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ABSTRACT ARTICLE HISTORY

To verify the impact mechanism between infrastructure capital Received 3 July 2021
investment and regional economic growth in China, this study  Accepted 27 October 2022
first estimates production capital stocks of the infrastructure by
Perpetual Inventory Method (PIM) based on a balanced panel
dataset for 31 Chinese provinces, autonomous regions and munic- . Lo

P . ; . investment; regional
|pallt|es covering .1993—2.017, th_en analysgs th.e important _medlg- innovation capacity;

ting role of regional innovation capacity in the relationship regional economic growth;
between infrastructure capital investment and regional economic mediating effect model
growth in China. The empirical results indicate that infrastructure

capital investment can effectively promote economic growth in JEL CLASSIFICATION
China. Furthermore, through analysing the mediating impact  H41; H54 011; 032
mechanism, the infrastructure capital investment can indirectly

affect regional economic growth through the regional innovation

capacity. When fully considering the potential heterogeneity, the

mediating effect of developed regions is more significant than

that of underdeveloped regions, and such a mediating effect is

increasing with deepening industrialization. Therefore, a harmoni-

ous relationship between infrastructure capital investment and

economic growth can be achieved if policymakers attempt to

arouse the positive mediating role of regional innovation capacity

when formulating relevant policies.

KEYWORDS
Infrastructure capital

1. Introduction

China’s infrastructure capital investment in recent decades plays a significant role in
its economic growth. From 1985 to 2017, the proportion of infrastructure investment
to gross domestic product increased from 4.9% to 21.8% according to the related data
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from China Statistical Yearbook. Infrastructure investment, as an important part of
the regional innovation system, makes the regional innovation capacity more depend-
ent on it (Scaringella & Chanaron, 2016). The point infrastructures such as technol-
ogy and education, and the network infrastructures such as transportation and
communication not only help to increase the endowment of public capital but also
enhance inter-regional accessibility by reducing transportation costs, thus promoting
cross-regional spillover of innovative elements. Moreover, to date, innovation capacity
has always been regarded as a key driving force of economic growth. Therefore, it is
important and representative to investigate whether the infrastructure capital invest-
ment could indirectly affect regional economic growth through the regional innov-
ation capacity.

Existing studies have investigated the relationship between infrastructure capital
investment and economic growth (Aschauer, 1989; Horvat et al., 2021; Ouattara &
Zhang, 2019; Yu et al, 2012; Zhang et al., 2021). However, most literature about the
impact of China’s infrastructure investment on economic growth only focuses on the
impact of the capital investment of a certain type of infrastructure such as transporta-
tion, communication or water conservancy rather than the whole infrastructure due
to the difficulty of data collection. Furthermore, scholars have started to focus on the
mediating impact mechanism between infrastructure capital investment and economic
growth. For instance, infrastructure capital investment can indirectly affect economic
growth by reducing the cost of transportation (Donaldson, 2018; Li & Li, 2013) or
promoting trade (Duranton et al., 2014; Faber, 2014).

However, the regional innovation capacity as an important mediating impact
mechanism is often ignored in previous studies. In fact, on the one hand, the infra-
structure investment not only enhances the independent innovation capacity in the
place where the construction project is located but also speeds up the dynamic flows
of products, knowledge, information and technology between different regions, ultim-
ately promoting interregional innovation spillovers. particularly, some empirical stud-
ies have found that both information infrastructures (Aboal & Tacsir, 2018; Arvanitis
& Loukis, 2020; Hwang & Shim, 2021) and transportation infrastructures (Donaldson
& Hornbeck, 2016; Gao & Zheng, 2020; Zeng et al., 2021) can promote innovation
capacity and innovation efficiency. On the other hand, innovation capacity has been
regarded as the main driving force of a country’s economic growth. Lucas (1988) and
Romer (1990) theoretically explained the impact of innovation on economic growth.
On this basis, some researchers verified the positive relationship between innovation
capacity and regional economic growth through empirical study (Thompson, 2018;
Tomizawa et al., 2020).

In summary, previous studies only study the improvement of infrastructure invest-
ment on innovation capacity, or the impact of innovation capacity on regional eco-
nomic growth. However, to date, most of the studies have not considered
infrastructure investment, regional innovation capacity, and regional economic
growth in a uniform frame. To fill the above academic gaps, this study contributes to
the existing literature in three aspects: First, this study analyses infrastructure capital
investment, regional innovation capacity, and regional economic growth into a uni-
fied analysis framework, further identifies the regional innovation capacity as a crucial
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mediator and empirically analyses this mediating impact mechanism. Second, fully
considering the spatial and temporal heterogeneity, we examine the mediating effect
in the regions with different levels of economic development or at different stages of
industrialization, by dividing 31 provincial-level regions into several groups based on
the values of per capita GDP and industrialization rate (Jiang & Lin, 2013). Finally,
compared with using physical volume or net capital stock to measure infrastructure
capital investment, this study adopts the Perpetual Inventory Method (PIM) to esti-
mate the productive capital stock of the whole infrastructure, which more accurately
measures the actual production capacity and service efficiency of assets.

The rest of the study is structured as follows. Section 2 puts forward the hypothe-
ses. Section 3 details the methodology and data. Section 4 presents the empirical
results. Section 5 discusses the results. Section 6 draws the main conclusions and pro-
vides some policy implications.

2. Hypotheses

The new economic growth theory represented by Barro (1990) attempts to separate
the infrastructure capital stock from the total capital stock and put it into the produc-
tion function. It is found that infrastructure capital investment can produce positive
externalities to other production factors, thereby promoting long-term economic
growth. On this basis, Hulten et al. (2006) further relax the assumption of exogenous
technology level and find out that the infrastructure capital investment not only pro-
duces positive externalities on private capital and labour, which improves marginal
productivity of factors but also affects the technical level, which makes the production
possibility curve move outward and causes the characteristic of increasing returns to
scale. Meanwhile, the knowledge spillover based on innovation is conducive to pro-
moting technological progress (Marsiglio & Tolotti, 2018; Jian et al., 2020). In other
words, regional innovation capacity will directly affect the level of technological pro-
gress of one region, thereby affecting the level of economic growth.

Given this, the specific theoretical analysis is as follows:

First, the relationship between infrastructure capital investment and regional
innovation capacity has been widely confirmed in current studies (Aboal & Tacsir,
2018; Arvanitis & Loukis, 2020; Hwang & Shim, 2021; Wang et al.,, 2018; Zeng et al.,
2021). Regional innovation capacity refers to the capability of a region to transform
new knowledge into new products, new technologies and new services, including
knowledge innovation capacity, technological innovation capacity, institutional innov-
ation capacity, management innovation capacity and so on (Fritsch & Slavtchev,
2011). As far as enterprises are concerned, the increase in infrastructure investment is
a double-edged sword, which has both positive and negative effects on innovation
capability. On the one hand, infrastructure improvement helps to deepen the degree
of market integration, thus stimulating enterprises to expand the market scale (Jones
& Salazar, 2021; Shively & Thapa, 2017). The expansion of the market scale then
helps to share the R&D cost of enterprises and improve the R&D investment return
rate, thus encouraging enterprises to increase R&D investment and improving the
overall innovation capacity of enterprises (Ciftci & Cready, 2011; Jian et al., 2020).
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On the other hand, the increase in infrastructure investment also aggravates the cap-
ital tension to a certain extent, pushes up the market interest rate, and increases the
funding cost of enterprises, thus crowding out R&D investment projects with com-
paratively long return cycles, and restraining the improvement of enterprises’ innov-
ation capacity (Arza & Lopez, 2021).

Second, the relationship between regional innovation capacity and economic
growth also has been generally confirmed in numerous studies (Hasan & Tucci, 2010;
Jian et al.,, 2020; Thompson, 2018; Tomizawa et al., 2020). Regional innovation cap-
acity is based on the knowledge innovation capacity of universities, with the techno-
logical innovation capacity of enterprises as the core, and with the institutional
innovation capacity and management innovation capacity of governments as the
guarantee. In the new economic growth theory, technological progress is regarded as
the key factor of long-term economic growth, which can be obtained through know-
ledge spillover, improvement of existing technology and application of new products
(Marsiglio & Tolotti, 2018). Additionally, the impact of the government’s institutional
innovation capacity and management innovation capacity on regional economic
growth is that governments make technological innovation policies and create innov-
ation circumstances, thereby improving the quality of production factors and optimiz-
ing the efficiency of resource allocation (Jia et al., 2019; Malen & Vaaler, 2017). Thus,
we propose the following hypothesis:

Hypothesis 1: Infrastructure capital investment has a positive effect on regional
economic growth by promoting regional innovation capacity.

In general, the role of regional innovation capacity in the relationship between
infrastructure capital investment and economic growth is heterogeneous in regions
with different levels of economic development. First, in the areas with high levels of
economic development, the improvement of infrastructure capital is easier to stimu-
late regional innovation capacity. Economically developed areas have much more fis-
cal revenue and public expenditure, thus the density of infrastructure capital will be
correspondingly higher, which promotes the regional innovation ability. For example,
the increase in infrastructure capital density will inevitably lead to an increase in the
number of scientific research institutes, traffic infrastructures, and information infra-
structures. The increase in scientific research institutes is beneficial to breaking
through the previous innovation achievements and forming interdisciplinary techno-
logical innovation (Jung et al., 2021). The increase in traffic infrastructures and infor-
mation infrastructures makes the potential innovation subject break through the time
and space constraints, greatly promoting the free flow of technical knowledge and
speeding up the knowledge spillover (Aboal & Tacsir, 2018; Gao & Zheng, 2020).

Second, it is more conducive to playing the role of regional innovation capacity in
promoting regional economic growth in the regions with high levels of economic
development. On the one hand, it is easier to gather high-quality talents and absorb
external technologies in these regions. Only on the premise of having a high level of
technology absorption capacity, can the governments more completely apply the
knowledge to innovation activities, to enhance the overall regional innovation
capacity(Yi et al., 2019). On the other hand, more funds that mainly come from fiscal
revenue can be invested in scientific research institutions in these regions.
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Meanwhile, the innovation atmosphere of these regions is relatively strong, and peo-
ple are more willing to accept new ideas and new products (Jian et al., 2020). It not
only enhances the regional independent innovation capacity but also continuously
transforms the regional innovation capacity into the driving force of regional eco-
nomic growth. Thus, we propose the following hypothesis:

Hpypothesis 2: In the regions with a higher level of economic development, the
mediating effect of regional innovation capacity is greater.

When a country is at different stages of industrialization, the role of regional
innovation capacity in the relationship between infrastructure capital investment and
economic growth is also heterogeneous. First, the effect of infrastructure capital
investment on regional innovation capacity is more obvious at the highly industrial-
ized stage (Sawada, 2019). Specifically, in the early stage of industrialization, agricul-
ture and labour-intensive manufacturing industry that do not have high requirements
for innovation are the dominant (Frankema, 2015). Meanwhile, the infrastructure
construction is still immature and there is not a convenient transportation network,
which is not conducive to the flow of innovative elements. Therefore, the impact of
infrastructure capital investment on regional innovation capacity in the early stage of
industrialization is relatively limited. When a country enters the middle or later stage
of industrialization that must rely more on innovation-driven economic development,
the industry starts a major shift from labour-intensive industry to capital/technology-
intensive industry (Franck & Galor, 2021; Qi et al, 2019). Meanwhile, industrial
development requires a better innovation environment for the free flow of innovation
elements (Ritala et al., 2015). At this stage, the infrastructure construction has been
improved, which can not only provide a better transportation environment for the
development of leading industries but also greatly promote the free flow of innov-
ation elements.

Second, in terms of the impact of regional innovation capacity on economic
growth, the effect is also more obvious at the stage of high industrialization.
Economic growth was mainly driven by export and investment, rather than innov-
ation in the early stage of industrialization (Haraguchi et al., 2019). Meanwhile, due
to the low economic strength and weak market competitiveness, it is difficult for gov-
ernments to invest more funds in R&D sectors and reduce the cost of enterprise tech-
nology innovation by financial support or allowance. Endogenous growth theory
indicates that sustained economic growth relies on technological progress and innov-
ation (Romer, 1990). Hence, in the middle and late stages of industrialization, with
the enhancement of national economic strength and the internal demand of technol-
ogy-intensive industries for innovation, governments will spend more fiscal revenue
on enterprise technology innovation and high-level talent training (Mu et al., 2010).
The rational allocation of innovation elements such as technology, talent, and capital
through the synergy of system and market will have an important impact on sus-
tained economic growth. Thus, we propose the following hypothesis:

Hpypothesis 3: If a country is at the highly industrialized stage, the mediating effect of
regional innovation capacity is greater.
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3. Model setting, index selection and data sources
3.1. Model setting

The mediating effect model is employed to test the three hypotheses. We use the
causal step approach proposed by Baron and Kenny (1986) to estimate the mediating
effect model. Such an approach requires the researcher to estimate the coefficient on
each path in the model and then ascertain whether a variable function as a mediator
by judging whether the related statistical criteria are met. Based on the above analysis,
the construction of the mediating effect model is divided into the following steps.
Firstly, without considering the influence of regional innovation capacity, this art-
icle constructs the following model to explore the total effect of infrastructure capital
investment on regional economic growth. The specific model is as follows:

7
Inyi = o + oy Inkl + o lnkl + ijl oy Cij + 1y + K¢ + &3t (1)

where i represents a provincial administrative unit, ¢ represents time; y denotes the
actual per capita GDP of each region, which is used to measure the economic growth
level of the region; k' and k” respectively stand for infrastructure capital stock per
capita and non-infrastructure capital stock per capita; C is a vector composed of vari-
ous other factors affecting regional economic growth; u;, k;, &; are random disturb-
ance terms, considering both the individual effect y; and the time effect ..

Secondly, the effect of infrastructure capital stock on regional innovation capacity
is tested. The specific model is as follows:

7
ic = oy + B;Inkl, + BeIn k! + ijl BiCiyj + 1y + K¢ + &i )

where ic denotes regional innovation capacity as a mediator.
Finally, the influence of both infrastructure capital stock and regional innovation
capacity on regional economic growth is considered. The specific model is as follows:

7
Iny; = g + o Inkl, + @Inic + o Inkl + ijl o Ciyj + 1 + K¢ + & (3)

In the above models, a; is the total effect of infrastructure capital stock on regional
economic growth; o is the direct effect of infrastructure capital stock on regional
economic growth when the influence of regional innovation capacity and other con-
trol variables are controlled; B; x ¢ is the mediating effect that is identical to the
indirect effect. The relationship between total effect (o), direct effect (o)) and indirect
effect (B; x @) is as follows (Mackinnon et al., 1995):

o =0 + By X @ (4)

If both B; and @ in the model are statistically significant, and o} is closer to zero
than oy, then regional innovation capacity can be regarded as a mediator of the rela-
tionship between infrastructure capital stock and regional economic growth.
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3.2. Index selection

3.2.1. Dependent variable and core explanatory variables

We take per capita real GDP (y) as the dependent variable to measure the economic
growth level of each region. It is measured by the ratio of the GDP of each region to
the number of employees. Per capita infrastructure production capital stock (k') and
per capita non-infrastructure production capital stock (k") are used as core explana-
tory variables. The calculation formula is derived from the Measuring Capital-OECD
Manual (2009), as follows:

T-1
KPy =Y dKi, (5)

where KP represents infrastructure and non-infrastructure production capital stock,
and K indicates their gross capital stock; T and t denote the service life and the ser-
vice age of assets, respectively; d, described by the age-efficiency function is the rela-
tive efficiency of the asset, which represents the marginal production efficiency of old
capital goods relative to new capital goods. The age-efficiency function used in this
article is the hyperbolic age-efficiency profile. Hyperbolic decline takes the form:

d. = (T —7)/(T — 67) ©)

where 0' <1 is a parameter that shapes the form of the function.
The calculation formula of K;, that represents the gross capital stock of infrastruc-
ture and non-infrastructure is as follows:

T-1
Kit=Ki—1 + L i—Rir = Z«::o Sijelit— (7)

where I;; represents the new investment in fixed assets of infrastructure and non-
infrastructure; R;; and S;, respectively describe their replacement needs and their
residual value rate of fixed assets, both of which are determined by retirement func-
tions. This article chooses the bell-shaped retirement function that is more commonly
used in international accounting. The form of the lognormal frequency distribution
in this model is:

fr—%xlx exp (—M> G:\/ln(1+(m/5)72), U

202

= lnm—0.56° (8)

where 7 is the age of the asset; ¢ and u are the standard deviation and mean of the
lognormal function; m and s are the mean and the standard deviation of the underly-
ing normal distribution. With m as the estimated average service life, the standard
deviation s is set to between 2/m and 4/m. Considering the actual situation, s in this
article is set to 4/m. Based on this, the corresponding survival function can be
obtained by S; = 1 [} f..
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Table 1. Statistical description of variables (before logarithm).

Variable Variable name Unit Mean Std. dev. Min Max

y Per capita economic growth Yuan/person 23384.9 20292.65 2374561 123369.2

K Infrastructure capital stock Yuan/person 21422.75  19936.19 949.921 150543.3
per capita

K Non-infrastructure capital Yuan/person 36446.15  43307.68  1406.757 277689.8
stock per capita

ic Regional innovation capacity Pieces/10,000 people 11.05 21.058 0.08 157.2

hca Human capital accumulation Ten thousand yuan 19.274 15.072 4.450 101.230

gs Government size — 0.195 0.162 0.048 1.379

soe state-owned economy proportion — 0.428 0.186 0.101 0.975

is Industrial structure proportion — 0.410 0.083 0.276 0.806

ul Urbanization level — 0.341 0.168 0.130 0.910

dtd Degree of trade dependence — 0.342 0.521 0.017 3.350

rd R&D investment 100 million yuan 163.639 320.154 0.020 2343.630

Source: Authors.

3.2.2. Mediating variable

Concerning international standards, the mediating variable in this article is the loga-
rithm of regional innovation capacity (Inic), which is measured by the logarithm of
the number of patent applications per 10,000 people in each region. Compared with
other indicators such as sales revenue of new products or the comprehensive index of
regional innovation capacity, patent data is not only easier to obtain, but also reflects
the commercial use of innovation capacity. Most studies argue that patent data is
objective and slowly changing, so it is still a relatively reliable alternative indicator to
measure regional innovation capacity (Acs et al., 2002). In addition, compared with
the number of patent authorizations, the number of patent applications can object-
ively reflect the true level of a region’s innovation capacity without being affected by
man-made evaluation such as the ability of patent examination and patent judgment.

3.2.3. Control variables

This article mainly selects the following control variables: 1) Human capital accumu-
lation (hca) is measured by human capital stock per head of each province in the
China Human Capital Report (2019). 2) Government size (gs) is measured by the pro-
portion of local government fiscal expenditures in the region’s GDP. 3) Proportion of
state-owned economy (soe) is measured by the proportion of state-owned investment
in total fixed-asset investment. 4) Industrial structure (is) is measured by the propor-
tion of the added value of the tertiary industry in the region’s GDP. 5) Urbanization
level (ul) is measured by the proportion of the non-agricultural population in the
total population. 6) Degree of trade dependence (dtd) is measured by the proportion
of total import and export trade volume in GDP. 7) R&D investment (rd) is meas-
ured by the research and development expenditure of each region.

3.3. Data collection

The panel data used in this study are constituted of China’s 31 provincial-level
regions during 1993-2017. Taiwan, Hong Kong, and Macao are excluded because of
data unavailability. The descriptive statistics of variables are reported in Table 1. It
should be noted that the raw data are deflated by the 1993 constant price index to
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Table 2. Results of mediation analysis.

Iny Inic Iny

(1) (2) (3)
Ink 0.2171*** (0.0160) 0.1666*** (0.0604) 0.2100*** (0.0159)
Inic 0.0426*** (0.0097)
Ink" 0.0860*** (0.0131) 0.6816*** (0.0495) 0.0570*** (0.0145)
Hac 0.0021*** (0.0007) 0.0174*** (0.0026) 0.0013* (0.0007)
gs —0.1146** (0.0543) 1.7154*%%* (0.2046) —0.1878*** (0.0561)
soe —0.1637*** (0.0478) 0.6345*** (0.1804) —0.1908*** (0.0476)
is —0.5803*** (0.0911) 0.1263 (0.3436) —0.5857*** (0.0900)
ul 0.3229*%** (0.0735) 1.5645%** (0.2769) 0.2562*** (0.0741)
dtd 0.0002 (0.0124) 0.1841*** (0.0468) —0.0076 (0.0124)
rd —0.00002 (0.00002) 0.0003*** (0.0001) —0.0001 (0.0001)
Constant 6.3664*** (0.1088) —8.5812%** (0.4147) 6.7165*** (0.1367)
Individual fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
Adj. R? 0.9873 0.9423 0.9876
Observations 775 775 775
Sobel test 0.0071** (0.0030)
Bootstrap test 0.0071%* (0.0036)
Proportion of mediating effect 3.27%

Note: Standard errors in parentheses; *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively; the
same below.
Source: Authors.

eliminate the influence of price fluctuation. The raw data are taken from the China
Statistical Yearbook (1994-2018), China Trade and External Economic Statistical
Yearbook (1994-2018), China Compendium of Statistics, and statistical yearbooks dur-
ing 1994-2018 in different regions.

4. Results
4.1. Baseline results of mediation analysis

After the Hausman test, this article adopts time and entity fixed effects (FE) to esti-
mate model (1) ~ model (3), and the baseline results are reported in columns (1) ~
(3) of Table 2. Specifically, As shown in columns (1) and (3) of Table 2, the coeffi-
cient of total effect (o) is 0.2171 with a 1% significance level, while the coefficient of
direct effect (o) is 0.2100 with a 1% significance level, indicating that infrastructure
capital stock has a significant positive impact on regional economic growth and the
direct effect is slightly smaller than the total effect. Thus, it is evident that infrastruc-
ture capital stock has a mediating effect on regional economic growth. As shown in
columns (2) and (3) of Table 2, the coefficient of infrastructure capital stock on
regional innovation capacity (B;) is 0.1666 and the coefficient of regional innovation
capacity on regional economic growth (¢) is 0.0426 with a 1% significance level. It
means that infrastructure capital stock has a significant positive impact on regional
innovation capacity and the continuous enhancement of regional innovation capacity
can further promote regional economic growth.

In addition, the mediating effect (B; x ¢) is 0.0071, indicating that each 1%
increase in infrastructure capital stock can result in a 0.0071% rise in regional eco-
nomic growth because of infrastructure capital stock’s effect on regional innovation
capacity when other conditions remain unchanged. Finally, as shown in Table 2, both
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the Sobel test and Bootstrap test support that regional innovation capacity has a sig-
nificant mediating effect, and the mediating effect accounts for 3.27% of the total
effect of infrastructure capital stock on regional economic growth. Therefore, hypoth-
esis 1 proposed in this article is confirmed.

4.2. Mechanism test analysis of sub-samples

According to section 2, the mediating effect of regional innovation capacity may be
more obvious in economically developed regions. China is divided into provinces,
autonomous regions, and municipalities directly under the central government.
Although their administrative ranks are the same, the levels of economic development
are different. In general, the economic development level of municipalities is higher
than that of provinces, and that of provinces is higher than that of autonomous
regions. In the sample period from 1993 to 2017, the average real GDP per capita of
municipalities is around 45,100 yuan, about 24,500 yuan higher than that of provinces
and about 27,100 yuan higher than that of autonomous regions. Given this, this art-
icle draws on the sub-sample mechanism test method of Li and Li (2013) and divides
the samples into three types: municipalities, provinces, and autonomous regions to
judge the heterogeneous impact of regional innovation capacity. The regression
results are reported in columns (1) to (9) of Table 3.

First, as shown in columns (1) to (3) of Table 3, it is easy to find that coefficients
of per capita infrastructure capital stock on regional innovation capacity and regional
innovation capacity on per capita GDP are still significantly positive, which once
again confirms hypothesis 1. However, we found that the coefficient of direct effect is
not significant, indicating that in the samples of municipalities, regional innovation
capacity plays a completely mediating role in the relationship between infrastructure
capital stock and economic growth. Meanwhile, the Sobel test and Bootstrap test both
show that the proportion of mediating effect accounts for 45.79%. Second, as shown
in columns (4) to (6) of Table 3, the estimated result of provinces resembles that of
municipalities. The only difference is that the coefficient of direct effect becomes
smaller and more significant, showing that in the samples of provinces, regional
innovation capacity plays a partial mediating role in the relationship between infra-
structure capital stock and economic growth. And the mediating effect accounts for
14.75%. Finally, columns (7) to (9) of Table 3 show that in the samples of autono-
mous regions, the coefficient of regional innovation capacity on per capita GDP is
insignificant and the results of Sobel and Bootstrap tests are also insignificant, imply-
ing that regional innovation capacity does not play mediating effect between infra-
structure capital stock and economic growth. In summary, the effect of infrastructure
capital stock on economic growth is totally mediated by regional innovation capacity
in the most economically developed municipalities and is partly mediated by regional
innovation capacity in relatively developed provinces, while the effect of infrastructure
capital stock on economic growth is not mediated by regional innovation capacity in
the most backward autonomous regions. Therefore, hypothesis 2 proposed in this art-
icle is confirmed.
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Table 4. Regression results of samples of municipalities and provinces.

Iny Inic Iny

(1) (2) (3)
Ink' 0.1827*** (0.0162) 0.2965*** (0.0620) 0.1575%** (0.0156)
Inic 0.0851*** (0.0100)
Control variable Yes Yes Yes
Constant 6.7236*** (0.1120) —8.9518*** (0.4290) 7.4855%** (0.1088)
Individual fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
Adj. R2 0.9891 0.9508 0.9902
Observations 650 650 650
Sobel test 0.0252***(0.0060)
Bootstrap test 0.0252**%(0.0062)
Proportion of mediating effect 13.79%

Source: Authors.

Since the mediating effect of regional innovation capacity in the samples of
autonomous regions is not significant, we remove autonomous regions from the total
samples and re-estimate the model parameters. The regression results of the samples
excluding autonomous regions are reported in columns (1) to (3) of Table 4. It is
easy to find that coefficients of per capita infrastructure capital stock on regional
innovation capacity (0.2965) and regional innovation capacity on per capita GDP
(0.0851) are still significantly positive. The mediating effect (0.2965 x 0.0851) is
0.0252. In addition, the proportion of mediating effect is 13.79%, which is 10.52%
higher than that in the baseline results. It means that in the total sample estimation,
the autonomous regions weaken the mediating role of regional innovation ability.

4.3. Analysis of heterogeneity in different stages of development

During the sample period, the Chinese economy has gone through the initial stage of
industrialization (1993 ~1999), the mid-term stage (2000~ 2011), and the late stage
(2012 ~2017). Considering that the mediating effect of regional innovation capacity
may be different at different stages of economic development in China, this article
adds two dummy variables (yrl, yr3) to represent the period of 1993~ 1999 and
2012 ~ 2017, then multiplies them with infrastructure investment and regional innov-
ation capacity to obtain new cross-terms, which are used to test the temporal hetero-
geneity of different stages of industrialization. All regression results are reported in
Table 5.

First, as shown in column (1) of Table 5, the output elasticity of infrastructure
capital stock in the mid-term stage, initial stage, and late stage of industrialization are
respectively 0.1515, 0.1498(=0.1515-0.0017), and 0.1452 (=0.1515-0.0063). It shows
that the impact of infrastructure capital stock on regional economic growth is
inverted ‘U’ type, which coincides with the research of Mamuneas (2000). Second, as
shown in columns (2) and (3) of Table 5, the coefficient of infrastructure capital
stock on regional innovation capacity (B;) in the mid-term stage, initial stage, and
late stage of industrialization are respectively 0.2184, 0.1977 (=0.2184-0.0207) and
0.2121 (=0.2184-0.0063). The coefficient of regional innovation capacity on regional
economic growth (¢) in the mid-term stage, initial stage, and late stage of industrial-
ization are respectively 0.0875, 0.0397 (0.0875-0.0478), and 0.0856 (0.0875 — 0.0019).
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Table 5. Regression results at different development stages.

Iny Inic Iny

(1) (2) (3)
Ink' 0.1515%** (0.0173) 0.2184*** (0.0674) 0.1593*** (0.0172)
yrl x Ink! —0.0017 (0.0016) —0.0207*** (0.0062) 0.0023 (0.0015)
yr3 x Ink —0.0063*** (0.0012) 0.0028 (0.0046) —0.0065** (0.0028)
Inic 0.0875*** (0.0098)
yr1 x Inic —0.0478%** (0.0094)
yr3 x Inic —0.0019 (0.0097)
Control variable Yes Yes Yes
Constant 6.5378*** (0.1136) —9.0470%** (0.4433) 7.2164*** (0.1384)
Individual fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
Control variable 0.9897 0.9517 0.9912
Constant 650 650 650

Source: Authors.

Such results suggest that compared with the initial stage of industrialization, the
impact of infrastructure capital stock on regional innovation capacity and the impact
of regional innovation capacity on regional economic growth are enhanced in the
mid-late stage of industrialization. Finally, the mediating effect (B; x @) in the initial
stage, mid-term stage, and late stage of industrialization are about 0.0078, 0.0191, and
0.0190, respectively. It shows that as China enters the mid-late stage of industrializa-
tion, the mediating role of regional innovation capacity is more evident. Therefore,
hypothesis 3 proposed in this article is confirmed.

4.4. Robustness and endogenous analysis

4.4.1. Robustness analysis

To test the stability of the estimated parameters obtained from the baseline regression
results, we use three methods to do the robustness test: choosing alternative indica-
tors, adding control variables, and changing the way of sample processing.

First, we choose alternative indicators from three aspects: (1) we use the net capital
stock of infrastructure and non-infrastructure to replace productive capital stock.
Compared with productive capital stock, net capital stock cannot effectively reflect
the actual production capacity and service efficiency of assets, but as an index of the
capital stock value estimated by market price, it can be used as an alternative indica-
tor of capital stock. The estimation of the net capital stock of inter-provincial infra-
structure refers to OECD (2009; 2) Compared with the previous method of dividing
by the number of employees to measure the per capita form, we use the GDP, infra-
structure, and non-infrastructure capital stock of each region divided by the number
of permanent residents to measure the per capita form. (3) We select the number of
patent authorizations and sales revenue of new products as an alternative indicator of
the number of patent applications to measure regional innovation capacity.

Second, we further consider the omitted variable bias and add other control varia-
bles that may affect regional economic growth or regional innovation capacity as fol-
lows: (1) There is no doubt that the region with more research institutes will attract
more high-quality talents and R&D investment, thereby promoting the region’s
innovation capacity. Therefore, the scale of science and education resources (se) is
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Table 6. Regression results of the robustness test.

Change in explanatory variables: using net
capital stock

Change in per capita form: divided by the number
of permanent residents

Iny Inic Iny Iny Inic Iny
Ink' 0.1828*** 0.2779%** 0.1595%** 0.0556*** 0.39471%%* 0.0259*
(0.0162) (0.0626) (0.0156) (0.0141) (0.0681) (0.0135)
Inic 0.0837%** 0.0753%**
(0.0099) (0.0078)
Change in mediating variable: the number of Change in mediating variable: sales revenue of
patent authorizations new products
Iny Inic Iny Iny Inic Iny
Ink' 0.1827%** 0.1989%** 0.1713%%* 0.1827%** 0.2140%** 0.1824%**
(0.0162) (0.0623) (0.0159) (0.0162) (0.0725) (0.0161)
Inic 0.0574%** 0.0193%**
(0.0102) (0.0071)
Add control variable: se Add control variable: pd
Iny Inic Iny Iny Inic Iny
Ink' 0.1919%** 0.31971%%* 0.1715%%* 0.2105%** 0.3024%%* 0.1952%%*
(0.0150) (0.0602) (0.0148) (0.0158) (0.0618) (0.0159)
Inic 0.0641#** 0.0606***
(0.0097) (0.0102)
se 0.1255%** 0.3096*** 0.1056*** 0.1199%** 0.3003%** 0.1002***
(0.0121) (0.0488) (0.0121) (0.0127) (0.0490) (0.0129)
pd —0.4673%+* —0.3597%%* —0.4369***
(0.0474) (0.1184) (0.0432)
Change in sample processing method: winsorize Ink’ Change in sample processing method: winsorize Ink'
at 1% at 5%
Iny Inic Iny Iny Inic Iny
Ink’ 0.1915%** 0.2429%** 0.1719%** 0.2121%** 0.2814%** 0.1899%**
(0.0159) (0.0619) (0.0153) (0.0169) (0.0660) (0.0163)
Inic 0.0808*** 0.0788%**
(0.0099) (0.0098)

Note: All regressions use samples from municipalities and provinces, and include control variables, individual effects,
and time effects.
Source: Authors.

added to the mediating effect model, where se is measured by the proportion of stu-
dents in colleges and universities to the total population. (2) To control the influence
of economic geographical factors, the shortest distance between municipalities/provin-
ces and Tianjin, Shanghai, and Hong Kong which are the three most famous ports in
China (pd) is added to the mediating effect model.

Third, to eliminate the influence of outliers of the core explanatory variable, we
winsorize the per capita infrastructure capital stock at 1% and 5%.

Table 6 displays the regression results of the robustness test. It is easy to find that
in the robustness test of each treatment method, coefficients of per capita infrastruc-
ture capital stock on regional innovation capacity and regional innovation capacity
on per capita GDP are still significantly positive. That is to say, the mediating effect
of regional innovation capacity in the influence of infrastructure capital stock on
regional economic growth is robust. Meanwhile, we also find that the direct effect is
always less than the total effect. Therefore, the conclusion that the effect of
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Table 7. Regression results of endogeneity analysis.

Eq. (1) Eq. (2) Eg. (3)
Ink' Iny Ink' Inic Ink’ Iny
(1) (2) (3) (4) (5) (6)
Ink' 0.1953%** 1.0743%%* 0.1048**
(0.0438) (0.1716) (0.0469)
Inic 0.0802***
(0.0127)
Mp xyear Yes Yes Yes
Weak instrumental 598.47 [11.40] 598.47 [11.40] 599.44 [11.40]
variable test
Control variables Yes Yes Yes Yes Yes Yes
Constant 3.7329%** 7.2123%*%* 3.7329%** —12.142%%* 4.3555%%* 8.2053***
(0.3560) (0.2439) (0.3560) (0.1154) (0.4022) (0.3030)
Individual fixed effect Yes Yes Yes Yes Yes Yes
Time fixed effect Yes Yes Yes Yes Yes Yes
Control variable 0.9840 0.9938 0.9840 0.9731 0.9843 0.9944
Constant 525 525 525 525 525 525

Source: Authors.

infrastructure capital stock on economic growth is partly mediated by regional innov-
ation capacity is also robust.

4.4.2. Endogenous analysis
To overcome the endogeneity of infrastructure capital investment, this article uses the
instrumental variable (IV) to solve the problem. Referring to the research of
Duranton and Turner (2011) and Michaels (2008) that propose to use historical road
or railway planning distribution maps to predict the distribution of modern express-
ways, we choose the interaction term between the number of courier stations in each
province in Ming Dynasty and year dummies (mpxyear) as the instrumental variable
of the per capita infrastructure capital stock. On the one hand, the courier stations in
Ming Dynasty were mainly built in strategically important and densely populated
areas, and these courier stations had good accessibility. Therefore, the construction of
the current transportation system in China is influenced by the courier stations in
Ming Dynasty to a certain extent, and the statistical scope of infrastructure in this
article mainly includes transportation infrastructure. The relevance assumption is sat-
isfied. On the other hand, the construction of courier stations in the Ming Dynasty
was mainly based on military purposes and they were built about 400 years ago, so
the current level of economic development will not directly affect them, and the
exogenous assumption is satisfied. However, the number of courier stations in the
Ming Dynasty does not change over time, this article uses the interaction term
between the number of courier stations in the Ming Dynasty and year dummies as
the instrumental variable according to the approach of Angrist and Krueger (1991),
to overcome the dimension limitation of cross-section data and fully reflect the influ-
ence of instrumental variable in different years on the endogenous variable. Table 7
reports the estimation results of the instrumental variable by using 2SLS estimation
to estimate Egs. (1)-(3).

According to Table 7, first, columns (1), (3), and (5) of Table 7 present first-stage
regression results. The coefficients of mpxyear are significant in most years, indicat-
ing that the instrument variable is significantly related to the per capita infrastructure
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capital stock. Meanwhile, the result of the weak instrumental variable test shows that
the instrumental variable passes the 10% level of a significance test, further verifying
the relevance assumption. Second, when regressing the instrumental variable to
regional economic growth, we find that the estimated coefficients are insignificant in
most years, which proves the exogenous assumption. Finally, columns (2), (4), and
(6) of Table 7 show that coefficients of per capita infrastructure capital stock on
regional innovation capacity and regional innovation capacity on per capita GDP are
still significantly positive. Therefore, after considering endogeneity on the major
explained variable, the conclusion that regional innovation capacity mediates the rela-
tionship between infrastructure capital stock and regional economic growth is still
robust, and the mediating effect is 0.0862 (=1.0743 x 0.0802), accounting for 44.14%
(=0.0862 +0.1953) of the total effect.

5. Discussion

Plenty of theoretical and empirical research finds that infrastructure investment plays
a significant role in promoting economic growth. Some studies have tried to explain
how infrastructure investment affects economic growth from the aspects of reducing
transportation costs and improving the degree of market integration (Donaldson,
2018; Duranton et al., 2014; Faber, 2014; Li & Li, 2013). However, few kinds of litera-
ture discuss whether infrastructure investment can affect economic growth through
regional innovation capacity. Infrastructures not only enhance the independent innov-
ation capacity of a certain region but also speed up the free flow of knowledge, infor-
mation, and products between different regions, further promoting regional economic
growth. Therefore, one innovation of this article is to analyse infrastructure capital
investment, regional innovation capacity and regional economic growth into a unified
analysis framework, further identifying the regional innovation capacity as a crucial
mediator. Besides, unlike many previous studies (Ouattara & Zhang, 2019; Yu et al,,
2012; Zeng et al.,, 2021), which devised the whole country into the east region, middle
region, and west region to test spatial heterogeneity. This article reclassified it to
provinces, autonomous regions, and municipalities directly under the central govern-
ment according to different levels of economic development, which is maybe more
scientific than just geographical division. Furthermore, this article also confirms that
the mediation effect of regional innovation capacity has temporal heterogeneity by
dividing different stages of industrialization development. Based on the results in sec-
tion 4, the following conclusion can be drawn to confirm or reject hypotheses:

H1: Infrastructure capital investment has a positive effect on regional economic growth
through promoting regional innovation capacity: Confirmed.

H2: In the regions with a higher level of economic development, the mediating effect of
regional innovation capacity is more obvious: Confirmed.

H3: If a country is at the highly industrialized stage, the mediating effect of regional
innovation capacity is more obvious: Confirmed.

Specific discussions on these results are as follows. Firstly, infrastructure invest-
ment not only has a significant positive effect on China’s economic growth, which is
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in line with previous research carried out by Yu et al. (2012) and Zhang et al. (2021)
but also enhances regional innovation capacity, which is in line with previous
researches carried out by Wang et al. (2018), Cui and Tang (2022). Then we find out
that the regional innovation capacity plays an important mediation role in the rela-
tionship between infrastructure capital investment and regional economic growth
(Zeng et al.,, 2022). The mediating effect reaches 0.0071, accounting for 3.27% of the
total effect. Because of the decreasing trend of the marginal output of capital, the
infrastructure investment scale should be suitable. Therefore, regional innovation cap-
acity is very important for the sustainable development of China’s economy which
was driven by investment in the past.

Second, the regional difference in the mediating effect of regional innovation cap-
acity is visible (Zeng et al., 2022). For example, the mediating effect of regional
innovation capacity is the most evident in the most economically developed munici-
palities, followed by the relatively developed provinces, while the mediating effect is
not significant in the most backward autonomous regions. The possible explanation
is that most of the autonomous regions are remote and border areas, with relatively
backward economic development and insufficient infrastructure construction. It is
difficult to assemble high-tech human resources, science-tech achievements, and sci-
ence-tech investments. In addition, the construction of cross-regional network infra-
structure enhances the accessibility between backward and developed regions, leading
to a huge brain drain in backward areas (Wang et al., 2018). It indicates that a good
economic foundation and mature infrastructure construction are the preconditions
for the free flow of innovation elements. Therefore, China should upgrade the eco-
nomic effect in the backward areas, and reduce the economic gap among areas to
realize harmonious economic development.

Finally, the mediating effect of regional innovation capacity becomes more evident
with deepening industrialization. Compared with the initial stage of industrialization
(1993 ~1999), the mediating role of regional innovation capacity is enhanced in the
mid-term stage (2000 ~2011) and the late stage (2012 ~2017). it is indicated that the
regional innovation capacity plays an increasingly important role in the growth
impact of infrastructure capital investment. This is closely related to China’s innov-
ation development in recent decades. According to the data released by the World
Intellectual Property Organization (WIPO), China only submitted 1 patent applica-
tion to WIPO in 1993, and only 276 until 1999. Since 2003, it has increased by more
than 10% every year. In 2020, China applied for 68720 patents through the Patent
Cooperation Treaty (PCT), ranking first in the world.

6. Conclusions and policy implications

By employing a balanced panel dataset for 31 Chinese provinces, autonomous
regions, and municipalities covering 1993-2017 and the mediating effect model, this
study aims to identify the influence channel of infrastructure capital stock on regional
economic growth. Several interesting findings are highlighted, as follows: (1)
Infrastructure capital investment shows a promotion effect on regional economic
growth, because of the promotion effect mediated by regional innovation capacity.
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And the mediating effect is 0.0071, accounting for 3.27% of the total effect. (2) In the
sub-sample mechanism test, the mediating effect of regional innovation ability is
highest in the samples of municipalities, followed by the samples of provinces.
Conversely, the mediating effect is not significant in the samples of autonomous
regions. In other words, the mediating effect of regional innovation capacity is more
obvious in the regions with a higher level of economic development. After removing
the samples of autonomous regions from the total samples, the mediating effect
increases correspondingly. (3) Further analysis of heterogeneity shows that the media-
ting effect of regional innovation capacity is more obvious in the regions at the
higher industrialized stage.

Some important policy implications can be deduced based on our findings. For
example, in addition to increasing the number of patent applications, China should
improve the quality of patent applications and fully play the buffering effect of
regional innovation capacity on the diminishing marginal return mechanism of infra-
structure capital. Besides, more emphasis should be placed on the development and
deployment of infrastructure in backward areas. Policymakers should further
strengthen the network infrastructure construction between developed and under-
developed regions, promoting the interregional flow of innovation -elements.
Meanwhile, they should be alert to the siphoning effect between developed and
underdeveloped regions due to the increasing accessibility. Policymakers in under-
developed regions should constantly improve their comparative advantages and create
a good innovation environment to retain innovative talents.

However, some potential problems need to be studied more in the future. For
instance, this article does not consider the spatial impact of adjacent areas and the
heterogeneous impact of different types of infrastructure. In future research, it may
be a very good and insightful novel topic to incorporate the above factors into the
growth impact of infrastructure capital investment. Specifically, we can use a spatial
econometric model and divide infrastructure into point infrastructure and network
infrastructure, which is also conducive to strengthening the theoretical basis for us to
further propose reasonable measures.
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