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New momentum for data,
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technology, and high-quality
urban development in the yellow
river basin

Hao Jin* and Nan Yang
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The “Great Protection, Great Governance” strategy requires efficient
environmental protection in the Yellow River Basin (YRB), enhancement of
transformation between the old and new momentums, and high-quality
development (HQD) of the region. This research explores the impact of the
new momentum for data and government investment in technology on the
HQD level of 62 cities in the YRB. The data used in this paper are collected from
2008 to 2020. We construct the index system and apply the analytic hierarchy
process and entropy value method to calculate the HQD level of 62 cities in the
YRB. We also construct the spatial Durbin model to investigate the influence
mechanism of the above factors on the HQD of cities in the YRB and their
effects from the perspectives of the new momentum for data and government
investment in science and technology. According to the research results, the
level of high-quality urban development of the YRB exhibits a stable increase in
time series and an overall spatial distribution pattern of “higher in the east-west
and lower in the middle” and “higher in the south and lower in the north”. The
new momentum for data and government investment in technology
significantly contribute to the HQD of cities in the YRB, with significant
spatial spillover effects. The new momentum for data and government
investment in technology have a positive impact on the HQD of a city and
the neighboring cities. Meanwhile, the level of human capital, government
intervention, scientific and technological (S&T) innovation, and openness
contribute significantly to high-quality urban development. The government
and policymakers should focus on the prominent role of new momentum for
data and government investment in technology and design long-term feasible
strategies to improve the high-quality urban development in a new stage.
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1 Introduction

Xi (2019) General Secretary of the Chinese Communist
Party, pointed out that “Protection is also important when it
comes to the governance of the Yellow River”. In January 2020,
General Secretary Xi Jinping re-emphasized at the sixth meeting
of the Central Financial and Economic Affairs Commission that
great protection and governance should be carried out in the YRB
and that HQD should be promoted in the central cities and
megalopolises in the YRB. To achieve this goal, we must rely on
innovation-driven organic growth, that is, to generate new
development momentum with S&T innovation. Under the
guidance of improving the transformation between the old
and new momentums, the Fourth Plenary Session of the 19th
Central Committee of CPC included data into the category of
factors of production and clarified the importance of data for
high-quality urban development. In the meantime, governments
in the YRB continue their in-depth implementation of the
their
investments in science and technology, and promote high-

innovation-driven  development strategy, increase
quality urban development and industrial transformation and
upgrading. However, the governments fell short of innovation
investment and efficiency. The 14th “Five-Year Plan” is a crucial
stage to promote the ecological protection and HQD of the YRB,
and it is both a theoretical and practical problem to be solved to
highlight the important roles of the new momentum for data and
government investment in technology for the high-quality urban
development of the YRB. Therefore, accurately measuring the
level of high-quality urban development and exploring the
data

investment in technology on high-quality urban development

impact of new momentum for and government
can provide not only a reference for the government and
policymakers but also an important theoretical basis for the
HQD of the YRB during the 14th Five Year Plan period. The
existing studies are reviewed from three aspects: measurements
of HQD and influencing factors, the relationship between new
momentum for data and HQD, and the relationship between
government investment in technology and HQD.

Accurately measuring the level of HQD and exploring the key
factors affecting HQD have become the key to HQD research,
and many scholars have conducted in-depth studies. Li et al.
(2019) first analyze the statistical connotation of HQD and then
construct an evaluation index system for HQD based on the
social conflict between “people’s demands for a better life” and
“the unbalanced and incomplete development”. Chen J. H. et al.
(2020) construct a composite assessment indicator system for
economic quality development based on five dimensions:
innovation, harmonization, green, openness, and cooperation.
Chen et al. (2022) and Yang and Zhang (2021) also construct an
evaluation index system for high-quality economic development
based on the “five development concepts” and conduct related
research. Qu and Liu (2021) study the influence of environmental
decentralization on high-quality economic development based
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on the evaluation index system for HQD they construct. Sun et al.
(2022) explore the impact of industrial structure upgrading and
environmental stewardship of HQD. Sarfraz et al. (2021) believe
that the reduction of carbon emissions contributes to sustainable
development. Zheng and Du (2020) study the effect of how
human capital promotes the development of megalopolises. On
this basis, the academic community explores the relationship
between the new momentum for data and HQD and produces
representative results: Jones and Tonetti (2020) explore how
different models of data ownership affect economic growth
rates; Grigorescu et al. (2021) argue that the digital economy
will ultimately increase demographic well-being; Khan et al.
(2022b) believe that Industry 4.0 technologies enhance circular
economy practices in the current age of digitization. Many
Chinese scholars are more inclined to theoretical research
from a macroscopic perspective, and a few scholars have
begun to argue for the realization of data through empirical
analyses. Yu and Zhou (2021) explore the influence mechanism
of the digital economy on the economic HQD in Henan Province
in the context of “dual circulation”. Cao (2018) argues that the
convergence of the digital economy and industry blazes a new
path for high-quality economic development. Ding (2020)
establishes a theoretical and analytical framework for high-
quality economic development, which is driven by the digital
economy. Zhang et al. (2021) explore the transmission
mechanism and impact effects of the digital economy on the
HQD of the Chinese economy. Li (2019) analyzes the theoretical
mechanism of big data to promote HQD from a “macro-meso-
micro” perspective.

At the same time, many scholars research the role of
government investment in technology in high-quality urban
development. Related research mainly provides two views on
the relationship between government investment in technology
and HQD. One is that government investment in technology can
promote high-quality economic development. Ram (1986) and
Aghion (2004) argue that a larger scale of government
investment in science and technology may be a powerful
driver of economic development. Niu et al. (2020) study the
promotion effect of R&D investment on the HQD of
megalopolises. Liu and Xia (2018) conclude that increasing
R&D investment can promote stable economic growth. Boeing
et al. (2022) argue that R&D subsidies not only affect business
innovation but also promote economic growth and industrial
structure upgrading.

The other view is that government investment in technology
has a negative effect on economic development. Landau (1985)
suggests that higher government expenditure may slacken
growth. Roy (2009) the effect of
government scale on economic growth in the United States

economic explores
and concludes that government spending has a notable
reverse effect on economic growth.

The research results on HQD at home and abroad are fruitful
and provide important guidance for this study, but there are still
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shortcomings in the existing research. Firstly, most of the
academic research on high-quality urban development in the
YRB is done at the provincial level, and fewer scholars have done
such research on a specific city. Secondly, the current research
doesn’t talk much about the spatial spillover effects of HQD of
cities in the YRB. Thirdly, the index system of measuring the level
of HQD of cities in the YRB is not uniform, which makes the
empirical research less scientific. Hence, we plan to include the
new momentum for data and government investment in
technology in the study of the HQD of cities in the YRB, on
which basis we identify critical elements influencing the HQD of
cities in the YRB and explore new ways for HQD. This study aims
to measure the level of HDQ in cities of YRB and explore the
impact of new momentum for data and government investment
in technology on the HQD level of 62 cities in the YRB. The
potential marginal contributions of this paper are as follows: 1)
constructing an index system to measure the level of HQD of the
YRB from five dimensions—innovation, coordination, green,
the
connotation of HQD; 2) constructing the spatial Durbin

openness, and sharing—will enrich and improve
model and conducting empirical analyses on the impact of the
new momentum for data and government investment in
technology on the level of HQD of cities in the YRB is
conducive to the study of regional economic integration; 3)
the research results will provide a reference for governments
to formulate policies and optimize paths for HQD in the YRB in a

new stage.

2 Mechanistic analysis and research
hypothesis

2.1 The interrelationship between the new
momentum for data and high-quality
urban development

General Secretary Xi Jinping has pointed out that “in the era
of Internet economy, data is a new factor of production, a
fundamental and strategic resource, and an important
productivity”. The Fourth Plenary Session of the 19th Central
Committee of CPC set out the requirement of “improving the
mechanism of evaluating the contribution of labor, capital, land,
knowledge, technology, management, data and other factors of
production by the market and determining the remuneration
according to the contribution”. As data is taken as a new
momentum to drive high-quality urban development in the
new period, local governments have also made it an
important task to use the new momentum for data to
promote HQD. In essence, data, as a new key factor in the
new wave of technological revolution and industrial change,
plays an active and positive role in promoting efficiency,
supporting growth, and meeting demand in the process of

high-quality urban development. For innovation development,

Frontiers in Environmental Science

03

10.3389/fenvs.2022.969454

the new momentum for data is reflected in the new quality
industry formed by big data as a new factor, as well as the
innovation of related industries and the upgrading of traditional
industries attained through industrial association. On the other
hand, the new momentum for data promotes cyclical
technological innovation and urban innovation by way of
increasing productivity (Griffith et al, 2004; Tranos et al,
2021). For coordinated development, the new momentum for
data plays a crucial role in using valuable information carried by
data to improve the synergy between labor, capital, and other
factors, which is the most typical mechanism of action for data to
improve operational efficiency at a micro-level. By reducing
market failures arising from information asymmetry, the new
momentum for data can improve the overall operational
efficiency of the market, reduce financing costs in the
high-quality
development (Cai and Ma, 2021). For green development,

financial market, and  promote urban
data is a non-polluting and renewable means of production,
and innovation in the use of data resources can effectively
eliminate excessive consumption of tangible resources, reduce
environmental pollution and ecological damage, help create a
green, low-carbon, and sustainable model for economic and
social development, and thus promote high-quality urban
development (Khan et al., 2022a; Khan et al, 2022c). For
openness development, the new momentum for data serves as
an essential part in promoting openness and sharing of data in
governments, as well as standardizing social data collection. For
sharing development, the new momentum for data creates more
opportunities for disadvantaged groups to participate in modern
economic activities and share the fruits of development, thus
contributing to the balanced development of different regions
and people and achieving common prosperity. Fully exploiting
the knowledge sharing brought by data sharing, backward
regions and disadvantaged groups can bring their late-mover
advantages into full play without active participation in the
division of labor and cooperation.

In summary, this paper proposes research hypothesis 1: new
momentum for data promotes high-quality urban development.

2.2 Mechanisms of government
investment in technology on high-quality
urban development

The 18th National Congress of the CPC has clarified that “as
a strategic guarantee to enhance social productivity and
comprehensive national strength, sci-tech innovation must be
put at the central position of overall development of the country”.
The application of the innovation-driven development strategy
and the increase of government investment in technology are of
great importance to high-quality urban development. For
attach
importance to basic research, import high-level talents, and

innovation  development,  governments more
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develop high-tech industries to improve a city’s infrastructure
system for innovation development. At the same time,
governments grant subsidies to enterprises to enhance their
initiative in innovation and make full use of the positive
externalities of R&D activities to boost urban innovation
2003; 2011; Lin 2020).
coordinated  development, government investment in

(Duguet, Lee, and Luan, For
technology can promote industrial technology innovation,
which is a key factor in promoting coordinated industrial
development and upgrading and sustainably supporting high-
quality regional economic development. In the meantime, higher
government investment and subsidies in science and technology
can be conducive to collaborative innovation among enterprises,
promote cooperation between companies and public research
institutions, and facilitate coordinated urban development by
establishing high-tech zones and science and technology parks
(Engel et al, 2016; Ahn et al, 2020). For green development,
government subsidies for enterprise R&D can stimulate
enterprises’ independent research and development and
promote enterprises’ transformation and upgrading, which can
not only improve energy utilization efficiency and increase
industrial output but also effectively manage industrial “three
wastes” and boost green and high-quality urban development
(Bjorner and Jensen, 2002; Mohsin et al.,, 2022; Sarfraz et al.,
2022). For openness development, government investment in
technology can encourage cities to reform and open to the
world. It the

competitive advantages of cities in a new stage, strengthen the

outside can also continuously improve
opening of sci-tech innovation resources to neighboring cities,
help build a regional sci-tech innovation system, and further
improve the openness of the cities. In addition, government
subsidies for enterprise investment can attract foreign direct
investment and further improve the total factor productivity
and HQD of the cities (Tian, 2018; Spithoven and Merlevede,
2022). For sharing development, government investment in
technology can enhance the efficiency of technology-oriented
poverty alleviation and rural revitalization, close the rural-urban
gap, and promote sharing development in urban areas.

In summary, this paper proposes research hypothesis 2:
Government investment in technology promotes high-quality

urban development.

3 Measuring the level of high-quality
urban development in the YRB

3.1 Indicators, data, and methods

3.1.1 Construction of the indicator system
According to existing literature, the current research mainly
measures and evaluates HQD based on a comprehensive index
evaluation system (Yang et al., 2021). Specifically, some research
constructs evaluation index systems from the perspective of
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economic operation and social livelihood of cities (Chen and
Chen, 2009; Li et al., 2020; Yang and Zhang, 2021). Some
construct the systems based on the “Five Development
Concepts” (Chen et al, 2022; Gan et al., 2022). Since the
development quality of megalopolises is directly linked to
development concepts, the index systems based on the “Five
Development Concepts” have been widely recognized by
academics.

Therefore, according to the new development concepts and
previous studies, we believe that high-quality urban development
features innovation, coordination, green, openness, and sharing.
Specifically, innovation is the first driving force and important
support for the HQD of cities in the YRB, as well as a key factor in
the formation of a new development pattern (Yuan et al., 2021).
In this paper, we select indicators to measure innovation
of
investment.

development ~ comprehensively in  terms patent

achievements, senior talents, and innovation
Coordination is an endogenous feature of the HQD of cities
in the YRB (Chen J. H. et al., 2020). We also select indicators such
as coordination in rural and urban areas, industries, and people’s
livelihoods for comprehensively measuring the coordinated
development. Green is the vibrant color and necessary
condition for the HQD of cities in the YRB, and adhering to
the path of ecological priority and green development is an
indispensable demand for implementing the new development
concept and building a new development pattern in the new
stage. In this paper, indicators are selected from the perspectives
of energy consumption, pollution control, and people’s well-
being to measure green development comprehensively. In the
new development stage, cities must promote deep reform and
HQD with a high level of openness. In this paper, such indicators
as foreign trade, tourism freight, and foreign capital utilization
are selected to measure openness development. Sharing is an
inevitable requirement for the HQD of cities in the YRB. High-
quality urban development can improve residents’ quality of life
and benefit more people with the fruits of development (Li and
Zhang, 2011). In this paper, indicators such as income,
consumption, health, education, and leisure are selected to
measure shared development. The index system for measuring
the level of HQD of cities in the YRB consists of 41 indicators in
5 dimensions, as shown in Table 1.

3.1.2 Data description

The upper reaches of the YRB are from Heyuan to Guide,
including parts of Qinghai, Sichuan, Gansu, Ningxia, and Inner
Mongolia; the middle reaches are from Guide to Mengjin,
including parts of Inner Mongolia, Shaanxi, Shanxi, and parts
of Henan; the lower reaches are from Taohuayu of Zhengzhou to
the Bohai Sea, including parts of Henan and Shandong. To make
sure the measurement results of each city are complete, we divide
Inner Mongolia into the upper reaches and Henan into the lower
reaches. Since Sichuan Province has been included in the Yangtze
River Economic Belt and the eastern part of Inner Mongolia has

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.969454

Jin and Yang

TABLE 1 Index system for measuring the level of HQD of cities in the YRB.

Target layer

Bl1: Innovation
Development

High-quality urban
development A

B2: Coordinated
Development

B3: Green
Development

B4: Openness
Development

Frontiers in Environmental Science

Criterion layer

Index layer

X1: Patent ownership per 10,000 people (+)
X2: Number of university graduates (+)

X3: Percentage of people receiving higher
education (+)

X4: R & D researchers per 10,000 population (+)

X5: R&D investment (+)

X6: Percentage of employees in high technology
industries (+)

X7: Popularity rate of the Internet (+)

X8: Financial structure (+)

X9: Urban and rural structure

X10: Residents’ income growth elasticity (+)

X11: Comparative labor productivity in primary
industry (+)

X12: Comparative labor productivity in the
secondary industry (+)

X13: Comparative labor productivity in the tertiary
sector (+)

X14: Product sales rate of industrial enterprises (+)

X15: Social employment rate (+)

X16: Ratio of urban GDP per capita to national
GDP per capita (+)

X17: Coal consumption per capita (-)

X18: Electricity consumption per GDP (-)

X19: Environmentally sound treatment of domestic
refuse (+)

X20: Integrated industrial solid waste utilization
rate (+)

X21: Coverage rate of the green belt of constructed
areas (+)

X22: Urban green space per capita (+)

X23: Popularity rate of gas in cities (+)

X24: Industrial wastewater discharge per capita (-)
X25: Number of green invention patent

applications (+)

X26: Number of good air days (+)

X27: Foreign trade scale (+)

X28: Tourism revenue (+)

05

10.3389/fenvs.2022.969454

Indicator meaning or
calculation formula

Patent licensing for the year/Total population at the end of the
year (1)

Number of graduates from general institutions of higher learning in
the current year (1)

University students per 10,000 population (%)

Number of R & D workers in current year/Total population at year
end (%)

R&D internal funding expenditure/Regional GDP (%)

Number of employees in scientific research, information
transmission, computer services, and software industries/Total
number of employees (%)

Internet broadband subscribers/Total year-end population (%)

Year-end balance of loans from financial institutions/Regional
GDP (%)

Urban population/Total population (%)

The growth rate of disposable income per capita/Regional GDP
growth rate (—)

Sector labor productivity in the primary industry for the year (bo
Sector labor productivity in the secondary industry for the year (co
Sector labor productivity in the tertiary industry for the year (—)

Product sales rate of industrial enterprises above the scale in the
current year (%)

1- Urban registered unemployment rate in the current year (%)

Urban GDP per capita/National GDP per capita (%)

Energy consumption/Year-end total population (Tons/Person)

Electricity consumption of the whole society/Regional GDP (Million
kWh/Million RMB)

Volume of annual domestic refuse disposal/volume of domestic
refuse generation in the year (%)

Comprehensive utilization of industrial solid waste/Production of
industrial solid waste (%)

Covering square of green belt in urban constructed area/Total
constructed area (%)

Urban public green space area/Total urban population (Square
meter/Person)

Number of people using gas in constructed urban areas/Population
in constructed urban areas (%)

Volume of industrial wastewater discharge/Total population at the
end of the year (Tons/Person)

Number of patent applications for green technology inventions
accepted by patent agencies (1)

Number of days with good or better air quality in urban areas (1)

Total import and export of goods (Million yuan)

Foreign exchange earnings from international tourism (Million
dollars)

(Continued on following page)
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TABLE 1 (Continued) Index system for measuring the level of HQD of cities in the YRB.

Target layer Criterion layer Index layer

X29: Post and telecommunications business

volume (+)
X30: Number of tourists (+)

X31: Total cargo volume (+)

X32: Utilization of foreign capital (+)

B5: Shared

Development GDP (+)

X34: Percentage of fiscal expenditure on people’s

livelihood (+)
X35: Engel’s coefficient (-)

X36: Percentage of labor remuneration in GDP (+)

X37: Percentage of transport and communications

expenditure per capita (+)

X38: Percentage of expenditure on education,
culture, and entertainment per capita (+)

X39: Percentage of educational funds in GDP (+)
X40: Total public library collections per capita (+)

X41: Number of health care institutions per

10,000 population (+)

X33: Tertiary value added as a percentage of

Indicator meaning or
calculation formula

Total post and telecommunications business (Billion)

Number of domestic tourists (Million people)

Total tons of cargo carried by rail in one direction in the year (Million
tons)

Actual utilization of foreign investment (Million dollars)

Tertiary value added/Regional GDP (%)

Education, health care, social security and employment
expenditures/Local fiscal expenditures (%)

Food expenditure/Total consumption expenditure in residential
households (%)

Total wages of employees on the job/Regional GDP (%)

Expenditure on transportation and communication per capita/
Disposable income per capita (%)

Expenditure on education, culture, and entertainment per capita/
Disposable income per capita (%)

Educational funds/Regional GDP (%)
Public library collections per 100 people (1)

Number of health institutions/Total population at end of year (1)

The sign in the parentheses of the index layer indicates the variable attributes, “+” means the variable is a positive indicator and vice versa; indicator meaning or calculation formula

indicates the variable units in parentheses.

been included in the Northeast Area Revitalization Plan, they are
not included in the YRB in this paper. Given data availability, we
focus on studying 62 cities in the YRB, with a time span from
2008 to 2020.

The data is sourced from China City Statistical Yearbook,
China Statistical Yearbook on Science and Technology, China
Statistical Yearbook on High Technology Industry, China
Statistical Yearbook on Environment, China Energy Statistical
Yearbook, bulletins
development in
System (EPS).

on national economic and social

each city, and Economy Prediction

3.1.3 Methods

The weighting of indicators is important for measuring the
level of HQD of cities in the YRB. Whether the weight
determination method is reasonable immediately impacts the
accuracy and scientificity of evaluation results. In this paper, we
combine the analytic hierarchy process (AHP) and the entropy
value method and use the average value of their weights as the
final comprehensive weight of the index so that the two methods
can complement each other in the process of obtaining the index
weights. The specific calculation steps of the AHP and entropy
value method refer to Sekovski et al. (2020), Xu and Wang
(2017), Liu et al. (2020). Based on this, we use the comprehensive
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index method to calculate the HQD of cities in the YRB. The
formula is as follows:

WA; + WE;
F# (=1,2,3...,n) (1)

In Eq. 1, WA; denotes the weight of the jth indicator
calculated by the AHP, WE; denotes the weight of the jth
indicator calculated by the entropy value method, and W;
denotes the final weight of the jth indicator.

HQD; = (i=1,23...,mj

::1Wf (x,-]-)'

=1,2,3...,n;t = 2008, 2009, 2010, ...,2020) (2)

In Eq. 2, HQD;; denotes the urban HQD index of city i in
year t, and (x;;)" denotes the value of the jth indicator of city i
after standardization, and m = 62, n = 41.

3.2 Result analysis

3.2.1 Analysis of the characteristics of overall
spatial and temporal evolution

After calculation and collation, the evolutionary characteristics
of the HQD of 62 cities in the YRB from 2008 to 2020 are shown in
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High Quality Urban Development
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Spatial and Temporal Distribution of HQD Index of 62 Cities in the YRB. Note: The plotted data are derived from the results measured based on
Eqg. 2. The spatial and temporal distributions in this paper are generated through ArcGIS 10.5. The sources of the vector diagram of the YRB came from

the National Geomatics Center of China (NGCC).

TABLE 2 Classification of HQD of 62 cities in the YRB based on the K-means clustering method.

Category City

First category

Second category

X{i’an, Jinan, Lanzhou, Qingdao, Zhengzhou, Luoyang, Jining, Kaifeng, Tongchuan, Shanggiu, Baiyin, Dingxi, Hohhot
Xining, Haidong, ‘Wuwei, Pingliang, Tianshui, Wuzhong, Guyuan, Shizuishan, Bayannur, Xinzhou, Datong, Xianyang,

Yulin, Zibo, Dongying, Weifang, Heze, Liaocheng, Taian, Dezhou, Xinxiang, Hebi, Jiaozuo, Sanmenxia, Anyang

Third category
Baoji, Weinan, Laiwu, Binzhou, Puyang

Fourth category

The classification of cities in the table is based on the clustering results.

Figure 1. For the convenience of presentation, only the bar graphs of
even years are listed.

As can be seen from Figure I, the high-quality urban
development level in the YRB increases dynamically during
the sample period, and the average value of HQD in the YRB is
0.448. On the whole, the HQD of cities in the east, west, and
north is higher than those in the middle and north.

K-means clustering method is used to classify the HQD index
of 62 cities in the YRB in 2020 and study the spacial
characteristics of HQD of cities in the YRB. The clustering
results are shown in Table 2 below.

Based on the clustering results in Table 2, the HQD level of
62 cities can be divided into 4 categories with the order of cluster
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Longnan, Qingyang, Wuhai, Baotou, Taiyuan, Yangquan, Lvliang, Jinzhong, Changzhi, Linfen, Jincheng, Yuncheng,

Yinchuan, Ulanqab, Erdos, Zhongwei, Shuozhou, Shangluo, Yan’an
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Center Number
value

0.78 13

0.7 25

0.61 17

0.53 7

center size of 0.78, 0.7, 0.61, and 0.53. The first category includes
13 cities with the highest development level. Specifically, they are
provincial capitals and cities in the lower reaches of the YRB such
as Shandong and Henan, which are consistent with the
evolutionary characteristics of the HQD of 62 cities in the
YRB in Figure 1. The second category includes 25 cities with
a high level of development. The third and fourth categories
include 17 cities with an average development level and 7 cities
with a poor development level, respectively. Based on the
classification results, we draw the spatial variation of HQD of
62 cities in the YRB, as shown in Figure 2. Spatially, the overall
distribution is “higher in the east and west and lower in the
middle” and “higher in the south and lower in the north”, with
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Spatial variation of the level of HQD of 62 cities in the YRB in 2020. Note: The sources of the vector diagram of the YRB come from the NGCC.

the “center-periphery” feature of spreading from the provincial
capital to neighboring cities.

The HQD indexes of cities in the YRB in 2008, 2012, 2016,
and 2020 are colored on the map to highlight their spatial and
temporal evolution characteristics (Figure 3). According to the
composite index, the cities are divided into 5 levels, namely “high
level”, “higher level”, “medium level”, “lower level”, and “low
level”. Among them, the interval of low level is [0, 0.0999], the
interval of lower level is [0.1, 0.2999], the interval of medium level
is [0.3, 0.4999], the interval of higher level is [0.5, 0.6499], and the
interval of high level is [0.65, 1].

As shown in Figure 3, the HQD level of cities in the YRB has
ameliorated significantly from 2008 to 2020. In terms of the
improvement rate, the development features “lower reaches >
upper reaches > middle reaches”. As shown in Figure 3A, the
level of HQD of the cities in the upper reaches of the YRB is
higher in 2008, and the level of HQD of the cities in the lower
reaches of the YRB is higher than that in the middle reaches.
Compared with 2008, there is an overall improvement in the
HQD level of cities in the YRB in 2012, and the improvement is
more obvious in the provincial capitals.

As shown in Figure 3C, the cities in the YRB reach the middle
level of HQD in 2016. This “center-periphery” feature is
especially obvious in the upper and lower reaches of the YRB,
while the growth rate of the HQD level in the middle reaches
slows down. Compared with 2016, 60 cities have reached a higher
level of HQD in 2020, and the spatial characteristic that “cities of
provincial capitals are centers, and neighboring cities are
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radiated” remains. From Figure 3D, we can see that cities in
the lower reaches of the YRB are closely linked and have changed
from the “center-periphery” radiation pattern to the “contiguous
agglomeration” one.

3.2.2 Comparative analysis of upper to lower
reaches

According to the different regions, we plot a line graph of the
historical HQD index for the upper, middle, and lower reaches of
the YRB during the sample period, as shown in Figure 4.

As can be seen from Figure 4, the level of HQD in the YRB
and in the upper reaches to lower reaches during the sample
period shows a steady increase in time series. In 2008, the
overall HQD level of the YRB is 0.2295 and increases to
0.6706 in 2020, a cumulative increase of nearly twofold.
Specifically, the trend of HQD levels in the upper, middle,
and lower reaches of the YRB is basically the same as the
overall trend of the basin, and the inter-regional links are
relatively close. The level of HQD in the lower reaches of the
YRB has grown fastest during the sample period, and the level
of HQD in the lower reaches is only 0.1918 in 2008, which is at
the lower level in the whole basin and has been steadily in the
leading position of the basin as a whole since 2013, and the
level of HQD in the lower reaches achieves 0.7179 in 2020. In
terms of numerical size, the cities in the YRB in 2020 are
ranked as lower reaches > upper reaches > middle reaches,
with a little imbalance between cities in the middle and lower
reaches.
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FIGURE 3

(A) shows the spatial distribution of the high-quality development level of 62 cities in the Yellow River Basin in 2008; (B) shows the spatial
distribution of the high-quality development level of 62 cities in the Yellow River Basin in 2012; (C) shows the spatial distribution of the high-quality
development level of 62 cities in the Yellow River Basin in 2016; (D) shows the spatial distribution of the high-quality development level of 62 cities in
the Yellow River Basin in 2020. Note: The sources of the vector diagram of the YRB came from the NGCC.
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Temporal evolution of the level of HQD in the upper, middle, and lower reaches of the YRB.
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3.2.3 Analysis of spatial and temporal evolution
characteristics of subsystems

Analyses are conducted on the spatiotemporal evolution of
62 cities in the YRB in terms of five subsystems.

3.2.3.1 Time series characteristics

From a time-series perspective, it can be found in Figure 5
that the five major subsystems show an overall upward trend
during the sample observation period, each showing different
time-series evolutionary characteristics.

Specifically, the innovation development level is characterized
by a high time-series growth during the sample examination
period, with 0.0146 in 2008 and 0.1434 in 2020 in the YRB.
The average annual growth rate of innovation development level in
the YRB during the sample examination period is 20.98%, ranking
first in the five subsystems, and the innovation capability and the
driving force for HQD in the YRB have been increasing.

In terms of coordinated development, the level of
from 0.0277
0.1195 during the sample observation period. In recent

coordinated development increases to
years, the Chinese government has been committed to
improving the unbalanced development of regional, urban-
rural, and industrial structures in its process of economic
development. The rising level of coordinated development
indicates that the livelihood and well-being of people in the
YRB are improving comprehensively.

The green development level increases from 0.0987 to
0.1439 during the sample observation period. As we can see
from the characteristics of the temporal change, the green
development level grew before 2016 and then declined
significantly in 2016 and 2017, which is because of the
increasing energy consumption during the “13th Five-Year
Plan” period. At that time, the industrial structure of the YRB
was not fully upgraded, and the high energy consumption, low
energy saving, and severe pollution exerted a huge impact on
green development. From 2018 to 2020, the green development
level in YRB increases steadily.
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The level of openness development has increased from 0.0423 to
0.1590 during the sample period. Since September 2013, when
China proposed the Belt and Road Initiative, it has provided new
development opportunities for the YRB to open to the outside world,
and the level of shared development has further improved since the
year 2013. The YRB spans a wide area, and there are differences
among cities in terms of opening duration, degree of opening, and
implementation of opening policies. The level of openness
development has improved insignificantly since 2017. In 2020,
the level of openness development declined briefly, which was
mainly due to the impact of the COVID-19 pandemic. In the
same year, the total import and export volume of commodities and
the scale of domestic tourism decreased to varying degrees, which
exerted an impact on the level of openness development.

The level of shared development rises from 0.0462 to
0.1081 during the sample period. Many poor people in China
live in the YRB, so effective implementation of poverty alleviation
and social security is significant to the HQD of this area.
However, the improvement of the level of shared development
is relatively small due to the difficulty of structural adjustment.

3.2.3.2 Characteristics of spatiotemporal evolution

To facilitate the analysis of the spatiotemporal evolution trends
of the subsystems of HQD level of cities in the YRB, we conduct
spatial visualization on the HQD level of each subsystem of cities in
the YRB in 2008, 2012, 2016, and 2020 and use stacked bar graphs to
display the development level values of each subsystem. The details
are shown in Figures 6A-D below.

As can be seen from Figure 6, the level of innovation
development of cities in the YRB improved steadily from
2008 to 2020, and the overall development of the YRB was
balanced. The innovation development trend in the YRB has
obvious characteristics of spreading outward with cities of
provincial capitals as the center, which is most obvious in
2020. Specifically, the innovation subsystem shows the spatial
distribution characteristics of spreading around the cities of
provincial capitals, with the central cities at a higher level of
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(A) shows the spatial distribution of the subsystem of HQD level of 62 cities in the YRB in 2008; (B) shows the spatial distribution of the subsystem of
HQD level of 62 cities in the YRB in 2012; (C) shows the spatial distribution of the subsystem of HQD of 62 cities in the YRB in 2016; (D) shows the spatial
distribution of the subsystem of HQD of 62 cities in the YRB in 2020. Note: The sources of the vector diagram of the YRB came from the NGCC.

development, and the neighboring cities at a step-down level by
distance. Comparing the spatial distribution of coordinated
development in the YRB in 2020 and 2008, we know that the
level of coordinated development of cities in Henan and
Shandong provinces is significantly higher than that in other
provinces. The characteristics of the green development level of
cities in the YRB during the sample period are different from the
of other
subsystems. The figures have shown that the subsystem of

spatial and temporal evolution characteristics

green development shows a step distribution in space and a
“rise—fall—rise” evolution in time. The subsystem of openness
development has a spatial distribution characteristic of “high in
the south and the east and low in the north and west”. The spatial
and temporal distribution of the openness development level has
the obvious characteristic that neighboring cities are driven to
develop with cities of provincial capitals as centers, which is
especially obvious in Henan Province and Gansu Province. The

Frontiers in Environmental Science

subsystem of shared development shows the spatial distribution
characteristics of “lower reaches > upper reaches > middle
reaches”. In general, the level of all HQD subsystems in the
YRB has increased to different degrees during the sample period,
with two major characteristics: “high in the east and the south
and low in the west and the north” and “spreading outward from

central cities”.
4 Empirical design and analysis of
results

4.1 Model setting

According to the literature review and theoretical analysis,
new momentum for data and government investment in science

and technology affect high-quality urban development (Griffith
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et al.,, 2004; Lee, 2011; Lin and Luan, 2020; Cai and Ma, 2021).
However, the impact of these two factors on high-quality urban
development needs to be analyzed through empirical research.
Therefore, we construct the following fixed-effects model by
referring to the studies of Li et al. (2021) and Wang et al. (2022):

HQD,‘J =0y + cxlNMDi,t_l + (X2G1i)t_1 + CQNMD,')t_l*GI,‘,t_l
k
+ zjzl)l,-X,-,t_l U+ Y, e
3

HQD;; denotes the HQD level of city i in yeart, which is
measured by the city HQD index in the previous paper.
NMD;;_, is the new momentum for data of city i in year t-1.
GI;;_; is the government investment in technology in the city i in
year t-1. NMD;,_; and GI;,_; are the core explanatory variables
in this paper, and NMD;, *GI;;—; is the interaction term
between new momentum for data and government investment
in technology. X is a set of macro-level control variables, 4, and
y, represent city fixed effects and year fixed effects, and &;; is a
random perturbation term. The explanatory variables are all
followed by one period of the explanatory variable to mitigate
the effects of endogeneity problems.

To examine whether the impact of new momentum for data
and government investment in technology on the HQD of cities
in the region also causes similar or opposite changes in the HQD
of neighboring cities, we construct the following spatial panel
model:

HQD;; = pWHQD;; + ey NMD;_y + 0,GI;yy + aaNMD;,_ %Gl +
;X +OWNMD;,y + WGy + WNMD;, %Gl
FOWX g+ oo+ +y, + & (4)

In this equation, p is the parameter to be estimated for the
spatially lagged term of the explanatory variables, reflecting the
endogenous interaction effects among the explanatory
variables; W is the selected spatial weight matrix, X is the
set of control variables, and «y is the intercept term that does
not vary with individual characteristics. «; denotes the
estimated parameters of explanatory variables. 6; is the
coefficient of the spatial interaction term of the explanatory
variables, which reflects the exogenous interaction effects
between the explanatory variables. Since the presence of the
spatially lagged term dependent variable and the spatially
lagged error variable violate the assumptions of strict
exogenous  explanatory  variables and  independent
homogeneous distribution of residual disturbance terms in
traditional econometric models, respectively, the above model
needs to be estimated through IV or MLE methods. The IV
method does not assume the distribution of the residual
disturbance terms in the regression equation, but the
estimated values of the parameters are often beyond the
range of their definition, and it is difficult to select “good”

instrumental variables in the specific analysis. The MLE
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method does not have such problems. In addition, the
likelihood values obtained through the MLE method can be
used for model comparison and testing. Therefore, we decide
to use the XSMLE toolkit in Stata to estimate spatial
econometric models.

4.2 Variable selection

4.2.1 Explained variables

High-Quality Urban Development (HQD): it is replaced by
the HQD index of 62 cities in the YRB, which has been measured
previously.

4.2.2 Core explanatory variables

1) New Momentum for Data (NMD): new momentum for data
means that data can be used as a new momentum for
economic development. Data resources are essential factors
of production, and new momentum for data can become an
intrinsic driving force for economic growth, social change,
and industrial optimization. Based on Chai and Li’s studies,
this paper “replaces output with input” in the context of the
digital industry and uses the logarithm of per-capita income
generated by information transmission, software, and
information technology services in each region as a proxy
variable for new momentum for data (Chai and Li, 2020).

2) Government Investment in Technology (GI): we refer to the
research method of Lee et al. (2020) to use the logarithm of
internal R&D funding as a proxy variable for government
investment in technology.

3) Interaction term between new momentum for data and

~

government investment in technology (NMD*GI): it is the
product of new momentum for data and internal R&D
funding.

4.2.3 Other control variables

Based on the research of Zhang et al. (2021) and Qu and Liu
(2021), this paper selects the following control variables that may
affect high-quality urban development. Human capital (HUM) is
measured as the share of R&D personnel in the total number of
employees; government intervention (GOV) refers to the
proportion of government intervention in local financial
expenditure in local GDP; S&T innovation (IND) is measured
as the number of patents granted; openness (FDI) is measured as
the total amount of foreign capital utilized after logarithmization;
the economic development level (PGDP) is measured as the
regional GDP per capita after logarithmization.

4.2.4 Spatial weights matrix

Considering that the level of economic development is
already included in the control variables, we use the adjacency
matrix W to measure the spatial weight effect, that is, if region i
and region j are adjacent, then w;; = 1, and conversely, w;; = 0.
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TABLE 3 Analysis of baseline regression results (with HQD as the dependent variable).

Variables Model 1 Model 2 Model 3

NMD 0.0689*** (0.0091) 0.0639*** (0.0089) 0.0634*** (0.0089)

GI 0.148** (0.0058) 0.140%** (0.0057) 0.141*** (0.0057)

NMD*GI 7.06e—09*** 5.06e—-09*** 4.63e—-09**
(1.03e-09) (1.05e-09) (1.07e-09)

HUM 4799 (0.719) 4740 (0.718)

GOV 0.0002** (0.0001)

IND

FDI

PGDP

Urban fixed effects ~ YES YES YES

Year effect YES YES YES

N 806 806 806

R 0.664 0.683 0.685

Model 4

0.0702%°* (0.0084)
0.141%° (0.0054)

—3.50e-09***
(1.31e-09)

2.887+° (0.704)
0.0001 (0.0001)
0.00002%* (0.000002)

YES
YES
806

0.72

10.3389/fenvs.2022.969454

Model 5

0.0687** (0.0082)
0.128** (0.0056)

—1.72e-09
(1.31e-09)

2.739%* (0.687)
0.0001 (0.0001)

0.00001***
(0.000002)

0.0245*** (0.0039)

YES
YES
806
0.734

Model 6

0.0261%* (0.0075)
0.0636** (0.0062)
1.70e—11 (1.12e-09)

2.433%* (0.587)
0.0001 (0.0001)

0.00001***
(0.000001)

0.0129*** (0.0034)
0.235° (0.0142)
YES

YES

806

0.806

Values in the parentheses are standard errors; *, **, and *** indicate significance at the 10, 5, and 1% levels, respectively; the regression results omit the constant term, the same below.

For the convenience of calculation, the spatial weights matrix
needs to be standardized.

4.3 Data source

In this paper, the annual data of 62 cities in the YRB
from 2008 to 2020 is taken as the sample, with a total of
806 observations. The relevant data are obtained from
the China City Statistical Yearbook of previous years,
bulletins on national economic and social development in
each city, and EPS. Missing data of some cities are
supplemented by the interpolation method. We use
Statal?7 to construct and test the panel fixed effects model
and spatial Durbin model.

5 Analysis of empirical results
5.1 Without considering spatial effects

Table 3 reports the estimation results of the fixed
effects of Eq. 3. It can be found that the regression
coefficients of NMD are significantly positive at the 1%
level regardless of whether control variables are included
or not. This indicates that NMD has a significant positive
impact on high-quality urban development, which verifies
that hypothesis 1 is valid.

In models 1-6, the regression coefficients of GI are all
significantly positive at the 1% level. This indicates that GI
effect
development, which verifies that hypothesis 2 is valid.

also has a positive on high-quality urban
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The coefficients before the control variables indicate that
human capital, S&T innovation, and the level of economic
development also have a significant positive effect on high-
quality urban development.

5.2 Considering spatial effects

5.2.1 Spatial correlation test
5.2.1.1 Global Moran’s |

The global Moran’s I is used to test the spatial
autocorrelation of the level of HQD of 62 cities in the YRB
from 2008 to 2020, respectively. As shown in Figure 7,
although there are fluctuations in the Moran’s I of the
HQD level of 62 cities in the YRB from 2008 to 2020, most
of them pass the 1% significance test and are basically positive,
indicating that the level of high-quality urban development
has the
correlation, namely that high-level cities cluster together

characteristics of significant positive spatial
and the spatial dependence is more stable. Therefore, from
an overall perspective, the spatial correlation is significant and

the choice of spatial econometrics model is appropriate.

5.2.1.2 Local Moran’s |

To examine the degree of spatial correlation of a particular
region, we draw the local Moran diagrams of the level of high-
quality urban development. Due to limited space, only the
results for the year 2008, 2012, 2016, and 2020 are reported.

As can be seen from Figure 8, the points corresponding to the
HQD level of cities are mostly distributed in the first and third
quadrants, i.e., the cities have a strong positive spatial promotion
effect locally, which is consistent with the test result of the global
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(A) shows the Moran's of the HQD level of 62 cities in the YRB from 2008 to 2020; (B) shows the p-value and Z-value of the global Moran test of
the HQD level of 62 cities in the YRB from 2008 to 2020.
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FIGURE 8

Local Moran diagrams of the level of high-quality urban development in 2008, 2012, 2016, and 2020. Note: the numbers 1-62 represent the
62 cities of the YRB, respectively.

Moran’s I. Therefore, the local spatial correlation is positively 5.2.2 Selection of spatial econometrics models

significant, and the spatial econometrics model should be As has been mentioned above, the level of high-quality urban

selected considering the influence of spatial factors. development has a significant spatial correlation. By establishing
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TABLE 4 Model regression results.

Variables SAR

NMD 0.0117** (0.0053)
GI 0.0348*** (0.0045)
NMD*GI 1.10E-09 (7.87e-10)
HUM 1.221%%* (0.413)
GOV 0.0002*** (0.00004)
IND 0.000003*** (0.000001)
EDI 0.0139*** (0.0024)
PGDP 0.0624*** (0.012)

p 0.611%** (0.0239)

A

WxNMD

WxGI

WxNMD*GI

WxHUM

WxGOV

WxIND

WxEDI

WxPGDP

o2 0.0026*** (0.0001)
Goodness-of-fit 0.245

LR test 265.1%4*

a spatial econometrics model, we can measure the specific
influence of NMD and GI on high-quality urban
development. LM test and LR test are conducted, and the test
results all rejected HO at a 1% significance level. In summary, the
spatial Durbin model with fixed effects is selected to explore the
impact of NMD and GI on high-quality urban development.

5.2.3 Analysis of spatial durbin model regression
results

According to the results of the SDM model in Table 4, the
coefficient of NMD is positive and passes the hypothesis test at a
10% significance level, indicating that the higher a city’s NMD,
the higher the city’s HQD level. The coefficient of the spatially
lagged term of new momentum for data (WxNMD) is positive,
and the original hypothesis is rejected at a 1% significance level,
indicating that the NMD of the city has a significant spatial effect,
ie, the level of NMD of the city also has a significant
contribution to the level of HQD of other cities. Hypothesis
1 is verified to be valid. The report of the 19th Party Congress
points out that “China’s economy has shifted from the stage of
high-speed growth to the stage of HQD?”, which clearly defines
the main direction of China’s current economic development. As
a new key element of the new round of technological revolution
and industrial change, data plays an active and positive role in
promoting efficiency, supporting growth, and meeting demand
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SEM

0.00475 (0.0055)
0.0337* (0.0046)
1.46e-09* (7.79e-10)
1.469*** (0.42)
0.0002** (0.00004)
0.000001 (0.000001)
0.0138* (0.0025)
0.183°* (0.0238)

10.3389/fenvs.2022.969454

SDM

0.00961% (0.0053)
0.0323** (0.0045)
1.33e-09% (7.74e~10)
0.979** (0.417)
0.0002*** (0.00004)
0.000002* (0.000001)
0.0170** (0.0024)
0.0256 (0.0209)

0.507° (0.0334)
0.746°* (0.0331)
0.0324** (0.0086)
0.0122 (0.0076)
~2.37E-09 (1.66e-09)
~1.58** (0.732)
~0.0004*** (0.0001)
0.00002** (0.000002)
0.0025 (0.0044)
0.0161 (0.0237)
0.0029** (0.0002) 0.0025* (0.0001)
0.163 0.261
31.69%%*

in the process of high-quality urban development. In terms of
innovation development, the NMD is reflected in the new quality
industry formed by big data as a new element. On the other hand,
itis related to the innovation of relevant industries and upgrading
of traditional industries realized through industrial association.
In terms of coordinated development, NMD plays the core role in
using the valuable information carried by data to improve the
synergy between labor, capital, and other factors and enhance the
overall operational efficiency of the market. In terms of green
development, data is a non-polluting and renewable means of
production. Innovating the use of data resources can effectively
eliminate the excessive consumption of tangible resources,
reduce environmental pollution and ecological damage, and
help promote the formation of a green, low-carbon, and
sustainable economic and social development model. In terms
of openness development, NMD plays an important role in
promoting the openness and sharing of government data and
the standardization of social data collection. In terms of shared
development, NMD
disadvantaged groups to participate in modern economic

creates more opportunities for
activities and share the fruits of development and for
backward regions to give full play to their late-mover
advantages, thus promoting the balanced development of
different regions and achieving common prosperity. Fully
exploiting the knowledge sharing brought by data sharing,
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TABLE 5 Decomposition of spatial effects.

Variables Direct effects
NMD 0.0158*** (0.0057)

GI 0.0366*** (0.0047)
NMD*GI 1.15E~09 (8.73e~10)
HUM 0.807* (0.4389)

GOV 0.0001*** (0.0001)
IND 0.000004** (1.03¢—06)
FDI 0.0187*** (0.0027)
PGDP 0.0294 (0.0190)

Indirect effects

0.0713* (0.0158)
0.0535** (0.0132)
~3.19E-09 (3.25¢~09)
~0.0006*** (1.4591)
~0.0007** (0.0002)
0.00003*** (3.75¢—06)
0.0206*** (0.0078)
0.0545* (0.0310)

10.3389/fenvs.2022.969454

Total effects

0.0871*** (0.0186)
0.0901*** (0.01580)
~2.04e-09 (3.83¢~09)
~1.173 (1.6824)
~0.0005** (0.0002)
0.00003*** (4.22¢—06)
0.0393*** (0.0092)
0.0838*** (0.0297)

Values in the parentheses are standard errors; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively; the regression results omit the constant term, the same below.

backward regions and disadvantaged groups bring their late-
mover advantages into full play without active participation in
the division of labor and cooperation.

The coefficient of GI is significantly positive, indicating that
the higher the GI of a city, the higher the level of HQD of this city.
The coefficient of the lagged term of GI (W*GI) is positive,
indicating that the GI of a city can improve the HQD of other
cities. This verifies the validity of hypothesis 2. The Outline of the
YRB’s Ecological Protection and HQD Plan released in
2021 emphasizes that the YRB must “enhance its support for
S&T innovation”. In terms of the HQD of the YRB, studies that
focus on supporting the HQD of the YRB with science and
technology deserve greater attention. However, there are
problems such as a low level of industrial development, the
low pace of industrial transformation, and the low R&D
capability of enterprises. Increasing GI can accelerate the
urban infrastructure construction, effectively stimulate the
vitality of market players, and promote high-quality urban
development.

The coefficient of the interaction term of NMD and GI
(NMD*GI) is significantly positive, which indicates that the
stronger the interaction between NMD and GI of a city, the
higher the level of HQD of the city. On one hand, government
investment in science and technology can support the
development of NMD and play a better multiplier effect on
high-quality urban development. On the other hand, the
development of NMD can enhance a city’s technological
innovation, further promote the government’s governance
ability, and improves the city’s HQD level.

As for the control variables, the coefficient of HUM is
significantly positive, indicating that the level of human
capital of a city has a significant positive effect on the level
of HQD of the city; the coefficient of GOV is significantly
positive, which indicates that government intervention
positively impacts the level of HQD of the city; the
coefficients of IND and FDI are also significantly positive,
indicating that they positively affect the HQD of cities.
Specifically, enhancing human capital can effectively guide

Frontiers in Environmental Science

16

the operation of physical capital and promote the
development of productivity and labor productivity, the
upgrading of industry transformation, and high-quality
urban  development. By  continuously  improving
infrastructure and systems, the government promotes
industrial upgrading and high-quality urban development.
A high level of openness promotes the flow of commodities
and factors, allowing them to fully circulate according to the
laws of the market and promoting HQD through optimal
allocation.

Since the spatial Durbin model explains the spatial economic
correlation among cities, its parameter estimates do not directly
reflect the direct effects and the real spatial spillover effects.
Hence, we decompose the impact coefficients of the respective
variables on the level of HQD into direct effects, indirect effects,
and total effects.

In Table 5, the direct effects, indirect effects, and total effects
of NMD are all significantly positive, indicating that NMD not
only significantly promotes a city’s HQD but also has significant
spatial spillover effects. If we ignore the interaction of spatial
factors, the effect of NMD on the HQD of the city will be
underestimated, which further validates the rationality of
selecting the spatial econometrics model. The direct effects,
indirect effects, and total effects of GI are all positive and pass
the significance test, indicating that the GI of a city not only
positively contributes to the level of HQD in the city but also
positively impacts the level of HQD of neighboring cities. The
direct effects of HUM are positive and pass the significance test,
indicating that the increase in HUM of a city positively impacts
the level of HQD of the city. Among the other control variables,
the direct effects of GOV are positive, the indirect effects are
negative, and the total effects are negative and pass the
significance test, indicating that the GOV of a city positively
affects the level of HQD of the city but negatively affects
neighboring cities. The direct, indirect, and total effects of
IND are all positive and pass the significance test, indicating
that S&T innovation and economic development of a city not
only positively promote the level of HQD of the city but also have
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significant spatial spillover effects, as well as having a significant
positive impact on neighboring cities. The direct, indirect, and
total effects of FDI are all positive and pass the significance test,
indicating that the openness of a city not only positively
contributes to the level of HQD of the city but also has
significant spatial spillover effects, as well as having a
significant positive impact on neighboring cities.

6 Conclusions and implications

Based on theoretical analysis, measurement, and empirical
tests, the following conclusions are drawn:

1) Overall, the level of HQD of cities in the YRB shows a steady
increase in time series during the sample period. In terms of
the size of the comprehensive index, cities in the lower reaches
of the YRB rank among the top, and cities in the upper and
middle reaches of the YRB rank low. This result is consistent
with previous studies (Chen Y. et al., 2020; Chen et al., 2022;
Gan et al., 2022).

2) In terms of subsystems, China’s strategies accelerate the
innovation development during the sample period. Besides,
coordinated development, openness development, and shared
development improve steadily in time series, and green
development shows fluctuations in its improvement. The

ranking of the cities in terms of the degree of
improvement is “innovation development > coordinated
development > openness development >  shared

development > green development”. Regionally, the level of
HQD of cities in the lower reaches is better than that of
middle and upper cities. The disparity in the green
development level between the middle and upper reaches
is larger, and the gap between other subsystems is smaller.
When comparing our results to those of previous studies (Qu
and Liu, 2021; Yang and Zhang, 2021), we must point out that
the ranking of subsystem development levels differs, which is
because the different regions are studied and the calculation
of weights in the measurement process is different.

3) From the viewpoint of the spatial regional correlation of each
factor, the regression results of the spatial Durbin model show
that NMD, GI, and the interaction term of NMD and GI have
significant  positive impacts on high-quality urban

development, and the level of human capital, government

intervention, openness, and S&T innovation also significantly
contribute to the high-quality urban development. These
findings are consistent with the research that shows GI
and NMD are very important for the HQD of cities (Zhao
et al,, 2020; Yu and Zhou, 2021). From the perspective of the
direct spatial effects, new momentum for data, government
investment in technology, human capital, government
intervention, S&T innovation, and openness signiﬁcantly
improve the HQD of a city; from the perspective of the
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indirect effects, new momentum for data, government
investment in technology, S&T innovation, openness, and
economic development level have significant positive
spillover effects on the HQD of neighboring cities, while
human capital and government intervention stifle the
HQD of neighboring cities. This result is consistent with
related studies which indicate that in the process of
promoting high-quality urban development, it is important
to pay attention not only to the local effects of these influences
on cities but also to their spillover effects on neighboring cities
(Zheng and Du, 2020; Yuan et al.,, 2021; Khan et al., 2022a;
Khan and Cui, 2022; Mohsin et al., 2022; Sun et al., 2022).

The above findings imply that new momentum for data and
government investment in technology significantly affect the
level of HQD of cities in the YRB. This research has several
recommendations.

First, the government should optimize the mechanism of new
momentum for data to drive high-quality urban development.
The driving mechanism of new momentum for data for high-
quality urban development has three advantages. Firstly, as a
production factor, data generates a substitution effect and plays a
role in value creation at the stages of input, output, and
distribution, enhancing efficient market operation. Secondly,
integrating data and other factors will foster industrial
integration and upgrading, boost high-efficiency innovation,
and stimulate the multiplier effect of new momentum for
data. Thirdly, efficient and dynamic data feedback facilitates
scientific decision-making, promotes high-quality decision-
making of enterprises, and improves government public
The should the
development of common support platforms and industries for

governance. government encourage
digital transformation, accelerate the development of new models
and business forms such as platform economy and sharing
the digital
boost the
infrastructure, promote the free flow of data elements, drive
the HQD of cities in the YRB, and enhance the level of HQD.

Second, the government should increase its input in science

economy, actively drive transformation  of

traditional industries, construction of new

and technology. According to the previous empirical analyses,
government investment in technology significantly promotes
high-quality urban development. In the new period, local
in the YRB should further
investment in science and technology in the three following

governments increase their
aspects. Firstly, local governments should establish a long-
term growth mechanism of government investment in
technology and vigorously support the activities regarding
S&T innovation in enterprises and research institutions.
Secondly, local governments should improve the incentive of
financial subsidies to facilitate the activities related to S&T
innovation and create a virtuous cycle of environmental
should enhance the

conversion of the achievements of S&T innovation into real

resources. Lastly, the government
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productivity, create a favorable environment for S&T innovation,
invest more in the cultivation and training of talents for the
conversion of the achievements of S&T innovation, and
encourage the cooperation between industries, universities,
and research institutions, thus realizing the high-quality urban
development.

Third, the government should create an inclusive and liberal
environment for the digital economy development. The digital
economy has become a “new engine” to drive the world
economic development in the era of the information
revolution and will become the driving force of the world
economic recovery and growth. It is also an important
manifestation of a country’s comprehensive national power in
the context of a new economy. The following two aspects can be
taken into account to create an inclusive and liberal environment
for the digital economy. On the one hand, the government should
take the lead to remove the obstacles to the free flow of data
elements, realize data interconnection, and deepen the
application of the governmental Internet. On the other hand,
the government should strengthen the regulation of the market
and encourage society to value data management skills, so as to
facilitate the development of the digital economy.

Fourth, more emphasis should be put on data protection. Privacy
has been among the crucial concerns in the development of
information technology. In the epoch of big data, if there are no
reliable principles for data collection and use, then seemingly
unrelated data points will be connected without the permission of
users, in which case users’ personal information will be leaked. The
government should formulate specific laws and regulations on
personal privacy to protect citizens privacy, guarantee citizens’
right to know, and guide enterprises to use and deal with citizens’
information in an appropriate manner. In addition, the government
should clarify the boundaries of the property rights of data resources
and promulgate enforcement regulations on data sharing to remove
the barriers to the implementation of data sharing.

There are some limitations in the current study, but it also
provides directions for further research. First, the data used in
this study is collected from 62 cities in the YRB of China, and the
research results can only be extended to the YRB. Future studies
can focus on the Yangtze River Delta, Beijing-Tianjin-Hebei, and

Guangdong-Hong Kong-Macao Greater Bay Area in China and
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