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To verify the importance of optimizing a business environment and improving

the level of human capital structure to promote economic development, this

study employs a panel data of 30 Chinese provinces from the period

2008–2019 and utilizes the spatial Durbin model and quantile regression

model to analyze the relation between a business environment, human

capital structure upgrading, and economic development quality. We find that

the quality of economic development has a strong spatial correlation and the

improvement in the business environment promotes human capital structural

upgrading and economic development quality. Human capital structural

upgrading plays a significant intermediary role, through which improvement

in the business environment affects economic development quality.

Considering the huge differences in the level of economic development in

different regions of China, we also conduct a regional heterogeneity analysis.

We find that the promotion effects of the business environment and advanced

human capital structure on economic development quality are significant

within the sample period, and their promotion effects are significantly

heterogeneous and asymmetric across quartiles, indicating that there is

heterogeneity in the intensity of dependence of economic development

quality on advanced human capital structure and business environment at

different stages of economic development. Moreover, by observing the

impact trends in the eastern, central, and western regions, we find that the

impact of the business environment and human capital structure on the quality

of economic development varies somewhat across provinces. This suggests

that the eastern and central regions need to strengthen the optimization of the

business environment, while the eastern and western regions should pay more

attention to the improvement of the level of the advanced human capital

structure.
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1 Introduction

After over 40 years of reform and opening up, China’s

economy surged due to its preferential policies and favorable

factor prices. But due to a sharp increase in labor and land costs,

diminishing competitive advantages in resource environments

and demographic dividend, and mounting pressure derived from

trade barriers imposed by the US, the extensive development

model based on scaling-up in China becomes hard to sustain. To

respond to the changes in major social contradictions and realize

sustainable economic development, there has been a pressing

need for improving economic development quality. A good

business environment is an important grip to maintaining

good government–enterprise relations and stable economic

growth. In recent years, the Chinese government has spared

no efforts in bettering the business environment. A series of key

planning and policies, which are considered a major way for

improving economic development quality in the new era, have

been issued in China. According to Doing Business 2020 by the

World Bank, China jumped to the 31st, showcasing a fast ranking

improvement in seven consecutive years and international

recognition of China’s efforts to bettering its business

environment. Human capital is the key engine of economic

growth (Škare and Lacmanović, 2015). China’s human capital

structure has experienced significant changes toward an

upgraded one. The “demographic dividend” is gradually

fading and the “talent dividend” is becoming increasingly

significant. The transition from the “demographic dividend”

to a “human capital dividend” constitutes the key to

improvement in economic development quality. At the same

time, due to many factors such as resource endowment and

development conditions, the human capital structure in the

process of optimization and adjustment, high-quality human

capital is more inclined to transfer to cities with developed

economies and superior business environments. The human

capital structure matches the economic and social structure to

maximize the role (Čadil et al., 2014b). The huge economic

development gap among Chinese provinces prompts us to study

how to promote the quality of economic development in each

region of China by optimizing the business environment and

enhancing the advanced level of human capital structure. It is of

great practical significance to explore new paths of economic

development quality and to achieve the goal of coordinated

regional economic development.

Current research exhibits explorations on the relation

between the business environment and economic development

and confirms the positive relation between these two. For

instance, a favorable business environment significantly

promotes economic development (Easton and Walker, 1997;

Alesina et al., 1998; Nelson and Singh, 1998; De Haan and

Sturm, 2000). Countries with worsening business

environments experience a slowing-down growth rate (Nelson

and Singh, 1998). The main reason is that the favorable business

environment effectively lowers the transaction cost for

companies (Fabová and Janáková, 2015) and helps attract

foreign direct investment (FDI) (Economou, 2019; Li et al.,

2021). In fact, human capital plays an essential role in driving

economic development. Furthermore, studies show that human

capital is the key factor and engine for economic growth (Tsaurai

and Ndou, 2019; Musibau et al., 2019) and is also the key factor

which explains the status difference between developed and

developing countries Acemoglu et al., 2014). On the one

hand, the quantity of human capital increases the level of

knowledge and innovation, which ultimately propels economic

development (Romer, 1989; Benhabib and Spiegel, 2002).

Moreover, the accumulation of human capital stock delivers

significant spillover effects on economic growth (Benjamin,

1997). On the other hand, structural improvement in human

capital is also of great importance to economic growth (Fleisher

et al., 2010). The extant literature has not reached a consensus on

this issue. Some scholars believe that inequality in the

distribution structure of human capital is negatively correlated

to economic growth (Park, 2006). A high-level human capital

structure and low-level human capital structure deliver different

effects on economic growth, and there exists an optimal human

capital structure for the economy (Feng & Li, 2019). However,

some scholars still believe that the relationship between the two is

not significant (Lopez et al., 1998). In a nutshell, the impact of the

level of the human capital structure on economic growth is

complex. Meanwhile, the quality of systems affects, to some

extent, human capital’s role in economic growth (Nelson and

Singh, 1998). This raises a topic of great theoretical and practical

significance: in the face of continuous improvement of the

regional business environment and the obvious trend of

advanced human capital structure, what kind of spatial and

temporal evolutionary characteristics does the quality of

economic development in each province of China present at

present? How do the business environment and the advanced

human capital structure affect the quality of economic

development? Does it show heterogeneity due to regional

differences? Does the impact of the advanced human capital

structure on the quality of economic development have a

mediating effect? The study of these questions will help clarify

the economic development quality of each province in China,

grasp the strengths and weaknesses of each province’s economic

development quality, and has important theoretical and practical

significance for narrowing the provincial economic gap as a

whole and promoting coordinated provincial economic

development. The research results can also provide some

evidence for the economic development of other countries in

heterogeneous regions.

In summary, the current research investigates the relation

between the business environment and human capital or the

relation between the business environment and economic

development. But few analyses have been conducted on the

three under a unified framework. To bridge this research gap,
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this study incorporates the business environment, human capital

structural upgrading, and economic development quality into a

model where the relation between them and their impact

mechanism are examined. Our study contributes to the

existing literature in the following aspects. First, the impact of

the business environment on the advanced human capital

structure is examined, and the moderating effect of the

advanced human capital structure on the business

environment to promote high-quality economic development

is discussed in depth; second, considering the great differences in

resource endowments and development conditions among

different provinces, the differences in the impact of the

business environment and advanced human capital structure

on high-quality economic development in different regions and

the reasons for them are explored. Third, the relationship

between the business environment, advanced human capital

structure, and economic development quality is studied using

spatial quantile regression models. The spatial quantile

regression model used in this study provides a more accurate

understanding of spatial dependence. The study also further

investigates the impact of business environment optimization

on high-quality economic development since the 18th National

Congress. The findings of this study can be used as a reference for

local governments to promote the high-quality development of

the regional economy.

2 Theoretical analysis and hypothesis

2.1 Relation between the business
environment and economic development

A business environment is the comprehensive external

conditions which market entities come across during the

process of entry, operation, and exit, including market,

government, legal system, and cultural environment.

Improving the business environment is a vital method to

galvanize economic development and is an important measure

to elevate economic development quality. A favorable business

environment helps debunk the wayward judgment that “GDP is

everything” in economic development. It adjusts the overall

relation among regions, between urban and rural areas, and

between the economy and society. A favorable business

environment is conducive to developmental balance on varied

fronts, organic development of society, and improvement in

economic development quality. Business environment

improvement helps increase per capita income (Gilanders and

Whelan, 2014) and significantly promotes economic growth

(Mohamadreza, 2012). Meanwhile, business environment

improvement serves as an impetus for companies in

innovation activities and productivity progress (Gogokhia and

Berulava, 2021), which is beneficial to attract foreign direct

investment and climb up the value chain (He et al., 2021). In

addition, a favorable business environment not only lowers the

cost of starting a business and offers convenience and support in

market entry and exit but also reduces companies’ costs in

operation (Yu and Ramanathan, 2013). Therefore, companies

increase their R&D and innovation input, which in turn

improves economic development quality. Based on this, we

propose the following hypothesis: H1. Business environment

improvement betters economic development quality.

2.2 Impact of human capital structural
upgrading on economic development
quality

The endogenous growth theory recognizes human capital as

the key factor for the absorption and spread of technologies. As

the carrier for knowledge and technology, human capital substantially

increases total factor productivity and economic development quality

through such ways as knowledge acquisition, technological

innovation, and R&D result transfer. The higher the human

capital level is, the more evident its positive effect will be (Teixeira

and Queirós, 2016). Human capital bolsters up quality economic

growth featured by innovation and industrial structural upgrading.

Improving effective allocation of human capital represents the

fundamental way for breakthroughs in the quality of economic

growth (Li and Nan, 2019). In the special period of economic

transformation, human capital with higher education is the vital

force for industries to introduce new technologies (Vandenbussche

et al., 2006; Goedhuys and Veugelers, 2012; Balsmeier and Czarnitzki,

2017). Human capital upgrading is different fromhuman capital stock

because the former better explains regional variance in the economic

growth of China. Human capital is the engine for economic growth

(Lucas, 1988) because high-level human capital not only realizes better

technological innovation via “learning by doing” (Romer, 1990) but

also absorbs technological spillover more effectively and engages in

emulation and innovation quickly (Caselli and Coleman, 2006).

Therefore, human capital upgrading is beneficial to the cultivation

of innovative talents and promotion of technological progress. When

the innovation-driven development strategy is implemented,

technological progress will invariably bring about quality

improvement for economic growth. Based on this, we propose

hypothesis 2. H2. Human capital structural upgrading is beneficial

to improvement in economic development quality.

2.3 How the business environment
impacts human capital structural
upgrading

As an important way for comprehensive reforms,

improvement in institutional quality increases the

accumulation rate of human capital on the one hand and lifts

the utilization rate of human capital on the other hand. This
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study believes that the business environment affects human

capital structural upgrading through the following

mechanisms: first, a convenient business environment cuts

companies’ cost of starting a new business, reduces formalities

and procedures, and lowers the threshold for starting a business.

More high-quality and capable talents with innovative minds are

attracted to investment and start-up, which invigorates market

vitality. Generally, high-quality human capital possesses absolute

advantages in start-up and employment (Lazear, 2004). Put

differently, excess procedures, low efficiency, and long process

of business registration approval add transaction costs for start-

up and affect the entrepreneur’s response to business

opportunities (Dreher and Gassebner, 2013). Slashing

institutional transaction costs means that more operational

costs are saved for high-level human capital and higher start-

up benefits can be acquired. With competitive advantages in

innovation and start-up, high-level human capital tends to

forsake employment opportunities, even though they boast

plenty of them in the labor market, and engage in high-risk

start-up activities. They are more likely to grow to be the

entrepreneurs described by Joseph Alois Schumpeter because

their start-up quality is higher, and their start-ups are more

probable to increase economic development quality; second,

improving the business environment creates more job

opportunities. A convenient business environment not only

promotes the number and quality of the start-up but attracts

more foreign direct investment, which in turn creates more job

opportunities. High-quality human capital tends to migrate to

regions with favorable business environments. As a result,

improvement in the business environment promotes human

capital structural upgrading. Therefore, we propose hypothesis

3. H3. Improvement in the business environment promotes

human capital structural upgrading.

3 Econometric model, methodology,
and data

3.1 Econometric model setting

The quality of economic development showcases space

relevance and is influenced by the development level of the

neighboring area. Traditional econometric models fail to

unravel its spatial effects and exhibit a bias to some extent.

Moreover, considering the imbalance of economic development

quality in terms of spatial distribution among provinces of China,

we use spatial econometric models (Fredriksson and Millimet,

2002), including the spatial autoregressive regression (SAR),

spatial error model (SEM), and spatial Durbin model (SDM).

Their respective calculation method is shown in Eqs. 1–3.

Spatial autoregressive regression (SAR):

I � αit + ρW · Iit + βxit + λz + ηt + γi + ωit. (1)

Spatial error model (SEM):

I � αit + βxit + λz + ηt + γi + τ it
τ it � γi · τ it + ωit

. (2)

Spatial Durbin model (SDM):

I � αit + ρW · Iit + βxit + θW · x + λz + ηt + γi + ωit, (3)

where I represents the dependent variable while x is the

independent variable. α is intercept. ρ denotes the spatial

autocorrelation coefficient. w is the spatial weights matrix. z is

the control variable. ηt indicates random effects. γi is fixed effects.

ωit is a random error and τit is an error. Spatial autoregressive

regression (SAR) only considers the spatial correlation of the

dependent variables while the spatial error model (SEM) only

considers the spatial correlation of independent variables and

error terms. The spatial Durbin model (SDM) incorporates the

spatial effects of both dependent and independent variables. Both

the impact of regional independent variables on dependent

variables and the impact of neighboring area independent

variables are examined. As such, estimation bias caused by the

omission of spatial effects in the spatial error model or spatial

autoregressive regression can be effectively avoided. Adoption of

a logarithm function model can alleviate the impact of

heteroskedasticity, extreme values, and skewness on estimation

results (Wooldridge, 2015). Therefore, we construct the spatial

Durbin model (SDM) as Eq. 4 shown below.

LnHQ � ρW · LnHQit + β1Lndtfit + β2LnHstrucit + β3LndtfpLnHstrucit
+θ1W · Lndtfit + θ2W · LnHstrucit +∑ λLnZ + ηt + γi + ωit

,

(4)

where i refers to the province and t represents the year. HQ is

the economic development quality. Dtf is the business

environment which shows the relation between the local

government, market, and enterprise. Hstruc is human capital

structural upgrading, which reflects the level of regional human

capital development. To avoid estimation bias caused by variable

omission, we add a control variable vector related to economic

and regional characteristics (Z) in model (4) and control time-

fixed effects.

3.2 Variable and statistical description

1. Dependent variable: economic development quality (HQ).

Economic development quality is a complex and systematic

indicator which is a comprehensive evaluation of the

economic development of a country or a region. Multiple

measurements have been proposed, but a universally accepted

method is yet to be developed. Some studies adopt a

monotonic indicator, for example, per capita GDP, to

evaluate the economic development quality (Ding et al.,

2021), which fails to capture the multi-layered

characteristics of economic development quality. This study
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TABLE 1 Economic development quality evaluation system.

First-tier
indicator

Second-tier
indicator

Third-tier
indicator

Definition Measurement method Properties

Innovation-
driven
development

R&D expense
spending

Costs incurred by the company in the
process of product, technology, material,
process and development

R&D spending/GDP Positive

Innovation input R&D staff spending Input from personnel responsible for
developing and researching new products or
technologies

R&D staff/Total number of the
employed

Positive

Innovation output Patent Products, processes, materials and their
improvement, and other technical solutions
made by using scientific and technological
knowledge, information, and experience,
which belong to intellectual property rights

Patent application/100,000 Positive

Technological contract It is a contract between the parties to
establish mutual rights and obligations for
technology development, transfer,
consulting, or services

Value of technology contract/100,000 Positive

Productivity The ratio of the fruits of labor created by a
worker in a certain period of time to the
amount of labor consumed in proportion
to it

GDP/Total employed labor Positive

Coordinated
development

Industrial
coordination

Industrial structural
upgrading

Industrial structure of a country’s national
economy from a low-level structure
dominated by labor-intensive industries to
an advanced structure dominated by
knowledge- and technology-intensive
industries

Value added of tertiary industry/value
added of secondary industry

Positive

Appropriateness of
industrial structure

Adjust the initially unreasonable industrial
structure at a certain stage of economic
development according to the level of
science and technology, the structure of
consumer demand, the basic quality of the
population, and the conditions of resources.
This is to realize the rational allocation of
production factors and to make the
coordinated development of each industry

Reciprocal of the Theil index Positive

Rural–urban
coordination

Income level Urban-rural income level is the urban–rural
income ratio, which is an important
indicator of the urban–rural income gap

Per capita disposable income of urban
residents/per capital disposable income
of rural residents

Moderate

Share of non-SOE
industrial output

Share of non-state economy in total regional
industrial output

Non-SOE industrial output/regional
output

Positive

Regional
coordination

Production level Overall production capacity of a region,
which is the basis of the regional economy
and can reflect the overall strength of the
regional economy

Regional per capita GDP/nationwide
per capita GDP

Positive

Green
development

Pollutant discharge Waste water discharge Amount of water discharged by water users
such as industry, tertiary industry, and
urban resident’ living

Waste water discharge/GDP Negative

Waste discharge Total amount of various gases containing
pollutants that are emitted into the air
during the combustion of fuel and
production processes within the enterprise
plant

Sulfur dioxide discharge/GDP Negative

Environmental
regulation

Pollution abatement Amount of investment to complete the
pollution treatment

Paid-in investment in industrial
pollution abatement/GDP

Positive

Energy
consumption

Energy consumption Energy consumed by production and life Electricity consumption/GDP Negative

(Continued on following page)
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refers to the practice of Jiangguo Du et al. (2020) and selects

27 indicators from the five dimensions of innovation-driven

development, coordinated development, green development,

openness, and social benefit to construct a comprehensive

evaluation system for economic development (see Table 1).

As potential estimation bias may be caused by measurement

via a monotonic method, it is advised to combine different

measurement methods to optimize weights (Du et al., 2015).

Therefore, this study refers to the practice of Tang et al. (2020)

and employs the “dynamic-static” measurement method, or the

“vertical and horizontal” scatter degree method (VHSD) and

entropy method (EM) to construct a VHSD–EM model to

measure the indicator weight of economic development

quality. Time factors and the information contained in the

indicators are also incorporated into the identification of

weights. As such, economic development quality can be

effectively measured, which resolves the limit of the static

measurement method where dynamic comparison among the

measured subjects is impossible and reflects the developmental

differences among the measured subjects to the greatest possible

extent (Tang et al. (2020)).

TABLE 1 (Continued) Economic development quality evaluation system.

First-tier
indicator

Second-tier
indicator

Third-tier
indicator

Definition Measurement method Properties

Openness Dependence on
foreign capital

Dependence on
foreign capital

Degree of dependence of a country or region
on foreign direct investment

FDI/GDP Positive

Trade dependence Foreign trade
dependence

Degree of dependence of a country or
region’s economy on foreign countries, and
refers to the proportion of total imports and
exports to the region’s gross national
product or gross domestic product

Total value of imports and
exports/GDP

Positive

Social benefit Educational
environment

Higher education level Level of access to higher education, which
includes specialized education,
undergraduate education, and graduate
education

Higher education teacher-student ratio Negative

Compulsory education Level of access to compulsory education Compulsory education teacher-
student ratio

Negative

Support for education Local government spending on education as
a share of total fiscal spending

Educational spending/fiscal spending Positive

Healthcare Healthcare institutions Established in accordance with the law to
engage in disease diagnosis, treatment
activities of health institutions

Healthcare institutions per
100,000 persons

Positive

Healthcare workers Health institutions to pay the salaries of all
employees in the current position of health
technology work of professional staff

Healthcare works per 100,000 persons Positive

Healthcare
institution bed

Number of beds in various medical and
health institutions per 10,000 resident
population

Healthcare institution beds per
100,000 persons

Positive

Support for healthcare Degree of importance and investment of the
government in health

Healthcare spending/GDP Positive

Social security Elderly care Number of participants in basic pension
insurance

Number of people covered by urban
basic elderly care insurance

Positive

Unemployment Unemployed to the working population, and
is intended to measure the labor capacity in
idleness and is the main indicator of the
unemployment situation in a country or
region

Urban registered unemployment rate Positive

Infrastructure Cultural facilities Cultural learning platform funded by
government departments and provided free
of charge to the public, an important place to
carry out mass cultural activities

Public libraries per 1,000 persons Positive

Railway facilities Link between socio-economic activities in
geographic space, facilitating the effective
flow of various production factors, and are
an important support and guarantee for
economic development

Railway mileage per 100,000 persons Positive
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First, the inverse and moderate indicators in the original

indicator data are forwarded. It is assumed that there are a total of

n tertiary indicators of m provinces in K different years of the

original indicator data, where xijk represents the value of the jth

tertiary indicator of the ith province in the kth year. It is also

assumed that yijk represents the indicator data after forwarding.

If xijk is a forward indicator, yijk = xijk and no processing is

required.

If xijk is the inverse indicator, the forwarding process is

performed according to the following formula:

yijk � max
1≤ i≤ n

{xijk} − xijk. (5)

If xijk is a moderate indicator, the following forwarding

formula is used for processing:

yijk � max
1≤ i≤ n

{∣∣∣∣xijk − �xjk

∣∣∣∣} − ∣∣∣∣xijk − �xjk

∣∣∣∣, (6)

where �xjk is the average value of the jth original indicator in

the kth year, which is the moderate value.

�xjk �
∑n
i�1
xijk

n
. (7)

Next, the data after forwarding are dimensionlessized. The

specific formula is as follows:

zijk �
yijk − �yjk

σjk
. (8)

,

where, zijk represents the dimensionless index data, �yjk is the

mean of the jth normalized index in the kth year, and σjk
represents the standard deviation of the jth normalized index

in the kth year.

Finally, according to the weight coefficients obtained from

the VHSD–EM model, a linear weighting method is used to sum

up the weights layer by layer to obtain the comprehensive

evaluation function Qik of each province in a certain year to

reflect the quality of the economic development of the province

in that year, using the following formula:

Qik � ∑n
j�1
wjk · zijk, (9)

where wjk is the weighting factor of each indicator in each

year based on the VHSD–EM model.

In addition, to facilitate visual comparison without loss of

generality, the technical treatment of panning ofQik is as follows:

Qik
′ � Qik − min

1≤ i≤m, 1≤ k≤K
{Qik}. (10)

In this way, the integrated evaluation function values,

i.e., HQ, are all greater than or equal to 0.

2. Key independent variables: 1) business environment (dtf). As

an important factor impacting economic development, the

business environment reflects the comprehensive level of the

regional political and economic systems. We adopt a

marketization index from Marketization Index of China’s

Provinces NERI Report 2019 by Fan Gang and Wang

Xiaolu to denote the business environment. The

marketization index is weighted by indicators from the five

dimensions of government–market relations, development of

non-state-owned economy, development level of a product

market, development level of a factor market, and

development of market intermediary organizations and

legal environments. There is a total of 18 second-tier

indicators under the five dimensions. Specific discussions

on indicators from the five dimensions are presented in

empirical analysis to explore the impact of administration

environment, economic structural environment, product

market environment, factor market environment, and rule-

of-law environment on economic development quality. 2)

Human capital structural upgrading (Hstruc): human capital

structural upgrading is a regular evolution where human

capital with higher education gradually replaces human

capital with primary education. It is a process where a

country or a region, by optimizing the human capital

structure, promotes coordinated development of human

capital at different levels to satisfy the demand for high-

level human capital due to socioeconomic development.

This study refers to the practice of Du et al. (2020)in

measuring human capital structural upgrading, that is, to

measure human capital structural upgrading at the provincial

level through a vectorial angle method. The specific procedures

are as follows: first, we group migrants into five categories of

illiteracy or near illiteracy, primary school, middle school, high

school, and vocational college and above. The share of each group

in the total population surveyed is adopted as components of the

spatial vector to construct a five-dimension spatial vector

x0 � (x0 ,1, x0,2, x0,3, x0,4, x0,5). Second, unit vector set x1=(1, 0,
0, 0, 0)、x2=(0, 1, 0, 0, 0)、 x3=(0, 0, 1, 0, 0)、x4=(0, 0, 0, 1, 0)、

and x5=(0, 0, 0, 0, 1) is selected as benchmark vectors to

calculate the angle between the human capital spatial vector

and benchmark vector θj(j�1,...,5), and the equation is shown as

follows.

θj � arccos
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ∑7

i�1(xj,i.x0,i)
(∑7

x�1x
2
j,i)1/2(∑7

x�1x
2
0,i)1/2

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (11)

where xi,j represents the ith component of benchmark vector

set xj. x0,i is the ith component of vector x0. When the weights of

θj are identified, the human capital structural upgrading

indicator is obtained through the following equation.

Hstruc � ∑5

j�1(wj · θj). (12)

In Eq. 7, wj is the weight of θj. Weight

w1、w2、w3、w4、w5 equals 5, 4, 3, 2, and 1, respectively.
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The higher the value of Hstruc, the higher level the human capital

structure will be, and vice versa (Du et al., 2020).

3. Control variables. To further alleviate estimation bias caused

by variable omission, we control the variables related to urban

and economic characteristics in model (4). Variables related

to urban characteristics controlled in model (4) include

railway facility (traffic), per capita wealth (GDP), openness

(FDI), unemployment rate (UR), and net migration (lnR).

Variables related to the economic development mode

controlled in the model include innovation input (innvo),

competition effect (ftp), and environmental regulation (ENV),

among others. 1) Railway facility (traffic) is denoted by

railway mileage per ten thousand persons of the province.

2) Openness (FDI) reflects the utilization level of external

resources and is measured by the share of FDI in GDP. 3) Net

migration (lnR). Adequate population migration accelerates

the spread of knowledge and technology, improves resource

allocation efficiency, and effectively galvanizes innovation

dynamism. This study uses the difference between

permanent residents and household population to measure

net migration, which is denoted by R. 4) Innovation input

(innvo). Innovation input is the material foundation for

innovation, which directly propels innovation-driven

development. The higher the innovation input is, the more

capable a region is in innovation. Innovation input is

measured by per capita research and experiment

development spending. 5) Per capita wealth (GDP) is

measured by the per capital GDP of a province. 6)

Environmental regulation (ENV) is denoted by the ratio of

urban investment in industrial pollution abatement to

industrial value-added. 7) Unemployment rate is measured

by the registered unemployment rate of a province and is

denoted by UR. 8) Competition effect (ftp) is indicated by

total factor productivity. Data description and descriptive

statistics of the aforementioned dependent variable, key

independent variables, and a series of control variables as

shown in Table 2.

Based on the availability and validity of data, this study

selects panel data from 30 Chinese provinces (Tibet, Hong Kong,

Macau, and Taiwan excluded) from 2008 to 2019 as the research

object. All original data were obtained from China Statistical

Yearbook, China Statistical Yearbook on Environment, the

database of the National Bureau of Statistics of China, and

statistical yearbooks of the provinces. Missing data are

supplemented through median value and trend extrapolation.

4 Empirical analysis

4.1 Measurement of regional economic
development quality

Du et al. (2015) argued that a combined evaluation method

could be employed only when there is consistency in the results

obtained from each single evaluation method. Therefore, this

study employs Spearman’s rank correlation test to verify the

stability of the VHSD–EM model. According to the VHSD–EM

model and its index evaluation system, the Spearman’s rank

correlation test was conducted on the scores obtained from the

“vertical and horizontal” pull-down method and the entropy

weighting method by using MATLAB software. The results are

shown in Table 3.

As shown in Table 3, the calculation results of the VHSD and

EM method indicate a high degree of correlation, whose results

are statistically significant at the 1% level. Estimate results

through these two methods are, therefore, consistent. In

TABLE 2 Descriptive statistics of variables.

Variable Code Mean SD Minimum Maximum Observation

Dependent variable Economic development quality HQ 1.9434 1.5002 0.0000 6.6521 360

Independent variable Business environment dtf 6.4451 1.9269 2.3300 11.4000 360

Human capital structural upgrading Hstruc 17.5206 0.5521 16.3353 20.0423 360

Control variable Net migration lnR 25.1051 1.0732 22.4002 26.8950 360

Openness FDI 6.0421 6.7323 0.7689 65.5449 360

Railway facility traffic 0.3606 0.2129 0.0,300 1.3000 360

Per capita wealth GDP 4.6114 2.6517 0.9697 16.4563 360

Unemployment rate UR 3.3603 0.6572 1.2000 4.6000 360

Environmental regulation ENV 0.5328 0.5311 0.0000 2.5853 360

Innovation input Innvo 0.4337 0.6893 0.0023 5.2739 360

Competition effect ftp 1.0029 0.0991 0.7299 1.3789 360
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another word, the VHSD–EM model constructed in this study is

stable, and the comprehensive evaluation results estimated by

this model reflect the real level of the subject which has been

assessed. We obtain a comprehensive evaluation values of

Chinese provinces’ economic development quality for the

period from 2008 to 2019 (detailed results are not shown here

due to space constraints). The results show that most Chinese

provinces indicate varying degrees of improvement in economic

development quality during the inspection period. The

fundamental reason for overall improvement in regional

economic development quality lies in the betterment of the

business environment, steady progress in supply-side

structural reform, and transformation of economic

development philosophy among Chinese provinces. Based on

the estimate results of Chinese provinces’ economic development

quality from 2008 to 2019, we use the annual mean value of each

year as the benchmark value and use the quartile method to

divide the provinces into four development quality categories:

high level, medium-high level, medium-low-level, and low level

(see Table 4).

Table 4 demonstrates evident spatial differences among

Chinese provinces in terms of economic development quality,

with a certain degree of region-based clustering. Provinces with

relatively high levels of economic development quality are those

which the Yangtze River runs through or those in the eastern

seaboard area while the western region shows a low level. The

main reason is that eastern provinces boast favorable economic

foundations, experience rapid urbanization, and enjoy

convenient transportation and rich human resources.

Chongqing Municipality and Hubei Province, which the

Yangtze River runs through, showcase strong performance in

recent years in terms of economic development quality. Their

performance is mainly attributable to the elevation of scientific

and technological innovation, which helps sustain rapid

economic development. It is worth noting that industrial

structural improvement in Inner Mongolia and Shaanxi is

obvious. Per capita GDP in these two regions maintain steady

growth. Livelihood also showcases major improvements,

indicating an eye-catching performance in terms of overall

economic development quality.

4.2 Spatial correlation analysis

Before we conduct the regression, we need to check the

potential existence of the spatial effects (Ren et al., 2021). A

precondition for the utilization of the spatial econometric model

is the spatial correlation among research subjects, which is often

checked by Moran’s I. When Moran’s I ranges from 0–1, a

positive spatial correlation among the level value of the

neighboring area exists; when Moran’s I falls between -1 and

0, a negative correlation among the level value of the neighboring

area exists. The higher the absolute value of Moran’s I, the higher

the spatial correlation will be. To examine the spatial correlation

of economic development quality, this study constructs the

following four spatial weights matrices. The first is the

geographical distance weight matrix (W1) where Wi,j

represents the square of the reciprocal of the shortest driving

distance between the capital city of province i and that of

province j. To increase the robustness of the analysis results,

we construct an economic distance weight matrix (W2) where

Wi,j is denoted by the reciprocal between the difference of the

TABLE 3 Results of Spearman’s rank correlation test.

Year 2008 2009 2010 2011 2012 2013

Correlation coefficient 0.738,821*** 0.753,504*** 0.723,248*** 0.739,711*** 0.769,522*** 0.804,672***

Year 2014 2015 2016 2017 2018 2019

Correlation coefficient 0.844,271*** 0.825,139*** 0.78287*** 0.739,711*** 0.810,456*** 0.792,659***

Note: ***/**/* indicates the significance at the 1%/5%/10% levels.

TABLE 4 Economic development quality distribution of Chinese provinces.

Category Province

High-level Beijing, Shanghai, Tianjin, Zhejiang, Guangdong, Jiangsu, Shandong

Medium-high level Liaoning, Hainan, Fujian, Hunan, Hubei, Chongqing, Jilin, Shaanxi

Medium-low level Shanxi, Inner Mongolia, Heilongjiang, Anhui, Sichuan, Xinjiang, Henan, Hebei

Low level Guizhou, Ningxia, Qinghai, Guangxi, Jiangxi, Yunnan, Gansu

Note: Eastern China provinces include Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Shandong, Fujian, Guangdong, and Hainan; central China provinces include Shangxi,

Heilongjiang, Jilin, Anhui, Jiangxi, Henan, Hubei, and Hunan; western China provinces include Inner Mongolia, Sichuan, Guangxi, Guizhou, Yunnan, Shaanxi, Gansu, Xinjiang, Ningxia,

and Qinghai.
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annual per capital GDP of province i and that of province j.

Considering the limitations of matrices solely based on

geographical or economic distance, we construct an inverse

geographical and economic distance weight matrix (W3). The

elements in W3 are the reciprocal of the shortest driving distance

between the capital city of province i and that of province j. A

spatial neighbor distance weight matrix (W4) is also constructed.

Based on Table 5, in spatial weight matrix W1, global

Moran’s I of economic development quality is significantly

positive during the inspection period at the 1% level, meaning

that the economic development quality of Chinese provinces is

significantly and positively correlated in terms of spatial

distribution and can be analyzed through the spatial

econometric model. Specifically, instead of random scattering,

economic development quality among Chinese provinces is

distributed in a cluster or regions with a similar level of

economic development quality cluster together. In terms of

trend, Moran’s I increases over time, indicating a growing

spatial correlation of economic development quality in the

inspection period. Moreover, the business environment and

human capital structure also showcase spatial correlation.

Global spatial correlation reflects the overall correlation of

spatial variables, which may miss non-typical characteristics of

local regions (Anselin, 1995). As such, local space correlation

analysis on economic development quality is required. The most

commonly used indicator for that is local Moran’s I. The test

result of local Moran’s I in Figure 1 further corroborates the

significant spatial dependence of economic development quality

among provinces. Most provinces indicate clustering

characteristics similar to their neighboring provinces.

Provinces with high-quality economic development are often

surrounded by neighbors with high-quality economic

development while the neighboring provinces with low-quality

development are also experiencing low-quality growth.

Even though Moran’s I test indicates significant spatial

correlation in residual error, such a test cannot identify whether

the spatial lagged model or spatial error model should be adopted.

Therefore, we need to run the Lagrange Multiplier test or LM test for

identification. The model with more significant LM statistics is the

suitable one. If the twomodels showcase the same significance level in

terms of LM statistics, robust LM statistics are required. As shown in

Table 6, in geographical distance weight matrix (W1) and inverse

geographical and economic distance weight matrix (W3), both LM-

Lag and LM-Error are statistically significant at the 1% level. Further

identification by robust LM is required, that is, identification through

robust LM-Lag and robust LM-Error. The robust LM test value of the

spatial lagged model and spatial error model is statistically significant.

The adoption of the spatial Durbin model (SDM) is basically

confirmed. But further LR and Wald test should be conducted.

To further corroborate the econometric model, we use the

Wald/LR to test whether the SDM can be regressed as the SLM/

SEM. Results significantly reject the original hypothesis, meaning

that the adoption of the SDM for follow-up investigation is

robust.

Last, we need to determine which SDM model should be

applied in our study, the SDM with fixed effects or the SDM with

random effects. We applied the Hausman test in our study (Ren

et al., 2021). According to the Hausman test results, the p-value is

below 0.05, which rejects the original hypothesis and supports the

adoption of a fixed effect model. Moreover, joint significance test

results (selection of ind, time, and both) significantly reject

original hypothesis. By comparison, we find that the time-

fixed effect model delivers the optimal results. Therefore,

follow-up spatial analysis is based on time-fixed effects.

TABLE 5 Global Moran’s I of economic development quality, business environment, and human capital structural upgrading.

Year HQ dtf Hstruc

Moran z p-value* Moran z p-value* Moran z p-value*

2008 0.367 4.400 0.000 0.389 4.398 0.000 0.365 4.264 0.000

2009 0.364 4.339 0.000 0.389 4.406 0.000 0.381 4.465 0.000

2010 0.366 4.345 0.000 0.414 4.676 0.000 0.407 4.822 0.000

2011 0.355 4.224 0.000 0.424 4.791 0.000 0.414 4.970 0.000

2012 0.340 4.048 0.000 0.416 4.713 0.000 0.402 4.862 0.000

2013 0.355 4.224 0.000 0.415 4.698 0.000 0.394 4.901 0.000

2014 0.338 4.029 0.000 0.432 4.875 0.000 0.382 4.689 0.000

2015 0.339 4.036 0.000 0.385 4.355 0.000 0.381 4.683 0.000

2016 0.327 3.913 0.000 0.374 4.234 0.000 0.363 4.601 0.000

2017 0.296 3.579 0.000 0.367 4.166 0.000 0.367 4.621 0.000

2018 0.283 3.441 0.000 0.360 4.091 0.000 0.385 4.840 0.000

2019 0.255 3.156 0.001 0.352 4.006 0.000 0.388 4.954 0.000
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4.3 Spatial econometric analysis

As the spatial Durbin model with fixed effects is adopted for

spatial econometric analysis, this study employs the econometric

software STATA to run spatial econometric analysis. First, the

variance inflation factor (VIF) of the main model and VIF of the

single independence variable are lower than 10, demonstrating

that there is no multicollinearity among independent variables.

As the economic development quality is affected by many factors,

there may be an omission in variable selection. To alleviate the

TABLE 6 ML test of the spatial econometric model.

LM test Geographical distance weight Inverse geographical and economic
weight

Statistic p-value Statistic p-value

No lag 40.165 0.003 180.925 0.000

No lag (robust) 15.057 0.072 5.249 0.000

No error 35.614 0.000 180.085 0.000

No error (robust) 10.506 0.006 4.410 0.000

TABLE 7 Estimate results of benchmark regression.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Variables HQ HQ HQ HQ HQ HQ HQ HQ HQ HQ

dtf 0.6584*** 0.4526*** 0.4109*** 0.1654*** 0.1654*** 0.1005*** 0.1291*** 0.1273*** 0.1770*** 0.1814***

(0.027) (0.025) (0.025) (0.022) (0.022) (0.025) (0.031) (0.032) (0.031) (0.031)

Hstruc 1.2781*** 1.1225*** 0.6347*** 0.6254*** 0.8024*** 0.7990*** 0.7970*** 0.6189*** 0.6135***

(0.083) (0.084) (0.065) (0.069) (0.075) (0.075) (0.075) (0.078) (0.078)

Open 0.0378*** 0.0163*** 0.0171*** 0.0153*** 0.0131** 0.0134** 0.0185*** 0.0185***

(0.007) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005)

GDP 0.3798*** 0.3823*** 0.3437*** 0.3307*** 0.3315*** 0.3290*** 0.3297***

(0.021) (0.022) (0.022) (0.024) (0.024) (0.023) (0.023)

traffic 0.0694 −0.1054 0.0128 0.0500 0.3783** 0.4063**

(0.152) (0.151) (0.170) (0.182) (0.183) (0.184)

innvo 0.2913*** 0.3193*** 0.3287*** 0.2113*** 0.2038***

(0.059) (0.061) (0.064) (0.064) (0.064)

lnR −1.4525 −1.2527 −1.5732 −1.7248*

(0.958) (1.022) (0.976) (0.981)

ENV −0.0384 −0.0414 −0.0345

(0.068) (0.065) (0.065)

UR −0.2720*** −0.2664***

(0.046) (0.046)

ftp −0.6242

(0.449)

Constant −1.7358*** −22.6945*** −20.0483*** −11.0372*** −10.9078*** −13.4812*** −8.8920*** −9.4840*** −4.7319 −3.6300

(0.229) (1.370) (1.389) (1.106) (1.143) (1.221) (3.262) (3.429) (3.368) (3.456)

Observations 360 360 360 360 360 360 360 360 360 360

Adjusted R-squared 0.614 0.770 0.790 0.893 0.893 0.900 0.900 0.900 0.909 0.909

year YES YES YES YES YES YES YES YES YES YES

Note: in parentheses denote the standard error of robustness; YESmeans corresponding fixed effects are controlled; ***/**/* indicates the significance at the 1/5/10% levels, respectively. This

study controls year-fixed effects and find the results remain statistically significant.
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influence of potentially omitted variables, this study constructs

the model from generalized consideration to specific issues. After

identifying the specific impact of the business environment and

human capital structural upgrading on economic development

quality, we gradually add other control variables on the basis of

basic control variables for parameter estimation. As such, control

variables’ impact on economic development quality can be

revealed. The results are shown in Table 7.

“Generalized” estimate results in Table 7 show that the

business environment and human capital structural upgrading

consistently and positively affect economic development quality.

The direction of different variables is basically the same and

indicates little change, demonstrating the robustness of estimate

results. Business environment improvement significantly lifts

economic development quality. In another word, regions with

a better business environment enjoy higher economic

development quality. Elevation in the human capital structure

also effectively betters economic development quality.

Hypotheses 1 and 2 are corroborated.

The parametric panel fixed-effects regression model cannot

explain the observed variation well. The model only reflects the

average relationships between variables and so cannot describe

the relevant associations (Ren et al., 2022a). To ensure reliability

of the estimate results, we use the spatial Durbin panel estimation

method for robustness checks. Models (1) to (3) in Table 8 report

the estimate results on the impact of the business environment

and human capital structural upgrading on economic

development quality. It is shown that the significance level of

the independent variables’ coefficient is consistent with models in

Table 7, demonstrating the robustness of estimate results shown

before. Empirical results reveal that economic development

quality’s spatial autoregression coefficient ρ is significantly

positive, indicating a positive spatial interaction effect of

economic development quality. Regions with relatively high

economic development quality often cluster together. In line

with the results of the spatial autocorrelation test, the quality of

urban economic development is influenced by the economic

development quality of neighboring cities. Model (1) shows that

the coefficient of human capital structural upgrading is 0.745 and

is statistically significant at the 1% level when the business

environment is not taken into consideration. This reveals that

human capital structural upgrading is beneficial to the elevation

of economic development quality. The main explanation is that

the share of high-level human capital grows along with the inflow

of high-level talents, generating positive results in productivity

and technological innovation. Therefore, human capital

structural upgrading delivers positive effects on economic

development quality. Compared with model (1), model (2)

adds empirical results of the business environment’s impact

on economic development quality. The coefficient of the

business environment is 0.202 and is statistically significant at

the 1% level. Put differently, 1% increase in the business

environment brings about 0.202% of improvement in

economic development quality. This testifies to the positive

effect of the business environment on economic development

quality. The possible explanation is that a convenient business

environment can, to a large extent, lower the entry cost and

operation cost, which reduces investment risks and enhances

expectations of investment return. Enterprises are encouraged to

conduct independent innovation. Such conclusions corroborate

the hypothesis proposed previously. Model (3) considers the

coordination effect of the business environment and human

capital structural upgrading on economic development quality.

Coefficients of both the business environment and human capital

structural upgrading are significantly positive at the 1% level,

meaning that improvement in the business environment and

attracting high-level talents are conducive to the elevation of

economic development quality. The major reason is that human

TABLE 8 Results of the spatial Durbin model.

(1) (2) (3)

Variables HQ HQ HQ

Hstruc 0.745*** 0.500*** 0.484***

(0.075) (0.087) (0.084)

dtf 0.202*** 0.194***

(0.038) (0.040)

lnHustrcdtf 0.048*

(0.027)

Open 0.024*** 0.025*** 0.025***

(0.005) (0.005) (0.005)

GDP 0.491*** 0.456*** 0.503***

(0.045) (0.045) (0.046)

traffic −0.152 0.181 0.179

(0.164) (0.182) (0.207)

innvo 0.300*** 0.108 0.107

(0.063) (0.068) (0.067)

lnR 2.116*** −1.288 0.094

(0.742) (0.971) (1.033)

UR −0.197*** −0.181*** −0.179***

(0.048) (0.048) (0.048)

ENV −0.087 −0.120* −0.151**

(0.063) (0.063) (0.062)

ftp −0.465 −0.499 −0.601

(0.398) (0.391) (0.381)

rho 0.453*** 0.359*** 0.368***

(0.072) (0.080) (0.081)

sigma2_e 0.154*** 0.147*** 0.138***

(0.012) (0.012) (0.011)

R-squared 0.798 0.798 0.798

Number of id 30 30 30

N 360 360 360

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the

significance at the 1/5/10% levels, respectively.
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capital structural upgrading propels technological progress and

innovation. The more fierce the competition is, the greater its

contribution to the elevation of economic development quality.

Hypotheses 1 and 2 are further corroborated.

Based on the verified hypothesis, we investigate the impact of

control variables on economic development quality. According

to the results in Table 2, the goodness of fit of various models

(adjusted R̂2 value) is higher than 0.5, showcasing the proper

design of models. The significance level of coefficients shows that

per capita wealth, innovation input, net migration, railway

facility, and openness significantly increase economic

development quality, which is consistent with the vast

majority of existing studies. But the unemployment rate’s

impact on economic development quality is negative, meaning

that a high unemployment rate suppresses economic

development quality. The higher the unemployment rate is,

the lower the possibility of employment will be. This reduces,

to some extent, labor migration. Talents or entrepreneurs are less

likely to stay, which ultimately affects the technological

innovation of enterprises and is detrimental to economic

development quality.

To further examine the impact of the business environment

on human capital structural upgrading, this study employs the

spatial Durbin model to investigate the relation between these

two. The results are shown in Table 9.

Results in Table 9 show that improving the business

environment delivers positive impacts on human capital

structural upgrading, which is statistically significant. The

coefficient of the business environment is 0.076 and is

significant at the 1% level. The reason is that a convenient

business environment lowers innovation costs and offers better

incentive mechanisms and start-up opportunities for enterprises.

More high-level and technical talents with innovative ideas are

attracted to the region, who propel development driven by

innovation and massive start-ups. As a result, economic

development quality is improved. Moreover, estimate results of

control variables are consistent with those in benchmark regression

and are not repeated here for the sake of brevity.

TABLE 9 Spatial Durbin model: business environment and human capital structural upgrading.

(1) (2) (3) (4) (5)

Variables Main Wx LR Direct LR Indirect LR Total

dtf 0.076*** 0.106*** 0.070*** 0.066*** 0.137***

(0.015) (0.032) (0.015) (0.025) (0.031)

Open −0.000 0.005** −0.000 0.004** 0.004*

(0.001) (0.002) (0.001) (0.002) (0.002)

GDP 0.046*** 0.171*** 0.036*** 0.125*** 0.161***

(0.013) (0.023) (0.013) (0.021) (0.014)

traffic −0.587*** −1.083*** −0.522*** −0.723*** −1.246***

(0.117) (0.223) (0.119) (0.194) (0.217)

innvo −0.101*** −0.268*** −0.085*** −0.191*** −0.276***

(0.018) (0.052) (0.017) (0.044) (0.045)

lnR −4.550 −17.331*** −3.311 −13.299** −16.611***

(3.188) (5.775) (3.356) (5.169) (4.247)

UR −0.041** −0.094** −0.035* −0.066* −0.100***

(0.019) (0.042) (0.020) (0.036) (0.038)

ENV 0.011 0.018 0.009 0.018 0.027

(0.025) (0.071) (0.023) (0.056) (0.059)

ftp 0.118 −0.124 0.136 −0.139 −0.003

(0.087) (0.187) (0.090) (0.160) (0.149)

rho −0.351***

(0.084)

sigma2_e 0.006***

(0.000)

R-squared 0.397 0.397 0.397 0.397 0.397

Number of id 30 30 30 30 30

N 360 360 360 360 360

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the significance at the 1/5/10% levels, respectively.
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As the spatial autoregression coefficient of economic

development quality passes the significance test, regression

results cannot directly explain the economic sense of

independent variables. Therefore, this study decomposes

spatial effects based on point estimation results of the SDM.

The results are shown in Table 10.

Under the economic distance weight matrix, the direct effect

of the business environment and human capital structural

upgrading is significantly positive, meaning that business

environment improvement and human capital structural

upgrading effectively increase the quality of regional economic

development. On the one hand, a convenient business

environment offers evident advantages in attracting and

cultivating high-level talents and enterprises. Through

clustering effects and technological spillover effects, favorable

business environment enhances product quality and

competitiveness, which ultimately increases economic

development quality. On the other hand, high-level human

capital is the carrier of knowledge, technology, and

experience, which is the main driver for technological

innovation. As compared with primary human capital, high-

level human capital not only realizes technological innovation via

“learning by doing” (Romer, 1990) but also engages in emulation

and secondary innovation by effectively assimilating

international technological spillover (Caselli and Coleman,

2006). Furthermore, human capital possesses a strong

externality (Lucas, 1988). High-level human capital with an

innovation spirit is more likely to generate new ideas, learn

new technologies, and is more capable of technological

innovation. Therefore, human capital structural upgrading

serves as a solid support for the application, improvement,

and innovation of various technologies. Advanced

technologies are better assimilated and applied and

technological innovation is conducted more efficiently, which

leads to the improvement of economic development quality. The

indirect effect of the business environment is significantly

positive, revealing that business environment improvement

delivers obvious and positive spatial spillover effects on

economic development quality of neighboring provinces.

Improving the business environment helps accelerate

technological spillover among provinces and cross-region

cooperation. The indirect effect of human capital structural

upgrading is significantly negative. An improvement of 1% in

human capital structural upgrading leads to a 1.127% decrease in

economic development quality in the neighboring area. The

possible explanation is that regions with a relatively high-level

of human capital structure often enjoy favorable geographical

location, preferential policies, and competitive platforms, which

easily attract talents (Du et al., 2020). For neighboring provinces,

this means brain drain. Therefore, human capital structural

upgrading delivers a negative impact on the economic

development quality of neighboring areas.

4.4 Endogeneity issues

When analyzing how the business environment and human

capital structural upgrading affect economic development

quality, endogeneity of the business environment and human

capital structural upgrading is not a serious issues. But for the

analysis based on benchmark regression on the impact of the

business environment and human capital structural upgrading

on economic development quality, the endogeneity of the two is

an issue of great significance. To be specific, on the one hand, the

business environment can improve economic development

quality through technological innovation and introduction of

FDI while human capital structural upgrading affects economic

development quality by attracting and cultivating high-level

talents. On the other hand, economic development quality

itself influences human capital structural upgrading via the

scale effect, technological effect, and structural effect. The

development of high-level enterprises may entail improvement

of the business environment. That is, a favorable business

environment may promote economic growth. But at the same

TABLE 10 Decomposed results of spatial effects.

(1) (2) (3)

Variables Direct effect Indirect effect Total effect

Hstruc 0.437*** −1.127*** −0.690*

(0.096) (0.328) (0.380)

dtf 0.239*** 0.668*** 0.907***

(0.039) (0.124) (0.143)

Open 0.027*** 0.029** 0.057***

(0.005) (0.014) (0.017)

GDP 0.441*** −0.261** 0.181**

(0.042) (0.102) (0.091)

traffic 0.180 −0.001 0.179

(0.191) (0.534) (0.642)

innvo −0.008 −2.051*** −2.060***

(0.082) (0.339) (0.397)

lnR −1.361 −1.721 −3.081

(1.109) (5.214) (5.931)

UR −0.200*** −0.291 −0.491**

(0.053) (0.211) (0.249)

ENV −0.103 0.234 0.131

(0.074) (0.327) (0.380)

ftp −0.496 −0.178 −0.674

(0.408) (1.209) (1.388)

R-squared 0.804 0.804 0.804

Number of id 30 30 30

N 360 360 360

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the

significance at the 1/5/10% levels, respectively.
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time, an advanced economic level means a higher requirement

for a business environment, which urges the government to

create better business environments. Replacing key

independent variables with suitable instrumental variables is

an effective way to alleviate endogeneity. This study refers to

typical research such as the research by Acemoglu et al. (2014)
and Glaeser et al. (2015) and selects the duration of a foreign
trade port and the origin of merchant groups in the Ming and
Qing Dynasty as the historical instrumental variable for an urban
business environment. In reference to the practice of Dai (2020),
we adopt the interaction between the number of higher education
institutions (related to individuals’ changes) in the province from
the period 2008–2019 and the number of college graduates in
China in the previous two periods as the instrumental variable of
human capital structural upgrading.

Models 3 and 4 in Table 11 report the second stage estimate

results of two-stage least-squares regression on instrumental

variables. The RKF statistic value of models is obviously below

32.7888, the critical value of the F value at the 10% level,

demonstrating no weak instrumental variable. Moreover, the

second stage regression results show that the coefficient of

TABLE 11 Estimate results of instrumental variables.

Variables (1) (2) (3) (4)

dtf 0.3845*** 0.9357*** 3.7823***

(0.0830) (0.239) (0.971)

Hstruc 2.9612*** 0.4443*** 1.2932***

(0.197) (0.051) (0.466)

Control No No No Yes

Observations 360 360 360 360

R-squared 0.488 0.425 0.696 0.809

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the

significance at the 1/5/10% levels, respectively.

TABLE 12 Robustness checks.

(1) (2) (3) (4) (5)

Variables Main Wx LR Direct LR Indirect LR Total

lnGXSL 0.800*** 2.032*** 0.867*** 2.479*** 3.346***

(0.234) (0.602) (0.234) (0.637) (0.666)

dtf 0.102*** 0.088 0.105*** 0.128 0.233**

(0.026) (0.076) (0.025) (0.097) (0.098)

Open 0.004 −0.015* 0.004 −0.018* −0.014

(0.003) (0.009) (0.003) (0.010) (0.011)

GDP 0.091*** −0.025 0.090*** −0.010 0.080

(0.020) (0.047) (0.020) (0.054) (0.061)

traffic 0.261 −0.049 0.257 −0.033 0.224

(0.240) (0.849) (0.238) (0.988) (1.053)

innvo 0.180*** −0.101 0.180*** −0.088 0.092

(0.037) (0.118) (0.037) (0.142) (0.156)

lnR −15.294* 0.665 −15.483** −1.779 −17.262

(7.961) (18.469) (7.892) (20.178) (18.250)

UR −0.119*** −0.227* −0.128*** −0.292** −0.420***

(0.038) (0.116) (0.038) (0.137) (0.155)

ENV −0.143*** 0.016 −0.139*** −0.015 −0.154

(0.052) (0.155) (0.051) (0.182) (0.195)

ftp 0.069 0.219 0.083 0.260 0.343

(0.179) (0.525) (0.178) (0.620) (0.660)

rho 0.162*

(0.093)

sigma2_e 0.024***

(0.002)

R-squared 0.441 0.441 0.441 0.441 0.441

Number of id 30 30 30 30 30

N 360 360 360 360 360

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the significance at the 1/5/10% levels, respectively.
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endogenous variable human capital structural upgrading

(Hstruc) and the business environment (dtf) experience no

evident changes when control variables are added. This

testifies that the estimate variable satisfies the exclusion

restriction (Burchardi and Hassan, 2013) or the instrumental

variable is exogenous. Furthermore, the first stage regression

result satisfies the relevant hypothesis of the instrumental

variable. Therefore, the selection of instrumental variables in

this study is effective. Estimate results of the instrumental

variable in model 4 show that there is no obvious difference

in direction and significance among coefficients of independent

variables inmodels 1 to 3 of Table 2, which verifies the robustness

of the conclusions drawn before.

4.5 Robustness checks

To ensure the comparability of estimate results and reliability

of the conclusions of this study, we use the number of higher

education institutions (lnGXSL) as the proxy indicator for

human capital structural upgrading. The estimate result is

shown in Table 12, which is consistent with the benchmark

regression conclusion.

This study selects the five dimensions of the marketization

index from Marketization Index of China’s Provinces NERI

Report 2019, i.e., government–market relation (zs),

development of non-state-owned economy (fg), development

level of the product market, development level of the factor

market (ys), and market intermediary organization development

and legal environment (zf) as the proxy indicator for the business

environment (dtf). The estimate result is shown in Table 13,

which is consistent with the results shown before and

corroborates the robustness of previous conclusions. Such

results demonstrate that the government should refrain from

interfering with the market. Instead, the government should give

an active role to the factor market for effective allocation,

enhance the rule-of-law environment, and further improve the

business environment. In addition, different spatial weights are

adopted for tests, the result of which shows no substantial

difference from the benchmark model and remains robust.

In addition, to avoid biased regression results due to the

choice of spatial weights, the Durbin model is retested based on

geographic distance spatial weights and the regression results are

shown in Table 14. Compared with the estimated results of

economic distance spatial weights (Table 8), it is found that the

significance level, direction, and size changes of the effects of the

TABLE 13 Robustness checks.

(1) (2) (3) (4) (5) (6)

Variables HQ Main Wx LR Direct LR Indirect LR Total

Hstruc 1.099*** 0.977*** −0.174 1.009*** 0.437 1.446***

(0.082) (0.067) (0.192) (0.075) (0.298) (0.339)

zs −0.040 0.036 −0.113* 0.023 −0.168 −0.144

(0.042) (0.033) (0.067) (0.034) (0.114) (0.132)

fg 0.087*** 0.074*** 0.115*** 0.094*** 0.260*** 0.355***

(0.027) (0.022) (0.044) (0.021) (0.077) (0.085)

cs −0.113*** −0.135*** −0.040 −0.148*** −0.178 −0.326**

(0.031) (0.025) (0.075) (0.028) (0.139) (0.158)

ys 0.068*** −0.005 0.063* 0.002 0.102* 0.103

(0.023) (0.019) (0.035) (0.019) (0.059) (0.068)

zf 0.198*** 0.126*** 0.062** 0.140*** 0.204*** 0.344***

(0.013) (0.012) (0.030) (0.013) (0.055) (0.061)

rho 0.450***

(0.071)

sigma2_e 0.215***

(0.015)

Constant −17.403***

(1.399)

R-squared 0.844 0.476 0.476 0.476 0.476 0.476

N 360 360 360 360 360 360

Number of id 30 30 30 30 30

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the significance at the 1/5/10% levels, respectively.
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advanced human capital structure and business environment on

economic development quality are not significant. It indicates

that the setting of spatial weights did not lead to biased model

estimation results and also proves the robustness of the previous

findings.

5 Further analysis

5.1 Region heterogeneity

Due to differences in natural endowment and economic

development among varied regions of China, regional variance

among eastern, central, and western China is significant. To

examine regional heterogeneity of the impact of the business

environment and human capital structural upgrading on

economic development quality, this study refers to the study

by Ding et al. (2021)and groups samples into eastern, central, and

western regions. Further test results are shown in Table 15. The

empirical result shows that a 1% improvement in the business

environment directly leads economic development quality in

eastern regions to grow by 0.563%. But the impact of business

environment improvement on economic development quality is

not significant with its estimate coefficient being -0.057. The

reason is that economy is less developed in western China.

Relatively weak administration and a rule-of-law environment

and slow progress in the business environment generate little

positive impact on economic development quality. But in terms

of spatial spillover effects, business environment improvement

delivers evident and positive spillover effects on neighboring

areas. However, the eastern region accumulates lots of capital and

technology over a sustained period of economic development.

Urban construction and government administration levels are

better than the rest of the country. Growing environmental

awareness of residents and industrial structural upgrading also

prominently improve economic development quality in the

eastern region. Moreover, at the regional level, the impact of

human capital structural upgrading on economic development

quality is evidently different among varied regions. In the eastern

region, the coefficient of human capital structural upgrading is

1.174 and is statistically significant at the 1% level; in the central

region, the coefficient is -0.156 and is not significant; in the

western region, the coefficient is 0.789 and is significant at the 1%

level. This demonstrates that human capital structural upgrading

in the eastern and western regions delivers significantly positive

impact on business environment quality with the impact of the

former stronger than that of the latter. Based on the regression

coefficient of the central region, human capital structural

upgrading in the central region suppresses economic

development quality. But such impacts are not statistically

significant. This may be explained by the mismatch between

the human capital structure and industrial structure in the

central region. Only when the human capital structure

matches the economic structure and social structure can it

maximize its role (Adil et al., 2014). Put differently, a higher

level of human capital structure does not necessarily mean better

effects. Instead, there is an optimal state of human capital

structure (Jun and Mingfeng, 2019). When the human capital

structure upgrades to a state where human capital exceeds the

demand required by the economic structure, the excess high-level

human capital leads to internal competition and results in issues

such as industrial mismatch. In such a case, human capital

structural upgrading is detrimental to improvement in

productivity and economic development quality. Furthermore,

a mismatch between human capital and economic structure

generates crowd-out effects, which entails higher levels of

unemployment and imbalance in the labor market (Čadil

TABLE 14 Robustness checks: the Durbin model based on geographic
distance spatial weights.

(1) (2) (3)

Variables HQ HQ HQ

Hstruc 0.507*** 0.409*** 0.392***

(0.097) (0.094) (0.094)

dtf 0.182*** 0.180***

(0.032) (0.033)

lnHustrcdtf 0.007

(0.026)

Open 0.031*** 0.026*** 0.024***

(0.005) (0.005) (0.005)

GDP 0.425*** 0.337*** 0.335***

(0.024) (0.026) (0.026)

traffic 0.084 0.431** 0.201

(0.174) (0.173) (0.188)

innvo 0.211*** 0.142** 0.135**

(0.060) (0.059) (0.057)

lnR 4.099*** −0.224 −1.218

(0.965) (1.123) (1.115)

UR −0.239*** −0.275*** −0.251***

(0.046) (0.044) (0.043)

ENV −0.132* −0.042 0.008

(0.070) (0.067) (0.067)

ftp −0.721* −0.856** −0.917**

(0.403) (0.380) (0.368)

rho 0.433*** 0.315*** 0.207**

(0.076) (0.086) (0.095)

sigma2_e 0.160*** 0.142*** 0.132***

(0.013) (0.011) (0.010)

R-squared 0.469 0.475 0.590

Number of id 30 30 30

N 360 360 360

Note: Standard errors of robustness are indicated in parentheses; ***/**/* indicates

significance at the 1/5/10% levels, respectively.
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et al., 2014a). Therefore, human capital structural upgrading does

not improve economic development quality in the central region.

This also suggests that the central region should, while improving

economic development quality, optimize the human capital

structure to make it better match with the industrial structure

to unleash human capital structural upgrading’s positive effects

on economic development quality.

5.3 Period heterogeneity

Since the 18th National Congress of the Communist Party of

China, the business environment has been high on the

government’s agenda. The impact of business environment

improvement on economic development quality may be

varied before and after the 18th National Party Congress. To

verify such potential variance caused by the period, we introduce

the dummy variables of time T, which investigates whether there

is a difference in the business environment’s impact before and

after the 18th National Party Congress. T = 0 for the period

before the Congress (2008–2012); T = 1 for the period after the

Congress (2012–2019).

The model in Table 16 introduces the product term T*dtf.

The result shows that the estimate coefficient of T*dtf is

significantly positive at 0.063, demonstrating significant

differences in the business environment’s impact before and

after the 18th National Party Congress. That is, the positive

impact of the business environment on economic development

quality becomes stronger after the 18th National Party Congress.

The possible explanation is that improving the business

environment was highlighted by the Congress. Local

governments are motivated to create a favorable business

environment and lay a solid foundation for improving

economic development quality.

5.3 Quantile regression

For the aforementioned reasons, considering that there are

significant differences between different regions, to further verify

whether the impact of the business environment and advanced

human capital structure on the quality of economic development

is heterogeneous, this study introduces the quantile method for

regression (Cheng C et al., 2021; Ren et al., 2022c). A panel data

quantile regression model can analyze different marginal utilities

of the business environment and human capital structural

upgrading on economic development quality at varied

quantile points (Koenker, 2004; Ren et al., 2022b). In

reference to the common practice in previous research, we

select the most representative seven quantile points (5, 10, 25,

75, 90, and 95%) for analysis. To be consistent with previous

estimations in terms of methodology, we adopt the quantile

method with a panel fixed effect for estimation, the result of

which is shown in Table 17.

Estimate results in Table 17 show that the business

environment and human capital structural upgrading deliver

significantly different impacts on economic development quality

at varied quantile points. At the quantile of economic

development quality, the coefficient of the business

environment is not significant. From a lower to higher

TABLE 15 Region heterogeneity.

Variables Eastern Central Western

Coefficient Robust standard
error

Coefficient Robust standard
error

Coefficient Robust standard
error

Main effect

dtf 0.563*** (0.047) 0.141*** (0.045) -0.057 (0.035)

Hnurst 1.174*** (0.148) -0.156 (0.184) 0.789*** (0.148)

Direct effect

dtf 0.705*** (0.058) 0.105** (0.046) -0.086*** (0.032)

Hnurst 1.385*** (0.190) -0.101 (0.178) 0.546*** (0.145)

Indirect effect

dtf 1.459*** (0.317) 0.326*** (0.125) 0.276* (0.145)

Hnurst 2.288*** (0.609) -0.451 (0.325) 2.322*** (0.703)

Total effect

dtf 2.164*** (0.356) 0.431*** (0.126) 0.191 (0.156)

Hnurst 3.673*** (0.778) -0.553 (0.435) 2.868*** (0.784)

Note: Eastern China provinces include Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Shandong, Fujian, Guangdong, and Hainan; central China provinces include Shangxi,

Heilongjiang, Jilin, Anhui, Jiangxi, Henan, Hubei, and Hunan; western China provinces include Inner Mongolia, Sichuan, Guangxi, Guizhou, Yunnan, Shaanxi, Gansu, Xinjiang, Ningxia,

and Qinghai.
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quantile of economic development quality, its coefficient

showcases an increasing trend. Meanwhile, the coefficient of

human capital structural upgrading’s impact on economic

development quality is 0.581, 0.588, 0.601, 0.611, 0.629, 0.638,

and 0.647, respectively, at the quantile point of 0.05, 0.10, 0.25,

0.5, 0.75, 0.90, and 0.95. This shows that at different economic

development stages, human capital structural upgrading

positively and significantly affects economic development

quality. As the quantile point moves up, the positive impact

of human capital structural upgrading becomes stronger. At the

quantile point of 0.95, the coefficient of human capital structural

upgrading is the highest, meaning that its marginal contribution

is the highest. The reason is that regions with high economic

development quality enjoy stronger advantages in human capital

stock and structure, which deliver greater positive impacts on

technological innovation and industrial structural upgrading. Its

coefficient also grows gradually. This is in line with the general

trend in China that high-level human capital gradually flows to

economically advanced regions and economic development

quality in the country improves over time. Such results also

corroborate the test results on the eastern, central, and western

regions as shown in Figures 2, 3.

The result of the spatial quantile method is shown in

Table 18. According to the first law of geography, the quality

of economic development has a strong spatial dependence, but

the quantile regression model has not yet considered this spatial

autocorrelation. The spatial quantile model can more

comprehensively portray the distribution characteristics and

spatial correlation of the quality of economic development. In

this study, the instrumental variable quantile regression (IVQR)

method is used for estimation. The spatial quantile estimation

results in Table 18 further show the existence of a significant and

positive spatial autocorrelation of economic development

quality, which passed the 1% significance level test. Moreover,

TABLE 16 Period heterogeneity.

(1) (2) (3) (4) (5)

Variables Main Wx LR Direct LR Indirect LR Total

dtf 0.167*** 0.042 0.171*** 0.084 0.255*

(0.042) (0.093) (0.045) (0.109) (0.131)

dtf*T 0.063* 0.043 0.063** 0.071 0.134*

(0.033) (0.070) (0.032) (0.083) (0.077)

Open 0.026*** −0.004 0.027*** 0.002 0.029**

(0.004) (0.010) (0.004) (0.011) (0.013)

lnGDP 2.278*** 0.423 2.312*** 1.042** 3.354***

(0.181) (0.373) (0.176) (0.435) (0.428)

traffic 0.039 −1.975*** -0.041 −2.379*** −2.420***

(0.169) (0.336) (0.179) (0.495) (0.609)

innvo −0.021 −1.121*** −0.067 −1.356*** −1.423***

(0.052) (0.151) (0.053) (0.211) (0.235)

lnR 0.151 1.369 0.200 1.861 2.061

(0.993) (3.083) (1.047) (3.827) (4.428)

UR −0.140*** 0.659*** −0.115** 0.754*** 0.639***

(0.047) (0.127) (0.053) (0.184) (0.225)

ENV −0.200*** −0.252 −0.209*** −0.346 −0.555**

(0.060) (0.178) (0.062) (0.223) (0.260)

ftp −0.885** 0.480 −0.858** 0.414 −0.443

(0.390) (0.780) (0.399) (0.960) (1.084)

rho 0.195**

(0.078)

sigma2_e 0.137***

(0.010)

R-squared 0.584 0.584 0.584 0.584 0.584

Number of id 30 30 30 30 30

N 360 360 360 360 360

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the significance at the 1/5/10% levels, respectively.
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the spatial correlation of economic development quality

differs across quartiles, and the spatial autocorrelation of

high economic development quality is stronger than that of

low economic development quality. Meanwhile, the business

environment and advanced human capital structure show a

positive correlation on the economic development level, but

the coefficients differ with different quartiles, indicating that

the intensity of reliance on advanced human capital

structure and business environment is not the same at

different economic development stages. The reason for

TABLE 17 Quantile regression.

(1) (2) (3) (4) (5) (6) (7)

Variables HQ (5%) HQ (10%) HQ (25%) HQ (50%) HQ (75%) HQ (90%) HQ (95%)

dtf 0.120 0.132* 0.157*** 0.178*** 0.210*** 0.228*** 0.244**

(0.093) (0.078) (0.052) (0.042) (0.059) (0.079) (0.099)

Hstruc 0.581*** 0.588*** 0.601*** 0.611*** 0.629*** 0.638*** 0.647***

(0.211) (0.177) (0.119) (0.095) (0.134) (0.180) (0.225)

Open 0.011 0.012 0.015 0.018** 0.022* 0.024 0.026

(0.019) (0.016) (0.011) (0.009) (0.012) (0.017) (0.021)

GDP 0.296*** 0.303*** 0.316*** 0.328*** 0.345*** 0.355*** 0.364***

(0.072) (0.061) (0.041) (0.032) (0.046) (0.062) (0.077)

traffic 0.721* 0.658* 0.531** 0.426** 0.259 0.165 0.082

(0.405) (0.340) (0.228) (0.182) (0.257) (0.345) (0.431)

innvo 0.470*** 0.417*** 0.309*** 0.220*** 0.079 -0.000 -0.070

(0.129) (0.108) (0.073) (0.059) (0.082) (0.110) (0.138)

lnR 0.007 −0.340 −1.038 −1.618 −2.534 −3.052 −3.504

(2.602) (2.184) (1.463) (1.168) (1.655) (2.220) (2.773)

UR −0.214* −0.225** −0.246*** −0.263*** −0.291*** −0.306*** −0.320**

(0.128) (0.107) (0.072) (0.057) (0.081) (0.109) (0.136)

ENV −0.204 −0.170 −0.102 −0.045 0.044 0.095 0.139

(0.152) (0.128) (0.086) (0.069) (0.097) (0.130) (0.162)

ftp −0.314 −0.376 −0.501 −0.605 −0.769 −0.862 −0.943

(1.148) (0.964) (0.645) (0.515) (0.730) (0.980) (1.223)

N 360 360 360 360 360 360 360

Note: in parentheses denotes the standard error of robustness; ***/**/* indicates the significance at the 1/5/10% levels, respectively.

FIGURE 1
Local Moran’s I.

Frontiers in Environmental Science frontiersin.org20

He and Yao 10.3389/fenvs.2022.964922

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.964922


this is that in provinces with lower levels of economic

development, optimizing the business environment will

increase a lot of construction costs, when the cost benefit

of the business environment is greater than the promotion

effect, and for provinces with higher levels of economic

development, their own business environment system has

been relatively perfect, so the reliance on business

environment optimization is not very strong. Talent is the

key factor of economic development; the higher the level of

economic development, the stronger the reliance on the

advanced human capital structure. From the side, it is

further verified that the improvement of the advanced

level of the human capital structure has a significant

promoting effect on the quality of economic development,

and this promoting effect shows a gradual increasing trend as

the position of the economic quality development quantile

rises.

6 Conclusion and policy implications

To study the dependence of the quality of China’s economic

development on the business environment and the advanced

structure of human capital, based on theoretical analysis on the

impact mechanism through which the business environment and

human capital structural upgrading influence economic

development quality, this study employs the panel data of

30 Chinese provinces for the period from 2008–2019,

measures provincial economic development quality via the

VHSD–EM model, and tests the trilateral relation and impact

mechanism through the spatial panel Durbin model and quantile

regression model. We further examine the regional heterogeneity

of the impact of the business environment and human capital

structural upgrading on economic development quality and

investigate whether the emphasis on improving the business

environment on the 18th National Party Congress affects

economic development quality of the regions. We find that 1)

business environment improvement promotes human capital

structural upgrading and economic development quality.

Human capital structural upgrading delivers significant

intermediary effects, through which business environment

improvement affects economic development quality; 2) in

terms of region, there is evident heterogeneity in the impact

of the business environment and human capital structural

upgrading in the eastern, central, and western regions. The

positive impact of the business environment on economic

development quality is the most prominent in the eastern

region, followed by that in the central region. The business

environment’s impact on the western region is not statistically

significant. Human capital structural upgrading significantly

promotes economic development quality in the eastern and

western regions but suppresses economic development quality

in the central region in a statistically non-significant sense. This

indicates that the central region needs to strengthen the

optimization of the business environment, and the western

region should pay more attention to the improvement of the

advanced level of human capital structure. The eastern region

should strengthen the enhancement of the advanced level of the

human capital structure while optimizing the business

environment; 3) the quantile regression estimate result reveals

that the promotion effect of the business environment and advanced

human capital structure on the quality of economic development

shows an overall upward trend at different quartiles, and its

promotion effect has obvious heterogeneity and asymmetry among

quartiles. This indicates the heterogeneity in the intensity of the

reliance on the advanced human capital structure and business

environment at different stages of economic development; 4) the

time heterogeneity of the business environment’s impact on economic

development quality demonstrates that business environment

improvement further elevates economic development quality since

the 18thNational Party Congress when the business environment was

highlighted.

FIGURE 2
Business environment evolution.

FIGURE 3
Human capital structural upgrading evolution.
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Based on the aforementioned conclusions, we propose the

following policy suggestions: first, to further improve

economic development quality of provinces, local

governments should deepen reforms to delegate power to

the government at lower levels, better administration, and

improve government services to improve the business

environment. Based on local conditions and advantages,

local governments should formulate talent development

policies and enhance systematic and institutional

arrangements related to human capital investment. By

adjusting and guiding the flow of human capital, local

governments can galvanize human capital structural

upgrading. Second, policymakers should take full account

of regional differences when formulating economic policies.

The country should steadily improve the business

environment and human capital structure in the eastern

region while stepping up efforts in elevating the business

environment and channeling more inputs into human

capital in the central and western regions to the narrow

regional development gap. Third, as regional economic

development is affected by policies and structural

differences of neighboring provinces, the local government

should develop new methods for synergy in regional

economic development, invent mechanisms for benefit

coordination and win-win results, and construct a cross-

regional coordination system for economic development

quality monitoring. At last, the reform of the sub-

provincial fiscal system in China is an important aspect of

promoting China’s economic development in the future.

Promoting the reform of the sub-provincial fiscal

system is conducive to optimizing the allocation of

financial resources and relieving the pressure on financial

resources at the grassroots level (Kassouri, 2022), and

strengthening the capacity to guarantee public services at

the grassroots level and promoting the equalization of public

services, thereby promoting high-quality economic

development. This provides ideas and directions for

further research.

TABLE 18 Spatial quantile estimation results.

(1) (2) (3) (4) (5) (6) (7)

Variables HQ (5%) HQ (10%) HQ (25%) HQ (50%) HQ (75%) HQ (90%) HQ (95%)

WHQ −0.009 0.000 −0.001 0.021*** 0.034*** 0.078*** 0.067***

(0.015) (0.012) (0.009) (0.008) (0.010) (0.013) (0.017)

dtf −0.040 −0.087 0.032 0.096* 0.055 −0.103 0.227**

(0.102) (0.080) (0.059) (0.053) (0.068) (0.088) (0.112)

Hstruc 0.713*** 0.798*** 0.772*** 0.825*** 1.101*** 1.388*** 1.478***

(0.245) (0.192) (0.142) (0.127) (0.162) (0.211) (0.268)

Open 0.027 0.024* 0.019** 0.040*** 0.099*** 0.093*** 0.062***

(0.017) (0.013) (0.010) (0.009) (0.011) (0.014) (0.018)

GDP 0.259*** 0.277*** 0.248*** 0.177*** 0.071 0.138** -0.020

(0.071) (0.056) (0.041) (0.037) (0.047) (0.061) (0.078)

traffic −0.385 −0.519 −0.521 −0.532* −0.708* −1.424*** −1.239**

(0.560) (0.439) (0.324) (0.291) (0.371) (0.483) (0.613)

innvo 0.316 0.410** 0.402*** 0.389*** 0.381*** 0.251 0.013

(0.211) (0.166) (0.123) (0.110) (0.140) (0.183) (0.232)

lnR 4.798 4.491* 1.237 −1.934 −2.395 0.903 −4.296

(3.246) (2.549) (1.881) (1.687) (2.152) (2.801) (3.559)

UR 0.130 0.112 0.071 0.066 −0.092 −0.206 −0.286*

(0.146) (0.115) (0.084) (0.076) (0.097) (0.126) (0.160)

ENV −0.022 −0.083 0.004 0.103 0.237* 0.242 0.078

(0.210) (0.165) (0.122) (0.109) (0.139) (0.182) (0.231)

ftp −1.598 −1.847** −2.723*** −2.852*** −2.380*** −2.626*** −1.299

(0.992) (0.779) (0.575) (0.516) (0.658) (0.857) (1.088)

Constant −26.713** −26.563*** −14.991** −5.509 −8.066 −22.025** −8.671

(11.236) (8.824) (6.511) (5.839) (7.449) (9.698) (12.320)

N 360 360 360 360 360 360 360

Note: Robustness standard errors are reported in parentheses. ***, **, and * denote 1, 5, and 10% significance levels, respectively.
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