic distribution for each document and word
distribution for each topic. The key parameter in LDA is the number of topics K, typically
determined by optimizing perplexity or coherence metrics. The Gensim library in Python
is employed to perform LDA topic analysis.

2.3.2. Social Network Analysis

Social Network Analysis is a methodological approach for studying the relational
structures between social entities by describing and analyzing connection patterns between
nodes using graph theory and network theory [57]. In social networks, nodes represent
actors while edges represent relationships or interactions between actors. In this study,
social network analysis is used to construct and analyze the structural characteristics of
intercity collaboration networks in SLUP across the YRD region. We used intercity SLUP
procurement amounts as the weights for edges in the cooperation network. For example, if
the government of City A procured SLUP projects worth CNY 1 million from a supplier
registered in City B, the weight of the edge from City A to City B would be 1 (unit: million
CNY). This study employs the following core metrics.

Average Weighted Degree Reflects the average value of weighted connections for
nodes. The formula is as follows:

Z Y Ay (1)
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In Equation (1), A;; represents the weight of the connection between nodes i and j.
The average weighted degree reflects the average strength of collaborative relationships
between cities.

Network Density measures the closeness of network connections. The formula is

as follows:
L

b= nn—1)/2 @

In Equation (2), L is the actual number of edges and 7 is the number of nodes. Network
density reflects the prevalence of intercity collaboration.

Average Clustering Coefficient is the mean of local clustering coefficients for all
nodes in the network, used to evaluate the degree of close connections within each node’s
neighborhood. The formula is as follows:

CC =

18 2d;
) ®

; ki(ki —1)

In Equation (3), k; is the number of neighbors for node i, and d; is the number of actual
connections between these neighbors.

Centralization measures the imbalance in the distribution of centrality across nodes in
the entire network, indicating whether the network exhibits concentrated characteristics
dependent on a few core nodes. If the degree of a small number of nodes is significantly
higher than other nodes, the centralization is high, suggesting that the network may be
overly dependent on these key nodes for information control or resource allocation. The
formula is as follows: ,
-1 (CB™ ~ Cp)

N VIR

(4)

In Equation (4), C}4* is the maximum degree centrality value in the network, and Ci
is the degree centrality of node i.

2.3.3. Multiple Regression Quadratic Assignment Procedure

Multiple Regression Quadratic Assignment Procedure (MRQAP) is a statistical method
for analyzing relational data that effectively addresses autocorrelation issues in network
data [58]. In this study, MRQAP is used to examine how factors such as city homogeneity
and proximity influence the formation of smart land use planning collaboration networks.
Compared to traditional linear regression, MRQAP offers significant advantages in network
data analysis: First, linear regression assumes observations are independent, while rela-
tionships in network data are typically non-independent—MRQAP resolves this through
quadratic assignment permutation tests. Second, MRQAP processes relational data directly
in matrix form, preserving the integrity of network structures. Third, MRQAP provides
more robust statistical inference for spatial autocorrelation and multicollinearity issues
common in urban networks. In this study, intercity cooperation is influenced by multiple
dimensions including geographic proximity and economic structural similarity, with com-
plex interactions between these factors. MRQAP can accurately assess the net effect of each
factor, revealing the intrinsic mechanisms of urban collaboration network formation. The
basic regression model for MRQAP is

Yij = o+ B1X1j + PoXoij + - - + PrXij + € ©®)

In Equation (5), Y;; represents the relationship value between nodes i and j in the
dependent variable matrix, X;; represents the relationship value between nodes i and j in
the kth independent variable matrix, and By is the regression coefficient.
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3. SLUP Procurement Project Characteristics and Their Spatial Distribution
3.1. SLUP Procurement Project Characteristics

From 2018 to 2022, governments of 41 cities in the YRD region invested in 3689 SLUP
projects, with a total expenditure of CNY 7.22 billion (approximately USD 1 billion). This
substantial investment reflects the high priority these cities place on SLUP. Figure 2 shows
the financial trends across this period, indicating a consistent upward trajectory in pro-
curement spending. This growth demonstrates that SLUP in the YRD region is in a rapid
development phase, maintaining momentum even during the pandemic. The sustained
growth aligns with national digital development strategies, particularly the 2016 “National
Informatization Development Strategic Outline”, which provided policy support for SLUP
initiatives. Additionally, China’s reform from traditional land use planning to a comprehen-
sive spatial planning system has created more application scenarios for smart technologies,
driving both technological innovation and deeper implementation.

1807.99
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Figure 2. 2018-2022 annual SLUP project procurement amount changes (million CNY).

To understand government project characteristics in SLUP, we conducted LDA topic
analysis on procurement project titles to identify distinct project categories. We first
evaluated LDA models with 2-20 topics and plotted their topic-coherence scores (Figure 3).
Topic coherence measures the semantic consistency of the top words within each topic—the
higher the score, the easier the topic is for humans to interpret and the clearer its separation
from other topics. The 11-topic solution achieved the highest coherence (0.5749), providing
the best balance between detail and interpretability. Based on topic coherence evaluation,
we determined 11 as the optimal number of topics, which were then manually categorized
into four main groups: Real Estate Management, Land Use Planning, Land Resource
Protection, and Geographic information Services. Table 2 lists each group’s concise concept
definition and its constituent sub-topics. Based on classification coherence evaluation, we
determined 11 as the optimal number of topics, which were then manually categorized into
four main groups: Real Estate Management, Land Use Planning, Land Resource Protection,
and Geographic information Services.
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Figure 3. Topic-coherence Scores.

Table 2. Groups definition and sub-topics.

Group Definition Sub-Topics & Key Terms
igital tool igh . . . -
Real Estate Uses dlglta. too’s to record property rights, Topic 1: real estate/registration/maps/coordination
handle registrations, track transactions, and . . . .
Management Topic 11: real estate registration/archives/system upgrades

keep archives in order.

Land Resource

Watches over land and the environment with
sensors, 3-D models, and surveys to spot

Topic 2: monitoring/forest/fire prevention
Topic 7: land resources/3D/supervision

Protection fires, erosion, or other risks and keep land Topic 10: land /survey /database
records up to date.
Pulls dlfferfent spatial plans into one shared Topic 4: integration/unified planning/infrastructure
. map so regions can make long-term, S . L .
Land Use Planning . o, Topic 5: one map/spatial planning/information systems
well-coordinated decisions about land . . .
. Topic 6: planning /natural resources/14th Five-Year Plan
and infrastructure.
Geographic Runs the mapping platforms and online Topic 3: data/mapping/geographic information
Information geodata services the other groups rely on, Topic 8: service projects/land/internet
Services and keeps that data secure and easy to share. Topic 9: integration/data security /server

The first category is Real Estate Management, encompassing property registration,
rights confirmation, and transaction management. It includes Topic 1 and Topic 11.
Topic 1 focuses on optimizing registration processes and inter-governmental coordina-
tion, with keywords such as “real estate/registration/maps/coordination”. Topic 11 ad-
dresses digital archiving and system upgrades, featuring keywords like “real estate regis-
tration/archives/system upgrades”. This category demonstrates SLUP applications in real
estate management, emphasizing property rights confirmation, information sharing, and
process optimization.

The second category, Land Resource Protection, concentrates on dynamic land resource
monitoring, ecological protection, and disaster prevention. It comprises Topics 2, 7, and 10.
Topic 2 highlights forest fire prevention and state-owned land security monitoring, with key-
words “monitoring / forest/fire prevention”. Topic 7 emphasizes 3D spatial supervision and
rural land remediation, with keywords “land resources/3D/supervision”. Topic 10 focuses
on land surveys and database development, with keywords “land/survey/database”. This
category reflects SLUP applications in land resource protection, particularly in ecological
security and land surveys.
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The third category is Land Use Planning, including spatial planning development,
data integration, and multi-planning collaborative management. It contains Topics 4, 5,
and 6. Topic 4 emphasizes cross-regional planning coordination, with keywords “inte-
gration/unified planning/infrastructure”. Topic 5 reflects “one map” implementation
and system integration, with keywords “one map/spatial planning/information systems”.
Topic 6 focuses on strategic planning, with keywords “planning/natural resources/14th
Five-Year Plan”. This category represents core SLUP content, especially unified planning
and spatial planning system development.

The fourth category is Geographic information Services, covering digital government
services, geographic information mapping, geographic information services, and data
protection. It includes Topics 3, 8, and 9. Topic 3 focuses on basic geographic data man-
agement and smart scenario development, with keywords “data/mapping/geographic
information”. Topic 8 involves “Internet+ government services”, with keywords “service
projects/land/internet”. Topic 9 emphasizes system integration and data security pro-
tection, with keywords “integration/data security/server”. Unlike the first three groups,
which focus on how the government manages land or sets policy, Geographic Information
Services looks outward. It gives businesses and citizens the maps, location data, and secure
online portals they need. Because it serves as a public utility—rather than a planning or
regulatory tool—mixing it with the other groups would hide this special role. We therefore
keep it as its own group. This category demonstrates the integration trend between geo-
graphic information technology and digital government services in the context of smart
cities and SLUP development.

Figure 4 illustrates the procurement distribution across SLUP project categories and
their temporal trends. In terms of procurement scale, Geographic information Services
accounts for 30.8% of total investment, ranking first, followed by Land Use Planning at
29.9%. Land Resource Protection and Real Estate Management represent 25.6% and 13.6%,
respectively. This distribution pattern reflects the priorities and characteristics of SLUP
development in the YRD region. The highest proportion in Geographic Information Services
indicates that geographic information infrastructure and data services are focal areas in
smart land use planning. The similar proportion of Land Use Planning demonstrates that
planning development and implementation remain core tasks. From a temporal perspective,
Geographic Information Services shows rapid growth, increasing from CNY 217.32 million
in 2018 to CNY 859.7 million in 2022. Land Use Planning exhibits a rise-then-decline pattern,
peaking at CNY 568.36 million in 2019 before decreasing to CNY 368 million in 2022. This
fluctuation likely results from China’s planning cycle, as 2019-2020 marked the period
for developing the 14th Five-Year Plan and a new round of spatial planning. This result
reflects the cyclical nature of land use planning work, with concentrated investments during
the planning phase followed by relatively reduced investments during implementation.
Additionally, Land Resource Protection investments grew from CNY 321.36 million in
2018 to CNY 415.95 million in 2022. This increase closely aligns with national ecological
civilization construction and sustainable development strategies. After 2020, as spatial
ecological restoration projects gained momentum, localities increased smart investments
in land resource protection, particularly in ecological monitoring, resource surveys, and
disaster prevention. Real Estate Management investments remained generally stable,
possibly because real estate management systems were already well-established before
2018, with current focus mainly on maintenance and upgrades.
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Figure 4. Procurement amounts and annual changes of SLUP projects by category (million CNY).

3.2. Spatial Distribution Patterns

Figure 5 illustrates the spatial distribution of procurement amounts and cross-regional
procurement ratios in SLUP projects. The procurement amount distribution exhibits a clear
“core-periphery” structure, with Shanghai and surrounding cities forming the center of
SLUP project procurement in the YRD region. Shanghai ranks highest at CNY 915.1 million,
followed by Suzhou (CNY 584.7 million) and Hangzhou (CNY 563.9 million). Beyond
this central area, provincial capitals such as Hefei and Nanjing also show relatively high
investment levels, creating a spatial pattern with central cities as cores and surrounding
cities in a gradient distribution. Peripheral cities, mainly in the western and northern parts
of the YRD region, exhibit significantly lower investments; for example, Chizhou in Anhui
Province contracted only CNY 18.5 million, while Huaibei in Jiangsu Province contracted
CNY 22.3 million, demonstrating an unbalanced spatial distribution. This pattern correlates
strongly with urban economic development levels, administrative status, and innovation
capacity, reflecting SLUP’s resource endowment dependency.
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Figure 5. Spatial distribution of SLUP procurement amounts and cross-regional ratios.
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The spatial distribution of cross-regional procurement ratios shows an opposite pattern
to procurement amounts. From 2018-2022, cross-regional SLUP procurement in the YRD
reached CNY 4.2 billion, accounting for 57.7% of total procurement amount. Generally, cities
with higher economic development levels and administrative status demonstrate lower
cross-regional procurement ratios. For instance, Shanghai, as the only municipality and
most developed city in the YRD region, has a cross-regional procurement ratio of only 7.3%.
Cities like Hangzhou and Ningbo also show relatively low cross-regional procurement
ratios, indicating strong digital technology capabilities that can meet government SLUP
project requirements. Peripheral cities, however, almost entirely depend on cross-regional
procurement for SLUP projects. For example, Huainan in Anhui Province sourced 98.7%
of its SLUP projects from outside vendors, while most cities in the northern and western
parts of the region had cross-regional procurement ratios more than 80%. This emphasizes
the importance of cooperation for peripheral cities in implementing SLUP. Overall, the
spatial distribution of SLUP projects in the YRD is influenced by urban economic strength
and administrative status, as well as city functional positioning and resource capability.
These spatial disparities reflect the imbalanced development stages and digital technology
capabilities within the region, while simultaneously creating conditions and necessities for
intercity cooperation.

4. Intercity Cooperation Networks and Influencing Factors in SLUP
4.1. Characteristics of Cooperation Networks

Figure 6 displays the weighted cooperation networks in SLUP government procure-
ment across the YRD region, alongside networks for different project types, rendered
using Gephi Software (version 0.10) with the OpenOrd layout algorithm. The OpenOrd
algorithm was configured with the following parameters: Edge Cut = 0.8, Scaling = 1.0,
Iterations = 1000, and Gravity = 0.1, optimizing the visualization for clustering and spatial
distribution of nodes based on network structure. Nodes represent cities, with nodes of the
same color representing cities from the same province, and node size indicating degree.
Edges represent procurement amounts between cities, with wider edges indicating larger
amounts. Table 3 displays relevant descriptive metrics for the network.

Results show that the overall network comprises 41 nodes and 180 edges, with a
network density of 0.22, indicating that cities in the YRD region have established only
about 22% of potential cooperation relationships, displaying a relatively sparse network
structure. The average weighted degree is 1360.77, reflecting the overall intensity of
intercity cooperation. The average clustering coefficient is 0.031; this low value indicates
few triangular cooperation relationships in the network, with city cooperation rarely
exhibiting the closed structure of “friends of friends are also friends”. The centralization
index is 0.65; this relatively high value indicates that the overall cooperation network has
a distinct “core-periphery” structure, with a few core cities dominating the network and
controlling key resources and information channels. The network visualization in Figure 4
also reveals that cities from each province primarily form three sub-networks around their
provincial capitals—Hefei, Nanjing, and Hangzhou—while Shanghai occupies the central
position connecting these three sub-networks.

Examining networks by category reveals significant differences in network metrics.
Regarding network connectivity, the Land Use Planning network has the highest number of
edges (113) and network density (0.14), followed by the Land Resource Protection network
with 97 edges and a density of 0.12. The Geographic Information Services network has
87 edges and a density of 0.11, slightly higher than the Real Estate Management network
with 85 edges and a network density of 0.10. This indicates that in the land use planning
field, cities have formed more extensive cooperation relationships, while cooperation
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in Land Resource Protection is also relatively active. City cooperation in Geographic

Information Services and Real Estate Management fields is comparatively limited.
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Figure 6. SLUP project procurement collaboration network in the YRD region.
Table 3. Network descriptive indicators.
Network Nodes  Edges Avg Weighted Density Avg Clqs?ermg Centralization
Degree Coefficient
Overall 41 180 1360.77 0.22 0.031 0.65
Land Use Planning 41 113 418.98 0.14 0.053 0.45
Land Resource Protection 41 97 359.53 0.12 0.0199 0.47
Geo-information Services 41 87 330.10 0.11 0.0347 0.43
Real Estate Management 41 85 252.16 0.10 0.074 0.48

In terms of average weighted degree, the four network types exhibit varying coopera-
tion intensities. The Land Use Planning network ranks highest (418.98), reflecting frequent
exchanges in this domain; Land Resource Protection network follows (359.53), indicating
relatively close cooperation relationships; Geographic Information Services network shows
a moderate average weighted degree (330.10); Real Estate Management network ranks
lowest (252.16), suggesting relatively weaker cooperation in this field. Regarding structural
characteristics, the four networks present different organizational patterns. By average
clustering coefficient, the Real Estate Management network ranks highest (0.074), indicating
this domain tends to form localized, clustered cooperation patterns; Land Use Planning
network follows (0.053), also showing certain clustering features; Geographic Information
Services network has a moderate average clustering coefficient (0.035); while Land Resource
Protection network ranks lowest (0.020), suggesting more dispersed cooperation with fewer
closed triangular cooperation structures. Examining centralization indices, the Real Estate
Management network ranks highest (0.48), indicating cooperation in this domain highly
depends on a few core cities; Land Resource Protection network follows (0.47), also show-
ing high centralization; Land Use Planning network’s centralization index is moderate
(0.45), while Geographic Information Services network ranks lowest (0.43), suggesting a
relatively balanced cooperation pattern with more equal participation among cities.
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These differences in network indicators reflect the project characteristics and policy
orientations across SLUP sub-domains. The Land Use Planning network’s high connectivity
and weighted degree reflect the importance of regional collaborative planning amid spatial
planning system reforms. The Land Resource Protection network’s high centralization and
low clustering coefficient demonstrate both core city dominance and dispersed cooperation
in this field. The Real Estate Management network’s high clustering coefficient and central-
ization indicate both regional collaboration needs and dependence on core cities” technical
capabilities. The Geographic Information Services network’s relatively balanced central-
ization reflects the distinct territorial nature of such projects—since basic geographic data
collection, processing, and application have clear territorial attributes, local procurement
may be more efficient. These differentiated network structures reveal varying cooperation
logics and resource integration patterns across different domains in SLUP.

4.2. Factors Influencing Partner Selection in Cooperation Networks
4.2.1. Proximity and Homogeneity

Multiple factors shape intercity cooperation networks, primarily categorized as prox-
imity and homogeneity. Geographic proximity, emphasized in traditional regional science,
suggests that cities closer to each other face lower cooperation costs and higher cooperation
likelihood [59,60]. Recent studies indicate that interactions between geographic proximity
and network relationships generate social capital, strengthen cooperation willingness, and
promote collaboration [51]. However, some studies suggest that the importance of geo-
graphic proximity may gradually decline while homogeneity factors (such as industrial
structure similarity) become increasingly influential [61].

The homogeneity hypothesis proposes that similar partners better understand and
trust each other, facilitating cooperation. For instance, local governments more easily
establish cooperation when they share similar interests, economic development levels,
and institutional foundations [60,62]. Competing views argue that similar actors often
compete with each other [63], and differences between cooperation partners can create
complementary advantages [59]. Recent studies increasingly recognize that homogene-
ity and heterogeneity are not mutually exclusive but play different roles across various
characteristics [63].

4.2.2. MRQAP Analysis

Based on the above discussion, we examine how proximity and homogeneity between
cities influence their cooperation in SLUP.

First, proximity refers to geographic distance between cities. We use the shortest
road distance between government buildings of 41 cities in the YRD region, calculated
through the API provided by Amap (a leading Chinese map service provider), as a proxy
for geographic distance (Distance;j).

Second, homogeneity encompasses multiple dimensions, including scale homogeneity,
institutional homogeneity, and cultural homogeneity [43]. Using data from China City Sta-
tistical Yearbooks, we obtained city-level information on population, GDP, tertiary industry
proportion, administrative area, cultivated land area, general public budget expenditure,
and general public budget revenue for the years 2018-2022. We calculated differences
between the 41 cities in population (Pop;;), GDP (GDP;)), tertiary industry proportion
(Industry;;), administrative area (Area;;), cultivated land area (Farm;;), and fiscal pressure
(Fiscalj;) as proxies for scale homogeneity. Within China’s multi-level government system,
cities in the same province face similar policy environments. Therefore, we use whether
cities belong to the same province as a proxy for institutional homogeneity (Province;;),
coded as 0 if two cities belong to the same province and 1 otherwise. Additionally, previ-
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ous studies have confirmed that China’s counterpart assistance mechanism significantly
promotes cooperation between paired cities [64], so we control for counterpart assistance
relationships between cities (Assistance;;) [65]. We use city-level dialect similarity as a
proxy for cultural homogeneity (Culture;;) [66].

Finally, the dependent variable is the procurement amount of SLUP projects between
cities, derived from the cooperation network constructed in the previous section. We
process this as a directed weighted network. For example, if City A procures a SLUP project
worth CNY 1 million from City B, the edge weight from City A to City B is 1. We further
decompose the dependent variable into the overall cooperation network and four different
categories of cooperation networks.

Table 4 presents the MRQAP analysis results across five models, each representing a
different dependent variable: Model 1 for the overall cooperation network, Model 2 for
Land Use Planning network, Model 3 for Land Resource Protection network, Model 4
for Geographic Information Services network, and Model 5 for Real Estate Management
network. The analysis reveals complex mechanisms in the formation of intercity SLUP
cooperation networks, with variables showing differentiated effects across different types
of cooperation networks.

Table 4. MRQAP model results.

Model 1 Model 2 Model 3 Model 4 Model 5
Distance:: —0.086 —0.089 —0.048 —0.078 —0.077
Y (0.034) (0.010) (0.011) (0.009) (0.006)
Scale homogeneity
Pov:: 0.171* 0.167 ** 0.123 0.142 * 0.134
Pij (0.029) (0.007) (0.010) (0.008) (0.006)
GDP —0.012 —0.157 % 0.070 —0.006 0.048
! (0.113) (0.030) (0.039) (0.032) (0.022)
Industry;; —0.346 *** —0.263 *** —0.310 *** —0.256 *** —0.319 ***
g (1.187) (0.291) (0.416) (0.319) (0.227)
Areas —0.005 —0.004 0.024 —0.040 —0.005
Y (0.001) (0.000) (0.000) (0.000) (0.000)
Farm:: —0.195 ** —0.161 ** —0.165 ** —0.149 ** —0.170 **
g (0.033) (0.008) (0.011) (0.009) (0.006)
Fiscal: 0.114 ** 0.043 0.091 * 0.110 ** 0.155 ***
gl (6.817) (1.667) (2.319) (1.979) (1.386)
Institutional homogeneity
Province —0.118 *** —0.062 * —0.100 *** —0.118 *** —0.113 ***
g (7.491) (2.225) (2.753) (2.302) (1.464)
Assistance:: 0.009 0.015 0.003 0.007 0.008
gl (34.168) (11.465) (13.890) (10.825) (7.063)
Cultural homogeneity
Culture: —0.020 —0.004 —0.004 —0.041 —0.023
g (12.522) (3.612) (4.248) (3.628) (2.377)
Intercept 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
(0.000) (0.000) (0.000) (0.000) (0.000)
R? 0.102 0.094 0.057 0.069 0.086

*p<0.1,*p<0.05 *** p <0.01 (two-tailed tests).

Geographic distance (Distance;;) is not significant in any of the five models, indicating
that geographic distance between cities does not significantly affect the formation of SLUP
cooperation networks. This suggests that in the context of digital technology development
and improved transportation infrastructure, the inhibiting effect of geographic distance on
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intercity cooperation has weakened in SLUP networks. YRD cities can overcome spatial
limitations to engage in SLUP cooperation. This finding further confirms the “space of
flows” attribute of digital services [32]: the low-cost flow characteristics of data enable
cities to transcend spatial boundaries and select partners based on technical needs rather
than geographic proximity.

Scale homogeneity appears to facilitate greater cooperation between cities in SLUP.
Industry structure differences (Industry;j) show highly significant negative correlations
(1% level) across all five models, emerging as the most consistent and influential factor.
This strongly supports the scale homogeneity hypothesis, indicating that cities with similar
industrial structures more readily form cooperative relationships. Such similarity enhances
mutual trust and understanding while reducing coordination costs, thereby facilitating
cooperation. Farmland area differences (Farm;;) display significant negative correlations
(5% level) across all models, suggesting that cities with similar agricultural resource en-
dowments are more likely to engage in SLUP cooperation. This may stem from shared
challenges in agricultural transformation and land protection, prompting these cities to seek
collaborative solutions. GDP differences (GDP;;) show significance (10% level, negative
correlation) only in the Land Use Planning network, indicating that cities with similar
economic development levels cooperate more easily in this domain, possibly due to facing
comparable urbanization challenges and economic structural transformation issues. In
the other four domains, economic development disparities have no significant impact on
cooperation. Population differences (Pop;;) exhibit heterogeneity, with significant positive
correlations (10% level) in overall network and Geographic Information Services network,
and stronger significance (5% level) in Land Use Planning network. This supports the
scale complementarity effect between cities—larger cities often possess advanced planning
concepts and technical resources, while smaller cities provide diverse implementation sce-
narios, creating mutually beneficial cooperation patterns. This effect is similarly observed
in fiscal pressure differences (Fiscal;j). Administrative area differences (Area;;) remain
insignificant across all models with coefficients near zero, indicating that variations in
administrative division size have limited impact on SLUP cooperation.

Institutional environment similarity emerges as a significant facilitator of intercity
cooperation. Provincial relationships (Province;;) show significant negative correlations
across all models—with overall network, Land Resource Protection, Geographic Informa-
tion Services, and Real Estate Management networks significant at the 1% level, and Land
Use Planning at the 10% level. This indicates closer cooperation between cities within
the same province, aligning with institutional homogeneity theory. Cities sharing similar
institutional environments face lower coordination costs and enjoy more convenient co-
operation due to common policy frameworks and regulatory requirements. Counterpart
assistance relationships (Assistance;j) remain insignificant across all models, suggesting
that traditional assistance mechanisms have limited impact on SLUP cooperation when
controlling for other factors, possibly because cooperation in this field relies more on pro-
fessional technical needs and market mechanisms rather than administrative directives.
Cultural homogeneity (Culture;;) shows no significant influence across all models, indicat-
ing that traditional cultural differences (such as dialect variations) have minimal impact on
SLUP cooperation.

The MRQAP analysis reveals complex mechanisms underlying SLUP cooperation
networks in the YRD region. Industry structure homogeneity, institutional environment
similarity, and farmland area homogeneity emerge as key cooperation drivers, while
population size and fiscal condition differences demonstrate complementary cooperation
characteristics. The weakened influence of geographic distance and traditional cultural
differences highlights new features of urban cooperation in the context of digitalization and
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regional integration. These findings provide empirical evidence for promoting coordinated
regional development.

5. Discussion

Previous studies on SLUP primarily focused on technical applications, policy frame-
works, and effectiveness assessment, with limited exploration from urban governance
and regional cooperation network perspectives. This study addresses this research gap by
systematically analyzing SLUP project characteristics, spatial distribution patterns, and
influencing factors of intercity cooperation networks in the YRD region. Specifically, this
study employs LDA topic model analysis to identify main SLUP project types, reveal spatial
distribution characteristics, and explore cooperation network structures and influencing
factors using social network analysis and MRQAP.

First, this study provides a in-depth analysis of SLUP implementation mechanisms
from an urban governance perspective, emphasizing that SLUP extends beyond techni-
cal applications to integration within actual urban governance operations. Results show
government procurement SLUP projects include four main types, reflecting distinct urban
governance functions. Government policy preferences significantly influence project pri-
orities, with Geographic Information Services and Land Use Planning identified as major
investment areas. Additionally, Land Resource Protection projects show growth, reflecting
policy orientations toward ecological protection and sustainable development. This finding
suggests SLUP has evolved from a purely technical tool to an essential component of urban
governance systems, supporting the view that the smart city is not technologically neutral
but profoundly shaped by government policy preferences and strategic goals [2,15]. The
variation in procurement proportions across SLUP types also reveals specific pathways of
Chinese local governments in SLUP development, demonstrating trends from planning
formulation to digital service delivery.

Second, this study reveals spatial inequality in SLUP development, closely echoing
equity discussions in current smart city research. Findings show SLUP projects display a
distinct “core-periphery” spatial pattern in the YRD region. Central cities like Shanghai,
Suzhou, and Hangzhou significantly outpace peripheral cities in funding, with this distri-
bution difference substantially influenced by economic development levels, administrative
status, and innovation capacities. Central cities exhibit significantly lower cross-regional
procurement rates than peripheral cities. This phenomenon indicates peripheral cities’
heavy reliance on regional cooperation networks for technical support and services [28].
Such spatial inequality highlights equity issues in SLUP implementation, drawing atten-
tion to challenges faced by peripheral cities and emphasizing the importance of regional
cooperation in narrowing technical capacity gaps.

Third, this study explores the procurement relationships between YRD region cities
in the SLUP field and the influencing factors of relationship formation from a coopera-
tion network perspective. Results indicate geographic distance’s diminishing influence on
intercity cooperation networks in the digital era, allowing cities to overcome traditional
spatial constraints for technical cooperation. Additionally, industrial structure similarity
significantly increases cooperation likelihood, supporting theoretical assumptions that scale
homogeneity reduces cooperation costs and enhances mutual trust. The study also finds
institutional environment similarity plays a key role in intercity cooperation, with cities
in the same province more readily cooperating due to institutional and policy framework
convergence. Conversely, traditional cultural similarities and counterpart assistance mech-
anisms have limited impact on cooperation network formation. These findings provide
new perspectives and empirical evidence for theoretical research on intercity cooperation
in the context of digitalization and regional integration [59,62].
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Despite providing the first analysis of SLUP implementation mechanisms from an
urban governance perspective, this study has limitations. It primarily relies on govern-
ment procurement contract data without fully considering other types of government-
implemented SLUP projects or informal SLUP initiatives, potentially overlooking critical
factors. Future research could broaden data sources and incorporate interviews and sur-
veys to examine government cooperation motivations and barriers more comprehensively.
Additionally, while this study focuses on the YRD region, future research should pursue
cross-regional and cross-national comparative analyses to assess how variations in policy
environments and technological development across regions and countries influence SLUP
implementation and network cooperation patterns, providing valuable insights for broader
policy formulation.

Based on these findings, we propose several policy recommendations (Table 5). Gov-
ernments should clearly define technical applications and requirements across different
functional domains when formulating and implementing SLUP policies and projects, en-
hancing SLUP targeting and implementation efficiency. Regarding the high inequality
in SLUP cooperation networks, governments should prioritize regional equity issues by
establishing more robust technical sharing and cooperation mechanisms, strengthening
collaboration between core and peripheral cities to significantly enhance regional SLUP
capabilities and reduce technical and resource disparities. Additionally, considering the
positive impact of institutional environment and industrial structure similarity on regional
cooperation, governments should actively promote policy and institutional unification
and standardization processes within regions to further reduce cross-regional coopera-
tion barriers, optimize resource allocation efficiency, and achieve regional coordinated
development goals.

Table 5. Policy recommendations for enhancing SLUP implementation and regional cooperation.

Policy Recommendation Objective Proposed Action

Clearly define technical applications and
requirements across different functional domains
in SLUP policies and projects.

Define technical Improve SLUP targeting and
standards clearly implementation efficiency

. . Reduce technical and resource Establish robust technical sharing and cooperation
Enhance regional equity

disparities among cities mechanisms between core and peripheral cities.
Promote institutional Reduce cross-regional Actively promote policy and institutional
unification and cooperation barriers; optimize  unification and standardization processes
standardization resource allocation within regions.

6. Conclusions

This study aims to explore government procurement project characteristics and in-
tercity cooperation network mechanisms in SLUP, focusing on three research questions:
(1) What are the typological characteristics of SLUP government procurement projects in
the YRD? (2) How are government SLUP projects spatially distributed across different cities
in the region? (3) What are the structural characteristics of the intercity SLUP cooperation
network, and which factors influence the formation of cooperative relationships? Using the
YRD region as the research subject, the study analyzes 3689 SLUP government procurement
projects identified from online government procurement contracts. The study first employs
LDA topic modeling analysis to identify project types and describe their spatial distribu-
tion characteristics, then uses Social Network Analysis to construct and analyze intercity
cooperation network structures, and finally applies MRQAP to examine how geographic
distance, scale homogeneity, institutional environment homogeneity, counterpart assistance
relationships, and cultural homogeneity influence intercity cooperation network formation.
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The study finds that SLUP government procurement projects in the YRD region pri-
marily comprise four categories: Real Estate Management, Land Resource Protection, Land
Use Planning, and Geographic Information Services. Geographic Information Services ac-
count for the highest proportion of investment, followed by Land Use Planning, then Land
Resource Protection, with Real Estate Management receiving the lowest. Regarding spatial
distribution, regional investments display a distinct core—periphery structure, centered
around economically developed central cities, with peripheral cities highly dependent
on external procurement. Network structure analysis reveals a relatively sparse overall
network with pronounced core—periphery characteristics, where a few core cities dominate
resource and information allocation. Among factors influencing network formation, simi-
larities in industrial structure and farmland area significantly promote city cooperation;
institutional environment similarity also significantly increases cooperation probability,
while geographic distance, traditional cultural similarity, and counterpart assistance rela-
tionships do not show influences. Theoretically, this study enriches regional-scale SLUP
research by combining social network analysis and MRQAP methods to analyze SLUP
cooperation network formation mechanisms for the first time, providing new analytical
perspectives and empirical evidence for promoting regional coordinated development
policies and practices.
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Abstract: This research aimed to investigate whether transformation of the industrial sector
in a region could improve industrial land use efficiency. Taking the urban agglomeration in
the middle reaches of the Yangtze River in China as the research area, we compiled socioe-
conomic panel data from 2000 to 2020 in order to analyze the impact of the transformation
of industrial sectors in an area on industrial land use efficiency from two dimensions:
industrial structural optimization and industrial spatial layout. The research results show
the following: (1) The rationalization and upgrading of the industrial sector, as well as
the professional agglomeration of industry and diversified industrial agglomeration, have
improved the efficiency of industrial land use. (2) The impact of industrial rationaliza-
tion on industrial land use efficiency presents an inverted U-shaped curve, whereby the
impact of industrial upgrading on industrial land use efficiency has a relatively small
spatiotemporal heterogeneity. The spatiotemporal changes in the impact of industrial
specialized agglomeration on industrial land use efficiency are relatively small, while the
spatiotemporal changes in the impact of industrial diversified agglomeration on industrial
land use efficiency are more obvious. (3) There is obvious spatial heterogeneity in the two
dimensions industrial structural optimization and industrial spatial layout in the three
sub-regions when improving industrial land use efficiency.

Keywords: industrial transformation; industrial land efficiency; spatial spillover effect;
spatiotemporal heterogeneity; threshold effect

1. Introduction

Since the beginning of China’s reform and opening-up in the late twentieth century,
China has experienced rapid industrialization, moving from a large agricultural country
to an industrialized country [1], and its industrial development has now entered the late
stage of industrialization [2-5]. However, despite being a world industrial leader since
entering the middle and late stages of industrialization [6], China’s industrial development
has not yet been fully transformed from its reliance on the “traditional” development
mode, where the investment-driven and extensive development model is still prevalent. In
particular, its industrial structure still has a large proportion of industries with low added
value, high resource consumption, and serious pollution emissions and a factor input
structure characterized by an over-reliance on general production factors, such as land
and labor. There are many inconsistencies between China’s industrial structure and land
use [7-12]. In particular, the ratio of secondary and tertiary industries is uncoordinated,
while the proportion of industrial land in areas is high. At the same time, during this era of
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industrialization, the scale at which urban land has been transformed for industrial use
has expanded rapidly, triggering a range of issues, such as the increasing industrialization
of large amounts of cultivated land and ecological land, and a low industrial land use
efficiency (ILUE). China’s existing urban land has been only basically developed to date but
has the potential for further development. However, due to some unreasonable utilization
methods, a series of problems have arisen in land use in many regions, such as the rapid
expansion of the scale of new land given over to industrial purposes, extensive industrial
land use, and the inefficiency of construction land. Increasingly [13], problems are arising
from mismatches between growth demands and the requirement for new construction land
and the availability of land that is not subjected to cultivated land protection. Such protec-
tion aims to ensure that developments will not pose a risk to the ecological environment or
lead to a series of associated issues, such as food security concerns.

To address these issues, the Chinese government has proposed important strategies
to modify and optimize the economic structure of the country and promote industrial
transformation. It is hoped that through industrial transformation in the industrial sector
(ITT), the creeping industrialization of land could be reduced, ILUE could be improved, and
sustainable development could be promoted. This research seeks to answer the following
question: Can the industrial transformation promoted by the Chinese government play a
role in enhancing ILUE?

To date, existing research has focused on exploring industrial transformation and land
use efficiency, with the research considering three key aspects: (1) The first is research
based on economic development, specifically, examining the connection between industrial
transformation and ILUE in economic development and construction. For example, Gao
et al. (2019) explored the changes in urban land use structure brought about by the
promotion of regional economic integration through transformation of the industrial sector
and market factors. They found that changing the land structure affects urban land use
efficiency by changing the inputs and outputs of the land [14]. Scholars have drawn on the
theory of smart growth and relied on high-quality social and economic development as
the premise to construct an analysis framework for industrial land adjustment covering
five dimensions: industrial transformation, urban planning, social and economic benefits,
transportation convenience, and environmental protection [15-22]. The research results
have shown that industrial transformation is an effective means to improve the internal
structure of industrial land use, promote the intensification of industrial land, and improve
the efficiency of industrial land utilization. Lu et al. (2020) analyzed the implications of
land marketization on land use efficiency by considering changes in the industrial structure.
They believed that land marketization could change the land use structure, thereby allowing
for an optimization of resource allocation and improvements to land use efficiency. In
parallel, from a regional perspective, in particular considering the western section to
the central and eastern regions, they found that the role of the industrial structure in
improving land use efficiency gradually weakened. (2) The second is research exploring the
association between industrial transformation and land use efficiency at a more micro-scale.
For example, Chen et al. (2018) focused on the manufacturing industry and studied the
impact of manufacturing industrial transformation on ILUE. Their research results showed
that industrial transformation could change the proportion of machinery manufacturing
industries in the local land structure, and this process had a positive effect on improving
the ILUE [23]. Chen et al. (2019) explored the ILUE of resource-oriented cities in China.
They found that economic development, industrial transformation, and technological
development all had significant effects on changing the land use types of resource-based
cities and on improving the ILUE, while the internal labor structures of the enterprises
and the ownership structures of the enterprises had serious negative outcomes on the
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ILUE [24]. (3) The third is research analyzing the spatial and temporal differences in the
effects of industrial restructuring on land use efficiency. For instance, Han et al. (2019)
studied the impact of China’s industrial transformation on land use efficiency and found
that industrial transformation affects land use efficiency by changing the land structure,
and this impact has regional heterogeneity. The impact was found to be more significant in
large urban agglomerations, such as the Delta and the Pearl River Delta [25]. Similarly, Yin
et al. (2019) explored how the transformation of leading industries guides urban land use.
They found that the modernization and enhancement of leading industries in different cities
have significantly different impacts on the ILUE, that changes in the leading industries
can bring about changes in the land use intensity and land use patterns, and that these
changes in land use structure have different impacts on the ILUE [26]. On a similar basis,
Liu et al. (2021) explored the spatiotemporal differences in land use efficiency caused by
transformation of the industrial structure. They found that from 2000 to 2015, China’s land
use patterns had changed through its promotion of industrial structural transformation,
and this had improved the land use efficiency [27].

Undoubtedly, existing research has provided many interesting findings and inspiration
for studying the impact of ITI on ILUE, but there are still some shortcomings in the research.
For instance, in terms of theoretical logic, it is not uncommon for existing studies to explore
the relationship between ITI and ILUE, but few consider land use as a way to establish
the impact of land transformation brought about by ITI on ILUE from a comprehensive
economic—environmental perspective. Also, existing research mostly analyzes the impact
of ITI from one aspect: structural optimization of industrial transformation or the industrial
spatial layout. Few studies have explored its impact from the two dimensions industrial
structural optimization and industrial spatial layout. However, analyzing the impact of
industrial structural optimization and industrial spatial layout brought about by ITI could
allow for a more in-depth analysis of ITI, making the research results more valuable for
practical reference. Lastly, ITI and ILUE have long-term and dynamic characteristics. The
complexity of the ITI process can cause differences in the impact of ITI on ILUE at different
stages in the development and transformation process. Yet, few existing studies have
analyzed the spatiotemporal heterogeneity of ITT on ILUE from a dynamic perspective.

Based on the above discussion, this paper aimed to investigate whether ITI could
improve the ILUE. Taking the urban agglomeration in the middle reaches of the Yangtze
River (UMY) in China as the research area, we compiled socioeconomic panel data from
2000 to 2020 and then used them to analyze the effect of transformation of the industrial
sector on ILUE from the two dimensions industrial structural optimization and industrial
spatial layout.

2. Theoretical Analysis and Research Hypotheses

The ITI process inevitably causes land transformation, bringing about changes in
the land use structure, methods, and intensity, which will then change the input—output
that occurs on industrial land and affect the ILUE. This paper analyzes this impact from
the changes in land use intensity and input level, land use structure and layout, land use
subject behavior, and the comprehensive benefits of the changed land output caused by ITI.

Existing research has shown that the mechanism by which ITI affects land use trans-
formation is by changing the proportion of land occupied by different industries in a
city [28-30]. ITI leads to a transformation of the leading industries and their choice of
location. Specifically, ITI changes the urban land structure as the city spreads out and leads
to the reorganization of different land types within the city. ITI promotes agglomeration of
the urban population and brings about a free flow and resetting of the production factors,
which can lead to the reallocation of land resources in different industrial sectors. The
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expansion of urban land can lead to modifying the land use structure and patterns, which
is one of the ways that ITI affects the ILUE. That is, different industrial developments will
bring about changes in the regional land use proportions, which will in turn cause changes
in the land use structure.

With the advancement of ITI, the proportion of high-polluting industries in the indus-
trial sector, such as coal, metallurgy, wood, and chemicals, in the entire industrial system
has gradually decreased, replaced by new industries based on new materials, medicine,
digital information, and green energy [31-33]. In this process, areas with a low alloca-
tion and low efficiency of production land have dropped sharply, and been replaced by
high-allocation emerging industrial land use. As the financial commitment to technology,
innovation, and management in production processes has continued to increase, the ILUE
has increased. The process of ITI can thus bring about the replacement of a city’s leading
industries [34], and this transformation of the leading industries will lead to changes in
the ILUE. Leading industries are important as they lead the way in the industrial structure
of economic systems. They not only play an important leading role in optimizing the
industrial structure and industrial spatial layout in their location and neighboring areas
but also drive the rise of emerging industries. From the perspective of the location selec-
tion process of the city’s leading industries, the adjustment process of a city’s industrial
structure also involves transformation of the city’s leading industry sectors. Leading in-
dustries have established their dominant position in the competition for urban land use
space with their high-efficiency characteristics and tend to be distributed in urban centers
with higher aggregation benefits [35-37]. The development of emerging leading industries
prompts enterprises to increase investment in advanced production factors. Enterprises
can improve their production efficiency by developing advanced production technologies
and increasing their investment in scientific research. In this process, advanced production
factors, such as technology, capital, and scientific management concepts, gradually replace
natural production factors, such as land, which produces a factor substitution effect. In the
production process, the land factor input is reduced, output is increased, and the ILUE is
improved. At the same time, the spatial distribution of the urban land use structure will
also be affected by the location selection of leading industries. Under the influence of the
“retrospective effect” and “side effects” of leading industries, industries that are closely
related to leading industries tend to gather around them to form an industrial complex,
generating economies of scale and improving the regional ILUE.

Promoting the optimization of the land use spatial layout is another way for IT to
change the ILUE [38]. Land rent in urban centers is typically expensive, as consumption
levels and land costs are high. Due to the high rents and taxes, it is difficult for general
industrial enterprises to obtain good benefits. Therefore, to reduce production expenses,
industrial firms pursuing profit maximization tend to gradually migrate from the urban
core to the city outskirts. This forms a driving force for industrial enterprises in the heart of
the city to migrate to the periphery of the city.

Heavy industrial enterprises, such as metallurgy, chemicals, machinery, and metal
smelting, which are highly dependent on market environments, such as production ma-
terials and transportation conditions, have mostly withdrawn from urban centers and
gradually moved to urban suburbs where land costs are relatively low, promoting the
agglomeration of industries on the edges of cities and creating scale effects, which can
improve the ILUE to a certain extent. The relocation of traditional enterprises makes room
for the development of emerging industries and high-efficiency industries. Emerging
industries that occupy less land, with a high degree of land intensiveness, and that have
high unit land output rates have the ability to pay higher land rents and tend to grad-
ually cluster in the city center, where they can benefit from the good infrastructure and
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transportation conditions. These enterprises in the city center can generate higher product
ancillary value, increase the land output, and improve the ILUE. Industries form two types
of agglomeration distributions in urban centers and urban fringe areas, thereby achieving
effective matches between the land elements and suitable enterprises. This process forms
a “survival of the fittest” mechanism that enhances the allocation efficiency of the land
production factors and enhances the ILUE.

In the ITI process in urban central areas, there are obvious differences in land use
location requirements for different industrial developments. For instance, industries such
as commerce, leisure, and entertainment have a high location requirement and need to be
located in central areas with good transportation conditions and a large concentration of
urban residents [39,40]. At the same time, these enterprises tend to have the characteristics
of high profits and high output, which allows them to be able to pay high land rents and
supports their choice to cluster in urban areas where land resources are tight. The propor-
tion of land in the city center that covers large areas such as residences and warehousing
has a low intensive land utilization and low output efficiency, and is gradually reducing as
the urban land use structure and spatial layout change [41]. As a result, the urban building
density and floor area ratio continue to increase, land use intensity continues to increase,
and the ILUE is improving. Many investors in different industries in the city center want a
central location with the most convenient transportation options and the highest economic
benefits. There will be fierce competition for land in this location. On the one hand, the
high land prices in the city center promote a simultaneous increase in investment intensity
in the land by producers who aim to maximize their economic interests. On the other
hand, the limited land resources in the city center and the demand for land for industrial
development are pushing developers to turn to urban areas. The redevelopment and
utilization of the existing land improves the ILUE.

The rapid expansion of tertiary industries during the ILUE process brings about a
substantial increase in land use, while the increasing scarcity of urban land resources
leads to an increase in land prices. Scarce land resources are allocated solely to efficient
production companies at elevated prices through the market. According to land rent theory,
the closer the land is to a city center, the higher the land rent and the land price that
needs to be paid. In order to maintain survival and maximize profits, companies must
find corresponding measures to reduce their production costs. Enterprises may gradually
increase investment in non-land factors, such as manpower and technology to replace
the original land investment, thereby increasing the ILUE. Value-added effects brought
about by improvements to the urban infrastructure and rail transit in the city center to
the surrounding land further deepens the factor substitution effect and accelerates the
improvement in ILUE.

Another way that IT changes the ILUE is by promoting the market-oriented allocation
of land resources. IT promotes the gradual expansion of the local and adjacent market
demand scale [42], clearer production and division of labor in various industries, and
the agglomeration of enterprises within a region, resulting in economies of scale. The
production of different enterprises promotes economic investment within the region and
changes the input intensity and utilization intensity of the land. The fierce competition
among various types of enterprises in the process of pursuing profit maximization will
also lead to a reduction in enterprise production costs, which can help expand the breadth
and depth of the market. Expansion of the market scale will promote the flow of regional
production factors, while more advanced investment factors will increase the intensity of
land investment. Expansion of the market scale will also strengthen enterprise production
capabilities, increase land output, and improve the ILUE.
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From a spatial perspective, the spatial distribution of regional industries brought
about by ITI essentially promotes the clustering of production factors, such as labor and
capital, in a certain area. ITI promotes the agglomeration of different enterprises within
a certain land space, and thereby creates a scale effect. The agglomeration of various
related enterprises on different land gives them the ability to share production factors
in the district and therefore promotes the flow of various factors of production to the
agglomeration area [43]. The rapid accumulation of production inputs, including capital
and labor, reduces production input, increases the economic output of the industrial land,
and promotes improvement of the ITL

Specifically, from the viewpoint of companies, having access to the same type of land
in the city center brings about the agglomeration of similar enterprises in the same geo-
graphical space, resulting in industrial specialized clustering (KSL), which strengthens the
advantages of the leading industries in the region. This continuous expansion improves the
economic benefits of the land and promotes improvement of the ILUE. The agglomeration
of similar industries brings about advanced production technology, and enterprises can be
strengthened by cooperation, conducting relevant business training, sharing training and
management costs, and reducing their production costs. The flow of production technology
and technological innovation among enterprises in the same industry promotes cooperation
between enterprises of the same type, promotes knowledge spillover, and is conducive to
improving the overall regional production capacity.

Every enterprise can improve their resource utilization efficiency, reduce undesired
outputs, and promote ILUE improvement. In the process of KSL, the agglomeration of sim-
ilar enterprises on industrial land will cause competition. With the intention to dominate
the competition and acquire more economic benefits, an abundance of homogeneous enter-
prises will compete against each other based on their production processes and products.
On the one hand, enterprises will increase investment in research, improve production
efficiency, and expand production scale through the application of more advanced pro-
duction concepts. On the other hand, enterprises may promote innovation through the
use of technology. These measures can reduce resource input in the production process,
achieve greater economic outputs, and increase the ILUE. Additionally, enterprises from
different industries may gather in urban centers, creating diversification agglomeration
(DIV). This process promotes mutual learning and communication between enterprises,
creating a learning effect. These can help reduce the risk of a single enterprise carrying
out technology research, allow for optimizing technical resources, and increase the scope
of technology application [44]. DIV can not only promote technological progress within
various industries from spillover effects but also increase the benefits brought about by
technological progress, increase the land output, and thereby improve the ILUE.

During the DIV process, the core technologies of various industries generate knowl-
edge spillover benefits within and between enterprises, promoting productivity improve-
ments in the entire region. Different enterprises gathered in the city center can share
diverse production inputs, like production financial resources and technological innova-
tion, promoting the concentration of different production factors in the region, especially
the construction of shared infrastructure. Enterprises can reduce transportation costs by
sharing infrastructure construction dividends, which can increase the economic benefits of
the industrial land, and promote improvements in the ILUE [45]. Enterprises in various
fields form advanced technology and knowledge diffusion effects through exchange and
cooperation with each other, which can also promote the emergence of advanced produc-
tion concepts. Diversified industries can also help build a solid economic structure. The
development of various industries will drive the land economic output of the entire region
and enhance the ILUE.
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From the perspective of the labor force, on the one hand, the KSL process is conducive
to promoting the accumulation of productive capital by labor at the same level, especially
core technical talents, forming a labor matching effect. Within the KSL area, for enterprises
that rely on technology to carry out production, KSL reduces learning and production
costs through cross-industry production. The agglomeration of professional talent is
also conducive to reasonably matching enterprises and the talent they need, thereby
strengthening the regional talent market structure. Enterprises can save costs by being
able to efficiently find the labor they need, which also reduces the production cost of
recruiting labor. The agglomeration of the same types of skilled labor brought about by
KSL can reduce the capital investment in land production, improve production efficiency,
and increase the ILUE. On the other hand, DIV promotes a concentration of skilled labor
with expertise in various production technologies in the same area, and creates a labor
“reservoir” function to meet the employment needs of enterprises with various production
technologies to the greatest extent. Meanwhile, the labor force has more opportunities
to choose job options to work in professionally related enterprises, which reduces the
production costs of training workers new to the sector and increases the economic effects
from them being able to get up to speed quicker, which increases firm and land output. If
a firm in an agglomeration area faces bankruptcy, its internal labor force would not need
to look for jobs across other regions or move cities as their skills could be transferable to
other nearby industries. The “reservoir” of labor brought about by DIV therefore effectively
reduces unemployment risks for the labor force. During the agglomeration process, the
labor force can also learn different skills and gain new knowledge and technology expertise
to improve their employment security. A good employment environment can also absorb
more high-quality labor, improve production efficiency, and enhance the ILUE.

Overall, land transformation brought about by ITI causes changes in the allocation
relationship of capital, labor, and other resources on the land, which leads to changes in the
structure of the input resources. According to the C-D production function [41], at different
stages of the production technology level and economies of scale, changes in the land input
structure will lead to an increase or decrease in land economic output, thus affecting the
land input-output structure, that is, the ILUE (Figure 1).
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1
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[ |
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‘ Industrial land efficiency ‘

Figure 1. Theoretical framework for the impact of industrial transformation on industrial land
use efficiency.
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Based on the above analysis, this paper puts forward a research hypothesis:
ITI affects the input-output structure of land, which then affects the ILUE.

3. Study Area, Data, and Methodology
3.1. Study Area

For this study and as discussed in this paper, the urban agglomeration in the middle
reaches of the Yangtze River (UMY) in China, including the three provinces of Hunan,
Hubei, and Jiangxi, was chosen as a representative area for the research. UMY is a large
urban agglomeration mainly formed by Wuhan urban agglomeration and urban agglom-
eration around Changsha, Zhuzhou, and Lake Poyang. Due to the lack of some data in
Tianmen City after 2010, Tianmen City was not included in the study area. Excluding
Tianmen City, the study area of this paper was made up of 30 prefecture-level cities in the
three provinces of Hunan, Hubei, and Jiangxi in the UMY (Figure 2).
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Figure 2. Location of study area.

The UMY is a new growth pole of China’s economy, a pioneer area for new urban-
ization in Central and Western China, a demonstration area for inland opening-up and
cooperation, and a guiding area for the construction of a “two-type” society. ITI in this
region has a typical demonstration role to play in China.

3.2. Data Sources

The ITI data in this paper come from the statistical year book of each city, while
the ILUE calculation data come from the China Land Market Network, https://www.
landchina.com (accessed on 27 July 2021). The statistical year book of each city, the “China
City Statistical Year book”, and the national economic and social development of each city
gazette. The data for the control variables were sourced from the China Urban Statistical
Year book and the National Economic and Social Development Bulletin of each city. Because
the Qianjiang Municipal Bureau of Statistics did not collect data on the output value of
industrial sectors from 2000 to 2010, the output value of each industrial sector in Qianjiang
City was replaced by the main business income of each industrial sector. Missing values in
some years were interpolated.
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3.3. Methods
3.3.1. Measurement of the ILUE: Data Envelopment Analysis by the DEA-SBM Model

In this research, we chose the SBM model, including undesired outputs, built by Zhao
et al. (2014) [43] based on tone. The formula is as follows:
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In the formula, ILUE is the ILUE value to be calculated; N, M, and I are the number
of inputs, desired outputs, and undesired outputs, respectively; (ni,m;
the input—output relaxation vector; (k/n:/, k/mf,, k’i?) isk’’s input-output value of a pro-
duction unit in period t’; and kJ represents the weight of the decision-making unit. The

, if)) represents

objective function p strictly decreases monotonically with respect to n{,my,iy.

3.3.2. Measurement of the ILUE

Based on existing research [40], the input—output indicators for ILUE measurement
were chosen as follows (Table 1):

Table 1. Calculation index system of industrial land use efficiency.

Indicator Selection Classification Indicator Single Indicator Unit
Land Industrial land area Hectare
Input variable Labor force Secondary industry employment Thousands of people
Capital Industrial fixed asset investment Billion RMB
Desired output Economic output Industrial output Bﬁlli;[%n
Undesired output Environmental pollution Carbon emission Million tons

Input: industrial land area, number of employees in the secondary industry, and
industrial fixed asset investment. Output: the desired as well as undesired outputs. The
desired output value is the total industrial output value, and the undesired output value
here is the industrial carbon emissions. The carbon emissions data used in this paper
come from the China Carbon Accounting Database (CEADs) (https://www.ceads.net.cn/)
created by Professor Guan Dabo’s team at Tsinghua University.

3.3.3. Measurement of Industrial Industry Rationalization (ITL)

This paper refers to Gan et al. (2011) [46] and uses Theil’s coefficient to calculate the ITL:
V.
w (Vi (P

ITL=) ", <Vl>1n<¥> )

In Formula (2), V; represents the industrial added value of i industrial sector; P;
represents the number of laborers engaged in i industrial sector; V represents the gross
production value of 33 industrial sectors; P represents the sum of the labor force of
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33 industrial sectors; and n represents the number of industrial sectors. If ITL were to
gradually approach zero, the industrial industry would reach an economic equilibrium
state. Therefore, the smaller the ITL value, the more optimized the industrial structure of
the industrial industry is.

3.3.4. Measurement of Industrial Sector Upgrading (IW)

Existing studies mostly employ the quotient of the tertiary industry’s production value
over the secondary industry’s production value as an indicator to measure how advanced
the industrial structure is [47]. On the basis of this method, this study innovatively used
high-tech industries to account for the output value of industrial industries to represent
the IW. Through data matching and deletion, the selected high-tech industrial industries
included instrumentation, medicine, electronic and communication equipment, computers
and office equipment, aerospace equipment, and machinery. The IW calculation formula
was as follows:

IW =1IH/IO (3)

In this formula, IO represents the production value of the industrial sector, and IH
represents the output worth of the high-tech industry. The larger the value of IW, the
greater the proportion of high-tech industry in the industrial sector and the higher the level
of IW.

3.3.5. Measurement of Industrial Sector Industry Specialization Agglomeration (IKSL)

Li, L

I
Tksl = Zizl L L

In the formula above, i represents an industry sector, r represents the city, and L

4)

represents the amount of people. The bigger the Iksl index, the higher the Iksl level.

3.3.6. Measurement of Industrial Sector Industry Diversification Agglomeration (IDIV)

Drawing on the research of Zhang et al. (2019) [48], this paper uses the Herfind-
ahl index to judge the extent of industrial diversification and agglomeration, using the
formula below:

Div=1/Y" | (Liy/L;)? (5)

The definitions of the items in the equation are the same as those in the Iksl formula
above. The larger the IDiv index, the more dispersed the industrial and the higher the IDiv.

3.3.7. Industrial Sector Transformation on the ILUE Using the Spatial Durbin Model
Effect of Industrial Structure Optimization on the ILUE

ILUE = pAInILUE + 0{ITL + +0>IW + 93InGDP + ¢4CZB + @5InGZ + @¢SCHL + ¢@7K]JB + @1 AITL + @, AIW

6
+93AINGDP + 4ACZB + ¢5AINGZ + @sASCHL + @7AKJB + vy + ¢ ©)

This paper uses the spatial Durbin model to explore the effect of ITI on the ILUE. In
Formula (6), p is the spatial autocorrelation coefficient, A represents the spatial weight
matrix, and 1, represents n x 1 vector. In addition, the control variables InNGDP, KJ]B,
CZB, InGZ, SCHL that affect the ILUE were added. Also, 9, ¢, and y are vectors of their
respective regression coefficients, while ¢ is the error term.

Impact of the Industrial Space Layout on the ILUE

ILUE = pAInILUE + 01InIKsl + +0d>InIDiv + d3InGDP + @4CZB + @5InG + @sSCHL + ¢@7KJB + ¢1AIKsl + @, AInIDiv

7
+3;AINGDP + @4ACZB + ¢5AINGZ + 9gASCHL + @7AKJB + vl + ¢ @
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The definitions of the variables are consistent with those in Formula (6).

3.3.8. Industrial Transformation Effect on the Spatial and Temporal Heterogeneity of
the ILUE

Geographically weighted regression (GWR) is a local linear regression method based
on modeling spatially relationships. This regression method can generate a regression
model describing local relationships by exploring each part of the region, thereby allowing
for an accurate analysis of localized variable relationships and spatial heterogeneity. The
geographically time-weighted regression (GTWR) model used in this paper adds time
effects to the GWR model as an extension of the GWR model [49,50]. This paper uses
this model to explore the spatiotemporal heterogeneity of carbon emissions caused by
industrial transformation at different times and in different spatial dimensions (Table 2).

Table 2. Descriptive statistics of all variables used.

Variable Meaning Mean Std Min Max
ILUE Industrial land efficiency 0.688 0.266 0.215 1
ITL Industrial industry rationalization 0.097 0.083 0.004 0.549
W Industrial industry upgrading 0.147 0.073 0.007 0.522
IKSL Industrial industry specialization agglomeration 0.767 0.215 0.091 1.441
InIDIV Industrial industry diversified agglomeration 2.219 0.435 0.747 2.924
InGDP The level of economic development 15.888 1.072 13.198 18.905
KJB Technology investment 0.005 0.007 0.00001 0.057
InGZ Urban residents” wages 10.106 0.781 7.999 11.586
SCHL Land marketization level 0.701 0.332 0.063 1
CZB Government management 0.142 0.060 0.032 0.394

4. Results
4.1. Spatiotemporal Distribution of the ITL

From 2000 to 2020, the ITL of the UMY dropped from 0.250 in 2000 to 0.033 in 2020. The
ITL coefficient became significantly smaller and the degree of ITL became higher (Figure 3).
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Figure 3. Spatiotemporal distribution of the industrial rationalization of industrial industries in UMY.

4.2. Spatiotemporal Distribution of the IW

IW increased from 0.121 in 2000 to 0.184 in 2020. The IW coefficient also increased,
indicating that the proportion of high-tech industries in the industry gradually increased,
high-tech industries gradually expanded, and the IW level increased (Figure 4).
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Figure 4. Spatiotemporal distribution of industrial upgrading in UMY.

4.3. Spatiotemporal Distribution of the IKSL and IDIV

The IKSL of the UMY dropped from 0.797 in 2000 to 0.735 in 2020, and the level of
industrial professional agglomeration declined (Figure 5). The IDIV level increased from
8.570 in 2000 to 10.766 in 2020 (Figure 6).
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Figure 5. Spatiotemporal distribution map of industrial specialization agglomeration in UMY.
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Figure 6. Spatiotemporal distribution of industrial diversification in UMY.

4.4. Spatiotemporal Distribution of the ILUE

The ILUE of the urban agglomeration in the UMY increased from 0.635 in 2000 to
0.779 in 2020. During this time, the lowest ILUE value was 0.601 in 2010, while the highest
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ILUE value appeared in 2020 as 0.779. Generally speaking, from 2000 to 2020, the ILUE of
the UMY showed an upward trend year by year (Figure 7).
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Figure 7. Spatiotemporal distribution of industrial land efficiency in UMY.

4.5. Spatial Spillover Effects of Industrial Transformation on the ILUE
4.5.1. Spatial Spillover Effect of Industrial Structure Optimization on the ILUE

Both IKSL and IDIV in the UMY played a role in improving the ILUE. Table 3 reports
the impact of industrial structure optimization on the ILUE under three types of spatial
weight matrices. The spatial autoregression coefficients of the three models were 0.228,
0.251, and 0.156, respectively. Notably, all Spearman’s rho showed positive numbers and all
passed the 1% significance level test. Overall, the model results show that under the three
weights, ITL played a role in improving the ILUE. Under the adjacency distance weight
matrix, ITL increased by 1% and ILUE increased by 0.370%, while under the economic
distance weight matrix, ITL increased by 1% and ILUE increased by 0.898% and under the
economic geography nested weight matrix, ITL increased by 1% and ILUE increased by
0.193%. This is because ITL reduces enterprise production costs and environmental losses
by promoting a sharing of knowledge, technology, and labor within industrial enterprises,
which improves the ILUE. Meanwhile, ITL can promote the extent of the industrial chain,
promote the integration of urban advantageous resources, and improve the ILUE. Pollution-
intensive industries, as represented by the energy industry and chemical industry, will
eventually achieve internal upgrades through high-tech and clean transformation. On
the one hand, pollution and energy consumption will be reduced, and on the other, the
undesired land output will be reduced. The transformation and upgrading of industrial
sectors rely on high-tech industries and new technologies, with technological innovation the
main driving force for development. Advanced technology increases the intensity of land
use, increases the land economic benefits while promoting ecological and environmental
benefits, and is conducive to the rational use of land to increase the land economic output
and improve the ILUE.
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Table 3. Spatial spillover effects of industrial structure optimization on ILUE.

Adjacency Economic Economli:
ILUE Distance Distance Geogr'ap y
Nesting
tho 0.228 *** 0.251 *** 0.156 ***
(4.090) (3.120) (4.42)
direct indirect total direct indirect total direct effect indirect total
effect effect effect effect effect effect effect effect
ITL 0.099 0.271 —0.370 0.066 0.832 ** —0.898 *** 0.114 0.079 —0.193
(0.660) (1.010) (1.380) (0.450) (2.580) (2.780) (0.78) (0.42) (0.95)
W —0.155 —0.128 0.283 —0.157 —0.247 0.405 0.269 * —0.324 0.055
(—1.020) (—0.310) (—0.620) (—1.060) (—0.370) (—0.590) (—1.80) (1.52) (0.20)
InGDP 0.136 *** —0.194 ** 0.058 0.134 *** —0.014 0.120 0.122 *** —0.215 *** 0.093
(3.320) (—2.040) (—0.590) (3.080) (—0.100) (0.880) (3.21) (—4.25) (—1.55)
KIB —0.814 1.518 0.704 —1.398 2.772 1.373 0.431 —0.650 0.219
(—0.710) (1.030) (0.500) (—1.090) (1.290) (0.790) (0.39) (—0.53) (—0.19)
C7B 0.266 —0.227 —0.039 0.325 —1.094 —0.770 0.282 —0.604 * —0.322
(1.010) (—0.370) (0.060) (1.250) (—1.020) (—0.700) (1.11) (—1.81) (—=0.79)
InGZ 0.088 0.065 0.153 0.027 0.057 0.084 0.010 0.200 *** 0.211 ***
(1.430) (0.630) (1.520) (0.440) (0.450) (0.710) (0.19) (3.37) (3.31)
SCHL 0.034 —0.083 —0.049 0.058 —0.205 —0.147 0.097 ** —0.207 *** —0.111*
(0.690) (—0.960) (—0.580) (1.270) (—1.560) (—1.070) (2.05) (—3.48) (—1.68)
R2 0.012 0.007 0.015

Note: * statistical significance at the p < 0.10 level, ** p < 0.05 level, ** p < 0.01 level.

Looking at IW, the model results show that under the three weights, IW played a
role in improving the ILUE. Under the adjacency distance weight, IW increased by 1%
and ILUE increased by 0.283%, while under the economic distance weight, IW increased
by 1% and ILUE increased by 0.405% and under the economic geography nested weight,
IW increased by 1% and ILUE increased by 0.055%. The main way that IW affects the
ILUE is by first optimizing the internal land resource utilization structure and industrial
layout of industry. IW can accelerate the elimination of polluting industries, such as coal,
textiles, and electricity, while also accelerating the development of emerging industries,
like pharmaceuticals, electronic communication equipment, computers, and supplies.
In this process, the land area used for production plants and other related facilities of
industrial enterprises with high inputs and low outputs is gradually decreased, while
the land used by high-tech enterprises with low inputs and high outputs is increased,
and the output of the industrial land is thereby increased. Another way in which IW
affects the ILUE is through its driving role in optimizing the peripheral land use layout of
industrial enterprises. In order to reduce costs, companies must find locations suitable for
their development and adjust their industrial layout. On the one hand, heavy industrial
industries, such as machinery and metals, are gradually being squeezed out of the city
center and are moving to the suburban districts. The original idle and extensive land
resources in the suburbs have now been developed and utilized, and ILUE has improved.
On the other hand, high-tech industries that can pay high land rents have gathered in
urban centers, forming new industrial agglomeration groups, which has not only expanded
the scale of industrial production but also increased the intensive utilization of industrial
land, significantly improving ILUE. Among the control variables, the stage of economic
development, investments in science and technology, and the wage level of urban residents
all increase the ILUE, while the level of government management and land marketization
decrease the ILUE.
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4.5.2. Spatial Spillover Effect of the Industrial Spatial Layout on the ILUE

The two dimensions of the industrial layout in the UMY, IKSL and IDIV, have played a
role in improving the ILUE. Table 4 reports the impact of the industrial spatial layout on the
ILUE under three types of spatial weight matrices. The spatial autoregression coefficients
of the three models were 0.240, 0.257, and 0.157, respectively, while Spearman’s rho was
positive and passed the 1% significance level, indicating the existence of spatial spillover
effects. Looking at IKSL first, all three weight matrices showed that IKSL increased the
ILUE. With the adjacency distance weight matrix, a 1% increase in IKSL increased the ILUE
by 0.259%. In the economic distance weight matrix, every 1% increase in IKSL increased
the ILUE by 0.479%. With the economic geography nested weight matrix, for every 1%
increase in IKSL, ILUE increased by 0.188%. On the one hand, IKSL promoted the ag-
glomeration of the same industries within the market and sharing of production materials,
such as capital, technology, and labor, within the industry, generating spillover effects and
improving the ILUE. On the other hand, the IKSL process was conducive to promoting
the accumulation of productive capital by labor at the same level, especially core technical
talents, and forming a labor matching effect. The labor pool formed by IKSL reduces the
unemployment risk of the labor force to a certain extent. Industrial enterprises can also
access a suitable labor force to carry out production, improve productivity, and enhance
the ILUE. Marshall’s externality theory believes that the input—output correlation between
producer services and manufacturing is strong, and labor sharing occurs during the ag-
glomeration process. This process reduces production costs, increases land output, and
improves the ILUE. Looking at IDIV, IDIV also improved the ILUE under the three weights.
In the adjacency distance weight, every 1% increase in IDIV increased the ILUE by 0.017%,
while with the economic distance weight, every 1% increase in IDIV increased the ILUE
by 0.176% and under the economic geography nested weight, every 1% increase in IDIV
increased the ILUE by 0.003%. On the one hand, under the agglomeration effect of IDIV, the
operating costs of industrial enterprises were reduced, which helped to enhance corporate
competitiveness, improve corporate productivity, and promoted an improvement in the
ILUE. Additionally, IDIV will also promote interactions between industrial enterprises and
generate a synergistic effect of “the whole is greater than its parts”, which helps improve
overall competitiveness and enhances the ILUE.

Table 4. Spatial spillover effect of industrial spatial layout on ILUE.

Adjacency Economic

Economic

ILUE Distance Distance G;ngiir}:;y
Rho 0.240 *** 0.257 *** 0.157 ***
(4.410) (3.240) (4.450)
direct effect lr;?flés,ft total effect direct effect lr;?fl;gft total effect direct effect lr;?flégft total effect
IKsl —0.084 0.343 *** 0.259 ** —0.054 0.532 *** 0.479 *** —0.077 0.264 *** 0.188 **
(—1.370) (2.960) (2.160) (—0.900) (3.020) (2.600) (—1.320) (3.640) (2.090)
InIDiv —0.095 *** 0.112 0.017 —0.082 ** 0.257 ** 0.176 0.074** —0.071% 0.003
(—2.680) (1.430) (0.200) (—2.330) (2.340) (1.560) (—2.150) (1.650) (—0.050)
InGDP 0.123 *** —0.178* —0.055 0.122 *** —0.109 0.013 0.112%** —0.191 *** —0.079
(3.100) (—1.900) (—0.570) (2.860) (—0.810) (0.100) (3.040) (—3.960) (—1.400)
KB —0.510 2.093 1.583 —1.100 4.061* 2.961 0.580 —0.426 0.154
(—0.450) (1.410) (1.130) (—0.870) (1.740) (1.560) (0.530) (—0.350) (0.130)
CZB 0.326 —0.509 —0.183 0.375 —1.386 —1.011 0.372 —0.789 ** —0.417
(1.290) (—0.860) (—0.280) (1.480) (—1.260) (—0.890) (1.530) (—2.390) (—1.020)
InGZ 0.091 0.044 0.135 0.042 0.082 0.124 0.036 0.163 *** 0.199 ***
(1.570) (0.430) (1.330) (0.710) (0.640) (1.030) (0.710) (2.830) (3.140)
SCHL 0.034 —0.072 —0.038 0.070 —0.201 —0.131 0.074 * —0.196 *** —0.121*
(0.710) (—0.840) (—0.460) (1.530) (—1.560) (—0.970) (1.650) (—3.310) (—1.940)
R? 0.012 0.017 0.023

Note: * statistical significance at the p < 0.10 level, ** p < 0.05 level, ** p < 0.01 level.

4.5.3. Robustness Check

In order to test the robustness of the results, we conducted a robustness test on the
model by changing the sample period and matrix, reducing the research time by 4 years,
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that is, changing the research time period to 2000-2016, and using the inverse distance
weight matrix to verify the research robustness of the results. Tables 5 and 6 present the
results of the robustness test. The results for the industrial structure optimization and
industrial spatial layout on the ILUE were basically the same as in the original model,
which shows that the estimation results of the original model had good stability.

Table 5. Robustness test of the impact of industrial structure optimization in industrial industries on
industrial land use efficiency.

Explained
Variable
ILUE
Expla.natory Direct effect Indirect effect Total effect
variable
ITL 0.069 *** 0.145 ** —0.214*
(3.020) (—2.550) (—1.910)
W 0.164 0.200 0.364
(—0.890) (—0.390) (—0.64)
0.135 *** —0.114 0.021
InGDP (2.950) (—1.040) (0.180)
KJB —0.601 2.183 1.582
(—0.490) (1.390) (1.020)
0.086 —0.234 —0.148
CzB (0.250) (—0.320) (~0.180)
InCZ 0.057 —0.008 0.048
(0.790) (—0.070) (0.380)
0.011 —0.419 —0.030
SCHL (0.210) (—0.440) (—0.330)
Rho 0.222 ***
(3.660)
R? 0.034

Note: * statistical significance at the p < 0.10 level, ** p < 0.05 level, ** p < 0.01 level.

Table 6. Robustness test of the impact of industrial spatial layout of industrial industries on industrial
land use efficiency.

Explained
variable
ILUE
Explanatory variable Direct effect  Indirect effect Total effect

IKsl 0.111 0.377 *** 0.266 **
(—1.630) (2.950) (2.030)

InIDiv —0.102 ** 0.169 ** 0.067 ***
(—2.520) (1.850) (3.020)
0.130 *** —0.103 0.028

InGDP (2.910) (—0.920) (0.240)
KJB —0.194 2.422 2.228
(—0.160) (1.550) (1.500)

0.195 —0.502 —0.307

CZB (0.600) (—0.700) (—0.380)
InCZ 0.063 —0.036 0.027
(0.940) (—0.300) (0.210)
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Table 6. Cont.

Explained
variable
ILUE
0.010 —0.031 —0.022
SCHL (0.180) (—0.340) (—0.240)
Rho 0.230 ***
(3.860)
R? 0.053

Note: ** statistical significance at the p < 0.05 level, *** p < 0.01 level.

4.6. Industrial Transformation Effects on the Temporal and Spatial Heterogeneity of the ILUE

The impact of ITL on the ILUE showed an inverted U-shaped curve in the box
(Figure 8). From 2000 to 2014, the length of the box showed an increasing trend year
by year, with a small change. The box was longest in 2014, indicating that the spatiotem-
poral heterogeneity of the impact of ITL on the ILUE was the largest in 2014. Since 2015,
the box length has been weakening year by year, indicating that the spatiotemporal het-
erogeneity of the impact of ITL on the ILUE has been gradually reducing since 2015. This
shows that after 2015, the role of ITL in improving the ILUE gradually became stable. The
spatiotemporal heterogeneity of the effect of IW on the ILUE changed slightly, whereby,
from 2000 to 2005, the box length increased and the spatiotemporal heterogeneity increased.
From 2006 to 2015, the length of the box gradually decreased, and the spatiotemporal
heterogeneity gradually weakened. After 2016, the box length gradually increased, and the
spatiotemporal heterogeneity increased again. The spatiotemporal changes in the impact
of IKSL on ILUE were relatively small, and the box curve remained always relatively
stable. The impact of IDIV on the ILUE showed a large change in length and obvious
spatiotemporal changes. From 2000 to 2008, the box curve increased from small to large.
During this period, the impact of IDIV on the ILUE gradually increased each year. From
2009 to 2015, the impact of IDIV on the ILUE gradually decreased each year. After 2015, the
impact of IDIV on the ILUE gradually increased each year.
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Figure 8. The impact of industrial transformation on ILUE of space-time heterogeneity.
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From 2000 to 2010, the effect of IKSL in Hubei Province on improving the ILUE
decreased year by year, then increased from 2010 to 2015, and finally gradually decreased
from 2015 to 2020 (Figure 9). The effect of IKSL in Jiangxi Province on improving the ILUE
showed an inverted U-shaped curve, increasing year by year from 2000 to 2010 but then
decreasing year by year from 2010 to 2020. Compared with Hubei Province and Jiangxi
Province, the effect of IKSL on improving the ILUE in Hunan Province varied greatly, and
the curve was not smooth, with highs and lows observed during the study period. From
2000 to 2005, the effect of IDIV on ILUE in Hubei Province was linear and relatively stable.
After 2005, it showed a downward trend year by year. The effect of IDIV on ILUE in Jiangxi
Province was relatively stable, with a slight increase from 2000 to 2005, a slight decrease
from 2005 to 2015, and a stable trend from 2015 to 2020. For IKSL, the effect of IDIV on the
ILUE in Hunan Province varied greatly, and the curve was not smooth. It had highs and
lows during the study period and generally showed a downward trend.
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Figure 9. Spatial heterogeneity of the effect of industrial spatial layout on ILUE in industrial sectors.

5. Discussion

This study used land as a carrier to establish a complete logical system of the im-
pact of land transformation brought about by ITI on ILUE in an integrated economic—
environmental system.

An attempt was made to establish a theoretical analysis framework for the effect of ITI
on the ILUE. We incorporated IT into a CO, emissions analysis to build a logical analysis
framework for CO; emissions caused by land transformation in the IT process and then
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analyzed the socioeconomic effect of CO, emissions caused by land transformation driven
by ITL

We detailed our analysis of how the two dimensions industrial structural optimization
and industrial layout brought about by land use transformation in the ITI process affects
the ILUE. Specifically, we explored the impact of ITI from the two dimensions structural
optimization and spatial layout, taking into account both industrial structural optimiza-
tion and spatial layout, with four industrial transformation measurement index systems
established to empirically analyze the carbon reduction effect of IT at different scales.

We also used a local variable parameter model that considers spatiotemporal hetero-
geneity to explore the influence of economic activities on the ILUE, which allows for new
analytical perspectives on the changes in different dimensions of time and space in the
research. We also sought to analyze the dynamic process of ITI’s effect on ILUE from a
dynamic perspective, and the results provide a significance reference for governmental
decision-making and policy regulation to promote ITI and achieve high land use efficiency
goals based on different economic development stages.

However, this study has some limitations to note. The industry can be subdivided into
different industries that are labor-intensive, capital-intensive, and technology-intensive.
Further research could further subdivide the industry to explore the impact of its internal
transformation on the ILUE. In addition, this study still has some unfinished research on
the impact mechanism of IT on changes in the ILUE, which could inform and motivate
subsequent research. Furthermore, the theoretical analysis framework constructed in this
paper is not absolutely complete, and further research is needed to analyze the interactive
effects of IT and ILUE and expand the theoretical framework to more deeply explore the
relationship between IT and ILUE.

6. Conclusions

This research took the UMY as a representative area for investigation, compiled
socioeconomic panel data from 2000 to 2020, and analyzed the impact of ITI in 33 industrial
sectors on ILUE from the two dimensions industrial structural optimization and industrial
spatial layout. The research results of this paper can be summarized as follows:

Firstly, from 2000 to 2020, the ITL of the UMY dropped from 0.250 in 2000 to 0.033,
and the ITL level became higher. IW increased from 0.121 in 2000 to 0.184 in 2020, and
IW increased. ILUE increased from 0.635 in 2000 to 0.779 in 2020, and ILUE showed an
upward trend year by year.

Secondly, the industrial transformation had a spatial impact on the ILUE. ITL and IW
as well as IKSL and IDIV all improved the ILUE.

Thirdly, ITL’s impact box on the ILUE was indicated by an inverted U-shaped curve,
while the spatiotemporal heterogeneity of the impact of IW on ILUE changed only a little.
The spatiotemporal changes of IKSL's impact on the ILUE were relatively small, while the
spatiotemporal changes of IDIV’s impact on the ILUE were more obvious.

Fourthly, by analyzing the regression coefficients for Hunan, Hubei, and Jiangxi
provinces, it was found that there was an obvious spatial heterogeneity in the ILUE in the
two dimensions structural optimization and spatial layout of industries in the three regions.

Based on the research results of this paper, we put forward the following recommendations:

It is important to strengthen regional cooperation and promote joint governance.
The results of this paper indicate that there is a spatial correlation between IT and ILUE.
This means that industrial structural adjustments or changes in industrial spatial layout
between adjacent areas will likely have spatial spillover effects on the surrounding areas,
affecting the ILUE in neighboring areas. This shows that it is not feasible for each city in
the region to develop unilaterally in isolation from its surrounding environment, and the
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economic activities of cities in a region influence each other. Therefore, in the process of
future industrial transformation, cooperation between regions should be promoted, and a
cross-regional collaborative development mechanism should be established to improve the
ILUE through regional cooperation. Also, the spatial spillover effect of IT should be fully
utilized to achieve overall regional economic development. Local governments should
actively promote healthy economic competition among regions while promoting regional
cooperation. By establishing a benign regional cooperation mechanism, we can reduce the
potential harm caused by vicious competition between regions on the market and economic
efficiency and eliminate wastage of resources caused by barriers to the flow of factors of
production between areas. Strengthening the flow of capital, labor, technology, energy,
data, and other factor resources between cities in the region and optimizing the efficiency
of production factor allocation are critical factors for regions to improve the ILUE. At the
same time, it is also important to promote the comparative advantages of cities of different
sizes and levels; form a development pattern of functional complementarity, industrial
interaction, and knowledge and technology interoperability; enhance the spatial spillover
effect of industrial transformation on improving ILUE; and promote IT to improve the
ILUE. Cities at various levels can establish regional internal governance based on their
different resource endowments and location characteristics, while strengthening active
cooperation between cities at various levels. A regional community of interests could be
built by promoting cross-regional governance. During the period of regional cooperation,
it is necessary to actively carry out technical cooperation and exchange, promote the
complementarity of advantages between regions, and focus on the linkage effects between
cities. Differentiated development plans should be formulated based on the industrial
structure, and economic development needs of different areas. Cross-regional industrial
collaborative layouts should be promoted through regional cooperation, while facilitating
industry linkage development, accelerating communication among local governments,
industries, and enterprises in the industry chain and using the comparative advantages
of each industry chain, while relying on funds, knowledge, and information through
other methods, Through the above measures, we can achieve the sharing of resources and
technology, use developed regions to drive underdeveloped regions, improve the ILUE of
the entire region.

Focus on the long term, and promote IT according to local conditions. The results
of this paper show that the distribution of IT and ILUE in the UMY shows obvious stage
characteristics and regional non-equilibrium characteristics, while empirical tests found that
IT has a spatiotemporal heterogeneity in improving the ILUE in the region, which means
that in the process of promoting IT, long-term and differentiated industrial policies need to
be formulated to promote regional IT. On the one hand, IT is dynamic and transformation
requires a certain process. Whether it is industrial rationalization and industrial upgrading
or the agglomeration of industrial specialization and industrial diversification, it is a
gradual dynamic evolution process. To prevent the emergence of problems, such as
uncoordinated industrial structural development and industrial oversupply, a long-term
concept must be implemented throughout the entire process of IT, improving the ILUE, and
a long-term mechanism should be established to collaboratively promote transformation
and improve the ILUE. On the other hand, governments should consider the development
positioning of each region, pay attention to regional differences, and formulate industrial
policies tailored to actual local conditions according to the current industrial structure and
energy structure. Each region should promote IT according to its own actual situation,
and the IT model should be adapted to the actual situation. Regions with good economic
development tend to have abundant technology and capital, while they may have a relative
shortage of resources. Regions with lower economic development levels tend to lack
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advanced technology and capital but have relatively abundant natural resources. These
regional differences are all related to differences in formulation and implementation and
provide a realistic basis for the policy of globalized IT and for further promoting IT by
formulating industrial policies tailored to local conditions. For regions with developed
economies and high levels of industrial structure and agglomeration, the role of IT in
traditional departments in improving ILUE in developed regions has been very limited. In
the future, industrial policies should focus on driving the development of new industries
and in promoting the development of ILUE in developed regions. At the same time, IT also
provides IT experiences to other regions. For regions with backward economic development
and a low industrial structure, supportive industrial policies can be appropriately tilted
toward underdeveloped cities and IT can be promoted in underdeveloped cities.
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Abstract: Taking the Demonstration Zone of Green and Integrated Ecological Development
of the Yangtze River Delta as a case study, we find that city-regional development of the
Yangtze River Delta has advanced to the fifth stage, so-called cross-provincial city-regional
integrated development. The ongoing reform experiment in China presents a new model
of city-regional development, which distinguishes itself from previous approaches used in
both China and Europe/America. We propose a theoretical framework of cross-provincial
city-regionalism from the two dimensions of smart planning and integrated governance.
Based on the new framework, this article reveals how the top-down intervention of the cen-
tral government has helped local governments break down the administrative barriers at
the provincial level and stimulated them to participate in the cross-provincial coordinated
development from the bottom up. The new framework alters the assumption and institu-
tional logic of the traditional city-regionalism theory and extends its explanatory scope.

Keywords: cross-provincial city-regionalism; smart planning; integrated governance;
Yangtze River Delta

1. Introduction

Global capital is intensifying regional competition worldwide, leading to increased at-
tention to the city-regionalism theory. This theory emphasizes that neoliberal globalization
and its relaxation of regulations have led to intense competition between entrepreneurial
governments, further triggering the restructuring of city-regional governance: from urban
growth machines at the city level to regional governance alliances at the city-regional
level [1]. However, the theory has the shortcoming of relatively neglecting the willingness
of local governments to cooperate from the bottom up and the differences in city-regional
restructuring methods under different national institutional backgrounds [2]. The tradi-
tional city-regionalism theory overemphasizing the economic perspective cannot fully
explain the new changes in city-regional development in China.

Taking the Demonstration Zone of Green and Integrated Ecological Development of
the Yangtze River Delta as a research case, we find that a new model of cross-provincial city-
regional development supported by the central government has gradually emerged in the
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last decade. The traditional city-regionalism theory focuses too much on the economic logic
of China’s city-regional governance restructuring [3,4]. However, with the intensification of
global regional competition, the roles and goals of the state have undergone transformation,
leading to significant differences in the new city-regional restructuring process compared
to before. As the regional economy develops into a new stage, the bottom-up cooperation
motivation of local governments has been growing, and the new stage of cross-provincial
city-regional governance practices is showing a new institutional logic.

Therefore, this article aims to construct a new theoretical explanation for the new
phenomenon of cross-provincial city-regional development in the Yangtze River Delta
since 2018. Specifically, the two research questions are as follows: (1) How can the cross-
provincial city-regional integrated development become possible? (2) Compared with
the traditional regional development models, what are the characteristics of the new city-
regional development model? To answer the research questions, we attempt to propose
a new theoretical framework of cross-provincial city-regionalism different from the tradi-
tional city-regionalism theory.

The article consists of six parts: aside from the introduction in the first part, the second
part reviews the traditional city-regionalism theory and its new changes; the third part
constructs a theoretical framework of cross-provincial city-regionalism; the fourth part
reviews the history of the research case and analyses its new institutional logic; the fifth part
explores the technological and institutional innovations; and the sixth part is the conclusion
and discussion, proposing prospects for future research.

2. Literature Review

City-regionalism studies have evolved over several decades, integrating theories from
urban studies, political economy, planning, and sociology. Research on city-regionalism
theory and its transformation in the context of economic globalization mainly originates
from the political economic geography in the West based on the experience in Europe and
North America. With China’s deep involvement in the globalization process and the rise of
Chinese city-regions since the 21st century, research on Chinese city-regionalism theory has
attracted much attention, gradually becoming a hot topic in academia. Therefore, we will
first review the Western city-regionalism theory, and then examine the research on Chinese
city-regionalism theory.

2.1. Western City-Regionalism Theory

From the perspective of the political economic geography in the West, modern cities
are shaped by capitalism. Cities are seen as a material manifestation of capital territorial-
ization, the result of capital impacting on space [5]. However, from the second industrial
revolution in the 19th century to the third industrial revolution in the 1950s and 1960s, as
the territorially organized nation-states began to intervene in urban development and gov-
ernance, they gradually built up a Fordist mode of production centered on cities, known
as “organized capitalism” [6]. However, entering the 1970s, the breakthrough growth
of productivity generated by technological revolution and the deepening contradictions
between capitalist production relations led to the emergence of neoliberal globalization
and the spatial restructuring of city-regional areas. With the de-territorialization and reter-
ritorialization of global capital, the governance model based on the scale of cities faced
challenges [7]. Brenner explains this phenomenon as “the denationalization of territorial-
ity”. He points out that the essence of this phenomenon is that the increasingly powerful
global capital no longer conforms to the existing national governance spatial framework,
but reconstructs “territoriality” in line with the logic of global capital expansion [8].
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In response to the expansion of urban economy to regional scale, political economic
geography has sparked a wave of “regional turn” research, initiating a theoretical tran-
sition from city to city-region [9]. According to the new political economic geography,
city-regional governance is gradually seen by the state as a new governance strategy to
resolve excessive competition between cities, involving the restructuring of state gover-
nance models at different geographical scales [10]. In other words, it is the relaxation
of regulatory policies advocated by neoliberalism and the new crisis of governance gen-
erated by urban competition driven by entrepreneurial governments at the traditional
city scale that has led to the expansion of state governance space to the regional scale.
Thus, compared to the spatial production represented by urban renewal, “city-region” has
become a new form of territorial organization. Multi-city-regional governance alliances
have replaced the urban growth machine as the dominant governance structure driving
city-regional economic growth [11]. Since the late 1990s, city-regionalism has gradually
become a research hotspot in the new political economic geography in the West, focusing on
the rescaling of territoriality in the globalization era and the measurement of economic net-
works, transportation networks, and governance structures in city-regional areas [12-17].
Contemporary research, such as Scott and Storper’s re-examination of 21st century urban
theory, Peter Hall and Kathy Pain’s analysis of polycentric metropolitan areas, Allen Scott’s
and Michael Storper’s studies on innovation systems, enriches the theoretical framework
of city-regionalism. This research prioritizes sustainable development, smart cities, inclu-
sive urbanization, and urbanization in the Global North, providing new perspectives and
methods for understanding complex city-regional dynamics [18-21].

Although the Western academic community generally acknowledges the explanatory
power of the city-regionalism theory for the transformation of state governance structures
in the post-Keynesian era, there have been increasing criticisms of the theory after 2010 [22].
These criticisms mainly focus on the theory’s excessive emphasis on the decisive role of
global capital in determining state governance structures, while neglecting the potential
impact of bottom-up local factors, especially the differences between different national insti-
tutional backgrounds [23]. As Wu Fulong points out, although the rescaling is common, the
forms of rescaling under different institutional backgrounds are significantly different [3].
In addition, some scholars criticize that the previous literature often focused too much on
the theoretical study of changes in state governance structures at the global scale, lacking
solid empirical research and insufficient exploration of the driving mechanisms leading to
changes in state governance structures at the local scale [1].

2.2. Chinese City-Regionalism Theory

In the early 1980s, China joined the process of economic globalization through reform
and opening up and embarked on large-scale rapid urbanization. The reterritorialization
of global capital has reshaped the basic pattern of Chinese cities. As China’s economic
system transitioned from centrally planned to market-oriented, Chinese cities followed a
path similar to that of Western cities. However, unlike Western countries, the socialist state
has maintained a strong influence on spatial restructuring during the market transition.
Thus, different from the rescaling, horizontal coordinated governance of European and
American counterparts, Chinese city-regions have experienced a process of continuous
scaling-up, vertical administrative integration.

Early research on Chinese city-regional governance started with the analysis of gover-
nance failures due to vicious competition among local governments. The market-oriented
reforms in China have led to the decentralization of economic management power from
the central government to local authorities, giving rise to the emergence of entrepreneurial
government and the formation of local interest groups based on administrative bound-
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aries [24-26]. This phenomenon has been summarized as “local corporatism” by Jean
O, referring to the cooperation between local governments and businesses within their
jurisdictions, forming diverse commercial common interests [27]. The political promo-
tion tournament of local economic growth has strengthened the vertical “central-local”
relationship while the horizontal intergovernmental relations have been divided by the
interests of administrative jurisdictions, leading to further economic competition between
local governments [28].

To address the excessive economic competition between local governments, China
initiated the reform process of city-regional integration governance. Some scholars have
divided this process into four stages of development: the regional office stage, the city-
managing county stage, the abolishment of counties and establishment of districts stage,
and the strengthening of core cities within provinces stage [29]. In the early 1980s, the
regional office system, as an alternative to the regional revolutionary committee in Mao’s
era, first appeared in history. This institution, as an agency dispatched by the provincial
government, was mainly responsible for coordinating affairs and assignments between
cities and counties. However, for developing core cities, the regional office system was
gradually replaced by the city-managing county system after the mid-1980s. Despite
the shift of financial resources towards cities, the competitive landscape between cities
and counties did not fundamentally change. In the late 1990s, the vigorous development
of township enterprises drove the economic growth of counties. In developed coastal
provinces such as Zhejiang, Jiangsu, and Guangdong, the competition between strong
industrial counties and their affiliated prefecture-level cities became increasingly intense.
As a result, some strong industrial counties were successfully upgraded to county-level
cities, and even prefecture-level cities, such as Zhoushan City in Zhejiang Province and
Dongguan City in Guangdong Province. Therefore, in the late 1990s, the abolishment of
counties and establishment of districts became a new governance tool to solve the problem
of negative competition between cities and counties. Some county-level cities were directly
reclassified as districts under the jurisdiction of cities, such as Wujin District under the
jurisdiction of Changzhou City in Jiangsu Province. While enhancing the overall planning
capabilities of prefecture-level cities, the abolishment of counties and establishment of dis-
tricts also intensified the competition for capital between prefecture-level cities. After 2000,
the competition between prefecture-level cities resulted in the continuous accumulation of
market resources towards the core cities within provinces, highlighting the polarization of
city-regions within provinces. According to Shen’s classification, territorial restructuring
can be divided into two types: vertical restructuring and horizontal restructuring [30]. In
fact, the above four stages of development are all forms of vertical restructuring. To achieve
the economic goal of strengthening capital accumulation, the fundamental role of China’s
state intervention in the restructuring of city-regional relations cannot be overlooked. The
policy of city-regional integrated governance has undergone continuous advancement from
counties to cities and then to provinces [31,32]. In this context, the city-regionalism theory
has received increasing attention from the Chinese academic community, becoming the
mainstream theory of research on the regional development and governance in China [33—
35]. Recent studies mainly focus on some specific aspects of city-regional development,
such as industrial clustering, regional planning, land use management, inter-regional dis-
parities and sustainability, to investigate the city-region’s transition from rapid growth to
high-quality development [36-39].

However, the framework of analysis of the Chinese city-regionalism theory makes it
difficult to provide a sufficient explanation for the new phenomenon of cross-provincial
integrated governance in recent years. This issue has become more prominent with the
acceleration of regional economic integration. Although the existing literature has deep-
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ened our understanding of the rescaling city-regional governance model, it also has certain
limitations. Most studies are confined to theoretical frameworks based on Western experi-
ences, focusing on how global capital shapes the development pattern of city-regions in
the process of reterritorialization. However, against the Chinese institutional background,
the formation of city-regions is not simply an economic clustering process, but also the
result of political choices and policy implementation. Therefore, Western city-regionalism
theory from a purely economic perspective lacks sufficient explanatory power for the
institutional logic behind the formation of Chinese city-regions, while traditional Chinese
city-regionalism theory focusing on vertical administrative division adjustments also fails
to explain the fifth stage of regional development in China. The new practice of cross-
provincial city-regional integrated development deserves further empirical research to
enrich the existing city-regionalism theory.

3. Theoretical Framework of Cross-Provincial City-Regionalism

Based on the traditional Chinese city-regionalism, this section attempts to propose a
new theoretical framework to explain the fifth stage of city-regional integrated development
in China. We name the new theoretical framework “cross-provincial city-regionalism”,
distinguishing it from traditional city-regionalism, which does not completely deny the
logic of the traditional city-regionalism, but extends it in the new development stage. Cross-
provincial city-regionalism aims to provide an analytical perspective for the empirical study
by focusing on the two research questions mentioned above. The first question can be inter-
preted as what insurmountable obstacles traditional city-regionalism has encountered in
addressing the development of cross-provincial city-regions, thus leading to failure. The sec-
ond question can be interpreted as what innovations cross-provincial city-regionalism has
made to effectively overcome obstacles to the development of cross-provincial city-regions.

3.1. The Obstacles Faced by Traditional City-Regionalism in Cross-Provincial
City-Regional Development

At the stage of cross-provincial regional development, the biggest obstacle facing
traditional city-regionalism lies in the intergovernmental relations between the central
and local governments. Since the reform and opening up, the central-local relationship in
China has gone through a process of change from a highly centralized system to a relatively
decentralized one. Local governments have gained more autonomy, but at the same time,
the problem of “fragmentation between departments and regions” has emerged, that is,
there are difficulties in division and coordination among departments and regions. Xu
Chenggang summarizes this characteristic of the central-local relations in China as “the
fragmented authoritarian system of regional decentralization” [40].

The “fragmentation” feature is manifested as the existence of segmentation between
vertical sectors and horizontal blocks. “Vertical sectors” refer to the top-down vertically
managed departments, and “horizontal blocks” refer to local governments at all levels.
When different vertically managed departments carry out work locally, there may be
certain conflicts with the overall planning and coordination of local governments. For
example, when some vertically managed environmental protection departments implement
environmental policies, there may be contradictions with the short-term goals of local
governments in pursuing economic development [41,42]. Under the intense pressure of
regional competition, the fragmented administrative system leads local governments to
formulate land use plans and economic development plans that may be contradictory to
each other and implement competing policies within their respective administrative regions.
When vicious competition occurs, there is a lack of necessary coordination mechanisms
among local governments at the same level [43,44]. Generally speaking, the fragmentation
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of the administrative system has created dual barriers at both the planning technical level
and the governance institutional level.

The smooth progress of the previous four stages of governmental reform can mainly
be attributed to the high level of authority that Chinese provincial governments have in
solving the problem of fragmentation of local administrations within provinces. Under
the Chinese-style local government structure, provincial governments, as the highest level
of local government, often resolve the vertical “city—city” competition within provinces
through vertical administrative division adjustments, resulting in the establishment of
the city-regional integrated governance model centered around super-large cities within
the province. However, when it comes to the problem of cross-provincial integrated
governance, it has reached the power boundary of the local state.

3.2. New Institutional Logic of Cross-Provincial City-Regionalism for High-Quality
Green Development

Since the new central leadership took power in China in 2012, a new trend of combin-
ing vertical and horizontal territorial restructuring beyond the provincial power boundary
has emerged especially in the developed coastal areas, and the development of cross-
provincial regional integration attempts to solve the horizontal cooperation issues among
provinces. This not only changes the economic logic of traditional city-regionalism, but also
proposes the new institutional logic of promoting green development. Green development
refers to a sustainable approach to urban planning, construction, and land use that aims to
minimize environmental impact while promoting economic growth and social equity.

The main connotation of cross-provincial city-regionalism is that the central govern-
ment strongly intervenes to promote the cross-provincial city-regional smart planning
technology innovation and integrated governance reform to overcome the dual barriers.
At the planning technical level, a unified planning management information platform has
been established. By leveraging digitization and networking, the smart planning aims
to achieve the intelligent management of the entire life cycle of territorial and spatial
planning, and explore multi-level construction methods, paths and policy mechanisms for
high-quality land use at the cross-provincial scale. At the governance institutional level,
the new structure of cross-provincial governance has been constructed through integrating
vertical and horizontal territorial restructuring and bridging multi-level local governments
rather than just resolving the vertical “city—city” competition within provinces through
vertical administrative division adjustments. In addition, market forces and social forces
are also incorporated into the governance structure to form a developer alliance, consisting
of local governments, private developers, and social organizations (Figure 1).

Looking further, the success of cross-provincial city-regionalism is attributed to the
strong intervention of the central government which breaks the existing fragmented admin-
istrative system and integrates the vertical sectors by restructuring the horizontal blocks,
thus achieving intelligent planning and integrated governance of cross-provincial urban
areas. The reason why the central government needs to intervene and establish new ad-
ministrative institutions is that it is impossible to break through provincial restrictions
merely through local government reforms. On the one hand, provincial governments are
already the highest level of local governments and cannot exercise jurisdiction over local
affairs outside their own provinces. On the other hand, the difficulty of cross-provincial
collaborative governance is extremely high. It is impossible to effectively achieve the
goals unless a powerful superior government intervenes. Previously, various relatively
soft integrated governance methods, such as non-governmental integrated collaborative
governance and network governance, were adopted, but the effects were rather limited.
The failure of integrated governance was caused by the inability to avoid vicious competi-
tion between horizontal blocks. After the reform of cross-provincial city-regionalism, the
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relationship between horizontal blocks has now transformed into a cooperative one instead
of a competitive one by activating intrinsic dynamics for local governments. Moreover,
the newly established blocks are detached from the original administrative subordination
relationships. Therefore, the institutional basis for the vicious competition between the
original horizontal blocks no longer exists.

Traditional City-regionalism Cross-provincial City-regionalism

The First Stage ' The Second Stage 1 The Third Stage The Fourth Stage The Fifth Stage

v

Regional County under Upgradinga i Strengthening the Establishing a New System for
administration ! the jurisdiction county to a core city within the Cross-provincial Cooperation
of a city district province

Vertical Administrative Division Adjustment
within Provincial Jurisdiction

Vertical and Horizontal Territorial Restructuring
across Provincial Jurisdiction

Figure 1. The traditional city-regionalism vs. cross-provincial city-regionalism. Source: Prepared by
the authors.

3.3. Technological and Organizational Innovations of Cross-Provincial City-Regionalism Based on
the New Institutional Logic

Cross-provincial city-regionalism has a new institutional logic compared to traditional
city-regionalism. This is partly due to the changes in the relationship between the central
and local governments caused by the strengthening of the central government’s power over
the last decade. With support from the central government, the cross-provincial administra-
tive structure has been established to address various challenges in cross-provincial regional
cooperation. Additionally, the green development goal set by the central government re-
quires an increased level of economic integration beyond the provincial level, prompting
local governments to enhance cooperation in order to reduce governance costs. As a re-
sult, the institutional logic that underpins the traditional city-regionalism has undergone
significant changes. This also means that the theoretical framework of cross-provincial city-
regionalism possesses a new institutional logic characterized by the central government’s
strong intervention and continuously improving technical regulatory capabilities.

The central government establishes a new model of smart planning and integrated
governance by digital technology and institutional innovation (Figure 2). On the one hand,
the unified planning management information platform based on the GIS database and
Al technology facilitates the implementation of smart planning across provinces. The
Demonstration Zone has built the first smart brain for cross-provincial planning in China.
Its main function is to assist decision-making through a unified standard for data and
institutions, cross-provincial planning implementation and annual inspection of planning
implementation. On the other hand, some independent regional integrated governance
administrative bodies have been founded to coordinate various regional governance affairs
in the newly designated Demonstration Zone. Different from the scaling-up vertical admin-
istrative integration of traditional city-regionalism, the new governance structure under the
intervention of the central government reflects the characteristics of vertical and horizontal
territorial restructuring, which not only integrates the vertical administrative structure,
but also rebuilds the horizontal administrative mechanisms. The vertical administrative
structure mainly includes the leading group for integrated governance at the national and
strategic level, the Demonstration Zone council at the decision-making and coordination
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level, the executive committee at the policy implementation level and the developer alliance
at the project management level, in which the central government, local governments, pri-
vate enterprises and social organizations get involved, forming a new pattern of multi-level
cooperative governance with distinctive features. The horizontal administrative mecha-
nisms, including the personal co-employment mechanism, the co-management mechanism
for project planning and construction and the fiscal and tax sharing mechanism, provide
the institutional foundation for cross-provincial collaborative governance.

Smart Planning based on Integrated Governance Based on
New Digital Technology New Administrative Structure

Smart Brain for Cross-provincial Planning ‘ ‘ Four Levels for Cross-provincial Integration

| I .
¥ h 4 v ¥ ¥ v

Unified Cross- Annual the co- the fiscal
Standard for provincial Inspection of the personnel management and tax
dataand ] Planning > planning co-employment mechanism for sharing
institution Implementation implementation mechanism project planning mechanism
and construction

The Effectiveness and Challenges of the New
Reform Experiment

Figure 2. Theoretical framework of cross-provincial city-regionalism.

4. The New Institutional Reform Experiment Driven by Top-Down and
Bottom-Up Forces

This article has selected the Demonstration Zone of Green and Integrated Ecological
Development of the Yangtze River Delta as a research case for three main reasons. Firstly,
the Demonstration Zone aims to conduct policy experiments extensively and deeply,
especially in terms of applicability. Currently, the central leadership’s Office for Promoting
the Integrated Development of the Yangtze River Delta has requested the promotion
and proliferation of the institutional innovation experiences gained in the Demonstration
Zone. This indicates that the success of the pilot area has been recognized by the central
government. Secondly, the theoretical value of this case study lies in its representativeness.
As a typical policy experiment in the context of China’s city-regional governance reform, its
experience can provide a valuable reference for future reforms in other city-regions in China,
such as the Beijing-Tianjin—-Hebei Region and the Greater Bay Area. The Demonstration
Zone reflects the latest trend of China’s city-regional evolution. Thirdly, although there is
much research on the regional development of the Yangtze River Delta region, its fifth stage,
or cross-provincial integrated development, has received less attention. We believe that the
case study can enrich the existing body of the literature on Chinese city-regionalism.

With the intensifying global city-regional competition and China’s economy entering a
new stage of development, the Central Committee of the Communist Party of China and the
State Council issued the Outline of the Development Plan for the Yangtze River Delta and
approved the establishment of the Demonstration Zone of Green and Integrated Ecological
Development of the Yangtze River Delta in the border area of Shanghai, Jiangsu Province
and Zhejiang Province in 2019 (Figure 3). The Demonstration Zone includes Qingpu
District of Shanghai, Wujiang District of Suzhou in Jiangsu Province, and Jiashan County
of Jiaxing in Zhejiang Province. The total area is approximately 2413 square kilometers.
The top-down intervention of the central government helps local governments break down
the administrative barriers at the provincial level and stimulates them to participate in the
cross-provincial integrated development from the bottom up.
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Figure 3. Location of the Demonstration Zone of the Green and Integrated Ecological Development
in the Yangtze River Delta. Source: Prepared by the authors.

Our field survey started in September 2021 and ended in October 2024, conducting
12 on-site interviews and 2 online interviews with 22 interviewees, and collecting numerous
first-hand documents through participatory observation. All the interviews were recorded
and documented in both audio and written forms for empirical study. The interviewees
mainly included officials from the central government, key personnel of the Demonstration
Zone’s executive committee, department heads, and policy research personnel, managers of
other experimental areas, officials from local governments, experts, and scholars (Table 1).

Table 1. List of the interviewees.

No. Interviewee Date
01 Official fron} the Executive Committee of the Yangtze River Delta 29 September 2021
Demonstration Zone
Head of a branch organization of the Executive Committee of the
02 Yangtze River Delta Demonstration Zone 29 September 2021
Group Leader of the Management Team of the Executive Committee of
03 the Yangtze River Delta Demonstration Zone 28 March 2022
04 Economic Officer, Regional Econo'ml.cs Department, National 28 April 2022
Development and Reform Commission
05 Official from the Regional Econorr.uc.s Department, National 28 April 2022
Development and Reform Commission
06 Official from Shanghai Development and Reform Commission 1 April 2022
07 Official from Suzhou Municipal Government, Jiangsu Province 1 April 2022
08 Leader from China Academy of Urban Planning and Design 1 April 2022
09 Head of .the Shanghai Branch, China Academy of Urban Planning 1 April 2022
and Design
10 Professor, Center for Urban Governance Research, Fudan University 15 April 2022
11 Professor, School of Government, Peking University 15 April 2022
1 Pro.fessolr, School. of Public Administration and Policy, Renmin 13 August 2022
University of China
13 Leader of Beijing Tongzhou District Sub-Center 12 November 2022
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Table 1. Cont.

No. Interviewee Date
Official from the Collaborative Development Center of Hebei
14 Langfang Sanhe City, Beijing-Tianjin—-Hebei Region 2 December 2022
15 Off1c1al. frF)m Tor}gzhou District Development and Reform 4January 2023
Commission, Beijing
16 Professm.", Schpol of International and Public Affairs, Shanghai Jiao 4 January 2023
Tong University
17 Architect from State Engineering Survey and Design 2 September 2023
18 Academician of Chinese Academy of Sciences 2 September 2023
19 Official from the Shanghai Municipal Bureau of Planning and 2 November 2023
Natural Resources
20 Professor, East China Normal University, Institute of Urban 24 November 2023
Development
21 Official from angplll District Bureau of Planning and Natural 20 March 2024
Resources, Shanghai
» O.ff1c1'a1 from the B}Area.u of Natural. Resources and Planning, Wujiang 21 October 2024
District, Suzhou City, Jiangsu Province
23 Head of a branch organization of the Executive Committee of the 91 October 2024

Yangtze River Delta Demonstration Zone

4.1. Top-Down Promotion from the Central Government

Globalization has promoted the development of industrial clusters and the complexity
of industrial chains, leading to the global economic competition expanding from global
cities to global city-regions. To gain advantage in global regional competition, Chinese
city-regions need to strengthen integrated governance. China’s city-regions including
the Beijing—Tianjin—-Hebei region, the Yangtze River Delta, and the Pearl River Delta are
undergoing this process. In the past four decades, rapid economic growth has not only
exacerbated regional disparities, but also led to serious environmental problems. Since Xi
Jinping came to power in 2012, the central government has been committed to promoting
green and sustainable development while facilitating industrial transformation and upgrad-
ing. Therefore, changing the mode of economic development has become the new strategic
goal of the state. But the regional attribute of the ecological environment requires local
governments to strengthen cooperation to solve environmental problems and promote
coordinated sustainable development. Due to the long-term accumulation of regional
disparities and territorial divisions, achieving cross-provincial integrated city-regional
governance faces technological and institutional challenges, requiring strong intervention
and effective leadership from the central government.

For this purpose, the central government has high expectations for smart planning
and integrated governance of the Yangtze River Delta. In November 2018, it elevated
the coordinated development reform of the Yangtze River Delta to a national strategy.
This demonstrates the determination of the central government to forcefully resolve the
technological and institutional challenges. As the most economically developed city-region
in China, the Yangtze River Delta has a solid foundation to undertake the significant mission
of participating in global competition. The city-region covers an area of 358,000 square
kilometers, with an economic output accounting for about a quarter of the national total,
and it has two comprehensive national scientific centers, approximately a quarter of the
top universities, best laboratories, and national research centers in the country. The annual
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R&D expenditure and the number of effective invention patents account for about one-third
of the national total. Because of the strong economic strength of each province and city
in the Yangtze River Delta, the competition and conflict of interests in the city-region are
the most prominent in China. For this reason, with the strong promotion of the central
government, the Demonstration Zone across provincial boundaries was designated as a
pilot zone for policy experimentation. As a senior official from the central government
told us, “The designation of the demonstration zone is of great significance to promote the
green and integrated development of the Yangtze River Delta, enhance its innovation and
competitiveness, and improve economic agglomeration, regional connectivity and policy
coordination efficiency, which is important to the high-quality development of China”
(Interview No. 04).

The regional disparity in the Demonstration Zone is relatively significant, with serious
governance deficits in infrastructure, ecological environment, industrial development, and
public services, making the achievement of coordinated development in the city-region
particularly challenging. From 2013 to 2022, despite the overall economic growth trend,
there were obvious differences in economic volume between Qingpu, Wujiang, and Jiashan
(Figure 4). There are also significant differences among the three in the indicators of
per capita GDP, per capita disposable income, public budget revenue and expenditure
(Figures 5 and 6). The above indicators reflect that, although the two districts and one
county in the Demonstration Zone are geographically adjacent, there are relatively large
regional disparities in economic development.
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Figure 4. Comparison of GDP in total for two districts and one county from 2013 to 2023. Source:
Statistical Bulletin on National Economic and Social Development.
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Figure 5. Comparison of GDP per capita and disposable income per capita (2022). Source: Statistical
Bulletin on National Economic and Social Development.
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Figure 6. Comparison of general public budget revenues and expenditures (2022). Source: Statistical
Bulletin on National Economic and Social Development.

4.2. Bottom-Up Cooperation from Local Governments

Despite continuous adjustments to the administrative boundaries of the provinces in
the Yangtze River Delta in the past, the region has a dep basis of cooperation in terms of
historical and cultural heritage, shared markets, and industrial clusters, gradually forming
an urban spatial area radiating outward from Shanghai as a metropolitan area. Since
modern times, Shanghai has become a pivotal node in the global city network and has
earned its status. However, Shanghai has always been aware that this gateway hub status
relies on strong support from the Yangtze River Delta’s economic hinterland. Therefore,
the development of Shanghai and its surrounding areas is integrated and inseparable.

Since the 1980s, the Yangtze River Delta region has spontaneously formed various
regional cooperation models. The first is the Adjacent Area Model. For instance, Kunshan,
adjacent to Shanghali, actively integrates with Shanghai for investment promotion, and the
level of integration between Kunshan and Shanghai is already very high. The second is
the Leapfrog Model. In terms of integrated technological innovation, the G60 expressway
links the technology industries of major cities such as Shanghai, Suzhou, Hangzhou, and
Hefei. The third is the Enclave Economic Model. The Shanghai Economic Development
Zone has established many branch zones in the cities of Jiangsu Province and Zhejiang
Province, forming a base for close industrial cooperation.

From above, we can clearly see that the Yangtze River Delta with a solid foundation of
economic ties and cultural similarities has exhibited an augmented intrinsic motivation
among the local governments to promote regional development. Due to the deep coopera-
tion basis, close exchanges of personnel, funds, and information have driven the economical
integrated development of the Yangtze River Delta with strong endogenous dynamics,
which has become even more prominent after the central government proposed a new goal
of green ecology. The establishment of the Demonstration Zone has provided an experi-
mental field for local governments to actively explore the new model of cross-provincial
integrated development, focusing on solving some specific problems like transportation
bottlenecks, administrative barriers to data flow, and obstacles to cross-provincial enter-
prise registration. As a senior official from the Demonstration Zone’s executive committee
told us in the interview, “The key premise for the implementation of policy experiments in
the demonstration zone is the good foundation laid in the previous decades. The officials
from the three regions identify with each other and work together harmoniously to solve
many difficult problems that would be hard to be solved only by themselves” (Interview
No. 03).
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5. Technological and Institutional Innovations of the New
Reform Experiments

5.1. Smart Planning Based on New Digital Technology

Establishing a dynamic monitoring, evaluation, early warning, and regulatory mecha-
nism for land spatial planning is a strategic deployment made by the central government.
In recent years, in order to address issues such as an excessive number of planning types,
overlapping and conflicting planning content, complex approval processes with long cy-
cles, and frequent modifications of plans by local governments, China has restructured
the spatial planning system. It has replaced the previous urban—rural planning and land
use planning with territorial spatial planning. The Yangtze River Delta region, espe-
cially the Demonstration Zone, serves as a testing ground for promoting and practicing
this new planning system. To meet the needs of enterprises and the industrial sector to
break through administrative boundaries and layout industrial chains and supply chains,
satisfy the horizontal cooperation needs of local governments, and avoid cross-regional
disorderly competition and construction, under the guidance of the Ministry of Natural
Resources, the Demonstration Zone has formulated the Overall Territorial Spatial Plan of
the Demonstration Zone of Green and Integrated Ecological Development of the Yangtze
River Delta (2021-2035), which is the first legal territorial spatial plan jointly formulated
across provinces and submitted to the State Council for approval in China. Therefore, this
is an innovative formulation and implementation of a new type of plan in the Yangtze
River Delta region and a policy response at the national level to local demands. Under
normal circumstances, plans at the county and district levels only need to be submitted by
the city to the province for approval. However, this cross-regional plan has received the
approval of the central government, thus enhancing the authority of the plan. The joint
formulation method has connected the basic spatio-temporal data, enabling discussions
on a unified platform and resolving conflicts in project and infrastructure layout among
regions. In terms of the application of new technologies, the Demonstration Zone has built a
cross-provincial smart brain in combination with plan formulation and implementation. By
leveraging new technologies such as big data and artificial intelligence, it has integrated the
four systems of plan formulation and approval, implementation and supervision, legal and
policy, and technical standards onto a unified platform and connected them horizontally.

From the perspective of the spatial structure of the Overall Territorial Spatial Plan, the
Demonstration Zone is located in the triangular area composed of three core cities of Shang-
hai, Suzhou and Jiaxing and four development corridors, and its coordinated development
effect has a key impact on the integrated regional development of the Yangtze River Delta
(Figure 7). To borrow the words of an official in the interview, “The demonstration zone
places ecological green development as the top priority, reflecting the core value orientation
of the new era’s development transformation. It uses new thinking and new approaches
to drive regional environmental, economic and social development” (Interview No. 19).
The Demonstration Zone primarily achieves unified regional dynamic spatial planning
management through building China’s first cross-provincial smart brain with the following
three characteristics (Figure 8).

Firstly, the system unifies regional planning standards and data standards and builds a
data hub platform for cross-provincial spatiotemporal data collection and sharing. Relying
on the data foundation of the Demonstration Zone’s smart brain platform, a standard
specification for basic geographic information data and a standard for collecting public
credit information have been established. Techniques such as remote sensing surveying, IoT
perception, and Al recognition have been employed to analyze monitoring data, achieving
dynamic planning evaluation of land use. The executive committee has promoted data
interconnectivity and sharing among the two districts and one county through various
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data collection methods, such as offline data aggregation, map service registration, and
functional component registration.
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Figure 8. The technical architecture of the first cross-provincial smart brain in China. Source: Prepared
by the authors.

Secondly, based on the data hub platform, a cross-provincial land spatial planning
system has been constructed that provides digital technical support for various application
scenarios, such as spatial connection intensity analysis based on population movement
data and spatial pattern analysis based on nightscape lighting data. Relying on this system,
the goal of managing the whole region with a blueprint has been achieved. Through digital
technological innovation, the executive committee has explored the solutions to issues like
cross-provincial digital infrastructure connectivity, data sharing, and land use management,
achieving joint approval of detailed planning across provinces and joint review of urban
development boundary adjustments.

Thirdly, the algorithm model of artificial intelligence is applied in dynamic monitoring
of land spatial planning implementation. Also, the monitoring model has been connected
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with the China Spatial Planning Online Monitoring Network. This not only enhances the
consistency between planning proposals and actual implementation, but also increases the
efficiency and effectiveness of regional environmental monitoring, such as carbon emissions.
As a planning expert pointed out, “The intelligent planning monitoring system represents
a new starting point for China’s spatial planning, which has achieved the national leading
effect of planning implementation” (Interview No. 16).

5.2. Integrated Governance Based on New Administrative Structure

In addition to the technological innovation of smart planning, institutional innovation
also promotes the green development of cross-provincial city-regions. The integrated
governance of the Yangtze River Delta used to be achieved through vertical administrative
boundary adjustments in the past decades. However, with the increasing demand for
cross-provincial integrated development, the Demonstration Zone needs to build a new
administrative structure to ensure the long-term sustainability of integrated governance.
To this end, the Demonstration Zone proposes the idea of “not breaking administrative
subordination, but breaking administrative boundaries” and focuses on institutional inno-
vation through establishing a cross-provincial decision-making and execution system that
integrates administrative resources and promoting horizontal and vertical intergovernmen-
tal cooperation.

Following the principle of collaborative governance, the decision-making and execu-
tion system incorporates different levels of government, market and social forces into the
system and creatively constructs a four-level institutional framework (Figure 9). At the
national and strategic level, the leading group for integrated governance was established to
implement the deployment and decisions from the central government. This is a prevalent
approach in China for resolving local administrative conflicts in regional development.
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Figure 9. The institutional framework of the decision-making and execution system. Source: Prepared

by the authors.

At the decision-making and coordination level, the Demonstration Zone council
takes charge of making decisions and coordinating all the local public affairs in the city-
region. This is mainly to achieve the integration of “province-to-province” relationships
within the city-region and maximize the participation of market and social forces. The
operation of the council adopts a rotation system, with senior provincial officials from
Shanghai, Jiangsu and Zhejiang serving as the chairpersons of the council, holding regular
council meetings and regional cooperation joint meetings to study and determine regional
development plans and coordinate the promotion of major projects. The composition of the
council reflects the characteristics of multi-level governance, breaking away from China’s
traditional administrative hierarchy. Provincial, municipal and county departments are all
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equal council members. Moreover, it also includes representatives from enterprises, social
organizations, universities, think tanks, financial institutes, and research institutes as the
council members.

At the policy implementation level, the executive committee is responsible for imple-
menting the decisions made by the council and addressing cross-provincial administrative
conflicts. It has five sub-groups: the comprehensive coordination group, the policy and reg-
ulation group, the ecological and planning construction group, the business and industry
group, and the public service and social development group. Since its establishment, the
executive committee has carried out a large number of institutional innovations in eight
areas, including planning formulation, land management, investment management, fiscal
revenue sharing, factor flow, public services, ecological environment and public credit, and
has optimized a set of institutional processes from planning formulation, plan arrangement,
and project management to supervision and law enforcement. As a scholar summarized,
“the core organizational structure of ‘the Council-Executive Committee” has indeed played
a key role, and it has important reference significance for the integrated development and
governance of the Beijing-Tianjin-Hebei region and other parts of the country” (Interview
No. 12).

At the project management level, the Demonstration Zone has established the de-
veloper alliance consisting of consulting agencies, enterprises and industry associations,
universities and research institutes, financial companies, and media to further strengthen
the collaborative governance and solve specific issues in project management. As an
advisory agency, the developer alliance provides timely feedback and advice to the execu-
tive committee in the process of land development and project operation. In addition, it
also acts as a bridge for communication between public authority and private developers.
Regarding the construction of the four-level decision-making and execution system that
absorbs market and social forces, an official from the Beijing-Tianjin-Hebei integration pilot
zone compared it with the Demonstration Zone of the Yangtze River Delta: “Compared
to Beijing-Tianjin—Hebei, the market and social forces in the Yangtze River Delta are very
strong, which is an advantage for the integration of the Yangtze River Delta. The wisdom
of the demonstration zone lies in incorporating these non-governmental forces into the
governance structure through institutional innovation, allowing them to play a positive
and promoting role in advancing cross-provincial city-regional integrated development”
(Interview No. 14).

In addition, the Demonstration Zone has also innovated three major governance mech-
anisms. The first is the personnel co-employment mechanism, which combines the modern
enterprise personnel management system with the party cadre management system and
selects outstanding cadres from the two provinces and one municipality to rebuild a new
civil servant team. All the officials are co-employed by the executive committee rather than
by each province separately, and their salaries are linked to the fiscal growth and gover-
nance performance of the Demonstration Zone. They do not distinguish between Shanghai
cadres, Zhejiang cadres, and Jiangsu cadres, and there are greater salary incentives here,
all working for a unified goal. The second is the co-management mechanism for project
planning and construction. It includes the first online approval and supervision platform
for cross-provincial investment projects in China. This platform is directly connected to the
national information center platform, making it convenient for the projects to be directly
included in the project management database of the National Development and Reform
Commission. The third is the fiscal and tax sharing mechanism. On the basis of artificial in-
telligence technology, it is used for the tax calculation generated in the Demonstration Zone,
cross-provincial revenue distribution, tax filing, law enforcement, and fiscal supervision.

88



Land 2025, 14, 156

This city-regional governance innovation possesses distinctive value. It does not
adopt the historical approach of large-scale government mergers in Europe and America,
nor does it rely on intergovernmental cooperation agreements or governance alliances
lacking hard constraints. It also does not follow China’s previous approach of resolving
local administrative fragmentation through vertical administrative territorial adjustments.
Instead, it adopts a new form of integrated governance: the provincial governments
supported by the central government establishes a joint agency to be responsible for the
management of cross-provincial city-regional development. From a global perspective, this
represents the most significant institutional innovation in the new stage of cross-provincial
integrated governance in the Yangtze River Delta.

5.3. The Effectiveness and Challenges of the New Reform Experiment

Since the establishment of the Demonstration Zone in 2019, the new reform experiment
has achieved preliminary positive results, which has improved top-level design, formulated
regional spatial plans, unified regional standards for ecological environment protection,
and established unified mechanisms for personnel co-employment, project co-management,
and fiscal sharing. After more than three years of dedicated efforts, the Demonstration
Zone has successfully implemented 154 institutional innovations, out of which 48 have
been effectively replicated and widely promoted across the nation, and 180 projects have
already been implemented (Interview No. 21). Consequently, it has significantly enhanced
its coordination and efficiency in terms of ecological co-governance, shared responsibility,
and outcome sharing.

It is worth noting that the long-standing issue of unified regional management has
been systematically resolved. The executive committee has issued many unified plans,
standards and norms for regional development, ecological environment protection, air
pollution, and water environment governance. For instance, the Guidelines for the Planning
and Construction of the Pilot Area for the Demonstration Zone in the Yangtze River Delta
is the first set of cross-provincial planning and construction standards in China. The
Comprehensive Plan for the Territory Space for the Demonstration Zone of Green and
Integrated Development in the Yangtze River Delta (2019-2035) is another example, as
the first territorial spatial plan jointly formulated by cross-provincial cooperation. In
October 2020, the Demonstration Zone issued a list of 7 unified standards, including
the Technical Specification for Environmental Air Quality Forecast, becoming the first
batch of unified regional standards in the Yangtze River Delta region. The two provinces
and one municipality jointly carried out a unified monitoring network system for air,
water, emergency response, and pollution sources, established a joint law enforcement
team, and clarified unified law enforcement standards. The Demonstration Zone has
developed specialized cooperative governance schemes for key transboundary water
bodies, establishing standardized implementation criteria for ecological restoration and
enhancement projects targeting issues such as eutrophication, cyanobacterial blooms, and
cross-border management.

From the perspective of green integrated development, the ecological protection qual-
ity in the Demonstration Zone has been significantly improved. For example, the proportion
of surface clean water bodies has increased substantially from 75% to 98.1%, and the water
environment quality has already met the 2025 planning target ahead of schedule (Interview
No. 16). In addition, substantial progress has been made in promoting transportation
integration in the Demonstration Zone. An official in charge of transportation affairs in
the Demonstration Zone said, “Nine inter-provincial dead-end roads have been opened to
traffic. The westward extension project of Shanghai Metro Line 17 has been completed and
put into operation, and the Shanghai-Suzhou-Huzhou High-speed Railway was officially
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opened on December 26th” (Interview No. 23). From the perspective of economic growth,
the combined GDP of the two districts and one county in 2023 reached 472.5 billion yuan,
and the total industrial output value of industrial enterprises above designated size reached
872.9 billion yuan. Compared with 2019, the average annual growth rates were 5.94% and
8.19%, respectively. In particular, the intensity of R&D investment increased to 4.2%, which
is higher than the average level of the three provinces and one municipality in the Yangtze
River Delta and leads the national average level (Interview No. 22). From the perspective of
people’s well-being, the reform and trials in the Demonstration Zone have brought tangible
happiness to the people. As an official of the Executive Committee of the Demonstration
Zone put it, “At present, 531 designated medical institutions and 926 pharmacies have
realized cross-provincial medical insurance settlement. There are over 3500 cross-provincial
online service items, and the cumulative number of processed cases has reached 116,000”
(Interview No. 2).

However, the Demonstration Zone still faces the dual challenges of efficient factor
flow and deep institutional integration in the face of intensified global city-regional compe-
tition. Compared with leading city-regions globally, the Yangtze River Delta region still
has shortcomings in terms of economic aggregate, modern industrial system, innovation
capability, and interconnected infrastructure. Although a series of major projects have
been initiated in recent years, such as high-speed railways and intercity metro lines, some
provincial or municipal border areas still need to be connected. In addition, due to the
fierce competition between China and the United States, the resilience and security level of
the industrial and supply chains in the Yangtze River Delta region have also been impacted.
Hence, it is imperative to engage a diverse array of market participants and localities in the
developmental process while employing market-oriented approaches to tackle underlying
issues. The most important challenge for the future integrated green development of the
Yangtze River Delta is how to leverage city-regional integration to achieve free and efficient
flow of factors. This requires further promotion of the deep integration of relevant insti-
tutions. The long-standing administrative barriers in the region are unlikely to disappear
soon. There is still significant regional disparity in terms of economic strength, fiscal capac-
ity, infrastructures and public services. Although the Demonstration Zone has explored
fiscal sharing, the scale and proportion are relatively small, leaving considerable room for
improvement. Due to the involvement of multi-level local governments, such as provinces,
cities, districts, counties, and townships, within the Demonstration Zone, the intertwined
administrative relationships are relatively complex. Although the Demonstration Zone
has undertaken many technological and institutional innovations, local governments at
the district and county levels remain the most important administrative entities in terms
of actual control over the development of various regions. Therefore, further promotion
of interests and actions between different regions still requires the continuous operation,
promotion, and improvement of new technologies, institutions and mechanisms.

6. Conclusions and Discussion

Based on the review of western city-regionalism theory, this article proposes a new
theoretical framework for cross-provincial city-regionalism in China’s new development
stage, through reinterpreting the institutional logic of the new reform experiment based on
smart planning and integrated governance. It is revealed that intensified global regional
competition has prompted the central government to shift policy objectives and intervene
strongly, thereby activating intrinsic dynamics for local governments in cross-provincial
city-regional development and integration governance. Consequently, there has been
a transition from adjusting vertical administrative boundaries at the provincial level to
integrating vertical and horizontal territorial restructuring beyond the provincial level.
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This article also reveals that the new administrative structure has promoted smart
planning by digital technology through the establishment of the integrated governance sys-
tem in the cross-provincial city-region. With the strong support of the central government,
the Demonstration Zone has undergone comprehensive and robust governance restruc-
turing in the personnel co-employment mechanism, project co-management mechanism,
and fiscal sharing mechanism. Some institutional innovation achievements have already
been promoted and replicated. The Demonstration Zone, despite still facing some chal-
lenges, undoubtedly represents a rare occurrence in China’s previous regional integration
governance reform and holds significant theoretical value.

From a theoretical perspective, the framework of cross-provincial city-regionalism
extends traditional city-regionalism theory, explains the phenomenon of smart planning
and integrated governance in the fifth stage of regional development, and provides a
new supplement to western city-regionalism theory by incorporating new institutional
logic and national vertical integration. On the one hand, the new framework breaks the
economic logic of the existing analytical framework and focuses more on explaining the new
institutional logic of green development. Under the authoritarian system in the Chinese
style, the local governments can change their logic of action due to the central government’s
shift in policy objectives, transitioning from growth-oriented competition to cooperative
development and ultimately transforming into a new regional governance structure that
transcends the power boundaries of provincial governments. On the other hand, the
new framework is evidently different from the framework of Western city-regionalism,
which only focuses on the reterritorialization of global capital or excessively emphasizes
bottom-up horizontal cooperative or integrated governance.

The theoretical value of the case is that China’s new reform experiment offers a
unique governance model, integrating vertical administrative levels and horizontal co-
operative governance structures, distinct from the previous models used in China and
Europe/America. However, for other countries, the new theoretical framework of China’s
cross-provincial city-regionalism only has partial technical applicability and institutional
limitations. Regarding the former, the Chinese government has successfully promoted the
formulation of overall plans for city-regions by building a smart brain with shared data and
used digital technologies to dynamically monitor the implementation of city-regional plans.
This has strongly promoted the green integrated development of urban regions. This is
quite instructive for other countries. As for the latter, China adopts a unitary state structure
form with the characteristics of a highly centralized system. The central government can
directly lead local governments and directly promote the implementation of the new model
of cross-provincial city-regional governance. It is difficult for other countries to imitate
this if the central government lacks sufficient institutional authority. China’s practice also
shows that various “soft” forms of city-regional governance, due to the lack of strong
institutional guarantees, may ultimately fail to truly and effectively solve the problems
of city-regional collaborative governance. The reform experiment of smart planning and
integrated governance in the Yangtze River Delta is still ongoing. Despite achieving prelim-
inary results, it also faces many challenges. Therefore, the cross-provincial city-regionalism
framework based on the current practice is only a preliminary theoretical thinking. Future
practices may still need further refinement.
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Abstract: The rapid development of urbanization has continuously encroached on people’s living
space and ecological space, leading to an imbalance in territorial spatial functions. Identifying
potential land use conflicts and optimizing land use structure are conducive to carrying out territorial
spatial planning rationally. In this paper, we adopt the suitability assessment method to evaluate the
suitability of land for production, living, and ecological functions and then use the land use conflict
identification matrix to identify land use conflicts in Donghai County and make relevant suggestions
according to the intensity of land use conflicts. The results of this study show the following: (1) the
areas of suitable land use zones, strong conflict zones, medium conflict zones, and weak conflict zones
in Donghai County are, respectively, 58.83%, 10.62%, 26.31%, and 4.24%. (2) The spatial distribution
differences in the different conflict zones could determine the pertinence of conflict mitigation and
spatial planning. In the process of the urbanization of Donghai County, ecological environmental
protection is still the top priority. (3) It is necessary to economically and intensively use construction
land, improving its fine management level. Land use efficiency should be maximized, and the spatial
distribution of national territory should be reasonably optimized while strengthening the guiding
role of planning. This study addresses land conflicts from the perspective of spatial planning rather
than economic behavior. It also provides significant insight into land use layout at the county level,
which is exactly what China is exploring in the new era.

Keywords: production-life-ecological functions; land use conflicts; suitability assessment

1. Introduction

Since the middle of the last century, human beings have intensified the development
of land resources in order to meet the rapid growth of the population and the expansion of
social demand. This has led to enormous pressure on resource allocation and aggravated
the functional conflict of land use. The contradiction between limited land resources
and increasing demand and the problem of land use conflicts have seriously affected
the coordinated development of regions. This has become a common problem faced
by different countries in the process of industrialization and urbanization [1]. In China,
with urbanization entering into a rapid development process, the problem of land use
conflict has seriously affected the coordinated development of regions. Urbanization and
industrialization have led to rapid economic development. While significant attention has
been directed toward the speed of development, the issues arising from the careless use of
resources have often been overlooked. The rapid pace of production has encroached upon
both living and ecological spaces, resulting in an imbalance in the functions of geographical
space. Due to the land resource characteristics of territoriality, finiteness, and scarcity, the
problem of land use function conflict has become more and more prominent [2,3]. The
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report of the 20th National Congress of the Communist Party of China (CPC) points out
that it is necessary to build a regional economic layout and territorial space system with
complementary advantages and high-quality development. It has become an important
task to identify land use conflicts, rationally carry out land space planning, mitigate land use
function conflicts, achieve the coordinated development of land with multiple objectives,
and promote the high-quality and sustainable use of land resources.

Since the 1970s, the problem of land use conflict has attracted scholars” attention at
home and abroad. It has become a research focus and hotspot [4]. “Agenda 21” outlined
conflict as a key topic in land use planning. Different scholars have carried out extensive
research on land use conflict from their own perspectives [5,6]. The consensus about
the definition is that land use conflict is a kind of conflict caused by the scarcity of land
resources, the multiplicity of functions, and different stakeholders” diverse needs [7].

The content of research on land use conflict has included the root causes of conflicts [8-10],
land use conflict management [11,12], land use conflict simulation [13,14], land use conflict coor-
dination and solutions [15,16], land use conflict identification and intensity diagnosis [17], land
use conflict in different countries and global sustainable development [18], etc. In fact, the
prevention and mitigation of land use conflicts and the formulation of reasonable territorial
spatial planning must be based on the identification of land use conflicts [19]. While relevant
research about land use spatial conflict is inadequate, spatial identification has become the most
important issue in the land use conflict research field [20].

Land use conflict identification methods include qualitative and quantitative anal-
yses. Qualitative methods of land use conflict identification include the participatory
survey method, participatory mapping method [21,22], game theory analysis method,
etc. [23,24]. Quantitative methods include the PASIR model [25], PSR model [26], multi-
objective planning method [27], landscape ecological risk method [28,29], suitability evalu-
ation method, etc. [30,31]. Among them, suitability evaluation is usually used in spatial
conflict identification [32]. Within research on land suitability and competitiveness evalua-
tion, the combination of land use conflict types and intensity has great application value.
A variety of methods have been used for land use suitability assessment, including over-
lay mapping [33], the multi-criteria evaluation method [34], the weighted superposition
method of GIS and RS [35], and so on. Among them, the methods of determining suitability
weight include the analytic hierarchy process, the expert scoring method combined with
the analytic hierarchy process, the network analysis method [36-38], and so on. Referring
to the relevant literature, we selected the entropy weight method in this paper to evaluate
the suitability of land use function [39].

Regarding survey regions, previous spatial research on land conflicts has been more
concentrated in economically developed regions at the macro level, such as at the na-
tional [40], province [41], city [42], urban agglomeration [43], and river basin [44] levels.
In China, the General Offices of the CPC Central Committee and the State Council issued
“opinions on promoting urbanization construction with county seat as an important carrier”
in 2022. The county seat has been listed as an important carrier of future urbanization
construction. It has become an important task to study how to coordinate the production,
life, ecology, and security needs of the county and jointly promote the development of new
urbanization in the implementation of the national strategy. Land use function conflicts are
important factors limiting the sustainable development of urbanization [45]. Based on the
new trend of territorial spatial planning and economic and social sustainable development
considerations, studying land use conflicts from the perspective of “production-living—
ecological” functions becomes a practical requirement [37,46]. Existing studies of land
use conflicts with spatial analysis have paid less attention to the county level, especially
the township level. Research on County areas could improve the precision of evaluation
results, which is of greater significance in guiding the land use planning of provincial and
grassroots governments.

This study identifies the types and intensity of land use conflicts in Donghai County
from the perspective of the suitability of “production-living-ecological” functions (PLEFs).
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It analyzes the zones of land use conflicts within Donghai County and its townships. The
main contributions of this research include: (1) identifying and diagnosing the intensity of
land use conflicts in Donghai County, which could provide case references for coordinating
ecological environmental protection with social development, thereby offering a scientific
basis for decision-making by local and regional land use spatial planning administrators.
(2) Using a land use conflict identification matrix, this study examines the land use conflict
situation in each township from a county-wide perspective. The exploration of land use
conflict issues at both the county and township scales provides valuable support materials
for grassroots planning and governance. (3) Through the evaluation of the appropriateness
of PLEFs, the research findings will contribute to systematic planning and layout, enhance
the protection of land resources, and promote sustainable societal development.

2. Theoretical Analysis Framework
2.1. Land Use Conflicts Based on PLEFs

This study analyzes land conflicts from the perspective of spatial configuration. The
same land can serve multiple functions simultaneously. The functional suitability of land
use refers to the degree to which a particular land area is appropriate for agricultural
and industrial production, urban construction, ecological protection, and other human
activities. The scarcity of land resources, the multifunctional suitability of land use, and the
diversity of human needs contribute to conflicts during the land use process [37]. From
the perspective of “production-living-ecological” functions, we define land use conflict as
the contradiction arising from the multiplicity of land functions, the competitiveness of
land resources, and the diversity of social needs during production, economic construction,
ecological protection, and other land use processes [29,43]. This definition encapsulates
the spatial dynamics involved in land development and utilization, which are caused by
conflicts among multiple land functions. When two or more functions exhibit an equal
degree of suitability within the same land area, subsequent land use processes may give rise
to corresponding conflicts due to different needs. Based on the evaluation of production,
living, and ecological functions, this study identifies zones of land with high or medium
suitability for two or three functions as potential areas for land use conflicts. To assess
the intensity of these potential conflicts, a land use conflict matrix will be constructed,
categorizing spatial land into strong conflict zones, medium conflict zones, and weak
conflict zones.

2.2. Analysis Framework of Land Use Conflict Identification

The natural supply of land resources is limited. The development of urban and rural
economic construction has led to an increasing demand for land resources, resulting in an
increasingly tense relationship between humans and land. The scarcity of land resources
has given rise to competition for land use, which is a primary cause of land use conflicts.
With the proposal and widespread application of sustainable development theory, the
study of land use functions has gradually expanded beyond agriculture to encompass
economic, social, and ecological fields [30]. Land possesses multifunctionality, serving
productive, subsistence, and ecological purposes [45]. This multiplicity of land functions is
a significant factor contributing to the emergence of land use conflicts. In the use process,
different stakeholders have varying needs, leading to competition in selecting land use
methods and primary functions, which in turn results in conflicts. The conflicts between
the production, living, and ecological functions of land reflect the competing demands
of economic development, social construction, and ecological environment protection.
Natural attributes represent the inherent qualities of the land, while location conditions
arise from the interplay of various regional land attributes influenced by human economic
activities. Lands in different areas exhibit varying functional suitability due to differences
in their natural properties and location conditions. The suitability of production, living,
and ecological functions is considered goal oriented. An indicator system is constructed to
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evaluate the suitability of regional land functions by selecting indicators from both natural
and locational perspectives [32].

Based on the analysis of theoretical concepts and the existing literature [39,42,47], this
study integrates the theory of human-land coordination with the theory of sustainable
development to evaluate land use function suitability. The evaluation is approached from
three perspectives: production function, living function, and ecological function. An indi-
cator system is developed, considering both natural attributes and locational conditions.
Furthermore, the study identifies regional land use conflict zones and assesses the inten-
sity of these conflicts, thereby providing valuable case references for subsequent spatial
planning (Figure 1).
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Figure 1. Theoretical analysis framework.

3. Materials and Methods
3.1. Study Area

Donghai County is part of Lianyungang City, situated in the north of Jiangsu Province.
It falls under the jurisdiction of a provincial economic development zone and comprises
13 towns, 4 townships, and 2 streets. The county features a long east-west terrain and a
shorter north-south expanse, with higher elevations to the west and lower elevations to
the east, where the terrain is predominantly flat. Donghai County is located at the core
of the national intersection of the “Belt and Road “initiative. Additionally, it serves as
an overlapping area for three major strategies: the Coastal Economic Belt, the Jianghuai
Ecological Zone, and the Huaihai Economic Zone (see Figure 2). Adhering to the principle
of “Establishing industry to strengthen the county”, Donghai County is leveraging its
resource advantages to develop the new materials industry and a circular economy. The
county has made significant progress in these sectors and has been recognized as one of
the top 100 counties in the nation for high-quality development and for its development
potential. As a significant grain functional area, Donghai County is endowed with abundant
arable land resources and is recognized as a national leader in grain production. Situated in
the core region of the mountainous and hilly ecological landscape in western Lianyungang
City, Donghai County features a national wetland park, a provincial forest park, and several
water conservation areas. In recent years, the intensity of land development and utilization
in Donghai County has escalated. Industrial development and urbanization have resulted
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in the continuous expansion of construction land, encroaching upon other land types.
Issues such as the unbalanced development of production and living spaces, as well as
the deterioration of the ecological environment, have increasingly come to the forefront.
The conflicts among the production, living, and ecological functions of land resources
are critical factors influencing the coordinated use of land and the economic and social
development of the area. Therefore, identifying potential land use conflicts is essential for
rationally formulating territorial spatial planning, promoting the coordinated fulfillment
of production, living, and ecological functions (PLEFs), and achieving the efficient use of
land resources.
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Figure 2. Map of the study area.

3.2. Research Methods
3.2.1. Topographic Position Index

The Topographic Position Index (TPI) is derived from the integration of elevation and
slope, effectively representing the topographic variations within a region. A lower slope
and reduced elevation result in a smaller YPI, suggesting that the challenges associated
with development and construction are minimized, making these areas more suitable for
habitation. The calculation formula is as follows:

(5 1) (3 4) <1>

In this context, T represents the Topographic Position Index (TPI) of a specific point
within the area. The variable e denotes the elevation value at that point, while E signifies
the average elevation value across the area. Additionally, s refers to the slope at the point,
and S represents the average slope value within the area.

3.2.2. Entropy Weight Method

The entropy weight method is an objective assignment technique that draws upon
the conceptual framework of information entropy. This method enables the objective
calculation of the weight of each indicator, thereby mitigating the errors introduced by
subjective judgment [39]. The weights derived from the entropy weight method reflect the
relative change rates of the indicators within the system.
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To calculate the entropy value of the jth metric ej, the following formula was used:

Pij :ZijZ{ilziji = 1,2,...,m,j = 1,2,...,1’1 (2)

g = —KLL pijln(pij> ®)

where i is the divided grid cell and j is each indicator; z; is the value of the jth indicator in
the ith grid; and P is the weight of the jth indicator in the ith grid. The constant K, which
is greater than zero, is typically associated with the number of samples m. In this paper, we
set the constant K to 1/In(m).
To calculate the information utility value for the jth indicator d;, the following formula
was used:
d] =1- e]-. (4)

To calculate the weight of the indicator wj, the following formula was used:
wi = dj/jEiL 4 (5)

3.2.3. Calculation Results of Suitability Evaluation

The comprehensive evaluation method was used to calculate the comprehensive index
of PLEF suitability, with the following formula:

Si = izjn:l W] X Al] (6)

where S; is the suitability score of the ith grid and A;; is the standardized score for the jth
indicator of the ith raster. The higher the Si value, the higher the functional suitability of
the ith grid.

3.2.4. Matrix for Identifying Land Use Conflict Types

Based on the suitability evaluation results and the existing literature [48], the suitability
levels of the production function, living function, and ecological function are ranked
and combined, yielding 27 distinct results. These results are categorized into 4 first-level
categories and 12 second-level categories. The specific land use conflict identification matrix
is presented in Table 1. The term “Production-living-ecological” indicates a potential land
use conflict among the production, living, and ecological functions of land. “Production-
living” denotes a potential conflict between the production and living functions, while
“Production-ecological” refers to a potential conflict between the production and ecological
functions. Lastly, “Living-ecological” signifies a potential conflict between the living and
ecological functions of land.

Based on the perspective of PLEFs, 18 evaluation indicators were selected from two
dimensions: natural and social factors that influence land use, reflecting the characteristics
of different functions. The indicators were standardized to determine their weights more
objectively, employing the entropy weight method. Five assignment levels were established,
referencing the existing literature. A land use functional suitability evaluation index system
was constructed using these indicators. Following the suitability evaluation results, land
use conflicts were identified using a conflict identification matrix, enabling the diagnosis
of conflict zones and their intensity. Policy suggestions will be proposed for the targeted
analysis of land use conflict zones with various intensities. The overall framework of the
paper is illustrated in Figure 3.
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Table 1. Identification matrix of land use conflicts.

Type of Conflict Appropriateness of PLEFs
Conflict Type Secondary Conflict Type Production Living Ecological
Production Suitable Area High Medium/Low Medium/Low
Medium Low Low
PLEF Suitability Zone Living Suitable Area Medium/Low High Medium/Low
Low Medium Low
Ecological Suitable Area Medium/Low Medium/Low High
Low Low Medium
Production-living-ecological High High High
Strone conflicts zone Production-living High High Medium/Low
8 Production—ecological High Medium/Low High
Living—ecological Medium/Low High High
Production-living—ecological Medium Medium Medium
Medi fi Production-living Medium Medium Low
edium conflicts zone Production—ecological Medium Low Medium
Living—ecological Low Medium Medium
Weak conflicts zone Weak conflicts zone Low Low Low
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Figure 3. Flow chart of the research.
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3.3. Data Sources and Processing
3.3.1. Indicator System for Evaluating the Suitability of PLEFs

The suitability of PLEFs refers to the appropriateness of land resources in fulfilling
production, living, and ecological functions. Different conditions are required to achieve
these distinct functions. Consequently, based on the specific circumstances of Donghai
County and the requirements of each function, we selected evaluation indexes to construct
an evaluation index system for assessing the suitability of Donghai County’s production,
living, and ecological functions, drawing on relevant studies [1,32,49] (Table 2).

Table 2. Evaluation indicator system for the suitability of PLEFs.

Indicator Classification and Score

Target Indicator Weight
9 7 5 3 1
Distance to mineral
200 500 1000 1500 >1500 0.1905
resource (m)
Distance to ponds and 100 300 500 1000 >1000 0.1410
ditches (m)
Production Soil organic matter
Functional content (g/kg) >8 7 6 > < 01462
Suitability Distance to river/m 100 300 500 1000 >1000 0.0979
Slope (°) 2 6 15 25 >25 0.1423
Indus.tnal Natural Breaks 0.1915
agglomeration degree
Distance g’nr)“am road 100 300 500 1000 >1000 0.0905
TPI Natural Breaks 0.0909
Livi Distance to road 100 300 500 1000 >1000 0.0853
wving Commercial facilities
Functional . Natural Breaks 0.2584
R density
Suitability Dist 4 1
istance o rura 200 500 1000 1500 >1500 0.1094
settlement
. Educational . Natural Breaks 0.2304
infrastructure density
Medical mfr.astructure Natural Breaks 0.2255
density
NDVI >0.8 0.8 0.6 0.4 <0.2 0.2658
Ecological Slope (°) 5 8 15 25 >25 0.2320
Functional NPP Natural Breaks 0.1565
Suitability Distance to 1000 500 300 100 <100 0.1587
construction land (m)
Distance to reservoir 200 500 1000 2000 2000 0.1870

(m)

Evaluation indicators for the suitability of land use production functions were selected
from both natural and social dimensions. In the natural dimension, mineral resources are
crucial for industrial production in Donghai County; thus, the distance to these resources
was chosen as one of the indicators. Ponds, ditches, and rivers provide essential water
resources for both agricultural and industrial production, while rivers also serve important
ecological functions. The content of soil organic matter directly reflects the soil’s suitability
for agricultural production, leading to the separate selection of distances to ponds and
ditches as indicators. Additionally, slope significantly influences soil and water conserva-
tion capabilities during agricultural production, making it a key factor in this context. In
the social dimension, indicators include the degree of industrial agglomeration and the
distance to main roads. A higher degree of industrial agglomeration correlates with greater
scale effects in production, with indicator values derived from the analysis of the density
of enterprise distribution density in Donghai County. Furthermore, increased accessibility
and improved traffic conditions facilitate both agricultural and industrial production, with
indicator values calculated based on distances to roads and railways.

For the evaluation index for land use suitability concerning living functions, we se-
lected the Topographic Position Index (TPI), which indicates the challenges and costs
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associated with residential development and construction. Proximity to the township
center and the convenience of transportation correlate positively with the ease of living and
overall quality of life. Additionally, the presence of commercial facilities, educational in-
frastructure, and medical services offers essential support for residents, thereby enhancing
life convenience.

The evaluation indicators for assessing the ecological function suitability of land use
include the NDVI, slope, NPP, and the proximity to construction land and reservoirs.
The NDVI reflects the status of vegetation cover and provides insights into the ecological
condition of the area. A steeper slope increases the risk of soil erosion, which is detrimental
to ecological environmental protection. NPP represents the organic mass produced by
green plants through photosynthesis, excluding the portion utilized by plant respiration.
This indicator is crucial for evaluating the quality of the regional ecological environment.
Proximity to construction land correlates with increased ecological impacts, while reservoirs
significantly contribute to climate regulation and possess ecosystem service value; thus,
closer distance to them indicates higher ecological value.

3.3.2. Data Sources

The land use data are derived from China’s province-by-province yearly surface
cover dataset (CLCD). The elevation data utilized in the natural environment analysis
were sourced from the Geospatial Data Cloud. Slope data were processed based on the
elevation data. The Topographic Position Index was calculated using both elevation
and slope data. Data on rivers, ponds, ditches, and reservoirs were obtained from the
third national land survey database. Soil organic matter content data and vegetation
normalized index data were sourced from the National Tibetan Plateau Data Center (http:
//data.tpdc.ac.cn accessed on 3 July 2024). Vegetation net primary productivity data
were derived from the MODIS MOD17A3HGEF satellite remote monitoring dataset. In
the socio-economic data category, the transportation road network data were acquired
from the Open Street Map. Mineral point data were obtained from the National Mineral
Points Database Version 2021 (ngac.org.cn accessed on 3 July 2024). Data on industrial
points, educational facilities, medical facilities, and commercial facilities were sourced
from the GOOD MAP POI Points of Interest (POIs). Location correction and cropping
were performed using ArcGIS. Distribution density was calculated through kernel density
analysis. The aforementioned data were converted to a 30 m x 30 m raster format following
preprocessing steps, which included projection transformation, cropping, resampling,
Euclidean distance analysis, and kernel density analysis.

4. Results
4.1. Evaluation of Land Use Function Suitability

Based on the evaluation index system of PLEFs, ArcGIS was employed for data
processing and spatial analysis to derive the suitability evaluation results for production,
living, and ecological functions in Donghai County.

4.1.1. Evaluation of Production Functions Suitability

From a quantitative perspective, the area classified as highly suitable for production
functions is 454.45 km?2, which accounts for 22.38% of the total area of Donghai County.
The area deemed moderately suitable for production functions is 999.41 km?, representing
49.23%. Additionally, the area identified as low suitability for production functions is
576.39 km?2, making up 28.39% of the total area. Together, the highly and moderately suit-
able areas for production functions exceed 70% of Donghai County’s total area, indicating
an overall high suitability for production.

The spatial distribution of production function suitability levels in Donghai County is
illustrated in Figure 4. From a spatial distribution perspective, the overall pattern exhibits a
strip-like shape, with higher suitability in the central southeast and lower suitability in the
northwest. The areas of high production function suitability are primarily concentrated in
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the central region. At the township scale, the analysis reveals that the highly suitable areas
are predominantly located in the Donghai Economic Development Zone, Baitabu Township,
Niushan Street, and Hongzhuang Township. Specifically, the highly suitable areas in the
Donghai Economic Development Zone and Baitabu Township account for 63.81% and
47.54% of their respective total areas. Additionally, significant high-production function
suitability areas are also found in Hot Spring Town, Hongzhuang Town, and Shuangdian
Town. The medium suitability areas for the production function encompass the largest
expanse and are mainly distributed in the southeast of Donghai County, characterized by a
more fragmented distribution. The medium suitability areas primarily include Civilian
Township, Huangchuan Township, Zhangwan Township, Shiliang Street, and Fangshan
Township, which account for 80.79%, 59.31%, 58.23%, 57.58% and 57.69% of their total
township areas, respectively. Most townships exhibit the largest proportion of production
function suitable areas within their administrative boundaries.
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Figure 4. Spatial distribution of PLEF suitability.

4.1.2. Evaluation of Living Function Suitability

The results of the quantitative evaluation analysis regarding the suitability of living
functions in Donghai County indicate that the areas designated as high, medium, and low
suitability zones measure 65.24 km?, 868.69 km?2, and 1096.32 km?2 respectively. Notably,
suitability zones occupy the largest proportion, accounting for 54.00% of the entire study
area, while medium suitability zones represent 42.79% of the total area. In contrast, high
suitability zones constitute the smallest proportion at only 3.21%. The combined area of
medium and high suitability zones in Donghai County does not exceed 50% of the total
area. This suggests that the current infrastructure development and urban planning in
Donghai County are insufficient to adequately support living functions.
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The spatial distribution of living function suitability levels in Donghai County is
illustrated in Figure 3, which reveals a cluster-like spatial arrangement primarily centered
around the town center. Areas with high living function suitability are predominantly found
in the Donghai Economic Development Zone and Niushan Street, collectively accounting
for over 24% of the total area. These high suitability regions are situated within 200 m
of the township center. Surrounding the high living function suitability areas, medium
and low suitability regions are distributed in concentric circles. A statistical analysis of
the living space suitability proportions across each township indicates that the medium
living function suitable areas are predominantly located in Huangchuan Township, Camel
Peak Township, Shidu Street, and Fangshan Township. Notably, the proportion of medium
living function suitable area exceeds 50% of the total area in eight townships.

4.1.3. Evaluation of Ecological Function Suitability

The ecological function suitability results for Donghai County can be categorized into
high suitability, medium suitability, and low suitability areas using the natural breakpoint
method. Statistical findings indicate that the areas classified as high ecological function
suitability, medium suitability, and low suitability areas of Donghai County are 816.21 km?,
856.10 km?, and 357.94 km?, respectively, accounting for 40.20%, 42.17%, and 17.63% of the
total area. Notably, the combined proportion of areas with high and medium ecological
function suitability exceeds 80% of Donghai County’s total area. Overall, the area classified
as highly suitable for ecological functions is larger than that designated for high production
functions and high living functions, indicating a generally high level of ecological suitability.

The spatial distribution of ecological function suitability levels in Donghai County
is illustrated in Figure 4. Low suitability zones are primarily concentrated in the center
and are also scattered throughout the region. In contrast, high and medium suitability
zones are distributed around the center, with high suitability zones predominantly located
in the eastern part, accounting for a larger proportion. Medium suitability zones are
found in the west and are more widely distributed. Analyzing the spatial distribution
structure of ecological function suitability at the township scale reveals that highly suitable
ecological function areas are mainly concentrated in Zhangwan Township, Pingming
Township, Hot Spring Township, Huangchuan Township, and Fangshan Township in
the east, with proportions of 60.24%, 52.22%, 50.18%, 49.38%, and 44.08%, respectively.
Medium ecological suitability areas are primarily situated in Anfeng Township, Fangshan
Township, Li Communities, Shanzokou Township, Taolin Township, and Shihu Township,
all of which account for more than 45% of the total township area. The low ecological
suitability zones are smaller in size and are primarily located in the Donghai Economic
Development Zone and Nushan Street.

4.2. Land Use Conflict Analysis

The distribution map of PLEF suitability (Figure 4), reveals overlapping areas of
PLEF suitability, indicating the potential land use conflicts in Donghai County. Based
on the suitability evaluation of production, living, and ecological functions in Donghai
County, an overlay analysis was conducted using ArcGIS, resulting in 27 distinct functional
combinations, which were subsequently merged into similar types. The area and percentage
of each conflict type are presented in Table 3 and Figure 5.
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Table 3. Statistics on the area of land use conflict zones in Donghai County.

Conflict Type Area (km?) Proportion Secondary Conflict Type Area (km?) Proportion
Production 301.36 14.84%
Suitability Zone 1194.37 58.83% Living 65.43 3.22%
Ecological 827.58 40.76%
Production-living—ecological 1.65 0.08%
. Production-living 33.26 1.64%
0,

Strong conflict area 215.66 10.62% Production—ecological 179.43 8.84%
Living—ecological 1.32 0.06%
Production-living—ecological 192.58 9.49%
. . Production-living 65.79 3.24%
Medium conflict zone 53417 2631% Production—ecological 209.47 10.32%
Living—ecological 66.33 3.27%
Weak conflict zone 86.05 4.24% Production-living—ecological 86.05 4.24%
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Figure 5. Spatial distribution of land use conflicts in Donghai County.

4.2.1. Strong Conlflict Zone Analysis

The strong conflict zone comprises areas highly suitable for production, living, and
ecological functions, or combinations of these functions, where land use conflicts are likely
to arise in future land use processes. The identification results indicate that the strong
conflict zone covers an area of 215.66 square kilometers, accounting for 10.62% of the
total study area. Among these zones, the production—ecological function strong conflict
zone occupies the largest area at 179.43 square kilometers, significantly exceeding that of
other types, followed by the production-life function strong conflict zone at 33.26 square
kilometers. The production—ecological function strong conflict area is predominantly
located in the eastern part of Donghai County. An analysis at the township scale reveals
that it is primarily situated in Baitabu Township, Huangchuan Township, Zhangwan
Township, Hongzhuang Township, and Fangshan Township, which account for 20.07%,

105



Land 2024, 13, 2013

16.36%, 15.29%, 12.85%, and 10.90% of the total area, respectively. Some strong conflict
zones are distributed along both sides of the road. In Baitabu Township and Huangchuan
Township, the production—ecological function of strong conflict zones is found in areas
with high soil organic matter content, which is conducive to agricultural production.
When conflicts arise between production and ecological functions, the ecological space
may be easily encroached upon by production activities, thereby threatening the quality
of the ecological environment. The production-life function conflict zones are mainly
concentrated in the center of Donghai County and are sporadically distributed across
various townships. From a township perspective, the production-life conflict zones are
primarily located in Niushan Street, Baitabu Township, and Jiangsu Donghai Economic
Development Zone, with areas of 16.24 square kilometers, 3.58 square kilometers, and
2.31 square kilometers, respectively.

4.2.2. Medium Conflict Zone Analysis

The medium conflict zone in Donghai County encompasses an area of 534.17 square
kilometers, representing 26.31% of the total land area, thereby constituting the largest
proportion. The predominant land use conflicts in Donghai County are classified as
medium conflicts. This medium conflict zone serves as an intermediate buffer between the
strong conflict zone and the weak conflict zone. Although potential conflicts exist within
this zone, they remain within a controllable range. The medium conflict zones include
the production—-ecology medium conflict zone and the production-life-ecology function
conflict zone, which cover areas of 209.47 square kilometers and 192.58 square kilometers
respectively, accounting for 10.32% and 9.49% of the total area. The production—ecological
function medium conflict zone is primarily located in Shihu Township, Taolin Township,
Quyang Township, Shuangdian Township, and Shankouzuo Township, predominantly
concentrated in the western and southwestern regions of Donghai County. The total area of
the production-life-ecology function conflict zone is 192.58 km?, representing 9.49% of the
County’s area. They are spatially distributed and scattered, with a higher density observed
in the northern and southwestern parts of the county. Township-scale analyses reveal that
eight townships contain production-life-ecology function conflict zones that exceed 10% of
their total area, with Shiduajie, Huangchuan Township, Fangshan Township, and Mofeng
Township accounting for the majority.

4.2.3. Weak Conflict Zone Analysis

The weak conflict zone is characterized by overlapping areas with low PLEF suitability.
It is primarily located on the edges of townships in the western part of Donghai County,
as illustrated in Table 3. This weak conflict zone encompasses an area of 86.05 square
kilometers, which represents 4.24 percent of the total land area. It is the smallest zone in
terms of area and is distributed sporadically. The weak conflict zones, situated at higher
elevations and featuring a wide distribution of mountains and hills, are located far from
township centers, which complicates development and construction efforts.

5. Discussion
5.1. Evaluation and Analysis of Land Use Function Suitability

Geographical location is a crucial factor influencing land use suitability, consistent
with the findings of previous studies [34,47]. Each land use type is affected by distinct
factors. Areas with high production function suitability are predominantly situated in the
central region. The central and south-central slopes are characterized by relatively low
topography, with less undulating terrain that favors agricultural production [43]. Addi-
tionally, the degree of industrial agglomeration is significant, particularly in the Economic
Development Zone and Niushan Street. The high level of accessibility further supports
the transportation needs of both agriculture and industry, thereby enhancing production
suitability. Furthermore, regions with a denser distribution of mineral resources are likely
to develop production advantages, a phenomenon attributed to the unique resource char-

106



Land 2024, 13,2013

acteristics of the study area. The production function suitable area constitutes the largest
segment, indicating that the current natural environment and basic public facilities in
Donghai County are conducive to production. The largest area suitable for living function
is located in the center of the study area, characterized by high transportation convenience,
superior commercial facilities, and a greater density of medical and basic educational
services [50]. In contrast, areas with low suitability for living functions are predominantly
situated in mountainous and hilly terrains, which exhibit significant topographic relief.
These regions are distanced from the town center, resulting in challenges for the provision
of various public infrastructure services and facilities. Conversely, areas with high ecologi-
cal function suitability boast extensive forest coverage, substantial ecosystem service value,
dense distribution of reservoirs, and numerous water conservation areas, such as Anfeng
Mountain and Fangshan Mountain. Conversely, regions with low ecological function
suitability are heavily developed, with dense land use, leading to frequent disruptions of
ecological functions due to human activity.

5.2. Analysis of Major Land Use Conflict Zones

We developed an analytical framework for land use conflict from the perspective
of PLEF suitability, and the empirical study was conducted at the county level. Cartog-
raphy was employed to illustrate the extent of the conflict, as noted in other literature
sources [32]. Our focus is on the county scale, where we analyze the relevant factors in detail.
The primary conflict zones are identified as strong production—-ecological function conflict
zones and strong production-life function conflict zones. High production—ecological
function conflicts are predominantly concentrated in the eastern part of Donghai County,
Primarily located near transportation arteries and industrial and mining areas. The pres-
ence of convenient transportation infrastructure serves as an advantageous space for future
production. Additionally, numerous rivers traverse the eastern part of Donghai County,
which features high vegetation coverage and several water conservation areas, such as
Fangshan. These dynamics result in a conflict between production and ecological consider-
ations. A significant area of this conflict is situated in the center of Donghai County, which
serves as the primary development zone. The dense road network facilitates industrial
agglomeration, while the flat terrain supports production and construction [40]. Addi-
tionally, a variety of medical, scientific, educational, and cultural facilities contribute to a
high-density concentration of living resources, enhancing convenience and quality of life
in the area. The infrastructure surrounding the center is well developed, offering conve-
nient transportation options that further elevate the suitability for living. Concurrently,
the degree of industrial agglomeration is high, leading to an intensified conflict between
production and residential needs.

The main conflict zones include production—ecology conflicts and production-life—
ecology conflicts. The production—ecology conflict zones are located near major traffic
arteries, as well as industrial and mining sites. In the western part of Donghai County, lakes,
water surfaces, and reservoirs are densely populated with water sources, making them
susceptible to production—ecology conflicts due to the anticipated continuous development
of industrial production. Conflict zones in PLEFs are mainly situated around townships and
central towns. These areas are characterized by their proximity to urban centers, convenient
transportation, high industrial density, and advantages in production and living conditions.
Consequently, potential conflicts within the production-living—ecological function have
emerged, particularly in key development and construction areas for the future.

5.3. Land Use Conflicts and Policy Implications

The analysis of land use conflicts based on the evaluation of land suitability through
PLEFs is instrumental in mitigating these conflicts in a more targeted manner. It provides
valuable insights for land use planning and the high-quality development of regions. The
ecological quality of the environment in Donghai County has significantly improved due
to ongoing protection and restoration efforts. To achieve the coordinated and sustainable
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development of urban and rural areas, prioritizing ecological environmental protection is
essential. Unlike other literature sources that analyze policy direction from the perspective
of urban-rural relationships [32], this study examines the spatial pattern of PLEFs through
the lens of national spatial planning. In instances of conflict between land ecological
functions and other land uses, greater emphasis should be placed on ecological functions.
The realization of living functions is contingent upon the local economy and the level of
social development; therefore, relevant policies should be formulated with consideration
for the specific circumstances of each location.

Strong conflict zones primarily encompass production—ecology conflicts and production—
life conflicts. With the advancement of urbanization, industrial production inevitably impacts
both ecology and people’s lives [51], which is a critical issue to consider in land use planning and
policy making. In agricultural production, it is essential to prioritize the construction of high-
standard farmland and enhance agricultural comprehensive production capacity. In industrial
production, a rational layout and planning of industrial production zones are necessary. For
instance, promoting the concentration of various production factors within industrial parks can
leverage agglomeration effects to improve resource utilization efficiency and production quality.
Additionally, it is vital to elevate the level of fine management of construction land, ensuring
that its development and utilization are both economical and intensive. It is crucial to control
the encroachment of ecological and residential land caused by the expansion of construction
land. Furthermore, delineating and strictly protecting the regional ecological environment while
increasing efforts in ecological restoration is imperative. Initiatives centered on the construction
of forest parks, such as Fangshan Forest and Anfeng Mountain Forest, should be implemented to
enhance water conservation and soil conservation capacities, thereby safeguarding the ecological
and living environment.

The medium conflict zone is primarily characterized by the production-ecology con-
flict and the PLEF conflict, both of which fall within a controllable range. However, this
conflict zone represents the largest proportion of various land use conflicts. It is crucial
to implement necessary measures to prevent its escalation into a strong conflict zone,
a key concern during the land use planning process. The production-ecology medium
conflict zone is predominantly located in the western part of Donghai County, in contrast
to the production—ecology strong conflict zone. The townships in this western region are
abundant in mineral resources, necessitating a prioritization of ecological environmental
protection during the production process. For instance, green belts should be established
along major traffic routes in conjunction with industrial development. Additionally, the
development of an “ecology-culture-tourism” initiative could leverage local resources such
as forests, geothermal hot springs, and historical and cultural assets. In PLEF conflict zones,
efforts should focus on enhancing ecological functions, increasing the per capita area of
green space in urban areas, and improving the quality of industrial development.

A weak conflict zone is characterized by a smaller size and greater stability, resulting
in a reduced risk of land use conflicts. Relevant authorities should maintain a certain level
of oversight to enhance the intensive and economical use of land. Each land use suitability
zone has a dominant function that should be recognized. It is recommended that each
township concentrate on and strengthen its dominant function within the land use process.

6. Conclusions

In this paper, we constructed a suitability evaluation index system for production—
life—ecological functional suitability from the perspective of ecological sustainability. We
identified and analyzed land use conflicts. The conclusions are as follows: (1) the structural
composition and spatial distribution of production, life, and ecological suitability in Dong-
hai County exhibit distinct characteristics. The distribution of production suitability is
linear, with high suitability observed in the central and southeastern regions of the county,
while the northwestern area shows lower suitability levels; the high suitability area consti-
tutes 22.38% of the total. Living suitability is clustered around the town center, with high
suitability areas accounting for 3.21%. In contrast, the distribution of ecological suitability is
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characterized by low values in the middle and high values on all sides, with high suitability
land covering 40.20%. (2) In Donghai County, the areas of land use are categorized as
follows: suitable area (58.83%), strong conflict area (10.62%), medium conflict area (26.31%),
and weak conflict area (4.24%). The strong conflict zones are primarily characterized by
production—ecological and production-life function conflicts, predominantly located in
regions with dense road networks, industrial agglomeration, and flat terrain with high
soil organic matter content. In these areas, the suitability for each function is relatively
high, which increases the likelihood of conflicts. Conversely, the medium conflict zones
are mainly identified as production—ecology and production-life-ecology conflict zones,
primarily situated near traffic arteries and industrial or mining lands. In these locations,
the development and construction processes may adversely affect both production and
ecological functions.

Through the identification of land use conflicts, this study presents the distribution
structure of potential land use conflicts across various regions, providing valuable refer-
ences for governmental departments aiming to optimize the spatial use of national territory.
This approach is intended to enhance the economic, social, and ecological benefits of land,
thereby facilitating high-quality sustainable development. Additionally, we have con-
ducted an exploration into the identification and intensity diagnosis of land use conflicts at
the county scale. This expansion of the research scale offers greater accuracy and practical
guidance, which is of significant importance to China’s ongoing urbanization efforts and
integrated development plans. Furthermore, it will aid in the land use planning of small-
and medium-sized cities and enhance the coordination of land use structure.

Despite these innovations, there remains significant potential for further enhancement
of the land use functional suitability evaluation index system. Future efforts should
incorporate policy and social factors to refine this evaluation process. Land use conflicts can
be identified from various perspectives, utilizing relevant and appropriate methodologies,
such as the modulation model, in combination to address future sustainable development
demands. This approach aims to optimize the spatial structure of the country and promote
efficient resource utilization.
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Abstract: The paper focused on the Xining marginal area, providing the concept of land use com-
petitive advantage, employing the PLUS and PFCI model to simulate production-living—ecological
(PLE) land in 2030, and revealing the relationship between regional land interactions and sustainable
land allocation. The results indicate that the following: (1) By 2030, the land use of the Xining
marginal area is primarily production and ecological land, with approximately 0.1% of living land;
however, living and production land will increase while ecological land will decrease in general, and
the growth momentum of urban and other living space in government-seated regions is stronger.
(2) The PLE land does not exhibit a piecemeal expansion pattern, as it is influenced by mountains and
rivers. Agricultural production land and grassland ecological land have advantages for development,
whereas urban living land has just development potential. (3) Developing the corresponding lands in
the dominant regions can result in sustainable land allocation, and five nexus approaches are pro-
posed for the sustainable allocation of PLE land in the Xining marginal region. The study addresses
the interaction of different land use types across regions rather than examining them separately, and
we provide significant insight into whether the Qinghai Tibet Plateau should be urbanized.

Keywords: patch-generating land use simulation (PLUS) model; Pythagorean fuzzy conflict information
(PECI); production-living—ecological (PLE) land; sustainable development; land use allocation; Xining
marginal area

1. Introduction

Sustainable development has become a common concern in metropolitan and remote
areas due to the continual growth of urbanization and the stronger use of space resources [1].
It has become an important global issue as all nations strive to coordinate their economies,
societies, and environments [2]. The sustainable development goals (SDGs) were released
by the UN in 2015 with the purpose of helping nations develop sustainable development
plans [3]. In fact, land use plays a crucial role in achieving the SDGs, as the two are in good
agreement and the evolution of land use has a deep impact on the realization of SDGs [4]. As
a carbon source or sink, land use serves as one of the leading factors responsible for global
climate change (SDG 13). Besides, it also acts as a pollution source and sink, and thereby has a
great impact on ecological protection (SDG 14-15). Land is the main carrier of food and plays
a role that cannot be underestimated in ensuring food security (SDG 2) [5].
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The Qinghai-Tibet Plateau is one of the largest carbon sequestration regions in China and
an important control area for global atmospheric circulation and water cycle. The protection
and allocation of its land resources will contribute to the mitigation of global climate issues
and the achievement of SDGs [6]. Xining, as the locomotive driving the development of
the Qinghai-Tibet Plateau, has witnessed a gradual acceleration in its urbanization process,
leading to an increased demand for the utilization of spatial resources. In response, research
proposes the concept of urban marginal areas, which refers to the transition area between the
city and the countryside as well as the sub-center or new urban area [7], and it is also the area
most affected by urban elements as the main space for population and land use growth [8].
Marginal area faces multiple challenges such as the daunting task of coordinating land use
with construction and ecological protection, where different spatial structures and multiple
land use types intertwine in a subtle manner, with a mixture of rural, suburban, industrial
parks. wholesale markets and undeveloped interstitial spaces, presenting a situation of uncon-
trolled living space, disorderly production space, and imbalanced ecological space. Therefore,
the Chinese government has proposed production-living—ecological (PLE) land as the basic
framework for land use planning and management to achieve sustainable social, economic,
and ecological development [9]. The conflicts between PLE land essentially manifest as com-
petition and conflict between spatial resources for different purposes and functions within the
same area, resulting from the interaction of human—environment relationships. Inconsistency
between PLE land exacerbates the contradictions between economic development, ecological
protection, and cultivated land conservation, seriously threatening the sustainable use of land.
Will the Xining marginal area embark on the way of rapid urbanization? How to optimize
the allocation of land use patterns to achieve social, economic, and ecological balance and
stability? These have become key issues to be solved urgently for sustainable development in
the Xining marginal area.

Scholars have conducted in-depth studies on the impacts of land use change or alloca-
tion on sustainable development, with the efforts mainly on risk identification and spatial
optimization. From the perspective of risk identification, some scholars have engaged in
ecological risk analysis based on future land use projections [10], and the assessment of land
use policies on sustainable development [11]. From the perspective of spatial optimization,
land use optimization is based on the theory of comparative advantage, which adjusts and
optimizes the proportion of land types under certain constraints to improve the overall ben-
efits of land use [12]. Scholars have studied the optimal allocation of land use at different
scales such as global [13], continental [14], national [15], regional [16], watershed [17], and
farm [18], as well as single ecosystems such as agriculture [19] and urban [20]. Mathematical
models are the frontiers of land use optimization, which can be divided into two categories:
quantity structure optimization models and spatial distribution optimization models. Firstly,
due to the complex non-linear relationship between PLE land and driving factors, it is hard
to construct an optimization model with traditional quantity structure methods. Secondly,
spatial distribution optimization models mainly solve the spatial configuration problem of
land use to achieve optimal suitability, such as the CLUE-S model [21], Cellular automata
(CA) [22], multi-agent systems (MAS) [23], and PLUS (patch-generating land use simulation)
model [24]. With an adaptive inertia mechanism and a roulette wheel selection mechanism,
the PLUS model improves simulation accuracy based on the FLUS model [25]. In addition, it
also offers the development probability of each category with the Random Forest Algorithm,
making up for the deficiency of the CA-Markov model in exploring the change law of land
use, and overcoming the difficulty in dynamically modeling the patch-level changes in natural
land types in time and land. However, all the land types interact with each other and affect
all the SDGs, but each is often studied in isolation. On the one hand, developing a land or
achieving a sub-goal may result in the impossibility to balance other lands or achieve other
sub-goals [26]. On the other hand, different entities or regions have different development ob-
jectives and different spatial trends, and stakeholders may contradict each other in achieving
policy objectives in different regions [27,28]. Therefore, it is imperative to take the interests
and endowments of different regions into account for integrated allocation, and to consider
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interactions among more sectors, across scales, and between adjacent and distant places, and
linkages with SDGs [26].

In this article, we emphasize nexus approaches [29] to understand the connections
and synergies on spatial distribution optimization, and propose the concept of land use
competitive advantages, i.e., the dominance of a region in developing a certain land
use type. Correspondingly, we propose Pythagorean fuzzy conflict information (PFCI),
a combination of the Pythagorean theorem and fuzzy theory, to calculate competitive
advantages. As the mismatch between one-size-fits-all policies and complicated regional
relationships violates the principle of nexus land use allocation, this article aims to address
the above problem from the perspective of interactions between different land types and
different regions, rather than considering them in isolation. Given the particularity of the
Xining marginal area and sustainable development goals, we set up four scenarios, namely,
natural development, urban development (SDGS, economic development), cultivated land
conservation (SDG2, Zero Hunger), and ecological protection (SDG13, Climate action) to
simulate the 2030 spatial pattern of PLE land in the Xining marginal area by the PLUS model.
Then, we further propose the concept of land use competitive advantages and improve
PFCI by introducing concepts such as the maximum doughty coalition, the trisections of
four types of sets, and viable strategies. Based on this, we identify sets of advantageous
land use types and regions. Ultimately, we put forward policy references to achieve nexus
approaches to land use sustainable allocation based on regional endowments. In summary,
our research aims to answer the following questions:

(1) Will the Xining marginal area embark on the path of rapid urbanization?

(2) How do the advantages of certain land use types and regional endowments reveal
the sustainable allocation of land use?

(3) What nexus approaches should we take to achieve sustainable land use allocation
in the Xining marginal area?

2. Materials and Methods
2.1. Study Area

The Xining marginal area is located in Qinghai Province, including three administra-
tive regions: Haibei Tibetan Autonomous Prefecture (Menyuan Hui Autonomous County,
Qilian County, Haiyan County, and Gangcha County), Hainan Tibetan Autonomous Pre-
fecture (Gonghe County, Tongde County, Guide County, Xinghai County, and Guinan
County), and Huangnan Tibetan Autonomous Prefecture (Tongren City, Jianzha County,
Zeku County, and Henan Mongol Autonomous County). Among them, Haiyan County,
Gonghe County, and Tongren City are government-seated regions (Figure 1).

2.2. Data Sources

The data in this paper consist of a land dataset, a socio-economic dataset, and a natural
dataset.

The input datasets for the PLUS model are the 30 m land use for the years 2015 and
2020, and they have been reclassified as production-living—ecological (PLE) land, which
is based on their dominant and secondary functions [30-33]. Ecological land refers to the
land that maintains human survival, including climate regulation, water regulation, the
mitigation of emergencies, and soil conservation. Therefore, its evolution is an effective
way to reveal the implementation of SDG 13 (Climate action). Production land refers to the
land where products and services can be directly obtained as labor objects or produced. It
functions as a carrier for social production, including food supply, raw material production,
energy, and mineral production [31]. Therefore, its evolution is an effective way to reveal
the implementation of SDG 2 (Zero Hunger). Living land is primarily aimed at human
production, leisure, and living. While providing resources and giving impetus to economic
growth, it also creates a comfortable living and entertainment environment [21]. Therefore,
its evolution is an effective way to reveal the implementation of SDG 8 (economic growth).
It should be noted that there are no paddy fields and beaches in the study area (Table 1).
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Figure 1. Position of Xining marginal area.

Table 1. Classification of lands and their sub-lands.

Land Sub-Land Corresponding Land Use Type
Urban living land Urban built-up land

Living land Rural living land Rural residential land
Other living land Other built-up land

Production land Agricultural production land Dry land; Canal

Ecological land

Forest ecological land
Grassland ecological land
Water ecological land

Forest; shrub land; wood land; other forest
High grassland; mid grassland; low grassland
Lake; reservoir-pond; snow; shallow

Sand; gobi; saline; swamp; barren land

Other living land Rock; others

The process of land cover change in the Xining marginal area has a fundamentally
different driving mechanism compared to inland regions. Firstly, there is an active adap-
tation of human activities and urban construction to the fragile ecological environment
of the high-altitude, cold, and oxygen-deficient plateau. In this active adaptation process,
elevation serves as the primary constraint on the expansion of human activities, with most
of the development of the plateau towns and agricultural activities limited to the river
valleys. As an important evaluation criterion for urban development and cultivated land
conservation, the slope profoundly affects the evolution of built-up land and cultivated
land. Therefore, among the natural driving factors, we have selected these two indicators.
Secondly, there are progressive processes, as well as external driving processes. The pro-
gressive process mainly considers the inertia of development based on the existing towns,
as the scale of towns in the Xining marginal area is generally small. New construction land
is primarily concentrated around the existing towns where the population density and
industrial activities are relatively vibrant. Moreover, the driving force for urbanization
in the Qinghai-Tibet Plateau is mainly top-down government-led initiatives. Thus, we
have chosen population density, GDP, and government locations as the indicators for such
processes. The external driving process primarily includes the impact of tourism and
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targeted assistance, both of which depend on the transportation infrastructure conditions.
Additionally, when operating the PLUS model, it is essential to consider the volume of
data. After multiple attempts and assessments of the factors’ driving force, we ultimately
selected “distance to primary roads” as the indicator for transportation as an external
driving force (Table 2).

Table 2. Data sources.

Data

Sub-Data Year(s) Resolution Sources

PLE land classification

https:/ /www.resdc.cn/

Land use dataset in Table 1 2015, 2020 30m accessed on 4 August 2022
. https:/ /www.resdc.cn/
Population 2020 Lkm accessed on 4 August 2022
Socio-economic dataset https:/ /www.resdc.cn/
GDP 2020 Lkm accessed on 4 August 2022
Primary roads 2020 Vector data Open Street Map
Seat of county http:/ /www.dsac.cn/
government 2015 Vector data accessed on 4 August 2022
Natural Elevation 2015 1 km https:/ /www.resdc.cn/
accessed on 4 August 2022
dataset sl 2015 1 km https:/ /www.resdc.cn/
ope accessed on 4 August 2022
2.3. Patch-Generating Land Use Simulation (PLUS) Model
The PLUS (patch-generating land use simulation) model was proposed by Liang
et al. [24] for simulating land use change. We set up a natural growth scenario (scenario
A) and urban development scenario (scenario B) in this paper for simulating the land
use pattern of the Xining marginal area according to the existing trend and rapid urban
development. In addition, based on the previous studies [34], we set up the sustainable
development goals and policies currently implemented in China for the “red line of ecolog-
ical protection, the red line of cultivated land, and the urban development boundary”, the
cultivated land conservation scenario (scenario C), and the ecological protection scenario
(scenario D), and the transition matrix of each scenario is shown in Table 3.
Table 3. Transition matrix in PLUS.
Scenario A Scenario B Scenario C Scenario D
a b ¢ d e f a b ¢ e f a b ¢ d e f a b ¢ d e f
a 1 0 1 0 1 1 1 0 0 0 1 1 1 0 0 0 0 0 1 1 1 1 1 1
b 0 1 1 0 0 1 1 1 0 0 1 1 1 1 +r 0o o0 1 o0 1 0 0 0 ©0
c 1 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 1 1 0 1 1 1 0 0
d 1 0 1 1 0 1 0 1 1 1 1 0 1 0 1 1 0 1 0 0 0 1 0 0
e 0 0O O o0 1 o0 o0 OO0 o0 o0 1 o0 O o o0 o0 1 o0 o0 0 o0 o0 1 o0
f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Notes: (1) According to the classification system of land use monitoring using remote sensing of the Chinese
Academy of Sciences, we combined the land use types into cultivated land, forest, grass, water, built-up land,
and bare land in the transition matrix. In the table, a represents cultivated land (including dry land), b represents
forest (including forest, shrub land, wood land, and other forest), c represents grass (including high grassland,
mid grassland, and low grassland), d represents water (including canal, lake, reservoir-pond, snow, and shallow),
e represents built-up land (including urban built-up land, rural built-up land, and other built-up land), and
f represents bare land (including sand, gobi, saline, swamp, barren land, rock, and others). (2) The 0 means
conversion to another land type is prohibited, and 1 means conversion to another land type is allowed.

The neighborhood weight parameter indicates the strength of the expansion capacity
of the land type. According to Wang et al. [35], the change in TA (Total Area) of each land
type at the same time scale can better reflect its expansion intensity. The dimensionless
value of TA change conforms to the parameter requirements of the model neighborhood
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weight in terms of data meaning and data structure. Therefore, the calculation of the PLUS

model neighborhood weight in this study is as follows:

ATA; — ATA,
ATAmax — ATApin

W =

where ATA; represents the amount of TA change in the land type; ATA,,;;, represents the

land type with the smallest amount of change; ATA,;x represents the land type with the
largest amount of change. Based on the TA changes in all the land use types in the Xining
marginal area from 2015 to 2020, we calculated the neighborhood weight of each type as
shown in Table 4.

Table 4. Weight of each land use type according to ATA.

Variety Dry Land Forest Shrub Land Wood Land Other Forest High Grassland
ATA —193.77 35.46 —1743.39 —150.84 9.27 22,166.10
Weight 0.61 0.62 0.59 0.62 0.62 1
Variety Mid grassland Low grassland Canal Lake Reservoir-pond Snow
ATA —9190.26 —35,812.26 —1224 11,317.32 6207.93 1429.20
Weight 0.46 0 0.60 0.81 0.72 0.64
. Urban built-up Rural Other built-up .
Variety Shallow land residential land land Sand Gobi
ATA —74.34 827.55 519.75 15,283.26 —8804.97 18.09
Weight 0.62 0.63 0.63 0.88 0.47 0.62
Variety Saline Swamp Barren land Rock Others
ATA 101.97 —1710.72 51.30 943.38 —6.03
Weight 0.62 0.59 0.62 0.63 0.62

2.4. Construction of Pythagorean Fuzzy Conflict Information (PFCI) Model

Pythagorean fuzzy conflict information (PFCI) is an effective tool for modeling real-
world decision-making problems involving information uncertainty. It originated from the
fuzzy sets (FSs) proposed by Zadeh [36]; Yager [37] proposed PFSs in 2014. Afterwards, he
introduced g-ROFSs to retain more imprecise information [37]. Looser restrictions allow for
more flexible application of g-ROFSs, which can be used to solve land use conflicts. By this,
the calculation of competitive advantages is possible by defining the conflict distance and
conflict function to describe the uncertainty in the conflict, and then calculating and ranking
the scoring function based on the feasible strategies and rough set theory. It is possible to
find the internal causes of the conflict and find a feasible solution. The calculation process
is as follows:

Definition: A q-ROFS B in terms of a finite universal set X is defined as follows:

B = {{x, pp(x),vp(x))|x € X} @

where 115 (x) and vy (x) represent the degree of the membership and non-membership of
element x with respect to the set B; simultaneously, y;(x) and vy (x) satisfy the restric-
tiong > 1,0 < (up(x))" < 1,0 < (,(x))! < Land 0 < (p(x))? + (0p(x))" < 1,
and (pp(x), vp(x)) is a g-ROF number (q-ROFN) denoted by p = (up, vp). In addi-

tion, rp(x) = {7/ (p(x))T+ (vp(x))7 represents the degree of confidence, reflecting the

strength of commitment, and its influence is related to the angle 6,(x) between r;(x)
20y (x)

»= ¢ [0,1] indicates the direction of the confidence. Assume

and iy (x); dy(x) = 1—
)Z’j = (Xij1, Xij2 Xij3s Xija) = (if?,vii, 737, djj) represents the g-ROF attitudes of agent u;
toward competitive advantage 4;. Then, one can see that the four parameters of )5,' can
completely describe g-ROFSs. In addition, the -ROF number can effectively model sup-
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port, opposition, and neutral components in real-world conflict problems by dividing them
into three levels of conflict relationships. Therefore, in a known conflict information system,
the specific steps to determine the degree of conflict in each competitive advantage and
find feasible strategies are as follows:

Input: Agentset L = {I1,1,-- - ,1,}, competitive advantage set B = {by, by, -, bn},
parameter g, and thresholds (g, ¢*) and (go,¢°).

Initialization: Aggregation function A(x,y) = Oy (x,y) = min(x, y)max(x?,y?).

Step 1: By combining the Hamming distance with the four parameters of )Zj, the
absolute conflict distance between the two agents /; and [; regarding the competitive
advantage b; is calculated by the following formula:

0y, i Te) = zllhil’mh _ijhl B i(

q_ .4
rij rkj‘—i-

iy = ] ol = o+ 4 =) @
Step 2: Based on the dual operation of similarity measure and distance, the relative
conflict distance between the two agents [; and [ regarding the competitive advantage b;

is calculated by the following formula:

— =
Xij Xkj
2

7

ggj (li/ lk) =1-
max(

where - represents the scalar product of vectors and | - | represents the norm of vectors.
Step 3: The comprehensive conflict distance between the two agents [; and [, regarding
the competitive advantage b; is calculated by the following formula:

—
Xij

S ®)
Xkj )

Zo;(lis 1) = A(@%;j(li, ), &, (L, lk)) €

Step 4: wj is used to calculate the weight of the competitive advantage b;, and the
formula CFp(l;,I;) is used to calculate the conflict function of the two agents /; and I
regarding the competitive advantage set B:

Yity Yo Go; (lis k)

- 5
CFB (li’ lk) = Z wjgbj (li/ lk) (6)
=1

Step 5: The conflict degree of each agent regarding the competitive advantage b is
calculated by the following formula:

i Zx,yeL,x;éy gb(xr y)
CBO) =L

@)

Step 6: In order to show the complexity of the conflicts among the agents and facilitate
the search for alliances, the strong-, weak-, and non-conflict sets of the agent x with regard
to the single competitive advantage b are defined as follows:

DR () = {y € L]z (xy) 2 '} v
) - {y e <o <)
MR (1) = {y € L, (vy) <. v
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Step 7: In order to better understand and analyze competitive advantages, the strong-,
weak-, and non-competitive advantage sets of the agent x with regard to the single competitive

advantage b are defined as follows:

DBS* (x) = {b € B|CB(b) > ¢°

}

WBS (x) = {b € Blgo < CB(b) < ¢°}

NB%@/GO(X-) = {b € B|CB(b) < ¢o}

(11)

(12)
(13)

Output: The comprehensive conflict distance ¢, bjs the conflict function CFp, a three-
level conflict set, and a three-level competitive advantage set.

The agents’ attitudes towards all the competitive advantages constitute a conflict situ-
ation. Conlflict strategy is an important factor affecting the evolution of conflict situations,
assuming that the best strategy can maximize the relative advantage of a single competi-
tive advantage, and the agents can achieve the most valuable resource plunder based on
this advantage. On this basis, the division of three levels of competitive advantage sets
showcases the conflict advantage levels of each competitive advantage, achieving intuitive
conflict analysis. The division of the three levels of conflict sets showcases the degree of
conflict among each agent regarding a single competitive advantage and determines feasi-
ble strategies for selecting the most suitable agent to handle the corresponding competitive
advantage. The overall framework of the paper is shown in Figure 2.
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Figure 2. Flowchart of the research.
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3. Scenario Prediction on PLE Land in Xining Marginal Area
3.1. Scenario Prediction on PLE Land

PLE land in 2030 is generally similar to that in 2020 under the scenarios of natural
growth (A) and cultivated land conservation (C). Production land is the smallest in the
urban development scenario (B). Under the ecological protection scenario (D), the produc-
tion and ecological land are the largest, while the living land is the smallest compared
with other scenarios. Under the natural growth scenario, the production and living land
increase slightly, while the ecological land decreases significantly, indicating human land
use expansion (Table 5).

Table 5. Comparison of PLE land each year/scenario (Unit: km?).

2015 2020 2030A 2030B 2030C 2030D

Production  3493.3536 3479.1759 3491.1495 3461.9418 3491.154 3501.3375
Ecological ~ 92,416.092  92,263.964  92,125.742  92,156.133  92,125.723 92,233.14
Living 190.5417 356.8473 482.0958 481.9131 483.111 365.5098

Under the urban development scenario, the production and ecological land decrease
slightly, whereas the living land increases significantly. Under the cultivated land conser-
vation scenario, the production land expands slightly, ecological land decreases slightly,
and living land grows similarly to the first two scenarios, achieving the goal of protecting
farmland. Under the ecological protection scenario, the production land increases slightly,
while the living land increases less than in the previous three scenarios, and the ecological
land loses slightly, but less than in 2020 (Table 5).

3.2. Scenario Prediction on PLE Sub-Land

In 2015, the Xining marginal area had 3493.35 km? of agricultural production land,
11,520.62 km? of forest ecological land, 59,935.19 km? of grassland ecological land, 6009.86 km?
of water ecological land, 34.22 km? of urban living land, 128.65 km? of rural living land,
27.68 km? of other living land, and 14,950.42 km? of other ecological land. In contrast, the
Xining marginal area in 2020 had 3479.18 km? (99.59% in 2015) of agricultural production
land, 11,502.13 km? (99.84% in 2015) of forest ecological land, 59,706.83 km? (99.62% in 2015)
of grassland ecological land, (103.14% in 2015) of water ecological land, 42.49 km? (124.19% in
2015) of urban living land, 133.85 km? (104.04% in 2015) of rural living land area, 180.51 km?
(652.17% in 2015) of other living land, and 14,856.35 km? (99.37% in 2015) of other ecological
land, as shown in Figure 3.

We simulated the evolution of the ecological-production-living land in 2030 by PLUS,
and the ecological-production-living land in natural growth scenario (A), urban devel-
opment scenario (B), cultivated land conservation scenario (C), and ecological protection
scenario (D) is shown in Figure 4.

The natural growth scenario (scenario A) indicates a trend toward decreasing ecologi-
cal land as compared to 2020, with the exception of an increase in the water ecological land
in the counties of Haiyan, Gangcha, and Gonghe. While the other living land in Gonghe
County has increased significantly, the living land and production land have only slightly
increased. In the Xining marginal area, scenario A corresponds with an increase in land
use without external interference.

The urban development scenario (scenario B) suggests that the production land de-
creases, with the highest decrease in Henan County, while the living land will expand
overall, with Gonghe County experiencing the fastest growth in the other living land. Re-
garding the ecological land, the grassland ecological land in Haiyan, Gonghe, and Guinan
Counties will be significantly decreased, as will the other ecological land also reduce. The
water ecological land changes little; Haiyan County and Gonghe County have increased,
whereas the forest ecological land will increase in general. The widespread expansion of
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the living land demonstrates the prioritization of urban development, which to some extent
occupies the grassland ecological land.

0 25 50 100 km
O VLl Y

- Forest ecological land - Rural living land - Water ecological land - Other living land

- Grassland ecological land Agricultural production land - Urban living land | Other ecological land

Figure 3. Distribution of different lands in 2015 and 2020.

Under the cultivated land conservation scenario (scenario C), the production land will
grow minimally, whereas the agricultural production land in Gangcha and Gonghe Counties
will grow more rapidly. The living land will also increase, with most of it occurring in Gonghe
County. Except for the water ecological land, which will tend to increase, the remaining
ecological land will decrease significantly. In this scenario, the goal of the cultivated land
conservation is still not entirely achieved. In the ecological protection scenario (scenario D), the
production land will grow minimally while the living land will remain largely unchanged. The
grassland ecological land and other ecological land will decrease, while the forest ecological
land and water ecological land will increase from 2020. Minor changes in the production and
living lands, as well as the transition from the grassland ecological land and other ecological
land to forest ecological land and water ecological land, demonstrate that conservation will
on the top of the agenda in this scenario (Table 6).

To summarize, the agricultural production land is predicted to increase by 2030,
except for the urban growth scenarios. Except for the modest growth in the ecological
protection scenario, the rural living land will increase at nearly the same rate (7.44%) in all
the other scenarios. Except for the ecological protection scenario, all the scenarios predict
an increase in the urban living land, with the urban development scenario showing the
most significant growth rates. The other living land will also see significant expansion, with
the ecological protection scenario indicating a slight increase and all the other scenarios
exhibiting increases of about 60%. The forest ecological land will decrease slightly in the
natural growth and cultivated land conservation scenarios while increasing in the urban
development and ecological protection scenarios. The water ecological land is predicted to
grow in all the scenarios, particularly in the natural growth and cultivated land conservation
scenarios. All four scenarios will result in a decrease in the grassland ecological land, with
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urban development having the greatest effect. In all the scenarios, there will be decreases
in the other ecological land, with the largest decrease in the ecological protection scenario.
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Figure 4. Distribution of different lands under 2030 scenarios.
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Table 6. Area and growth rate of each land use type compared to 2020.

2015 2020 2030-A 2030-B 2030-C 2030-D

Area Area Area Rate Area Rate Area Rate Area Rate
bl 3493.35 3479.18 3491.15 0.34 3461.94 —0.50 3491.15 0.34 3501.34 0.64
b2 128.65 133.85 143.80 7.44 143.80 7.44 143.80 7.44 134.19 0.26
b3 34.32 42.49 49.22 15.84 51.48 21.15 49.28 15.97 41.97 —-1.23
b4 11,520.62 11,502.13 11,471.60 —0.27 11,935.99 3.77 11,471.60 —0.27 11,957.16 3.96
b5 6009.86 6198.66 6331.42 2.14 6265.49 1.08 6330.24 2.12 6303.99 1.70
b6 59,935.19 59,706.83 59,504.39 —0.34 59,313.26 —0.66 59,504.63 —0.34 59,458.24 —0.42
b7 14,950.42 14,856.35 14,819.34 —0.25 14,641.39 —1.45 14,819.26 —0.25 14,513.76 —2.31
b8 27.68 180.51 289.08 60.14 286.64 58.79 290.04 60.67 189.35 4.90

Note: b1 refers to the agricultural production land, b2 refers to the rural living land, b3 refers to the urban living land,
b4 refers to the forest ecological land, b5 refers to the water ecological land, b6 refers to the grassland ecological land,
b7 refers to the other ecological land, and b8 refers to the other living land. The same applies below.

3.3. Overall Pattern of Scenario Prediction on PLE Land in Each County

In the 2015, 2020, and 2030 scenarios, the land use in Xining’s marginal area is primarily
production and ecological land, with a relatively low proportion of living land (about 0.1%).
The grassland ecological land has the largest proportion, covering an area around 7-8 times
that of production land, followed by the forest ecological land, which covers an area of
1.5-2 times that of production land. Specifically: (1) Forest ecological land is mainly dis-
tributed in Menyuan County, Tongren City, Jianzha County, and Tongde County, accounting
for 20-22% of the total land use area of the counties. (2) Water ecological land is distributed
relatively high in Haiyan County, Gangcha County, and Gonghe County. (3) Grassland
ecological land accounts for a large proportion in all 14 counties, with the smallest pro-
portion in Menyuan County, ranging from 38.14% to 39.37%. Except for Menyuan and
Haiyan Counties, the proportion in all the other counties exceeds 50% of the total land use
area, with Henan County having the highest at 79.01-79.77%. (4) Menyuan County, Qilian
County, Haiyan County, Gangcha County, and Gonghe County are the counties with the
highest proportions of other ecological land. (5) Menyuan, Tongde, Guide, and Guinan
Counties contribute 8% to 12% of agricultural production land. (6) The proportions of rural
living land, urban living land, and other living land in the 14 counties are quite low, with a
total of approximately 1%, with only other living land in Gonghe County accounting for
more than 0.1%. Figure 5 depicts the pattern of scenario predicted for each county’s PLE
land in 2015, 2020, and 2030.

3.4. Core—Edge Mode on PLE Land in Xining Marginal Area

The Xining marginal area shows an evident core—edge pattern. We investigate the
government seat as the core area (Haiyan County, Gonghe County, and Tongren City), and
the remaining counties as external areas. The living land will increase overall, particularly
the urban living land and other living land in the core areas, while the rural living land
will see a similar growth rate. The agricultural production land will not grow significantly
and may perhaps decrease in both the core and edge areas under scenario B. The grass
ecological land and other ecological land may diminish more in the core areas under all the
situations. Under scenarios A and C, the forest ecological land will decrease more in the
core areas while under scenarios B and D, the core areas will witness more increase. The
water ecological land will slightly increase in both the core and edge areas (Table 7).
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Figure 5. Patterns of scenario prediction on PLE land of each county. Note: scenario A means natural
growth, scenario B means urban development, scenario C means cultivated land conservation, and
scenario D means ecological protection.

Table 7. Growth rate and core—edge mode of sub-land (%).

2030-A 2030-B 2030-C 2030-D .
Conclusion
Core Edge Core Edge Core Edge Core Edge
bl 0.455 0316  —0.122 —0.591 0.454 0.316 0.439 0.688 all slightly increase except scenario B
b2 6.880 7.668 6.318 7.901 6.917 7.652 0.216 0.274 increase overall except scenario D
b3 36.668 8292 43500 13.050 36.705  8.457 0.016 —1.682 more growth in the core area
b4  —-0310 —-0254 5504 3316 —0307 —0.255 5.535 3.541 varying according to the scenario
b5 2.745 1.352 1.808 0123 2715 1.348 1272 2.258 all slightly increase
b6  —-1.097 -0120 -1.098 —-0.532 -1.091 -—0.121 —-0.524 —0.385 all slightly decrease
b7  —1.109 0.082 —-3.485 —0.663 —1.107 0.080 —2.878 —2.086 more decrease in the core area
b8 63.892 44.063 60.806 50.150 63.937 46.679  5.809 0.992 more growth in the core area

4. Spatial Optimization Strategies of PLE Land in Xining Marginal Area
4.1. Competitive Advantage Sets of PLE Land Under Each Scenario

The PFCI results trivialize the collection of competitive advantages in the sub-land in
each scenario. Furthermore, the division of strong, weak, and non-competitive advantage
sets influences the future direction of land use in the Xining marginal area (Table 8).

The significant competitive advantage set consists mainly of the grassland ecological
land (b6) and other ecological land (b7). This finding corresponds with the natural charac-
teristics and endowments of the Xining marginal area; however, the other ecological land
(b7) has a relatively low development value. As a result, focus should be on developing the
grassland ecological land (b6).
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Table 8. Competitive advantage sets of PLE land in different scenarios.

Scenario A Scenario B Scenario C Scenario D
Strong competitive set {b6, b7} {b6} {b6, b7} {b6, b7}
Weak competitive set {b1, b5, b8} {b1, b5, b7, b8} {b1, b5, b8} {b1, b2, b3, b5, b8}
Noncompetitive set {b2, b3, b4} {b2, b3, b4} {b2, b3, b4} {b4}

Note: Ranges of strong-, weak-, and non-conflict are [0.09, 1], [0.08, 0.09), and [0, 0.08), respectively. Scenario A
means natural growth, scenario B means urban development, scenario C means cultivated land conservation, and
scenario D means ecological protection.

The weak competitive advantage set mainly includes the agricultural production land
(b1), water ecological land (b5), and other living land (b8). The agricultural production land
is critical for guaranteeing regional food security while the water ecological land is basically
invariable. The other living land (b8) is construction land, which includes road land, land
for other units, reserved natural villages or unbuildable land, and so on. They have no
development advantages in high-altitude, sparsely populated, and underdeveloped areas.

The non-advantage set mainly includes the rural living land (b2), urban living land (b3),
and forest ecological land (b4), as the proportion of these types of land is relatively small, and
they have no development advantages over the other land use types in the Xining marginal
area. Among them, the urban living land (b3) shows a relatively clear spatial differentiation
and the most dramatic changes, which make it worth being concerned about.

In Xining’s marginal area, the strong competitive advantage set is the grassland
ecological land (b6), the weak competitive advantage set is the agricultural production land
(b1), and the potential competitive advantage set is the urban living land (b3).

4.2. Competitive Advantage Sets between Counties

Conflicts between the different regions of the Xining marginal area range from 0 to
0.531 in every scenario. Based on the relative conflict values, we defined a strong conflict
relation as [0.4, 0.531], a weak conflict relation as [0.2, 0.4), and a non-relative conflict
relation as [0, 0.2).

(1) Strong competitive advantage set: grassland ecological land (b6)

Xinghai County and Gonghe County are the primary sources of the grassland eco-
logical land (b6) conflict, and they have the most influence in developing the grassland
ecological land in all the scenarios. To be more specific, Xinghai County has a strong
conflict relationship with Menyuan, Haiyan, Jianzha, Tongde, and Guide Counties, and
Tongren City, but a weak conflict relationship with Gangcha, Zeku, Henan, and Guinan
Counties. Gonghe County has weakdispute relationships with Menyuan, Haiyan, Jianzha,
Tongde, and Guide Counties, and Tongren City (Figure 6). As a result, Xinghai and Gonghe
Counties dominate in the development of the grassland ecological land.

(2) Weak competitive advantage set: agricultural production land (b1)

Guinan County is the main area of the agricultural production land (b1) conflict.
To be more specific, Guinan County has a major conflict with Qilian, Haiyan, Jianzha,
Zeku, Henan, Guide, and Xinghai Counties, and Tongren City, as well as a weak conflict
relationship with Gangcha and Tongde Counties (Figure 7). As a result, Guinan County
dominates the development of the agricultural production land.
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Figure 6. Relative conflict of grassland ecological land between different regions. Note: Scenario
A means natural growth, scenario B means urban development, scenario C means cultivated land
conservation, and scenario D means ecological protection.
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Figure 7. Relative conflict of agricultural production land between different regions. Note: Scenario
A means natural growth, scenario B means urban development, scenario C means cultivated land
conservation, and scenario D means ecological protection.
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®)

Potential competitive advantage set: urban living land (b3)

The urban living land (b3) may not have enough area to support the various forms
of development, but as urbanization develops rapidly, its advantages will become more
obvious. Additionally, it will become more crucial for regional development, appear to be
a significant spatial conflict, and have a great deal of potential for economic development
in the Xining marginal area. Haiyan County leads the development of the urban living
land in the natural growth scenario (A), urban development scenario (B), and cultivated
land conservation scenario (C), while Xinghai County dominates the development of the
urban living land in the ecological protection scenario. Haiyan County has a significant
conflict relationship with Qilian, Gangcha, Jianzha, Gonghe, Tongde, Guide, and Guinan
Counties, and Tongren City, but a weak conflict relationship with Menyuan, Zeku, and
Henan Counties. However, in the context of the ecological protection scenario, Xinghai
County is the primary source of the urban living land conflict. Xinghai has strong conflict
relationships with Qilian, Jianzha, Zeku, Tongde, Guide, and Guinan Counties, and Tongren
City, but a weak conflict relationship with Gangcha and Gonghe Counties (Figure 8).
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Figure 8. Relative conflict of urban living land between different regions. Note: Scenario A means
natural growth, scenario B means urban development, scenario C means cultivated land conservation,
and scenario D means ecological protection.

4.3. Spatial Distribution Optimization Strategies on PLE Land

Qinghai Province, as a plateau province, has complex terrain and an arid climate, but it
also has abundant natural resources such as grassland and plateau lakes, providing conditions
for the development of agriculture and animal husbandry. It is vital to consider factors such
as land availability, resource endowment, and environmental protection to maximize the
utilization of land resources and achieve optimal allocation. According to the PFCI, the Xining
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marginal area should develop the agricultural production land and grassland ecological land
to effectively alleviate the overall conflicts. Therefore, as the periphery of the provincial capital,
for the Xining marginal area, constrained by factors such as transportation and market, it
is a better choice to develop agriculture and animal husbandry in the context of balancing
economic development and environmental protection.

According to Table 9, in terms of the grassland ecological land, Gonghe County (L9)
and Xinghai County (L12) are high-conflict areas, while Qilian County (L2) is a low-conflict
area. Zeku County (L7) and Gonghe County (L9) differ from the other three scenarios
only in terms of cultivated land protection, but the overall situation is very identical. As a
result, developing the grassland ecological land is a top priority in Gonghe and Xinghai
Counties, followed by Qilian County. Menyuan County (L1) and Guinan County (L13)
are both high-conflict areas in terms of the agricultural production land, indicating that
Menyuan and Guinan Counties should be prioritized for the agricultural production land
development (Table 10).

Table 9. Sets of grassland ecological land.

X A B C D
L1 {L9, L12} {L9, L12} {L9, L12} {L9, L12}
L2 {L12} {L12} {L12} {L12}
L3 {L9, L12} {L9, L12} (L9, L12} (L9, L12}
L4 {L9, L12} {L9, L12} {L9, L12} {L9, L12}
L5 {L9, L12} {L9, L12} {L9, L12} (L9, L12}
L6 {L9, L12} {L9, L12} (L9, L12} (L9, L12}
L7 {L12} {L9, L12} {L12} {L9, L12}
L8 {L12} {L12} {L12} {L12}
- (L1,13,14,15 1L6,L10, {L1,13,L4,L5 L6, L7, {L1,L3,14 1516 L10, {L1,L3, L4, L5 L6, L7,
L11, L13} L10, L11, L13} L11, L13} L10, L11, L13}
L10 {L9, L12} {L9, L12} (L9, L12} (L9, L12}
L11 {L9, L12} {L9, L12} {L9, L12} {L9, L12}

L L1,L2,13,14,15 L6,  {L1,L2, 13,14, 1516, {L1,L2, L3, 14,1516,  {L1,L2 L3, 14, L5 L6,
L7,18,L10,L11,L13}  L7,18L10,L11,L13} L7 L8 L10,L11,L13} L7 L8 L10,L11,L13}
L13 {L9, L12} {L9, L12} {L9, L12} {L9, L12}

Notes: (1) X means county/city, while L1 refers to Menyuan Hui Autonomous County, L2 refers to Qilian County,
L3 refers to Haiyan County, L4 refers to Gangcha County, L5 refers to Tongren City, L6 refers to Jianzha County, L7
refers to Zeku County, L8 refers to Henan Mongol Autonomous County, L9 refers to Gonghe County, L10 refers to
Tongde County, L11 refers to Guide County, L12 refers to Xinghai County, and L13 refers to Guinan County. The
same applies below.

Table 10. Sets of agricultural production land.

X A B C D
L1 {L2, L5, L6, L8} {L2, L5, L6, L8} {L2, L5, L6, L8} {L2, L5, L6, L8}
L2 {L1,L13} {L1,L13} {L1,L13} {L1,L13}
L3 {L13} {L13} {L13} {L13}

L4 {L13} {L13} {L13} {L13}

L5 {L1,L13} {L1,L13} (L1, L13} (L1, L13}
L6 {L1,L13} {L1,L13} (L1, L13} {L1,L13}
L7 {L13} {L13} {L13} {L13}

L8 {L1,L13} (L1, L13} (L1, L13} (L1, L13}
L9 {L13} {L13} {L13} {L13}
L10 {L13} {L13} {L13} {L13}
L11 {L13} {L13} {L13} {L13}
L12 {L13} {L13} {L13} {L13}

{L2,L3,L4,L5 L6, L7, {L2,L3,L4,L5 L6, L7, {L2,L3,1L4,L5 L6, L7, {L2,L3,L4,L5L6,L7,

L13 L8, L9, L10, L11, L12} L8, L9, L10, L11, L12} L8, L9, L10, L11, L12} L8, L9, L10, L11, L12}

The strong competitive advantage sets of the urban living land (b3) in the natural
growth scenario (A), urban development scenario (B), and cultivated land conservation
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scenario (C) show that Haiyan (L3) is a strong conflict area, while Xinghai County (L12) is
a strong conflict area in the ecological protection scenario (D). Therefore, Haiyan County
has advantages in developing the urban living land, which is followed by Xinghai County
(Table 11).

Table 11. Sets of urban living land.

X A B C D
L1 (L3} (L3} (L3} {L12}
L2 (L3} (L3} {L3} (L3, L12}
{L1,L2,14,15 L6, L7, {L1,L2 14,1516 L7, {L1,L2 14,15 L6 L7,
L3 L8, L9,L10,L11,L12, L8 L9 L10,L11,L12, L8 L9, L10,L11,L12, {L2, L6, L11, L13}
L13} L13} L13}
L4 (L3} {L3} {L3} {L12}
L5 (L3} (L3} (L3} {L12}
L6 {L3} {L3} {L3} (L3, L12}
L7 {L3} {L3} {L3} {L12}
L8 (L3} (L3} (L3} {L12}
L9 {L3} {L3} {L3} {L12}
L10 {L3} (L3} {L3} {L12}
L11 {L3} {L3} {L3} {L3, L12}
(L1,12,14,15,16,L7,
L12 (L3} (L3} (L3} L8, L9, L10, L11, L12,
L13}
L13 (L3} {L3} {L3} (L3, L12}

5. Discussion and Conclusions

Qinghai, a plateau region with diverse topography and an arid climate, provides
abundant grassland resources, plateau lakes, and other natural resources essential to
agricultural and animal husbandry. The small population, poor natural environment, and
restricted carrying capacity of the Xining marginal area have reduced the importance of
expanding the urban and rural living land.

5.1. Discussion

By 2030, the Qinghai Tibet Plateau will not embark on the path of urbanization. The
Xining marginal area is mostly used for production and ecological purposes, with a very
small proportion of land designated for living and a unique core-edge pattern. The urban
living land in the county where the government is located will increase more significantly,
and the overall trend in PLE land is an increase in the living and production land, combined
with a decrease in the ecological land, indicating that the Xining marginal area is still in the
economic aggregation stage, but the relatively developed core areas have a limited impact
on the other areas.

The development strategy of land use in the Xining Marginal area is significantly
influenced by the natural environment. Overall, the counties and cities suitable for agri-
cultural production land, grassland ecological land, and urban living land present a trend
around the Qinghai Lake Basin at an altitude between 3000 and 3300 m. According to the
PECI, priority should be given to the development of the grassland ecological land in the
counties of Gonghe and Xinghai, followed by Qilian County. Menyuan County and Guinan
County should prioritize the development of the agricultural production land, followed by
Gonghe County. Haiyan County has advantages in developing the urban living land in
scenarios A, B, and C, followed by Xinghai County in scenario D. These counties are located
around Qinghai Lake and can leverage their geographical advantages and resources to
drive the development of agriculture, animal husbandry, and subsequently, the integrated
development of secondary and tertiary industries.

From a county perspective, Haiyan and Gonghe Counties in the Qinghai Lake Basin
have an absolute development advantage. Gonghe County surrounds Qinghai Lake on
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its east, south, and west sides, which is adjacent to the Three-river Headwaters National
Nature Reserve and serves as the administrative center of Hainan Tibetan Autonomous
Prefecture. It has comprehensive geographical development advantages and is suitable
for the development of agricultural production land, grassland ecological land, and urban
living land. The development of the grassland ecological land in this area has an absolute
advantage in promoting ecological tourism around Qinghai Lake. Haiyan County, located
northeast of Qinghai Lake, has abundant tourism resources. In recent years, with the
impetus of urbanization and industrialization, there have been advantages in developing
the urban living land. The majority of Gangcha is above 3300-3800 meters in altitude, and
its development advantage is relatively weak.

The PLE land in the Xining Marginal area can be summarized by the following
model. The PLE land does not exhibit a piecemeal expansion pattern, as it is influenced
by mountains and rivers. The agricultural production land and grassland ecological land
have advantages for development, whereas the urban living land has just development
potential. Furthermore, the development pattern of the Qinghai Lake Basin exhibits a
layered structure. The urban living land, agricultural production land, and grassland
ecological land all expand outward in that sequence to the north of the Qinghai Lake
Basin, with the Qilian Mountains forming the outermost circle. The urban living land,
agricultural production land, and grassland ecological land all expand eastward to the
south, constrained by the headwaters of three rivers. To the west of the Qinghai Lake
Basin, only the development of the grassland ecological land is feasible at elevations above
3300 m. The Qilian Mountains, which are to the east, are suitable for the development of
ecological lands with a grassland and forest ecological land (Figure 9).
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land, and grassland ecological
expand outward in order

® South

Qilian Mountain

Ecological land

High

altitude
area

i expand eastward
Productio

® West
) Only grassland ecological land
Ecological
5 land ® East
Q':‘!:(ha' suitable for grassland ecological land
S and forest ecological land
Ecological Area of each land (km?)

land 100000

Ecological
land

80000

Living
land _~

60000

40000

20000

grassland ecological land, agricultural
production land, and urban living land

headwaters not a piecemeal pattern and limited

Three-river

0
2015 2020 2030A 20308 2030C 2030D

Production Ecological Living

momentum for expansion
Figure 9. Layered structure of PLE land in Xining marginal area.

Generally, the human-environment relationship system is essentially a complex sys-
tem, and many global challenges are interconnected, and addressing only one aspect may
exacerbate another. The intricate human—environment relationship system in the Xining
Marginal area requires planners to reconcile the conflicts between traditional agricultural
livelihoods and modern development, as well as the pressures of ecological environment
protection and social development goals. This process involves multi-stakeholder models
and cross-regional management, with the ultimate goal of enhancing human well-being.
Similar issues exist in many regions of the Global South, particularly in areas that are im-
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poverished, ecologically vulnerable, and in urgent need of social well-being enhancement,
such as the Ganges River basin in India, the Amazon rainforest, and Southeast Africa.

This study provides ideas for sustainable development path design for these regions
from three perspectives: land use prediction, land use interaction, and administrative
unit interaction. It is essential to consider the future interactions between different spatial
relationships and the competitive dynamics among different regional units. By adopting a
zoning approach, strategically allocating advantageous land use types in favorable regions
can promote regional sustainable development.

5.2. Nexus Approach for the Sustainable Development in Xining Marginal Area

Qinghai Province’s relatively slow economic development and uneven population
distribution may result in development differences and competitiveness among different
regions. Simultaneously, it is distinguished by a remote geographical location with incon-
venient transportation, which may limit economic development. Whereas the National
Territory Development Planning System requires the delineation of urban development
boundaries to assure the spatial capacity of future urban development and construction,
the arrangement of urban development time series results in a significant loss of rural
development rights. In practice, local governments continue to implement indiscriminate
policy supply for the region, and they are unable to timely change the system and poli-
cies that constrain the use of PLE land. The mismatch between policy supply and rural
development stage will undoubtedly result in a decrease or even stagnation of the existing
economies of scale, with the result that marginal areas will violate development laws. As a
result, more specific and realistic actions must be implemented in the Xining marginal area
to achieve a balance between economic development and environmental preservation.

The urbanization of the Qinghai-Tibet Plateau should be based on water tower pro-
tection and green development. Given the unique characteristics of plateau urbanization
and the maximum permissible urban population size, the Qinghai-Tibet Plateau’s urban-
ization rate can be increased to 57.25%. Compared to the current urbanization rate of
47.58% in 2020, the Qinghai-Tibet Plateau may only expect a 9.67% increase in future
urbanization [38]. Furthermore, the severe and fragile ecology of the Qinghai-Tibet Plateau
necessitates a relatively small urban population. The plateau’s low carrying threshold
prevents large-scale urbanization and development. The urbanization of the plateau does
not conform to the law of stage development, and there is no need to significantly improve
the urbanization of the plateau. Therefore, for counties with room to grow, urbanization
can only take place at a low speed and with high quality.

The land use methods are designed to optimize the type and spatial combination
of land use to protect land resources from damage; to gain the best integrated economic,
social, and ecological benefits; and to maintain the long-term stability of such benefits [39].
We calculated the dominance of the different regions in developing different lands and
designed a feasible nexus method for the sustainable development of the Xining marginal
area (Figure 10). In this section, we propose five ways to reconcile the conflicts in the Xining
marginal area, as shown below:

(1) Low-speed development and high-quality urbanization

This approach applies to Haiyan County, Gonghe County, and Tongren City. Accord-
ing to Section 4.2, Haiyan County has dominance in developing urban living land, while
Tongren City is a regional central city on the Qinghai-Tibet Plateau, acting as a point for
driving social development and consolidating borders of the plateau [38]. In addition,
according to Section 4.2, the living land in state government locations has a stronger growth
momentum. Therefore, it is reasonable for Haiyan County and Tongren City to develop
urban living lands. However, Gonghe County shows a diversity of appropriate characteris-
tics. It has dominance in developing rural living land, other living land, and developing
grassland ecological land. Therefore, it is worth exploring what type of lands Gonghe
County should focus on constructing. We calculated the average conflict values of Gonghe
County to develop the above lands under different scenarios. According to PFCI, in all the
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scenarios, Gonghe County has greater dominance in developing the rural living land and
other living land, both of which are largely outside of the same competitive advantage set
(see Section 4.2). Therefore, it is feasible for Gonghe County to focus on the rural living
land and other living land based on its original foundation, with the grass ecological land
surrounding it to protect the Qinghai Lake.

To conclude, Haiyan County, Gonghe County, and Tongren City are suitable for taking
the approach of low-speed and high-quality urbanization. Fang also proposed to promote
the conversion of Gonghe and Haiyan from counties into cities [38], which further verifies
the views of this paper.

(2) Mountain forest conservation

This approach applies to Qilian County. According to Section 4.3, Qilian County has
dominance in developing forest ecological land and other ecological land. And given that
the Qilian Mountain Nature Reserve lies in Qilian County, the path of mountain forest
protection is advisable.

(3) Plateau characteristic agriculture

This approach applies to Guinan and Menyuan, which have dominance in developing
land for agricultural production. They should advocate the inheritance of traditional agri-
cultural civilization and the moderate development of modern agriculture with highland
characteristics on the premise of guaranteeing food security [40].

(4) Water tower protection

This approach applies to Xinghai, Tongde, and Zeku Counties. Xinghai County
has dominance in developing grassland ecological land. In addition, the unique alpine
vegetation system in three-river headwaters plays a pivotal role in global climate change.
The vegetation in the region determines the local ecology and animal husbandry production,
and has a significant impact on the ecological security of China and Asia as a whole [41].
However, in the process of urbanization and industrialization in the three-river headwaters
from 2012 to 2016, the environmental stress presented a point-like effect, the agricultural and
animal husbandry production presented a planar stress, and the tourism and transportation
presented a linear stress [42]. Therefore, the counties located in the three-river headwaters
should take the approach of water town protection.

(5) Live in town, pasture/farming in country

This approach applies to the counties characterized by no obvious dominance in devel-
opment, including Gangcha, Guide, Jianzha, and Henan Counties. All these counties have
a smaller center, surrounded by grassland ecological land or agricultural production land.
According to Section 4.2, the development of grassland ecological land and agricultural
production land may alleviate the overall conflict. It is appropriate for residents to live in
the town, and pasture or farm in the country.

5.3. Limitations

Firstly, due to limitations in data acquisition and data volume, the influential factors
we added to the PLUS model are not convincing enough. In addition, we only simulated
the evolution pattern of the PLE lands in the different scenarios without specifying specific
locations. For example, we did not add constrained areas or urban master plans to calculate
the dominance of the development of different regions in the face of policy disruptions [43].
Secondly, due to the volume of data, we only considered the conflicts between the different
lands from a holistic perspective, which was much larger in scale. We did not measure
the conflicts between the different lands on a more microscopic scale, such as the spatial
conflicts based on landscape ecology [44,45] or map multi-factor overlay [46,47].
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Figure 10. Nexus approaches for sustainable development of Xining marginal area.

5.4. Conclusions

In this study, we established the scenarios of natural growth, urban development,
cultivated land conservation, and ecological protection based on the PLUS model, and
calculated the competitive advantages between the different lands and regions in the Xining
marginal area using PFCI. In conclusion, the Qinghai Tibet Plateau will not embark on the
path of rapid urbanization by 2030. In any situation, the PLE land in the Xining marginal
area is mainly focused on production and ecological land, with a very low proportion
of living land (around 0.1%). The Xining marginal area has formed and will continue
to maintain the core-edge pattern, namely, the seats of government will see stronger
growth in the urban living land and other living land. All these indicate that the Xining
marginal area is still in the early stages of economic development while the influence of
the relatively developed areas exerted on other regions is still quite limited. The strong
competitive advantage set includes the grassland ecological land and other ecological
land, which indicates that in the Xining marginal area, the grassland ecological land and
other ecological land have a dominant role or are in a dominant position. Regardless
of the future development scenarios, the urban living land always plays a secondary
role [47]. Gonghe County has dominance in developing rural living land and other living
land, Xinghai County has dominance in developing grassland ecological land, Guinan
County has dominance in developing agricultural production land, and Haiyan County
has dominance in developing urban living land. On that basis, we analyzed the sustainable
allocation strategies of the different lands and found that developing the corresponding
lands in the dominant regions is the best option. Finally, we established nexus approaches
to harmonizing conflicts for the Xining marginal area, aiming to provide a reference for
the ecological highland. We hope that the Xining marginal area will thrive and become
more lingering.
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Abstract: The expansion of African cities leads to the occupation of peripheral urban areas without
respecting planning rules. The Greater Lomé (Togo) is no exception to this phenomenon of high-
speed horizontal spreading, which causes recurrent flooding. The objective of this research is to
understand the spatio-temporal changes in the dynamics of built-up areas in Greater Lomé. The
methodology used is based on the analysis of Landsat images from the years 2007, 2012, 2016, and
2020 coupled with direct field observations and a literature review. The results showed an increase
in residential areas to the detriment of the other land use/cover types. Estimated at 15,481 ha in
2007, the built-up area reached 35,521 ha in 2020, an increase of 33% to the detriment of vegetation
and cultivation areas. This increase was marked by constructions in the floodplain of the Zio River.
The field surveys revealed an increase in the density of most of the agglomerations. From 1863 ha
in 2007, they increased to 14,485 ha in 2020, an increase of 12,622 ha or approximately 33%. These
results indicate that attention needs to be paid to both the planning and control of the development
of spaces in the outlying areas of Greater Lomé.

Keywords: urban sprawl; residential areas; urban planning; Greater Lomé¢; Togo

1. Introduction

Urban sprawl, broadly defined as dispersed, excessive, and wasteful urban growth,
characterized by the excessive use of land for the building of single-family houses in the
suburbs [1], is increasingly observed in recent years in African cities. This urban explosion
has placed the problem of the surge of populations on the urban outskirts at the center of
debates on the city. While the developed countries are collapsing in the face of the crisis
in the suburbs marked by violence and bad living, the population of the countries of the
South exerts strong pressure on the outskirts of cities [2], since the actual infrastructure
built without any official urban plan do not provide for any urban service let alone the
preservation of the surrounding ecology [3]. The main cause of these pressures is the rapid
increase in local populations [4] combined with the absence of city extension policies or the
implementation of certain master plans [5].

Africa’s high population growth rate makes the demographic explosion one of the
most important causes of land use changes in African cities. The latter is characterized
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by a peri-urban ring, which is a transition between the rural environment and the urban
environment [6-8]. Under the weight of vertiginous demographic growth, the peri-urban
zone is receding, giving way to an urbanized area and, in turn, transforming its periphery,
which was once rural. The urbanization of peripheral zones appears to be the essential form
of growth for West African cities. It is manifested everywhere by a sprawl of residential
areas, which sometimes pushes the limits of the city to considerable distances from the
urban center [9]. Despite multifaceted consequences, such as the housing and transport
crisis, precarious employment, and a lack of sanitation [10], climatic factors in general
and heat islands in particular [11] are considered today as consequences of a reduction in
vegetation cover in residential areas.

Many studies on the dynamics of land use and land cover in urban areas have been
performed during the last decades in various parts of the world. For instance, in Latin
America, ref. [12] analyzed the land cover dynamics along the urban-rural gradient of the
Port-au-Prince agglomeration (Republic of Haiti) from 1986 to 2021 and found that the
landscape has undergone significant changes because of the “high demand for housing”
while in Asia, ref. [13] estimated, determined the patterns, and identified the potential
drivers of land-use changes during 1995-2015 in an urbanizing tropical watershed in
Indonesia. They found, among other results, a major change from agricultural to urban
areas in the study area. In Europe, the relationships between the spatial and temporal
dynamics of land use and land cover (LULC), the hydro-geomorphological processes, and
their impacts were evaluated by [14]. They showed a highlighted increase in artificial areas
for the period 1958-2018. In West Africa, land use and land cover dynamics were analyzed
in Calabar Metropolis (Nigeria) by [15] using a combined approach of remote sensing and a
geographic information system. Their studies showed an increased trend in built-up areas
from 2002 to 2016. Moreover, by analyzing the global satellite data of 120 cities, ref. [16]
found that cities “fragmented” a large area of landscapes. With the urban extension that
can be observed everywhere in the world, the monitoring of territorial dynamics has taken
an important place in the context of urban planning. It then appeared necessary to have
reliable, precise, and continuously updated data on the evolution of the territory [17,18].

However, little has been done to understand land use and land cover dynamics in the
urban areas of Greater Lomé. Thus, the main objective of this work is to understand the
spatial and temporal dynamics of built-up areas in Greater Lomé with a view to providing
guidelines for sustainable urban planning in the study area. Specifically, it aims to analyze
(i) land use and land cover changes in relation to the evolution of buildings as well as
(ii) trends in the annual rate and change matrix of LULC.

The city of Lomé is today the largest city in Togo whose development exceeds all forecasts.
The observation is the strong spatial growth due to demographic pressure and the need for
city dwellers to find housing. The majority of housing is built through the informal sector in
the city center or on its outskirts, which gives rise to spontaneous outlying districts. The urban
policies of Togo are those where the public power of urbanization is out of phase with the
occupation of spaces by the population. In Lomé, the development of outlying districts was
the work of customary landowners outside of any control by the state and local authorities.
It was favored by the housing problems, which continue to worsen. These owners did not
comply with the subdivision procedures provided for by law, in particular, obtaining the
agreement of the minister in charge of town planning before any fragmentation [19,20]. This
should help to monitor compliance with planning and has resulted in a dramatic increase in
the area of the city. Thus, since the 1970s, the extension of Greater Lomé towards its peripheral
margins has started attracting the attention of researchers, who have not hesitated to develop
research themes within the framework of numerous scientific works. The literature indicates
that an increase in the population results in accelerated demand for natural resources, resulting
in ecosystem and landscape degradation [21].

Finally, it is important to note that the ecosystem and associated landscapes provide
important services, such as oxygen production, carbon sequestration, flood control, food,
and cultural services. These landscapes provide urban dwellers with opportunities for
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tourism and recreation [22]. This growth is characterized by the extension of the outskirts
described as an “unfinished landscape” where facilities are lacking [23,24].

2. Materials and Methods
2.1. Study Area

This study was performed in the agglomeration and the peripheral areas of Greater
Lomé, the capital town of Togo. The study area is located between 6°06'-6°25’ North lati-
tudes and 1°15'-1°45’ East longitudes (Figure 1). It is composed of 152 neighborhoods [25]
and has a population of 2,188,376 [26]. The district of Greater Lomé has an area of 61,315 ha
and is composed of two prefectures (six communes for the Agoenyivé prefecture and seven
communes for the Gulf prefecture) as well as a few localities of the Zio and Avé prefectures
(Djagblé, Aveta, and Akepe).
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Figure 1. Location of Greater Lomé.

2.2. Data Acquisition

The data used in this study were derived from Landsat images (30 m x 30 m resolution)
at the end of the dry season (January-February) in order to obtain satellite images with
very low cloud cover (less than 10%). These satellite images were obtained from the
Center for Earth Resources Observation and Science (https:/ /earthexplorer.usgs.gov/,
accessed on 1 January 2020). The images without cloud cover and characteristics not
affected by seasonality were considered in this study. The use of data from the same season
has the advantage of providing homogeneous spectral and radiometric characteristics.
It reduces the seasonal variation in the spectral reflectance of the different land cover
types [27,28]. The level-2 products (surface reflectance) of the Landsat 7 and Landsat 8
satellites from 2012, 2016, and 2020 were selected in order to obtain geometric, radiometric,
and atmospheric corrected data (Table 1). Moreover, the Landsat images were used for data
analysis for several reasons: (i) the availability of several images up to 2002, (ii) open-source
data, (iii) good spectral resolution, and (iv) the spatial resolution (30 m) is sufficient to
distinguish forest/non-forest classes and, thus, limits the amount of data to be processed.
In addition, Landsat images have good radiometric and geometric qualities to carry out
land use dynamics analyses [29].
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Table 1. Characteristics of the images collected.

Year Acquisition Date Sensor

2020 16 February 2020 Landsat 8/OLI

2016 25 January 2017 Landsat 8/OLI

2012 04 January 2012 Landsat 7/ETM + (SLC-off)
2007 22 January 2007 Landsat 7/ETM + (SLC-off)

2.3. Determination of Building Occupancy Classes

The land use and land cover (LULC) classes were defined in two stages. Initially, two
LULC classes were defined: built-up areas and other land occupations, such as water bodies
and vegetated areas. Secondly, it was useful to differentiate in each class the “housing
zone”: three (03 subclasses (Table 2).

Table 2. Land use and land cover classification applied in the study area.

No. Class Name Description
1 Dense zone Areas covered by more than 90% of built-up area
2 Moderate-density zone Areas covered by built-up area between 75% and 90%
3 Low-density zone Areas that covered less than 75% of built-up area
4 Other land use/land cover Natural vegetation, watering holes, cultivated areas

2.4. Processing of Satellite Data and Classification

The classification was performed using the Random Forest (RF) algorithm based on
312 reference data (occupation classes). This algorithm was selected for its good predictive
abilities of land cover [30,31] and for temporal analysis [32]. Moreover, the RF provides
means to estimate missing values and perform multiple types of data analysis, including
regression, classification, and unsupervised learning [33].

In order to maximize the band information and improve the discrimination of the land
use and land cover (LULC) classes, a principal component analysis (PCA) was calculated on
the indices derived from the primary channels of the satellite images. The PCA was then
used to perform a classification based on the training plots collected during the field survey.
These indices included the normalized building difference index (NDBI), the soil adjustment
vegetation index (SAVI), and the normalized humidity difference index (MNDWI) [34].

The NDBI values vary between —1.0 and +1.0. The highest value represents built-
up areas, the lowest value indicates vegetation, and the negative value signifies water
bodies. In NDBI methods, it is assumed that all positive NDVI and NDBI values represent
vegetation and built-up areas. This approach is prone to many errors. Consequently, the
Built-Up Index (BU) minimizes this error by subtracting the NDVI from the NDBI.

The Soil Adjustment Vegetation Index (SAVI) is a transformation technique used to
minimize the influence of soil brightness from spectral vegetation indices involving red and
near-infrared (NIR) wavelengths. The SAVI is calculated using the following Equation (1):

SAVI = (NIR — Red)/(NIR + Red + L)) x (1 +L) 1)

where L denotes a correction factor for soil brightness. To take into account the ground
brightness for most land use and land cover types, L types are defined as 0.5.

The normalized humidity difference index (MNDWI) is a remote-sensing-based in-
dicator that is sensitive to changes in leaf water content [35]. The MNDWI mitigates the
errors of the NDWI by extracting the water content from remote sensing data. The Modi-
fied Normalized Difference Index for water uses the green and Short-Wave Infrared Red
(SWIR) bands to highlight the characteristics of open water dominated by built-up areas.
It removes noise from built-up areas, vegetation, and soil. The NDWI value ranges from
—1.0 to +1.0. In general, positive values above 0.5 indicate bodies of water, while lower
values of 0-0.2 indicate built-up areas and negative values indicate vegetation.
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Using the three (03) different indices (NDBI, SAVI, and MNDWI), a PCA was carried
out for the 4 years considered in this study, namely 2007, 2012, 2016, and 2020. The results
of this analysis were used to assess the quality of the classification (Figure 2).

(2)2007 4 (b) 2012

Bands PCA1 | PCA2 PCA3 Bands PCA1 | PCA2 | PCA3
MNDWI | 0.486 | 0.637 0.5955 MNDWI | 0.523 0.3087 | 0.7943
NDBI 0.7704 | 0.6357 -0.0469 NDBI -0.785 | 0.5366 | 0.3085
SAVI 0.4084 | -0.4358 | 0.801 SAVI -0.331 | -0.785 | 0.5232

(d) 2020

PCA
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Bands PCA1 PCA2 PCA3 Bands PCA1 | PCA2 PCA3
MNDWI | -0.5065 | 0.8416 0.1871 MNDWI | 0.0125 | -0.6202 | —0.7842

NDBI 0.6176 | 0.2027 | 0.7598 NDBI 0.9993 | -0.0181 | 0.0303
SAVI -0.6016 | —0.5005 | 0.6225 SAVI 0.0330 | 0.7841 | -0.6196

Figure 2. Principal Component Analysis results on index bands.

2.5. Accuracy Assessment

An evaluation of the quality of the classifications is performed by computing the con-
fusion matrix [36] and the Kappa (K) coefficient expressed as the probability of correct
classification [37,38]. The Kappa (K) coefficient, developed by Cohen [39], is a powerful and
widely used statistical measure to assess the inter-raster agreement between variables [40].
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Rate of change(%) = (Present LULC area — Previous LULC area)/ (Previous LULC area) x 100

The Kappa coefficient is extensively used because each element in the classification error
matrix contributes to its calculation [41]. It lies between 0 and 1. The latter indicates total
agreement and is often multiplied by 100 to give a percentage measure of the classification ac-
curacy. Moreover, the Kappa values are subdivided into 3 groups: strong agreement (Kappa
> 80%), moderate agreement (40% < Kappa < 80%), and poor agreement (Kappa < 40%) [41].

A stratified random sampling method was used in the accuracy assessment based on
the observed data and a visual interpretation (expert knowledge). In addition, 300 points
were generated for each of the classified images. Each point had specific color and pixel val-
ues, which were considered reference values. All the points that were randomly generated
were then identified by the user and assigned to different LULC classes.

As suggested by [42], the overall accuracy of the two maps must be multiplied in order
to evaluate the overall accuracy of the overlaid classification and verify the mis- classified
errors. Furthermore, [42] emphasises the need not to proceed with the analysis when
the computed accuracy is not acceptable. To determine whether the comparison is still
useful, the accuracy value should always be compared to a previously defined threshold of
acceptance. In this study, we adopted the accuracy threshold of 75% used by [42] for the
final product of the two overlaid classifications.

2.6. Change Detection

The classified maps were compared using a change matrix in Orfeo ToolBox (version
8.1.2) and QGIS software (version 3.30) in order to obtain the changes in the different classes
for the different periods considered in this study [43]. Moreover, the results of the LULC
area distribution were used to compute the LULC trends, net change, percent change, and
rate of LULC between the years 2007 and 2012, 2012 and 2016, and 2020 as well as for the
periods 2007 and 2020. In order to calculate the percentage change (%), the initial and final
LULC area coverages were compared using the following Equation (2):

To obtain the annual rate of change for each LULC type, the rate of change of the final
year was subtracted from the one of the initial year and then divided by the total number
of years using the following Equation (3):

Annual Rate of Change = (Final Year — Initial Year)/ (total number of Years) (3)

A post-classification change matrix was further used to analyze these changes. This
post-classification change detection technique provides important information about the
spatial distribution of LULC [44]. A land use change matrix displaying the LULC was
generated from the classified images of 2007, 2012, 2016, and 2020. Finally, a change matrix
from 2007 to 2020 was generated to assess the overall changes in the LULC classes between
2007 and 2020 for Greater Lomé.

3. Results
3.1. Land Use/Cover Dynamics in Relation to the Evolution of Buildings

The outskirts of the city of Lomé have undergone a remarkable change in LULC in
relation to the evolution of buildings. The results of the pixel-level accuracy assessment are
presented in Table 3.

Table 3. Accuracy of the Random Forest classification.

Year Kappa Coefficient Overall Accuracy
2020 0.93 95.62%

2016 0.92 94.34

2012 0.91 93.45%

2007 0.89 91.19%
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Since the overall accuracy values are between 91% and 95%, we can confirm that the
classification is quite good for an analysis of the dynamics of land use in relation to the
evolution of buildings (Table 3).

In general, the proportion of the urbanized zone has increased from 2007 to 2020 to the
detriment of the vegetation and agricultural zones of land use (Table 4). This progression is
pronounced as one advances in time (Figure 3).
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Figure 3. Land use/cover in relation to the evolution of buildings in Greater Lomé.

The analysis of the spatial distribution of built-up areas showed that the moderately
built-up areas (areas with moderate density) have increased at the expense of the sparsely
built-up areas (low-density areas) in some localities, such as Aflao Gakli, Togblékopé,
Agoe-Nyivé, Adétikopé, and Djablé, which were peripheral areas at this period. At the
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same time, new sparsely built areas (low-density areas) appeared in these localities in
addition to those that appeared in the outermost areas of greater Lomé, such as the Mission
de Tové, Davié, Aképé, and Abobo during the same period. This situation compensates for
the lightly built-up areas that have evolved into moderately built-up areas. The medium
and low-density classes also increased slightly (Figure 4).

Table 4. Evolution of buildings on the outskirts of district of Greater Lomé.

Occupation 2007 2012 2016 2020
Housing area Area (ha) Rate (%) Area (ha) Rate (%) Area (ha) Rate (%) Area (ha) Rate (%)
15,481 25.25 20,924 34.12 25,624 41.79 35,521 57.93
Other classes 45,826 74.75 40,377 65.88 35,678 50.21 25,783 4217
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Figure 4. Dynamics of land use/cover centered on building subclasses.
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In addition, the analysis of the LUCLC dynamics showed that the proportions of
highly dense built-up areas increased significantly between 2007 and 2020, increasing from
1863 hectares to 14,485 hectares. From 2012 to 2016, the proportion of highly built-up,
moderately built-up, and weakly built-up areas has increased, respectively, from 5956 to
6299 ha, 8207 to 10,674 ha, and 6761 to 8649 ha (Table 5).

Table 5. Land use/cover areas centered on the subclasses of buildings.

Area in Hectares and Percentage

Type of Occupation

2007 (%) 2012 (%) 2016 (%) 2020 (%)
Dense zone 1863 3.04 5956 9.72 6299 10.28 14,485 23.63
Moderate-density zone 6137 10.01 8207 13.39 10,675 17.41 6058 9.88
Low-density zone 7479 12.20 6761 11.03 8649 14.11 14,978 24.43
Other land use/cover 45,826 74.75 40,377 65.87 35,679 58.20 25,783 42.06
Total area 61,305 100 61,301 100 61,302 100 61,302 100

It appears that from 2007 to 2020, there were significant conversions from other land
cover classes (water, bare soil, vegetated areas, crops, and pasture) to those of built-up
areas as a whole. On the other hand, there were no significant conversions of built-up areas
into other classes of land use during the entire study period, and these have evolved over
time from downtown Lomé to the peripheral areas of Greater Lomé. A gradual regression
of green spaces was observed throughout the study area. This situation is largely due to
the progression of urbanized spaces to the detriment of woodlots, fields, etc. These maps
show that land use trends progress in the direction of urban sprawl. At the same time,
we are witnessing the densification of buildings from the city center to the outskirts of
Greater Lomé. The minimal conversions that were observed from built-up areas to other
LULC classes can be justified for places where houses have been washed away by floods,
rendering these places uninhabitable and subsequently occupied by vegetation.

Some direct observations during the fieldwork have enabled the identification of
dwellings in some flood-prone areas of the Zio River (Figure 5). These houses were
abandoned by the owners and remain dilapidated during the rainy season (Figure 6).

Figure 5. Constructions in the flood zone of the lower Zio Valley in Djagblé. Source: Fieldwork
(2022).
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Figure 6. Houses located in the lowlands and flooded in Baguida. Source: Fieldwork (2022).

Other areas that appeared to be lowlands but built by the population have also been
listed. The inhabitants of these houses are forced to leave their homes during the rainy
season and return to them during the dry season when the waters recede.

3.2. Trends in Annual Rate and Change Matrix of Land/Cover in Greater Lomé

The study revealed that there was an increase in the “High-density area” during the
years 2007-2020, which shows an increase in the rate of change (22.79 ha/year) (Figure 7).
The same trend of increase was observed in the “Low-density area” for the same period
(2007-2020), with an estimated rate of change of 7.72 ha/year, except for the years 2007-2012
when a regression was observed (—1.12 ha/year).
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Figure 7. Trends in land use/cover.
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The maximum change rate (—6.39 ha/year) was recorded for “Other classes” during
the period 2007-2020. The “Moderate-density areas” were characterized by trends, with
an increase in the built-up areas from 2007 to 2016 and an annual rate of change estimated
at 3.23 ha/year (2007-2012) and 2.92 ha/year (2012-2016), respectively. However, the
2016-2020 period was marked by a regression in this land use, with an estimated annual
rate of —6.29 ha/year. In summary, for the areas characterized by “Moderate-density
area”, the overall regression was estimated at —0.14 ha/year during the period 2007-2020
(Figure 7).

The LULC change matrix of Greater Lomé during the period 2007-2020 showed the
conversion of one LULC class to another type of LULC. The increase in the magnitude of
the “High-density area” from 2007 to 2020 is mainly due to the conversion of the “Moderate-
density area” and “Other classes” (Table 6). The “Low-density areas” are the main land
use/cover classes that converted to “High-density areas” from 2007 to 2012, resulting in
a net increase of 1.62 ha/year of “High-density area”. The decrease in “Other classes” of
LULC is attributed to the conversion of this land use/cover type to other major classes (i.e.,

a7

“High-density area”, “Moderate-density area”, and “Low-density area” (Table 6).

Table 6. Land use and land cover change matrix in Greater Lomé 2007-2020.

Years LULC Dense Zone Moderate-Density LowDensity Other Land Total Areas
(Ha) Zone (Ha) Zone (Ha) Use/Cover (Ha) (Ha)
Dense zone (Ha) (ha) 1196.64 172.53 1.62 5508.99 6879.78
Moderate-density zone (ha) 2716.29 3732.03 537.3 3155.49 10,141.11
2007-2012 Low-density zone (ha) 419.58 1413.09 1286.82 1250.46 4369.95
Other land use/cover (ha) 4158.54 831.96 54.36 34,880.31 39,925.17
Total areas (ha) 8491.05 6149.61 1880.1 44,795.25 61,316.01
Dense zone (Ha) (ha) 1410.84 542.79 221.85 6490.62 8666.1
Moderate-density zone (ha) 1159.65 7468.11 2106.09 3851.19 14,585.04
2012-2016 Low-density zone (ha) 12.06 775.44 1311.75 109.26 2208.51
Other land use/cover (ha) 4297.23 1354.77 730.26 29,474.1 35,856.36
Total areas (Ha) 6879.78 10,141.11 4369.95 39,925.17 61,316.01
Dense zone (Ha) (ha) 3503.61 1435.41 0.18 10,121.4 15,060.6
Moderate-density zone (ha) 818.37 3120.21 3.06 2017.8 5959.44
2016-2020 Low-density zone (ha) 1513.53 8873.37 2205.18 2398.95 14,991.03
Other land use/cover (ha) 2830.59 1156.05 0.09 21,318.21 25,304.94
Total areas (ha) 8666.1 14,585.04 2208.51 35,856.36 61,316.01
Dense zone (Ha) (ha) 2279.07 357.75 6.3 12,417.48 15,060.6
Moderate-density zone (ha) 1645.29 411.39 8.73 3894.03 5959.44
2007-2020 Low-density zone (ha) 2648.88 5006.34 1857.15 5478.66 14,991.03
Other land use/cover (ha) 1917.81 374.13 7.92 23,005.08 25,304.94
Total areas (ha) 8491.05 6149.61 1880.1 44,795.25 61,316.01

4. Discussion

This study revealed that the changes in LULC concern three (03) categories: dense zone
(heavily built-up area), moderate-density zone (moderately built-up area), and low-density
zone (weakly built-up area). Indeed, as one progresses from the countryside towards
the center of a city, one can observe a tightening of the plot design, a convergence and
densification of the communication networks, and a change in the assignments of which
the most spectacular is undoubtedly the densification of buildings [45]. Similar results
were obtained during the study of landscape dynamics in the upper Ouémé basin (Benin
Republic) using Landsat imagery [46]. Land use and land cover change is one of the major
driving forces of global environmental change and is of major concern because of its impacts
on various sectors of the economy [47]. These changes take place temporally and spatially
such as the extent of area and the intensity of LULC. It appears that human activities
have caused an increase in land utilization, change, and alteration [7]. Some large areas of
Greater Lomé and mainly natural vegetation have been turned into “high-density” and
“low-density” areas due to an increase in pressure from building activities. This pressure
leads to a considerable loss of biodiversity due to the destruction of many natural habitats.
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This confirms the idea that the Earth’s surface is affected by the presence of anthropogenic
activities in specific areas [48,49], exacerbated by the anthropocentric perspective of several
societies [50]. The increase in the built-up area observed during the study period is a result
of the construction of some buildings, roads, and infrastructure development as well as
the high demand for land for settlements by the growing population in Greater Lomé. The
population increase is mainly due to a high influx of people from other parts of the country
for jobs and income generation opportunities [7].

The rapid urbanization of Greater Lomé has also led to a reduction in the proportion of
land and degraded vegetation in peripheral areas in favor of buildings. It is recognized that
the extension of urban areas can be influenced, among other things, by the configuration of
space, in particular their accessibility and availability [51]. In addition, ref. [52], through
his study on the spatio-temporal analysis of the dynamics of landscape conversion along
the urban-rural gradient in Lubumbashi, revealed that the increase in the proportion
of buildings to the detriment of vegetation in the landscape of peri-urban areas makes
building space more limited in these areas. This could lead to land saturation, probably
followed by land conflicts.

In the outlying areas as well as in the city center of Greater Lomé, the extent of the
phenomenon of urbanization is considerable. The needs regarding housing and equipment
accumulate from year to year. Like the results of this study, those of [53] on the Mediter-
ranean coast of north-eastern Morocco showed the importance of socio-economic and
political factors in the artificialization of the peri-urban spaces. Indeed, urban expansion is
causing a decline and relocation of agricultural activities, in particular market gardening
and tree farms, a large part of whose production is intended for the market of Greater Lomé.
The strong urban expansion is likely to aggravate the problems of mobility, particularly
those of the populations of the outlying districts whose individual means of transport are
limited. In fact, there is an imbalance in the spatial distribution of infrastructure, equip-
ment, and services between the north, west, and east of downtown Greater Lomé. These
environments constitute peripheral zones where the urban extension continues.

The observation of the geomorphological landscape of Togblé, Adétikopé clearly
shows that most of the agglomerations established in the alluvial plain regularly suffer
from seasonal flooding. The modification of the natural conditions of runoff caused by each
human development has consequences on the dynamics of the watercourse. Clearly, the
hydrology of the Zio is deeply affected by its decimetric variations, with the consequence
of increasing hydrological risks, in particular the frequency of floods. Despite the frequency
of these risks, the lack of recent and continuous discharge data is a serious handicap for
the detailed analysis of the impacts of LULC changes on flood risk in this area. Also, the
current discontinuous series of flows has enabled flood frequency analysis of the Zio River.
Gracius [54], in his study on the analysis of vulnerability to flood risk and land-use planning
in the Commune of Cap-Haitien, showed that this phenomenon of peri-urbanization could
lead to an upsurge in flooding.

To these harmful practices, which have repercussions on the ecology of the river, in
this case, the morpho-dynamics of the bed, several other human activities are added, which
constitute, in reality, factors of aggravation of the floods, particularly the construction of
houses and buildings in the bed of the Zio River. The same is true for the surrounding
lowlands, which change the initial geomorphological characteristics of the plain. This
aspect has been mentioned by other authors, particularly the development of human
activities likely to alter the environment, which remains much more evident at a distance
closer to urban centers [51]. This urbanization profoundly modifies the natural conditions
of the water flow, which can cause flooding in these environments.

Scientific information on the spatial dynamics of built-up areas integrating the tem-
poral dimension in Greater Lomé is, therefore, of great importance for decision-makers
evaluating urban land use and planning decisions and for the scientific community discov-
ering the causes and effects of land use changes on the management of urban spaces in Togo.
However, in this study, spatial resolution is a key factor that can affect image quality and
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mapping accuracy. The mapping of built-up areas from medium spatial resolution Landsat
images can, therefore, limit class discrimination and affect classification accuracy. These
medium spatial resolution images may not be able to provide accurate information on the
density or distribution of buildings in this area, even though the PCA were calculated on
images composed of indices derived from the primary image channels, maximized band
information, and eliminated noise. Indeed, the quality of the classifications was assessed
by calculating the confusion matrix [36] and the Kappa K index proposed by [39]. The
Kappa index is expressed as the probability of correct classification on a scale of 0 to 1.

The Random Forest (RF) algorithm was used for mapping on the basis of over 300 train-
ing pixels, where classes were determined during the field survey. The validation of the
classification was based on control points collected in the field. The Random Forest (RF)
algorithm, developed by [30] was chosen for its good land use prediction capabilities [31]
in the case of temporal analysis [32]. Several authors have shown that land cover clas-
sifications using RF outperform classifications using other types of algorithms, such as
maximum likelihood classification [32]. The RF provides an algorithm for estimating miss-
ing values and the flexibility to perform several types of data analysis, including regression,
classification, survival analysis, and unsupervised learning [33].

This is a non-parametric supervised classification algorithm that combines the decision
tree algorithm with an aggregation technique. It is included in the “Random Forest”
package of the “R” software. (version 4.3.1). The algorithm randomly selects a sample of
observations and a sample of variables several times to produce a large number of small
classification trees. These small trees are then grouped together and a majority voting rule
is applied to determine the final category [30]. In order to maximize the band information
and eliminate noise so that the discrimination of the classes studied can be improved, a
PCA was calculated on the images composed of indices derived from the primary channels
of the satellite images and the main bands used. The indices used included the Normalized
Built-up Difference Index (NDBI), the Soil Adjustment Vegetation Index (SAVI), and the
Normalized Moisture Difference Index (MNDWI) [55].

5. Conclusions

This study has highlighted the interest in using Landsat images to study the evolution
of human habitats in urban and peri-urban areas in order to improve the understanding
of their dynamics over time. A meticulous choice of satellite images and the method
of classification enabled the obtainment of a clear and relevant rendering. The results
showed that the dynamics of land use along the urban-rural gradient were characterized
in 13 years (between 2007 and 2020) by a clear progression of buildings to the detriment of
vegetation in the peri-urban zones. They provided a good understanding of the dynamics
of these changes and indicated a strong dynamic in the landscape structure of Greater
Lomé, marked by a rapid extension of built-up areas. Furthermore, the results of this
study showed a marked extension in the peripheral areas of Greater Lomé, particularly
towards the north and west, to the detriment of agricultural and wooded areas. In addition,
towards the east, an evolution of the buildings was observed, but it was not continuous.
The presence of the lower Zio valley, which constituted a green band on the images, caused
the discontinuity of the evolution of the buildings in the east of the study area. However,
the observation of the satellite images showed that the evolution of the buildings has
narrowed this band of discontinuity, which was more stretched in 2020 than in 2016.

Finally, direct observations of the entire study area showed that the minimal conver-
sions observed for built-up areas to other land use classes could be justified, for the most
part, in places where houses have been washed away by floods. These places, which have
become uninhabitable, were subsequently occupied by vegetation. It becomes necessary to
carry out studies on the effects of the occupation of the lower Zio Valley on the dynamics
of floods in Greater Lomé in order to better understand the problems and suggest solutions
for mitigating their negative consequences, which have become more severe.
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Abstract: Faced with the dual challenges of ecological degradation and economic deceleration,
promoting urban green high-quality development (UGHQD) is pivotal for achieving economic
transformation, ecological restoration, and regional sustainable development. While the existing
literature has delved into the theoretical dimensions of UGHQD, there remains a notable dearth of
empirical studies that quantitatively assess its developmental levels, spatio-temporal evolution, and
driving factors. This study examines 107 cities of China’s five major urban agglomerations from
2003 to 2020, constructing a comprehensive evaluation indicator system for UGHQD. By employing
methodologies, including the Dagum Gini coefficient, Kernel density estimation, Markov chain, and
geographical detector, this study extensively assesses the spatial difference, dynamic evolution, and
underlying driving forces of UGHQD in these urban agglomerations. The findings indicate: (1) The
UGHQD level of the five major urban agglomerations has witnessed a consistent year-over-year
growth trend, with coastal agglomerations like the Pearl River Delta (PRD) and Yangtze River Delta
(YRD) outperforming others. (2) Pronounced regional differences exist in UGHQD levels across the
urban agglomerations, with inter-regional differences primarily contributing to these differences.
(3) The dynamic evolution of UGHQD distribution generally transitions from a centralized to
a decentralized pattern, with a marked “club convergence” characteristic hindering cross-type
leaps. (4) While a range of factors drive UGHQD in these agglomerations, technological innovation
stands out as the principal factor inducing spatial differentiation. The comprehensive analysis
and findings presented in this research not only contribute to academic knowledge but also hold
practical implications for policymakers and practitioners striving for environmentally conscious
land use planning and urban management.

Keywords: urban green high-quality development (UGHQD); spatio-temporal differences; Dagum
Gini coefficient; Markov chain

1. Introduction

Currently, the world faces increasingly serious climate change and ecological degra-
dation issues, which are progressively becoming major challenges to green economic
recovery and sustainable social development [1]. In this context, there is a growing inter-
national consensus on the urgent need to foster green growth and cultivate a low-carbon,
circular economy [2,3]. The United Nations World Commission on Environment and
Development initially introduced the concept of sustainable development in 1987 through
Our Common Future. Subsequently, David Pearce expanded upon this concept in his
seminal work Blueprint for a Green Economy, which closely aligns with the central tenets of
sustainable development and provides key guidelines for balancing economic growth
with environmental preservation [4-6]. As the world’s highest consumer of energy and
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a significant source of carbon emissions, China has undergone a phase of rapid eco-
nomic growth marked by intensive resource use and elevated energy consumption [7,8].
Although China has successfully realized its aspirational objective of creating a com-
prehensively moderately prosperous society, this achievement has come at considerable
environmental and resource costs [9,10]. Given the dual challenges of limited resources
and ecological vulnerability, China’s traditional development model, primarily reliant
on increasing inputs of production factors, is no longer sustainable [11]. Consequently,
China urgently needs to accelerate the transformation of its development model and shift
its economy from being factor-driven to one focused on green, low-carbon development
through “quality change”, “efficiency change”, and “driving force change” [12,13].

As key vehicles for industrialization and modernization, cities are experiencing
significant expansion in size and population. Forecasts suggest that by 2050, nearly
67% of the global populace will inhabit urban areas. This heightened urban concentra-
tion promotes industrialization while simultaneously exacerbating environmental and
resource-related challenges [14,15]. Using China as an illustrative case, data from the
National Bureau of Statistics indicate that urban energy consumption constituted 85% of
the national total in 2020 [16], thereby aggravating environmental degradation. Recently,
urban agglomerations—advanced forms of spatial organization at mature stages of urban
development—have emerged as strategic epicenters for regional economic and social
advancement. China’s 14th Five-Year Plan (2020-2025) emphasizes the role of such ag-
glomerations in propelling innovations in intelligent manufacturing; the digital economy;
and sustainable, low-carbon industries [17]. Notably, the five major urban agglomerations,
the Yangtze River Delta (YRD), the Pearl River Delta (PRD), Beijing-Tianjin-Hebei (BTH),
the Middle Reaches of the Yangtze River (MYR), and Chengdu-Chongqing (CC), are the
most economically advanced and talent-attractive regions in China, serving as primary
conduits linking China’s economy with the global economic landscape [18]. However,
due to the influence of various factors, such as population, geography, policies, educa-
tional resources, and development patterns, urban agglomerations differ greatly with
respect to development potential, technological innovation capacity, and infrastructure
development [19]. Thus, will these differences in development factors lead to serious
spatial imbalances in urban green high-quality development (UGHQD) among urban
agglomerations? Moreover, China is at a pivotal juncture in its urbanization trajectory,
and high-pollution and high-energy-consumption industries still play an important role in
pulling economic growth in development [20]. As crucial nodes of China’s new urbaniza-
tion agenda, these agglomerations are inevitably the hotspots for various environmental
pollution issues [21,22]. Within this context, UGHQD, as an innovative development
concept that is green-oriented and takes into account the synergistic progress of the econ-
omy, society, and technological innovation as well as the ecological environment, offers a
strategic approach to solving the problem.

In view of this, this study focuses on a representative sample of 107 cities in China’s
five major urban agglomerations selected for their typicality in terms of economic scale,
regional attributes, and policy environments. A multidimensional evaluation framework
is constructed to assess UGHQD, incorporating factors related to economic development,
social livelihood, ecological environment, and technological innovation. Initially, the
entropy value method is employed to quantify composite scores for UGHQD across
these urban agglomerations for the period 2003-2020. Subsequently, spatial differences
and the sources of the differences are scrutinized using Dagum’s Gini coefficient and its
decomposition techniques. Kernel density estimation and Markov chain analyses are
applied to systematically examine the spatio-temporal distribution and evolutionary dy-
namics of UGHQD within these urban agglomerations. Lastly, the geographical detector
is employed to examine the driving factors behind spatial differences in UGHQD. The
theoretical contributions of this study can be distilled into three main points. Firstly, this
study delves deeper by shifting the empirical research focus to the city level, moving
beyond the more commonly referenced provincial samples in the existing literature. Such
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an approach paves the way for more precise and detailed empirical conclusions. An
in-depth examination of spatial differences and the dynamic evolution of UGHQD within
China’s five major urban agglomerations helps sharpen our understanding of strategies
and pivotal aspects for the future promotion of UGHQD. Secondly, in contrast to existing
studies that predominantly utilize green total factor productivity as the primary indica-
tor, this paper constructs a comprehensive evaluation system for UGHQD. This system
evaluates based on four dimensions, economic development, social livelihood, ecologi-
cal environment, and technological innovation, thereby more closely aligning with the
objectives of UGHQD. Thirdly, beyond simply examining the spatio-temporal evolution
of UGHQD in China’s five major urban agglomerations, this study employs appropriate
methodologies to unveil the driving factors in spatial differences of UGHQD, offering
empirical insights for crafting sustainable development strategies for contemporary urban
agglomerations.

2. Literature Review

As a hot topic in recent years, high-quality development serves as a major strategic
plan designed to address the shortcomings of previous development approaches, over-
come technological bottlenecks, and reduce income inequality [23]. It signifies a strategic
evolutionary path and an institutional innovation process that shifts economic growth
from “scale expansion” and “factor-driven” to innovation-driven [24,25]. Integrating the
concept of high-quality development into the framework of socialist modernization is
pivotal as China’s economy transitions to a new era [26]. In this context, “green” has
emerged as an essential aspect of economic development. The new focus is on balancing
economic efficiency with environmentally friendly development models, taking into full
account resource utilization efficiency and environmental pollution emissions [27,28].
UGHQD represents a high degree of integration between “green development” and
“high-quality development” [29]. Its connotations are multifaceted: it advocates for low-
carbon, low-pollution, and high-efficiency production modes while sustaining economic
growth [30]. These modes foster the advancement and deployment of clean energy, re-
fine the composition of the energy matrix, alleviate ecological burdens, and improve
resource utilization efficiency [31,32]. Furthermore, UGHQD places a heightened focus
on social sustainability, emphasizing that economic growth should not solely prioritize
material gains but that social benefits such as equity, sharing, and inclusivity should
also be considered [33]. This necessitates addressing issues like job creation, narrow-
ing income gaps, and improving education and healthcare conditions [34,35]. Lastly,
UGHQD underscores the importance of innovation and technological progress [36,37].
This development paradigm, which places a premium on innovation, is positioned to
markedly elevate production efficiency and expedite the transition and enhancement of
industrial structures [38]. Overall, UGHQD aims to envision a “win-win-win” scenario
for the economy, society, and the environment.

In the realm of assessing the UGHQD level, existing scholarly contributions pre-
dominantly fall into two categories: single-indicator and multi-indicator approaches.
The single-indicator method primarily evaluates efficiency to determine the UGHQD
level, typically using green total factor productivity as the metric. Earlier methodologies
tended to rely on traditional approaches such as the Cobb-Douglas production func-
tion [39,40]. However, these traditional methods often overlooked the extensive impact
of environmental costs and undesirable outputs on economic efficiency, revealing limi-
tations in non-parametric estimations [41]. Consequently, they have evolved into more
sophisticated methods, including data envelopment analysis (DEA) [42], super efficiency
slacks-based measure (SBM) [43], and stochastic frontier analysis (SFA) [44-46]. Although
a single total factor productivity measure cannot fully encapsulate all aspects of social
economic operation and falls short of capturing the complex nuances of UGHQD, it does
provide valuable insights for establishing a more comprehensive measurement system for
UGHQD [47,48]. As for multi-indicator measurements, existing studies primarily focus
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on comprehensive assessments of high-quality developmental levels. Early studies often
equated economic growth quality with efficiency, necessitating a more precise delineation
of its broader implications [49]. In recent years, scholars have increasingly adopted a
more comprehensive view of economic growth quality, arguing that it should possess
a richer connotation to complement development speed. Consequently, factors such as
green growth [50], industrial upgrading [51], and technological innovation [52] have been
incorporated into assessments of economic growth quality. Existing literature mainly
employs the five development concepts of innovation, coordination, greenness, openness,
and sharing [53] or their derivatives as subsystems [54], or studies construct an indicator
system from three subsystems: economic, social, and ecological [55]. Some scholars have
also expanded the understanding of high-quality development, constructing indicator sys-
tems that consider dimensions like economic structure optimization, resource allocation
efficiency, social services, and industrial recycling development [56,57].

From a regional perspective, factors such as geographical location, resource endow-
ment, and environmental regulations collectively contribute to notable differences in
green development and high-quality development levels across regions [58,59]. Numer-
ous scholars have conducted in-depth analyses to elucidate these differences’ character-
istics and underlying causes, aiming to formulate more precise and targeted strategies
for regional synergistic development [60,61]. In the study of regional differences in green
development levels and convergence characteristics, the Theil index and 3-convergence
model are widely used [62]. However, the Theil index cannot describe the dynamic
distribution of subgroup samples, nor can it decompose the sources of spatial differences
in detail, limiting the accuracy of spatial difference analysis. Researchers have increas-
ingly turned to the Dagum Gini coefficient to circumvent these issues and investigate the
regional differences in urban green development along with their root causes [63]. The
Dagum Gini coefficient addresses data overlap within sample sets and can effectively
identify and trace the sources of regional differences. To describe the evolution of absolute
differences in green development levels more accurately, scholars have employed Kernel
density estimation methods to analyze the distributional dynamics of regional green
development [64,65]. Building on this, some have introduced the Markov transition
probability matrix to enhance data expressiveness and explanatory power [66]. While
the spatial Durbin model [67] and the dynamic panel quantile model [68] are commonly
applied to study the causes of regional differences, they fail to address endogeneity issues
in regression analyses adequately. Researchers have adopted the geographical detector
model to resolve this, allowing for a comprehensive assessment of interactions among
multiple factors and thereby identifying the causes of differences [69]. The geographi-
cal detector model is gaining traction in economic, social, and environmental research,
offering a valuable tool for scholars in these domains [70,71].

In surveying existing studies, it is evident that research on UGHQD has yielded
certain results, establishing a theoretical foundation for this study while leaving room for
further exploration. First, concerning the measurement of UGHQD levels, existing studies
have predominantly utilized metrics such as green total factor productivity. Comprehen-
sive evaluation frameworks based on an integrated set of indicators are notably scarce.
This limitation often hampers the accurate and comprehensive depiction of UGHQD.
Second, the majority of existing studies have exclusively explored the spatio-temporal
differences in either green development or high-quality development, with few examining
the spatio-temporal disparities in UGHQD and the driving factors that contribute to them.
As a critical indicator for sustainable urban development, the study of these differences
and their drivers holds practical significance; its absence hinders further in-depth research
in this area. Third, the existing literature predominantly focuses on nations, provinces,
and occasionally inter-provincial regions or watersheds as units of empirical analysis. In
contrast, studies employing cities as the spatial dimension for investigation are relatively
rare. This paper selects cities as the spatial research unit to more accurately capture the
nuanced and precise dynamics of UGHQD.
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3. Materials and Methods
3.1. Study Area

Guided by policy frameworks, such as Outline of the Beijing-Tianjin-Hebei Cooperative
Development Plan, Pearl River Delta Reform and Development Plan (2008-2020), Integrated
Development Plan for the Yangtze River Delta Region, Development Plan for the Middle Reaches
of the Yangtze River Urban Agglomeration, and Development Plan for the Chengdu-Chongqing
Urban Agglomeration, and drawing on existing research [72], this study systematically cat-
egorizes 107 cities within these five major urban agglomerations. The specific distribution
of these cities is detailed in Figure 1.
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Figure 1. Spatial distribution of China’s five major urban agglomerations.

3.2. Data Sources

This study focuses on China’s five major urban agglomerations, covering the period
from 2003 to 2020. The primary data sources included China Statistical Yearbook, China
Urban Statistical Yearbook, China Urban and Rural Construction Statistical Yearbook, statistical
yearbooks of various prefectures and cities, and the EPS database (https://www.epsnet.
com.cn, accessed on 26 April 2023). The number of authorized green patents was obtained
from the patent search database of China’s State Intellectual Property Office (SIPO). For
data gaps, interpolation methods were employed for imputation. Notably, the per capita
real GDP used in this study was based on the GDP deflator of the province where the city
is located and was adjusted to constant 2003 prices. Additionally, the urban population
figures used in the calculations were based on the total urban population recorded at the
end of each year.

3.3. Methods
3.3.1. Indicator System

Establishing a scientifically rigorous and practical evaluation indicator system is
essential to deeply explore the UGHQD levels of China’s five major urban agglomera-
tions. Three primary considerations were emphasized in developing this system: policy
documents, academic research findings, and data availability. Policy documents provided
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directive guidance for the construction of the indicator system. This study thoroughly
reviewed numerous policy documents issued by the Chinese government related to
UGHQD. Academic research offered a theoretical foundation for the system’s design. We
incorporated insights from scholars on the definition, characteristics, and potential indi-
cator systems of high-quality development and green development, ensuring scientific
integrity and the forward-thinking nature of our indicator choices [51-55]. Data avail-
ability ensured the operability of the indicator system. Meticulous review and selection
processes were applied to each potential indicator’s data sources, guaranteeing represen-
tativeness and reliability. The collected data were rigorously pre-processed and validated
to mitigate potential biases, ensuring the accuracy and authenticity of the evaluation
results. Integrating these considerations, this study proposes a UGHQD indicator system
that encompasses four main dimensions, economic development (ED), social livelihood
(SL), ecological environment (EE), and technological innovation (TI), featuring a total of
27 fundamental indicators. To ensure the objectivity and rationality of the weights for
each indicator, this study calculates the weights of the fundamental indicators within the
UGHQD indicator system using the entropy value method. Table 1 provides descriptions
of the relevant indicators.

Economic development is a fundamental means to resolve major societal contra-
dictions. To foster UGHQD and enhance both the quality and quantity of economic
development, upgrading the driving forces behind economic development while main-
taining stable economic growth is essential. Consequently, this study employed real GDP
per capita, fixed-asset investment, logistics accessibility, intensity of social consumption,
foreign trade dependence, foreign investment dependence, upgradation of the industrial
structure, and rationalization of the industrial structure as the foundational indicators to
assess the level of economic development.

The social livelihood dimension emphasizes the well-being of individuals, advo-
cating for the continual improvement of people’s livelihoods and social justice. This
dimension focuses on elevating the populace’s living standards, ensuring that every
resident experiences tangible benefits, happiness, and security. This not only facilitates
robust economic development but also lays the groundwork for social stability. Moreover,
when people’s livelihoods are adequately safeguarded, cities are more inclined to prior-
itize environmental sustainability, resulting in a symbiotic relationship between green
development and the welfare of the populace. Consequently, this study employs the
basic education level, transport infrastructure, public culture level, average wage level,
health and medicine level, and internet penetration rate as the key indicators of the social
livelihood dimension.

Regarding the ecological environment dimension, the growing global focus on
environmental issues has positioned the ecological health of cities as a central evaluative
dimension of UGHQD. A thriving ecological environment guarantees a healthy existence
for citizens and underpins sustainable economic and social development. Consequently,
this study employs green innovation achievements, intensity of science expenditure,
intensity of education expenditure, cultivation of innovative talents, and technological
innovation achievements as the key indicators of the ecological environment dimension.

The rationale for including technological innovation as a dimension in the UGHQD
evaluation index system is derived from its pivotal role in facilitating economic trans-
formation and enhancing resource efficiency. Technological innovation can drive the
shift from traditional, polluting industries to low-carbon, clean industries and provide
cutting-edge solutions to urban environmental challenges. Therefore, technological in-
novation is indispensable in steering cities toward green, high-quality development.
Consequently, this study employs green innovation achievements, intensity of science
expenditure, intensity of education expenditure, and cultivation of innovative talents as
the core indicators of the technological innovation dimension.
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3.3.2. Dagum Gini Coefficient

Dagum (1997) [73] decomposed the overall Gini coefficient into three components:
the intra-regional differences Gy, the inter-regional differences G,;;, and the super-variable
density G;. Due to its capability to effectively decompose and elucidate regional differ-
ences, the Dagum Gini coefficient addresses the limitations of traditional measurement
methods. In this study, the Dagum Gini coefficient and its decomposition method are
employed to systematically investigate the sources of regional differences in the UGHQD
level in China’s five major urban agglomerations. This approach allows for the examina-
tion of sub-sample distributions that are unaffected by sample overlap. The formula for
calculating the Dagum Gini coefficient is as follows:
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where G represents the overall Gini coefficient of the UGHQD level of the five major urban
agglomerations, y;i(yy,) is the UGHQD level of any city within j(h) urban agglomeration,
and n;(ny,) is the number of cities within j(h) urban agglomeration.

If only the Gini coefficient of the UGHQD level of each city within a region (e.g.,
within urban agglomeration j) is considered, the formula is as follows:

Z Z |?//1 y]r (2)

#]1 1r=

where y; is the expected value of the UGHQD level of each city in urban agglomeration j,
Y;ji(yjr) is the UGHQD level of any city in urban agglomeration j, and 7; is the number of
cities in urban agglomeration j.

The contribution of intra-regional differences is:
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where p; = nj/n, s; = njp;/np, and Gy can be interpreted as a weighted average of the Gini
coefficients within regions.

If the Gini coefficient of the UGHQD level of cities between regions (e.g., between
urban agglomerations j and k) is considered, the formula is as follows:
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where uj (1) is the expected value of the UGHQD level of each city in the j(h) urban
agglomeration, yj; (y;,) is the UGHQD level of any city in the j(h) urban agglomeration,
and ; (1) is the number of cities in the j(h) urban agglomeration.

The contribution of the inter-regional differences and the contribution of the super-
variable density are, respectively:
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where Dj, is the relative impact of the UGHQD level among j(h) urban agglomerations
and Dj, is defined as shown in the following equation under the premise that y; > p;:
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Dy = +—2= 7
M dy+ pj 7
where the formulas for dj, and pj, are shown below:
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where Fj(F;) is the cumulative density distribution function for the j(h) urban agglomera-
tions.

Furthermore, utilizing the aforementioned Gini coefficient decomposition formula
allows us to derive the decomposition equation for the overall Gini coefficient of the
UGHQD levels across China’s five major urban agglomerations:

G=Gy+ Gy + G (10)

3.3.3. Kernel Density

Kernel density estimation serves as a method for analyzing data distribution char-
acteristics drawing directly from the data itself. This method relaxes prior assumptions
about data distribution, is not bound by specific functional expressions, and avoids logical
inconsistencies arising from predetermined function forms. Given that the distribution
of the UGHQD levels in China’s five major urban agglomerations changes over time
and exhibits significant uncertainty and complexity, the nonparametric Kernel density
estimation method is well-suited for estimating its dynamic distribution trend. This
study uses Kernel density estimation to systematically describe the distribution’s location,
shape, extensibility, and polarization characteristics for the UGHQD levels of the five
major urban agglomerations throughout the sample period. Let the density function f(c)
for the random variable X at point ¢ be formulated as [64,74]:

N —
f<c>:;,p;1<<cl ) (1)

In Equation (11), N is the number of observations, C; is the independent and equally
distributed observations, ¢ is the mean value, p is the bandwidth, and K(:) is the kernel
function. This study chooses the more commonly used Gaussian kernel function to
estimate the dynamic evolution trend of the distribution of the UGHQD level in the five
major urban agglomerations. The kernel function expression is:

2
K(e) = 5 exp(—~5) (12)

3.3.4. Markov Chain

The Markov chain represents a discrete-time, discrete-state stochastic process. It
captures the growth change of a variable by segmenting the data into A categories and
determining the growth change by calculating the probability distribution for each cat-
egory and its evolutionary trend over time. One of the distinguishing features of the
Markov chain is its “memory lessness”; the conditional distribution of state X;,; is solely
dependent on state X; and is independent of prior states. In this study, we construct
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a transition probability matrix over a time span of d. When categorizing the UGHQD
level into A groups, one can establish a transition probability matrix of order A x A. The
transition probability formula is as follows:
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where Pl.t]-’t+d is the probability that the UGHQD level of a given urban agglomeration

shifts from type i in year t to type j in year ¢ + d, nf}’”d
belonging to type i in year t during the sample examination period that transition to type
j after d years, and n represents the number of regions belonging to type i in year t.

The spatial Markov chain expands upon the traditional Markov chain by introducing
the notion of “spatial lag”. It transforms the two-dimensional transition probability matrix
of A x A into a three-dimensional matrix of A x A x A. This allows the spatial Markov
chain to assess whether the UGHQD level of neighboring cities influences the transition

probability of a city’s UGHQD state.

denotes the number of regions

3.3.5. Geographical Detector

The geographical detector is a statistical instrument designed to discern spatial
disparities in geographic elements and investigate the driving factors underlying these
differences. This methodology partitions the study area into several specific subregions
and compares the overall variance within each region with the sum of variances across
these subregions to determine if the geographic elements exhibit significant spatial het-
erogeneity. In this study, we use the g-value as a criterion to quantify the influence of
various factors affecting the spatial differences in UGHQD levels among the five major
urban agglomerations. The g-value ranges from 0 to 1; a g-value closer to 1 indicates a
stronger explanatory power for the spatial differences in UGHQD. Specifically, a g-value
of 1 or 0 suggests a high degree of consistency or lack of correlation, respectively, between
the factor and the spatial differences in UGHQD.

Furthermore, this study introduces the concept of an interaction detector, which
identifies the existence and strength of an interaction effect between bivariate variables.
This is achieved by comparing the difference between the spatially superimposed g-values
of two factors and the g-values of each individual factor [69].
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where =1, 2,..., m represents the partition of the independent or dependent variable, n
is the total number of samples in the study area, ¢ is the total discrete variance in the
study area, 1, is the number of samples in partition /, and ¢? is the discrete variance of
the dependent variable in partition /.

Table 1. Indicator system of UGHQD.

Dimension Layer Sub-Level Explanation Attributes References
Economic development level Real GDP per capita Positive [26,49,57]
Fixed-asset investment Per capita investment in fixed assets Positive [26]
Logistics accessibility Per capita road freight volume Positive [55]
ED Intensity of social consumption Total retail sales (S;rc)gtr;sumer goods per Positive [52]
Foreign trade dependence Ratio of total exports and imports to GDP Positive [49,55]
Foreign investment dependence Actual utilized of foreign capital to GDP Positive [55]
Upgradation of industrial Value added of tertiary mc?ustry to value Positive [52,56]
structure added of secondary industry
Rationalization of industrial New Theil index Reverse [52,55,70]
structure
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Table 1. Cont.

Dimension Layer Sub-Level Explanation Attributes References
Basic education level Number of primary and secondary school Positive [27]
teachers per student

Transport infrastructure Road mileage per unit area Positive [65]

SL Public culture level Number of library books per 10,000 people Positive [57]

Average wage level Average wage of urban employees Positive [66]
Health and medicine level Number of hospital beds per 10,000 people Positive [27,57]

Internet penetration rate Number of internet users per 100 people Positive [60]
Urban wastewater treatment rate Concentrated treatment rate of wastewater Positive [55,56]

treatment plants
Harmless treatment rate of Harmless treatment rate of household .,
Positive [55,56]
garbage garbage
EE Solid waste utilization rate Comprehensive utl%lzatlon rate of industrial Positive [52,55,56]
solid waste
Greening coverage in built-up Area of landscaped green space to built-up Positive [55-57]
areas area
Air particulate pollution Annual average of PM2.5 Reverse [52,75]
Industrial SO, emission Industrial SO, emlss;(l)zeto industrial output Reverse [52,55]
Industrial wastewater discharges Industrial wastewater discharge to industrial Reverse [52,55,56]
output value
Industrial dust emission Indust.rlal smgke (dust) emission to Reverse [55,56]
industrial output value
Green innovation achievements Number of green patent authorizations per Positive [52]
10,000 people

I Intensity of science expenditure Per capita science expenditure Positive [55,56]

Intensity of gducanon Per capita expenditure on education Positive [55]

expenditure
Cultivation of innovative talents Number of unlvelf')selg};iudents per 10,000 Positive [56]
Technologmal innovation Number of patent authorizations per 10,000 Positive 52]
achievements people

4. Results
4.1. Level Measurement

This study employs the entropy method [76,77] to systematically evaluate the
UGHQD levels of China’s five major urban agglomerations, the Yangtze River Delta
(YRD), the Pearl River Delta (PRD), Beijing-Tianjin-Hebei (BTH), the Middle Reaches of
the Yangtze River (MYR), and Chengdu-Chonggqing (CC), from 2003 to 2020. The study
performs meanization processing on the urban sample data and, based on this, depicts
the evolutionary trends of the UGHQD levels for these urban agglomerations, as shown
in Figure 2. Drawing on existing studies [78,79] and using the “natural breaks” as a
delineation criterion, this research identifies 2003, 2008, 2014, and 2020 as pivotal study
years. The spatial distribution of UGHQD across the five major urban agglomerations is
depicted in Figure 3, revealing the regional disparities in their development. As seen in
Figure 2, two key features emerge: First, there was a clear upward trajectory in UGHQD
levels across these urban agglomerations. However, the overall development level re-
mained relatively low despite this progressive trend. The annual growth rate was modest,
and noticeable differences among the different urban agglomerations were evident. A
detailed analysis follows.

From 2003 to 2020, the average UGHQD level in these urban agglomerations in-
creased from 0.0321 to 0.1216, marking a cumulative growth of 179.45%. From a spatio-
temporal perspective, pronounced differences existed in the UGHQD levels across the five
major urban agglomerations. The PRD and YRD exhibited average UGHQD levels that
surpassed the collective mean. Notably, despite its relative strength, the PRD experienced
a downturn in its development level in 2004 and again in 2018. Conversely, the YRD
consistently showed a steady year-over-year ascent in its development. However, BTH,
CC, and the MYR lagged in this metric. Specifically, the average UGHQD level in CC
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stood at just 0.0863 in 2020, consistently trailing other urban agglomerations throughout
the sample period.
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Figure 2. Evolutionary trend of the UGHQD level in China’s five major urban agglomerations.
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Figure 3. Spatial distribution of UGHQD level in China’s five major urban agglomerations.
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Analyzing the average annual growth rates, the combined rate for the five major
urban agglomerations stood at 7.69%. Specifically, the YRD and CC registered growth
rates of 8.06% and 8.56%, respectively, surpassing the aggregate average. This suggests
that although the YRD currently leads in UGHQD, its potential for further growth is
substantial. Conversely, CC, starting from a lower baseline, demonstrated the most
robust annual growth, indicating potential for convergence with its peers in the future.
Meanwhile, the growth rates for the PRD, BTH, and the MYR were 7.15%, 6.93%, and
7.42%, respectively, all falling below the aggregate average.

4.2. Spatial Differences

Utilizing the Dagum Gini coefficient and its decomposition methodology, this study
quantitatively assesses the overall, intra-regional, and inter-regional differences and the
super-variable density in the UGHQD level among China’s five major urban agglomera-
tions. The aim is to reveal the characteristics of spatial differences in UGHQD levels and
their sources, as depicted in Figure 4.
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Figure 4. Gini coefficients and their decompositions in China’s five major urban agglomerations.

4.2.1. Overall Differences and Evolutionary Trends

Figure 4a illustrates the evolutionary trends of the overall Gini coefficient for UGHQD
across the five major urban agglomerations. From a static perspective, the Gini coefficient
ranged from 0.2578 to 0.3043 during the sample period, with an average value of 0.2822,
signifying a marked spatial imbalance. This difference largely stemmed from the persis-
tently low development levels in CC and the MYR as opposed to the more developed
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PRD and YRD. From a dynamic perspective, the Gini coefficient gradually declined from
0.3043 in 2003 to 0.2604 in 2020, with an annual average decrease rate of approximately
0.87%. Although this trend suggests that regional imbalances are slowly evolving to-
ward regional synergy, the pace of this progress is relatively slow and inconsistent. The
PRD and YRD showed limited growth rates, whereas CC and the MYR, starting from a
lower baseline, are growing more rapidly, contributing to the observed fluctuations and
narrowing of the Gini coefficient.

4.2.2. Intra-Regional Differences and Evolutionary Trends

Figure 4b illustrates the evolutionary trends of the intra-regional Gini coefficients for
UGHQD across the five major urban agglomerations. From a static perspective, the Gini
coefficients for the study period ranged from 0.1175 to 0.3535. The mean values for these
urban agglomerations were as follows: the MYR (0.1585), CC (0.1964), BTH (0.2231), the
PRD (0.2223), and the YRD (0.2954). These figures indicate significant differences in the
levels of development within the urban agglomerations. Among them, the average value
for the coastal YRD and PRD exceeded 0.2000, which is significantly higher than for other
urban agglomerations. From a dynamic perspective, except for the YRD, all other urban
agglomerations showed a declining trend in spatial differences. The average annual
decrease rates were: the PRD (0.83%), CC (0.96%), the MYR (1.44%), and BTH (2.42%). In
contrast, the YRD’s intra-regional differences have expanded gradually by approximately
0.15% annually. CC, interestingly, exhibited considerable short-term fluctuations—for
example, sharply rising from 0.1775 in 2012 to 0.2143 in 2014 before dropping to 0.1782 in
2016. This volatility may be attributed to its lower initial level of UGHQD, making it
more vulnerable to unstable economic conditions. In conclusion, a higher UGHQD level
correlates with more significant spatial disequilibrium within a region and vice versa.

4.2.3. Inter-Regional Differences and Evolutionary Trends

Figure 4c illustrates the evolutionary trends of the inter-regional Gini coefficients for
UGHQD among the five major urban agglomerations. From a static perspective, the inter-
regional Gini coefficients during the sample period ranged from 0.1608 to 0.5577, and the
average values exceeded 0.2000. These data highlight pronounced spatial imbalances in
UGHQD across these urban agglomerations. The most significant difference was observed
between the YRD and MYR, registering an average Gini coefficient of 0.5212. In contrast,
more modest disparities were evident between the MYR and CC, with average Gini
coefficients of 0.2017. From a dynamic perspective, the spatial differences between urban
agglomerations exhibited fluctuations during the study period, with most inter-regional
differences showing a declining trend, although a few still displayed a minor increase.
For instance, in the case of the PRD and YRD, the difference narrowed from 0.5577 in
2003 to 0.5052 in 2004, rebounded to 0.5424 in 2007, fell to 0.5052 in 2015, rebounded to
0.5401 in 2018, and then declined rapidly again. The evolutionary patterns of the Gini
coefficients among the other urban agglomerations are broadly similar, albeit with some
variations in specific fluctuation nodes and magnitudes.

4.2.4. Sources of Differences in the UGHQD Level and Their Contribution

Figure 4d illustrates the sources of differences in the UGHQD level among the five
major urban agglomerations and their respective contributions. From a static perspec-
tive, inter-regional differences dominated the overall differences, with contribution rates
ranging from 48.91% to 60.87% and an average of 55.34%. In contrast, intra-regional
differences accounted for between 19.13% and 21.45% of the total differences, averaging
20.26%. Furthermore, the fluctuating contribution of super-variable density fell between
20.01% and 29.26%, with an average of 24.40%. This evidence suggests that efforts to
mitigate the prevalent spatial differences in UGHQD should focus on bridging the de-
velopment gap between urban agglomerations, particularly those between the coastal
and central-western regions. From a dynamic perspective, the contribution rate of inter-
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regional differences followed a “decreasing-then-increasing” pattern throughout the study
period, with comparable magnitudes of decline and ascent. The contribution rate of super-
variable density oscillated more frequently, albeit within a narrower range. Meanwhile,
the contribution rate of intra-regional differences remained relatively stable, showing
only minor fluctuations between 2012 and 2018. Collectively, these trends indicated an
anticipated stabilization in the respective contribution rates of the differences mentioned
above.

4.3. Dynamic Evolution

Figure 5 illustrates the Kernel density estimation for the overall and individual
UGHQD levels across the five major urban agglomerations. Subsequent sections delve
deeper, analyzing the Kernel density curves with a focus on attributes such as location,
shape, ductility, and polarization features.

From the perspective of spatial distribution, the Kernel density distribution curves
for the five major urban agglomerations—both collectively and individually—manifested
discernible rightward shifts over time. This finding corroborates the substantial improve-
ments in UGHQD levels, as elaborated in preceding sections. CC and the YRD exhibited
the most pronounced rightward shifts, signifying faster UGHQD improvement rates. In
contrast, the weaker shift in the PRD suggests a relatively sluggish pace of improvement.

From the perspective of distributional shape, a decreasing peak height and widening
curve in Kernel density distribution indicate a transition from a centralized to a more
dispersed spatial pattern among the five agglomerations. A more granular analysis
uncovers that the majority of urban agglomerations in the PRD, the YRD, BTH, and the
MYR exhibited expanding development profiles. CC, however, demonstrated a unique
pattern: the height of the main peak decreased before increasing, followed by a narrowing
of the peak’s width, indicating a more concentrated form of UGHQD.

From the perspective of distributional ductility, all urban agglomerations displayed
varying degrees of the “right-tail” phenomenon, meaning that some cities within each
agglomeration were leading in UGHQD levels. Specifically, Guangzhou and Shenzhen in
the PRD, Beijing and Tianjin in BTH, Shanghai and Hangzhou in the YRD, Chengdu and
Chongging in CC, and Wuhan and Changsha in the MYR, were all leading in terms of
UGHQD. Furthermore, some urban agglomerations exhibited annual extension trends,
indicative of a growing difference between leading cities and others, potentially due to
policy preferences and resource allocation advantages.
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Figure 5. Evolution of the distribution of UGHQD in China’s five major urban agglomerations.

From the perspective of distributional polarization, all five major urban agglom-
erations generally displayed characteristics of a “single main peak with multiple side
peaks”, showing an evolutionary trend towards multi-level differentiation. Further analy-
sis of each urban agglomeration substantiates an orderly transition from single-peak to
multiple-peak distributions, highlighting the increasing feature of multi-polarization in
UGHQD.

4.4. Transfer Probabilities

By leveraging the quartile method, our study categorizes the UGHQD scores of
107 cities in China’s five major urban agglomerations into four distinct classes: low,
medium-low, medium-high, and high. To ascertain the probability and direction of
categorical transitions for each city, we employ Markov chain analysis using Matlab 2022b
software, resulting in transition probability matrices as depicted in Tables 2 and 3.
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Table 2. Traditional Markov transfer probability matrix for UGHQD.

Span of 1 Year Span of 2 Years Span of 3 Years

Region Type L ML MH H L ML MH H L ML MH H
L 0.817  0.180  0.000  0.002  0.668 0.328  0.000 0.004 0521 0467 0.006  0.006
ALL ML 0.008 0773 0204 0015 0.000 0.600 0387 0.013 0.000 0431 0552  0.017
MH 0.000 0.009 0.830 0.161 0.000 0.005 0.693 0.302 0.000 0.003 0.531 0.466
H 0.002  0.010 0.019 0969  0.000 0.008 0017 0975 0.000 0.003 0.023 0974
L 0.822 0.173 0.005 0.000 0.649 0.346 0.005 0.000 0.503 0.486 0.011 0.000
YRD ML 0.000 0.785 0.210 0.006 0.000 0.593 0.401 0.006 0.000 0.393 0.595 0.012
MH 0.000 0.017 0821 0162 0.000 0.019 0658 0323 0.000 0.021 0483  0.497
H 0.000 0.006 0.013 0.981 0.000 0.000 0.029 0.971 0.000 0.000 0.035 0.965
L 0.829 0.171 0.000 0.000 0.707 0.268 0.024 0.000 0.585 0.366 0.049 0.000
PRD ML 0.026 0789 0.184 0.000 0.028 0.639 0333 0.000 0.029 0471 0471  0.029
MH 0.000 0.026 0.821 0.154 0.000 0.000 0.676 0.324 0.000 0.000 0.543 0.457
H 0.000  0.000 0.029 0971  0.000 0.000 0.067 0933 0.000 0.000 0.080  0.920
L 0.814  0.18  0.000  0.000 0.644 0356  0.000  0.000 0508 0492  0.000  0.000
BIH ML 0.000 0.793 0.207 0.000 0.000 0.603 0.397 0.000 0.000 0.414 0.586 0.000
MH 0.000  0.000 0855 0145 0.000 0.000 0729 0271  0.000 0.000 0561  0.439
H 0.000  0.000 0.000 1.000 0.000 0.000 0000 1.000 0.000 0.000 0.000  1.000
L 0.764 0.236 0.000 0.000 0.583 0.417 0.000 0.000 0.403 0.583 0.014 0.000
cc ML 0.028 0764 0208 0.000 0.014 0569 0403 0.014 0.000 0389 0569  0.042
MH 0.000  0.000 0764 0236 0.000 0.000 0571 0429 0.000 0.000 0413  0.587
H 0.000 0.000 0.018 0.982 0.000 0.000 0.024 0.976 0.000 0.000 0.030 0.970
L 0.802  0.198  0.000  0.000 0.619 0365 0.008 0.008 0444 0532 0.016  0.008
MYR ML 0.008 0.778 0.175 0.040 0.000 0.603 0.357 0.040 0.000 0.421 0.532 0.048
MH 0.000 0.000 0.793 0.207 0.000 0.000 0.645 0.355 0.000 0.000 0.485 0.515
H 0.000  0.010 0.058 0932  0.000 0.012 0047 0942 0.000 0.000 0.056  0.944

Note: “L, ML, MH, H” stand for low, medium-low, medium-high, and high levels, respectively.

4.4.1. Traditional Markov Chain Analysis

Table 2 provides the transition probability matrices for UGHQD levels in China’s
five major urban agglomerations across one-, two-, and three-year time horizons. The
diagonal entries in these matrices signify the likelihood of UGHQD levels remaining
constant within the respective time horizons, while the off-diagonal entries indicate
transition probabilities. During the study period, diagonal probabilities ranged from
43.11% to 97.41%, substantially exceeding off-diagonal values. This suggests that UGHQD
levels are more likely to remain stable within 1-3 years, displaying a clear pattern of
“club convergence”. Importantly, areas with higher UGHQD levels demonstrated greater
stability, while less-developed regions exhibited increased fluidity. In terms of stability,
the ranking is as follows: medium-low < low < medium-high < high. Examining specific
urban agglomerations, such as the YRD, the PRD, BTH, and the MYR, largely corroborates
these overall trends, pointing to more entrenched developmental patterns. In contrast, CC
demonstrated lower stability but a higher proclivity for upward movement, suggesting a
self-reinforcing growth trajectory. Further analysis reveals that lower-tiered regions are
expected to experience diminishing stability and a growing likelihood of upward mobility
within the next 1-3 years as we extend the time horizon. Although these less-developed
areas face increased odds of improvement, transitioning across categorical boundaries at
this stage remains a formidable challenge.

4.4.2. Spatial Markov Chain Analysis

Traditional Markov chains depict the trend of type transitions in the UGHQD level
within the five major urban agglomerations. However, it is essential to recognize that cities
exhibit specific spatial correlations in this development. Given these urban agglomera-
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tions” geographic dispersion and their limited mutual influence, this study predominantly
examines the interaction and impact of UGHQD within each urban agglomeration. Con-
sequently, using the first-order neighboring spatial weight matrix, this study constructs
the spatial Markov transition probability matrix for these urban agglomerations’ UGHQD,
as presented in Table 3.

Table 3. Spatial Markov transfer probability matrix for UGHQD.

Region Neighborhood Type L ML MH H Region = Neighborhood Type L ML MH H
L 0897 0103 0.000 0.000 L 0893 0107 0.000 0.000

ML 0000 0913 0087 0.000 ML 0000 0727 0273 0.000

I MH 0000 0000 0833 0.167 I MH 0000 0000 1.000 0.000
H 0000 0000 0000 1.000 H 0000 0000 0000 1.000

L 0703 0281 0016 0.000 L 0769 0231 0000 0.000

ML 0000 0833 0.167 0.000 ML 0000 0917 0.083 0.000

I MH 0000 0047 0814 0.140 I MH 0000 0000 0700 0.300
H 0000 0000 0000 1.000 H 0000 0000 0000 1.000

YRD L 0500 0500 0000 0000  BIH L 0600 0400 0.000 0.000
ML 0000 0721 0265 0015 ML 0000 0808 0.192 0.000

m MH 0000 0014 0913 0072 T MH 0000 0000 1.000 0.000
H 0000 0022 0044 0933 H 0000 0000 0000 1.000

L 0000 0000 0.000 0.000 L 0000 0000 0000 0.000

ML 0000 0500 0500 0.000 ML 0000 0.667 0333 0.000

v MH 0000 0000 0706 0.294 v MH 0000 0000 0.844 0.156
H 0000 0000 0000 1.000 H 0000 0000 0000 1.000

L 0923 0077 0000 0.000 L 0907 0093 0.000 0.000

ML 0000 0778 0222 0.000 ML 0125 0750 0.125 0.000

I MH 0000 0250 0750 0.000 I MH 0000 0000 0.800 0.200
H 0000 0000 0000 0.000 H 0000 0000 0000 0.000

L 0800 0200 0.000 0.000 L 0552 0448 0.000 0.000

ML 0083 058 0333 0.000 ML 0026 0872 0.103 0.000

I MH 0000 0000 0818 0.182 I MH 0000 0000 0.667 0.333
H 0000 0000 0000 1.000 H 0000 0000 0000 1.000

PRD L 0818 0182 0000 0.000 cC L 0000 0000 0000 0.000
ML 0000 1.000 0.000 0.000 ML 0000 0.625 0375 0.000

I MH 0000 0000 0810 0.190 I MH 0000 0000 0857 0.143
H 0000 0000 0000 1.000 H 0000 0000 0000 1.000

L 0500 0500 0.000 0.000 L 0000 0000 0000 0.000

ML 0000 0900 0.100 0.000 ML 0000 0.000 1.000 0.000

v MH 0000 0000 1.000 0.000 v MH 0000 0000 0.655 0.345
H 0000 0000 0077 0923 H 0000 0000 0031 0969

L 0881 0119 0000 0.000 L 0625 0375 0000 0.000

ML 0083 0750 0.167 0.000 ML 0000 078 0.135 0.077

I MH 0000 0000 0.625 0375 I MH 0000 0000 0714 0286
H 0000 0000 0000 1.000 H 0000 0000 0036 0964

MYR L 0746 0254 0000 0000 MYR L 0000 0000 0000 0.000
ML 0000 0848 0.130 0.022 ML 0000 0563 0438 0.000

I MH 0000 0000 0923 0.077 v MH 0000 0000 0819 0.181
H 0000 0056 0000 0944 H 0000 0000 0100 0.900

Note: I, II, III, and IV represent the neighborhood levels of low, medium-low, medium-high, and high, respectively.

Table 3 reveals that, after accounting for spatial lag, the values on the diagonal
significantly exceeded those off-diagonal. This indicates that even when considering
spatial lag, the UGHQD of the five major urban agglomerations maintained a “club
convergence” feature. Transitions mainly occurred between adjacent types, and inter-type
transition probabilities were nearly negligible. As spatial lag increased, the developmental
stability of low and medium-low regions declined, accompanied by a rise in their upward
transition probability. In contrast, the stability of medium-high and high regions showed
an increasing trend. For instance, in the YRD, the diagonal values in the transition
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probability matrix ranged between 50.00% and 100.00%, underscoring the distinct “club
convergence” feature. As spatial lag increased, the likelihood of retaining the status
quo in the low-level regions decreased from 89.70% to 50.00%, while the probability of
upward transition jumps from 10.30% to 50.00%. The medium-low region’s probability
of maintaining the status quo decreased from 91.30% to 50.00%, while its likelihood for
upward transition increased from 8.70% to 26.50%. The probabilities for the medium-
high and high-level regions varied between 70.60% and 100.00%. While other urban
agglomerations showed different transition probabilities, their characteristics largely
align with those of the YRD.

4.5. Driving Factors

To elucidate systematically and scientifically the intrinsic drivers behind the spatial
and temporal differences in UGHQD across the five major urban agglomerations, this
study draws on methodologies from the existing literature [80,81], with a focus on four
dimensions of driving forces for the spatial difference of UGHQD levels in 2020: economic
development (Xj), social livelihood (Xj3), ecological environment (X3), and technological
innovation (Xy). Initially, with the assistance of ArcGIS, “natural breaks” were used to
convert each detector factor into a type variable. Subsequently, the geographical detector
model was employed to quantify each factor’s influence on the spatial differences in
development quality, as reflected by their respective g-values; higher g-values indicate
stronger influence. Detailed findings are presented in Table 4.

Table 4. Power of factors to drive UGHQD in 2020.

Urban Urban

Agglomeration Factor q-Value Agglomeration Factor q-Value
X1 0.6550 *** X, 0.9021 ***
Xa 0.6513 *** Xs 0.8048
ALL X3 0.1834 * BTH X3 0.1760
X4 0.8074 Xy 0.9232 **+
X, 0.7501 *** X1 0.6885 **
X 0.8055 **+ X 0.4418
YRD X3 0.0218 cC X3 0.0527
X 0.8290 *** X4 0.3474 *
X, 0.8148 * X; 0.8020 **+
X 0.6784 X 0.7495 *
PRD X3 0.3574 MYR X; 0.0463
X4 0.8515 * Xy 0.8581 ***

Note: “*, **, **” indicate significant at 10%, 5%, and 1% level, respectively.

4.5.1. Factor Detection Analysis

The results in Table 4 reveal that each factor has a differentiated impact on the spatial
difference of UGHQD across the five major urban agglomerations. Viewed as a whole,
the driving effects of the factors are ranked as follows: technological innovation (0.8074)
> economic development (0.6550) > social livelihood (0.6513) > ecological environment
(0.1834). Notably, technological innovation significantly outperformed the other factors,
establishing it as the principal driver of spatial difference in UGHQD. This underscores the
increasing global reliance on innovative and knowledge-based economies. Concurrently,
economic development and social livelihood were secondary drivers, providing essential
material and economic foundations. However, in CC, economic development surpassed
technological innovation as the primary driver, registering a value below 0.5000, thus
indicating untapped potential for technological innovation. Intriguingly, for all five major
urban agglomerations, the ecological environment factor was the weakest driver and
failed to achieve statistical significance, highlighting pressing challenges in resource
utilization and ecological governance as critical bottlenecks in their path toward UGHQD.
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4.5.2. Interactive Detection Analysis

By using interaction detectors, this study quantitatively evaluates the potential ad-
ditive effects among the driving factors. Figure 6 shows the outcomes of interaction
detection for spatial differences in UGHQD across the five major urban agglomerations.
As evidenced by Figure 6, the influence of bi-factor interactions consistently exceeded
that of single-factor interactions, exhibiting a “bi-variable enhancement”. Specifically, the
joint influence of two interacting drivers surpassed the contribution of any single factor
toward UGHQD yet fell short of the sum of the influences of the two individual factors.
Notably, the g-value arising from the interaction of technological innovation (TI) with
the other factors was prominent. In contrast, the g-value for economic development’s
interaction with other factors was less marked. These findings highlight the crucial role
of Tl in guiding the spatio-temporal evolution of UGHQD within these urban agglom-
erations, providing invaluable insights for policymaking. Notably, the synergistic effect
of technological innovation’s interaction with the ecological environment substantially
outweighs their individual impacts, underscoring the importance of STI in enhancing
urban resource utilization and ecological governance.

X1
T

X2 X3 X4
T T

(a) ALL

X4

(¢) BTH (d) PRD

(e) CC (f) MYR

Figure 6. Results of interaction detection.
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5. Discussion

Given the pressing challenges posed by global climate change and ecological degra-
dation, the significant threats to societal and economic activities are increasingly garnering
widespread attention. Specifically, establishing a nexus between “ecological welfare” and
“economic prosperity”—ensuring ecological sustainability while concurrently fostering
economic growth—has become a pivotal discourse among scholars and policymakers.
As China transitions from high-speed to high-quality growth, it becomes imperative to
deepen our understanding of the theories underpinning UGHQD. Although existing
literature has engaged with the theoretical aspects of UGHQD, there is a significant lack of
empirical studies quantitatively assessing its developmental levels, spatio-temporal evo-
lution, and driving factors. Departing from previous research that employed green total
factor productivity to gauge UGHQD [31,47,48], this study introduces a comprehensive
evaluative framework incorporating four key dimensions: economic development (ED),
social livelihood (SL), ecological environment (EE), and technological innovation (TT).
Unlike prior works focusing on China’s provincial-level administrative regions [52,56],
this paper analyzes 107 cities across China’s five major urban agglomerations, offering
an in-depth exploration of UGHQD's spatio-temporal evolution characteristics and its
key drivers. Our research furnishes a robust empirical methodology for the nuanced and
exhaustive measurement of UGHQD and establishes valuable yardsticks for mapping the
trajectory of sustainable urban development in this transformative era. Furthermore, the
synergistic advancement of UGHQD is pivotal not just for China’s contemporary socio-
economic progress but also serves as an innovative blueprint for sustainable development
that can be considered by countries globally.

The empirical findings of this study indicate that the five major urban agglomerations
exhibited a gradual improvement in UGHQD. However, the spatial and temporal differ-
ences during the sample period were marked by a significant gap, particularly between
the coastal urban agglomerations and those in the central and western regions. Due partly
to the early implementation of open economy policies and unique resource endowments,
coastal areas have attracted substantial foreign investment and high-quality talent. They
have also introduced advanced technologies, collectively contributing to the optimization
and transformation of their economic structures and lending robust support to UGHQD.
Taking the YRD as an example, 2021 data indicate that the GDP of eight cities within the
urban agglomeration—including Shanghai, Suzhou, and Hangzhou—has exceeded one
trillion dollars. These cities maintain an unassailable lead in economic strength among the
five major urban agglomerations. Benefiting from geographic advantages and supportive
macro policies, the YRD had already constructed a more mature industrial and service
system by the 1990s. Its highly advanced industrial structure provides abundant em-
ployment opportunities and economic growth points, thereby offering a solid foundation
for UGHQD. Like the YRD, the nine cities in the PRD have also succeeded in attracting
considerable talent and capital driven by reform and opening up policies. These cities
excel in several industry sectors, including advanced manufacturing, high-tech industries,
and financial services. By contrast, the urban agglomerations in central and western China
manifest apparent deficiencies in these areas, characterized by relatively weak industrial
and service systems and an over-reliance on low value-added and resource-intensive
traditional industries. This not only constrains their rate of economic growth but also
imposes significant ecological and environmental pressure. In aspects such as foreign
investment, technological innovation, and government incentives, urban agglomerations
in the central and western regions also display evident shortcomings. These multilevel
and multidimensional factors lead to the relative lag in UGHQD observed in central and
western urban agglomerations.

The empirical findings of this study further reveal that technological innovation is
the core driver of the spatio-temporal difference in UGHQD across the five major urban
agglomerations. The possible explanations for this conclusion are as follows: Firstly,
technological innovation catalyzes the transformation and upgrading of economic struc-
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tures, enabling a shift from low-value-added, pollutant-intensive traditional industries
to high-value-added, low-carbon, and eco-friendly emerging sectors. For example, the
YRD has successfully pivoted from traditional manufacturing to advanced manufactur-
ing and services, particularly in integrated circuits, biomedicine, and electric vehicles.
Secondly, technological innovation often enhances resource utilization efficiency while
minimizing carbon emissions and environmental degradation. For instance, innovative
cleaner production technologies in the PRD have led many manufacturing enterprises
to reduce carbon emissions and environmental pollution while improving productivity
significantly. Additionally, urban agglomerations with strong innovation capabilities
tend to attract skilled talent and foreign investment, creating a positive feedback loop
that further fuels technological advancement. The problem of brain drain in some cities
in the MYR is partly due to the relatively weak capacity of scientific and technological
innovation, which is unable to attract and retain high-level talent. Lastly, technological
innovation also offers cost-effective and efficient solutions for environmental governance,
thus reinforcing its role as a prerequisite for sustainable development. Collectively, tech-
nological innovation is the key to economic transformation and talent attraction as well as
a necessary condition for environmental governance and sustainable development, which
explains why technological innovation is the chief factor causing spatial differences in
UGHQD in the five major urban agglomerations.

In light of the findings presented in this paper, we propose the following policy
recommendations. Firstly, there is an urgent need to reassess the traditional focus on
GDP-centric development, promoting instead a coordinated approach between economic
growth and ecological sustainability. Local governments should prioritize environmen-
tally efficient and people-centered development strategies. Secondly, regional charac-
teristics should be acknowledged, and barriers should be broken to optimize resource
allocation, restructure industries, and foster technological innovation. Lastly, given the
critical role of technological advancement, sustained governmental support in R&D invest-
ment, tax incentives, and talent development are imperative for continuous technological
and economic progress.

The limitations of this study are twofold. On the one hand, the present study
investigates the UGHQD of 107 cities in China’s five major urban agglomerations, a focus
that holds unique value and significance from a geographical standpoint. However, this
scope means that the role of other small and medium-sized cities, as well as rural areas,
is not adequately addressed in this paper. In an era of accelerated globalization, the
study also needs a comparative analysis of UGHQD with international cities, thereby
missing an international perspective. Future research might consider expanding the
geospatial sample and conducting more systematic comparative studies across different
spatial and temporal scales. On the other hand, the analysis in this paper covers the
driving factors of economic development, social livelihood, ecological environment,
and technological innovation, providing a diversified perspective for understanding the
complex phenomenon of UGHQD. Nonetheless, additional soft factors such as cultural
influences, educational systems, public environmental awareness, and external variables
like policy landscapes and global trends require further exploration for their potential
impact on UGHQD. Therefore, future research should analyze external drivers, including
the policy environment, in greater depth to better understand how they influence the
process of UGHQD in urban agglomerations.

6. Conclusions

This study took 107 cities of China’s five major urban agglomerations as research
objects, constructed a comprehensive evaluation indicator system of UGHQD level based
on four dimensions (economic development, social livelihood, ecological environment,
and technological innovation), and empirically examined the spatio-temporal difference
in the UGHQD level of the five major urban agglomerations and the trend of dynamic
evolution by using the analytical methods, such as the Dagum Gini coefficient, the Kernel
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density estimation, and the Markov chain. Further, the driving factors behind the spatial
differences in the UGHQD level were analyzed in depth using geographic detectors. The
research revealed several key findings:

(1) The UGHQD levels of the five major urban agglomerations demonstrated a con-
sistent upward trajectory during the period of 2003-2020. Coastal regions, specif-
ically the PRD and YRD, consistently outperformed inland agglomerations. The
Chengdu-Chongqing urban agglomeration, however, persistently lagged behind its
counterparts, necessitating close scrutiny.

(2) Significant spatial differences existed in the UGHQD levels among the urban agglom-
erations. Inter-regional differences among the sub-clusters primarily drove these
differences. Coastal urban agglomerations consistently led in terms of UGHQD,
creating a pronounced development gap when compared to the central and western
urban agglomerations.

(3) The spatio-temporal evolution of UGHQD levels in 107 cities within these five
major urban agglomerations exhibited a trend of moving from a concentrated to a
dispersed pattern. The dynamism of this distribution varied among different urban
agglomerations. Additionally, the phenomenon of “club convergence” was observed
in UGHQD levels, making it challenging to achieve a leap across different types.
Upon accounting for spatial lag effects, the potential for upward mobility was more
prominent in low-level areas.

(4) Diverse driving factors underpinned UGHQD levels in the five major urban ag-
glomerations. Among them, the impact of technological innovation (TI) notably
surpassed other factors. Interactive detection analysis further revealed a prominent
synergistic effect between technological innovation (TI) and other driving factors,
affirming that technological innovation served as the primary driver behind the
spatial differentiation of UGHQD.
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Abstract: Leisure and tourism spaces are shared by both residents and tourists seeking a higher
quality of life. Most of the literature focuses only on the study of a particular type of leisure or
tourism space in cities and lacks an overall exploration of the distribution patterns of urban leisure
and tourism formats. Based on the leisure and tourism point of interest (POI) data of 11 districts
in Xi’an, this paper uses geospatial analysis to examine the spatial patterns of leisure and tourism
facilities and their influencing factors in Xi’an. It is found in this study that the distributions overall
and the various types of leisure and tourism spaces in Xi’an show the characteristics of central
urban agglomeration and sparse dispersion in the surrounding urban areas. Different types of
leisure and tourism patterns have obvious spatial scale dependence, but there are differences in
the scope of spatial selection. In general, the core agglomeration area has limited radiation and
driving effects on the peripheral areas, and there is a prominent phenomenon of imbalance in the
distribution of leisure and tourism facilities following a single industrial structure. The formation
of the spatial patterns of leisure and tourism is the result of a combination of dominant factors,
driving factors, safeguarding factors, and other triggering factors. Urban leisure and tourism spaces
are intertwined, and the spatial balance and industrial diversification of leisure and tourism can be
promoted through scientific spatial planning. This study aims to provide services for urban land
planning and policy-making by revealing the spatial distribution principles of leisure and tourism
sites in tourist cities as represented by Xi'an.

Keywords: leisure; tourism; spatial pattern; influence factor; POI; Xi’an City

1. Introduction

Although it is widely recognized that leisure and tourism are closely related in terms
of motivation, experience, and behavior [1], existing research has generally viewed leisure
and tourism as two separate fields, and direct theoretical exchanges between the two have
been relatively limited [2]. There are two representative views on the relationship between
“leisure” and “tourism”. The first viewpoint suggests that leisure includes tourism, which
is a form of off-site leisure different from local leisure [3]. The second view is that not all
tourist activities belong to leisure. According to the classification system established by
the World Tourism Organization, tourism includes not only leisure but also non-leisure
tourism, such as business tourism. Therefore, there is an intersection between leisure and
tourism, but not the relationship of including and being included [4]. For example, some
scholars have also paid attention to leisure-oriented tourism activities, such as leisure
travel [5,6], as well as the continuity of daily leisure activities with tourism activities [7,8].

Ryan and Kinder (1996) argued that the separation of leisure and tourism research is
due to the significant difference between rich tourism experiences and leisure activities
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that occur outside of vacations [9]. Tourism differs from leisure by space, as tourism
occurs in destinations different from the place of origin [10]. The commonly accepted
assumption is that leisure is for local residents and tourism serves visitors [11]. However,
is there a clear boundary between leisure and tourism space in a city? According to Kaplan
(1960), social development and lifestyle changes have inevitably led to the integration of
leisure and tourism. How to integrate the two is an important challenge for geographic
research, and it is also a concern for government agencies and planning departments [12].
Generally, cities with perfect leisure functions are more likely to serve tourists well and
become more attractive tourist destinations for them. In recent years, an increasing
number of cities in China have begun to pay attention to the cultivation of the leisure
and tourism industry. These cities aim to promote the improvement of urban functions
through the development of leisure and tourism.

Although there are certain differences between daily leisure activities near the home
and leisure travel activities, the daily leisure space of residents may also be the travel
space for tourists to a large extent. Leisure and tourism facilities are generic for both local
residents and travelers [13]. Urban leisure and tourism spaces are not only recreational
spaces for local residents but also key nodes for tourist activities [14]. Urban leisure and
tourism spaces thus have integration and intersectionality, and the boundary between
serving local residents and tourists will be increasingly blurred. The spatial pattern is
the foundation of industrial planning and construction and is of great significance for
revealing the characteristics of spatial structure and the mechanisms of spatial differen-
tiation [15]. Therefore, studying the characteristics of urban leisure and tourism space
and the factors that influence their creation is of great significance for building the urban
leisure and tourism industry, optimizing the layout of urban leisure and tourism space,
and better meeting the needs of residents and tourists for a better life. It also helps urban
managers formulate scientific and reasonable leisure and tourism development strategies.

Given the independence of “leisure” and “tourism” research, there are also differ-
ences in their research perspectives and content. Leisure research focuses on public
entertainment and park management, highlighting the government’s public service
function with a welfarism orientation, while tourism research tends to have a commer-
cial orientation [11]. Research on urban leisure space mainly focuses on a particular
type of public urban leisure space, such as parks [16], green spaces [17], sports and
recreation sites [18], cultural venues [19], and coastal areas [20]. Most of the literature
focuses on the planning and management of urban leisure space [21], public access to
recreational spaces [22], health perceptions [23], and service experiences [24]. Research
on urban tourism space mainly focuses on a certain type of tourism resource, such as
hotels [25,26], homestay [27], scenic spots [28], and cultural heritage sites [29], etc., and
studies on the spatial patterns of urban tourism [30,31], tourist spatial behavior [32],
urban tourism spatial planning [33], and the evolution of the spatial structure of urban
tourism [34]. However, in general, there are few studies that combine leisure and
tourism space from the overall urban perspective.

Traditionally, urban leisure and tourism spatial data were mostly obtained through
case studies [20], participatory observation [21], in-depth interviews [35], and other
methods. With the advent of the big data era, some open platforms now provide big
data, such as digital footprints [36], mobile positioning data [37], geotagged photos [38],
and point of interest (POI) data [39], which have changed the original paradigms around
geospatial data acquisition and research methods [40]. It also provides an opportunity for
the accurate measurement of urban leisure and tourism space. Among them, POI data are
favored in urban functional space research [41,42] due to their advantages, such as easy
access, large data volume, and precise positioning [43].

It has become a trend to use information technology and big data to study urban
leisure and tourism space, but at present, big data analysis and geographic information
technology have not been widely used, and the existing research mostly focuses on the
single format of urban leisure or tourism. There is a lack of academic attention to the
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overall large-scale spatial pattern of leisure and tourism and its influence mechanisms.
Based on this scenario, this paper applies POI data mining, ArcGIS spatial analysis, and
geodetector technology to Xi’an, a premiere tourist city in China, to analyze the spatial
distribution characteristics and influencing factors on Xi’an’s various types of leisure and
tourism industries. This paper reveals the principles of spatial distribution of leisure
and tourism sites in Xi’an to further optimize the spatial layout and planning of leisure
and tourism in Xi’an and provide a reference for other domestic cities committed to the
development of leisure and tourism industries.

2. Materials and Methods
2.1. Study Area

Xi’an as the capital of Shaanxi Province as well as the ancient capital of 13 dynasties
in China, is an important central city in Western China, and is also a “World Historic City”
designated by the United Nations Educational, Scientific, and Cultural Organization
(UNESCO). This paper studies the 11 municipal districts of Xi’an, with a total area of
approximately 5145.67 square kilometers. Xi'an is rich in tourism resources, including
many historic relics, such as Emperor Qinshihuang’s Mausoleum site and museum,
Weiyang Palace, Daming Palace, and many other historical sites, as well as nationally
recognized areas for nighttime cultural and tourism consumption, such as Beiyuanmen
Historical and Cultural Block and Datang Night City. The cultural and tourism industry
is the pillar industry of Xi’an. The “14th Five-Year Plan” for National Economic and Social
Development and the Outline of Vision Goals for 2035 list “promoting the construction
of national cultural and tourism consumption pilot cities and building national-level
tourism and leisure blocks with distinctive cultural characteristics” as important tasks.
The leisure and tourism industry in Xi’an has great development potential for the future.
Moreover, Xi'an has a profound historical and cultural heritage, with a prominent image
as an ancient capital, and is a representative of Chinese tourist cities. Therefore, this paper
studies the leisure and tourism spatial layout in Xi’an and its influencing factors, which
has substantial theoretical and practical significance for the study of spatial characteristics
of leisure and tourism sites and industrial planning for tourist cities.

2.2. Data Source

POI data are point element data representing real geographic entities, containing
the geographical location and attribute information for all kinds of spaces and facilities
related to human production habits and life. These data have the characteristics of
accurate geographic information and rich volume [43]. In this study, the POI data of
leisure and tourism formats in 11 districts of Xi’an were acquired through the Application
Programming Interface (API) provided by Amap, which is one of the map platforms
that currently provides POI data for free. By applying for a key to the API of Amap and
searching for keywords such as POI classification and city, users can obtain batch access
to all POI data of a certain type in their area. A total of 75,323 leisure and tourism POI
data points were finally retained after data deduplication, merging, cleaning, screening,
and bias correction. Each POI data point contains attribute information such as name,
latitude and longitude, address, and type.

Combining the classification of urban leisure and tourism in the literature [44] and
the classification of POI data from Amap, this paper classifies the leisure and tourism
industry in Xi’an into five categories, including catering services, accommodation services,
shopping services, sports and entertainment, and scenic spots. The POI data obtained for
each type of location in the leisure and tourism industry are shown in Table 1.
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Table 1. Classification and Statistics of Leisure and Tourism POI Data in Xi’an City.

Category POI Type POI Number Percentage

Chinese restaurants, specialty restaurants,
general cuisine restaurants, cafes, tea houses, etc.
Accommodation services Star-rated hotels, guesthouses, homestays, etc. 13,295 17.65
Shopping malls, supermarkets, shopping centres,

Catering services 50,485 67.02

hoppi i . 2881 .
Shopping services specialty markets, etc. 88 383
Sports and entertainment Sports venues, entert:?unment venues, fitness 8337 11.07
centres, nursing homes, etc.
Scenic spots Lakes, mountains, wetlands, parks and squares, 35 043

historical sites, temples and Taoist temples, etc.

2.3. Methods

ArcGIS 10.3 software includes a variety of spatial analysis tools, of which the nearest
neighbor index method, kernel density estimation, and Ripley’s K function are common
methods for analyzing spatial distribution features. These three spatial analysis methods
can be used to clearly portray the spatial distribution characteristics and laws of leisure
and tourism in Xi’an.

2.3.1. Nearest Neighbor Index Method

The nearest neighbor index (NNI) method is a spatial measurement method that
quantitatively describes the proximity of spatial point elements to describe the spatial
distribution pattern. The spatial distribution trends of point data are judged by calculating
the NNI, which is the ratio between the average observed distance of geographical element
points and the expected average distance in a random distribution. The formulas are as
follows [45]:

NNI = d(NN)/d(ran) (1)
d(ran) = 0.5V A/N )

In Equation (1), d(NN) denotes the average observed distance between point ele-
ments and their nearest neighbors in space, and d(ran) denotes the expected average
distance between elements in a random state. In Equation (2), A represents the area of
the study area, and N represents the number of sample points within the study area. If
NNI > 1, it indicates that the sample points tend to be uniformly distributed. If NNI <
1, it indicates that the sample points are clustered, and the smaller the value, the higher
the degree of clustering. If NNI = 1, it indicates that the sample points are randomly
distributed.

2.3.2. Kernel Density Estimation

Kernel density estimation is a method to calculate the density of point elements in
their neighborhood, which directly reflects the spatial distribution pattern of elements [46].
Its calculation formula is as follows [45]:

=) k(% ©

-
—_

In Equation (3), f(x) is the kernel density value at x, n is the total number of samples,
r is the search radius, k represents the distance weight, and djy is the distance from POI
point i to x.

2.3.3. Ripley’s K Function

Ripley’s K function is a point density distance function that counts the number of
points within a search range established by a certain radius and can determine whether the
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elements have statistically significant clustering within a certain range [45]. This is because
although the nearest neighbor index can portray the overall spatial distribution of point
data, the same point data may present different spatial characteristics at different scales.
Therefore, the use of Ripley’s K function can analyze the spatial clustering characteristics
of various leisure and tourism modes in Xi’an at multiple scales. The formula is as
follows [45]:

Wi(d)

—d (4)

In Equation (4), A represents the area of the study area, and n represents the number
of various leisure and tourist spots. Wj; (d) represents the distance between the leisure
and tourism points i and j within the range of distance d. L (d) represents the degree of
agglomeration of leisure and tourism points within the range of distance d. The maximum
and minimum values obtained by the test are defined as the upper and lower envelope
values. If L (d) > 0 and the simulation results are above the upper envelope, it indicates
that this type of leisure and tourism point is agglomerated. If L (d) <0 are below the
lower envelope, it means that this type of leisure and tourism spot is evenly distributed.
If L (d) = 0 and the simulation results are between the upper and lower envelopes, it
indicates that this type of leisure and tourism site is randomly distributed.

2.3.4. Geographic Detector

Geodetection is a spatial analysis method used to detect spatial differentiation and
reveal the driving force behind it. The basic assumption is that if the independent
variable has an influence on the spatial differentiation of the dependent variable, then the
independent variable and the dependent variable have similar spatial distributions [45].
The extent to which a Factor X is able to explain the spatial divergence of Y is measured
by the g-value. By calculating the g-value of a single factor and the g-value of two factors
superimposed on each other, geodetectors can not only analyze the degree of influence of
a particular independent variable on the dependent variable but also determine whether
there is an interaction between the two factors and the strength of the interaction. The
formula for calculating the influence q is as follows [45]:

1 )
@ =1-=5) Nio (5)
N0_2i:l 11

In Equation (5), qx is the influence of the independent variable X on the density of
the leisure and tourism industries in Xi’an. 032 and o? are the discrete variances of the
leisure and tourism densities in layers and regions. Nj and N are the number of units
in the layer and region, respectively. For q€[0, 1], the larger the value, the greater the
influence of the independent variable on the spatial differentiation of leisure and tourism,
and vice versa.

3. Leisure and Tourism Spatial Characteristics
3.1. Spatial Agglomeration Characteristics

The collected POI data of leisure and tourism in Xi’an were imported into ArcGIS
for nearest neighbor analysis, and the nearest neighbor index (Table 2) was calculated to
characterize the various types of leisure and tourism spatial agglomerations in Xi’an both
as smaller units and overall. As shown in Table 2, the average observed distance for the
overall leisure and tourism space is 29.62 m and the expected average distance is 166.77 m.
The NNI is 0.178 and the Z value is —431.79. Therefore, the overall leisure and tourism
space in Xi’an has a significant tendency toward agglomeration. The NNIs of the five
types of leisure and tourism spaces, namely, catering services, accommodation services,
shopping services, sports and entertainment, and scenic spots, are 0.151, 0.189, 0.359,
0.288, and 0.649, respectively. The NNIs are all less than 1, and the Z scores are all less than
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—2.58 with a P of 0. All of them passed the significance test at the 1% level. The results
indicate that the five types of leisure and tourism spaces in Xi’an are all significantly
clustered, but the clustering characteristics of different types of leisure and tourism spaces
show some differences. The degree of agglomeration of the identified types of leisure
and tourism spaces, including the overall assessment, in descending order is as follows:
catering services > overall leisure and tourism > accommodation services > sports and

entertainment > shopping services > scenic spots.

Table 2. Nearest Neighbor Distance for Leisure and Tourism Spaces in Xi’an City.

The Average The Expected

Category Observed Average NNI V4 P Spatial Distribution Type
Distance (m) Distance (m)
Overall 29.62 166.77 0.178 —431.79 0 Significant agglomeration
Catering services 28.57 189.19 0.151 —364.94 0 Significant agglomeration
Accommodation services 69.62 370.54 0.189 —179.14 0 Significant agglomeration
Shopping services 264.75 736.44 0.359 —65.77 0 Significant agglomeration
Sports and entertainment 141.97 493.35 0.288 —124.41 0 Significant agglomeration
Scenic spots 1323.26 2039.63 0.649 —-12.11 0 Significant agglomeration

Specifically, catering service points are the most numerous and most spatially clus-
tered, indicating that the strongest demand of local residents and foreign tourists is for
catering and leisure service spaces in Xi’an. The agglomeration degree of accommodation
services is only second to that of catering services, and the NNI values of these two types
of leisure and tourism are relatively similar overall, reflecting to some extent that the over-
all development of leisure and tourism in Xi’an is highly synchronized with the catering
and accommodation industries. The degree of concentration of sports and entertainment
and shopping services is at the medium level, and there is still a gap between the number
of leisure spots in the periphery of the city and that in the center of the city. The NNI
of scenic spots is 0.649, whereby although it also shows significant agglomeration, the
degree of agglomeration is relatively weak compared to the overall distribution and the
distributions of other types. The scenic type is influenced by the natural environment
and history, and its spatial layout is subject to a low degree of human intervention. The
scenic spot category in Amap includes various types and volumes of scenic spots, such as
tourist attractions, wetlands, and ruins, which are included in POI data crawling. The
map can only obtain point data spatially and does not record social attributes such as
scenic spot size, resource grade, and popularity. Due to the scattered distribution of
differently graded scenic spots in various districts of Xi’an, the concentration of scenic
leisure and tourism spots is relatively low.

3.2. Spatial Distribution Characteristics

The kernel density estimation method is used to calculate the distribution densities
overall and for various leisure and tourism types in Xi’an, and the natural fracture
method is used to divide the kernel density of various leisure and tourism spots into
three grades: low-density areas, medium-density areas, and high-density areas. The
spatial distributions overall and for various types of leisure and tourism spaces in Xi’an
are shown in Figure 1. On the whole, the overall distribution and all types of leisure
and tourism spaces in Xi’an show the characteristics of central urban agglomeration and
sparse dispersion in the surrounding urban areas.

As seen in Figure 1a, the overall distribution of leisure and tourism sites shows the
characteristics of “one center, multiple points, and two axes”. Leisure and tourism in
Xi’an are centered on the Bell and Drum Tower. The north-south direction takes Weiyang
Road, North Street, and Changan South Road as its axis, which is basically consistent
with Metro Line 2. The east-west direction takes Fengqing Road and Huancheng South
Road as its axis, which mostly coincides with the nodes of Metro Lines 2 and 6. The
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core area spans four districts, including Lianhu, Beilin, Xincheng, and Yanta, forming a
high-density hierarchical agglomeration. The medium-density area is distributed around
the core area, in line with the core-edge development pattern. All other districts have
multiple tourism hotspots that are scattered in distribution. Leisure and tourism hotspots
in Weiyang District are distributed near the physical location of the municipal government
and Xi’an City Sports Park. The hot spots of Yanta District are located in and around
the Shaanxi Provincial Historical Museum and Tang Paradise. Leisure and tourism
hotspots in Chang’an District are concentrated in Chang’an District’s university town and
near Chang’an Park. Baqgiao District is focused on commercial centers such as Huayang
City and Xi’an Sky City Shopping Centre. Leisure and tourism hotspots in Lintong
District are concentrated in areas such as Emperor Qinshihuang’s Mausoleum site and
museum, Mount Li, and Huaqing Pool. The distribution of high-level and medium-level
agglomerations reflects the characteristics of proximity to transport, scenic spots, and
business districts.

a. overall b. Catering services c. Accommodation services

N N

Chang'an Chang'an
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Figure 1. Kernel Density Analysis of the Spatial Distribution of Leisure and Tourism in Xi’an.
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The catering category (Figure 1b) accounts for the largest proportion of the overall
leisure and tourism POI data, and its distribution pattern and form are closest to the
overall leisure and tourism spatial characteristics. The most densely clustered area is
basically within the Ring Road, and its spatial scope is largely consistent with the historical
urban area defined in the Conservation Plan for Xi’an Historical and Cultural City (2020-
2035), which is the area with the most historical and cultural heritage in Xi’an. The
middle-grade agglomeration area is outside the core area but within the area bounded by
the Ring Road.

The accommodation category (Figure 1c) is characterized by “small agglomerations
and small dispersion”. The core area of high-level agglomeration is centered on the Bell
and Drum Tower, which is mainly located at the junction of the three districts of Lianhu,
Xincheng, and Beilin and consists of the areas of North Street, Tieta Temple, South Street,
and East Street. Intermediate agglomerations are distributed on the periphery of high
agglomerations, and in addition to the three districts in which the high agglomerations are
located, they are distributed in contiguous or point-like forms in the districts of Weiyang,
Yanta, Lintong, and Chang’an.

The shopping category (Figure 1d) shows a spatial distribution pattern of “small
aggregations, multiple points, and large dispersion”. The high-level agglomeration area
is centered in the Bell and Drum Tower area, spreading out in a planar shape towards the
surrounding area. For example, the shopping leisure and tourism spots in Yanta District
are concentrated in the main blocks of Chang’an Road, Yanta Road, Furong South Road,
Qujiang Road, Tangyan Road, etc. Medium-level clustering areas are distributed in all
districts and are relatively scattered.

Sports and entertainment (Figure le) are characterized by a “linear and widely
dispersed” pattern. High-density cluster areas are mainly distributed in the four districts
of Weiyang, Lianhu, Xincheng, Beilin, and Yanta. They start from Weiyang Road and Beijie
Street in the north and end at Chang’an South Road in the south, with a concentrated
distribution along the axis. Other areas have scattered medium-density clusters.

Scenic spots (Figure 1f) show a spatial distribution pattern of “small aggregations
and large dispersion”. The high-density agglomerations are the Bell and Drum Tower
scenic area, the Xi’an City Wall area, the Daming Palace National Heritage Park area,
Dayan Pagoda, and the Tang Paradise area. Medium-density agglomerations are more
dispersed, with multiple distribution points in each district.

3.3. Spatial Scale Characteristics

Ripley’s K function is used to judge the significance of multiscale agglomeration for
the spatial distributions overall and in various types of leisure and tourism spaces in Xi’an.
In Figure 2, the distributions overall and for various types of leisure and tourism spaces
in Xi'an city follow the principles of significant agglomeration at different spatial scales.
Based on the distance at which the peak occurs, overall leisure and tourism distribution
reaches peak agglomeration at 19.3 km, which is higher than the peak agglomeration
for any of the individual leisure and tourism types. This indicates that the five types of
leisure and tourism spaces work together to enhance the agglomeration strength of the
distribution of leisure and tourism spaces overall.

The catering service distribution is highly similar to the overall distribution for
leisure and tourism, and catering services reach peak agglomeration at 19.1 km, which
is higher than other types of leisure and tourism. This suggests that catering service
points show agglomeration characteristics at larger spatial scales, with a wide range
of spatial choices for location. This is followed by accommodation services and sports
and entertainment locations, both of which reach their peak agglomeration at 18.7 km,
with a slightly lower location selection ability. Scenic spots and shopping services reach
peak agglomeration at 17.6 km and 17.0 km, respectively. Since scenic spots are more
influenced by history and geography and shopping and commercial facilities are more
influenced by business districts and location, these two categories of leisure and tourism
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have a lower level of ability to choose their locations and range among all categories. In
conclusion, leisure and tourism facilities in Xi’an show obvious spatial scale dependence,
but different types of leisure and tourism facilities have different degrees of spatial scale
dependence. This difference is related to factors such as the nature of leisure and tourism

facilities, location, environment, and market demand.

c. Accommodation services
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Figure 2. Ripley’s K Function Analysis of Leisure and Tourism Spaces in Xi’an City.

4. Factors Influencing the Spatial Distribution of Leisure and Tourism
4.1. Impact Indicators and Analysis

The formation of the spatial pattern of urban leisure and tourism is the result of a
combination of multiple factors. It has been argued that the economy, population, trans-
port, infrastructure, and policy are the main factors influencing the distribution of urban
leisure and tourism patterns [30,47]. The previous results of the spatial distribution of
leisure and tourism in Xi’an also show that the leisure and tourism sites are characterized
by near traffic and densely populated business districts. In addition to these aspects
mainly considered by previous scholars, this paper argues that industrial structure is
also a main factor affecting the distribution of leisure and tourism. Generally speaking,
areas with a developed economy and a high proportion of the service industry have
a dense distribution of commercial and leisure facilities, which provide an adequate
supply for the development of leisure and tourism. Where the population is concentrated,
people’s demand for leisure and tourism is strong, and commercial and leisure activities
are more frequent. Transport and infrastructure are the guarantee for leisure and tourism
activities and provide convenience for people’s leisure and tourism activities. In addition,
factors such as policy and history also influence the spatial distribution of urban leisure
and tourism, but these aspects are often difficult to quantify and are not considered in
quantitative analyses.
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Therefore, an indicator system is constructed for influencing factors, which includes
seven representative indicators in five dimensions: economic level, demographic factors,
industrial structure, traffic conditions, and infrastructure. The level of economic develop-
ment is composed of the average house price at level X; and the per capita disposable
income of urban residents, X,. The demographic factor is represented by the population
density of permanent residents, X3. The industrial structure consists of the proportion of
the service industry to GDP, Xy, and the density of cultural service enterprises, X5. The
traffic conditions are measured by the X4 indicator of road network density within the
region. Generally, the more developed the evening economy is, the more perfect the facili-
ties are, and the more it contributes to the development of leisure and tourism. Therefore,
the night light intensity, X7, is used to reflect the comprehensive level of infrastructure
development in all urban areas.

Geodetector technology is used to calculate the g-value of the influence of each factor
on the spatial differentiation of leisure and tourism in Xi’an, in which the dependent
variable is the spatial density both overall and for the various types of leisure and tourism
sites in 11 districts of Xi’an, and the independent variables are the seven indicators in the
above index system. Geodetector analysis (Table 3) shows that all seven indicators are
significant at the 1% level, indicating that the seven selected factors have a significant
influence on the spatial differentiation of leisure and tourism in Xi’an, and the intensity
of the effect is, in descending order, population density X3 > density of cultural service
enterprises X5 > per capita disposable income of urban residents X; > night light intensity
X7 > the proportion of the service industry in GDP X4 > road network density X4 > average
house price level X;.

Table 3. Geographical Detection Analysis of Factors Influencing the Spatial Distribution of Leisure and Tourism in Xi’an

City.
Indicator . . Catering Accommodation Shopping Sports and Scenic
Dimension Detection Factors q Ranking Overall Services Services Services Entertainment Spots
Average house price level, X; 7 0.137 0.230 0.097 0.137 0.261 0.123
Economic level ~ Per capita disposable income of 3 0.679 0.760 0.580 0.679 0.738 0.664
urban residents, X, . . : . . :
Demographic Population density, X; 1 0.866 0.935 0.877 0.866 0.873 0.839
The proportion of the service
Industrial industry to GDP, X3 5 0.434 0.489 0.374 0.434 0.594 0.411
structure Density of cultural service 5 0.811 0.872 0.636 0.811 0.773 0.744
enterprises, X5 . . : . . :
Traffic Road network density, X 6 0.430 0.486 0.304 0430 0.410 0.329
conditions
Infrastructure Night light intensity, X7 4 0.663 0.715 0.571 0.663 0.726 0.538

Population density has the strongest explanatory power for the spatial distribution of
leisure and tourism in Xi’an, which suggests that leisure and tourism in Xi’an is distributed
with a strong population dependency. In the dimension of economic development level,
the average housing price in the region has the lowest influence on the spatial distribution
of leisure and tourism sites, while the per capita disposable income of urban residents
has the third highest explanatory power, which is relatively strong in explaining the
spatial differentiation of leisure and tourism. The income level of local residents largely
influences the consumption demand for leisure and tourism; the higher the income
level, the stronger the demand of residents for leisure and tourism. The leisure and
tourism industry not only carries commercial attributes but also has public and welfare
characteristics, so the average housing price level may not be a key factor affecting the
spatial distribution of leisure and tourism. In terms of industrial structure, the proportion
of the service industry to GDP and the density of cultural service enterprises rank fifth and
second, respectively, in their explanatory power for the spatial differentiation of leisure
and tourism in Xi’an. This is related to the fact that the leisure and tourism industry has
cultural attributes and belongs to the service sector, which is also in line with Xi’an’s urban
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image as a historical and cultural ancient capital. The intensity of nighttime lighting and
the road network both have strong explanatory power for the spatial differentiation of
leisure and tourism sites in Xi’an, ranking fourth and sixth, respectively, which indicates
that the development of the leisure and tourism industry is more closely related to the
city’s high-quality facilities and traffic conditions.

4.2. Interaction Detection of Influencing Factors

The influence value of q reflects the single-factor explanatory force of each factor
on spatial differentiation, but the combined effect of different factors may have different
effects on spatial differentiation. The interaction detector can be used to analyze whether
the combined effect of any two factors on the dependent variable Y is independent, as well
as the change in explanatory power. The results of analysis of the interactive influence of
factors in the spatial differentiation of leisure and tourism sites in Xi’an (Table 4) show that
the interaction of every two factors manifests a nonlinear enhancement (NE) or a bifactor
enhancement (BE). That is, the interactions of every two factors are all greater than the
explanatory power of each factor alone, and the influence of each factor on the spatial
differentiation of leisure and tourism in Xi’an is interrelated and thus not an isolated
effect. On the whole, the interaction between the factors is dominated by BE, i.e., the
influence of the interaction of two factors is greater than the maximum influence of either
factor alone. The interaction between housing price and other factors will show more NE
results; that is, the influence of housing price interacting with other factors is greater than
the sum of the influences of single factors. Although the explanatory power of housing
prices in single factor impact analysis is not strong, when interacting with other factors, it
also has a strong explanatory power on the spatial differentiation of leisure and tourism
in Xi’an, with all calculations exceeding 0.8. The interaction of the other six factors also
enhances the explanatory power of spatial differentiation.

Table 4. Interactive Analysis of Factors Influencing the Spatial Distribution of Leisure and Tourism Sites in Xi’an City.

ANB Overall Catering Services Accosmm? dation Shomeg Sport.s and Scenic Spots
ervices Services Entertainment
X1MXay 0.889 (NE) 0.874 (BE) 0.828 (NE) 0.889 (NE) 0.813 (BE) 0.927 (NE)
X1NX3 0.951 (BE) 0.953 (BE) 0.904 (BE) 0.951 (BE) 0.879 (BE) 0.939 (BE)
X1MXy 0.976 (NE) 0.984 (NE) 0.871 (NE) 0.976 (NE) 0.864 (NE) 0.945 (NE)
X1MX5 0.972 (NE) 0.943 (BE) 0.977 (NE) 0.972 (NE) 0.985 (BE) 0.988 (NE)
X1MXg 0.997 (NE) 0.989 (NE) 0.994 (NE) 0.997 (NE) 0.999 (NE) 0.991 (NE)
X1NX7 0.966 (NE) 0.995 (BE) 0.919 (NE) 0.966 (NE) 0.888 (BE) 0.936 (NE)
XoMX3 0.868 (BE) 0.937 (BE) 0.877 (BE) 0.868 (BE) 0.878 (BE) 0.844 (BE)
XoNXy 0.799 (BE) 0.862 (BE) 0.630 (BE) 0.799 (BE) 0.762 (BE) 0.747 (BE)
XM X5 0.813 (BE) 0.874 (BE) 0.637 (BE) 0.813 (BE) 0.777 (BE) 0.749 (BE)
XoMXg 0.975 (BE) 0.984 (BE) 0.870 (BE) 0.975 (BE) 0.864 (BE) 0.943 (BE)
XoNX7 0.797 (BE) 0.870 (BE) 0.623 (BE) 0.797 (BE) 0.785 (BE) 0.723 (BE)
X3MXy 0.997 (BE) 0.998 (BE) 0.999 (BE) 0.997 (BE) 0.996 (BE) 0.994 (BE)
X3MX5 0.973 (BE) 0.952 (BE) 0.982 (BE) 0.973 (BE) 0.982 (BE) 0.992 (BE)
X3MXg 0.975 (BE) 0.999 (BE) 0.921 (BE) 0.975 (BE) 0.894 (BE) 0.944 (BE)
X3NXy 0.974 (BE) 0.999 (BE) 0.921 (BE) 0.974 (BE) 0.894 (BE) 0.942 (BE)
XgMNX5 0.836 (BE) 0.918 (BE) 0.653 (BE) 0.836 (BE) 0.788 (BE) 0.747 (BE)
X3MNXg 0.674 (BE) 0.670 (BE) 0.757 (NE) 0.674 (BE) 0.865 (BE) 0.680 (BE)
XgNXy 0.839 (BE) 0.930 (BE) 0.660 (BE) 0.839 (BE) 0.791 (BE) 0.753 (BE)
X5MXg 0.996 (BE) 0.989 (BE) 0.993 (NE) 0.996 (BE) 1.000 (BE) 0.993 (BE)
X5MNX7 0.839 (BE) 0.930 (BE) 0.660 (BE) 0.839 (BE) 0.791 (BE) 0.753 (BE)
XXy 0.975 (BE) 0.999 (BE) 0.921 (NE) 0.975 (BE) 0.894 (BE) 0.945 (NE)

4.3. Influencing Mechanisms

The formation of the spatial patterns of urban leisure and tourism sites is a complex
process influenced by many factors. Based on the analysis of geographic detectors in

188



Land 2023, 12, 1805

combination with findings from relevant studies [48-51], the impact mechanisms affecting
the spatial pattern of leisure and tourism sites in Xi’an are further analyzed from four
aspects: dominant factors, driving factors, guarantee factors, and other triggering factors

(Figure 3).
Dominant factors
Population
The higher the population density, the greater the
concentration of leisure and tourism resources tends to
be, and the greater the leisure and tourism attraction.
- N
Driving factors 7 Guarantee factors
Economic Industrial
development structure Traffic Infrastructure
Spatial patterns of
) ) leisure and tourism
Leisure and tourism demand and supply The better the accessibility and infrastructure,
agents drive leisure and tourism construction the more developed the leisure and tourism.
b Other triggering fact d
N er triggering factors v

Industrial policies, urban planning, festivals and events
trigger changes in the spatial layout of urban leisure and
tourism.

Government People's awareness Major
actions of leisure events

Figure 3. Impact Mechanisms of Leisure and Tourism Spatial Patterns.

(1) Dominant factors

Demographic factors are the dominant factors influencing the formation of the
spatial pattern of leisure and tourism sites in Xi’an. Population is regarded as a source
of tourism growth [49]. The purpose of leisure and tourism is to provide good facilities,
leisure environments, and services and to meet the leisure and tourism needs of residents
and tourists. The higher the degree of population concentration, the greater the market
demand for leisure and tourism. In general, population density is closely related to the
location, resources, and attractiveness of the area. The three districts with high population
density in Xi’an are Beilin District, Lianhu District, and Xincheng District, which are the
center of Xi’an. These districts have the highest concentration of leisure and tourism
resources, which are the richest in historical and cultural connotations for the region and
the most expressive of the charms of ancient capital culture. Allocentric tourists are more
likely to be attracted by the cultural heritage of a given destination [50]. These districts
are an important activity area for foreign tourists to experience the original lifestyle of the
local residents.

(2) Driving factors

The level of economic development and industrial structure are important driving
factors influencing the spatial layout of leisure and tourism sites in Xi’an. The higher
the level of economic development in the region, the higher the disposable income of
the residents, and the stronger the demand for leisure and tourism consumption [51].
Leisure and tourism includes catering, accommodations, entertainment, tourism, and
other forms of business belonging to the scope of the service industry, and the degree
of development of the city’s service industry has a direct impact on the development of
leisure and tourism. Culture and tourism are inextricably linked, especially in a city such
as Xi'an, where history and culture are deeply rooted, and cultural tourism resources are
an important carrier of leisure and tourism activities. As the main operators in the leisure
and tourism market, cultural enterprises provide important support for the development
of high-quality leisure and tourism products and the optimization and upgrading of
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the leisure and tourism industry in Xi’an. These enterprises drive the innovation and
development of the leisure and tourism industry.

(3) Guarantee factors

Transport facilities and infrastructure play an important role in tourism develop-
ment [51,52] and are important guarantees for the development of leisure and tourism.
From the spatial distribution characteristics of leisure and tourism in Xi’an, there is a
notably strong dependence on traffic, and the middle-level and high-level agglomerations
are mostly distributed along the metro lines, main roads, ring roads, and other axes and
circuits. The areas with strong lighting at night are Beilin, Lianhu, Yanta, and Xincheng,
including the Bell and Drum Tower business district and the emerging cultural and
tourism consumption agglomeration areas, such as Datang Night City. The supporting
tourism service facilities and various infrastructure in these areas are relatively mature,
providing an important guarantee for the functional improvement of leisure and tourism
clusters.

(4) Other triggering factors

The formation and evolution of urban leisure and tourism distributions are also
influenced by other factors that are difficult to quantify, such as government actions
(policies and regulations, urban positioning, land planning, industrial planning, etc.),
public awareness of leisure and paid vacation systems, and major events (conferences
and exhibitions, sports events, festivals, web celebrity events, etc.). In the future, with
the continuous enhancement of public awareness of leisure, the service functions of cities
for residents and tourists will become increasingly perfected. The emergence of new
technologies and new forms of businesses will also further influence the formation of the
spatial patterns of leisure and tourism services.

5. Discussion

Previous studies have mostly focused on the spatial distribution of a certain type
of leisure or tourism type in the city. This paper reveals the characteristics of the spatial
distributions of leisure and tourism types in Xi’an, a nationally recognized urban center
of excellent tourism and their influencing mechanisms from the overall perspective of
leisure and tourism space in the city. This study argues that urban leisure and tourism
spaces are spaces shared by hosts and guests. Urban leisure and tourism can be divided
into five types: catering services, accommodation services, sports and entertainment,
shopping services, and scenic spots.

The reason for studying urban leisure and tourism spaces together is not only that
they are intertwined and difficult to distinguish, but also that leisure and tourism can
enhance each other’s development. Rising living standards have awakened people’s sense
of leisure, and a city with good leisure facilities and environment is equally attractive
to tourists and can also enrich their experience. As seen from the above analysis, the
distribution of scenic spot sites is strongly influenced by the environment and history,
and its ability of location selection is limited. In contrast, recreational facilities have
a strong location selection ability and can complement traditional attractions. Quality
leisure facilities not only serve residents well but also provide tourists with alternatives
to attractions. For example, many night-time specialty snacks and shopping bazaars,
night-time cultural performances, and other leisure projects in Xi’an have attracted a
large number of tourists and become new tourist hotspots, promoting the development
of night-time tourism in Xi’an.

Theoretically, this study deepens the exploration of the spatial law of urban leisure
and tourism and enriches the study of the relationship between leisure and tourism. At the
practical level, it is aligned with the law of urban development and practical requirements
in China. China’s National Tourism and Leisure Development Program (2022-2030) and
the 14th Five-Year Plan for Tourism Development both explicitly propose promoting
the development of tourism and leisure and creating a number of nationally designated
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tourism and leisure cities with distinctive cultural characteristics. Consequently, the
exploration of the spatial principles guiding leisure and tourism development will help
Chinese tourist cities plan the layout of tourism and leisure facilities more scientifically.

The results of the nearest-neighbor distance and kernel density analyses show that
the distributions overall and for various types of leisure and tourism spaces in Xi’an
present the characteristics of concentration in the central urban area and sparse dispersion
in the surrounding urban areas, but there are differences in the degree of concentration
and the patterns among different types of services. This finding verifies the conclusion of
some scholars that the distribution of urban leisure tourism resources has an obvious core-
periphery structure [30,31]. The high-density distributions overall and for various types
of leisure and tourism sites in Xi’an exhibit a proximity to transportation, scenic areas,
and commercial districts. Generally, the most concentrated core area of the distributions
both overall and for various types of leisure and tourism services is centered on the Bell
and Drum Tower scenic spot, within the scope of the Ring Road, which is the most richly
preserved area of historical remains relating to Xi’an’s history as an ancient capital and
was delineated in Xi’an’s early urban planning as the urban center. This conclusion is
in line with the views of some studies. In the case of tourist historic cities, tourism is
closely intertwined with the daily lives of local people [53]. The best value hotels are
most likely to be located in and around the central districts of urban tourist destinations
where population and economic activities are denser [25]. However, the distribution of
medium-sized agglomerations in Xi’an shows significant differences, with a distribution
of multiple points or axes. The spatial concentration of tourism investment should be
shifted from the spot approach to the axis approach while those axes are equipped as
comprehensive spatial strategic in the regional tourism plans [54]. Therefore, attention
should be paid to these points and axes outside the center of the city, which have a high
potential for future development of the leisure and tourism industry.

The spatial distribution of leisure and tourism in Xi’an is to some extent represen-
tative of the distinctive characteristics of leisure and tourism spaces in cities within the
historical capital category, i.e., the “star effect” of the historical core area is obvious, but
the peripheral areas of the core area may have “image masking”. The image of the city as
a tourist destination is not set by the will of tourism developers but by the perception of
the tourism market [55]. Tourists are influenced by a variety of factors when choosing a
destination, including its perceived image. Invisible competition exists within the same
region and destinations with a distinctive image and high visibility are often more popular
with tourists. Xi’an, as the ancient capital for thirteen dynasties in China, has a distinctive
urban image as a historical capital. The ancient city wall, the Bell and Drum Towers, and
the Emperor Qinshihuang’s Mausoleum Site and Museum are the most attractive cultural
symbols of the ancient capital to tourists, and therefore, the layout of the city’s leisure and
tourism industry is centered on these attractions, with a highly concentrated industrial
layout. The number of leisure and tourism facilities in areas outside the central city is
relatively few and scattered, and the development of leisure and tourism resources that
are not closely related to the cultural image of Xi’an’s ancient capital, such as landscape
resources, parks, public spaces, etc., have received relatively low-key development efforts.

Although this paper analyses the spatial distribution of the leisure and tourism
industry in Xi’an only from the perspective of leisure and tourism market supply and
does not analyze the spatial flow of residents and tourists on the demand side, it can
be indirectly speculated that the flow of residents and tourists in Xi’an will also be very
concentrated, forming distinctive “hot spots” and “cold spots” of leisure and tourism.
This spatial imbalance will inevitably affect the overall development of the industry.
Local residents outside the central city do not have equitable access to the city’s leisure
resources, and foreign tourists are influenced by the misimpression that their activities
in Xi’an are limited to the central city. The sparse distribution and poor accessibility of
leisure and tourism resources outside the central city further constrains the mobility of
residents and tourists outside the core area. In the long run, the gap between the leisure
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and tourism industries in the center and the surrounding areas will increase day by day,
which would be detrimental to the overall economic and social development of the city. It
should be noted that the POI data used in this paper are the data of all leisure and tourism
sites, which can only reflect the distribution of leisure and tourism facilities as a whole,
and which cannot be used to clearly distinguish the respective activity spaces of residents
and tourists.

Through the study of the influencing factors on the spatial distribution of leisure and
tourism in Xi’an, it is found that the spatial distribution of leisure and tourism patterns in
Xi’an is related to factors such as population density, density of cultural service enterprises,
per capita disposable income of residents, infrastructure, and transport. This conclusion
is basically consistent with the findings of push and pull studies of tourism activity [51].
However, compared with general tourist cities, Xi’an specializes in cultural tourism
products; therefore, when considering the factors affecting the spatial distribution of
leisure and tourism in Xi’an, this paper includes the density of cultural service enterprises
and the proportion of the service industry in GDP, which are two factors reflecting the
industrial structure, in the system of influencing factors. The data show that the influence
of these two factors, especially the density of cultural service enterprises, is relatively
strong.

In summary, leisure and tourism are important drivers of the economic and social
development of cities. The rationality of the spatial layout of leisure and tourism in Xi’an
and the development of leisure and tourism have a positive impact on the construction of
Xi’an as a national central city and are also inspirational to the development of leisure
and tourism in other cities across the country. The high-quality development of leisure
and tourism in Xi’an should include spatial balance and industrial diversification. Based
on this, this study proposes the following suggestions:

(1) The radiation effect of the core agglomeration should be enhanced, and new growth
poles should be cultivated. The layout of the leisure and tourism industry in Xi'an is
relatively concentrated, with various types of leisure and tourism resources mainly
concentrated in the central urban areas of Beilin, Xincheng, and Lianhu. The “one
core” pattern has basically formed, but the radiation and driving effect of the core
agglomeration area on the outer region is limited. In the future, efforts should
be made to further optimize resource allocation, promote the transfer of resource
elements, strengthen regional industrial cooperation, promote the extension of trans-
portation networks, and cultivate new growth poles to promote the integration and
coordinated development of the main urban area and other sections. Furthermore,
efforts should aim to improve the rationality of the overall layout of leisure and
tourism formats in the region of Xi’an, as well as the ability to provide leisure and
tourism services. The noncentral urban areas should increase their marketing and
publicity efforts to fully demonstrate the unique charms of their respective areas
and promote the reasonable flow of tourists between the central urban areas and the
peripheral areas.

(2) The advantageous resources of each district should be fully tapped to form a di-
versified leisure and tourism system. At present, cultural tourism in Xi’an city
center, Yanta District, and Lintong District has formed a certain influence due to
their unique historical and cultural resources. However, from the overall scope of
the Xi’an urban area, the situation of whole-area tourism remains undeveloped, and
important leisure and tourism resources such as the landscape resources represented
by the Qinling Mountains and the Weihe River and the city parks represented by
the Xi’an City Sports Park have not yet been fully tapped. In the future, while
successfully building the historical and cultural core area, we can fully tap into
the advantageous leisure and tourism resources of Bagiao, Chang’an, and Gaoling
districts to create diversified leisure and tourism experiences, such as cultural perfor-
mances, ecological leisure and holidays, festivals and recreation, athletics, business
meetings, parks and outdoor recreation, and other leisure and tourism modes.
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6. Conclusions

Urban leisure and tourism space is a space for local residents and tourists to share
a better life, as well as a space to show the unique charm of the city. Exploring the
spatial pattern of urban leisure and tourism and the influencing mechanisms is of guiding
significance for urban planning and industrial layout. Based on the leisure and tourism
POI data in Xi’an, this paper classifies the leisure and tourism sites into five types:
catering services, accommodation services, shopping services, sports and recreation, and
scenic spots, and analyzes the spatial distributions of leisure and tourism overall and
for different types and their influencing factors. The results of this study show that the
leisure and tourism space in Xi’an is significantly clustered, which is in line with the
spatial development pattern of “core-periphery”. Using geodetectors, we analyze the
influences and interactions of population, industrial structure, economic development
level, traffic conditions, and infrastructure on the spatial differentiation of leisure and
tourism types in Xi’an. This paper then explores the influencing mechanisms of the spatial
patterns driving leisure and tourism sites in Xi’an from four aspects: dominant factors
(population), driving factors (economic level, industrial structure), guaranteeing factors
(infrastructure, traffic condition), and other triggering factors (governmental behaviors,
consumption orientation, major events).

This study finds that in Xi'an, a famous historical capital of China, despite the mature
development of the leisure and tourism industry, the distribution of the industry is highly
concentrated in the central urban area, and the spillover and driving effect of the central
urban area on the peripheral areas is relatively limited. The distinctive image of Xi’an
as an ancient capital is a “double-edged sword”, which exacerbates to a certain extent
the imbalance in the distribution of the leisure and tourism industry between the central
city and the peripheral regions. This phenomenon should be taken into account by
government policy and the relevant planning and management departments of the city.
The layout of urban leisure facilities should consider the balance within the urban area
and safeguard the common leisure rights of urban residents. The development of the
tourism industry also fully exploits the advantageous leisure and tourism resources of
various districts in the city, and some cultural and tourism integration and innovative
leisure and tourism projects can be considered for layout in other areas outside the central
urban area. Combined with the historical and cultural projects in the central urban area,
these services will provide tourists with diversified and high-quality leisure and tourism
products.

The limitations of this study are as follows: First, limited by the characteristics of the
POI data itself, the acquired data for leisure and tourism sites in Xi’an are spatial point
data, which fail to reflect the difference in the volume of the leisure and tourism industry,
and there is a certain amount of error in the spatial distance and kernel density analyses.
Second, this paper only examines the distribution of leisure and tourism facilities in Xi’an
from the perspective of supply, without considering the respective activity spaces and
views of residents and tourists from the perspective of demand. Third, there are many
factors affecting the spatial distribution of urban leisure and tourism facilities, but it is
difficult to obtain data at the district level and the street level. Therefore, when analyzing
the factors affecting the spatial differentiation of leisure and tourism types, only seven
main indicators were selected for analysis, and some factors could not be taken into
account due to the difficulty of obtaining or quantifying data. Future research is required
to connect POI big data with qualitative surveys, focusing not only on the spatial layout
of leisure and tourism patterns but also on human mobility and the views of residents and
tourists. Through a variety of data sources, the rationality and regularity of the spatial
distribution of urban leisure and tourism can be explored more deeply, with a view to
providing better guidance for the development of the urban leisure and tourism industry
and urban planning.
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Abstract: Land is an important resource that supports the production, life, and ecological devel-
opment of human society. The current research on production-living—ecological space (PLES) is
mainly focusing on the identification of single and dominant functions of land space, and the
comprehensive spatial function measurement index of PLES (PLESI) is less known in the effective
quantitative evaluation of multifunctionality of different land use categories. Integrating the CMIP6
(Coupled Model Intercomparison Project phase 6) scenario data and the future land use simulation
model (FLUS), this research took the upper reaches of the Hanjiang River (URHR) as an example to
explore the temporal and spatial variations in land use, PLES, and PLESIs during 2000-2020, and
in the SSP2-4.5 and SSP5-8.5 scenarios from 2021 to 2100. The findings were as follows: (1) Forest
land is the most widely distributed type of land; correspondingly, ecological space has the widest
distribution area in PLES, followed by production space. (2) The area of dry land and building
land increased between 2000 and 2010, accompanied by the increase in living space. From 2010 to
2020, the growth rate of building land tended to slow down while forest land increased, and the
conflict of PLES eased. (3) The transfer between forest land and dry land is projected to intensify
under the SSP2-4.5 scenario, while it is projected to occur between forest land and grassland under
the SSP5-8.5 scenario. As for the changes in PLES, the SSP2-4.5 scenario has a greater impact than
the SSP5-8.5 scenario. Spatially, several sub-basins in the northern URHR are the main areas of
land use and PLES change. (4) PLESI presents a significant downward trend from 2000 to 2020
while trending upward under the SSP5-8.5 scenario and trending downward slightly under the
SSP2-4.5 scenario between 2020 and 2100. Combining climate scenarios and the future land use
simulation, this research would support the effective utilization of regional land resources and
ecosystem management decision-making.

Keywords: production-living—ecological spaces; climate scenarios; land multifunctionality index;
FLUS; Hanjiang River

1. Introduction

Land is a key and scarce resource to support human social development in produc-
tion, life, and ecology [1,2]. It is closely related to food security, ecosystem health, and
social sustainable development [3-5]. Over the past decades, the world has experienced
the rapid expansion of urbanization, human activity, and extreme climate events, which
comprehensively affected the regional soil environment, hydrological cycle, biodiversity,
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climate, etc., with a great influence on the ecological functions of land in urbanized
areas [6]. In turn, the relationship between humans and land has become increasingly
tense [7-9], and conflict between production, life, and ecological land is growing more
frequent in urbanized areas [10,11]. China has proposed comprehensive requirements for
building a “production-living-ecological space, PLES” with “promoting the high efficient
and compositive production space, livable and moderate living space and ecological
space with picturesque scenery” [12]. PLES has become an important way to ameliorate
rural-urban disparity and bolster harmonious and sustainable development.

In recent years, great efforts have been made in research on PLES: First, in terms
of classification and identification of PLES, most researchers divide different lands into
three types of ES, LS, and PS on the basis of the predominant function of the land
categories and have made numerous investigations about the spatiotemporal patterns
of PLES at the national scale [13], provincial scale [14], city and county scale [15,16],
township scale [17], economic belt and urban agglomeration [18-20], watershed and basin
scale [21]. Simultaneously, temporal and spatial changes are inevitably accompanied
by the process of the mutual encroachment or tradeoff of PLES, such as the spatial
coordination and conflict of PLES [22,23]. As for the temporal and spatial change, the
influence mechanism of natural environment, social, and economic development are
crucial factors for the assessment of PLES. Current studies on multi-year variations in
PLES focus on historical periods. However, under the far-reaching impact of global
changes and human activities [24,25], great uncertainties of the coordination and conflict
of PLES exist regarding the changes in future land use. Based on the systematic research
on the driving forces behind PLES, quantitative models and methods have been applied
to deduce the processes of land use change and to generate predictions of PLES in the
future [18].

Multiple models of land change evolution and prediction have been produced [26-28].
The future land use simulation model, FLUS, was created with consideration of the
comprehensive impact of climatic variations and human activities on land utilization
changes [29,30]. With support from multi-source data, this model can explicitly simulate
land use at a global scale or regional scale and obtain high-precision and multi-scenario
land use prediction results, laying the foundation for predictions of future PLES scenarios
and clearly revealing the long-term patterns of evolution of PLES [31].

Furthermore, current research on PLES is mainly concerned with the identification
of dominant functions of land utilization, ignoring that land use has compound land
functions [21]. For instance, cultivated land can be used as agricultural land to fulfil food
production functions, while it can also be ecological land, fulfilling diverse ecosystem
functions, including climate regulation, carbon sequestration, flood mitigation, nutrient
cycling, etc. [32-34]. Some research has been conducted with the aim of classifying and
evaluating the multifunctionality of different land utilization types. Specifically, the
PLES indicator system (PLESI) and the four-level scoring method were employed to
achieve the multi-functional measurement of production function, living function, and
ecological function for different land categories [21,35]. Existing classifications of PLES
mostly consist of PS, ES, and LS based on land use types and it lacks multi-functional and
comprehensive classification methods in PLESI evaluation.

The upper reaches of the Hanjiang River (URHR), the core area of the Qinling
Mountains, is the key water conservation area of the South-to-North Water Diversion
Project [36,37]. As an extremely crucial national ecological security barrier, its ecological
function has an irreplaceable role to play in the construction of ecological civilization in
China. However, little research has explored PLES in the URHR and Qinling Mountains.
In this context, this study attempts to measure the evolutionary characteristics of the PLES
and land multifunctionality through the PLESI model, with the integration of CMIP6
future climate and socio-economic data and the FLUS model. Specifically, the objectives
of this study were to (1) analyze the patterns of temporal and spatial development of
PLES between 2000 and 2100 under two climate scenarios in the URHR; (2) investigate the
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transfer evolution characteristics of land use and PLES under two different scenarios; and
(3) discuss the implication of scenarios analysis and the PLESI model on land resources
management. This is an effective exploration of comprehensive PLES research of long-
term time series on the typical ecological reserve, aiming to provide scientific and sufficient
support for the regional land resource management and social sustainable development.

2. Materials and Methods
2.1. Study Area

The Hanjiang River is the largest branch of the Yangtze River, Asia’s longest river.
It originates in the Ningqiang County in the southwest of Shaanxi Province, and joins
the Yangtze River at Wuhan City, Hubei Province. The Upper Reaches of the Hanjiang
River is located in the middle of mainland China and in the geographic demarcation
line between southern and northern China [38]. In Shaanxi Province, the Hanjiang River
spans 652 km, covering three main prefecture-level cities, including Hanzhong, Ankang
and Shangluo, and Taibai County and Feng County of Baoji City, with a basin area of
62,384 km? [37] (Figure 1).
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Figure 1. Geography situation of the URHR: (a) location, elevation and sub basins distribution of
the URHR in China; (b) location of administrative cities.
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Topographically, it is structured with three mountains and two basins. The Qinling
Mountains constitute the northern boundary, Daba Mountain and Micang Mountain
constitute the southern boundary, and Hanjiang River flows through the canyon areas
from the west to the east, forming Ankang Basin and Hanzhong Basin. Based on regional
river zoning characteristics and related studies, the URHR in the ownership of numerous
tributaries consists of 12 sub-basins through the hydrological analysis module in GIS [39].
The mainstream area is determined by the flow route of Hanjiang River in Shaanxi
Province. YR, BR, LSR, XR and SR mainly belong to Hanzhong Basin, ZR, ZHR, XNR,
YUR and LR to Ankang Basin, and JR and DR in Shangluo City are tributaries of Hanjiang.

The URHR is the core area in the south of the water distribution line of the Qinling
Mountains. It is in the 0 °C isotherm line, 800 mm iso-precipitation line and 2000 h
sunshine hours isochron line in January in mainland China, with unique natural environ-
mental characteristics [36,37]. The region is mainly dominated by the warm temperate
continental climate, characterized with warmth, rain and moisture, which has the annual
average precipitation ranging from 653 mm to 1183 mm and annual average temperature
ranging from 12 °C to 18 °C [39]. Known as China’s Central Water Tower, the study area
contains abundant water resources and is an important water conservation area of the
Yellow River, the Yangtze River, and China’s South-to-North Water Diversion project. The
ecological environment is diverse with rich biological resources and extremely important
ecosystem service functions, named as “natural gene bank” of biodiversity in China. The
URHR plays an irreplaceable role in the local and national ecological security and social
development.

However, due to the terrain conditions and the extreme rainfall events in summer,
the flood disaster in the study area is frequent, triggering significant threats to the lives
and safety of local residents [37]. In terms of social and economic development, the
Qinling Mountains region belongs to the largest centralized contiguously poor area in
China. The large-scale social production and urban industrial development have been
restricted due to its functioning as the ecological protection area. Therefore, how to weight
the relationship between economic growth and environmental care effectively, on the
premise of strengthening the ecological location and ecological function of the Qinling
Mountains, has become an important issue for local sustainable development.

2.2. Research Framework

This study was conducted in three phases: collection and processing of basic data and
climate data, simulation of future land use, and evaluation of spatio-temporal variations
of PLES and PLESI (Figure 2).

First, site-scale climate scenario data of CMIP6 model were obtained with statistical
downscaling method, then spatial interpolation was employed to generate future climate
scenario raster data of the URHR. In the second step, with the FLUS model, the future
land scenario data of URHR was produced using the historical and future data of driving
factors of land use. In the third step, the temporal and spatial evolution of future PLES and
PLESI scenarios in the URHR were analyzed through the classifications of land functions
and the multifunctional measurement model of land types in order to provide specific
advice on the regional land use management and territorial space optimization, etc.
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Figure 2. Research framework of the study.

2.3. Data Sources

In this study, multiple sources of historical data and future climate scenario data

were
1:

1)

used to process the simulation of future land use. Specific research data are in Table

Meteorological observation data of the national meteorological stations in the URHR
and the surroundings during the historical period (2000-2020) were derived from the
Chinese surface meteorological observation dataset released by China Meteorology
Administration.

CMIP 6 climate model data for the future period (2021-2100) were obtained from
daily data of the global climate models of the World Climate Research Program
under the SSP2-4.5 and SSP5-8.5 scenarios.

Land use data in historical period (2000-2020) were from the global ESA Land Cover
dataset ESA CCI Land Cover project released by the European Space Agency (ESA).
In the simulation of land use in the future period, the main data are land use data in
the base period, prediction data in the future climate scenarios, soil data, topographic
data (DEM), and socio-economic data (raw data of population, GDP, city center and
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transportation network elements). The slope and aspect data are obtained through
DEM data processing. Resulting from the traffic network data, the driving factors
including the distance data to places such as the city center, town center, expressway,
airport, river, railway station, railway and traffic artery in the simulation of land use
are generated through GIS.

Table 1. Summary information of data.

Data Category Data Name Time Resolution Spatial Resolution Data Sources
ESA CCI Land Cover project
) (https:/ /cds.climate.copernicus.eu/cdsapp#!/
Land use 20002020 300 m dataset/satellite-land-cover?tab=overview accessed
on 20 September 2021)
. temperature . . China Meteorology Administration
Climate data precipitation 2000-2020 Meteorological station (http:/ /data.cma.cn accessed on 10 December 2021)
temperature World Climate Research Programme
Climate scenarios rec}i) itation 2021-2100 - (https:/ /esgf-node.llnl.gov/search/cmip6/
preaip accessed on 1 July 2021)
. NASA Shuttle Radar Topographic Mission
Terrain Data DEM 2003 30m (https:/ /srtm.csi.cgiar.org/ accessed on 15 June 2020)
GDP 1 km Grid GDP, 1 km Grid population of
opulation 2015 1 km Chinese Academy of Sciences (www.resdc.cn/
pop accessed on 20 June 2020)
Socioeconomic data
. 1 National Geographic Information Data (www.
dential sit grap
resientiat site 2020 vector data webmap.cn/commres.do?method=dataDownload

traffic network

accessed on 3 September 2021)

All data were processed in TIF format with 1 km spatial resolution through the
processes of vector-to-raster and resampling on the ArcGIS 10.6 software platform.

2.4. Methods

2.4.1. Future Climate Scenarios
Combining CMIP5 Representative Concentration Pathways (RCPs) and Shared So-

cioeconomic Pathways (SSPs), the CMIP6 constructs a new scenario matrix (RCP-SSP
integrated scenario) to clearly reflect the simulation of greenhouse gas emissions and
improve the precision of climate simulation [40—43]. Climate scenarios data were gener-
ated with global climate model output data and statistical downscaling method [44—46].
Specifically, the process of climate scenario data includes the following steps:

(1) The selection of climate scenarios:

The emission scenarios from CMIP6 include low emission scenarios (SSP1-1.9 and
SSP1-2.6), a medium emission scenario (5SP2-4.5) and high emission scenarios (SSP3-7.0
and SSP5-8.5) [47,48]. The low-emission scenarios envisage a future in which greenhouse
gas emissions are substantially reduced and socio-economic development is apt to be
more sustainable. The medium emission scenario assumes that greenhouse emissions
will maintain the current level and represent the closest to the current greenhouse emis-
sion scenarios. The high emission scenarios indicate rapid socio-economic growth and
significant impacts on the global climate [49,50].

At present, the SSP2-4.5 and SSP5-8.5 scenarios have become common in the studies
to simulate the response of climate change and related socio-economic scenarios, rep-
resenting two scenarios of maintenance the status quo of development and maximum
greenhouse gas emissions [48-53]. Therefore, these two scenarios are selected to drive the
climate and land use models in this research.

(2) Download data in two scenarios of 27 models from the Global Climate Model (GCM)
output of CMIP6.
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(3) Based on the improved weather generator, GCM raster data are downscaled from
spatial coarse resolution to meteorological station. For specific operating principles,
please refer to the study of Liu et al. [44] and Wang et al. [45].

(4) The correlation coefficient between projected and observed data is evaluated through
the quantitative index S of the Taylor Chart [54-56], the spatial skill score is used to
evaluate the spatial correlation coefficient between projected and observed data [57],
and the temporal skill score is quantified to assess the simulation efficiency of
the projected value at each point in the space to simulate the inter-annual change
of the observed value [58-60]. The two models, UKES and MIR2, were selected
based on the ranking of the total scores. Therefore, with multi-model ensemble
mean approaches [61,62], the average value of the two models was obtained as the
prediction data in the future climate scenarios.

2.4.2. Land Use Simulation

In FLUS model applications, most studies take historical climate data as a driver of
land use change, ignoring the future climate scenario [63], while the coupling of CMIP6
data and FLUS model in this study can increase the simulation accuracy of FLUS model.

The simulation processes of land use in the URHR are as follows: Firstly, the System
Dynamics model (SD) is used to obtain land use demand data in the future based on
climate change scenarios, socio-economic scenarios and historical land use. Secondly, a
Cellular Automata model (CA) based on an Artificial Neural Network model (ANN) is
used to estimate the change probability in different land categories, and the overall land
adaptability probability of the cell is calculated. Thirdly, combining self-adaptive inertia
coefficient and roulette wheel selection mechanism, multiple iterations are made based
on the demand and the actual situation of land use, and then the future land use data
were obtained [29].

In the process of data verification, with actual land utilization data in 2020, FLUS was
applied to generate land utilization simulation data in 2020. Then, actual and simulated
land utilization data in 2020 were input into FLUS, random sampling was selected in
the sampling mode with the sampling proportion was 20%, and the Kappa coefficient
was 0.96, indicating that FLUS model was in good consistency for the future land use
simulation in the URHR.

2.4.3. Classification System and Functional Measurement of PLES

In terms of production space (PS), these land types can be divided according to three
main industry types. Living space (LS) refers to areas that can provide living needs for
human beings such as living, rest, entertainment and consumption. Ecological space (ES)
is the foundation of PLES, which can provide the guarantee for sustainable land use [17]
and supply ecosystem services such as supporting services and regulating services, and
maintain the ecological environment for human being [18].

The production-living—ecological space (PLES) types of different land use were
determined by the differences of land functions and land utilization types. With the
first-level land classification, dryland (DL) and paddy field (PF) are defined as production
space (PS), forest land (FL), grassland (GL) and water land (WL) as ecological space (ES),
and building land as living space (LS) [64].

Based on the actual situation of the multifunctionality of different land utilization cat-
egories [15,19], the multi-functional measurement index of PLES (PLESI) was constructed
to finely evaluate the functional level of PLES on a spatial scale in the URHR. The formula
for evaluating is shown as

PLESI, = 0.25 x PFI, + 0.5 x EFI, +0.25 x LFI, 1)

where PLES]I,, is the multi-function index of PLES in pixel n, PFI}, is the land production
function index in pixel n, EFI, is the land ecological function index in pixel n, and LFI,
is the land living function index in pixel n.
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As for the actual situation of the diversity functions of different lands and the
previous research results, the production, living and ecological function of different lands
were quantitatively evaluated by four grades based on the scoring system [19,35]. Among
them, the number 5 refers to the high function index (production function, ecological
function or living function) of a land type, 3 means the medium land function, 1 is for
the weak function, and 0 indicates that the function of a land type is missing (Table
2) [16,21,35].

Table 2. PLES classification and multi-functional assessment in the URHR.

PLES Land Use Produc't ton Ecolog}cal Living Function
Function Function
production dryland 5 3 0
space paddy field 5 3 0
forest land 0 5 0
ecological space grassland 3 5 1
water land 3 5 0
living space building land 3 0 5
3. Results

3.1. Spatio-Temporal Variations in Land Use and PLES
3.1.1. Variations in Land Use and PLES in Historical Period

The results showed that dryland, paddy field, forest land and grassland in the URHR
are the main land use categories, among which forest land occupies the largest proportion
(78.87%) (Figure 3). Dryland was mainly distributed in the northeast, with an average
annual distribution area of 6660 km?. Paddy fields were gathered in the Hanjiang Valley,
with an area of 5849 km?. Forest land followed this, which was widely distributed in the
study area, especially in the Qinling Mountains and Daba Mountains, with an area of
48,821 km?. Grassland was concentrated in the border area between dry land and forest
land, the area of which was about 1,138 km?. Building land spread along the main stream
of Hanjiang, mainly around Hanzhong City, Ankang City and Shangluo City with an area
of approximate 152 km?. Water land was primarily in the border area of ZR and ZHR
with an area of 72 km?.

(a) landuse 2000 (b) landuse 2010 (c) landuse 2020
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Figure 3. Spatial patterns of historical land use and PLES in the URHR.

The area of dryland and building land keeps growing from 2000 to 2010, meanwhile,
the other land categories fall dramatically, indicating that the local social and economic
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development and urbanization process were significantly accelerated. In turn, the area
of PS and LS was remarkably increased in this period, with the result of encroaching ES.
From 2010 to 2020, paddy field, forest land and building land showed a growing trend,
while dryland, grassland and water land were in a downward trend. The growth rate of
building land had fell sharply, and other land types changed mildly, which indicated that
the competition between local PLES tended to ease in this period.

The spatio-temporal simulation of PLES during the historical period showed that ES
had the widest distribution area in the study area, followed by PS and LS. PS was concen-
trated in the Hanjiang Valley, and scattered in some areas of JR and DR, with an average
area of 12,509 km?, comprising 19.95% of the URHR. ES was widespread especially in
the Qinling Mountains of the northern Hanjiang Valley, with an area of 50,031 km? over
the years, comprising 79.80% of the URHR. LS was located near the central city, covering
152 km?. This indicated that the land function of the URHR was dominated by ecological
function, and the intensity of urban development and industrial production activities
was small.

In 20002010, the change in LS was the most dramatic, followed by PS, which showed
an increasing trend with a rate of 5.75%. In contrast, ES experienced a decreasing trend at
a rate of 1.73%. In 2010-2020, PS had a reduction of 0.71%, ES showed a slight increase
trend of 0.18%, and LS increased slowly at a rate of 0.18%. The results also showed
that the competition for PLES in this area was more intense in the first decade, and
the expansion of LS and PS had caused a greater encroachment on ES. In recent ten
years, due to the effective conservation policies, the development of urban expansion and
industrial activities tended to be slow, and ES showed an upward trend, which would
better promote the ecological environment in the URHR.

3.1.2. Variations of Future PLES under Different Scenarios

The future period in this research consists of near-term, medium-term and long-term,
in which 2030 represents the near-term, 2050 represents the medium-term, and 2100
represents the long-term, respectively. The results showed that ES occupied the widest
distribution area, followed by PS and LS (Figure 4).
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Figure 4. Spatial distribution of the future PLES under the SSP2-4.5 and SSP5-8.5 scenarios in the URHR.

Under the SSP2-4.5 scenario, the average projected distribution area of PS in the
three periods is 12,301 km?, 19.65% of the total area of URHR. The average projected
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distribution area of ES in the three periods is 50,124 km?, comprising 80.07% of the
URHR. The average projected distribution area of LS in the three periods is 237 km?, only
comprising 0.38% of the URHR. In terms of each stage, PS is projected to decrease at a
rate of 0.71% from 2020 to 2030, while ES and LS are projected to increase at a rate of
0.16% and 4.25%, respectively. During 2030-2050, PS will decrease at a rate of 1.41%, and
ES and LS will increase at a rate of 0.33% and 6.33%, respectively. During 2050-2100, PS
will decrease with a rate of 4.13%, and ES and LS will grow at a rate of 0.81% and 8.51%,
respectively. The outcomes reveal that the change amplitude of PLES in three periods is
basically the same under the SSP5-8.5 and SSP2-4.5 scenarios.

In the three periods, PS is projected to decline while ES and LS are projected to
increase under the two scenarios. The result indicates that local ES development is
well guaranteed, and the ecological environment quality is well protected; however, the
increase in ES and LS is at the expense of the decrease in PS. It should also be noted that
the development of ES is accompanied by slight urban sprawl in the future, which will
bring threats to ecological environment, and the decline of PS will also trigger challenges
to agricultural production and food security.

3.2. Transfer Evolution of Land Use and PLES under Different Scenarios
3.2.1. Evolution Characteristics of Land Use in the URHR

The evolution of spatial pattern in PLES is directly affected by the change in land use
structure. Given the small area of mutual conversion between paddy field, water land and
building land, this research focused on the transfer pattern of forest land, dryland and
grassland in the near-term (2020-2030), the medium-term (2030-2050) and the long-term
(2050-2100) (Figure 5).
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Figure 5. Transition matrix of future land use under SSP2-4.5 and SSP5-8.5.

In each period, the transfer of land use is mainly projected as the mutual transforma-
tion of forest land and dryland, forest land and grassland. Forest land is projected as the
main type of ecological space and the main land class that provides ecological functions,
so its change will inevitably have an impact on the structure and quality of PLES. Obvious
differences are existing in the amplitude of land utilization transition during different
periods. In 2050-2100, the range of land use transformation will be much larger than
the other two stages, which would inevitably affect the mutual transformation of ES and
PS. The findings showed that the mutual conversion between forest land and dryland
under the SSP2-4.5 scenario is significantly larger than that under the SSP5-8.5 scenario,
affecting the transformation of ES and PS, while it is the opposite in the case of forest land
and grassland under two scenarios.
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The transformation of forest land to dryland leads to ES transform into PS, and
the function of regional ES will be weakened accordingly, which will further cause the
changes in the multifunction level of land use. Both forest land and grassland belong
to ES, the mutual transformation of forest land and grassland is only a type of change
within ES, there are significant differences in the multifunctional characteristics between
these two land use types. The results revealed that the mutual transformation of forest
land and grassland will have certain impacts on the multi-functional pattern of land use,
but will not change the pattern of PLES.

3.2.2. Evolution Characteristics of PLES in the URHR

The mutual transformation process and quantitative relationship of PS, ES and LS types
of PLES were analyzed through the land transition matrix method and the spatial patterns
of the three types of PLES were assessed in this research (Table 3). It is found that the mutual
transformation of PLES is projected mainly in the mutual conversion of PS and ES.

Table 3. Transition matrix of future PLES in the URHR (km?).

SSP 2-4.5 SSP 5-8.5
Research Period PLES

PS ES LS PS ES LS

PS 12,216 373 1 12,495 96 0

2020-2030 ES 459 49,422 0 178 49,701 1
LS 5 5 211 7 3 211

PS 12,056 356 1 12,203 208 3

2030-2050 ES 521 49,522 1 380 49,661 2
LS 13 3 219 8 11 216

PS 11,200 790 0 11,419 571 0

2050-2100 ES 1201 49,245 1 981 49,465 1
LS 12 9 234 14 7 234

In the SSP2-4.5 scenario in 2030, a total of 459 km? of PS will be converted to ES, and
373 km? of ES will be transferred into PS compared to 2020. In 2050, a total of 521 km?
of PS will be converted to ES, and 356 km? of ES will be converted to PS from 2030. The
change of PLES in 2100 is relatively larger than that in 2050, 1,201 km? of PS converted to
ES and 790 km? of ES to PS. The transfer pattern of PLES under the SSP5-8.5 scenario will
be consistent with that under the SSP2-4.5 scenario, except for the smaller amplitude of
the PLES transfer in PLES. The results indicated that the change in the spatial pattern of
PLES is mainly dominated by the mutual change of PS and ES in the future.

3.2.3. Evolution Characteristics of Land Use in Sub Basins

The spatial differences of the transition in the future land use were analyzed by
further dividing the study area (Figure 6).

The results showed that the zones are projected with more frequent land use trans-
formation including XNR, JR, BR and DR in the northwest of the URHR from 2020 to 2030.
Forest land and dryland are projected to be mainly interconverted under SSP2-4.5, while
under the SSP5-8.5 scenario, it will happen between forest land and grassland, which
would trigger a wide range of mutual transformation between ES and PS and strong
impact the spatial variations of PLES in these four regions in the SSP2-4.5 scenario.

In 2030-2050, a frequent land use transformation area appeared in XNR, JR, DR and
BR. Transition occurs frequently between forest land and dryland in these regions under
SSP2-4.5, while it is forest land and grassland under the SSP5-8.5 scenario. In 20502100,
the transition between forest land and dryland is more frequent, and great changes are
gathered in ZHR, DR, XNR and LR under the two scenarios.
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Figure 6. Transition matrix of future land use in near-term under (a) SSP2-4.5 and (b) SSP5-8.5,
medium-term under (c) SSP2-4.5 and (d) SSP5-8.5 and long-term under (e) SSP2-4.5 and (f) SSP5-8.5
in sub-basins.

3.2.4. Evolution Characteristics of PLES in Sub Basins

From 2020 to 2030, the transfer of PS to ES are projected mainly in ZHR in the central
URHR and XNR, JR and DR in the eastern URHR, while ES to PS transformation areas
will be gathered in XNR, JR and DR under the SSP2-4.5 scenario (Figure 7). From 2030 to
2050, the transfer area of PS to ES will be concentrated in BR, and ES to PS transformation
are projected mainly in YUR, XNR and DR. From 2050-2100, the regions of PS to ES
transformation are projected mainly in ZHR, SR and DR, and the transformation of ES to
PS are projected in the surrounding areas of Ankang City.

From 2020 to 2030, the regions of PS to ES are projected mainly in the north of
BR and DR, which is basically the same as the region where ES is transformed into PS,
indicating that ES and PS are frequently transformed into each other in these two regions
during this period under the SSP5-8.5 scenario. From 2030 to 2050, the regions of PS to ES
conversion are mainly in the northern part of BR, YUR and DR, while the regions of ES to
PS conversion are mainly distributed in the border area of XHR and ]JR and the northern
part of DR. From 2050 to 2100, the transformation area from PS to ES are projected mainly
in the northern BR, ZHR and DR.

The findings showed that the BR, DR and XNR were the main concentration areas
where the transition of PS and ES are projected frequently in the future, which would lead
to great changes in spatial patterns of the PLES and PLESI in these regions in the future.
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Figure 7. Space transition matrix of future PLES under the SSP2-4.5 and SSP5-8.5 scenarios.

3.3. Functional Measurement of PLES in Different Land Use and Climate Scenarios
3.3.1. Spatial Variations of PLESI

The spatial evolutions of PLESI in the URHR in historical period and two future cli-
mate scenarios were evaluated through the measurement model of PLES spatial function
(PLESI) (Figure 8).

From 2000 to 2020, the PLESI is projected to decrease from 2.57 in 2000 to 2.56 in
2020. Spatially, the PLESI in the Hanjiang Valley in the west and the central YUR region
has a moderate level (2.75), due to the wide distribution of paddy field and dryland in
these areas. PLESI in Qinling Mountains, Micang Mountains and Daba Mountains is
projected generally low, of which forest land is widely distributed. The urbanization
level of Hanzhong City, Ankang City, and the center of Shangluo City is relatively higher
than the peripheral areas, where the PLESI will be at the lowest level. The junction of
YUR, ZHR and LR will have a higher PLESI, where Yinghu Lake is located. Yinghu Lake
possesses excellent water quality and is an important water conservation area in Qinling
mountains. The high value areas of PLESI are projected in the peripheral areas in the
main stream. Under the future scenarios, the high value region of PLESI will generally
migrate to the eastern DR, the border region of YUR, XNR and LR, and the western YR.
And the junction region of ZR and ZHR in the Hanjiang River mainstream enjoys the
higher value of PLESI (3.25), especially in the year 2100 under the SSP5-8.5 scenario.
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Figure 8. Spatial variations of future PLESI in the URHR from 2000 to 2100.

3.3.2. Temporal Variations of PLESI

The temporal variations in PLESI were evaluated through the PLES function mea-
surement model (Figure 9). During 2000-2100, PLESI in the whole region is projected
to descend under two scenarios. The results showed that PLESI had a large downward
trend from 2000 to 2020, and the PLESI in the whole region decreased from 2.57 in 2000
to 2.56 in 2020. And after 2020, the PLESI changes under the two scenarios are projected
significantly different. Under the SSP5-8.5 scenario, PLESI is projected a relatively obvious
rising trend, while decreasing in the SSP2-4.5 scenario. For sub-basins, LSR, YUR and JR
are the high-value regions of PLESI, while ZHR, ZR and BR are in low-value of PLESL
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Figure 9. (a) Temporal variations of PLESI in the URHR from 2000-2100; (b) annual average values
of PLESI in sub-basins in the historical period and under two scenarios.

The results showed that the change trends of PLESI in each sub-basin will differ
greatly in the future (Figure 10). In ZHR, YR and ZR, the PLESI value is projected in
higher upward trend under the SSP5-8.5 scenario than that in the SSP2-4.5 scenario. The
PLESI in DR is projected in dramatic rise under the SSP2-4.5 scenario and the value is
projected larger than that in the SSP5-8.5 scenario.

Similar change trends of PLESI are projected in the LSR, SR, YUR, JR, XR, XNR and
BR under the two scenarios. In LSR, YUR and JR, the PLESI value in the SSP2-4.5 scenario
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will be larger than that under the SSP5-8.5 scenario, while in SR and BR, it is the opposite
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Figure 10. Temporal variations of PLESI in sub-basins (a-1) from 2000-2100 under SSP2-4.5 and SSP5-8.5.

4. Discussion
4.1. Implications of Land Use Multifunctionality Assessment

The results showed that forest land and dryland, forest land and grassland are the
main types in the transfer of land use in the different periods. The transformation of forest
land and dryland involves the mutual transformation of ES and PS. The areas of PLES
type transfer in different periods are mainly BR, DR and XNR, which is consist with the
distribution characteristics of the spatial transfer of land use. The alluvial plain spread
over in the Hanjiang River valley area, with fertile soil low and flat terrain, of which
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dryland and building land are widely distributed. Due to intensive human activities, land
use in these regions change frequently with more competition and conflicts in PLES space,
and these regions becomes the main area for the mutual transformation of PLES types. The
spatial and temporal changes in PLES types on a longer time scale were assessed through
future climate scenarios and land use data, which has important scientific reference value
for regional sustainable development [18,31].

The land system is a combination of economic, social and ecological subsystems [23],
providing complex and comprehensive land functions such as environment, society and
economy. In addition to dominant functions, land use also has secondary and tertiary
functions [13]. Given this, it is necessary and imperative to conduct a comprehensive
assessment of the land multifunctionality to guide the optimal allocation of land use
scientifically and rationally.

The mutual transformation of forest land and grassland in different periods in this
research represents the transformation of the ES type. This change has no impact on the
spatial pattern of PLES, but bound to have certain impact on the land multifunctionality
of PLES. The findings revealed that the comprehensive level of land function showed
a continuous downward trend during 2000-2100 under the two scenarios. Meanwhile,
PLESI had a large downward trend from 2000 to 2020, and PLESI presents a relatively
obvious rising and dropping trend afterwards in the future. As for the zoning results,
under the future scenario, PLESI is projected generally a significant increase trend in
DR, YUR, XNR and LR border areas, and the western region of YR. Combined with the
PLESI model, the multifunctionality of different land types in this research have been
further clarified by systematic, comprehensive and quantitative methods [19]. It is also an
important supplement to assessment of the spatiotemporal variations in PLES.

The ecosystem and land resources of the ecological protection areas are strictly man-
aged and protected in the URHR. The study on PLES can clarify the spatial pattern of
protected areas, then ES, LS and PS can be managed and controlled in different areas.
Specifically, ES should be focused on in core protection areas and important protected
areas, while LS and PS can be appropriately developed in general protected areas. The
findings showed that PLESI can be taken to comprehensively evaluate land multifunction-
ality and monitor the coordination and conflict of PLES in these areas, ensuring reasonable
protection and development of PLES in the study area. Besides, as an important ecological
protection area in China, the evolution pattern of PLES and PLESI in Qinling Mountains
have a certain reference effect on the territorial space development of similar ecological
protection places. Meanwhile, it is noteworthy that the multifunctionality of land cate-
gories can be further clarified by systematic, comprehensive, and quantitative methods
by the PLESI index. This research provides an insight for the comprehensive assessment
of land functions in PLES at the regional and national scales.

4.2. Implications of Scenario Analysis for PLES

The superiority of CMIP6 scenarios lies in that the data are updated from previous
climate models and deeply coupled with SSP data [65-67]. The simulation of land use
in this research also involves regional social and economic development and policy
formulation. The simulation of land use under future scenarios reflected the significant
changes of major land types such as forest land, grassland and dryland, the significant
changed areas such as DR, XNR, BR, and the significant differences in land use changes
are existing in different years under SSP2-4.5 and SSP5-8.5.

From the perspective of land functional assessment, the PLESI decreased sharply
from 2000 to 2020, and will moderate during 2030-2100. PLESI showed a relatively
upward trend in LR, ZNR, DR, etc., indicating that the land functional level in these
regions would be greatly improved in the future, probably due to the significant increase
in precipitation in the study area under global warming [68,69].

The simulation of future PLES scenarios can supply spatially explicit assessment for
land use change in different time scales and regions, different land categories and climate
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scenarios. The framework in this research would play an effective role in promoting social
and economic development and ecological management at the regional and national
scales.

4.3. PLES Management Implementation

As an important ecological barrier in central China, it is necessary to develop mea-
sures for territorial space protection and ecological management to ensure the stable
development of ecological functions in the URHR. Firstly, in terms of the research on
PLES, the ecological protection red line had been delimited within the region for spatial
control [70]. The development activities of PS and LS should be banned in core and key
protected areas, while the moderate development of PS and LS can proceed in general
protected areas.

Secondly, considering the urgent needs of local economic development and ensuring
people’s livelihoods, the industrial structures need to be further optimized to improve the
land use efficiency in production and life as well as the land function level of PS and LS.
Additionally, ecological compensation could be received in the form of goods production
in the surrounding areas by utilizing the advantages of a high-quality ecological environ-
ment, especially in water conservation areas. Moreover, the tertiary industries such as
ecotourism and rural tourism could also be developed. Based on the research framework
and methods in this research, the ultimate goal is to coordinate the spatial pattern of
PLES structure on the basis of ensuring the stability of the ecosystem structure [31], thus
promoting the balanced development of ecosystems and social economy.

Thirdly, the findings showed that forest land has been well protected as the major
contributor to the regional ES. While as the main contributor to PS, building land is
also limited by the policies of ecological protection in the study area, showing a weak
expansion trend in the future. In terms of land multifunctionality, the ecological functions
of dryland and paddy field are weaker than forest land and their residential functions
are weaker than building land. In this context, cultivated land can be used to balance the
changes of ES and PS and can be a key entry point for the coordinated development of
PLES and the alleviation of regional land use in the URHR. The PLESI adopted in this
research can be used as an effective tool to quantitatively evaluate the multifunctionality of
different land use types in the area, and evaluate the spatial variations in the coordination
and conflict of PLES, to ensure the stable development of land functionality in the whole
region.

Lastly, with the time change and scenario analysis outcomes, the possible changes
of PLES and PLESI in different climate scenarios and different periods were clarified,
informing the long-term planning and protection of regional land resource management.
In the long term, DR, XNR, BR and other areas could become the key areas for social
sustainable development and ecosystem management. In addition, the mutual trans-
formation between forest land and dryland, forest land and grassland under the two
scenarios should be concerned further, which is in accord with the previous study [71].

4.4. Limitations and Future Research

The statistical downscaling method was employed to process the future climate
scenarios, which can improve the regional applicability and simulation accuracy. Nev-
ertheless, there are many driving factors affecting the simulation of land use, and the
statistical scale and accuracy of data are different, resulting in a certain impact on the
simulation effect. Finer resolutions of various forms of data collection in the further study
are needed to effectively optimize and improve the simulation in the future scenarios,
and inform reliable policy-making in the management of PLES. Additionally, the priority
scenarios of PS, LS, ES and a comprehensive space optimization scenario would also be
optimally designed for the regional PLES management.

The integrated approach of PLES and PLESI can be carried out in the management
of regional PLES more comprehensively. However, the same land type in different
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regions also has great differences in its corresponding production, living and ecological
functions due to the differences in soil environment, terrain and geomorphic conditions,
climate and regional socio-economic conditions. The PLESI model applied in this study
still needs to be improved in combination with regional actual conditions and socio-
economic development indicators and ecological environment indicators, so as to improve
the precision of PLESI assessment. Furthermore, how to clarify the competition and
cooperation relationship, coordinate and balance the development of PLES are critical to
advance the social sustainable development in the Qinling Mountains and other similar
ecological function regions.

5. Conclusions

The spatial-temporal variations in land use and PLES in the URHR were simulated
in the historical period and different scenarios through the combination of the newly
released CMIP6 climate model, geographic ecology and socioeconomic data.

The findings indicated that the spatial pattern of land use and PLES in the future
period will be almost consistent with that in the historical period. And the spatial
transformations between forest land and dryland, forest land and grassland in each
period resulted in the main transformation of PLES, which are reflected in the mutual
conversions of PS and ES. Spatially, DR, XNR and BR are the main areas of the change in
land use and PLES. As for the horizontal comparison of scenarios, a greater impact on
the mutual transformation of forest land and grassland will be distinctive in the SSP5-8.5
scenario, while it will occur between FL and dryland under the SSP2-4.5 scenario, affecting
the time-space transformation and distribution pattern of PS and ES. PLESI is projected
trending downward under two different scenarios during 2000-2100. Meanwhile, PLESI
was in a significant downward trend from 2000 to 2020, but in a relatively obvious upward
trend under the SSP5-8.5 scenario and downward trend under the SSP2-4.5 scenario.
This research is conducted with the aim to provide explicit reference for land resources
planning, ecological environment governance and the socio-economic sustainability at
the regional and national scales.
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Abstract: Intensive land use assessment is a key research topic in urban land use, and most of the
existing studies focus on macro-level assessment. There is a lack of research on the micro-level
assessment of intensive urban land use, especially at the parcel level. The objective of this research is
to propose a method for the parcel-based evaluation of urban commercial land intensification. The
study uses a multidimensional evaluation framework and index system, comprehensive evaluation,
and spatially exploratory analysis of urban commercial intensive land use based on “building
intensity, use efficiency, compatibility, and diversity”. The study finds that (1) the average value
of intensive use of urban commercial land is 13.01, the standard deviation is 5.11, and the median
value is 13, which generally indicate a medium level. (2) The degree of intensive use of commercial
land has obvious characteristics of a high, medium, and low level. The study shows that when
evaluating the degree of land use intensification at the parcel level, it is also necessary to consider
the influence of the compatibility and diversity of external land use. The research results can
provide a basis for spatial planning and the optimal design of urban land resources to improve
urban vitality.

Keywords: evaluation of land use intensification; commercial land; land parcel; Wuxi City

1. Introduction

Intensive urban land use is an important strategy to ensure sustainable urban devel-
opment and is an important component of the United Nations Sustainable Development
Goals (SDGs) [1-3]. As one of the non-renewable resources, land in urban centers is under
increasing pressure in terms of area, transport, and landscape. Only with a higher level
of intensive land use is it possible to fulfill its core service function [4]. Therefore, urban
centers place the greatest demands on high-density land use. However, during urban de-
velopment, extensive land use patterns have led to urban sprawl [5]. With the acceleration
of industrialization and urbanization, the contradiction between urban expansion and
land use has intensified, leading to smart growth [6-8], compact development [9,10], infill
development [11,12], multifunction intensive land use [13], and other ideas for sustainable
development and modern urban planning [14-17]. Intensive urban land use is considered
a key initiative to curb urban sprawl and promote sustainable urban development [18].
In addition, the extent of intensive urban land use has a significant impact on urban
vitality [19]. The issue of intensive urban land use has gained increasing attention among
scholars and practitioners [20].

Commercial land is the building land with the highest land price, the most obvious
gain of extreme difference, and the most significant regional difference, and its inten-
sive use has a great impact on the overall land use of the city [21]. As the population
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concentrates in cities, irrational land use regulations and planning lead to urban sprawl.
Within cities, problems such as idleness and the inefficient use of commercial space are
particularly prevalent. This has not only led to ineffective investment in urban public
facilities and increased the burden on urban businesses [22]; the loss of urban vitality
has also led to the great waste of natural resources and seriously affected the sustainable
development of cities [23]. Thus, it is crucial to consider how to improve the level of the
intensive use of urban commercial land scientifically and efficiently [24,25].

The evaluation of the intensive use of commercial areas is the basis of improving
land use planning and optimizing the design of commercial areas. In recent years, some
scholars have proposed diversified use characterized by three-dimensional and four-
dimensional spatial use to achieve the intensification of spatial use, which has introduced
new elements into the meaning of intensive urban land use [26]. From an assessment
scale perspective, such assessment generally includes macro assessment (comprehensive
assessment of national, regional, or urban land use intensification) [24,27-30], mid-range
assessment (assessment of actual land use classification or thematic assessment) [31—
33], and micro assessment (assessment of commercial land) [34,35]. The evaluation
of land use intensification mainly consists of the evaluation of the current situation,
policy discussion, and analysis of the factors influencing urban land use. At the macro
level, studies have focused on the analysis and evaluation of urban land use policies,
such as the feasibility analysis of urban intensification policies in England [36] and the
evaluation of the compactness of urban development in the UK [37]. Other studies focus
on examining land use intensification in a particular city or region, such as Singapore’s
Jurong Island [38], Tehran, Iran [39], Hamburg, Germany [40], Washtenaw, Michigan,
USA [41], Gangnam, Seoul [42], and Hong Kong, China [26]. It is clear that research at the
macro and meso levels has been very productive. Only a few studies have examined the
evaluation of land use intensification from the micro perspective [34]. The studies on land
use intensification at specific sites have analyzed horizontal and vertical forms regarding
the input and output statuses of each floor to obtain a comprehensive overall picture
of intensification [39]. It can be seen that there is still a lack of research evaluating the
intensive use of urban land at the microscopic level. In particular, a systematic evaluation
system based on the evaluation of intensive urban land use at the parcel level has not yet
been developed and applied in practice.

The issue of the intensification of land use in cities is a central topic in urban research
and management [43—45]. In recent years, commercial land use has gradually become
the focus in evaluating land-intensive uses in cities [21]. However, most of the existing
studies have focused on the evaluation of land use intensification at the city level. Because
the characteristics of the sparing and intensive use of different spatial scales and different
types of land can vary greatly, a single land use policy cannot be used to promote the
intensive use of urban land [25,46]. The results of existing studies cannot be used to
guide the behavior of specific parcel-based urban commercial land use at the micro
level or city level [47]. Rather, the study of intensive commercial land use at the parcel
level seeks to analyze and evaluate the use of each individual parcel. This can not only
provide fundamental data for the design of urban business districts but also insights
for the preparation of spatial planning as well as the optimization of the arrangement
of urban land resources to increase urban vitality [19,48,49]. In addition, studies have
found significant externalities of commercial land use [50]. The mixed use of different
types of commercial land can have both positive and negative effects on urban vitality.
When evaluating intensive commercial land use, it is important to consider not only the
extent of per capita use but also the externalities of commercial land use. However, the
impacts of the externalities of commercial land use have not been considered in previous
assessment frameworks.

As one of the “1 + 7” cities in the Shanghai metropolitan area (Shanghai, Wuxi,
Suzhou, Nantong, Ningbo, Jiaxing, Huzhou, Zhoushan) in the regional development
pattern of the Yangtze River Delta, the city of Wuxi has a thriving industry and vibrant
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economy, accounting for 5.0 percent of the land area and 4.7 percent of the population,
with a total economic output of 1.27 percent of the country. After Shanghai, Suzhou,
Nanjing, and Hangzhou, Wuxi is the fifth city in the Yangtze River Delta with an economic
output of over one trillion dollars. Wuxi has a high proportion of commercial land in
the city center, and the use of commercial land has a significant impact on the intensive
land use in the city. In addition, Wuxi has long faced resource scarcity, high-intensity land
development, and a low ecological capacity [51]. Therefore, a scientific evaluation of the
extent of intensive urban commercial land use in Wuxi can support the optimization of
the urban construction land structure and the promotion of the new development of land
with low utility value. It also serves as a reference for other highly urbanized areas to
conduct parcel-based assessments of intensive commercial land use.

The objective of this research is to propose a method for the parcel-based evaluation
of urban commercial land intensification. The result of this evaluation can provide the gov-
ernment and planners with a scientific basis for the optimal allocation and management
of urban commercial land. Compared with previous studies, the contribution of this work
lies in the following aspects: (1) the systematic discussion of the meaning and evaluation
dimensions of the intensive use of urban commercial land; (2) the construction of a multi-
dimensional evaluation framework and indicator system for the intensive use of urban
commercial land based on construction intensity—use efficiency—sustainability—diversity.

2. Conceptual Framework and Methodology
2.1. Parcel-Based Index System for Evaluation of the Intensification of Urban Commercial Areas

In contemporary theories of urban planning, early urban planning concepts mainly
emphasize function and the pursuit of an ideal urban condition [46]. With the rapid
development of global urbanization and the use of a large amount of open space, the
intensive use of urban land has become more important [52,53]. Planners promote the
intensification of urban land use through zoning and measures such as use control.
However, because urban land use functions are composite, it is not possible to increase
the degree of intensive land use by simply increasing inputs [54]. The impact of urban
land use externalities has been highlighted by planning scholars [50]. Commercial land
use is particularly obvious. The agglomeration of commercial land uses can lead to
complementary commercial functions, thereby increasing urban vitality. In contrast,
the mutual exclusion of commercial forms can lead to the inefficient use of commercial
land [55]. Academia has not yet developed a unified understanding of the economical
and intensive uses of commercial land. This has also led to a lack of precise guidelines in
planning practice to promote the intensive use of commercial land.

Based on the basic characteristics of agricultural land, the law of diminishing returns
of land shows that the input and output of land do not always have a positive relationship,
and, for parcels in different spatial locations in cities, the degree of intensive use does not
increase with the increase in the input of productive resources [43]. For a parcel of land,
there are many factors that characterize intensive use, such as the comprehensive floor
area ratio, the building density, the occupancy rate of commercial properties, the degree
of functional compatibility between the use of the land and surrounding parcels, and the
diversity of commercial uses. As one of the forms of building land, commercial land plays
an important role in the social and economic development of cities [21]. The intensive use
of commercial land is an organic integration that considers the intensity of building use
in the physical dimension, the input—output efficiency in the economic dimension, and
the diversity and compatibility of commercial land use in terms of types of commercial
activity [4]. Therefore, this study considers the factors affecting the effectiveness of
the intensive use of urban commercial land from multiple dimensions and constructs a
multidimensional evaluation framework and index system for the intensive use of urban
commercial land based on “construction intensity, utilization benefits, compatibility,
diversity” (Figure 1).

219



Land 2023, 12, 1608

5 Volumetric ratio ‘
Construction
intensity Building density ‘
Intensive use Utilization Commercial
of commercial benefits occupancy

land

Business Format
o Compatibility
—>{ Diversity H Shannon Entropy

Figure 1. Evaluation framework.

2.1.1. Construction Intensity

For each type of land use within its possible intensity of use threshold, the optimal
intensity of land use increases with the average productivity of society and the level of
urban development, which means that the difference in land use intensity criteria reflects
the difference in the level of intensive land use [35]. In essence, the floor area ratio of large
functional buildings represents the degree of spatial concentration of urban functions and
indicates the dominant development direction of urban functions in a city center [56].
Based on the results of existing studies, the combined floor area ratio and building density
are chosen to characterize the building intensity of an individual commercial area.

VR = TAB/PS 1)

BD = BBA/PS )

VR denotes the combined floor area ratio, TAB represents the total building area
within the commercial land parcel, PS represents the parcel size of the land, BD denotes
the building density, and BBA represents the area of the building footprint within the
parcel of commercial land.

2.1.2. Utilization Efficiency

Utilization efficiency can reflect the degree of land use intensification, and the higher
the utilization efficiency per unit area, the higher the degree of land use intensification [26].
Therefore, the land use efficiency of individual commercial sites is also an important
component of land use intensification. For commercial land, the degree of land use
efficiency is characterized in various ways [21]. It is true that most studies have used
the land output per unit area as a measure of the degree of intensive use of commercial
land. However, due to the great differences in the degree of development and industrial
structures, it is not possible to directly measure the degree of intensive use of commercial
land in different cities using the economic output per unit area. For different cities, the
degree of intensive land use of different properties can be objectively read by whether
the property is vacant or not [46]. For this reason, this study chooses the occupancy
rate of commercial properties as an indicator of the efficiency of commercial land use to
objectively assess the degree of intensive use of commercial space.

RR = LCP/TCP 3)

The occupancy rate (RR) represents the occupancy rate of commercial real estate,
which is mainly determined by field study statistics. LCP represents the area of leased
commercial properties, and TCP represents the total area of commercial properties.
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2.1.3. Compatibility

Most of the existing assessments of land use intensification focus on the indicators of
input-output aspects of land use. These assessments cannot effectively show the interde-
pendent influence relationships between different land uses. Land use is characterized by
significant externalities, and each commercial enterprise has a significant influence on the
choice of business type of adjacent commercial land [57]. For this reason, compatibility
among land parcels must be considered when assessing the effectiveness of land use
intensification at the micro level, particularly on a parcel-by-parcel basis [4]. This study
mainly considers the characteristics of externality arising from the process of commercial
land use and constructs indices to evaluate the compatibility of commercial land use by
relying on the measure of compatibility of mixed land use [50].

The commercial land use compatibility index (COM) is expressed as the ratio between
the actual compatibility value and its theoretical maximum value among parcels in the
area of influence. ;

L cij
n

COM =1— (4)

where ¢;; is the compatibility relationship between parcels i and j; 7 is the number of
parcels within the influence of parcel I, and 1 is the maximum score value of parcel
incompatibility.

2.1.4. Diversity

The diversity index is mainly borrowed from the landscape index measure in land-
scape ecology, which is based on information theory and used to measure the complexity
of the structural composition of a system [58]. For urban commercial land use, complex
land use is a common form of land use. In order to accurately represent the degree of
parcel-based intensification of commercial land use, the degree of diversity of commercial
land use must be included in the evaluation index system. There are many measures of
diversity, generally based on measures from landscape ecology, such as the richness index,
the Shannon entropy index, the Simpson index, etc. From the perspective of commercial
land use characteristics, this diversity index should, on the one hand, reflect the richness
characteristics of the land use or functional types and, on the other hand, consider the
area attributes of land use, i.e., reflect the unit characteristics among the different types [4].
With this in mind, we choose the Shannon entropy index as the measure because it can
effectively account for both richness and uniformity characteristics, and thus better meets
the requirements in characterizing land use diversity in commercial land use.

Thus, the indicators of commercial land use diversity based on the Shannon entropy
index are as follows.

DIV = =) piln(p;) (5)
i

where 7 is the total number of land use or function types; p; is the probability of occurrence
of type i (usually estimated as the proportion of the number of raster or image elements of
this type). For a given n, the DIV indicator reaches its maximum value (DIV};x) when the
proportion of the area for each type of land use or function is the same (i.e., the uniformity
is maximum, p; = 1/n).

DIVyax = — é(i) ln(i) =In(n) (6)

2.1.5. Comprehensive Evaluation

After establishing the measurement index system for conservation and utilization, it
is necessary to standardize these indicators because the value ranges and units of each
indicator are not uniform. In this study, the index values are standardized to the interval
[0, 1] using the extreme difference standardization method [59].
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After the standardization process is completed, these individual indicators must be
aggregated into a comprehensive index, and, in this process, the appropriate distribution
of weights is an important component. In previous studies, there are usually two meth-
ods used to determine the weights: the subjective assignment method and the objective
assignment method. The former is highly subjective and the results obtained are easily
influenced by the level of knowledge of decision makers, while the latter is a horizontal
comparison between indicators and cannot reflect the degree of importance of different
indicator dimensions [21]. Considering the respective advantages and disadvantages of
these two types of methods, the authors opt for a combination of both, namely expert
judgment and gray correlation, to determine the weights. This can compensate for the
shortcomings of the above subjective and objective methods by fully utilizing the sub-
jective information of the experts’ empirical judgment results, while using mathematical
models to objectively calculate the indicator weights [4]. The individual calculation steps
are as follows.

(1) Judgement of weights by experts based on experience. There are m experts who
make empirical judgements on the weights of n indicators at the same time, thus
forming the empirical judgement data column for the indicator weights.

X=1|:1 )

(2) Determine the reference sequence. The largest weight value from X is selected as
the “common” reference weight value, thus forming the reference data column Xj.

XO - (x01/ X02, -+ .- /XOm) (8)
(3) Find the distance between each indicator series and the reference data column Xj.

m

Doi = Y (xox — xix)? )

k=1

(4) Find the weights of each indicator and perform the normalization operation.

= 10
Y= T Dy, (10)
w
w;* = L (11)
l i1 Wi

where xg, denotes the reference weight value of the kth indicator in the reference
series, x;; denotes the empirical judgment of the ith expert on the weight of the kth
indicator, Dy; denotes the distance between the ith indicator series and the reference
series, w; is the weight value of the ith indicator, and w;* is the normalized indicator
weight value.

After the above process, the weight values of each individual indicator can be
obtained. Afterwards, the individual indicators are weighted and summed according to
the following formula to obtain a comprehensive indicator value for the intensive use of
urban commercial land based on the parcel.

n
IU = f(VR,BD,RR,COM,DIV ) = Y IU;w; = VR X Wer + BD X wyg + RR X Wy, + COM X Weom -+ DIV X wgi (12)
i

where VR, BD, RR, COM, and DIV are the individual indicators for the evaluation
of intensive urban commercial land use; wy;, W4, Wrr, Weom, and wy;, are the weights of
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each individual indicator, respectively; and IU refers to the integrated indicator value of
intensive urban commercial land use based on the land parcel.

2.2. Exploratory Spatial Data Analysis (ESDA)

The ESDA method [60] is used to analyze the spatial agglomeration effect of commer-
cial land intensification created by the spatial distribution characteristics of commercial
land use behavior and the spatial spillover effects of the degree of commercial land in-
tensification. The global spatial autocorrelation uses the global Moran’s I index to test
whether spatial dependence is positive in the distribution of spatial elements. Moran’s I
is defined as follows:

n Z?:l 2;1:1 Wl-]-|xi — f| ‘X] — f’
Y Ty Wy Ty |2 —

where x; and x; are the observed values in parcel i and j, respectively; X is the mean of the
observed values in the parcels; Wj; refers to the binary spatial weight matrix, and 7 is the
total number of observed spatial units. For this analysis, the radius used for clustering is
3355 m, which is produced by the ArcGIS software platform.

Local Indicator of Spatial Association (LISA) reflects the extent to which commercial
land parcels differ from or are consistent with their neighboring spatial units in terms of
intensive use. The LISA model is expressed as follows:

I =

(13)

n(x; —X) ¥ Wij (xj —

= Yl —%)°

%) =Z;i ) W;iZ; (14)
j

where Z; and Z; are the normalized forms of x; and x;. A positive I; indicates signifi-
cant local clusters, where the similarity value in the local space tends to agglomerate
(high-high or low-low clusters). A negative I; indicates significant local spatial outliers,
where the similar value of the local space presents a discrete distribution (high—low or
low-high clusters).

2.3. Study Area

The city of Wuxi is located in the southeastern part of Jiangsu Province and belongs
to the corridor between the rivers and lakes of the Yangtze River Delta. The geographical
coordinates of the city are longitude 119°33/~120°38’ east and latitude 31°07'~32°02
north. To the east is Suzhou, 128 km from Shanghai; to the south and southwest is the
border with Zhejiang Province and Anhui Province; to the west is Changzhou, 183 km
from Nanjing; to the north is the Yangtze River; on the other side of the river is the city
of Jingjiang, which belongs to Taizhou City. The total area of the city is 4627.47 square
kilometers. The study area is located in the central urban area of Wuxi, including Liangxi
District, Huishan District (Yangiao Street and Chang’an Street), Xishan District (Dongting
Street and Dongdongtang City), Xinwu District (Jiangxi Street, Wangzhuang Street, and
Meicun City), and Binhu District (Haili Street, Liyuan Street, Lihu Street, Rongxiang
Street, and Taihu Street), with an area of 368.24 km? (Figure 2).

2.4. Data Collection and Processing

Commercial land data were extracted from the Wuxi municipal cadastral database
to reflect the data available at the time of the assessment (including the area of buildings,
number of floors, etc.). The map was overlaid with the current land use map in China’s
2000 national geodetic coordinate system and checked for flatness. The basic data needed
to evaluate the intensive use of commercial land, such as building intensity, use efficiency,
compatibility, and diversity, were collected through visits to the Wuxi Development and
Reform Commission, the Bureau of Industry and Information Technology, the Bureau of
Natural Resources, and other departments, as well as through field research.

223



Land 2023, 12, 1608

P
k!
™,
\'\..
L PP
F
L
Study Area
T wuxicity

L Ikilometers
00408 16 24

Whuxi City

Figure 2. Study area.

3. Results
3.1. Statistical Information on Commercial Land Parcels

The study area is divided into 1664 commercial sites, with a total area of 18.12 km?,
which represents 8.91% of the perimeter of the study area (Table 1). In terms of number,
Liangxi District is the most numerous, and in terms of area, Liangxi District and Xinwu
District occupy the first two positions, indicating that the commercial sites in the old city
are more mature and established but relatively small and fragmented in area, while the
commercial areas in the new district are contiguous and larger in area, so that the site area
is also larger (Figure 3).

&

Legemd
Commercial Land

Urban Land

I povatona

Figure 3. Commercial land distribution map.
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Table 1. Summary of commercial land use statistics.

Administrative Quantity Area Proportion

District (Pieces) (km?) (%)

Binhu 190 212 11.68

Huishan 179 1.57 8.67

. Jingkai 9% 1.20 6.60
Commercial Liangxi 743 5.56 3071
land Xishan 217 3.16 17.45
Xinwu 239 451 24.88
SUM 1664 18.12 100.00

3.2. Evaluation Findings
3.2.1. Construction Intensity

The average plot ratio is 1.97 (Table 2). In terms of spatial distribution, the plot ratios
show a gradient from the city center to the outskirts. The plot ratio of commercial land in
the city center essentially reaches 5.0 or more, while the plot ratio of commercial land in
the distant suburbs remains below 1.5 (Figure 4a). Moreover, the plot size and plot ratio
show a significant negative correlation as far as the plot size is concerned. The larger the
site area, the lower the plot ratio of commercial sites.

Table 2. Summary of evaluation findings.

Max Min S.D. Med Aver
Volume ratio 15.37 0.04 1.81 1.40 1.97
Building density 100.02 3.84 25.11 56.92 59.10
Utilization efficiency 0.98 0.00 0.19 0.93 0.90
Compeatibility 24.41 0.08 1.90 0.73 1.24
Diversity 12.46 0.04 1.61 1.37 1.86
Intensive urban commercial land use ~ 24.00 2.00 5.11 13.00 13.01
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Figure 4. Evaluation findings.

The highest building density of commercial land in Wuxi is 100.02 and the lowest
is 3.84, with a standard deviation of 25.11 (Table 2). Overall, the building density is also
high in the city center and low in the suburbs. However, compared with the land ratio,
the building density does not show a clear central concentration in space (Figure 4b).

3.2.2. Utilization Efficiency

The evaluation results show that commercial land use in Wuxi is highly effective. The
highest commercial land occupancy rate is 0.98, while the median and average occupancy
rates are both 0.9 (Table 2). This also reflects the developed commercial market in Wuxi
and the high efficiency of commercial land use. However, the lowest occupancy rate of
commercial land in Wuxi is 0, indicating that there is also unused commercial land in the
city. In terms of spatial distribution, there is no obvious spatial clustering of commercial
land rental rates in Wuxi. Most of the commercial sites have an occupancy rate of 92%
or more, with the exception of a few scattered commercial sites in the north, where the
occupancy rate is low (Figure 4c).

3.2.3. Compatibility

As can be seen from Equation (4), the higher the compatibility value, the less compat-
ible the commercial sites are with each other. Based on the results summarized in Table

226



Land 2023, 12, 1608

2, it can be seen that the mean value of commercial land compatibility in Wuxi is 1.24,
with a median value of 0.73. This result indicates that there is a high level of compatibility
between the various types of businesses carried by commercial land in Wuxi. In addition,
Figure 4d shows that there is clear spatial clustering of the commercial land compatibility
indices in Wuxi, with the degree of compatibility of commercial sites in the city center
being much higher than the compatibility of sites in the suburbs.

3.2.4. Diversity

The results show that the highest commercial land use diversity index in Wuxi is
12.46 and the lowest is 0.04 (Table 2). The diversity of commercial land uses in Wuxi
has significant differentiation characteristics. This result indicates that there is strong
locational variability in the degree of composite use of commercial land in Wuxi. This is
also evidenced in Figure 4e. Overall, the commercial land use diversity index in Wuxi is
low, and the city center shows a depression in diversity.

3.2.5. Intensive Urban Commercial Land Use

The level of intensive use of commercial land based on the parcel is assessed accord-
ing to Equation (12). As can be seen from Table 2, the average and median intensive use of
commercial land in Wuxi is 13.01, indicating that the level of intensive use of commercial
land in the city is comparable and at a medium level overall. Except for the high level
of intensive commercial land use in the central business district, the level of intensive
commercial land use in the periphery of the central city has declined significantly Figure
4f.

3.3. Spatial Divergence Characteristics

The spatial distribution and degree of intensive use of urban commercial land are
significantly influenced by the spatial location of the city in which the parcel is located.
The result shows that the degree of intensive use of commercial land has significant spatial
differentiation characteristics. The results of the exploratory spatial analysis show that,
with the exception of the indicators of occupancy and diversity, the indicators used to
evaluate intensive use have significantly spatially divergent characteristics (Table 3).

Table 3. Summary of spatiotemporal differentiation.

Moran’s I V4 p
Volume ratio 0.2134 2.0511 0.05
Building density 1.4144 13.5281 0.01
Rental rate 0.0461 0.4491 -
Compatibility 0.2359 2.2651 0.05
Diversity 0.0892 0.8721 -
Intensiveness 1.3164 12.5918 0.01

Firstly, the floor area ratio shows significant spatial clustering characteristics. From
Figure 5a, it can be seen that the floor area ratio of commercial land in the central city
area shows a significant high—high clustering feature. This result indicates that the city
center’s commercial area has a better location advantage, with high-rise commercial
office buildings predominantly placed on commercial land. Moreover, the high floor area
ratio of commercial land in the city center has spatial spillover characteristics, which can
effectively enhance the intensive use of the surrounding land.

Secondly, the building density also has significant spatial clustering characteristics.
However, unlike the floor area ratio, the building density is characterized by low cluster-
ing at the edge of the city center. The commercial sites away from the city center show
a low-density sprawl. Moreover, as can be seen from Figure 5b, unlike the high-high
agglomeration characteristic of a more concentrated volumetric ratio, the low—low ag-
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glomeration of low-density commercial land is scattered in multiple locations in urban
areas away from the city center.
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Figure 5. Spatial divergence characteristics.

The spatial clustering characteristics of compatibility are very similar to those of
the volumetric ratios. The compatibility of commercial land uses in the city center area
shows high-high agglomeration Figure 5c. This indicates that there is a high degree of
compatibility between commercial businesses in the central city. The spatial spillover of
the high compatibility of commercial land can help to further enhance the intensive use
of commercial land.

Overall, the level of intensive land use of urban commercial land in Wuxi is character-
ized by significant spatial clustering Figure 5d. Firstly, the spatial distribution of the level
of intensive land use of urban commercial land in Wuxi is relatively uneven. Commercial
land in the city center is characterized by a high level of agglomeration. Commercial land
use in the peripheral areas of the city is characterized by low concentration. Secondly, the
number of parcels with high levels of intensive land use is small and the area is relatively
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small. The spatial spillover of commercial land parcels with high levels of intensive land
use is limited. In contrast, there are many parcels with low levels of land intensive use,
and they are scattered over a wide area. The spatial spillover of commercial land parcels
with low levels of intensive land use is significant.

4. Discussion
4.1. Multidimensional Expression of Intensive Commercial Land Use

The input-output ratio is the core concept of land-intensive use evaluation. Most
of the existing studies also consider the average input-output of the area to measure the
degree of intensive use of urban land [26,56]. Without regard to spatial scale, similar
assessment concepts and approaches are able to respond objectively to the degree of
land use intensification and utilization [39,56]. The volume ratio and building density, as
indicators of land use, can reflect the degree of land use intensification more objectively.
However, the consideration of only these two indicators is not comprehensive [34]. The
intensification of commercial land use takes into account the intensity of building use
in the physical dimension, input-output efficiency in the economic dimension, and the
organic integration of the diversity and compatibility of commercial land use from the
commercial mode. The impact of land use externalities must also be included in the
assessment of intensive commercial land use [50]. As noted in this study, a large area
of commercial land on the edge of downtown has a relatively high floor area ratio and
development density. However, due to the lack of reasonable commercial planning,
these areas suffer from the problem of commercial compatibility [13]. As a result, the
overall intensive use is not very high. For example, the downtown core area leads the
region in terms of the floor area ratio and occupancy rate, but it is obvious that the
diversity index of downtown is very low, which limits the intensive use of the downtown
core area. From this, it can be seen that the evaluation of intensive land use based on
parcels must consider not only the average land use of parcels, but also the relationships
between parcels and the relationships between parcels and regions. When evaluating the
intensification of commercial land use, compatibility and diversity between parcels must
be considered [61].

4.2. Location Has a Significant Impact on Commercial Land Use Intensification

The influence of location on urban commercial land use is very large. Therefore,
the degree of intensive commercial land use under the influence of location factors also
shows clear spatial differentiation characteristics [21]. Overall, the degree of intensive
commercial land use in Wuxi City shows a clear spatial downward trend from the core
to the peripheral areas. In particular, it can be seen that the core area of the central
city has a significantly high concentration of intensive commercial land use, while the
peripheral area of the central city has a significantly low concentration. In addition to the
rental rate and diversity index, the volume ratio, development density, and compatibility
also exhibit significant spatial cluster characteristics. The core area of the central city
is a more developed commercial area, where there are more commercial spaces and
where a high volume ratio is more common. In contrast, the development density has
significantly less clustering. Because areas distant from the city center tend to have less
commercial development, the demand for commercial space is not as strong as in the
core areas of the city center [43]. As a result, the density of commercial development in
the outlying areas of downtown is relatively low. The study also shows that the volume
ratio, development density, rental rate, compatibility, and diversity must be considered
together when assessing the level of intensive commercial land use. However, the above
indicators show similar spatial clustering characteristics. This also shows that location
factors significantly affect the amount of commercial land use. Therefore, when planning
commercial land use and developing optimization plans for intensive land use, it is
necessary to consider the influence of location on commercial land use [46].
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4.3. Implications for Spatial Planning

Spatial planning is the fundamental basis for all forms of territorial development,
protection, and construction activities [48]. It is also an important means for the state
to guide and monitor the development and use of urban land resources and to regulate
and optimize the spatial design [49]. Therefore, in order to comprehensively improve
the efficiency of urban land resource utilization, it is necessary to play the leading role of
spatial planning scientifically [62]. Research has shown that the degree of intensive use of
commercial land is affected by the floor area ratio, building density, compatibility, and
diversity. Therefore, not only the floor area ratio, building density, and other controlling
elements of each commercial land must be considered in the preparation of national land
use planning. The study found that the lack of compatibility and the diversity of the
spatial arrangement of commercial areas lead to a loss of urban vitality [50]. Therefore,
the compatibility and diversity of commercial enterprises must also be taken into account
when preparing land use plans or urban renewal programs. In addition, the spatial
spillover effect of the degree of intensification of an individual commercial use must not
be ignored [21]. Only when the per capita input index of an individual commercial site
and its potential externalities are taken into account can the degree of intensification of
commercial land use be effectively improved.

5. Conclusions

Assessing the degree of intensification of urban land use on the basis of the plot scale
is a difficult problem in this field of study. When discussing the degree of intensification
of commercial land use at the microscopic level, it is necessary to consider not only the
indicators related to average land use but also other factors that affect the degree of
intensification of land use. In this paper, we construct a system to evaluate the intensity
of commercial land use that integrates the indicators of the volume ratio, building den-
sity, use efficiency, compatibility, and diversity. An empirical study was conducted in
downtown Wuxi as a case study area. The research results show that the mean values
of the volume ratio of commercial space, building density, use efficiency, compatibility,
and diversity in Wuxi City are 1.97, 59.1, 0.9, 1.24, and 1.86, respectively. The mean value
of the intensive use of commercial land in the city is 13.01, with a standard deviation of
5.11 and median value of 13, which generally indicate a medium level. The degree of
intensive use of commercial land has obvious characteristics of high, medium, and low
levels. Except for the high intensity of commercial land use in the central business district,
the intensity of commercial land use decreases significantly at the periphery of the central
city. The results of the study can help city managers or planners to optimize commercial
land use in terms of land use per capita or in terms of the compatibility or diversity of
commercial land types, based on the different intensities of commercial land use and its
different indicators in different regions.

In addition, the impact of the externalities of commercial land use must be considered
in the development of urban plans. In this study, it was also found that in addition to
the average indicators of land consumption, such as the volume ratio, building density,
and use efficiency, these can objectively respond to the degree of intensive commercial
land use. When evaluating the intensification of land use at the parcel level, it is also
necessary to consider the impact of external land use. The study shows that the degree of
intensive commercial land use in Wuxi City is favored by the high compatibility among
different types of enterprises located on commercial land. However, the diversity of
commercial land use in Wuxi City is characterized by significant differentiation. The low
diversity in the central business district affects the level of intensive commercial land
use throughout the study area. In addition, the spatial clustering characteristics of the
different indexes show significant differences. The development density is also high in
the city center and low in the suburbs. However, compared to the volume ratio, the
development density does not show a clear central concentration in the study area. The
commercial land compatibility indexes are highly spatially clustered in Wuxi City, and
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the degree of commercial land compatibility in the central city is much higher than the
compatibility of the land in the suburbs.

The contribution of this study is to develop an area-based evaluation approach for
the intensive use of commercial land in the city. This evaluation approach is not only able
to reflect the influence of the average area input of commercial land on intensive use. In
addition, this system can also consider the external effects of neighboring commercial
uses. However, a limitation of this work is that it only examines the evaluation of the
intensive use of commercial land based on land size, without analyzing the applicability
to other types of land. As with residential and industrial areas, it is necessary to determine
which factors must be considered when evaluating compatibility and diversity. This will
greatly affect the usefulness and accuracy of the assessment. Future research can further
validate this evaluation system using different cities and different land use types.
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