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Abstract: Efficient urban land use plays a crucial role in promoting regional development and en-
suring economic growth. Analyzing the spatio–temporal pattern of urban land high-quality use
(ULHU) and identifying its key influencing factors and pathways can contribute to enhancing land
use efficiency and achieving high-quality development. This study established a comprehensive
measurement indicator system for evaluating ULHU using the entropy method and investigated
the spatio–temporal evolution pattern of ULHU in the Greater Pearl River Delta (PRD) urban ag-
glomeration in the years 2005, 2010, 2015 and 2020. Furthermore, a multi-period fuzzy-set qualitative
comparative analysis method was adopted to explore the concurrent driving mechanisms that impact
ULHU from the configuration perspective. The findings reveal that the level of ULHU has exhibited
a significant improvement, increasing from 0.1150 in 2005 to 0.2758 in 2020, with an annual growth
rate of 8.739%. The spatial pattern in the PRD region exhibits an incremental distribution, character-
ized by higher values in the central region and lower values in the peripheral area, as this pattern
reveals significant heterogeneity across the region. The configurations for ULHU in the PRD were
identified, such as Population-industry-talent driven, Openness-fiscal-talent driven, Population-led,
and Population-industry driven. Among these configurations, population density and industrial
structure were identified as the core driving factors, while the role of talent resources is gradually di-
minishing. This study provides practical guidance for promoting the ULHU and optimizing national
spatial planning.

Keywords: urban land high-quality use; fuzzy-set qualitative comparative analysis; spatio–temporal
pattern; influencing configurations

1. Introduction

Since the 1900s, the growing demand for natural resources, production, and living
space has profoundly transformed the patterns of land use [1]. Rapid global urbanization
and industrialization have resulted in an uncontrolled expansion of urban economic and
social activities [2,3]. Consequently, a prominent contradiction between economic develop-
ment and land use has emerged, accompanied by a continuous decline in land resource
availability. Regional land use conflicts have become increasingly common and severe [4].
According to the projections of the United Nations, the global urban population will in-
crease by 1.35 billion by 2030 [5], with urban land expanding to 1.2 million km2, particularly
notable in Asia [6]. From 1978 to 2021, the urbanization rate witnessed a significant increase,
soaring from 17.92% to 64.72%. This remarkable growth translates to an average annual rise
of 1.09 percentage points [7]. The expansion of urban construction land has raised concerns
within governmental and academic spheres, primarily due to the loss of habitat [8], the
threat to biodiversity [9], and the unsustainability of regional integration [10]. Specifically,
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the expansion of urban construction land has become a primary concern in global urban
development [11], as its detrimental impacts on natural resources and the socio-economic
environment are irreversible. Therefore, to address the contradiction between rapid ur-
ban development and limited land use within a confined geographic space, achieving
urban land high-quality use (ULHU) is imperative for balancing the economic, social, and
environmental objectives to realize sustainable development [12].

The ULHU has long been a prominent topic of academic interest. In parallel, numerous
countries and regions have made significant attempts to achieve the ULHU in practice.
Globally, the classical political scientist David Ricardo addressed the issue of limited land
resources in the theory of agricultural land rent [13]. The Leipzig Charter on Sustainable
European Cities, proposed by the European Union (EU) in 2007, emphasizes the control of
land use through the regulation of built-up areas. The Roadmap to a Resource Efficient Europe,
introduced by the EU in 2011, serves as an exemplar for the optimal use of limited land
resources. In China, land use has garnered significant attention from the central government
since the 21st century. The revised Land Management Law of 1998 sets the annual quotas for
the conversion from agricultural and unused land to construction land [14]. Meanwhile,
this legislation also emphasizes the rational use of land resources, the strengthening of
land management, the enhancement of land use efficiency, and the protection of farmland
resources. Subsequently, the Ministry of Natural Resources in China issued several vital
documents to elevate the standards of land utilization with stricter requirements, which
emphasize the importance of controlling the urban construction land and adhering to
the requirements of farmland. These laws, regulations, and policy documents serve as
dependable legal references, elucidating the direction of reforms and facilitating improved
land use efficiency through scientific planning and management. Consequently, these
measures play a significant role in the realization of ULHU in practice; however, the
spatio-temporal patterns and driving configurations of ULHU remain unclear.

The significant emphasis from the government on urban land use has prompted
research within the academic community. Scholars have conducted extensive studies on
the disparities in ULHU across different regions. For instance, Li et al. [15] employed
remote sensing to assess spatial and temporal changes in land use, revealing that urban
expansion primarily occurred along the Belize River, while other regions experienced
slower development. Similarly, Song et al. [16] utilized the Super-SBM model to calculate
urban land use efficiency in the Yangtze River Delta region and analyzed influencing factors
using the fixed effects model. They found distinct variations in influencing factors and
degrees across different watersheds. In addition, this research employed a geographical
detector approach to examine the influence of both physical and socioeconomic factors
on land expansion of urban agglomeration within the Greater Pearl River Delta (PRD).
By utilizing this analytical method, it aimed to uncover the intricate relationships and
interactions between various geographical factors and the process of urban agglomeration
in the study area [17]. Consequently, due to disparities in urban land resources and
the efficiency of production factors allocation during economic development, significant
variations exist in the level of ULHU among different regions. It is worth noting that
existing research often tends to focus on either a temporal or spatial perspective, failing
to provide a comprehensive analysis that integrates both time and space dimensions.
Furthermore, research on the driving mechanisms behind ULHU has become increasingly
diverse. It has been observed that the level of urban land use is not solely influenced by
socio-economic factors, such as economic development [18], industrial structure [19], and
road transportation systems [20], but also by political and natural factors, such as policy
instruments [14], regional integration [21] and the quality of the ecological environment [22].
However, existing studies often fail to recognize the complexity and interconnectedness of
these driving factors. Traditional econometrics methods are commonly employed to explore
the isolated linear effects of individual variables, neglecting the intricacies and interactions
among these influencing factors. Therefore, further research should be conducted from a
configuration perspective to investigate the influencing mechanisms of ULHU.
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This paper aims to expand the existing research boundaries from two perspectives.
Firstly, this paper seeks to summarize the common characteristics of ULHU by mapping
its spatial and temporal evolution. In addition, this paper aims to construct a compre-
hensive indicator system for ULHU, considering the inputs and outputs of the land, as
well as its economic, social, and environmental benefits. Secondly, from a configura-
tion perspective, this study adopts the multi-temporal fuzzy-set qualitative Compara-
tive Analysis (fsQCA) to explore the influencing configurations that contribute to ULHU
in the PRD urban agglomeration. By analyzing the multiple pathways of ULHU, the
research provides practical insights for the governance of national land space and the
high-quality development of cities. Moreover, it analyzes various approaches to realizing
ULHU, offering practical perspectives on land use for urban spatial governance and urban
high-quality development.

2. Theoretical Framework of ULHU

The traditional economic patterns, which excessively prioritize speed over quality,
have resulted in a range of issues, including climate warming, inadequate public service
facilities, biodiversity loss, and heightened urban–rural conflicts [15]. In this context, China
has proposed high-quality development strategies, that aim to ensure economic develop-
ment at a sustainable scale while considering its quality [23], and adhering to the advanced
development concepts, providing a new guiding direction for promoting sustainable urban
development. This strategy also presents new challenges and opportunities for ULHU. At
this stage, ULHU extends beyond intensive land use and green utilization, which requires
the consideration of people’s aspirations for an improved quality of life, encompassing
enhanced infrastructure, convenient living, and ecological livability [24–26].

Based on this information, achieving ULHU can be accomplished by considering the
strategy, resource, process, and output levels, and by promoting innovation and reform
to fully mobilize land factors and other resources, thereby maximizing factor output
efficiency [27]. Firstly, the attention and investment allocation towards ULHU can be
assessed through the work reports of local governments. The effectiveness of strategic
inputs can be evaluated by examining the implementation of relevant policies and social
reactions. Secondly, the successful implementation of policies relies on sufficient resource
supply [28,29]. Given the natural variations in resource availability across different regions,
the level of ULHU can be measured by indicators such as urban construction land area and
industrial output value, providing a tangible reflection of ULHU. Subsequently, the level of
land use can be assessed through the results of energy conservation, emission reduction,
and sustainable development during the operational process. Finally, ULHU is ultimately
calculated based on its output results and combined with other comprehensive calculations,
with the core objective being the optimization of comprehensive economic and ecological
benefits. This requires a comprehensive assessment of the social, economic, and ecological
dimensions [30]. In summary, achieving ULHU in urban areas necessitates government
policy guidance, and the support of traditional and new input factors. Concurrently, the
implementation of ULHU aims to achieve and maximize desired social, economic, and
ecological outcomes, while concurrently addressing the heightened societal aspirations for
an enhanced quality of life.

Studies have indicated that several factors can influence the level of ULHU. Firstly, as
urban populations continue to grow, enterprises in cities can quickly get abundant human
resources to finish tasks, leading to reduced labor costs and triggering economies of scale
in industries, thereby creating more profits, and enhancing land use efficiency. Simultane-
ously, the concentration of population in urban areas generates a greater demand for urban
infrastructure and ecological environments, prompting increased government and market
investments. This can promote efficient urban construction and optimize the construction
mode of the city, which in turn achieves ULHU [31]. Furthermore, as industries agglomer-
ate and develop, market forces facilitate the specialization of labor, fostering coordination
and interaction between different sectors, optimizing the overall industrial structure, and
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promoting further economies of scale, thereby enhancing ULHU [32]. Additionally, as
the reform and opening continues to advance, international investments are experiencing
continuous growth. This influx of investments brings additional production factors into
cities, such as capital. It creates opportunities for the exchange of production factors and
fosters deep cooperation among cities. Leveraging these advantages, cities can continu-
ously enhance their levels of ULHU. Coupled with the adoption of advanced information
technology, this promotes the realization of ULHU, increasing land output and improving
economic efficiency [33]. Moreover, financial support plays a crucial role in facilitating
continuous improvement in cities. This creates favorable conditions for the sustainable
development of urban economies and societies, ultimately augmenting the economic and
social benefits derived from land use. Finally, talent is considered a primary resource, and
the foundation of national scientific and technological innovation lies in human capital.
The positive development of cities relies on innovation and talent. The presence of a skilled
workforce not only boosts consumption capacity but also stimulates high-quality economic
growth in urban areas, bolstering the economic resilience of cities. Furthermore, talent
often possesses the willingness to realize ecological and environmental protection, which
aids in promoting the deployment and implementation of national strategies [34]. The
integrated framework diagram of this paper is shown in Figure 1.

Land 2024, 13, x FOR PEER REVIEW 4 of 22 
 

of scale in industries, thereby creating more profits, and enhancing land use efficiency. 
Simultaneously, the concentration of population in urban areas generates a greater de-
mand for urban infrastructure and ecological environments, prompting increased gov-
ernment and market investments. This can promote efficient urban construction and op-
timize the construction mode of the city, which in turn achieves ULHU [31]. Further-
more, as industries agglomerate and develop, market forces facilitate the specialization 
of labor, fostering coordination and interaction between different sectors, optimizing the 
overall industrial structure, and promoting further economies of scale, thereby enhanc-
ing ULHU [32]. Additionally, as the reform and opening continues to advance, interna-
tional investments are experiencing continuous growth. This influx of investments 
brings additional production factors into cities, such as capital. It creates opportunities 
for the exchange of production factors and fosters deep cooperation among cities. Lever-
aging these advantages, cities can continuously enhance their levels of ULHU. Coupled 
with the adoption of advanced information technology, this promotes the realization of 
ULHU, increasing land output and improving economic efficiency [33]. Moreover, fi-
nancial support plays a crucial role in facilitating continuous improvement in cities. This 
creates favorable conditions for the sustainable development of urban economies and 
societies, ultimately augmenting the economic and social benefits derived from land use. 
Finally, talent is considered a primary resource, and the foundation of national scientific 
and technological innovation lies in human capital. The positive development of cities 
relies on innovation and talent. The presence of a skilled workforce not only boosts con-
sumption capacity but also stimulates high-quality economic growth in urban areas, bol-
stering the economic resilience of cities. Furthermore, talent often possesses the willing-
ness to realize ecological and environmental protection, which aids in promoting the 
deployment and implementation of national strategies [34]. The integrated framework 
diagram of this paper is shown in Figure 1. 

 
Figure 1. An integrated framework of ULHU. 

3. Data and Methods 
3.1. Study Area 

The PRD region, as the pioneering area of China’s reform and opening-up, has gar-
nered significant attention from both the political and academic spheres due to its rapid 
urbanization [35]. The PRD encompasses two first-tier cities, Guangzhou and Shenzhen, 
as well as Foshan, Dongguan, Huizhou, Zhongshan, Zhuhai, Jiangmen, Zhaoqing, 
Shanwei, Qingyuan, Yunfu, Heyuan, and Shaoguan, covering a total area of 55,369 
square kilometers, as shown in Figure 2. As one of China’s three major urban agglomera-

Figure 1. An integrated framework of ULHU.

3. Data and Methods
3.1. Study Area

The PRD region, as the pioneering area of China’s reform and opening-up, has gar-
nered significant attention from both the political and academic spheres due to its rapid
urbanization [35]. According to the Development Plan, this paper focuses on the crucial
area of the PRD composed of Guangzhou, Shenzhen, Zhuhai, Foshan, Jiangmen, Dongguan,
Zhongshan, Huizhou and Zhaoqing, radiating across their neighboring cities (Shanwei,
Qingyuan, Yunfu, Heyuan and Shaoguan) in PRD, as shown in Figure 2. As one of China’s
three major urban agglomerations, the PRD boasts a GDP of CNY 10.78 trillion as of 2021,
making it one of the most dynamic and promising regions in China’s economic devel-
opment. The PRD has made remarkable contributions to China’s economic and social
progress. With the implementation of the Greater Bay Area Plan and the transformation of
traditional industries alongside the development of high-tech industries, the pattern and
efficiency of land use in the PRD have undergone significant changes [36,37]. However,
challenges such as population agglomeration, extensive land expansion, and rapid indus-
trialization have posed difficulties in achieving ULHU in the PRD, thereby impeding the
region’s high-quality economic and social development [37–39]. Consequently, it is crucial
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to explore strategies for the rational use of urban land, achieve optimal resource allocation,
and realize ULHU in the PRD. Analyzing the spatial and temporal patterns of ULHU in
the PRD and investigating the driving mechanisms behind ULHU will not only contribute
to the sustainable development of cities in the PRD but also enhance the regulatory policies
for national land governance.
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3.2. Variable Selection and Indicator Identification
3.2.1. Outcome Variable

High-quality development emphasizes the principles of efficiency, sustainability, inno-
vation, and inclusiveness. When considering land use guided by the principles of urban
high-quality development, it is essential to focus not only on the inputs and outputs of the
land but also on the social contributions, green development, and land-saving [34,40]. This
study adopts a comprehensive approach to measure the comprehensive index of ULHU.
Drawing on existing research findings and considering the indicators’ feasibility, facticity,
scientific nature, and representativeness, an indicator system is constructed encompassing
four aspects: high-quality strategic layout, high-quality resource allocation, high-quality
process regulation, and high-quality output synergy. A total of 12 indicators are selected for
evaluation, as presented in Table 1. Specifically, in relation to the indicator of government
attention, this research initially formulated criteria for the identification of environmen-
tal keywords. Subsequently, the keywords were filtered using the definition of “Envi-
ronment Attention” provided on the website (http://www.wingodata.com, accessed on
20 November 2023). This website is extensively utilized by numerous researchers to access
highly representative annual report data. Finally, the identified keyword vocabulary was
employed in quantifying the level of “Environment Attention” by calculating the frequency
of keyword occurrences within local government reports. To ensure the objectivity of the
evaluation results, the Entropy Method is employed to calculate the weights based on
the information provided by each indicator. Subsequently, the comprehensive index of
ULHU is computed, effectively minimizing the influence of subjective factors. The specific
indicators and methodologies are outlined as follows.

http://www.wingodata.com
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Table 1. Construction of an indicator system for ULHU.

Criterion
Layer Indicator Layer Definition Reference Attribute

High-quality
strategic layout

Government attention Quantify the frequency of environmental keywords [41] +

Social needs The ratio of employees in the tertiary industries to
total population [42] +

Policy transformation The proportion of government research and
development (R&D) expenditure to GDP [43] +

High-quality
resource

allocation

Total quantity Urban construction land area [44] −

Structural adjustment The proportion of tertiary industries to
secondary industries [45] +

Development patterns
conversion

The total sales revenue of new products by
industrial enterprises in the city [46] +

High-quality
process regulation

Energy saving
restrictions Per capita water consumption [47] −

Emission reduction
regulations Total amount of SO2 emissions [44] −

Low-carbon governance Carbon emission intensity [48] −

High-quality
output synergy

Economic development The output value of the tertiary industry [47] +
Life security Per capita disposable income of urban residents [49] +

Ecological harmony Green coverage rate of built-up area [50] +

Note: “+” denotes this indicator can improve the ULHU, whereas “−” denotes a negative meaning.

(1) Data collection: The data were systematically chosen from all cities in the PRD urban
agglomeration, which is one of the most important regions in China. The raw data is
Xij =

(
xij

)
mn.

X =


x11 x12 · · · x1n
x21 x22 · · · x2n

...
...

...
...

xm1 xm2 · · · xmn

 (1)

(2) Data Standardization: The process of polar deviation standardization was employed
to mitigate variations in the scale, order of magnitude relationships, and positive and
negative orientations of the indicators.

Positive indicator:

zij =
xij − min

(
xj
)

max
(
xj
)
− min

(
xj
) (2)

Negative indicator:

zij =
max

(
xj
)
− xij

max
(
xj
)
− min

(
xj
) (3)

Among these included, the value of the jth indicator for the ith sample, after undergoing
standardization, is denoted as zij, ith = 1, 2,. . ., m, jth = 1, 2,. . ., n.

(3) Calculate the indicator weights: Calculate the weight of the ith sample under the jth
indicator for that indicator.

pij =
zij

∑m
i=1 zij

(4)

Among these were included pij which is the weight of the i sample in indicator j.

(4) Define the entropy value of the jth metric:

ej = −k ∑m
i=1 pij ln

(
pij

)
(5)

Among these were included k > 0, ej > 0. The value of k in the above equation is related
to the sample m, k = 1/ ln(m), 0 ≤ ej ≤ 1.
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(5) Calculate the information entropy redundancy:

dj = 1 − ej (6)

(6) Calculate the weights of the indicators:

wj =
dj

∑m
i=1 dj

(7)

Among these were included 0 ≤ wj ≤ 1, ∑n
j=1 wj = 1.

(7) Calculate the composite score for each sample:

si = ∑n
i=1 wj × zij (8)

3.2.2. Condition Variables

Based on the above theoretical analysis framework, this paper incorporates the subse-
quent condition variables.

(1) Population: This variable is commonly quantified as the ratio between the total urban
population and the area of the city’s administrative district. The urban population
exerts influence on the economic activities within the city, primarily through produc-
tion and consumption. Moreover, it ensures a continuous influx of human capital,
thereby contributing to the city’s development. Furthermore, the concentration of
the population, optimization of the population structure, and enhancement of the
population quality can exert positive effects on ULHU [45,51].

(2) Industrial: This variable is assessed by the number of large-scale industrial enterprises
that play a crucial role in sustainable urban development. When selecting their
locations, enterprises typically take into account the trade-off between transportation
convenience, land costs, and even environmental costs. This trade-off prompts the
distribution of enterprises within the city to achieve a certain equilibrium, which, in
turn, influences the city’s productivity. Consequently, it indirectly impacts the size of
the city [52,53].

(3) Openness: This variable is quantified by the proportion of utilized foreign capital
in the national GDP and plays a significant role in urban dynamics. Globalization
fosters the expansion of foreign trade, particularly in coastal cities and major urban
agglomerations. The influx of foreign capital signifies the infusion of advanced
technological capabilities and superior management skills into the region, thereby
contributing to regional development and ULHU [54].

(4) Fiscal: This variable is assessed by the disparity between budgeted expenditure and
budgeted revenue, as well as the ratio of budgeted revenue, which is a significant de-
terminant. While the impact of land finance varies across regions, it plays a crucial role
in facilitating urbanization, enhancing infrastructure development, and promoting
the development of ULHU [55,56].

(5) Talent: This variable is quantified by the number of college students and plays a
crucial role in urban dynamics. College students are a high-quality talent pool and
make significant contributions to the process of city construction. This can serve as an
indicator of the city’s development potential, which, in turn, brings about increased
consumption capacity, stimulates high-quality urban economic development, and
enhances its economic resilience [57].

3.3. Data Sources

This paper selected four years of data, namely 2005, 2010, 2015, and 2020, for measure-
ment and analysis. Using the level of ULHU in 2005 as the baseline, this study compared
the results at a critical time to examine the influence of various factors, such as labor
force and economic changes, as well as international communication, on ULHU. Addition-
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ally, after identifying the configurations affecting the ULHU in the four years, this paper
compared the configurations in different years and explored the changes and differences
among different configurations. The data utilized in this study were sourced from the
China City Statistical Yearbook, China Urban Land Yearbook, China Urban Construction Yearbook,
and Guangdong Statistical Yearbook. Any discrepancies or missing data were cross-checked
on the official websites of local statistical bureaus. In cases where data was missing, the
linear trend method was employed to calculate the values. The administrative division
boundaries at all levels were obtained from the 1:4 million national primary geographic
information database (https://www.resdc.cn, accessed on 20 November 2023), and the
latitude and longitude data for each city were extracted using ArcGIS 10.2 software. Table 2
presents the descriptive analysis of the data used in this paper.

Table 2. Descriptive statistics for variables.

Variable Set Variables
Descriptive Statistics

AVERAGE STDEVP MAX MIN

Outcome Variables Comprehensive index of ULHU 0.19 0.12 0.70 0.08

Condition Variables

Population 1395.23 1773.95 8828.00 154.00
Industrial 2874.34 2876.66 11,525.00 179.00
Openness 47.09 32.58 143.22 4.44

Fiscal 0.98 1.08 4.79 0.01
Talent 106,772.60 243,226.80 1,307,144.00 3351.00

Source: Statistical Yearbooks and the website (http://www.wingodata.com, accessed on 20 November 2023).

3.4. Variables Calibration

In this study, the analysis was conducted using fsQCA 3.0 software, and the variables
were calibrated using the direct calibration method. The selection of anchors for the
categories of “full membership” and “full non-membership” was based on the approach
proposed by Andrews et al. [58]. Specifically, the qualitative anchors for fully affiliated,
intersection, and fully unaffiliated were determined by selecting the 95%, 50%, and 5%
quantile values, respectively, following the method suggested by Andrews et al. [58].

3.5. Fuzzy-Set Qualitative Comparative Analysis

Due to the multi-causal and multi-variable nature of ULHU, the combination of dif-
ferent factors can give rise to multiple concurrent causal relationships. The conventional
regression model primarily focuses on the isolated effects of individual variables, which
proves inadequate in comprehending the intricate and interconnected associations. Conse-
quently, accurately depicting the pathway toward achieving ULHU becomes challenging.
Therefore, this study employed the fuzzy-set qualitative comparative analysis method to
systematically explore the pathways that influence the ULHU in the PRD urban agglom-
eration. This choice is primarily motivated by the following reasons: firstly, Qualitative
Comparative Analysis (QCA) is a method of multi-case comparative analysis that combines
qualitative and quantitative approaches [59]. It adopts a complete view angle to compare
different cities and addresses the intricate causal relationship between configurations and
outcomes [60,61]. Unlike traditional analytical methods that adopt an atomic perspective,
QCA takes into consideration the interactions between variables [62]. Secondly, necessary
condition analysis plays a crucial role in systematically understanding the occurrence of
a specific outcome and serves as a prerequisite for its existence [63]. QCA distinguishes
between sufficient and necessary conditions that lead to the outcome [64]. Lastly, QCA
encompasses various types, such as Crisp-set Qualitative Comparative Analysis (csQCA)
and fsQCA. csQCA is employed to analyze cases conditioned on dichotomous variables,
making it challenging to address research questions involving continuous variables [65].
As the condition variables in this paper are continuous, fsQCA was selected as the research
method to uncover the intricate causal mechanisms of ULHU.

https://www.resdc.cn
http://www.wingodata.com
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In previous studies, the validity of fsQCA analysis results has often been assessed
based on consistency and coverage [66]. The consistency index is utilized to evaluate the
degree to which the condition variable can serve as a sufficient condition for the outcome
variable. The formula for calculating consistency is as follows:

Consistency(X ≤ Y) = ∑
(
min(Xi, Yi)/ ∑(Xi)

)
(9)

Coverage, another important criterion for evaluating fsQCA analysis results, assesses
the extent to which a solution that meets the consistency test adequately explains the
observed outcomes. The coverage formula is as follows:

Coverage(X ≤ Y) = ∑
(
min(Xi, Yi)/ ∑(Yi)

)
(10)

3.6. Research Steps

The research steps, as shown in Figure 3, consist of five essential parts: data source,
study area, variables, indicator system, and results. The following subsections provide
detailed explanations of each step.
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This research initially establishes the research scope and objective of investigation. Sub-
sequently, a comprehensive set of indicators is formulated to assess the ULHU. Specifically,
the explanatory variables considered in this study encompass Population, Industrial, Open-
ness, Fiscal and Talent. Through the determination of initial indicators and meticulous data
collection, calculations are conducted. Ultimately, the research reveals the spatio–temporal
evolution pattern of ULHU and configurations for ULHU in the PRD region.

4. Results
4.1. Characteristics of the Spatial and Temporal Evolution of ULHU
4.1.1. Temporal Characteristics of ULHU

The Entropy Method was employed to calculate the weights for the ULHU indi-
cator system, which was then used to compute the comprehensive index of ULHU (as
presented in Table 3). Overall, the average value of the comprehensive index for ULHU
has increased from 0.1150 in 2005 to 0.2758 in 2020, exhibiting an annual growth rate of
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8.739%. This upward trend can be attributed to several factors. Firstly, local governments
have implemented a series of legislative measures, regulations, and policy documents,
which have provided clear guidance for reforms such as construction land consolidation
and the establishment of ecological requirements. These measures have facilitated the
improvement of land use through scientific planning and management. Secondly, the
composite index’s average value demonstrates a consistent upward trajectory from 2005 to
2015, followed by a significant surge in 2020. This abrupt increase can be attributed to the
shift in China’s economic development and reform goals towards pursuing high-quality,
high-efficiency, and sustainable development modes, driven by the previous period’s factor
dividend-induced rapid economic and societal growth [67]. Therefore, the objective of
land use, especially ULHU, has also shifted accordingly. Additionally, continuous ad-
vancements and innovations in science and technology have provided a new impetus for
enhancing ULHU.

Table 3. A comprehensive index of ULHU in PRD cities from 2005 to 2020.

City 2005 2010 2015 2020

Guangzhou 0.1749 0.2873 0.4221 0.6044
Shenzhen 0.1640 0.3253 0.4748 0.7011

Foshan 0.1043 0.1477 0.1852 0.2965
Dongguan 0.1336 0.2181 0.1945 0.3354
Huizhou 0.0790 0.1060 0.1641 0.2081

Zhongshan 0.0921 0.1317 0.1636 0.3192
Zhuhai 0.0873 0.1090 0.2005 0.2731

Jiangmen 0.1034 0.1034 0.1350 0.1851
Zhaoqing 0.1352 0.1156 0.1179 0.1498
Shanwei 0.0867 0.0930 0.1062 0.1447

Qingyuan 0.1027 0.0846 0.1257 0.1793
Yunfu 0.1573 0.1397 0.1582 0.1629

Heyuan 0.0954 0.2121 0.1220 0.1491
Shaoguan 0.0949 0.1203 0.1422 0.1519
Average 0.1150 0.1567 0.1937 0.2758

Source: calculated by the authors.

From 2005 to 2020, the comprehensive index of ULHU revealed an increasing disparity
in ULHU among cities. Only Guangzhou and Shenzhen exhibited an index of 0.5 or higher.
This can be attributed primarily to their advantageous geographical locations, superior
accessibility, high concentration of industrial clusters, and high economic development
levels. The efficient use of production factors directly influences the level of ULHU in
these cities. Other cities in the PRD, such as Foshan, Dongguan, Huizhou, Zhongshan, and
Zhuhai, have witnessed a rise in their comprehensive index of ULHU from approximately
0.1 to over 0.2. Although the ULHU values have not surpassed 0.2 in some cities (e.g.,
Jiangmen, Zhaoqing, Shanwei, Qingyuan, Yunfu, Heyuan, and Shaoguan), they have
demonstrated an overall upward trend, which can be attributed to the tailored policy
guidance and timely adjustments in industrial structure.

4.1.2. Spatial Characteristics of ULHU

To directly describe the spatial characteristics of ULHU in the PRD, spatial distribution
maps were generated for the years 2005, 2010, 2015, and 2020 using ArcGIS 10.2 software.
The maps are created utilizing the natural-interruption-point method and are presented in
Figure 4.
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In general, the high and medium-value areas of ULHU in the PRD region were
predominantly concentrated in the central region. In contrast, the low-value areas were
primarily found in the northern region. The spatial pattern in the PRD region demonstrated
a distribution characterized by “high in the central region and low in the peripheral area.”
This distribution was particularly evident in 2015 and 2020. Although the distribution
was not as pronounced in 2005 and 2010, it can still be observed that the ULHU level
was relatively high in the central city. The level of ULHU in most cities has been on the
rise, except in Heyuan city in 2010. In 2005, the overall level of ULHU was low, but the
variation among cities was small, demonstrating a continuous distribution. Guangzhou,
Shenzhen, and Yunfu were the main areas with high levels of ULHU. In 2005, there was
not much disparity in the economic development of cities in the PRD region. In the
past three decades, most cities still possessed a considerable amount of available land
resources. By 2010, there was a shift in the patterns of land use in PRD cities, with the
central region steadily improving and gradually widening the gap with the surrounding
regions. This indicates that peripheral cities relied more on labor and capital inputs. At
the same time, hotspots for foreign direct investment (FDI) were concentrated in the
central region, resulting in a slowdown in the growth rate of surrounding cities. In 2015,
the overall level of ULHU further improved, but the disparity among cities widened,
and the distribution of low-value areas expanded. The expansion of city boundaries,
driven by urbanization and industrialization, often came at the expense of lowering the
level of ULHU. Low-end enterprises still concentrated in certain areas, and the land
factor remained crucial for the economic development of cities. By 2020, the issue of land
scarcity in cities had reached a critical level, with a growing concentration of high-value
areas exhibiting ULHU, particularly in the central region. However, the overall growth
rate increased, indicating a shift in urban development patterns, with greater emphasis
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on achieving a balanced integration of social, economic, and environmental benefits in
urban development.

In general, the level of ULHU in the PRD region exhibits significant variation among
different cities, characterized by spatial clustering and distinct “core-periphery” charac-
teristics. Notably, Guangzhou and Shenzhen had the highest value of ULHU. In contrast,
peripheral cities in the PRD region, such as Qingyuan, Shanwei, and Jiangmen, still require
significant improvement in ULHU.

4.2. Configuration Analysis of ULHU
4.2.1. Necessary Condition Analysis

Before analyzing the configuration of condition variables, it is essential to conduct
individual tests to assess the “necessity” of each condition. This step can be employed to test
whether a specific condition is necessary for the presence of the outcome [68]. Considering
that the data in 2020 can better represent the current status of ULHU in the PRD region, this
study utilized the data in 2020 as an example to identify the necessary conditions associated
with ULHU or urban land low-quality use. The results are presented in Table 4, with the
“~” symbol indicating the absence of a condition variable. If the consistency of a condition
variable exceeds the critical value of 0.9, the condition is considered necessary [69].

Table 4. Necessary condition analysis for ULHU.

Condition
Variables

Urban Land High-Quality Use Urban Land Low-Quality Use

Consistency Coverage Consistency Coverage

Population 0.9255 0.8533 0.3984 0.4840
~Population 0.4404 0.3571 0.8793 0.9396
Industrial 0.8692 0.8523 0.3593 0.4643

~Industrial 0.4536 0.3495 0.8857 0.8992
Openness 0.7053 0.7053 0.4397 0.5795

~Openness 0.5795 0.4397 0.7764 0.7764
Fiscal 0.3974 0.3324 0.8291 0.9141

~Fiscal 0.8974 0.7994 0.3945 0.4631
Talent 0.8228 0.8339 0.4334 0.5789

~Talent 0.5844 0.4391 0.8756 0.8669
Source: calculated by the authors.

The analysis results presented in Table 4 indicate that except for high population
density, the consistency of all other conditions falls below 0.9. This suggests that high
population density may be a necessary condition for explaining the level of ULHU. At the
same time, the remaining indicators do not individually constitute necessary conditions for
explaining the levels of both ULHU and urban land low-quality use. Consequently, it be-
comes imperative to investigate the combined influence of multiple factors (configurations)
on the ULHU, including population density, industrial structure, openness to the outside
world, fiscal capacity, and talent resources.

4.2.2. Sufficient Condition Analysis

To delve into the mechanism underlying the multiple concurrent relationships among
condition variables affecting the level of ULHU, the fsQCA method was employed for
further analysis. This method allowed for the examination of different configurations of
conditions that led to ULHU. In the specific procedure, the initial consistency threshold was
set at 0.8 to ensure the strength of the final combination path explanation. In contrast, the
PRI (Proportional Reduction in Inconsistency) threshold was set at 0.75 [70] to obtain the
results of the configuration analysis for different time points. The outcomes of the analysis
are presented in Tables 5–7. The specific analysis is outlined as follows:
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Table 5. Configurations for ULHU (2005).

Condition Variable
Configuration

H1a H1b

Population
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Table 5 presents the results for two configurations that drove the level of ULHU in
2005. The consistency of these configurations exceeds 0.80, indicating that the selected
condition variables can serve as equivalent and sufficient conditions for enhancing the level
of ULHU. The Overall Solution Coverage of these configurations is 0.5543, suggesting that
these two configurations can effectively explain 55.43% of real-world cases. To compare
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the differences between these configurations, they were further classified into Population-
industry-talent driven and Openness-fiscal-talent driven pathways.

(1) Population-industry-talent driven (H1a): H1a is a configuration that highlights the
central role played by population density, industrial structure, and talent resources.
For these cities, they can attract a significant number of people as the labor force.
Simultaneously, this population growth, when coupled with industrial develop-
ment, can provide sufficient resources to strengthen the construction of urban in-
frastructure, which can facilitate the transfer of talent resources and improve the
level of ULHU. Guangzhou, Shenzhen, Foshan, and Dongguan serve as cases in
this configuration. Among them, Guangzhou and Shenzhen, being top-tier cities
in China, possess exceptional populations and reserve a substantial pool of talent
resources, thereby demonstrating their leading and exemplary roles. Hence, this
configuration is particularly suitable for cities with high economic levels. Such cities
have the ability to attract and gather production factors, leading to the formation of
agglomerative economies.

(2) Openness-fiscal-talent driven (H1b): H1b is a configuration that emphasizes the cen-
tral role played by openness to the outside world, fiscal capacity, and talent resources.
Foreign investment catalyzes by providing additional capital and production factors.
When combined with the government’s fiscal investment to promote economic flows
and optimize resource allocation, it leads to enhanced regional economic growth
and enhanced ULHU. The external benefits brought by talents can further accelerate
the process. Zhaoqing stands out as a typical example among the cases within this
configuration, which showcases the proactive efforts of governments in developing
local openness levels and enhancing talent attraction capabilities. Therefore, this
configuration is well-suited for those who can effectively utilize fiscal revenue and
external resources to facilitate the development of local cities. By leveraging these
resources, the ULHU can be improved, leading to enhanced urban development and
overall well-being.

(2) Periods 2–3 (2010 and 2015):

Table 6 presents the configurations of ULHU in 2010 and 2015. The configuration
in 2010, identified as Population-industry-talent driven (H2a), highlights the central role
played by population density, industrial structure, and talent resources. Similarly, the
configuration in 2015 (H2b) is the same as that in 2010 (H2a). However, the consistency and
coverage of the configuration in 2015 surpasses that of 2010. This suggests that the pathway
for achieving ULHU can be effectively realized. It not only validates the robustness of
the findings but also underscores the systematic and continuous economic development
in the PRD. In the results, it is evident that the configuration identified in both 2010 and
2015 includes population, industrial development, and openness as core conditions. This
finding suggests that cities in the PRD region leveraged their industrial advantages to
promote economic growth during these years. The high level of economic development in
the PRD attracted a significant influx of people, ensuring the continued development of
these cities and contributing to the overall progress of the PRD region. Furthermore, it can
be inferred that the openness level of most cities in the PRD has improved over time. This
enhanced openness likely played a role in facilitating economic development and further
promoting ULHU in the PRD region. Based on these results, it is evident that these configu-
rations can explain the pathways for ULHU in Guangzhou, Shenzhen, Foshan, Dongguan,
and Zhongshan.

(3) Period 4 (2020):

Table 7 presents the results of configurations for the ULHU in 2020. The consistency
between these configurations exceeds 0.80, indicating that the selected condition variables
can serve as an equivalent and sufficient condition for enhancing the ULHU. The Overall
Solution Coverage of these configurations is 0.7351, suggesting that these configurations
can explain 73.51% of real-world cases. To further compare the differences between the two
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configurations, they were categorized into population-dominated and population-industry
driven pathways.

(1) Population-led (H3a): H3a reflects a configuration where population density serves as
the core condition, while the industrial structure and openness to the outside world
play a supportive role. This configuration highlights that as population density in-
creases, both the government and enterprises are compelled to adopt efficient policies
and strategies to enhance the efficiency of resource utilization and allocation. This, in
turn, facilitates the realization of economies of scale, and improves the use and transfer
of production factors. Moreover, foreign investment will be utilized to bridge the
capital gap, as well as foster the development of advanced technologies. Consequently,
productivity can be boosted in these cities, and the ULHU and economic levels can
be promoted accordingly. This configuration can effectively explain the dynamics of
three cities: Guangzhou, Shenzhen, and Zhongshan. It indicates that these cities are
inclined to attract more production factors, such as talents and innovative resources,
as well as build an enhanced level of economic openness, which will result in a higher
level of ULHU.

(2) Population-industry driven (H3b): The H3b highlights the significance of population
density and industrial structure as core conditions, emphasizing the complementary
role of talents. The concentration of the population and the growing number of
industrial enterprises in the PRD region imply an increase in manufacturing activities.
This, in turn, generates substantial capital that can be utilized for local development
and further promotes the ULHU. While talent does play a role in this context, it
appears to have a relatively minor impact compared to population and industrial
resources. This suggests that while talents contribute to improving the efficiency of
production factor utilization, their influence is not as significant as the availability
of a large population and abundant industrial resources. Cities such as Guangzhou,
Shenzhen, Foshan, and Dongguan exemplify cases that can be interpreted within
this configuration. These cities have significant advantages in terms of population
size, economic development capacity, and talent attraction capacity. In the context of
rapid urbanization in China, the collective development of these conditions becomes
a pathway to promote ULHU.

4.3. Comparison of Configurations of ULHU

The analysis primarily focuses on the individual conditions present in the configu-
rations over time. Firstly, population density and industrial base consistently emerge as
crucial factors in the process of ULHU, appearing in all four time points. They serve as
core conditions, indicating their significant role in facilitating the effective use of urban
land. Secondly, the aspect of openness to the outside world appears as a core condition
only once, suggesting that local governments play a supplementary role in promoting
ULHU by attracting foreign investment and fostering economic diversification. Thirdly, the
importance of talent resources gradually diminishes in subsequent developments. While
talent resources are core conditions in periods 1 and 2, as well as period 3, they only appear
as peripheral conditions in period 4. This analysis reveals that the continuous development
of the PRD region has resulted in abundant resources and a number of talents. Therefore,
the key to achieving ULHU currently lies in accelerating the transformation of the city’s
industrial structure, reducing the significance of talent resources.

Next, the combination of condition variables is examined. The combination of popula-
tion density and industrial structure remains stable throughout the evolution, indicating
their complementary and mutually reinforcing relationship. An increase in population
size indicates the availability of an ample labor force for industrial development, while
industrial growth attracts a significant influx of the population, contributing to the regional
economy. On the other hand, population density and fiscal capacity exhibit a mutual weak-
ening effect across all periods. This analysis suggests that an increase in fiscal capacity leads
to higher taxes, which subsequently impact corporate profits and influence population
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mobility. In addition, talent resources emerge as a core condition in period 1, which contin-
ues to be significant in periods 2 and 3. However, in period 4, talent resources no longer
hold the status of a core condition. In summary, the evolutionary patterns influencing the
configuration reveal a close relationship between population density, industrial structure,
and talent resources.

Lastly, the mechanism is analyzed by integrating the configurations with correspond-
ing typical cases. In the cases of Guangzhou, Shenzhen, and Foshan, population density
and industrial structure exhibit a stable co-evolutionary trend, while the significance of
openness to the outside world and fiscal capacity is relatively diminished. Although the
role of talent resources has undergone a shift, it still plays a supportive role. Considering
the overall development level of these cities, a substantial population base and robust
industrial development remain crucial conditions for achieving ULHU.

5. Discussions
5.1. Characteristics of Pathways towards ULHU

This paper examines the spatio–temporal patterns of ULHU in the PRD region and
investigates strategies for its improvement. In 2005, the ULHU patterns were driven by
Population-industry-talent (H1a) and Openness-fiscal-talent (H1b) configurations. How-
ever, by 2010 and 2015, these patterns had transformed into Population-industry-talent
(H2a and H2b) and ultimately evolved into Population-led (H3a) and Population-industry-
driven (H3b) configurations by 2020. The analysis has yielded several interesting findings.

Firstly, significant variations in configurations were observed when comparing H1a
and H1b. Different cities can focus on attracting a growing number of people and industrial
enterprises to achieve ULHU. They can also leverage fiscal revenue and international
resources to facilitate ULHU. Thus, the concentration of production factors is deemed
important, and the actual pathway should be chosen based on city-specific characteristics.
Secondly, a comparison between H2a, H2b, and H1a reveals that the role of openness
as a peripheral condition was absent, indicating that openness did not play a critical
role in improving ULHU. Thirdly, in 2020, the population assumes a crucial role in both
configurations, underscoring its significance in enhancing ULHU. This finding aligns with
the agglomeration economics theories, which emphasize the efficiency and development
benefits of population concentration in cities. Moreover, fiscal revenue does not appear to
be essential in each configuration, suggesting that ULHU is not heavily reliant on it. Local
governments should instead leverage local advantages to improve ULHU accordingly.

5.2. Policy Implications

The conclusions of this paper can not only guide the development of the PRD region,
but also provide references for other cities in other countries facing similar challenges.
Drawing upon these conclusions, the following policy implications can be proposed:

Firstly, it is crucial to leverage the synergistic effects by harnessing the radiation
impact of central cities to drive the development of surrounding areas. This approach
can facilitate the flow of production factors and leverage the advantages of neighboring
cities, which will unlock the potential for improving the level of ULHU. Additionally,
expediting the process of regional integration is essential. This entails dismantling barriers
between cities, facilitating the efficient circulation of production factors, fostering cross-
regional cooperation, and maximizing the spatial spillover effect of these production factors.
In this context, the enhancement of ULHU can be effectively promoted. Moreover, it is
essential to note that these strategies should be tailored to the specific context, considering
its unique development goals and objectives. Cities in the initial development stage can
adopt Population-industry-talent driven and Openness-fiscal-talent driven pathways based
on their local unique conditions. However, for cities in the later stages of development, the
primary focus shifts towards attracting a larger population. Additionally, these cities need
to open up to the outside world and enhance their industrial conditions.
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Secondly, the level of labor and economic development exerts a significant influence
on ULHU. It is imperative to further advance the process of new-type urbanization, with a
particular focus on fostering synergistic development among urban economy, population,
and ecology, among other factors. This entails gradually expanding the effects of population
and capital agglomeration, while continuously optimizing scientific and technological
means. Therefore, it is recommended to establish a Central Business District (CBD) to
attract enterprises, financial institutions, and talent resource institutions. This will enable
the full utilization of social capital and human resources available in the city. Additionally,
concerted efforts should be made to attract foreign investment and promote industrial
specialization and diversification.

5.3. Theoretical Contributions and Research Limitations

This paper makes several theoretical contributions. Firstly, it constructs a comprehen-
sive indicator system for the ULHU from an input–output perspective. This is the first study
to propose such a comprehensive indicator system from this particular viewpoint. On the
one hand, this paper enriches our understanding of ULHU and clarifies its dimensions. On
the other hand, it provides an unprecedented paradigm for other researchers to explore this
concept. Secondly, this paper applies the fsQCA method to investigate the influencing con-
figurations of ULHU. By doing so, it not only expands the existing research boundaries on
the influencing mechanism of ULHU but also introduces the application of fsQCA to a new
and unexplored research field. Moreover, this paper can resolve controversies in the current
literature regarding the pathways for improving ULHU. By presenting a comprehensive
indicator system and utilizing the fsQCA method, this study offers a balanced perspective
that can bridge the gaps between different research paradigms and methodologies.

While this paper addresses some research gaps that have not been previously explored,
it is important to acknowledge and discuss the existing limitations. Throughout the en-
tire content, this paper examines the strategies for attaining ULHU and enhancing urban
development by elucidating the spatio–temporal dynamics of ULHU in the PRD region.
While this indicator system proposed in this paper provides a comprehensive depiction of
the entire process, encompassing input to output, it is important to acknowledge that it
possesses certain inherent limitations. Firstly, the indicator selection of ULHU in this study
primarily emphasizes the input–output perspective, with a specific focus on assessing
the influence of human activities on land use, predominantly within the socio-economic
domain. However, it is crucial to acknowledge the necessity of incorporating additional
dimensions, particularly pertaining to the natural characteristics of the land. Therefore,
further research should consider the inclusion of diverse perspectives to enhance the com-
prehensiveness of the investigation. Furthermore, it is important to note that this research
focuses solely on the urban land change dynamics within the PRD region, indicating a
relatively narrow research scope and objectives. It is crucial to acknowledge that varia-
tions in geographical location, natural factors, governmental policies, and socio-economic
conditions across different regions can potentially yield diverse impacts on regional land
use patterns.

Therefore, it is recommended to measure the level of land use by considering both
the input–output perspective and the current status of land. This can be achieved by
integrating data from various sources and constructing a comprehensive indicator system
that accounts for multiple functions of land use. Additionally, to broaden the research
objectives, it is recommended to incorporate regions exhibiting substantial dissimilarities.
This would enable a comparative analysis of urban land use changes across diverse areas,
facilitating the identification of common impact patterns.

6. Conclusions

This study utilized data from 2005, 2010, 2015, and 2020, focusing on cities within
the PRD urban agglomeration. This paper established a comprehensive indicator system
for assessing the level of ULHU, encompassing high-quality strategic layout, high-quality
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resource allocation, high-quality process regulation, and high-quality output synergy.
By employing GIS spatial analysis and fsQCA, the research investigated the spatial and
temporal patterns of ULHU levels and their underlying driving mechanisms. The following
conclusions can be obtained based on this research:

(1) The spatial and temporal patterns revealed a widening gap in the level of ULHU
among cities within the PRD region. The ULHU levels exhibited heterogeneity,
characterized by distinct spatial clustering and a notable “core-periphery” dynamic.
Over time, there has been a gradual transition from a fragmented distribution pattern
to a more centralized one. Notably, Guangzhou and Shenzhen have emerged as
frontrunners in ULHU, reaping the benefits of their rapid economic development.

(2) There are a total of four configurations identified in the study, including Population-
industry-talent driven, Openness-fiscal-talent driven, Population-led, and Population-
industry driven. The analysis of the driving mechanism has revealed that population
density and industrial structure play a central and consistent role in the evolution
of ULHU. These two factors exhibited a complementary relationship and served as
crucial conditions for achieving ULHU. Conversely, the factors of openness to the
outside world and fiscal capacity play a less central role. Consequently, cities enhance
their ULHU levels by leveraging the support provided by the core conditions.
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