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This paper examines the internal mechanism of green investment affecting economic growth quality
from the perspective of green innovation. Solving this problem requires studying a number of new eco-
nomic categories, including the concepts of green investment and innovation. In addition, an important
aspect is the development of a consistent approach to assessing the quality of economic growth. This
concept can be interpreted in different ways. In the context of this article, special attention is given to the
influence of green innovation and investment on the quality of economic growth. A serious obstacle to
solving the problems posed in the article is the lack of statistics necessary to build quantitative models.
Therefore, it is important to search for parameters and indicators that can fully characterize investment
and innovation processes in the green economy. To examine this issue, mediation effect test models are
established based on the logic of the causal steps approach. Then, this paper empirically tests the media-
tion effect by using the causal steps approach, the Sobel test and the Bootstrap method with panel data
from 30 provinces in China from 2010 to 2020. The results show that green investment has a favorable
effect on economic growth quality, with approximately 30% of the total effect is mediated by green in-
novation. The conclusion remains valid after a series of robustness checks. In order to improve economic
growth quality, it is recommended that green financial policies, innovation policies and economic growth
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Illao L3en0ii’, U. I1. Jlepessiro’, JI. I'. ManameBu4?
! Benopycckuii Tocy1apCTBEHHbII YHUBEPCHTET
BenopyccKuii rocyIapcTBEHHbII TEXHONOTHUECK i YHUBEPCHTET

3EJIEHBIE UHBECTUIUMH, 3EJIEHASI MTHHOBALIUA
N KAYECTBO 9KOHOMMWYECKOI'O POCTA

B cratee paccmaTpuBaeTcss BHyTPSHHHH MEXaHM3M BIMSHUS 3€JICHBIX HMHBECTUINI Ha Ka9eCTBO KO-
HOMHYECKOTO POCTa C TOUKU 3PSHHUS 3eIeHBIX HHHOBAIWH. Perienne nanHoi mpo6iaeMsl TpeOyeT n3ydeHus
psiaa HOBBIX SKOHOMHUYECKUX KAaTErOpHil, BKIIOYAs MOHATHUS 3€JIE€HbIX MHBECTULIMNA 1 MHHOBalMid. Kpome
TOTO, BYKHBIM aCIIEKTOM SIBIISICTCSI BRIPAOOTKA TIOCIIEIOBATEIIHHOTO TTO/IX0/1a K OIIEHKE KauecTBa IKOHOMHU-
YECKOT0 POCTa. DTO MOHATHE MOKET TPAKTOBATHCS MO-Pa3sHOMY. B KOHTEKCTE TaHHOH CTaThl 0c000E MECTO
OTBOJUTCS BIMSHHIO 3€ICHBIX MHHOBALIMI M MHBECTHIIMI HAa KAYeCTBO 9KOHOMHUYECKOT0 pocTa. Cephe3HBIM
MIPEISITCTBHEM JUIS PELICHUS TOCTABICHHBIX 3a1a4 SBJIAETCS HEXBATKa CTATHCTHKH, HEOOXOMMOMN IS T10-
CTPOEHHS KOJIMYECTBEHHBIX Moieneil. [loaToMy BaykHOE 3HaUEHHE NMEET MOMCK IMapaMeTpoB U MoKa3aTe-
JIel, KOTOpPBIE MOTYT B MOJTHOM Mepe XapaKTepH30BaTh HHBECTHIIMOHHBIC M HHHOBAIIMOHHBIC TIPOIECCH B
3€JICHON PKOHOMHUKE. J1J1s1 U3yUYEHHsI TIOCTABIICHHOTO BOMPOca ObLIHM CO3aHbI TECTOBBIC MOCH Y deKTa
TOCPECAHNYCCTBA, OCHOBAHHBIC Ha JIOTUKE MOJAX0Aa NPUYNHHO-CICACTBCHHBIX HIaroB. TTocie }IaHHBIﬁ 3¢)-
(beKT OMIIMPUYCCKHU MPOBEPACTCA C UCITOJIB30BAHNEM ITOAX04a TPUINHHO-CIICACTBCHHBIX IaroB, TECTa CO-
Oera ¥ MeToJla HaYallbHOM 3arpy3Ky Ha MaHeIbHBIX MaHHBIX U3 30 mpoBuHiui Kutas 3a 2010-2020 rr.
PeSyJ'ILTaTI)I MOKa3bIBAKOT, YTO 3CJICHBIC MHBCCTHUIIMU OKAa3bIBAKOT 6HaFOHpI/IHTHOG BIIMSIHUEC HA Ka4Y€CTBO
9KOHOMHYECKOTO POCTa, mpudeM okojio 30% ob1iero a3dhexta ormocpeoBaHo 3eIeHBIMH HHHOBAIIUSIMU.

[Tocne psima mpoBEpOK Ha YCTOHUMBOCTD BBIBOJ OCTAETCs B cuiie. [1Jisl MOBBIICHHS KaueCTBa DKOHO-
MHUYECKOT'0 poCTa pEKOMEHAYETCA, I-IT06I)I IIOJIMTHUKA 3€JICHOI'O (bI/lHaHCI/IpOBaHI/IH, HWHHOBAIIMOHHAas I10JIN-
THKA U TIOJIUTHKA SKOHOMHYECKOTO POCTa PadOTAJIM B YHHUCOH.

KitioueBble clI0Ba: 3eI€HbIC HHBECTHIMH, KAYECTBO YKOHOMHYECKOTO POCTA, 3eJICHast MHHOBAILIHS,
Kuraiickas HapojHast pecrtyOnnka, 3 QeKT mocpeTHIYeCTBa.
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Introduction. The promotion of sustainable
economic development has become a goal shared by
nations worldwide with the emergence of various
environmental issues, such as global warming and
the tightening of supply constraints for fossil energy.
In order to achieve this goal, countries develop their
strategies related to green transformation of econ-
omy. This paper considers the example of China that
has clearly proposed the implementation of an inno-
vation-driven green development strategy against
the backdrop of its rising economic volume and de-
clining growth rate.

Literature Review. Endogenous growth theory
holds that technological innovation is at the core of
economic growth [1]. Most of the existing studies af-
firm the view that technological innovation is a driv-
ing force for economic development [2] and the basis
for sustainable economic development [3]. Techno-
logical innovations have positive effects on enhanc-
ing resource allocation efficiency, increasing produc-
tion efficiency, upgrading product and labor quality,
etc. This is able to affect the demand- and supply-
side, overcoming diminishing returns to scale and
saving costs of all kinds, thereby transforming the
way of economic growth and improving its quality.

Green innovation is the integration of techno-
logical innovation and the concept of green devel-
opment. Besides the positive effect of possessing
technological innovation, green innovation can fur-
ther reduce environmental pollution, promote the
development of renewable energy industries and
raise energy use efficiency [4], so as to improve the
environment while saving environment-related
costs to drive high-quality economic growth.

However, projects for green innovation are char-
acterized by long-run, high-risk and dual externalities
(technological and environmental externalities).
It brings problems such as increased financing costs,
constrained amounts of financing and reduced willing-
ness to innovate, which leads to insufficient invest-
ment in the field of green innovation [5]. Therefore, it
will be necessary to divert investments from carbon-
and resource-intensive investments toward sustainable
investments in order to promote green innovation.

Green investment, which is born out of the no-
tion of sustainable development, makes investment
decisions based on the goal of realizing the triple ef-
fect related to economy, society and environment.
It focuses on economic growth and environmental
protection, which is compatible with green innova-
tion and high-quality economic growth in terms of
development dynamics and advantages. The exist-
ing literature has found that green investment is an

important initiative to promote green innovation as
well as one of the key means to improve economic
growth quality [6].

On the one hand, green investment can not only
directly finance green innovation but also reduce the
risk of green innovation and raise the expectation of
green innovation returns through expenditures on
environmental infrastructure construction, environ-
mental protection management affairs, environmen-
tal monitoring and supervision, etc. Moreover, green
investment at the government level, which can reflect
the intensity of environmental policies, is able to per-
form a strong demonstration function through the sig-
naling effect. This enhances the environmental protec-
tion awareness of various economic agents, increases
the willingness of firms to undertake the risk of green
innovation, as well as attracts capital and talent to the
field of green innovation.

On the other hand, green investment, particu-
larly productive green investment, has a long-run
positive impact on the economy [7]. Furthermore,
green investments have strong unproductive invest-
ment purposes, including improvement of energy ef-
ficiency, reduction of emissions, generation of clean
and renewable energy, environmental protection and
so on. Therefore, it is capable of giving a strong impe-
tus to the improvement of the environment, energy
conservation and emission reduction, as well as the en-
hancement of the living quality of residents and im-
provement of economic growth quality from both the
environmental and social perspectives.

In summary, there is a lot of literature that has
studied the relationship between green investment
and green innovation, green innovation and eco-
nomic growth quality, as well as green investment
and economic growth quality, respectively. Many
scholars have shown that green investment and
green innovation are essential factors in improving
economic growth quality [8]. And it is worth noting
that green investment is crucial to driving green in-
novation, taking into account market failure caused
by the long-run, high-risk and double externalities
of green innovation. As can be seen, it is possible
for green innovation to mediate the effect of green
investment on economic growth quality.

Green investment can enhance the level of green
innovation through resource injection and signaling,
which is favorable to the improvement of the effi-
ciency of production and resource allocation, the en-
hancement of the quality of products and labor, as well
as energy savings and emission reduction, and thus
improves economic growth quality from the perspec-
tives of economic aggregate, environment and society.
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In addition, in recent years, the public demand
for high environmental quality has been increasing,
and environmental protection policies have been
gradually tightening. In this context, the increase in
green investment and the improvement in green in-
novation driven by it are conducive to the construc-
tion of sustainable competitive advantages for
firms, making them more capable of meeting the re-
quirements and expectations of today's market and
government. This will enable enhanced operational
and environmental performance for firms, thereby
promoting high-quality economic growth.

Furthermore, the increase in green innovation
driven by green investment is possible to relatively
alleviate the problem of productive capital crowd-
out caused by the unproductive investment purposes
of green investment, through channels such as sav-
ing costs in production and environmental manage-
ment [9], boosting efficiency and increasing the
commercial value of the products [10], thereby pro-
moting the development of the economy.

However, there is limited literature that has ex-
amined the relationship between green investment,
green innovation, and economic growth quality in
an integrated framework. To date, no empirical lit-
erature has explored whether green innovation plays
an effective role as a mediator in the impact of green
investment on economic growth quality.

Given that, this paper aims to explore the intrin-
sic mechanism of green investment affecting eco-
nomic growth quality, with a particular focus on
green innovation as a mediator variable. To empiri-
cally examine this question, we uses panel data from
30 provincial units in China from 2010 to 2020. The
findings of the study using China as a sample can be
appropriately extrapolated to other developing coun-
tries with full consideration of the development char-
acteristics of any particular country.

Methodology and Data. Methods for testing
mediation effects can be broadly classified into three
categories: the causal steps approach, the difference
in coefficients method, and the product of coeffi-
cients method [11]. Among them, the difference in
coefficients method is infrequently employed in the ex-
isting papers because of its high Type I error rate. The
causal steps approach, proposed by Baron et al. [12], is
one of the most widely used methods in the previous
studies. Nevertheless, the method has low statistical
power and may somewhat underestimate the proba-
bility of a Type I error [11]. In this regard, Wen et al.
[13] proposed a test procedure for the mediation ef-
fect based on the causal steps approach combined
with the product of coefficients method (Sobel test).
The test procedure has low rates of Type [ or Type II
errors and is now widely adopted in academia. How-
ever, the Sobel test has the assumption that the prod-
uct of coefficients has a normal distribution, which is
difficult to achieve in a small sample.
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In recent years, the Bootstrap method, which is
one of the product of coefficients methods, has been
used in an increasing number of papers. This
method is able to directly estimate the mediation ef-
fect without restricting its sampling distribution.
Moreover, some scholars have found that the Boot-
strap method, especially the bias-corrected Boot-
strap method, is one of the methods with the highest
statistical power through simulation studies [14].
But this method may have the potential to overesti-
mate the Type I error rate.

As can be seen, there are both advantages and
disadvantages to the test methods for the mediation
effect available today. Based on this, this paper
mainly adopts the test procedure proposed by Wen
et al. [13] to examine the mediation effect of green
innovation. Additionally, the bias-corrected Boot-
strap method is employed for robustness checks in
order to ensure the reliability of the findings.

Referring to the test procedure proposed by
Wen et al. [13], the constructed model and the test
steps carried out in this paper are as follows:

Step 1. Verify the total effect of green investment
on economic growth quality through a regression
without considering the influence of the green innova-
tion factor. The following model is established:

EGQ, =a, +a,GI, +
8
+ 2,4, CV M+, e, (1)

where i is the province and ¢ is the year; EGQj, is the
economic growth quality and GIj is the green invest-
ment; CVj; are the control variables, including human
resources, industrial structure, level of nationaliza-
tion, government expenditure, level of technological
progress, level of actual utilization of foreign invest-
ment, and level of urbanization; 1 is the individual
fixed effect and vy, is the time fixed effect; €l; is the
random error term; ay is a constant term; @; and a; are
the estimated coefficients of the corresponding terms.
The regression coefficient a; and its significance
need to be focused on. The coefficient a; represents the
total effect of the green investment on economic
growth quality. If a; is significant, it indicates that
green investment has a significant impact on economic
growth quality. In this case, the next step of the test can
be performed. On the contrary, put an end to the test.
Step 2. Test the effect of green investment on the
mediator variable, green innovation, through regres-
sion. The specific regression model is as follows:

GTI, :BO +B1G1it +
6
+2, 5B CV2, +m, +y, +e2,, )

where the meaning of i, ¢, Gli, n; and vy, are the same
as in equation (1); GTI; refers to green innovation;
CV2; are the control variables, including human re-
sources, industrial structure, level of technological
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progress, level of actual utilization of foreign invest-
ment, and level of urbanization; €2; is the random
error term; Po is a constant term; 1 and f3; are the
estimated coefficients of the corresponding terms.

Here, it is important to pay attention to the re-
gression coefficient i, which shows the effect of
green investment on green innovation. But the next
step can be carried out regardless of whether B; is
significant or not.

Step 3. Combining the results of Step 2, the di-
rect and mediation effects are tested by regression
in this step. The following is the specific model:

EGQ, =%, +9,GI, +6,GTI,, +
9
+ZF3 8,CV, +m, +7, +€3,, 3)

where the meaning of i, t, EGQy, Gl,, CVi, 1; and y, are
the same as in equation (1); and the meaning of GT7;
is the same as in equation (2); €3; is the random error
term; Op is a constant term; &1, 6, and d; are the esti-
mated coefficients of the corresponding terms.

The regression coefficient o; reflects the direct
effect of green investment on economic growth qual-
ity while controlling for the green innovation varia-
ble. The regression coefficient &, shows the effect of
green innovation on economic growth quality while
controlling for the green investment variable. The mul-
tiplication item [3;-8, of the coefficients is the esti-
mated value of the mediation effect, as can be seen
from the argument of Mackinnon et al. [15]. Moreo-
ver, it has the following relationship with the esti-
mated value of the total effect (coefficient o) and the
estimated value of the direct effect (coefficient o).

o, =8, +B, -9,. 4)

The key concern here is the regression coeffi-
cients B and 62. If B of equation (2) and 9, of equa-
tion (3) are both significant, it means that the medi-
ation effect is significant, and step 4 can be skipped
to proceed directly to step 5. If one of them is not
significant or neither of them is significant, step 4
should be carried out.

Step 4. Test the significance of the mediation
effect by the Sobel Z-statistic. Based on the test met-
hod for the mediation effect proposed by Sobel [16],
the Sobel Z-statistic can be calculated using the fol-
lowing formula:

-0
By
\/8§-S§1+[312-S§2

where Sy and S;, are the standard errors of the es-
timated coefficients i and 6, correspondingly; B,
Sg, » 62and Sy are respectively derived from equa-
tions (2) and (3).

If the Z-statistic passes the test of significance
level, then it indicates that there is a mediation

)

effect, and step 5 should be followed. Otherwise,
stop the test. Besides, when green investment can
indirectly promote economic growth quality by rais-
ing the level of green innovation, the absolute value
of coefficient 6, should be smaller than the absolute
value of coefficient o.;.

Step 5. Determine the type of mediation effect
(complete mediation or partial mediation).

If the coefficient &, of equation (3) is significant,
it indicates that there is a direct effect of green in-
vestment on economic growth quality. Green inno-
vation has a partial mediation effect. Green innova-
tion has a complete mediation effect if the coeffi-
cient 6, is not significant.

In addition, the Bootstrap method, which is used
for robustness checks in this paper, is a repeated
sampling method. The basic logic of the nonpara-
metric Bootstrap method is to take the original sam-
ple as the “statistical population”, obtain a large
number of different Bootstrap resamples by repeat-
edly random sampling with replacement, and then
calculate relevant confidence intervals. Statistical
software commonly used (SPSS, Stata, etc.) is cur-
rently capable of performing calculations of the
Bootstrap method directly.

Taking into account the study purpose, the
Bootstrap test steps in this paper are as follows:

First of all, as there have been previous studies
that the number of Bootstrap resamples should be
no less than 1000 and recommended to be 5000 [17],
this paper is based on the original sample (data from
30 provinces in China) for 5000 repeatedly random
sampling with replacement. As a result, the corre-

sponding estimated values 6; gz\k k=1, 2,..,

5000 ) of the mediation effect can be calculated for
the Bootstrap resamples obtained from each sam-

pling. Among them, 3, are the estimated values of
the coefficient obtained from the regression on the

Bootstrap resamples based on equation (2); 3,, are
the estimated values of the coefficient obtained
from the regression on the Bootstrap resamples
based on equation (3).

Next, sort these estimated values of the mediation
effect by numerical magnitude to obtain the sequence
C. Its distribution approximates the actual distribu-
tion obtained from the original population. Then cal-
culate confidence intervals based on this distribution.
Since detailed calculation formulas are introduced
and derived in much existing literature [17, 18], we
do not repeat them here. And in this paper, we use
Stata to perform 5000 repeated random samplings
with replacement and compute confidence intervals.
If the confidence interval of the mediation effect ob-
tained does not include 0 between the upper and
lower values, it indicates that green innovation has
the mediation effect. Conversely, it shows that there
is no evidence that the mediation effect exists.

Tpyabl BITY Cepusi5 Nel 2024



62 Green investment, green innovation and economic growth quality

To test the model, dependent, independent, media-
tor and control variables are used. The dependent vari-
able is economic growth quality (EGQ). In order to
comprehensively examine economic growth quality in
the current Chinese context, this paper constructs an
evaluation indicator system based on existing literature
and China’s “new concept for development”. The indi-
cator system comprises five dimensions: innovation de-
velopment, coordination development, green develop-
ment, openness development and sharing development.

The independent variable is green investment
(EI). In recent years, most relevant empirical papers
at the regional level have measured green invest-
ment using expenditures for energy conservation
and environment protection, investment in environ-
mental protection, or investment in environmental
pollution control [19]. However, these measurement
methods have a relatively narrow coverage scope
since they ignore productive green investment,
which has a significant impact on economic growth
quality. Therefore, this paper measures green invest-
ment by including productive green investment in ad-
dition to expenditures for energy conservation and
environment protection based on official statistics
data availability and existing literature [20].

The mediator variable is green innovation (GTY).
Technical innovation is commonly measured in the
relevant literature using indicators such as the number
of patents or research and experimental development
investments. The Patent Law of the People’s Republic
of China categorizes patents into invention patents, util-
ity model patents, and design patents. Of these, inven-
tion patents are considered the most innovative. There-
fore, this paper uses the number of green invention pa-
tents obtained in the region during the year (from the
CNRDS database) to measure green innovation.

The control variables in this paper include human
resources, industrial structure, level of nationaliza-
tion, government expenditure, level of technological
progress, level of actual utilization of foreign invest-
ment, and level of urbanization based on previous
studies and data availability. Specific methods of
measurement and data sources are listed below.

Referring to Barro’s method [21], human resources
(HR) are measured using average years of schooling.
The specific calculation formula is as follows:

0P, +6P, +9P, +12P, +16P;

Total namber of person

HR

j (6)
where i is the province; P;; is the number of people
in each province who are not attending school; Pp,
P, Pis and Pjs, respectively, are the numbers of per-
sons in each province who finished primary, junior
high school, senior high school, as well as post-sec-
ondary and above. The data are from the “China Sta-
tistical Yearbook” and the “China Population &
Employment Statistical Yearbook”.

Industrial structure (ZS) is measured using the
share of value added of the tertiary industry in GDP,
with data from the “China Statistical Yearbook™. The
level of nationalization (NAT) is measured by the
proportion of the number of urban employment in
state-owned units at year-end to the total number of
urban employment at year-end. The data is from the
“China Statistical Yearbook™ and the “China Labour
Statistical Yearbook”. Government expenditure (GE)
is measured using general public budget expenditure
as a share of GDP, with data from the “China Statis-
tical Yearbook”. The level of technological progress
(TEP) is measured by the number of research and ex-
perimental development personnel, with data ob-
tained from the “China Statistical Yearbook™. The
level of actual utilization of foreign investment (£7)
is measured by the proportion value of actual utiliza-
tion of foreign investment to GDP, and the data is
from the “China Commerce Yearbook”. The level of
urbanization (URB) is expressed in terms of the ur-
banization rate, which is derived from the “China
Population & Employment Statistical Yearbook™.

The model was tested on the research sample of
30 provinces in China (excluding Tibet) from 2010
to 2020. The missing values in the control variables
were filled by the interpolation method. And all
value variables were deflated using 2010 as the base
period. The results of the descriptive statistics for
the variables are shown in Table 1.

Table 1
Descriptive statistics
Variable (Unit) Observations Mean value Standard deviation | Min value | Max value

EGO 330 0.18 0.12 0.05 0.76

EI (billion yuan) 330 41.50 24.11 3.22 145.03
GTI (piece) 330 879.17 1251.14 1.00 6936
HR (year) 330 9.13 0.88 7.16 12.68
1S (%) 330 43.08 9.70 27.94 89.37
NAT (%) 330 21.63 9.74 6.74 52.51
GE (%) 330 24.75 10.31 10.58 64.30

TEP (person) 330 127272 145479 4008 872238
FI (%) 330 2.02 1.73 0.01 10.09
URB (%) 330 57.75 12.44 33.81 89.60

Source. Calculated by authors.
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As can be seen from Table 1, the level of eco-
nomic growth quality in China is not very high,
with a mean value of 0.18. Green investment and
green innovation are relatively weak, with signifi-
cant differences across different years and regions.

Result and Discussion. This paper uses the econ-
ometric software Stata 14.0 for empirical tests. Table
2 shows the results of the benchmark regression and
the corresponding bias-corrected Bootstrap test.

At the 1% significance level and keeping other
variables constant, each trillion yuan increase in
green investment is able to increase the index of
economic growth quality by 0.2 units (2™ column
of Table 2), which is about one times the mean
value of the current index. Moreover, green invest-
ment can significantly influence green innovation
(3™ column of Table 2). Holding all other condi-
tions the same, each trillion yuan increase in green
investment is in a position to adding about 6031 pa-
tents for green inventions. Furthermore, the results
in the 4™ column of Table 2 indicate that the regres-
sion coefficients corresponding to the green invest-
ment and green innovation variables are significant.

Therefore, green innovation can play a partial
mediation role in the process of green investment
affecting the economic growth quality. Moreover,
the estimated value of the mediation effect is
0.00006, which accounts for about 30.15% of the
total effect.

Additionally, the results of the bias-corrected
Bootstrap test reveal that both direct and mediation
effects exist (the results in Table 2 show that the
confidence intervals for both the direct and media-
tion effects do not contain 0), thus the above con-
clusions are robust.

Then, in order to further enhance the credibility
of conclusions, this paper conducts robustness
checks by replacing the core independent variable
and the mediator variable, respectively. The details
are as following.

On the one hand, with reference to the fre-
quently used measurement methods in previous pa-
pers, expenditures for energy conservation and en-
vironment protection are used to measure green in-
vestment here. On the other hand, this paper uses
the application number of green invention patents
in the region during the year to measure green inno-
vation from the perspective of innovation vitality
for robustness checks. The results of robustness
checks are presented in Table 3.

It can be observed from Table 3 that, whether
replacing the core independent variable or the me-
diator variable, the results of the mediation effect
test procedure and Bootstrap test indicate that green
investment can affect economic growth quality both
directly and by promoting green innovation. Ac-
cordingly, the benchmark regression conclusions
are deemed to be highly robust.

Table 2
Benchmark regression and robustness check
(bias-corrected Bootstrap test)
. Equation (1) Equation (2) Equation (3)
Variables/Pathway Gl — EGO Gl = GTI G+ GTI — EGO
Gl, 0.0002"" 6.0306™" 0.00016™"
' (3.52) (2.98) (2.86)
0.00001""
GTI; - - (4.02)
Constant 0.1755™ 2144.9040 0.1636™
(3.48) (1.39) (3.26)
Control variables YES YES YES
Time fixed effect YES YES YES
Individual fixed effect YES YES YES
R? 94.73 70.09 95.01
Number of samples 330 330 330
Sobel Z-statistic 2.382"
Bootstrap test result-mediation effect [0.00000766, 0.0000901]
Bootstrap test result-direct effect [0.000000759, 0.0003634]

Notes: 1. In the 2"-4" rows of the table, numbers are regression coefficients and numbers in parentheses are their

corresponding t-statistics.

2. ™ stands for p < 0.01, ** stands for p < 0.05, and * stands for p <0.1.
3. “YES” means that all control variables, time fixed effects, or individual fixed effects are included in this regression.
4. In the 11"-12% rows of the table, numbers in parentheses “[]” are the lower and upper values of the 95% confi-

dence intervals for the bias-corrected Bootstrap test.
Source. Calculated by authors.

Tpyabl BITY Cepusi5 Nel 2024




64 Green investment, green innovation and economic growth quality
Table 3
Robustness checks (replacement of core independent variable and mediator variable)
Replacement of Replacement of
Variables/ core independent variable mediator variable
Pathway Gl — EGQ | GI— GTI GI+ GTI — Gl — EGQ Gl — GTI |GI+ GTI— EGQ
Equation(1) | Equation(2) | EGQ Equation(3) | Equation(1) | Equation(2) Equation(3)
GI 0.0006"" 24.9299"*" 0.0005"" 0.0002"* 28.9337° 0.00017""
i (3.96) (4.56) (2.93) (3.52) (3.09) (2.98)
0.00001"* 0.000001"*"
Gl - - (3.64) - - (2.93)
Constant 0.1797" | 2026.1520 0.1670™" 0.1755™" 10520.0500 0.1642""
(3.58) (1.34) (3.39) (3.48) (1.48) (3.29)
Control variables YES YES YES YES YES YES
Time fixed effect YES YES YES YES YES YES
I“d‘vé‘li?:gtﬁxed YES YES YES YES YES YES
R? 94.78 71.25 95.02 94.73 73.20 94.88
Number of samples 330 330 330 330 330 330
Sobel Z-statistic 2.864™" 2.125"
Bootstrap test result- [0.0000225, 0.0003731] [0.00000723, 0.0000872]
mediation effect
Bootstrap test re-
sult-direct effect [0.0001359, 0.0008131] [0.00000235, 0.0003665]

Notes: 1. In the 2™-4" rows of the table, numbers are the regression coefficients and numbers in parentheses are

their corresponding t-statistics.

2. ™ stands for p < 0.01, ™ stands for p < 0.05, and " stands for p <0.1.
3. “YES” means that all control variables, time fixed effects, or individual fixed effects are included in this regression.
4. In the 11%-12" rows of the table, numbers in parentheses “[]” are the lower and upper values of the 95% confi-

dence intervals for the bias-corrected Bootstrap test.
Source. Calculated by authors.

Conclusion. This paper empirically examines
the possibility that green innovation mediates the
effect of green investment on economic growth
quality using the test procedure for the mediation
effect and the bias-corrected Bootstrap method,
with panel data from 30 provinces in China for the
period of 2010 to 2020.

The findings show that green innovation can
play a partial mediation effect in the process by
which green investment affects economic growth
quality. The mediation effect accounts for approxi-
mately 30.15% of the total effect. While keeping all
other variables the same, each trillion yuan increase

in green investment is able to increase the index of
economic growth quality by 0.2 units, which is
about one times the mean value of the current index.
Among these, 0.06 units are attributed to the medi-
ation role played in it by green innovation.

Therefore, it is advisable to strengthen the coor-
dination and cooperation among green financial
policies, innovation policies and economic growth
policies. This can improve the efficiency of green
capital utilization and maximize the mediation role
of green innovation, thus effectively enhancing the
effect of policy implementation and promoting
high-quality economic growth.
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