
Research Article
Exploring Coupling Relationship between Urban Connection and
High-quality Development Using the Case of Lanzhou-Xining
Urban Agglomeration

Junfeng Yin ,1 Haimeng Liu ,2 Peiji Shi,1 and Weiping Zhang1

1College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China
2Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China

Correspondence should be addressed to Haimeng Liu; liuhm@igsnrr.ac.cn

Received 27 August 2021; Revised 12 October 2021; Accepted 21 October 2021; Published 3 November 2021

Academic Editor: Ning Cai

Copyright © 2021 Junfeng Yin et al. (is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Based on socioeconomic statistical data, transport data, and network big data, the urban connection index (UCI) was constructed
in terms of industry, transportation, information, and innovation, and the high-quality development index (HDI) was established
from five aspects: innovation, coordination, green development, openness, and sharing. Taking Lanzhou-Xining urban ag-
glomeration as a case, the urban connection intensity and high-quality development level were measured to analyze the re-
lationship between them. From 2012 to 2018, the UCI and HDI of each city showed different degrees of growth. Note that there
exist significant regional differences, with Lanzhou and Xining having the largest difference. (e biggest gap among cities lies in
the innovative connection intensity. Moreover, urban external connections are closely related to high-quality development,
especially innovation and green development. For every 1% increase in industrial and transport connection, the HDI will increase
by 0.317% and 0.159%, respectively. (is study provides a methodological reference for measuring urban connectivity and
provides decision support for high-quality development in China and other countries.

1. Introduction

An urban system is characterized by openness, nonlinearity,
diversity, fluctuation, and self-organization [1, 2]. (e
openness is directly revealed by the continuous exchange of
matter, energy, and information between different cities.
(is external connection allows the urban system to con-
stantly replenish energy, which is one of the main driving
forces to keep its vitality and orderliness [3, 4]. In urban
agglomerations, cities are particularly interconnected [5],
and the closeness between cities is an important indicator in
reflecting the development degree of urban agglomerations.
In 2017, China proposed the concept of high-quality de-
velopment, aiming to transform from seeking “growth” to
seeking “better growth” with general improvement in so-
cioeconomic development. High-quality development will
be the theme of China’s socioeconomic development in the
14th Five-Year Plan (2021–2025) and beyond. Following the

high-quality development path means staying committed to
the people-oriented approach and the concept of innovative,
coordinated, green, open, and shared development [6].
Currently, urban agglomerations in China comprise 75% of
the population and 80% of the gross domestic product
(GDP), being major spatial carriers of socioeconomic de-
velopment [7]. (erefore, it is necessary to explore the re-
lationship between urban connection intensity and high-
quality development level in typical urban agglomerations
for regional sustainable development [8, 9].

How to measure urban connection intensity and high-
quality development level? What is the relationship between
these two systems? Existing studies have mainly focused on
the quantitative measurement of urban networks and
connections. Different sources of flows were used to reflect
the functional linkages of cities, such as migration [10],
transport [11, 12], trade [13], and information [14]. (e
POLYNETproject measured the degree of cohesion of urban
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agglomerations in Europe by analyzing daily commuting
flows [15]. (e intensity, direction, network pattern, and
hierarchical structure of the connections between cities have
been discussed [16–19].(e measurement methods of urban
connection intensity mainly include the gravity model
[20, 21], urban flow intensity model [22], regional accessi-
bility [23], and social network analysis [24, 25]. However,
most studies focused only on one dimension of urban
connections, lacking comprehensive analysis. In addition,
the concept of high-quality development proposed by the
Chinese government has only gained attention recently.
High-quality development in the new era is expected to
coordinate the relationship between speed and quality of
development [26]. (at is, total factor productivity needs to
be increased and old growth drivers should be replaced [27].
Long et al. evaluated the high-quality development of the
Yellow River basin from five aspects of society, economy,
resources, ecology, and culture [28]. Although the influence
of foreign direct investment characteristics on China’s high-
quality economic development has been studied [29], there
is no consensus on the understanding and measurement of
urban high-quality development.

Considering the shortcomings of current research, the
urban connection index (UCI) and high-quality develop-
ment index (HDI) were constructed based on the complexity
theory. Taking Lanzhou-Xining urban agglomeration as a
case, the connection intensity and high-quality development
level of each city from 2012 to 2018 were evaluated. (en, we
explained quantitatively and qualitatively the coupling and
coordination relationship between UCI and HDI. Finally,
the popularization significance and policy implications were
discussed. (is study provides a methodological reference
for measuring urban connectivity and provides decision
support for high-quality development in China and other
countries.

2. Theoretical Basis

A city is a complex system like an organism, and its inflow
and outflow of matter, energy, and information are metab-
olisms [30–32]. Complexity science believes that the openness
of a system and the fluidity of internal system elements are the
driving forces for the vitality and continuous evolution of all
complex systems on the Earth: a basic law of nature [33].
Similarly, as an open complex organic regional system, the
city also obeys this law. (ere is an uninterrupted material,
people, energy, and information flow within a city or between
different cities [34]. (e various “flows” between cities are
driven by active and passive forces, forming intricate network
connections between cities. (e key to assessing a city’s
metabolic vitality is to quantify the intensity of these flows.
(e stronger the interaction between cities is, the higher the
socioeconomic output of the cities is [35]. Especially, in the
Information Age characterized by a new network society and
informational cities, this interaction is becoming more sig-
nificant for urban development [36].

A two-way positive and negative feedback effect occurs
between UCI and HDI (Figure 1). (e strengthened external
connections of the urban system promote and support the

high-quality development of a city. (e urban high-quality
development will in turn promote the openness of the city.
At the city scale, the higher the openness of a city system is,
the higher the mobility of various elements within the city is
and the higher the livability and sustainability of the city are
[37]. At the urban agglomeration scale, the higher the
connections between cities in terms of industry, transport,
information, and innovation are, the stronger the vitality
and competitiveness of the urban agglomeration and the
cities within it are and the greater the high-quality devel-
opment of the region will be. (us, we believe cities’ external
connections may be related to their high-quality develop-
ment. Quantitative verification will be performed below.

3. Methodology and Data

3.1. Study Area. (e Lanzhou-Xining urban agglomeration
is one of the 19 important urban agglomerations proposed in
the 13th Five-Year Plan of China (2016–2020). It is a typical
urban agglomeration in the initial development stage in
central and western China, and the Chinese government
aims to build a growth pole to support the regional devel-
opment. Located at the intersection of three natural regions
in China, the eastern monsoon region, arid, and semiarid
region, Qinghai-Tibet Plateau is an important transportation
hub and economic channel connecting the central and
western China with eastern China with numerous trunk
railways and national highways (Figure 2). It covers an area
of 9.75×104 km2. (e total population was 11.94 million,
and the urbanization rate was 49.79% by 2019. (e GDP in
2019 was about 577.18 billion yuan, accounting for 49.40% of
the sum of Gansu and Qinghai province.

3.2. Urban Connection Intensity Measurement. (e flow of
people, matter, and energy is mainly realized through in-
dustrial and traffic links between cities and the flow of in-
formation through the Internet, telecommunication
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Figure 1: Relationship between urban connection and high-quality
development.
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networks, and other channels [38, 39]. Each city is one node
in a complex network formed by various “flows” between
cities [40]. (erefore, we chose four dimensions of industry,
transportation, information, and innovation to compre-
hensively measure the external connection intensity of a city.

3.2.1. Industrial Connection Intensity. It is calculated based
on the industrial influence coefficient and induction coef-
ficient [41]. Influence coefficient refers to the amount of
output that needs to be increased by other industrial sectors
after one unit of the final product is added [42]. (e formula
is as follows:

Ttj �


n
i�1 bij

(1/n) 
n
i�1 

n
j�1 bij

, i, j � 1, 2, 3, . . . , n, (1)

where Ttj represents the influence coefficient of j industrial
sector, bij is the coefficient of the ith row and jth column in
the Leontief inverse matrix, and n is the number of in-
dustries: 

n
i�1 bij is the sum of the jth column of the matrix

and is the average of the sum of the columns of the matrix.
Induction coefficient refers to the amount of output

required by a certain sector to meet the production demand
of all sectors after each sector in the region adds one unit of
the final product [43]. (e formula is as follows:

Sti �


n
j�1 bij

(1/n) 
n
i�1 

n
j�1 bij

, i, j � 1, 2, 3, . . . , n, (2)

where Sti represents the induction coefficient of the sector i
affected by other industrial sectors. 

n
j�1 bij is the sum of the

ith row of the matrix.
Drawing on previous studies [44, 45], we established

industrial connection intensity based on “spatial connec-
tion” and “influence.” (e industrial connection intensity is
expressed by actual connection, which is related to the in-
dustrial scale. (e formula is as follows:

Cik � 

18

i�1
StiTtiSciam, (3)

Cik1−k2 �

�������
Cik1Cik2



Dk1−k2
, (4)

Ep−IC � 
m

i�1
Cik1−k2, (5)

where Cik represents the industrial connection intensity of n
industries of city k and its value can reflect the external
radiation capacity of the city’s industrial development, Sci
represents the scale of employment in each industry, am
represents the weight of each industry i obtained by the
analytic hierarchy process (AHP), Cik1-k2 indicates the in-
tensity of industrial connections between cities k1 and k2,
Dk1-k2 indicates the distance between two cities, calculated
using the shortest expressway operating mileage between
two cities, Ep−IC indicates the total intensity of industrial
connections in city p, and m is the number of cities in the
urban agglomeration.

3.2.2. Transportation Connection Intensity. (e intensity of
intercity transportation connection determines the con-
nection degree of people, matter, and other flows [46].
Considering the density of train connections in Lanzhou-
Xining urban agglomeration is low and many cities still rely
on low-grade highways, the number of passenger buses
running between cities is added into the model. (e formula
is as follows:

Tpq � aGpq + bDpq + cKpq + dBpq, (6)

Epq �
Tpq + Tqp

2
, (7)
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Figure 2: Lanzhou-Xining urban agglomeration.
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Ep−TC � 
m

q�1
Epq, (8)

where Gpq, Dpq, Kpq, and Bpq, respectively, indicate the daily
number of G-series high-speed railway, D-series high-speed
railway, ordinary railway, and passenger buses from city p to
city q. a, b, c, and d represent the coefficients of G-series high-
speed railway, D-series high-speed railway, ordinary railway,
and passenger buses. To scientifically quantify the connection
intensity of different vehicles, the weight according to the
speed of various vehicles was calculated. Taking the speed of
G-series high-speed rail (speed of 300 km/h) as the bench-
mark, a is taken as 1, correspondingly b is 250/300� 5/6, c is
120/300� 2/5, and d is 80/300� 4/15. Tpq represents the
transportation connection intensity from city p to city q; Epq
represents the average value of transportation connection
between city p and city q; Ep-TC represents the total intensity of
transportation connections in city p.

3.2.3. Information Connection Intensity. Using Baidu search
index [47], we collected the number of searches for each other
between the two cities from 2012 to 2018 in Lanzhou-Xining
urban agglomeration. (e spatial matrix of the Baidu search
index for two cities was constructed, and then, the total
amount of information connections is calculated by [48]

Ep−NC � 
m

q�1
Pq × Qp, (9)

where Pq represents the number of searches of city p to city q,
Qp represents the number of searches of city q to city p, and
Ep-NC indicates the information connection intensity of city p.

3.2.4. Innovative Connection Intensity. Using the Web of
Science database, we adopted centrality to reflect the posi-
tion of cities in the knowledge innovation network of the
urban agglomeration [49]. We searched for the co-authored
published papers between cities in the database during the
research period. (e formula is as follows:

Ep−INC � 
m

q�1
Citypairqp, (10)

where Citypairqp represents the number of co-published
papers between city p and city q and Ep-INC represents the
innovative connection intensity of city p.

3.2.5. UCI. We constructed the UCI based on the four
indexes of Ep-IC, Ep-TC, Ep-NC, and Ep-INC. Using AHP [50],
the weight of industry, transportation, information, and
innovation are set as 0.283, 0.266, 0.234, and 0.217, re-
spectively. (e formula of UCI is as follows:

Zp−UCI � 
4

s�1
EpsWs, (11)

where Zp-UCI represents the urban connection index of the
pth city, Eps represents the standardized value of the con-
nection intensity of the sth index of the pth city, and Ws
represents the weight of the sth index.

3.3. A Comprehensive Index System for High-Quality
Development. High-quality development is one of China’s
top priorities in the new era [51]. (e evaluation system of
urban high-quality development is based on China’s new
development concept, namely, “innovation, coordination,
green, openness, and sharing,” the core of which is to
balance the speed and quality of development [52]. Drawing
on previous studies [28], combined with data availability and
representativeness, we constructed the comprehensive index
system. (e index weight was determined by expert con-
sultation [53] and the entropy method [54], and then, the
average of the two was calculated as the comprehensive
weight (Table 1).

(e HDI is calculated as follows:

H DI � 
m

j�1
WjYij, (12)

where Yij represents the standardized processing value of the
jth index in the ith city, Wj represents the weight of the jth
index, and m is the number of indexes.

3.4. Coupling Degree and Coordination Degree. (e concept
of “coupling” refers to the interaction and mutual influence
of two or more systems [34]. We used the coupling degree
and coordination degree to explore the possible relationship
between UCI and HDI. (e formula is as follows:

C �

���������
u1 × u2

u1 + u2( 
2



, (13)

where C represents the coupling degree, u1 represents the
UCI, and u2 is the HDI. (e formula of coordination degree
is as follows:

D �
�����
C × T

√
, (14)

T � αu1 + βu2, (15)

where D represents the coordination degree, T represents
the comprehensive evaluation index of the two systems, and
α and β represent the undetermined coefficient (we assumed
that the two systems are equally important; both α and β
were assigned 1/2). Referring to previous research [55], the
coupling degree and coordination degree were classified, as
listed in Table 2.

3.5. Data Sources. (e socioeconomic data were derived
from (e Statistical Yearbook of Chinese Cities, Statistical
Yearbook of Gansu and Qinghai Province, Industry Clas-
sification of National Economy (GB/T 4754-2017), and
statistical yearbook of each city. (e railway traffic data were
obtained from the Ministry of Transport (https://www.mot.
gov.cn/), the National Railway Administration (http://www.
nra.gov.cn/), and the website of China Railway 12306
(https://www.12306.cn). Highway traffic operation data were
obtained from (e Atlas of China’s Expressways and Urban
and Rural Roads and the official websites (http://jtys.gansu.
gov.cn/ and http://jtyst.qinghai.gov.cn/). Passenger
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frequencies were obtained from Qunar (https://www.qunar.
com/) and Ctrip (https://www.ctrip.com/). Data related to
Baidu Search Index were from its official website (http://
index.baidu.com). (e number of co-published papers was
determined from the Web of Science database. PM2.5
concentration data were obtained from the Dalhousie
University Atmospheric Composition Analysis Group.

4. Results

4.1. UCI of Lanzhou-Xining Urban Agglomeration

4.1.1. Industrial Connection Intensity. (e intensity of in-
dustrial connections among cities in Lanzhou-Xining urban
agglomeration has been rising, from an average of 226.08 in
2012 to 502.65 in 2018 (Figure 3(a)). (e intensity of in-
dustrial connections among cities in the region varied
greatly. Cities in the eastern part of the urban agglomeration
(Lanzhou, Baiyin, Dingxi, and Linxia) were more closely
connected with the external industry than cities in the
western part (Xining, Haidong, Hainan, Haibei, and

Huangnan).(e industrial connection intensities in Hainan,
Haibei, and Huangnan were all below 200. During the study
period, Lanzhou was the strongest and Hainan the weakest
of the urban agglomeration in industrial connection in-
tensity, and the gap between the two widens year by year.

4.1.2. Transportation Connection Intensity. Lanzhou has
always had the largest total transportation connections in the
urban agglomeration, which increased from 54.27 in 2012 to
132.20 in 2018 (Figure 3(b)). Lanzhou, Xining, and Dingxi
are important transportation hubs, and the intensity of
transportation connections between the three cities has
always been at the top. However, the transportation con-
nection of Huangnan and Haibei is relatively weak, and the
growth is slow. In the urban agglomeration, only Lanzhou
and Dingxi have G-series high-speed trains, and Lanzhou,
Xining, and Dingxi have D-series high-speed trains. Gen-
erally, cities located along the main railway lines have the
closest transportation connections. (e peripheral cities are
weakly connected with the core cities.

Table 1: Evaluation system of urban high-quality development.

Goal layer Criterion layer Weight Indexes Index
mark

Index
attributes

Comprehensive
weight

Urban high-quality
development index system

Innovation
development 0.2

Number of patent applications per
10,000 people A1 + 0.072

R&D internal expenditure as a
percentage of GDP A2 + 0.059

R&D personnel per 10,000 people A3 + 0.069

Coordination
development 0.2

Urban-rural income ratio B1 − 0.058
GDP per capita B2 + 0.063

(e proportion of urban
population in total population B3 + 0.079

Green development 0.2

PM2.5 concentration C1 − 0.069
Green coverage rate in built-up

area C2 + 0.072

Energy consumption per unit of
GDP C3 − 0.059

Openness
development 0.2

(e proportion of total import and
export in GDP D1 + 0.070

Actual foreign investment as a
proportion of GDP D2 + 0.068

Number of internet broadband
access users per 10,000 people D3 + 0.062

Sharing
development 0.2

Number of beds in health
institutions per 10,000 people E1 + 0.062

Public library collections per
10,000 people E2 + 0.065

Road area per capita E3 + 0.073

Table 2: (e classification of coupling degree and coordination degree.

Coupling Coupling phase Coordination Coordination level
0.0<C≤ 0.3 Low coupling stage 0.00≤D< 0.19 Severe imbalance
0.3<C≤ 0.5 Antagonism stage 0.20≤D< 0.39 Mild disorder
0.5<C≤ 0.8 Run-in stage 0.40≤D< 0.59 General coordination
0.8<C≤ 1.0 Highly coupling stage 0.60≤D< 0.89 Well coordination

0.80≤D< 1.00 Advanced coordination

Complexity 5

https://www.qunar.com/
https://www.qunar.com/
https://www.ctrip.com/
http://index.baidu.com/
http://index.baidu.com/


4.1.3. Information Connection Intensity. From 2012 to 2018,
the information connection intensity of all cities in Lanz-
hou-Xining Urban agglomeration showed an increasing
trend, but the rate of increase differed (Figure 3(c)). (e
intensity of information connection for Lanzhou and Xining
has always been superior. (e information connection in-
tensity of Huangnan was the worst. Hainan’s information
links are growing at a rapid pace. Overall, the information
connection intensity in Gansu province was much higher
than that in Qinghai province.

4.1.4. Innovative Connection Intensity. (e innovative
connection intensity decreased from the core cities of the
urban agglomeration such as Lanzhou and Xining to the

surrounding cities, presenting a cliff-like decline; an obvious
dual-center spatial structure was established (Figure 3(d)).
Lanzhou and Xining have abundant higher education in-
stitutions and scientific research institutions, offering many
high-level innovation platforms, which are conducive to the
cities’ innovative connections. (e western region has poor
conditions for scientific research and innovation, leading to
the relatively low innovative connection intensity.

4.1.5. UCI. From 2012 to 2018, the UCI of each city in
Lanzhou-Xining urban agglomeration showed an increasing
trend, but the speed and amplitude of the rise differed. Cities
with the fastest increase in the UCI were Huangnan and
Hainan, with an average growth rate of over 6.60% and
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Figure 3: (e four dimensions of urban connection indexes in Lanzhou-Xining urban agglomeration. (a) Industrial connection,
(b) transportation connection, (c) information connection, and (d) innovative connection.
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1.21%, respectively (Figure 4). (e UCI of Lanzhou was 2.84
times that of the average of the urban agglomeration, in-
dicating that Lanzhou is closely connected with other cities
and plays a leading role in the urban agglomeration. Xining
had the second-highest UCI, and the UCI of Huangnan has
always been at the bottom. (e radiation and driving effects
of Lanzhou and Xining on the surrounding cities are be-
coming stronger. (e average UCI has been steadily in-
creasing, reflecting that the spatial connection within urban
agglomeration is getting closer.

4.2.=eHigh-QualityDevelopment of Lanzhou-XiningUrban
Agglomeration. (ere are obvious spatial differences in the
HDI and four dimensions of all cities in the Lanzhou-Xining
urban agglomeration (Figure 5). Lanzhou and Xining are
significantly better than other cities in all dimensions. (e
innovation index of Lanzhou was about 5 times the average
of the urban agglomeration. (e gap in the green devel-
opment index among cities was small, and Huangnan had
the lowest score. For the dimension of openness develop-
ment, the scores of Linxia, Hainan, Haibei, and Huangnan
scored were lower than 0.01, nearly five times lower than the
highest value.(e variation in the shared development index
was markedly different from that in other dimensions,
showing the spatial characteristics of “low in the middle and
high on both sides.”

At the time scale, the HDI of each city showed an
upward trend during the study period, but the growth rates
differed. Lanzhou has always been the first in terms of the
HDI, whereas Linxia and Haibei have always been at the
bottom. (e highest HDI value was 4.6 times higher than
the lowest HDI. (e largest gap was in innovation devel-
opment, and the smallest gap was seen in green develop-
ment and shared development. (e variation coefficient
(VC) of the HDI reflects the degree of imbalance in spatial
development in the urban agglomeration. Table 3 shows
that the imbalance reduced from 2012 to 2018, and the VC
decreased from 0.847 to 0.697. Overall, the HDI of the
eastern cities in the urban agglomeration was higher than
that of the western cities.

4.3. Coupling Relationship between UCI and HDI

4.3.1. Pearson Correlation Analysis. UCIs were significantly
correlated with most indexes of high-quality development,
especially innovation development and green development
(Table 4), indicating that the enhanced connection of cities is
likely to facilitate development. (e urban connection was
strongly correlated with the level of innovation development
and green development. (e three indexes of innovation
development were significantly related to the three sub-
systems of urban connection; the proportion of actual use of
foreign direct investment in GDP was only significantly
related to industrial and information connection; the urban
connection subsystem did not significantly correlate with the
urban-rural income ratio and the number of books in public
libraries per 10,000 people.

4.3.2. Panel Regression Analysis. Based on the panel data of
UCI and HDI, combined with the data structure and the
Hausman test results, we selected a random-effects regres-
sion model to test the relation between HDI and four UCIs.
As shown in Table 5, lnIC, lnTC, lnNC, and lnINC represent
the logarithmic form of industry, transportation, informa-
tion, and innovation, respectively. (e industrial and traffic
connection had a significant positive impact on the HDI,
while the information and innovative connection had no
significant impact.

(e elasticity coefficient between industrial connection
and HDI was 0.317, indicating that, for every 1% increase in
the degree of industrial connection of a city, its high-quality
development level increased by about 0.317%. (e elasticity
coefficient of a city’s external transportation connection and
HDI was 0.159, indicating that every 1% increase in a city’s
transportation connection increases its high-quality devel-
opment level by 0.159%. Increased transportation connec-
tions could accelerate the free flow of production factors
such as population, logistics, and information between cities
and increase in the openness and sharing of cities. (e
information connection and the innovation connection had
no significant impact on the HDI, but the force was positive,
indicating that an enhancement of the information and
innovative connection may improve the urban high-quality
development level to a certain extent.

4.3.3. Coupling Degree and Coordination Degree. (e cou-
pling degree of all cities showed an upward trend during
2012–2018 (Figure 6), but the magnitude of increase varied
greatly. (e coupling degree of Huangnan increased rapidly,
from 0.071 in 2012 to 0.346 in 2018, but it was still at the
bottom. (e coupling degree of other cities varied less, with
values in the range of 0.37–0.49, and maintained the same
coupling stage during the study period. (e coordination
degree of Huangnan, Haibei, and Hainan was below 0.2,
which represents a serious imbalance state; Lanzhou and
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Figure 4: Urban connection index in Lanzhou-Xining urban
agglomeration.
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Figure 5: Spatial differentiation of the high-quality development level in Lanzhou-Xining urban agglomeration.
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Xining had a higher coordination degree. Baiyin, Dingxi,
Linxia, and Haidong were in a state of mild disorder.

From 2012 to 2018, the degree of coupling and co-
ordination between UCI and HDI of cities both increased;
the values were [0.38, 0.44] and [0.24, 0.30], respectively,
indicating that there is an antagonistic stage and a mild
disorder between the external connection and urban
high-quality development. (e degree of coupling and
coordination both increased, indicating that the degree of
interaction and mutual influence between the two has
deepened. In 2012, the general coordination areas in-
cluded Lanzhou and Xining, while the severely imbal-
anced cities included Huangnan, Haibei, Hainan, and
Linxia, and the mildly disordered cities included Baiyin,
Dingxi, and Haidong. In 2018, only Huangnan and Haibei
remained as the severely imbalanced cities, and the
number of mildly disordered areas increased. (e co-
ordination degree between UCI and HDI of Lanzhou and
Xining has always been high.

5. Discussion

5.1. Research Implications. (e concept of high-quality de-
velopment put forward by the Chinese government is
consistent with the UN’s 2030 Sustainable Development
Goals (SDGs), representing the concrete implementation
way of the SDGs in China [56]. It emphasizes both the speed
and the quality of development, regards the people-oriented
concept, and balances efficiency and equity. (e evaluation
system of urban high-quality development proposed in this

paper may be a reference for studying other countries or
regions.

Most previous studies have focused on urban connec-
tions or urban networks only considering individual aspects,
such as knowledge collaboration [49, 57], traffic flow
[46, 58], and network connection [59]. (e UCI established
in this study synthesized these dimensions. Considering the
actual situation of the case, related methods have been
improved. For example, we added the number of passenger
buses in the transportation connectionmodel to improve the
accuracy; when constructing the information connection
model, network big data were used to reflect the intensity of
information flow between cities. (is study provides a
methodological reference for future research.

Table 3: (e high-quality development index of cities, 2012–2018.

Year Lanzhou Baiyin Dingxi Linxia Xining Haidong Hainan Haibei Huangnan Coefficient of variation
2012 0.284 0.160 0.050 0.038 0.149 0.067 0.055 0.042 0.043 0.847
2015 0.289 0.175 0.050 0.047 0.179 0.069 0.064 0.052 0.059 0.781
2018 0.318 0.197 0.085 0.057 0.185 0.080 0.086 0.059 0.075 0.697

Table 4: Correlation test between UCI and HDI in Lanzhou-Xining urban agglomeration.

A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3

Industrial
connection

Transportation
connection

Information
connection

Innovative
connection

U
rb

an
 co

nn
ec

tio
n

Indexes

High-quality development

 Sharing developmentInnovation development Coordination development Green development Openness development

Notes: red color indicates significance at 1% level; green color indicates significance at 5% level; gray color indicates not significant.

Table 5: Regression results of HDI and four UCIs.

Variable Coefficient estimates
lnIC 0.317∗ (0.172)
lnTC 0.159∗∗ (0.072)
lnNC 0.013 (0.021)
lnINC 0.023 (0.017)
Constant −4.989∗∗∗ (1.072)
R-squared 0.876
City FE Yes
Year FE No
Number of observations 27
Note: ∗∗∗, ∗∗, and ∗ indicate significant correlation at 1%, 5%, and 10%
confidence level. (e numbers in parentheses indicate the standard error.
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5.2. Policy Implications. (is study proved that the cities’
external connections have positive effects on urban develop-
ment by quantitative analysis, providing a decision-making
reference for other regions or countries. (e multicenter and
network of urban agglomerations help to achieve balanced and
high-quality regional development. For industrial connections,
it is important to further clarify the industrial function posi-
tioning of different cities so as to promote functional com-
plementarity. Cities should develop in complementarity,
barriers to the flow of elements should be broken, and an
industrial chain cycle should be formed. For transportation
connections, the traffic lines between major cities and key
towns should be strengthened; the integrated ticket connection
between different modes of transportation and the one-card
interoperability should be promoted. For information con-
nection, many measures can effectively promote network
connections between cities such as improving the layout of
high-speed information networks, accelerating the construc-
tion of 5G networks, and promoting the integration of
e-government platforms. For innovative connection, cities
should improve the market mechanism to transform scientific
and technological achievements and promote the in-depth
integration of production, education, and research of inno-
vation subjects.

5.3. Research Shortcoming and Prospects. (e present study
only considered four dimensions of industry, transportation,
information, and innovation in the urban connection. In the
future, it is necessary to improve the evaluation index system
and supplement the city’s connection in the dimensions of
politics and culture. Whether the relationship between UCI
and HDI demonstrated in Lanzhou-Xining urban

agglomeration is a universal need to be tested by further
using other regions as examples. (e interaction mechanism
and quantitative relationship between urban connections
and high-quality development need to be further explored
by applying complexity science.

6. Conclusions

(is study contributes to the scientific community in two
points. (e UCI and HDI were constructed from multiple
dimensions based on big data and statistical data, and the
coupling relationship between UCI and HDI was deter-
mined. (e main findings are as follows.

From 2012 to 2018, the UCI of each city in Lanzhou-
Xining urban agglomeration showed different degrees of
growth. (e fastest growing cities were Huangnan and
Haibei. Lanzhou and Xining had the highest connection
intensity in all dimensions. Urban high-quality development
can be measured through five dimensions: innovation, co-
ordination, green development, openness, and sharing. (e
overall high-quality development level of each city was on
the rise, but there were regional differences. Lanzhou and
Xining had the highest level of HDI, but the other cities were
far behind. (e biggest gap was in the innovation devel-
opment level, and the gap in green and sharing development
was small.

UCIs are significantly correlated with most indexes of
high-quality development, especially innovative and green
development. (is means that the enhancement of the ex-
ternal connections and openness of an urban system is likely
to facilitate high-quality development. Analysis of our case
shows that, for every 1% increase in industrial and trans-
portation connection, the urban high-quality development
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Figure 6: (e degree of coupling and coordination between UCI and HDI in Lanzhou-Xining urban agglomeration. (a) Coupling degree
and (b) coordination degree.
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level will increase by 0.317% and 0.159%, while the influence
of information and innovative connection is not significant.
(ere is an antagonistic relation and amild disorder between
the UCI and HDI of the cities, but the trend is improving.
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