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Resource-based urban agglomerations often encounter greater challenges in the
sustainable development of human settlements. The aim of this study is to propose an
approach to the coordinated development of competitiveness by analyzing the interaction
of human settlements competitiveness (HSC) in resource-based urban agglomerations.
Through the compound evaluation model of HSC and urban network analysis, this study
finds: 1) the HSC measure increased from 35.12 in 1990 to 52.15 in 2015 and showed a
downward trend from 2015 to 2019, with an average value of 47.82 in 2019; 2) The change
trend of the relevance network density is the same as that of the HSC, while the difference
network density reaches the lowest value of 0.441 when the HSC is the highest, indicating
that the HSC of the urban agglomerations has improved to a certain extent but is more
unsustainable, and 3) Communities in the relevance network are obviously bounded by the
borders of provinces or urban agglomerations, while the communities in the difference
network are differentiated into two types: high-competitiveness and low-competitiveness.
Using the theory of “co-opetition” to analyze the sustainable development path of
resource-based urban agglomerations, the study believes that a coordination
mechanism and a guarantee mechanism for benefit distribution should be established
between urban agglomerations to curb local protectionism, and promote regional
dislocation development. The development gradient level also should be established
within the urban agglomeration to narrow the gap between HSC of cities, and innovative
development should be the core of promoting industrial transformation and upgrading.
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1 INTRODUCTION

In the process of trade liberalization and economic globalization,
urban agglomeration is a new regional unit for countries to
participate in global competition and international division of
labor (Ma et al., 2019), and its agglomeration benefit has become
the key factor of economic development (Meijers and van der
Wouw, 2019). As a spatial form with high concentration of
resources, urban agglomeration has caused great pressure on
regional land and ecosystem. Building compact cities is an
effective way to improve land efficiency and curb disorderly
spread (Yao et al., 2022). High-density and intensive model
has a positive impact on economic sustainability, but has a
negative impact on environmental and social sustainability
(Lin and Yang, 2006). Therefore, it is necessary to consider
the quality of human settlements in order to achieve three
sustainable considerations (Westerink et al., 2013). In addition,
the economic hinterland of cities within urban agglomerations
must overlap with each other, the large demand for production
factors such as free capital and high-level labor makes the
competition between cities inevitable (Wang and Shen, 2017).
However, under the guidance of “co-opetition” theory and
“positive sum game” thinking, cities tend to establish a
regional coordinated development model of cooperation in
competition (Esty and Geradin, 2000; Li and Zhong, 2020). To
understand the important role of human settlements in urban
competition and promote the cooperation of urban
agglomerations in competition to maximize regional interests,
it is necessary to clarify the relationship between urban
comparative competitive advantage and regional competition
based on human settlements science.

Competitiveness was originally conceived as an economic
concept to understand the competitive relationship between
firms, whereas in urban studies, competitiveness is defined as
a city’s comparative advantage relative to other cities, and a city’s
ability to optimize its allocation to promote development (Song
and Xie, 2021). In 1990s, the “Diamondmodel” (Portergoff, 1990)
was developed to measure the relationship between national
competitiveness and national economy and then to evaluate
urban competitiveness (Rogerson, 1999). Ni et al. (2014), Ni
et al. (2017) also regarded the economic performance of cities as a
core factor to evaluate competitiveness and analyzed the driving
factors of competitiveness using urban hard and soft factors.
Since the ecological environment has a significant effect on
human survival and development (Li et al., 2021; Liu D et al.,
2021), competition between cities depends on the attractiveness
of the urban environment, and thus ecological factors have
started to be included in the construction of theoretical urban
competitiveness models. Webster and Muller (2000) added
territorial endowment factors to their competitiveness model,
and Oensel et al. (2008) introduced environmental factors into
their nation competitiveness model. Rapid and extensive
urbanization and industrialization create severe problems for
megacities, while small and medium-sized cities are facing
population loss and lack of economic vitality (Bell and
Gonzalez, 2011)The urban quality of life has become an
important factor affecting the population’s willingness to stay

in cities (Sørensen and Sørensen, 2015; Zhao et al., 2021) as
reflected by the livability of cities (Liu et al., 2017). There is a
symbiotic relationship between the urban quality of life and
urban competitiveness (Esmaeilpoorarabi et al., 2016), and
improving the quality of life has become the ultimate goal of
enhancing urban competitiveness (Zhang and Corrie, 2018).
Creating livable cities is the main goal of modern urban
development (Liu and Wang, 2013), and the basis of urban
competition has gradually shifted from economic strength to
the sustainable development of human settlements. However,
there is limited research on urban competitiveness based on the
science of human settlements.

The high concentration of population and the rapid
development of social economy in urban agglomerations lead
to problems such as resource depletion, environmental pollution,
traffic congestion and housing difficulties (Li et al., 2009), so in
the long-term development planning, more attention should be
paid to its sustainability (Ma et al., 2019). Human settlements
refer to the unity of natural, humanistic, and spatial elements and
to the geographical spaces where residents live, work, study, and
carry out other activities (Mamat, 2012). The Sustainable
Development Goals put forward the construction of
sustainable cities and human settlements, which also causes
global scholars to pay more attention to the human settlement
environment. Wu (2001) first advocated human settlement
science in China, and studied the spatial structure of human
settlements from systematic and hierarchical points of view.
Quantitative evaluation of human settlements is an important
part of human settlement research, and data sources are key
factors for evaluation. Statistical data reflect the macro-scale
development of cities, and comprehensive evaluation of
human settlements can be realized using the panel data of
statistical yearbooks. Zhang and Fan, (2020) analyzed the
driving mechanism of human settlements at the township
level, and Tian et al. (2016) established a risk model to
analyze the spatial-temporal evolution of human settlements at
the provincial level in China. Multi-source big data, including
remote sensing and meteorological data, can reflect the complex
characteristics of human settlements, and grid-based accurate
assessment of human settlements can be realized with the support
of geographic information systems and spatial analysis methods.
Based on this method, the natural suitability of urban human
settlement environment has been effectively evaluated (Chen
et al., 2021; Luo et al., 2021). The adjustment and
optimization of urban internal structure can also
effectively improve the living environment (Guo et al., 2020;
Yang Y.et al., 2020; Ren et al., 2022). Yang Z. et al. (2020) found
that residents seem to attach the greatest importance to quality of
life facilities when choosing their residence. Patias et al. (2021)
thought that the increase of urban walking space was the main
reason for the improvement of urban structural sustainability. In
addition, questionnaire data can directly reflect the subjective
feelings of urban residents about their living environment, and
quantitative analysis of the questionnaire results can reveal the
livability score of human settlements (Simis et al., 2016; Yu et al.,
2019). Current research on human settlement assessment reflects
the spatial and temporal characteristics of human settlements but
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cannot directly measure the external impact of urban human
settlements (Zachary, 2012). In this study, an urban network
model was developed to explore the competitiveness of urban
human settlements. Network models are popular in urban
attraction and diffusion studies (Yuan et al., 2017). The
GaWC research team was committed to establishing the
network of major cities in the world and revealing the
hierarchical characteristics of the global economy by analyzing
changes in network integrity and node centrality caused by
changes in urban competitiveness (Derudder and Taylor, 2016;
Taylor and Derudder, 2021). Network modeling and analysis are
widely used to describe the relative attractiveness of cities in terms
of local economy (Huang et al., 2020), population growth (Yang
et al., 2020), and transportation infrastructure (Wang et al., 2020).

Resource-based and industrial-based urban agglomerations
are facing more severe problems in the process of sustainable
development of human settlements. Urban agglomerations in
Northeast China used to be the most important heavy industry
base of China, with the most complete industrial system in
Northeast Asia. With the advancement of economic and trade
globalization, planned economic systems, and imbalance between
supply and demand, the urban agglomerations have gradually
produced “northeast problems,” including land disputes and
societal conflicts (You et al., 2021), transformation of
resource-based cities (Fu et al., 2020; Chen and Zhang, 2021),
and urban environmental pollution, resulting in great resistance
to the development of human settlements (H. Zhao et al., 2021;
Zhao et al., 2013).

To help solve the “northeast problem” and enhance the
attractiveness of human settlements in the urban
agglomerations, we aim to address the following two research
questions with empirical data: 1) how to establish a
competitiveness model to reflect the attraction of human
settlement environment to population and capital? and 2) how
to understand the impact of the relevance and difference of
human settlements on sustainable development in urban
agglomerations and the wider region? Specifically, 1) a
compound evaluation model was constructed to quantify the
HSC of urban agglomerations over a long period, and spatial and
temporal differentiation of human settlements in urban
agglomerations was analyzed based on the evaluation results;
and 2) a social network model was constructed to describe
interactions between cities, and the relevance and difference
coefficients of HSC were determined to explore the network
spatial structure and evolution process of urban HSC in urban
agglomerations. The study has reference value for promoting
resource-based and industrial urban agglomerations to enhance
their competitiveness of human settlements.

2 DATA AND METHODS

2.1 Data
2.1.1 Study Area
The urban agglomerations in Northeast China are located at
38.72–49.44°N and 119.21°–135.09°E and cover a total area of
5.372 × 1011 km2. The area consists of five regional-level urban

agglomerations and 29 prefecture-level cities, and the terrain is
primarily plain and mountainous. The five regional urban
agglomerations in Northeast China are Liaoning Coastal
Urban Agglomeration, including Dalian, Dandong, Yingkou,
Panjin, Jinzhou, and Huludao; Central Liaoning Urban
Agglomeration, including Shenyang, Anshan, Fushun, Benxi
Liaoyang, Tieling, and Fuxin; Central Jilin Urban
Agglomeration, including Changchun and surrounding cities
Jilin, Liaoyuan, Songyuan, and Siping; Harbin-Daqing-Qiqihar
Urban Agglomeration including Harbin, Daqing, Qiqihar, and
Suihua; and the planned Eastern Heilongjiang Urban
Agglomeration including Mudanjiang, Jiamusi, Qitaihe Jixi,
Shuangyashan, Hegang, and Yichun. As of 2019, the
population of the region was 9.085 × 107, and per capita gross
domestic product was 5.15×104 yuan. The administrative division
map of the region is shown in Figure 1.

2.1.2 Index System
The scientific of human settlements proposed by Wu (2001)
includes five subsystems: population, social, environmental,
supporting, and housing. Based on these subsystems, we
constructed an evaluation index system of HSC composed of
multiple indices (Table 1). The population subsystem reflects
changes in the urban population and employment structure, the
social subsystem reflects urban economic growth and expansion,
the environmental subsystem reflects urban greening and control
of industrial pollution, the supporting subsystem reflects the
development and construction of urban infrastructure and
public services, and the residential subsystem reflects housing
density and support.

2.1.3 Data Sources
We evaluated the HSC of the urban agglomerations in Northeast
China for the years 1990, 1995, 2000, 2005, 2010, 2015, and 2019.
The sources of statistical data, nighttime light data, and
administrative division data are listed in Table 2. The
statistical data were obtained from the China Urban Statistical
Yearbook, Liaoning Statistical Yearbook, Jilin Statistical
Yearbook, and Heilongjiang Statistical Yearbook from 1990 to
2020, which were downloaded from the National Bureau of
Statistics of China. The nighttime light data were obtained
from the National Oceanic and Atmospheric Administration
(NOAA) National Centers for Environmental Information
(NCEI) (formerly National Geophysical Data Center, NGDC).
Administrative boundary data were obtained from the Resources
and Environmental Science and Data Center, Institute of
Geographical Sciences and Resources, Chinese Academy of
Sciences, and the collection year was 2015.

2.2 Methods
2.2.1 Evaluation Model of HSC
In this study, we constructed a compound HSC evaluation
model whose architecture is shown in Figure 2. Principal
component analysis was used to reduce the number of
initial indices and generate principal component indices
(Meng and Chen, 2021). Using SPSS 26 software, 30
original indices were classified and dimensional reduction of
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the five subsystems was performed in the scientific of human
settlements. Each subsystem formed two principal
components, and then the original 30 indices were
synthesized into 10 principal components. By analyzing the
proportion of compound index components, the 10 principal
components were named Z01 population change; Z02

employment structure; Z03 economic growth; Z04 urban

expansion; Z05 urban greening; Z06 pollution control; Z07

infrastructure construction; Z08 public service; Z09 housing
support; Z10 housing density.

Subsequently, the constant weight of the principal
component set Z was determined using the subjective and
objective variable weight determination method, and the
constant weight was further revised according to the index

FIGURE 1 | Administrative division map of the urban agglomerations.

TABLE 1 | Competitive index system of the HSC.

Target layer Criterion layer Evaluation index layer

HSC indices based on The scientific of human
settlements

Population subsystem Y01 Natural population growth rate, X01 (%); roportion of non-agricultural population, X02 (%);
Sexual proportion, X03 (%); Unemployment rate, X04 (%); Proportion of students, X05 (%);
Proportion of workers in the primary industry, X06 (%)

Social subsystem Y02 Per capita GDP, X07(Yuan); Average employee wages, X08(Yuan); Per capita social commodity
sales, X09(Yuan); Percentage of primary industry GDP, X10 (%); Average Nighttime light index,
X11 (nano-Wcm−2sr−1); Per capita investment in fixed assets, X12(Yuan); Proportion of built-up
area to urban area, X13 (%)

Environmental
subsystem Y03

Industrial wastewater treatment rate, X14 (%); Industrial waste gas treatment rate, X15 (%);
Industrial solid waste recovery rate, X16 (%); Per capita green area, X17 (m

2); Green coverage
rate of built-up area, X18 (%)

Supporting
subsystem Y04

Number of buses per 10,000 people, X19 (units); Hardened road area per capita, X20 (m2);
Number of cultural facilities per 10,000 people, X21 (units); of doctors per 10,000 people, X22
(person); Collection of books per 1,000 people, X23 (units); Number of teachers per 10,000
people, X24 (person)

Housing subsystem Y05 Population density, X25 (person/km
2); Per capita housing area of residents, X26 (m

2/person);
Tap water usage, X27 (%); Liquefied petroleum gas usage, X28 (%); Domestic water
consumption per capita, X29 (m3); Electricity consumption per capita, X30 (kWh)
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data using the penalty incentive variable weight method.
Using the analytic hierarchy process to calculate the
subjective weight Aw and consulting relevant literature
(Cong et al., 2010; Xu et al., 2012), we determined the
principal component contrast relationship as economic
growth > urban expansion > urban greening = pollution
control > infrastructure > employment structure > public
service > residential support > residential density. The

formed relationship matrix passed the consistency test.
The entropy method was used to calculate the objective
weight Ew, and the weight of each principal component
was determined by the data (Khorrami et al., 2021), in
which the weight of economic growth, public service, and
pollution control accounted for more than 14%, indicating
that these principal components showed significant changes
over time. The weights are listed in Table 3.

TABLE 2 | Data sources and descriptions.

Data Types Data sources Descriptions Date

Statistical data China Urban Statistical Yearbook https://data.cnki.net/Yearbook/ 1991; 1996; 2001; 2006; 2011; 2016; 2020
Liaoning Statistical Yearbook
Jilin Statistical Yearbook
Heilongjiang Statistical Yearbook

Night-lighting Data DMSP-OLS http://www.ngdc.noaa.gov/dmsp/download.html 1990; 1995; 2000; 2005; 2010
VIRS-NPP 2015; 2018

Administrative boundary — https://www.resdc.cn/ 2015

FIGURE 2 | HSC evaluation process.

TABLE 3 | Constant weight of the principal component of HSC.

Weight (%) Z01 Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10

Aw 3.60 7.10 24.90 18.80 11.60 11.60 7.30 7.00 4.80 3.30
Ew 3.90 10.56 18.02 8.77 8.39 14.91 9.00 14.42 8.06 3.99
Cw 3.85 8.89 21.74 13.18 10.12 13.50 8.32 10.31 6.38 3.72
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The Lagrange multiplier method was used to combine the
subjective and objective weights. The obtained constant weight
Cw can be expressed by using Eq. 1.

Cw �
�������
AwjEwj

√ /∑q

j�1

�������
AwjEwj

√
. (1)

Considering the influence of index data on index weight, the
penalty incentive variable weighting method was adopted to
increase the weight of the principal component indices that
are lower than the average value. The obtained variable weight
matrix W can be expressed by using Eq. 2 (Liu et al., 2018):

W � CwjS/∑q

j�1CwjS, (2)

where Cw is a constant weight and S is the variable weight vector
of the penalty state, which is determined by the average value of
the index and penalty level. Through related calculations, we
found the punishment strength was greater for employment
structure, urban expansion, and infrastructure indices. Using
the constant and variable weighting methods, a variable weight
matrix W was formed.

The GRA-TOPSIS method was used to evaluate the HSC (Shi
and Gan, 2020). The method can be used to reduce the influence
of small sample size and extreme value effect on the evaluation
results.

HSCi � kgrGRi + ktsTSi, (3)
where GRi and TSi represent the GRA and TOPSIS evaluation
results of city i, respectively, and kgr and kts represent the weights
of the two methods evaluated by decision-makers.

2.2.2 Urban Network Analysis
2.2.2.1 Network Metrics
The relevance coefficient of HSC (HSCR) constructed in this
study is an extension of the economic gravity model (Fan et al.,
2018). For any two cities in the network, the HSCR can be
expressed by using Eq. 4:

HSCRij � kC · HSCi ·HSCj

D2
ij

, (4)

where HSCRij is the relevance coefficient between cities i and j,
kC is the correction coefficient, which is taken as 10e-6 in this
research, and Dij is the Euclidean distance between the
administrative centers of cities i and j.

The difference coefficient of HSC (HSCD) constructed in
this study is based on the Gini coefficient, considering the
spatial distance (Zhang et al., 2020). For any two cities in the
network, HSCD can be expressed by using Eq. 5:

HSCDij �
∣∣∣∣HSCi −HSCj

∣∣∣∣ · Dij(λi + λj) · ninj

, (5)

where λi and λj are the average values of the HSC of cities i and j,
respectively, ni and nj are the number of cities in the urban
agglomerations to which cities i and j belong.

2.2.2.2 Characteristic Network Parameters
The complete social network was processed using the binary
method, and the median of HSCR and HSCD in all time nodes
was calculated as basis for screening. There will be a connection
between the two cities, if either the HSCR between two cities is
greater than the median, or if the HSCD between the two cities is
lesser than the median.

The spatial-temporal patterns of the network structure are
analyzed by calculating the network density, centrality, and
community characteristics of social networks (Fan et al.,
2018). Network density describes the closeness of connections
between nodes in a social network and can be expressed as the
ratio of the number of connections in the network to the
maximum number of connections possible. Centrality is used
to describe the central characteristics of nodes, including degree
centrality, closeness centrality, and betweenness centrality, which
represent the direct, indirect, and intermediary degrees between
nodes, respectively. Community detection can measure the
aggregation behavior of nodes in social networks and is used
here to detect the aggregation patterns of cities in the HSC
network.

3 RESULTS

3.1 HSC
The HSC was evaluated using the GRA-TOPSIS comprehensive
evaluationmethod combined with the weight matrixW. Based on
the annual changes in human settlements characteristics, the HSC
continued to rise from 35.12 in 1990 to 52.15 in 2015 and showed

FIGURE 3 | Temporal evolution of HSC.
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a downward trend from 2015 to 2019, with an average value of
47.82 in 2019 (Figure 3). From 1990 to 2010, the growth rate of
HSCs gradually increased by 20.96% from 2005 to 2010. After
2010, the upward trend of HSC slowed, and the average value of
HSC decreased by 8.31% from 2015 to 2019. In addition, we
found that although the HSC of the urban agglomerations
showed an overall upward trend, the standard deviation of the
HSC also showed an upward trend. 2015 was the highest year for
HSC, with the highest standard deviation of 9.76.

Each urban agglomeration showed different development
trends of HSC. As shown in Figure 4, the HSC of each city in
the Eastern Heilongjiang Urban Agglomeration grew slowly, and
the difference in HSC among cities was small; the polarization
effect between Harbin-Daqing-Qiqihar Urban Agglomeration
and Central Jilin Urban Agglomeration was evident. Daqing
and Changchun were dominant in terms of HSC, whereas
Suihua and Siping were in the inferior position in terms of
HSC. Liaoning Coastal Urban Agglomeration and Central
Liaoning Urban Agglomeration gradually developed into HSC
hot spots, and the coordinated development ability of human
settlements in urban agglomerations was satisfactory, Dalian and
Shenyang have the highest HSC in their urban agglomerations.

3.2 Relevance Network Characteristics
The relevance coefficient matrix of HSC is shown in Figure 5. The
relevance coefficient within urban agglomerations was higher
than that between urban agglomerations. Central Liaoning Urban
Agglomeration had high relevance of HSC with Liaoning Coastal
Urban Agglomeration and Central Jilin Urban Agglomeration
due to its location and competitive advantage. The structural
characteristics of the relevance network of the HSC are shown in
Figure 6. The density of the HSC relevance network showed an
upward trend, reflecting that the relevance of the urban human
settlements in northeastern cities was getting closer, but the
upward trend gradually slowed down, and even negative
growth occurred. The years with a density higher than the
average of 0.5 include 2010, 2015, and 2019. The network
density was the highest in 2015 (0.569). The average values of
degree centrality, closeness centrality, and betweenness centrality
of the HSC relevance network were 14, 0.72, and 9.45,
respectively. The order of relevance of urban agglomerations
was Central Jilin Urban Agglomeration > Central Liaoning
Urban Agglomeration > Liaoning Coastal Urban
Agglomeration > Harbin-Daqing-Qiqihar Urban
Agglomeration > Eastern Heilongjiang Urban Agglomeration,

FIGURE 4 | Spatial and temporal patterns of human settlement competitiveness.
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and betweenness centrality measure showed that Central Jilin
Urban Agglomeration and Harbin-Daqing-Qiqihar Urban
Agglomeration had significant intermediary capabilities, with
averages of 21.23 and 22.49, respectively. Central Liaoning
Urban Agglomeration, Liaoning Coastal Urban Agglomeration,
and Eastern Heilongjiang Urban Agglomeration had low
intermediary capabilities (for Liaoning Coastal Urban
Agglomeration, it is only 0.67). Community detection was
carried out on the relevance network of HSC with the
resolution of 1.0. The results showed that there are two main
communities in the HSC relevance network, and the community
boundaries coincided with the boundaries of urban
agglomerations and provinces to a great extent, indicating that
the association between HSC were significant in urban
agglomerations within the same province, but not significant
among inter-provincial urban agglomerations.

The relevance network of HSC in each urban agglomeration
presents the following characteristics. 1) The degree centrality
and closeness centrality of cities in Liaoning Coastal Urban
Agglomeration were close to the average value, but the
intermediary ability was lacking. Cities were closely related to
HSC within urban agglomerations, while the HSC relevance
between urban agglomerations was relatively low. 2) The cities
in Central Liaoning Urban Agglomeration showed the central
characteristics of high point-high closeness-low betweenness, and
the competitiveness of human settlements was highly correlated,
but the role of cities as a “bridge” for human settlements was

weak; Fushun had the highest average degree centrality and
closeness centrality among all cities, which were 19 and 0.833,
respectively. 3) The cities in Central Jilin Urban Agglomeration
showed the centrality characteristics of high degree-high
closeness-high betweenness, and the centrality of cities was
average. The betweenness centrality values of Changchun and
Jilin were 29.10 and 29.51, respectively, which are important
intermediary nodes. 4) The centrality polarization of cities in
Harbin-Daqing-Qiqihar Urban Agglomeration was significant:
the values for Harbin and Daqing were slightly higher than the
average value, whereas those for Suihua and Qiqihar were lower
than the average value. The betweenness centrality in Harbin was
61.85, which was the core intermediary node of the relevance
network. 5) The cities in Eastern Heilongjiang Urban
Agglomeration showed the centrality characteristics of low
degree-low closeness-low betweenness, and Mudanjiang had
the strongest centrality in this urban agglomeration and played
the role of an intermediary node.

3.3 Difference Network Characteristics
The difference coefficient matrix of HSC is shown in Figure 7.
The difference coefficient within urban agglomerations was
lower than that between urban agglomerations, and HSC in
Liaoning Coastal Urban Agglomeration was different from
that of Harbin-Daqing-Qiqihar Urban Agglomeration and
Eastern Heilongjiang Urban Agglomeration. The structural
characteristics of the difference network of HSC are shown in

FIGURE 5 | Relevance coefficient matrix between urban agglomerations.
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Figure 8, and the difference in network density shows a wavy
downward trend. The lowest network density value of 0.441
was achieved in 2015 with the highest average value of HSC,
reflecting the uncoordinated development of HSC in urban
agglomerations, with average values of degree centrality,
closeness centrality, and betweenness centrality of the
difference network were 14, 0.72, and 9.45, respectively. The
order of difference of urban agglomerations was Harbin-
Daqing-Qiqihar Urban Agglomeration > Eastern

Heilongjiang Urban Agglomeration > Central Jilin Urban
Agglomeration > Liaoning Coastal Urban Agglomeration >
Central Liaoning Urban Agglomeration; Central Jilin Urban
Agglomeration and Central Liaoning Urban Agglomeration
had significant intermediary ability with average values of
14.74 and 13.13, respectively, whereas Harbin-Daqing-
Qiqihar Urban Agglomeration, Eastern Heilongjiang Urban
Agglomeration, and Liaoning Coastal Urban Agglomeration
showed low intermediary ability. Community detection was

FIGURE 6 | Relevance network structure characteristics.
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carried out on the difference network of HSC with a resolution
of 1.0. The results show two main communities in urban
agglomerations (high-competitiveness and low-
competitiveness communities). Overall, the number of cities
in highly competitive communities increased.

The difference network of HSC in each urban agglomeration
presents the following characteristics. 1) The degree centrality
and closeness centrality of each city in the Central Liaoning
Urban Agglomeration were higher than the average value,
showing the centrality characteristics of high degree-high
closeness-high betweenness; degree centrality, closeness
centrality, betweenness centrality of Tieling were 21, 0.87, and
23.15, respectively, which were higher than those of other cities.
2) In the Liaoning Coastal Urban Agglomeration, the degree
centrality and closeness centrality of Dandong, Jinzhou, Panjin,
and Yingkou were higher than the average, whereas Dalian and
Panjin had lower centrality than the average because of their high
HSC. Dandong is an important intermediary node with
betweenness centrality of 11.39. 3) The Central Jilin Urban
Agglomeration shows the centrality characteristic of high
degree-high closeness-high betweenness. The centrality of
Changchun and Liaoyuan was higher than the average and
showed a characteristic of low difference. All cities in the
urban agglomeration except Jilin had significant intermediary
function. 4) The cities in Harbin-Daqing-Qiqihar Urban
Agglomeration showed the centrality characteristics of low
degree-low closeness-low betweenness, and there were

differences in human settlements inside and outside the urban
agglomeration, where Suihua and Daqing experienced solitary
point, and Harbin had the highest centrality in the urban
agglomeration, with degree centrality, closeness centrality, and
betweenness centrality values of 12.29, 0.70, and 2.48,
respectively. 5) The cities in the Eastern Heilongjiang Urban
Agglomeration showed the central characteristics of low degree-
low closeness-low betweenness, and the urban agglomeration
showed the characteristics of low internal difference and high
external difference. Mudanjiang was the city with the highest
centrality in the urban agglomeration, with degree centrality,
closeness centrality, and betweenness centrality values of 16.29,
0.78, and 12.64, respectively.

4 DISCUSSION

4.1 Scientificity and Accuracy of HSC
In terms of scientificity, different research frameworks have
diversified the index system that reflects human settlements.
Based on the scientific of human settlements proposed by Wu,
(2001), we constructed a “five-in-one” index system of HSC,
which takes “human” as its internal core factor, “economy” as its
key factor, and “environment” as its important influencing factor.
While considering natural factors, we highlight the key role
played by social and economic factors in urban competition.
Compared with previous research that mainly focused on the

FIGURE 7 | Difference coefficient matrix between urban agglomerations.
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suitability and risk of human settlements (Tian et al., 2016; Li
et al., 2018; Luo et al., 2021), the index system of HSC in our study
reflects the attraction of human settlements to population and
capital. In terms of accuracy, the evaluation model of HSC
constructed in this study is an organic combination of the
methods widely used in human settlement evaluation (Ma
et al., 2016; Tang et al., 2017). We applied principal
component analysis to reduce the overlapping effect of indices,
the analytic hierarchy process and entropy weight method to

realize the comprehensive consideration of subjective and
objective decision-making factors, and the positive and
negative ideal solutions and gray correlation degree to explore
the synchronous changes in human settlements among cities to
form HSC evaluation results.

In order to further prove the accuracy of HSC evaluation
model, we used the floating population in the sixth national
census of China (2010) to verify the extent to which HSC could
reflect the attraction effect of cities on population. Specifically,

FIGURE 8 | Difference network structure characteristics.
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the proportion of floating population to resident population
was used to represent the relative population attraction
capacity of cities based on their population carrying
capacity, Figure 9A showed the correlation between HSC
and the proportion of floating population. Pearson
correlation coefficient of HSC and floating population was
0.771, showing a significant positive correlation between HSC
and floating population, and R square was 0.579, indicating

that there was a good linear correlation between HSC and
floating population proportion. To sum up, the evaluation
results of HSC by the evaluation model established in this
study can significantly reflect the influence of the advantages
or disadvantages of urban living environment on the residence
willingness of floating population.

In addition, this study used the number of floating population
to represent the absolute population attraction of cities.

FIGURE 9 |Correlation between floating population and HSC. (A) correlation between HSC and the proportion of floating population; (B) correlation between HSC
and the number of floating population.

FIGURE 10 | HSC networks evolution. (A) HSC relevance networks evolution; (B) HSC difference networks evolution.

Frontiers in Environmental Science | www.frontiersin.org May 2022 | Volume 10 | Article 89387612

Yu et al. Network Structure of Human Settlements

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Figure 9B showed the correlation between HSC and the number
of floating population. Pearson correlation coefficient between
themwas 0.589, and R square was 0.347. Although the correlation
between HSC and the number of floating population also verified
the effectiveness of HSC evaluation results to a certain extent,
compared with the proportion of floating population, the
interpretation strength declined. The reason lies in the
existence of Changchun, Harbin, Dalian and Shenyang, which
actually attract more floating population than their HSC should
attract. These four cities are the core cities in the urban
agglomeration where they are located, and they are also the
provincial capitals and sub-provincial cities of the Northeast
China. The advantages of employment, medical care and
education resources brought by their political status are
obviously more attractive to the floating population than those
embodied by HSC, which attaches importance to the quality of
ecological environment.

4.2 HSC Networks Evolution Mechanism
For HSC relevance networks, the network structure was most
obviously improved between 2005–2010 (Figure 10A). This is
mainly due to the implementation of the strategy of revitalizing
the old industrial bases in Northeast China in 2003. Due to the
promotion of policies, the social and economic development of
cities in the Northeast region has been rapid, and the
infrastructure has been further improved. Between 2010–2015,
the upgrading rate of HSC network structure in Northeast urban
agglomeration slowed down, and there was even a contraction
between 2015–2019. This is because after the implementation of
the strategy, most of the urban development in the urban
agglomerations is still highly dependent on the development
and utilization of resources and lacks the ability to innovate.
The urban agglomerations pursue the rapid growth of the
regional economy through over-exploitation of resources,
resulting in a sharp decline in resource stock and extraction
efficiency, and has not achieved the transformation and
upgrading of the industrial structure. At the same time, this
development model leads to rising costs and environmental
degradation, which finally caused the global financial crisis in
2008 to have a serious impact on its development.

In addition, we found that all the cities at both ends of the
newly connected of relevance network have come from different
urban agglomerations since 1995. Community detection results
of relevance network showed that the influence of the two urban
agglomerations in Liaoning province was increasing. This is
mainly due to the fact that the Central Liaoning Urban
Agglomeration and the Liaoning Coastal Urban
Agglomeration have gradually developed into a window for
the northeast region to communicate with the south of China
and foreign countries. Especially, the coastal cities represented by
Dalian have made great efforts to improve the ecological
environment and develop diversified economy, and the
competitive advantages brought by their human settlement
environment have gradually enhanced the radiation ability.
This result is similar to the related research on the evolution
of the economic network structure of the urban agglomerations in
Northeast China (Li, 2019; Jia, 2021).

For HSC difference network, we found that there were huge
HSC differences inside and outside urban agglomerations.
Moreover, HSC difference connection was more unstable
(Figure 10B), indicating that the core cities in urban
agglomerations failed to form a stable radiation-driven effect,
and the development of human settlements in urban
agglomerations was uncoordinated and unsustainable. The
reason is that there are many resource-based cities in urban
agglomerations, which are highly dependent on resources and
weak in driving the surrounding cities. Restricted by regional
economic development level, talents, labor and other factors, the
overall differences in HSC between cities are huge. Shenyang,
Dalian, Changchun and Harbin, the core cities of the four urban
agglomerations in Northeast China, have strong regional
influence and gather a lot of resources. Under the long-term
effect of siphon effect in the four cities, Matthew effect is formed,
in which the stronger the strong and the weaker the weak.

4.3 Sustainable Development of Human
Settlements
From the evolution mechanism of HSC networks, we found
that the relationship between human settlements in Northeast
urban agglomerations at present was mostly competition
rather than competition and cooperation, which was not
conducive to the sustainable development of resource-based
urban agglomerations. But in fact, the Northeast urban
agglomeration has many competing conditions, but it has
not been well utilized. First of all, the resources of each
urban agglomeration are rich and complementary. Among
them, Harbin-Daqing-Qiqihar and Eastern Heilongjiang
urban agglomerations are rich in forest, cultivated land and
oil resources, Central Jilin urban agglomeration are rich in
natural gas, water and mountain resources, and Liaoning
Coastal and Central Liaoning urban agglomerations are rich
in marine resources and non-ferrous metal resources;
Secondly, the industrial development pattern has made the
infrastructure of the Northeast urban agglomerations
increasingly perfect, especially the Northeast urban
agglomeration has formed a comprehensive transportation
system with staggered water, land and air, which has laid a
good foundation for the urban agglomeration to enhance
cooperation; Finally, the Northeast urban agglomerations is
being supported by the second round of national policies such
as “Revitalizing the Old Industrial Base in Northeast China,”
and the policy opportunities are obvious.

Based on the theory of “co-opetition,” we believe that the
competitiveness of human settlements in Northeast urban
agglomerations can be promoted synergistically from the
following aspects. First of all, coordination mechanism and
benefit distribution guarantee mechanism should be
established among urban agglomerations to curb local
protectionism. The theory of “co-opetition” emphasizes that
conflicts do not necessarily occur between different regions. As
long as the interests of both sides are improved and local
governments can make profits from such competition and
cooperation, there are inherent incentives for competition and
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cooperation. In the early development process of Northeast urban
agglomerations, the planning positioning was highly overlapping,
which not only increased the cost, but also reduced the efficiency
of resource allocation. Good division of labor and coordination
can reduce the conflicts of interests among urban agglomerations,
so that all urban agglomerations can obtain higher benefits, and
then realize the sustainable development model.

Secondly, from the perspective of internal development of
urban agglomerations, all urban agglomerations in Northeast
China had different degrees of HSC polarization. The analysis
of competition and cooperation shows that the agglomeration
of cities with low HSC is not conducive to the improvement of
competitiveness, and polarization will also have a negative
impact on the balanced pattern (Liu R et al., 2021). For urban
agglomerations in Northeast China, it is necessary to
gradually narrow the HSC gap within urban
agglomerations by establishing urban development
gradient levels. In addition, considering the long-term
competition and cooperation between cities, urban
agglomerations should take innovation and development as
the core, promote industrial transformation and upgrading,
improve labor efficiency and factor allocation efficiency, and
pay attention to ecological protection and environmental
sustainable development, so as to drive regional HSC
promotion.

4.4 Limitations
In this study, the urban agglomerations in Northeast China
were taken as the research area, and the competitiveness of
the urban human settlements was quantitatively evaluated
from 1990 to 2019. The characteristics of the HSC network
structure and its driving factors were analyzed. However, this
study has some limitations. 1) The research time scale of this
study is relatively macro, which reduces the availability of
data. A better index system can be constructed in the future to
cover the scientific of human settlements. 2) In this study, the
Euclidean distance between urban administrative centers was
used to express the urban interaction ability, and follow-up
research can describe the interaction ability between cities
more accurately.

5 CONCLUSION

In this study, a HSC compound evaluation model is established.
Compared with the existing models, this model introduces the
penalty variable weight method to increase the penalty for
extreme disadvantage index, and introduces GRA-TOPSIS
method to reduce the influence of small sample size and
extreme value effect on the basis of considering subjective and
objective factors. Using this model, this study evaluates the HSC
in the urban agglomerations in Northeast China from 1990 to
2019 and quantifies the temporal and spatial patterns of the
relevance and difference network structure based on the overall
characteristics, node characteristics, and community
characteristics. The main conclusions are as follows.

1) The HSC increased from 35.12 in 1990 to 52.15 in 2015 and
showed a downward trend from 2015 to 2019, with an average
value of 47.82 in 2019. The HSC of cities in the Eastern
Heilongjiang Urban Agglomeration grew slowly, the
difference in HSC among cities was small, and the
polarization effect between Harbin-Daqing-Qiqihar Urban
Agglomeration and Central Jilin Urban Agglomeration was
evident. Liaoning Coastal Urban Agglomeration and Central
Liaoning Urban Agglomeration gradually developed into HSC
hot spots, and the coordinated development ability of human
settlements in urban agglomerations was satisfactory.

2) The relevance coefficient within urban agglomerations was
higher than that between urban agglomerations. The density
of the HSC relevance network showed an upward trend,
reflecting that the relevance of the urban human
settlements in northeastern cities was getting closer, and
the network density was the highest in 2015 (0.569).
Central Jilin Urban Agglomeration and Harbin-Daqing-
Qiqihar Urban Agglomeration had significant intermediary
capabilities, with betweenness centrality values of 21.23 and
22.49, respectively. Community detection showed that the
association between HSC exists are obviously bounded by the
borders of provinces or urban agglomerations

3) The difference coefficient within urban agglomerations was
lower than that between urban agglomerations. The difference
in network density showed a wavy downward trend. The
lowest network density value of 0.441 was achieved in 2015
with the highest average value of HSC, reflecting the
uncoordinated development of HSC in urban
agglomerations. Central Jilin Urban Agglomeration and
Central Liaoning Urban Agglomeration had significant
intermediary ability with betweenness centrality values of
14.74 and 13.13, respectively. Community detection showed
two main communities in the urban agglomerations: high-
competitiveness and low-competitiveness communities.

This study believes that the Northeast urban
agglomeration has not yet formed an effective HSC
development path of co-opetition. In order to promote the
sustainable development of the human settlement
environment of the Northeast urban agglomerations, a
coordination mechanism and a benefit distribution
guarantee mechanism should be established among urban
agglomerations to curb local protectionism, break down
institutional barriers and promote regional dislocation
development. Urban development gradient levels should be
established within urban agglomerations to narrow the gap
between HSCs within urban agglomerations, and at the same
time, innovation and development should be taken as the core
to promote industrial transformation and upgrading.
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