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Abstract: The investment in Major Construction Projects (MCPs) has a counter-cyclical impact on
quantitative GDP increases during the recession period. However, its impact on the quality of
economic growth is still unknown. Based on the data of prefecture-level cities in China from 2008
to 2017, we construct an economic Quality Growth Index (QGI) including sustainable development
factors and take the PPP (Public–Private Partnership projects) policy as a quasi-natural experiment to
design a Difference-In-Differences (DID) strategy for the first time to estimate the effects of the MCPs
investment on the sustainable development of regional economies. We find that the MCPs investment
can significantly improve the quality of regional economic growth. The MCPs investment can
improve the quality of regional economic growth by enhancing innovation and entrepreneurship at
the regional levels. Our findings may provide empirical evidence to support the policy of increasing
investment into infrastructure constructions to promote sustainable development in the current
economic recession under the COVID-19 pandemic.

Keywords: major construction project; economic growth quality; PPP policy; regional entrepreneurship;
Difference-In-Differences

1. Introduction

Nowadays, the global economy is in recession under the impact of the COVID-19
pandemic, and many governments are making efforts to seek ways to drive a fast economic
recovery. Since the investment in Major Construction Projects (MCPs) plays an important
role in regional economic development [1], especially during the recession period, govern-
ments worldwide tend to adopt the investment of MCPS as a counter-cyclical adjustment
economic policy tool for a rapid GDP increase in a short term [2,3].

However, governments should consider the overall economic growth quality other
than the short-term quantity increase in GDP when they come to the decision of MCPs
investments, which is more beneficial to the sustainable development of economies. Much
existing literature has explored the effects of MCPs on regional economic growth from
different perspectives, such as the transportation infrastructures [4–7], the communication
facilities [8,9], the power infrastructures [10–12], etc., and most of the results have proved
that the MCPs investment can help the regional economy to achieve an immediately
positive increase in GDP by expanding regional employment [13], reducing the economic
transaction cost [14] and improving the efficiency of goods circulations [15]. Some other
literature also indicates that a large number of infrastructure constructions may aggravate
the debt of governments [16], reduce the financial support to manufacturing sectors [17],
and squeeze out other producing resources [18], which may be not so conducive to the
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long-term economic development. It is not wise for the governments to focus on the
short-term counter-cyclical adjustment effects of MCPs investment but ignore its impact on
the long-term sustainable development when encountering the pressure of the COVID-19
pandemic on regional economic recovery.

This paper will investigate the overall impacts of MCPs investment on the regional
economic sustainable development and provide useful decision-making references for
the governments to stimulate the regional economy in the current COVID-19 pandemic
situation. Some studies conclude the positive effects of MCPs investment on regional
long-term economic growth include improving the ecological environment [19], optimizing
the industrial structure [20], and promoting the innovation capacity [21], as well as the
negative outcomes such as the misallocation of financial resources [22], increasing the
financial risk [23,24]. Those exiting conclusions only reveal the impacts on some specific
aspects of long-term economic growth, which is not an “overall” assessment and not
conceivable enough to support government decisions that are usually based on holistic
considerations. Therefore, it is necessary to construct a comprehensive index to measure
the sustainable development of the regional economy to further explore the impact of
MCPs investment.

We will construct an economic Quality Growth Index (QGI) to figure out this “overall”
effect. The difference between the quality of economic growth and traditional economic
growth mainly lies in the fact that the quality of economic growth aims at sustainabil-
ity rather than simply increasing the quantitative GDP growth rate [25]. In terms of the
measurement of the high-quality development of regional economy, some literature doc-
uments that economic growth efficiency is the core of improving economic growth [2].
Therefore, total factor productivity is used as a proxy variable of the quality of economic
growth [16,19]. However, the evaluation of the quality of economic growth should include
multiple aspects, such as economic growth rate, social welfare, environmental protection,
etc. [24]. Based on the study of Mlachila et al. [26] on the establishment of economic QGI,
including both the quantity of economic growth and the dimension of social attributes,
we have further incorporated environmental factors into the index system to measure the
sustainable development level of the regional economy.

In order to accurately capture the effect of MCPs investment on the overall quality
of regional economic growth, we need to find an adequate strategy to deal with some
possible endogenous problems between MCPs investment and regional economic growth,
such as the possibility that regions with better quality of economic growth tend to increase
the MCPs investment, which will cause our estimating results biased. In this paper, we
take the Public–Private Partnership (PPP) project policy implemented in China around
2014 as a quasi-nature experiment to design a Difference-In-Differences (DID) strategy to
address the possible endogenous problems. The PPP projects in China are usually those
infrastructure construction projects with huge investments, which are generally difficult to
be accomplished by the single public sector or the private company and hence need the
cooperation between them [27]. In this paper, we regard the PPP projects as the specific
MCPs and will discuss more details about this in the following Section 2.

We use the prefecture-city level panel data from 2008 to 2017 in China for estima-
tion. The results show that the investment of PPP can significantly improve the regional
economic QGI. After the common trend test and the Propensity Score Matching–Difference-
in-Differences (PSM–DID) estimation, the results stand robust. We further test the possible
mechanism and find that the MCPs investment can enhance the regional innovation en-
trepreneurship so as to improve the quality of regional economic growth.

There are three marginal contributions of our paper. First, we explore the effects of
MCPs investment on the overall economic development quality. Previous studies mainly fo-
cused on the short-term influence on the quantitative GDP increase [28,29] or the long-term
impact on some specific aspects of economic growth, such as the misallocation of financial
resources [22], increasing the financial risk [30]. In this paper, we focus on the “overall”
effects on sustainable economic development by constructing the economic QGI to measure
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the economic development quality, which is more helpful in comprehensively assessing the
effects of MCPs investment on economic growth. Second, to our best knowledge, it is the
first time to take the PPP policy as a quasi-natural experiment to carry out a DID strategy
for the identification of MCPs investment in this paper. Existing literature tends to adopt
the total investment to construct the year-and-city double fixed effects models to identify
the effects of MCPs on economic growth [31], whose results are less conceivable due to
their neglect of the possible endogenous problems. Third, we reveal a possible mechanism
of MCPs investment promoting the quality of long-term economic growth, which is hardly
involved in previous studies. In this paper, we find that the PPP investment can enhance
regional innovation entrepreneurship so as to be conducive to the regional economic QGI.
Our findings may provide empirical evidence support for governments to make the in-
vestment policy in the infrastructure constructions to promote the regional sustainable
development, especially in the current economic recession after the COVID-19 pandemic.

The rest of the paper is organized as follows: Section 2 introduces the policy back-
ground of PPP projects and the theoretical basis; Section 3 is the research design; Section 4
is the conclusion and analysis; Section 5 is the verification of the mechanism; Section 6 is
the conclusion.

2. Policy Background and Literature Review
2.1. PPP Policy Background

In order to meet the growing demand for public services and infrastructure, the
PPP mode has been widely applied all over the world [32]. PPP mode refers to the
cooperation between government departments and private companies, especially in the
field of public infrastructure construction [33]. PPP mode has obvious advantages in
dealing with insufficient government budgets and improving technology and management
skills in MCPs [23,34]. It can not only provide new channels to cope with funding shortages
in MCPs but also help to expand the investment of private capital and invigorate the
construction market [29].

Although PPP projects are common in many developed countries in the world [35],
they started late in China. We have manually collected and compiled the PPP policies and
documents from China’s central government from 2000 to 2018. As shown in Table 1, we
can find that the Chinese government began to pay attention to and introduced a series of
policies to vigorously promote PPP projects in the year of 2014. In addition, the Chinese
government has built an information center for managing the PPP projects, named China
Public Private Partnerships Center, and requires all PPP projects to be registered on this
information center and disclose some information. We can freely download our research
data on PPP projects in all prefecture-level cities from the website of the information center.

This paper adopts the PPP projects policy since 2014 to identify the MCPs investment
mainly based on the following reasons. First, the characteristics of PPP projects are highly
similar to those of the MCPs. PPP projects are usually public infrastructure construction
projects that cover 19 sub-industries in various fields, including transportation, telecom-
munication, urban infrastructure, water conservancy and hydropower, environmental
remediation, and so on [36]. They play a very basic and important role in supporting
economic and social development. What is more, the investment in those construction
projects tends to be huge, and it is difficult for the public sector to afford it alone.

Second, since the Chinese government began to vigorously implement the PPP projects
in 2014, there were few PPP project investments in cities before 2014. If so, the PPP policy
that began in 2014 can be regarded as a quasi-nature experiment for accurate identification.
We count the number of all PPP projects by year from 2002 to 2018, as shown in Figure 1. We
can easily find that before 2014 the number of PPP projects was very small, but in 2014 there
was a sudden and sharp increase which is due to those policies issued in 2014, and then the
number gradually decreased after 2015 but still maintains a certain amount. The sudden
increase trend in 2014 allows us to take the cities implementing PPP projects investments
as the experimental group and the cities without PPP investments as the control groups to
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construct a DID strategy for estimation. Even though, after 2015, the trend goes downward,
as long as there is a certain amount of PPP investment cities, it will not disable our divisions
of experimental group and control group. In addition, we will conduct the parallel trends
test in Section 4 to verify the effectiveness of our designed DID strategy.

Table 1. Chinese PPP Policies from 2014 to 2017.

Time Relevant Policies and Documents Content Summary

2014.9

Notice on Issues Related to The
Promotion and Application of The

Government-Private Capital
Cooperation Model

Accelerate the transformation of
government functions, form a good

system as soon as possible to promote
the development of PPP mode

2014.10
Opinions on Strengthening the

Management of Local
Government Debt

Strengthen management of local
government debt, and establish a

unified oversight and management
mechanism for borrowing, using, and

repaying local government debt

2014.11

Guidelines on Innovating Investment
and Financing Mechanisms in Key

Areas to Encourage
Nongovernmental Investment

Implement a unified market access
system, make innovations in

investment operation mechanisms and
financing methods, and improve

pricing mechanisms

2014.12 Guidelines on Cooperation between
The Government and Private Capital

Encourage and guide social capital to
enter the field of public construction,

promote the adjustment of
industrial structure

2015.3

Notice on Promoting Cooperation
between The Government and Private

Capital in Support of
Development Finance

Establish a diversified and sustainable
PPP fund guarantee mechanism

through the flexible use of various
financial instruments

2015.4
Measures for the Administration of
Franchising of Infrastructure And

Public Utilities

Encourage and guide social capital to
participate in public service and
infrastructure construction, and

improve the quality of public services

2016.1

Law of the People’s Republic of China
on Cooperation between Government

and Social Capital (Draft for
public comments)

It is the first law in the field of PPP
mode to be released to the public for

advice, strengthening coordination and
cooperation among

various departments

2016.5 Notice on Further Enhancing
Public–Private Partnership (PPP) Work

Raise financing efficiency and improve
investment return mechanism

2017.11

Notice on Standardizing the
Management of the Project database of

the Comprehensive Information
Platform for Public–Private

Partnership (PPP)

Strictly standardize the operation of
PPP projects and curb the risks

increased in hidden debt

Figure 1. The Annual trend of PPP project number.



Sustainability 2022, 14, 6796 5 of 14

2.2. Literature Review
2.2.1. Impacts of MCPs Investment on Regional Economy

Most literature believes that the investment of MCPs plays an effective role in the
regional economy in various aspects, such as driving regional GDP increases [4], offering
new employment opportunities [12], adjusting industrial structure [5], stimulating tech-
nological innovation [37], and promoting human capital accumulation [38]. As a result, it
becomes an important factor in promoting regional and national economic growth.

The existing studies many explore the impacts of MCPs investment on the regional
economy from both short-term and long-term aspects. In the short term, it is well-known
that the MCPs investment can play a counter-cyclical adjusting role in regional economic
growth [13,39]. When the economy is in recession, a large amount of investment in MCPs
may help to maintain a positive increase in regional GDP [37,40], as well as attract more
employment workforce [32], thus alleviating the negative impact of the recession cycle on
the economy.

In the long term, the MCPs may have a profound impact on regional economic devel-
opment. Dong Chen [3], Liu Hongjuan et al. [41], and Wang Junli et al. [22] concluded that
there is a clear connection between investment in infrastructure construction and industrial
structure adjustment. The investment in infrastructure construction of transportation, post
and telecommunications, and other aspects could promote the long-term optimization and
upgrading of industrial structure and have a positive impact on future regional economic
development [42]. Some other literature highlights the positive impact of MCPs on regional
innovation. For instance, the construction and improvement of transportation or telecom-
munications infrastructure will reduce the cost of face-to-face trade among different regions,
which may help the innovators to obtain tacit knowledge and promote their R&D cooper-
ation [31]. Similarly, information technology infrastructure is also an important factor in
promoting technological innovation because it helps to enhance corporate performance
and improve human capital [43].

However, some literature also indicates that MCPs may negatively influence regional
economic development. Since the MCPs investment mainly comes from the government
fiscal or bank financial funds, it will squeeze out the capital input to other industries such
as the manufacturing sectors, which may lead those industries to become more difficult
in the recession [22]. Large investments in the short term can also exacerbate government
fiscal deficits and bank financial risks [32]. Those producing resource misallocation and
capital risks caused by short-term MCPs investment will also bring many adverse effects on
the long-term regional economic growth, such as the deeper recession of the manufacturing
sectors [29], the aggravation of economic bubbles [34], and so on.

Although the existing literature has investigated the positive and negative impacts of
the MCPs investment on the regional economy both in the short-term and long-term, there
is not enough evidence involving an “overall” impact on the sustainable development of
the regional economy. The short-term impacts mainly focus on the quantitative increase in
regional GDP, while the long-term effects are on some specific aspects of regional economic
growth, including employment [12], industrial structure [43], technological innovation [25],
financial risks [38] and resource misallocation [44], which are not conceivable to support the
MCPs investment, especially in the recession. It is necessary to figure out the comprehensive
effects of the MCP’s investment on the sustainability of regional economic development.

2.2.2. Factors Promoting the Regional Economic Growth Quality

In this paper, we will use the regional economic growth quality to explore the “overall”
effect of the MCP’s investment on economic development. The difference between the
quality of economic growth and traditional economic growth mainly lies in the fact that the
quality of economic growth aims at long-term sustainability rather than simply increasing
the quantitative GDP growth rate [25].

In recent years, scholars have intensively explored the ways of improving the quality
of economic growth. The optimization and upgrading of the industrial structure are
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regarded as the main drivers of China’s rapid economic growth [45]. Human capital
also has a positive impact on improving the quality of economic growth [46]. Hao Ying
et al. [13] believed that corporate investment activities and the quality of economic growth
are connected closely to each other. Shi Zili [47] indicated that the innovation system could
effectively promote the quality of economic growth in the short term.

Since the investment of MCPs can promote the regional innovation capacity, we focus
on the strand of literature supporting that innovation entrepreneurship promotes the qual-
ity of economic growth. Innovation entrepreneurship often represents the whole vitality
of innovation in a region and plays an important role in improving the level of regional
innovation [48]. Some scholars even believe that it is the core element of high-quality eco-
nomic development [38,44]. The continuous improvement of entrepreneurship can create
more resources for regional economic growth [49], including investment in producing
factors to offer products and services that meet market demand, creating new employment
opportunities [36], revitalizing industrial clusters and enhancing R&D activities [50], etc.
Regional innovation entrepreneurship is also regarded as an important factor in driving
sustainable growth, and it can improve the quality of economic growth mainly through
technological innovation, industrial innovation, and organizational innovation [17]. Techno-
logical innovation can help enterprises develop and expand in the direction of higher factor
input utilization and output efficiency, ultimately improving the production efficiency of
the entire society and the quality of economic growth [51]. Entrepreneurial innovation is
also beneficial to realize the upgrading of industrial technology, guiding the transfer of
industrial structure to an advanced level and making the enterprises in the market more
competitive [52]. Organizational innovation is helpful to improve resource utilization effi-
ciency at the social level, which may improve the ecological environment while economic
growth and achieve long-term sustainable development [48].

Combining the impact of MCPs investment on regional innovation and the effect
of regional innovation entrepreneurship on the economic growth quality, we speculate
that the investment of MCPs will promote the quality of regional economic growth by
improving the regional entrepreneurial innovation. We will empirically examine this
possible mechanism in Section 4.

3. Methodology
3.1. Model

Existing studies tend to use the panel fixed-effects model to estimate the impacts of
investments on regional economic growth [50,51], which ignores the possible endogenous
problems between investments and economic growth. The MCPs investment may lead
to the regional economic growth, but on the contrary, the regional economic growth
may possibly improve the investments in MCPs. The panel fixed-effects methods cannot
distinguish the reverse causality and thus cause the estimated results bias.

In order to deal with the possible endogenous problems and obtain an unbiased
estimation, we take the PPP projects policies since 2014 as a quasi-natural experiment to
construct a time-varying DID strategy for identification. Our DID strategy divides the
sample cities into experimental group and control group only according to the PPP policies
since 2014 and regrades other characteristics remaining a continuous trend, which allows us
to gain the unbiased effects of MCPs investment on economic growth quality by comparing
the changes of the regional economic growth quality between the experimental and control
groups before and after the policies.

We set our estimating model as follows:

QGIit = α0 + α1PPPi ∗ postt + α2Xit + δt + µi + εit (1)

where, QGIit represents the quality index of regional economic growth of city i in year t.
PPPi is the dummy variable measuring the experimental group and the control group. It
equals 1 if city i has PPP projects investments; otherwise, it equals 0. postt is the dummy
variable for policy implementation year. It equals 1 when it begins to invest in the major
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PPP projects in year t, otherwise it is 0. PPPi ∗ postt is the DID interaction item which is
measuring the effects of PPP projects shocks. Xit represents a series of city characteristic
variables that may relate to the quality of economic growth. δt and µi represent time fixed
effect and city fixed effect, respectively.εit is the error item.

3.2. Variables and Data
3.2.1. Explained Variables

Our purpose is to figure out the “overall” effects of MCPs investment on regional
economic sustainable development. We construct a comprehensive index named the
Quality of Growth Index (QGI) based on the high-quality economic growth framework
of Mlachila et al. [26]. Mlachila et al. [26] agreed that high-quality growth was not only
a high-speed growth but more meaningful to sustainable and socially friendly growth.
They established a comprehensive set of indicators covering both the GDP nature and
social attributes of economic growth. Compared with the Human Development Index
(HDI) developed by the United Nations [20], their indicators are more helpful in assessing
the quality of various growth stages within a country or a region [26].

Following the logic of Mlachila et al. [26], our QGI also includes the intrinsic GDP
and social dimensions. Among them, the intrinsic nature of growth includes the four
metrics of economic growth: intensity, stability, the diversity of sources, and the degree of
extroversion. The speed of economic growth is measured by the annual increase in GDP
per capita. The stability of economic growth is measured by the inverse of the coefficient of
variation of the growth rate of GDP per capita, and the coefficient of variation is the ratio of
the standard deviation to the mean. The larger the coefficient of variation, the worse the
stability of economic growth. The diversity of sources of economic growth represents the
degree of growth generated by various sources. This paper uses the Theil index to measure
the diversity of economic growth in cities. The degree of extroversion of economic growth
refers to the share of net external demand, which is measured by the ratio of the total
import and export volume to the GDP.

Another dimension of QGI is the social indicator of economic growth. Mlachila
et al. [26] pointed out that the measurement of the quality of economic growth should
also include the social dimension that reflects the construction of human capital, namely
long-term healthy life and access to good education, which in our paper was represented
by the regional medical level and regional college student ratio respectively.

Moreover, we further add another dimension, i.e., the environmental factors in our
QGI to represent the sustainability of economic development. We use the emission of
regional sulfur dioxide and industrial wastewater discharge to measure it.

Finally, we use the principal component analysis method to evaluate the QGI of each
city to obtain the “overall” index value, which can reflect the regional sustainable economic
growth. We employ the index data of 281 cities at the prefecture level from 2008 to 2017,
and all the data are from the China Statistical Yearbook.

3.2.2. Explanatory Variable

We use the interaction dummy variable of whether the city invests in PPP projects
PPPi ∗ postt as the main explanatory variable. We also use the annual investment amount
of each city’s PPP projects (lninv_ppp) as the second explanatory variable for testing. All
the PPP project data comescome from the China Public Private Partnerships Center.

3.2.3. Control Variables

Aiming to make the estimation results more reliable, we select the urban characteristic
variables that may affect the quality of regional economic growth, referring to Chen Shiyi
and Chen Dengke [53] as control variables. The financial development (lnfre). The quality
of regional economic growth is often closely related to the local financial development [30].
The regional financial development is measured by per capita loan balance of financial
institutions. The government R&D investment (lngyf ) measured by the proportion of fiscal
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science and technology expenditure in total fiscal expenditure. The internet popularity
(lnhlw). The internet is the basis of the development of digital economy and digital finance,
and digital finance can effectively improve the mismatch of resources, narrow the income
gap between urban and rural areas, and promote the improvement of the quality of
economic growth; the internet popularity is the amount of internet access per capita. The
industrial structure (lnstr) industrial structure optimization helps to promote high-quality
development of economy [18]. It is measured by the ratio of employment in the tertiary
industry and the secondary industry. The population density (lnden), the agglomeration
effect brought about by cities with high population density, is more conducive to improving
urban production efficiency and promoting the quality of economic growth [54]. The urban
population density is measured by the population per unit area. All of these variables are
logarithmically processed to eliminate the influence of heteroscedasticity, and the data are
obtained from the China Statistical Yearbook. The descriptive statistics of various variables
are shown in Table 2.

Table 2. Descriptive statistics of variables.

Variables Mean SD Min. Max. Sample Size

QGI 4.942 0.087 3.839 5.191 2810

lninv_ppp 2.648 0.948 −0.546 6.891 2810
lnrfe 0.641 0.404 −0.601 2.175 2810
lngyf −0.448 1.051 −5.030 2.582 2810
lnhlw −2.771 1.096 −10.064 0.588 2810
lnstr 0.195 0.583 −1.185 1.671 2810
lnden 5.896 0.973 1.664 8.864 2810

4. Results and Analysis
4.1. DID Estimated Results

Table 3 shows the DID estimation results. In Table 3, column (2) and column (5)
add control variables on the basis of column (1) and column (4) models, respectively, and
column (3) and column (6) build a robustness test by repeating 1000 times of random
sampling on the basis of column (2) and column (5). All the models control both the
time-fixed effect and the city-fixed effect. The estimated result shows the QGI in the cities
with MCPs investment is 0.114 higher than that in the cities without MCPs investment
after the PPP projects policies. The coefficient is significant at the level of 5%. The results
are almost the same after the robustness test by repeating 1000 times random sampling.
This finding shows that the investment of MCPs can significantly improve the quality of
regional economic growth.

Table 3. The estimation results of DID strategy.

Explained Variable: QGI (1) (2) (3) (4) (5) (6)

PPP × post 0.116 *** 0.114 ** 0.114 **
(0.06) (0.06) (0.05)

lninv_ppp × post 0.026 *** 0.025 *** 0.025 ***
(0.01) (0.01) (0.01)

Control variables N Y Y N Y Y
City fixed effects Y Y Y Y Y Y
Year fixed effects Y Y Y Y Y Y

Bootstrap 1000 robustness
standard error N N Y N N Y

N 2810 2810 2810 2810 2810 2810
R2 0.264 0.297 0.297 0.290 0.320 0.320

Note: Standard errors in parentheses. ** p < 0.05, *** p < 0.01.



Sustainability 2022, 14, 6796 9 of 14

Different amounts of MCP investments may have different impacts on the quality of
regional economic growth. In order to further explore the influence of the total investment
amount of each city, we interact the investment amount variable lninv_ppp with the policy
dummy variable post to substitute for the DID interaction item for estimation. The results
show that there is a significant positive correlation between the investment amount of
MCPs and the quality of regional economic growth. According to the estimated result,
one unit of PPP project investment amount increase after the PPP policies will result in
an increase of 0.025 in the regional economic growth, and the coefficient is significant at the
level of 1%. Therefore, we can conclude that the MCPs investment can positively promote
the regional economic growth quality.

4.2. Common Trend Test

The common trend hypothesis is an effective premise for DID estimation. We use
the regression method to test the common trend. We expect that before the PPP projects
investing policies, the different time trends are not related to the quality of economic growth
across regions. We interact the time dummy variables with the policy dummy variable of
the experimental and control groups for regression estimation. Table 4 reports the result.
We can find that the coefficients of all cross-multiplication terms were not significant before
2014, while the coefficients of all cross-multiplication terms from 2014 to 2017 became
significant, which validates the common trend hypothesis of our DID strategy.

Table 4. Common trend test.

Explained Variable: QGI Common Trend

year 2008 × PPP 0.196
(0.137)

year 2009 × PPP 0.184
(0.176)

year 2010 × PPP 0.081
(0.150)

year 2011 × PPP 0.123
(0.192)

year 2012 × PPP 0.102
(0.181)

year 2013 × PPP 0.168
(0.117)

year 2014 × PPP 0.137 **
(0.066)

year 2015 × PPP 0.139 **
(0.065)

year 2016 × PPP 0.122 ***
(0.056)

year 2017 × PPP 0.137 **
(0.064)

Control variable Y
City fixed effect Y
Time fixed effect Y

N 2810
R2 0.483

Note: Standard errors in parentheses. ** p < 0.05, *** p < 0.01.

4.3. PSM–DID Estimation

Although the general DID method is used to compare the differences between the
experimental group and the control group before and after the implementation of the policy,
it still cannot solve the problem of systematic differences in the initial characteristics of
cities before the implementation of the policy. Due to the significant differences in cities,
governments may choose the cities with specific characteristics and avoid others when



Sustainability 2022, 14, 6796 10 of 14

investing in MCPs, which can also cause a bias in our estimation. The Propensity Score
Matching method proposed by Rosenbaum and Rubin [55] can be used to overcome the
possible sample selection bias. The PSM–DID model specification is as follows:

QGIPSM
it = α0 + α1PPPi ∗ postt + α2Xit + δt + µi + εit (2)

The equilibrium hypothesis of the matched samples needs to be tested before using the
PSM–DID method for estimation. The matching effect is tested by the standard deviation of
the samples: if the absolute value of the standard deviation after matching is less than 20%,
the matching process is effective. Table 5 presents the result of our test of matching, which
shows the standard deviation of the main variables before and after matching. The standard
deviation of all variables after matching is below 16%, which proves the effectiveness of
the matching process in this paper.

Table 5. Test of matching results of variable propensity score.

Variable Match or Not

Mean

Error (%)Experimental
Group Control Group

lnrfe U 0.720 0.623 21.5
M 0.697 0.649 10.7

lngyf U −0.311 −0.770 39.3
M −0.365 −0.356 −0.8

lninf U 3.399 3.777 −53.3
M 3.431 3.427 0.6

lnhlw
U −2.760 −3.308 44.3
M −2.836 −2.949 9.1

lnstr
U 0.121 0.361 −35.2
M 0.139 0.244 −15.5

lnden
U 6.607 5.746 80.9
M 6.555 6.607 −4.9

We then conduct the PSM–DID estimation, and the results are reported in Table 6. We
can find that the coefficient of the DID interaction item is 0.114 and significant at the 5%
level, which stands almost the same as the basic DID results. We also test the amount of
MCPs investments, and the result is also the same as that of DID strategy. Therefore, the
results of the PSM–DID estimation confirm the conclusion that the MCPs investment can
improve the quality of regional economic development.

Table 6. The estimation results of the PSM–DID strategy.

Explained Variable: QGI (1) (2) (3) (4)

PPP × post 0.115 ** 0.114 **
(0.06) (0.06)

lninv_ppp × post 0.025 *** 0.025 ***
(0.01) (0.01)

Control variables N Y N Y
City fixed effects Y Y Y Y
Year fixed effects Y Y Y Y

N 2810 2810 2810 2810
R2 0.268 0.277 0.320 0.320

Standard errors in parentheses. ** p < 0.05, *** p < 0.01.

4.4. Robustness Test

We further conduct a series of robustness to verify the reliability of our conclusion.
Table 7 reports the results of the robustness test.
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Table 7. Robustness test analysis.

Explained Variable: QGI (1) (2) (3) (4) (5) (6) (7) (8)

PPP × post 0.110 *** 0.111 *** 0.114 *** 0.116 *** 0.110 *** 0.094 *** 0.111 *** 0.114 ***
(0.05) (0.05) (0.06) (0.03) (0.02) (0.02) (0.05) (0.04)

Control variables Y Y Y Y Y Y Y Y
City fixed effects Y Y Y Y Y Y Y Y
Year fixed effects Y Y Y Y Y Y Y Y

N 2810 2810 2810 2810 2660 2600 2580 2710
R2 0.254 0.257 0.257 0.280 0.350 0.350 0.359 0.312

Standard errors in parentheses. *** p < 0.01.

Since the quality of regional economic growth may still be affected by some non-
observable factors that vary with time and region, the cross-multiplication term of province
dummy and time trend and the interaction effect of province dummy and tripled time
trend are added into columns (1) and (2), respectively. In addition, the intersection term of
province fixed effect and year fixed effect is controlled in column (3).

In column (4), we further cluster the estimated standard errors at the provincial level.
Considering that there are obvious differences in economic development and government
supervision among different city levels, we classify cities by excluding the sub-provincial
cities according to the administrative hierarchy stipulated. The results are shown in
column (5).

In column (6), the outlier values of QGI samples are removed. Specifically, according
to the percentile distribution of QGI in the whole sample, the extreme value samples at
the 1% and 99% percent are eliminated; that is, the city samples with QGI in the highest
score group and the lowest quantile group are excluded from the test. Column (7) excludes
the outlier of the PPP project investment amount, and column (8) deletes the outlier of the
population size using the same method as in column (6).

From Table 7, we can find that all the estimated coefficients are positively significant
at the level of 1%, which proves the robustness of the conclusion of our study.

5. Mechanism Test

Although we have verified the positive effects of MCPs investments on regional eco-
nomic growth quality, we still wish to figure out in what way MCP investments specifically
promote the QGI, which will help us to understand the relationship between the MCPs
investment and regional economic growth quality much better.

5.1. Strategy and Model

According to the literature review section, we tend to test the mechanism from the
regional innovation entrepreneurship aspect. We take the number of regional patent
applications (lnEnte, logarithm form) as the proxy variable of regional entrepreneurial
innovation referred to by Hongbin Li [56], etc. Based on the model (1) and model (2), we
construct a triple interaction term of the previous DID item and the lnEnte variable for
estimation, and the model is as follows:

QGIPSM
it = α0 + α1PPPi ∗ postt ∗ lnEnte + α2Xit + δt + µi + εit (3)

5.2. Result Analysis

Table 8 reports the mechanism test results. Column (1) is the estimated result of DID
strategy, and column (2) is the estimated result of PSM–DID strategy. All the coefficients
of the multiplicative term are positively significant at the 1% level, which shows that the
investment of MCPs can highly improve the regional entrepreneurial innovations and hence
promote the economic growth quality. A good entrepreneurial shaping environment can be
created through the investments of MCPs, and higher regional entrepreneurial innovations
may promote a higher quality of economic development. Based on the results shown in
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Table 8, we confirm the possible mechanism that the MCPs investments can promote the
regional economic growth quality by enhancing the regional innovation entrepreneurship.

Table 8. The results of mechanism test.

Explained Variable: QGI (1) DID (2) PSM–DID

PPP × post × lnEnte 0.041 *** 0.047 ***
(0.01) (0.01)

PPP × post 0.052 0.055
(0.06) (0.06)

lnEnte 0.114 ** 0.126 **
(0.07) (0.07)

Control variables Y Y
City fixed effects Y Y
Year fixed effects Y Y

N 2810 2810
R2 0.295 0.297

Standard errors in parentheses. ** p < 0.05, *** p < 0.01.

6. Conclusions and Implication

In order to investigate the overall effect of the MCPs investment on regional economic
growth, this paper constructs a comprehensive regional economic growth quality index
including sustainable development factors based on the conclusion of Mlachila et al. [26]
and takes the PPP projects policies since 2014 in China as a quasi-natural experiment to
design a DID strategy to identify the exogenous impacts of MCPs investments on regional
economic growth for the first time. The estimation results show that the MCPs investment
will significantly improve the overall quality of regional economic growth and also be
conducive to the long-run sustainable development. After a series of robustness tests,
including the common trend test and the PSM–DID test, our conclusions still hold. More-
over, we also reveal the mechanism that the MCPs investments will promote the quality of
regional economic growth by enhancing the regional innovation entrepreneurship.

Different from existing studies which mainly focused on the short-term influence on
the quantitative GDP increase or the long-term impact on some specific aspects of economic
growth, we figure out “overall” effects of the MCPs investment on sustainable economic
development, which is helpful for governments to make the investment policy in the
infrastructure constructions to promote the regional sustainable development, especially in
current economic recession after the COVID-19 pandemic. In addition, our DID strategy
of taking the PPP policy as a quasi-natural experiment for the identification of MCP
investment is conducive to further research on the effects of the MCPs on other social or
environmental aspects.

Our findings have the following policy implications. Under the influence of the current
downward pressure on the economy, the government can encourage private capital to enter
the public construction fields by flexible use of monetary policy, fiscal policy, and other
policies. Thus, the government can fully play the counter-economic cyclical adjustment role
by investing in MCPs. Furthermore, the government can incorporate the commissioning of
MCPs with some emerging technologies in order to introduce more innovation resources
into the MCPs and help to enhance more regional innovation entrepreneurship for a higher
quality of economic growth.

Although we empirically confirm the conclusion that MCPs investment can promote
the quality of regional economic growth, the different investment modes or different
types of MCPs may also change those effects, which is not involved in this paper. Future
research can further explore the impacts of the various modes and types of MCPs on
economic growth.



Sustainability 2022, 14, 6796 13 of 14

Author Contributions: Conceptualization, F.W. and H.Y.; Data curation, X.H. and H.G.; Formal
analysis, H.Y.; Funding acquisition, M.Y.; Methodology, F.W., X.H. and P.Z.; Visualization, M.Y.;
Writing—original draft, P.Z. and H.Y. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Zhu, W.X.; Shan, Y.Y. The group evaluation model of scientific research innovation for major public projects. Sci. Technol.

Prog. Policy 2011, 26, 179–182.
2. Cai, F. How Can Chinese Economy Achieve the Transition toward Total Factor Productivity Growth? Soc. Sci. China 2013, 1,

56–71, 206.
3. Dong, C.; Kong, L. Transportation Infrastructure and China’s Industrial Structure Upgrading. Financ. Econ. 2012, 22, 18–20.
4. Chen, Z.; Haynes, K.E. Impact of high-speed rail on regional economic disparity in China. J. Transp. Geogr. 2017, 65, 80–91. [CrossRef]
5. Donaldson, D.; Hornbeck, R. Railroads and American Economic Growth: A Market Access Approach. Q. J. Econ. 2016, 131,

799–858. [CrossRef]
6. Arbues, P.; Baños, J.F.; Mayor, M. The spatial productivity of transportation infrastructure. Transp. Res. Part A Policy Pract. 2015,

75, 166–177. [CrossRef]
7. Wan, G.; Wang, X.; Zhang, R.; Zhang, X. The impact of road infrastructure on economic circulation: Market expansion and input

cost saving. Econ. Model. 2022, 112, 105854. [CrossRef]
8. Pradhan, R.P.; Arvin, M.B.; Norman, N.R.; Bele, S.K. Economic growth and the development of telecommunications infrastructure

in the G-20 countries: A panel-VAR approach. Telecommun. Policy 2014, 38, 634–649. [CrossRef]
9. Tranos, E. The Causal Effect of the Internet Infrastructure on the Economic Development of European City Regions.

Spat. Econ. Anal. 2012, 7, 319–337. [CrossRef]
10. Guo, Z.; Ma, L.; Liu, P. A multi-regional modeling and optimization approach to China’s power generation and transmission

planning. Energy 2016, 116, 1348–1359. [CrossRef]
11. Li, Y.; Lukszo, Z.; Weijnen, M. The impact of inter-regional transmission grid expansion on China’s power sector decarbonization.

Apply Energy 2016, 183, 853–873. [CrossRef]
12. Chen, Q.; Kang, C.; Ming, H. Assessing the low-carbon effects of inter-regional energy delivery in China’s electricity sector.

Renew. Sust. Energ. Rev. 2014, 32, 671–683. [CrossRef]
13. Hao, Y.; Xin, Q.; Liu, X. School of Economics and Business Administration, Chongqing University. Econ. Res. J. 2014, 49, 101–114, 189.
14. He, X. Influences of Urbanization on China’s Economic Growth Quality: An Empirical Analysis Based on Provincial Panel Data.

Urban Probl. 2019, 1, 4–13.
15. Sui, H.; Liu, Y. Does Foreign Direct Investment Promote the Economic Growth Quality of Developing Host. J. Quant. Tech. Econ.

2014, 11, 3–20.
16. Lin, C. Study on the Relationship between Fiscal Decentralization System and the Quality of China’s Economic Growth—Based

on the Perspective of Total Factor Productivity. Public Financ. Res. 2017, 2, 73–83.
17. Li, M. Research on Entrepreneurship and the Improvement of the Quality of Economic Growth; Nanjing University: Nanjing, China, 2019.
18. Li, Y.; Liu, Y.; Luo, J.; Zhang, K. Industrial Structure, Production Efficiency and the Quality of Economic Growth: Taking the

Empirical Data of Panzhihua City from 2005 to 2015 as an Example. J. Yunnan Univ. Financ. Econ. 2018, 34, 92–101.
19. Liu, W.; Zhou, W.; Zhong, S.; Li, F. Government Intervention, Capitalization Process and the Quality of Economic Growth in

Financial Development. Economist 2014, 3, 64–73.
20. Li, G.; Wang, J. Research on Impact of House Price on Economic Growth Quality of China—Based on the Empirical Study of

Panel Data of 286 Cities at Prefecture and above. Prices Mon. 2018, 5, 1–6.
21. Peng, Y.; Tan, F.; Cen, L.; Li, Y. The Impact of Urbanization on the Quality of Economic Growth. Econ. Geogr. 2017, 37, 86–92.
22. Wang, J.; Xu, D. Research on Investment Structure of Municipal Infrastructure and Industrial Structure Model in Beijing.

Econ. Probl. 2012, 7, 54–57.
23. Yang, T.; Long, R.; Cui, X.; Zhu, D.; Chen, H. Application of the public-private partnership model to urban sewage treatment.

J. Clean. Prod. 2016, 142, 1065–1074. [CrossRef]
24. Zhan, X.; Cui, P. Estimation and Evaluation of China’s Provincial Quality of Economic Growth—Empirical Analysis Based on

“Five Development Concepts”. Public Financ. Res. 2016, 8, 39–53.

http://doi.org/10.1016/j.jtrangeo.2017.08.003
http://doi.org/10.1093/qje/qjw002
http://doi.org/10.1016/j.tra.2015.03.010
http://doi.org/10.1016/j.econmod.2022.105854
http://doi.org/10.1016/j.telpol.2014.03.001
http://doi.org/10.1080/17421772.2012.694140
http://doi.org/10.1016/j.energy.2016.06.035
http://doi.org/10.1016/j.apenergy.2016.09.006
http://doi.org/10.1016/j.rser.2013.12.050
http://doi.org/10.1016/j.jclepro.2016.04.152


Sustainability 2022, 14, 6796 14 of 14

25. Long, X.L.; Ji, X. Economic Growth Quality, Environmental Sustainability, and Social Welfare in China—Provincial Assessment
Based on Genuine Progress Indicator (GPI). Ecol. Econ. 2019, 159, 157–176. [CrossRef]

26. Mlachila, M.; Tapsoba, R.; Tapsoba, S.J.A. A Quality of Growth Index for Developing Countries: A Proposal. Soc. Indic. Res. 2017,
134, 675–710. [CrossRef]

27. Zhou, H. Transportation Infrastructure and China’s Economic Growth; People’s Publishing House: Beijing, China, 2015.
28. Achour, H.; Belloumi, M. Investigating the causal relationship between transport infrastructure, transport energy consumption

and economic growth in Tunisia. Renew. Sustain. Energy Rev. 2016, 56, 988–998. [CrossRef]
29. Hueskes, M.; Verhoest, K.; Block, T. Governing public-private partnerships for sustainability an analysis of procurement and

governance practices of PPP infrastructure projects. Int. J. Proj. Manag. 2017, 35, 1184–1195. [CrossRef]
30. Yang, K. Financial Development and Economic Growth Quality: A Study Based on China’s Interprovincial Panel Data.

Mod. Manag. Sci. 2016, 7, 60–63.
31. Asturias, J.; García-Santana, M.; Ramos, R. Competition and the welfare gains from transportation infrastructure: Evidence from

the Golden quadrilateral of India. J. Eur. Econ. Assoc. 2019, 17, 1881–1940. [CrossRef]
32. Banerjee, A.V.; Duflo, E.; Qian, N. On the road: Access to transportation infrastructure and economic growth in China. J. Dev. Econ.

2020, 145, 102442. [CrossRef]
33. Boschma, R. Proximity and innovation: A critical assessment. Reg. Stud. 2005, 39, 61–74. [CrossRef]
34. Kwak, Y.H.; Chih, Y.; Ibbs, C.W. Towards a comprehensive understanding of public private partnerships for infrastructure

development. Calif. Manag. Rev. 2009, 51, 51–78. [CrossRef]
35. Cascetta, E.; Cartenì, A.; Henke, I.; Pagliara, F. Economic growth, transport accessibility and regional equity impacts of high-speed

railways in Italy: Ten years ex post evaluation and future perspectives. Transp. Res. Part A Policy Pract. 2020, 139, 412–428. [CrossRef]
36. Castano, M.; Mendez, M.; Galindo, M. The effect of social, cultural, and economic factors on entrepreneurship. J. Bus. Res. 2015,

68, 1496–1500. [CrossRef]
37. Esfahani, H.S.; Ramirez, M.T. Institutions, infrastructure, and economic growth. J. Dev. Econ. 2003, 70, 443–477. [CrossRef]
38. Fuentelsaz, L.; González, C.; Maicas, J.P. Formal institutions and opportunity entrepreneurship. The contingent role of informal

institutions. BRQ Bus. Res. Q. 2019, 22, 5–24. [CrossRef]
39. Hallward-Driemeier, M.; Stewart, D. How Do Investment Climate Conditions Vary Across Countries, Regions and Types of

Firms? In World Development Report Background Papers 31351; World Bank: Washington, DC, USA, 2004.
40. Calderón, C.; Moral-Benito, E.; Servén, L. Is infrastructure capital productive? A dynamic heterogeneous approach.

J. Appl. Econom. 2015, 30, 177–198. [CrossRef]
41. Liu, H.; Tang, S. Production Variable, Infrastructural Construction and Upgrading Regional Industrial Structure—An Empirical

Research of Guangdong Province. J. Strategy Decis.-Mak. 2014, 5, 93–104.
42. Wan, G.; Zhang, Y. The direct and indirect effects of infrastructure on firm productivity: Evidence from Chinese manufacturing.

China Econ. Rev. 2018, 49, 143–153. [CrossRef]
43. Jabbouri, N.I.; Siron, R.; Zahari, I.; Khalid, M. Impact of Information Technology Infrastructure on Innovation Performance:

An Empirical Study on Private Universities in Iraq. Procedia Econ. Financ. 2016, 39, 861–869. [CrossRef]
44. Hilkens, A.; Reid, J.I.; Klerkx, L.; Gray, D.I. Money talk: How relations between farmers and advisors around financial management

are shaped. J. Rural Stud. 2018, 63, 83–95. [CrossRef]
45. Liu, Z.; An, T. China’s Industrial Structure Evolution and Economic Growth. Nanjing J. Soc. Sci. 2002, 1, 1–4.
46. Zheng, Z.C.; Jin, K. An empirical study on the relationship between educational equity and the quality of economic growth in

China: 1978-2004. Procedia-Soc. Behav. Sci. 2009, 1, 189–194.
47. Shi, Z. An Empirical Research on the Effect of Regional Innovation Capacity on the Quality of Economic Growth. J. Chongqing

Univ. (Soc. Sci. Ed.) 2013, 19, 1–8.
48. Zhou, B.; Zeng, X.Y.; Jiang, L.; Xue, B. High-quality Economic Growth under the Influence of Technological Innovation Preference in

China: A Numerical Simulation from the Government Financial Perspective. Struct. Chang. Econ. Dyn. 2020, 54, 163–172. [CrossRef]
49. Schmitz, J.A. Imitation, entrepreneurship and long-run growth. J. Political Econ. 1989, 97, 721–739. [CrossRef]
50. Huggins, R.; Thomson, P. Entrepreneurship, innovation and regional growth: A network theory. Small Bus. Econ. 2015, 45,

103–128. [CrossRef]
51. Singh, D.; Khamba, J.S.; Nanda, T. Role of Technological Innovation in Improving Manufacturing Performance: A Review. Int. Sch.

Sci. Res. Innov. 2015, 9, 398–402.
52. Metcalfe, J.S.; Ramlogan, R. Competition and the regulation of economic development. Q. Rev. Econ. Financ. 2005, 45, 215–235. [CrossRef]
53. Chen, S.Y.; Chen, D.K. Air pollution, Government Regulations and High-quality Economic Development. Econ. Res. J. 2018, 53,

20–34.
54. Fu, S.; Hong, J. Firm Size, City size, and Agglomeration Economies. Econ. Res. J. 2008, 11, 112–125.
55. Rosenbaum, P.; Rubin, D. The Central Role of the Propensity Score in Observational Studies for Causal Effects. Biometrika 1983,

70, 41–55. [CrossRef]
56. Li, H.B.; Li, X.; Yao, X.G.; Zhang, H.F.; Zhang, J.S. Examining the Impact of Business Entrepreneurship and Innovation En-

trepreneurship on Economic Growth in China. Econ. Res. J. 2009, 44, 99–108.

http://doi.org/10.1016/j.ecolecon.2019.01.002
http://doi.org/10.1007/s11205-016-1439-6
http://doi.org/10.1016/j.rser.2015.12.023
http://doi.org/10.1016/j.ijproman.2017.02.020
http://doi.org/10.1093/jeea/jvy039
http://doi.org/10.1016/j.jdeveco.2020.102442
http://doi.org/10.1080/0034340052000320887
http://doi.org/10.2307/41166480
http://doi.org/10.1016/j.tra.2020.07.008
http://doi.org/10.1016/j.jbusres.2015.01.040
http://doi.org/10.1016/S0304-3878(02)00105-0
http://doi.org/10.1016/j.brq.2018.06.002
http://doi.org/10.1002/jae.2373
http://doi.org/10.1016/j.chieco.2017.04.010
http://doi.org/10.1016/S2212-5671(16)30250-7
http://doi.org/10.1016/j.jrurstud.2018.09.002
http://doi.org/10.1016/j.strueco.2020.04.010
http://doi.org/10.1086/261624
http://doi.org/10.1007/s11187-015-9643-3
http://doi.org/10.1016/j.qref.2005.01.001
http://doi.org/10.1093/biomet/70.1.41

	Introduction 
	Policy Background and Literature Review 
	PPP Policy Background 
	Literature Review 
	Impacts of MCPs Investment on Regional Economy 
	Factors Promoting the Regional Economic Growth Quality 


	Methodology 
	Model 
	Variables and Data 
	Explained Variables 
	Explanatory Variable 
	Control Variables 


	Results and Analysis 
	DID Estimated Results 
	Common Trend Test 
	PSM–DID Estimation 
	Robustness Test 

	Mechanism Test 
	Strategy and Model 
	Result Analysis 

	Conclusions and Implication 
	References

