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Abstract: Due to the continuous trade friction between China and the United States,
for domestic enterprises in China, the cost of importing foreign technologies is
increasing. Thus, the independent research and development (R&D) becomes
particularly important for the realization of green technology innovation (GTI). This
paper establishes a non-linear mediating effect model based on the data of various
regions in China from 2012 to 2018. The main results are shown in the following.
Firstly, there is an inverted U-shaped relationship between the intensity of intellectual
property protection (IPP) and the level of GTI. Furthermore, the independent R&D
investment has a masking effect between them. Secondly, by taking the independent
R&D investment as a threshold variable, we prove our findings. Considering that the
intensity of IPP is at a high level in most regions of China, the above statements mean
that the enterprises need to continuously increase their investment in R&D, in order to
further improve the regional ability in GTI. Meanwhile, local governments should also
stimulate enterprises' willingness to expand their scale in R&D by issuing incentive
policies, such as R&D tax incentives and government subsidies.

KEYWORDS: Intellectual property protection; independent R&D investment; green
technology innovation; masking effect; threshold effect

1.Introduction

At present, China is undergoing profound and complex changes caused by the
domestic and international environment. In view of the "14th Five Year Plan" period
and longer period ahead in China, further development will definitely increase the
demand for accelerating scientific and technological innovation. As an important part
of the "Five Concepts for Development” proposed by the Chinese government, the
research on influencing factors and mechanism of green technology innovation (GTI)
is particularly important.

It is generally believed that intellectual property protection (IPP) plays a
significant role in technological innovation. Therefore, it can be inferred that there is
also a significant relationship between IPP and GTI. Among the previous studies, IPP
was mainly regarded as an intermediate variable or threshold variable, in order to
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analyze the regulatory effect or threshold effect of IPP during the process when
technological innovation was affected by factors such as environmental regulation,
technology introduction and independent research and development (R&D) investment
[34,37,38]. The main contribution of this paper is that we take IPP as the core
explanatory variable to examine the impact of the intensity of IPP on the level of
regional GTI.

As mentioned above, relevant studies have proved that independent R&D
investment and technology import are core factors affecting the level of technological
innovation. Therefore, the above factors should be included when analyzing the impact
of IPP on GTI.

For domestic enterprises, due to the impact of the continuous trade friction
between China and the United States as well as the global epidemic situation, the cost
has increased and the purchasing channels have been largely limited while importing
foreign advanced technologies. Especially in the field of green technology, there is a
big gap between domestic enterprises and their foreign counterparts.

For late developing countries, previous studies have pointed out that the impact of
IPP on technological progress depends on the technology gap and the ability to imitate
foreign technologies[31], which further shows that the difficulty of technological
innovation sharply enhanced with the increase of the intensity of IPP.

In order to cope with this development predicament, while strengthening the
protection intensity of core intellectual property rights in China, we should also
constantly invest more in independent R&D to enhance the scale of China's major
scientific and technological achievements[20]. Therefore, the enhancement of
independent R&D capability is crucial for improving the level of GTI.

The rest of the paper is organized as follows. In section 2, we review the related
literature, propose relevant hypotheses and formulate the research framework. In
section 3, we construct the mathematical model, describe the variable in the model and
introduce the data source. In section 4, we present and analyze the results of our
empirical application. Finally, in section 5 we briefly summarize the results and discuss
their implications.

2. Literature review, hypothesis and framework

2.1 The relationship between IPP and GTI

Existing literatures mainly focus on the relationship between IPP and
technological innovation. Most of them believe that IPP plays a positive role in
promoting technological innovation[1,38,35]. Some empirical researches have been
carried out the interactions among R&D investment and IPP, which supports the theory
that IPP system has incentive effect on innovation output of enterprises[30]. For high-
tech industries, IPP has significantly promoted their technological innovation[26].

It’s also an objective need for China to improve its independent innovation
capability by strengthening IPP[20]. For later developing countries, some researches
built an endogenous growth model based on the expansion of intermediate product
categories. The results showed that the enhancement of IPP could strengthen the
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protection of domestic R&D achievements, which would finally encourage the
technological progress of the country[31].

On one hand, the increase of the intensity of IPP not only inhibits imitation, but
also promotes innovation through improving the innovator's profit. On the other hand,
the excessive IPP hinders the spread of knowledge, which makes it more and more
difficult to accumulate innovation. Some studies have proved that there is an inverted-
U relationship between IPP and technological innovation[27].

Among literatures focused on the relationship between IPP and GTI, some
proposed that it will be helpful to stimulate GTI and improve the green total factor
productivity by strengthening the protection of regional intellectual property rights [21].

Furthermore, some studies analyzed the relationship between two-stage efficiency
of green innovation and the intensity of IPP. The results showed that the relationship
of IPP on green R&D efficiency is a U-shaped, while the relationship of IPP on the
efficiency of achievement transformation is an inverted U-shaped[24].

Based on the above analysis, for the relationship between the intensity of IPP and
the level of GTI, we propose the following hypotheses:

Hypothesis 1a. The intensity of IPP significantly promotes the level of regional
GTI.

Hypothesis 1b. There is an inverted U-shaped nonlinear relationship between the
intensity of IPP and the level of regional GTI.

2.2 The relationship between IPP and independent R & D investment

It is found that stronger IPP can encourage enterprises to increase R&D investment
[2]. The stimulating effect is mainly embodied in the following two aspects.

Firstly, it protects the exclusive rights of innovators within a certain period of time
(including time and scope). Thus, with the advantages of monopoly, enterprises which
create or own intellectual property rights can obtain more economic benefits and market
share. Only in this way can enterprises be willing to invest more in R&D.

Secondly, by strengthening the IPP, enterprises with weak intention to improve
their R&D capability have to pay high fees to obtain license from the owners. In
addition, in many cases, intellectual property owners do not consent to the authorization.
Therefore, these enterprises are forced to increase independent R&D investment in
order to minimize the cost. Relevant studies have shown that there is a positive
correlation between the intensity of patent protection and the density of R&D
Investment[3,4].

However, with the intensity of IPP increasing, the international technology
spillovers effect will be damaged. In other words, imitation will cost more. Meanwhile,
independent R&D is the only way for domestic enterprises to grasp the core technology.
However, due to the long-term technology gap, it’s difficult for domestic enterprises to
catch up with their counterparts in developed countries. As a result, domestic
enterprises will be eliminated in the fierce market competition, which is not conducive
to expanding domestic R&D investment.

According to this, some scholars reckon that the impact of IPP on R&D investment
is not always positive [5]. There may be both induced effect and crowding out
effect[34,36]. Some scholars also believe that there is an inverted U-shaped relationship
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between the intensity of IPP and independent R&D Investment, because the
technological level of late developing countries lags far behind that of developed
countries [40].

Based on the above analysis, we posit:

Hypothesis 2a. The intensity of IPP is positively correlated with independent R
& D investment.

Hypothesis 2b. There is a nonlinear relationship between the intensity of IPP and
independent R&D investment.

2.3 The relationship between independent R & D investment and GTI

A large number of literatures discuss the relationship between R&D investment
and technological innovation. Only a few of them were subdivided into green
technology. The capability of GTI includes green product innovation, green process
innovation and end-treatment technology. Compared with general technological
innovation, GTI can not only produce positive spillover effect, but also internalize
negative environmental effect.

There are two main conclusions about the role of R&D investment in GTI. Firstly,
R&D investment can significantly improve the ability of GTI[6,19]. Based on the
DEMATEL model, some scholars have concluded that there are two core factors
affecting the ability of GTI of Chinese manufacturing industry. One is the proportion
of green R&D expenditure to total R&D expenditure, the other is the proportion of
green new products to total new products [7].

Secondly, the relationship between R&D investment and green innovation is
nonlinear. Scholars believe that due to the low economic benefit of green environmental
protection investment, for the investment in green technology R&D, the endogenous
power of enterprise is insufficient [24]. Therefore, with the increase of total R&D
investment, a large amount of funds will flow into the R&D in non-renewable
technology, which is not conducive to GTI [19].

As for the mechanism of the impact of R&D investment on GTI, relevant
researches mainly focus on the government and enterprises. On the one side, some
scholars believe that increasing government R&D investment could reduce the risk cost
of innovation subjects, which improves the level of GTI of enterprises[8]. Similarly,
the implementation of preferential tax policy on R&D is benefit for reducing the risk
and cost of enterprise R&D investment. Furthermore, it plays a positive role in
promoting green innovation[9]. In addition, government R&D subsidies are also
conducive to improving the efficiency of green innovation in the manufacturing
industry[10].

On the other side, researches have proved that R&D investment in environmental
protection of the enterprises is more efficient than that of the government in terms of
capital financing and operation[22].

The R&D expenditures can directly promote the enterprises to accelerate green
transformation of traditional technology as well as purchase equipment, software and
hardware [20].
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In addition, the R&D expenditures guarantee the conditions for training and
learning, so as to strengthen the awareness of green innovation, which help equipment
and personnel improve the green innovation ability[23].

This paper mainly analyzes the relationship between independent R&D
investment and GTI in terms of IEDS in different regions. Therefore, based on the
mentioned literatures, the following hypotheses are proposed:

Hypothesis 3a. Independent R&D investment significantly promotes regional
GTI.

Hypothesis 3b. There is a nonlinear relationship between independent R & D
investment and regional GTI.

2.4 Transmission mechanism of independent R&D investment on the relationship
between IPP and GTI

As for the rationality of the conduction effect of independent R&D investment,
studies have proved that appropriate IPP could promote innovation output and
economic growth by increasing independent R&D Investment[22].

Some scholars take IPP as the threshold variable, and then empirically analyze the
threshold effect of independent R&D on regional innovation capability. On both sides
of the threshold, the results show that independent R&D has a positive impact on
improving regional innovation ability. In other words, strengthening IPP can effectively
encourage enterprises to expand material capital and human capital investment in R&D,
so as to promote the development of regional innovation capability[38].

Since the models include the square term of the intensity of IPP, the independent
R&D investment is taken as the intermediary variable based on above hypotheses.

Hypothesis 4a. Independent R&D investment has a mediating effect between IPP
and GTI.

Hypothesis 4b. Independent R&D investment has a masking effect between IPP
and GTI.

Based on the above four parts of literature review, we found that the existing
literatures mainly focused on discussing the impact of IPP or R&D investment on
technological innovation. However, less of them subdivided into the perspective of GTI.
For the researches about green technology, most of them focused on the relationship
between IPP, R&D investment and technological innovation, while few of them
systematically analyzed the interaction among them at the same time.

Consequently, this paper focuses on the field of GTI. With the help of nonlinear
mediating effect model, we innovatively analyze the impact mechanism of IPP and
R&D investment on the level of GTI from the systematical view. And then, we take
R&D investment as an intermediary variable to analyze the intermediate effect of the
impact of IPP on GTI.

To sum up, this paper establishs a theoretical framework which is shown in Figure
1.


https://doi.org/10.20944/preprints202011.0635.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 November 2020 d0i:10.20944/preprints202011.0635.v1

Independent Hypothesis 3a: +
R&D

investment Hypothesis 3b: N

Hypothesi
Hypothesi
Hypothesis 4a: mediating effect

Hypothesis 4b: masking effect

Hypothesis 1a: +

The level of
GTI

The intensity
of IPP

Hypothesis 1b: n

Figure 1. Theoretical framework of this paper.
3. Materials and Methods

3.1 Economic modeling

According to the step-by-step method proposed by Baron et al. [11], the first step
is to test the total effect of IPP on GTI, that is, to verify the rationality of the Hypothesis
la and Hypothesis 1b.

The second step is to test the significance of the product of coefficients. In detail,
we firstly test the relationship between IPP and independent R & D investment, that is
to verify the Hypothesis 2a and Hypothesis 2b. And then, we analyze the relationship
between independent R&D investment and GTI, which means to verify the Hypothesis
3a and Hypothesis 3b.

The third step is to distinguish the mediating effect belongs to complete mediation
or partial mediation.

To sum up, three regression models of mediating effect for each test step are
established as follows:

InGTI;; = 01InIPP;, + cInIPP} + B1InENS;, + y,InABC;, + & (D
InIND; ; = 0,InIPP;; + alnIPP}, + BoInENS; . + y,InABC;, + ¢, (2)

InGTI;; = 03InlPP;, + c’lnIPPl-z't + bInIND; ¢ + B3InENS; ; + y3InABC; + &3 (3)

Among the above equations, i represents the regions, t indicates the years.
InGTI means the level of regional green technology innovation, InIPP denotes the
intensity of intellectual property protection. InIND is set as the investment in
independent research and development. InHC and InENS respectively represent
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human capital and the scale of industrial enterprises above designated size(IEDS).

What’s more, the error term is presented by £, £, &3 € N(0,0?).

3.2 Data and variables

(@) The explained variable is represented by the level of green technology
innovation(GTI; ). Referring to the method used by some scholars[18], we obtain the
data of green patent applications by regions from 2009 to 2018, so as to characterize
the level of green technology innovation.

Specifically, according to the status of green patents application published in
China Green Patent statistical report from 2014 to 2017, with the help the patent
retrieval platform of the State Intellectual Property Office of P.R. China, we search by
the key words which conclude following aspects. Pollution control, pollution control,
environmental materials, alternative energy, energy conservation and emission
reduction, green agriculture, green forestry, recycling, new energy, green building and
green management.

(b) For the core explanatory variable, one indicator is the intensity of the

Intellectual property protection(IPP; ), the other is the square term of it(IPP%t).

Some methods are mostly used to measure the intensity of IPP, like the GP index, RP
index and dummy variable. However, the common disadvantage of these methods is
that they only consider the legislative level of IPP, so they are mainly applicable to
developed countries with sound judicial systems.

In view of the fact that China is still in the economic and social transition period,
the law enforcement is particularly important when measuring the intensity of IPP.
Therefore, using the practice of ang et al. for reference[12], this paper takes the ratio of
technology market turnover to GDP as an indicator to measure the intensity of IPP.

(c) The independent R&D investment(IND;,) denotes the intermediate variable.
With the gradual progress of the market-oriented reform in China, enterprises have now
become the vital innovation entities.

Chinese government also declared that the enterprises should play their main role
in technological innovation. Hence, the analysis of independent R&D investment
should be related to the optimal behavior of enterprises’ micro entities. In this
circumstance, this paper takes the internal R&D expenditure of the enterprises above
designated size as the indicator.

(d) The control variables consist of four parts. According to the data availability
and the innovation theory framework proposed by Schumpeter[13], we control other
variables which may affect the level of GTI, including the scale of enterprises, human
capitals, regions and years.

Based on the Schumpeter Hypothesis, many studies found that there was a close
relationship between the scale of enterprises (ENS;,) and technological innovation
[13,33].

Large-scale enterprises have tremendous capital strength and mature internal
control measures, which can guarantee continuous and diversified investment in GTI
[20]. Meanwhile, large-scale enterprises have significant advantages in market share,
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which is conducive to reducing the cost of green products for adapting to the market
and improving the efficiency of achievement transformation[14]. In this paper, to
characterize the scale of enterprises, the logarithm of the total assets at the end of the
period of the IEDS.

Human capital(HC; ;) is the main body of organizational learning, and also the
source of creativity and new knowledge. Through knowledge creation, collision and
transfer, it could influence innovation output and perform a decisive function in
technological innovation [17]. Therefore, this paper uses the full-time equivalent of
R&D personnel of the IEDS to measure the human capital in each region.

3.3 Data source

Because there are many missing values in Tibet, Hainan and Qinghai, the data of
them will be eliminated in the empirical analysis. It should also be noted that, since
2011, for the IEDS, the statistical scope of has been adjusted from the corporate
industrial enterprises with annual main business income reaching more than 5 million
yuan to 20 million yuan or more. In order to maintain the statistic caliber consistency
and the data availability, we analyze the data of 28 provinces and autonomous regions
(excluding Hong Kong, Macao and Taiwan) from 2012 to 2018.

Among them, the data of green patent is obtained from the patent retrieval platform
of the State Intellectual Property Office of P.R. China. The data of regional GDP and
technology markets turnover are obtained from the annual China Statistical Yearbook.

For the IEDS in each region, the data of final total assets are obtained from the
annual data on the website of the National Bureau of Statistics of China. Furthermore,
the full-time equivalent of the internal R&D expenditure and personnel comes from the
annual China Statistical Yearbook on Science and Technology.

In order to avoid the possible heteroscedasticity in the model, we take the natural
logarithm of all variables in each model.

4. Empirical results

4.1 Descriptive statistics

The correlation coefficient matrices were calculated for each variable in model (1)
~(3). And the results are shown in Table 1.
Table 1. Results of correlation coefficient matrix and descriptive statistics.

InGTI; InIPR; ; lnIPth InIND;, | InENS;, | InHC;,

lnGTIl-,t

*x
InIPR; 0'2939

*x **
lnIPth 0.2230 0.9532

*%x
InIND; , 0'8438 0.0903 0.0404

**x **
InENS; , 0'7833 0.1044 0.0919 0'9031
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mHC, | %77 | 00467 | 0.0002 | 09768 | 087497
Mean | 5498507 | 0.0143 0'0%097 145076 | 10.23197 10'2385
Std. | 1.163113 0'02; 910 0'02413 1.114561 | 0.669644 1'11563
Minimum | 2.079 442 0'002 193 | 375608 | 11.875 45 | 8.488832 8'3‘;188
Ma’r:m“ 8.334 472 0'162 160 0'021565 16.863 46 | 11.73033 13'32406

Note: *** p<0.01;** p<0.05;* p<0.1.

Table 1 shows the main statistical characteristics of each variable. The mean value
of the intensity of IPP is 0.014, but there are huge differences between regions. The
maximum observed value is 0.16, which represents the intensity of protection of Beijing
in 2017. Furthermore, the correlation coefficients between the GTI and other variables
are all significant.

4.2 Nonlinear mediating effect test

Scholars reckoned that methods of testing the mediating effect, like Baron’s, may
distort the inverted U-shaped relationship[15]. Thus, they can’t clearly reveal the
mediating effect of the variables between independent and dependent variables.
Therefore, this paper uses the process for the bootstrap mediation test proposed by some
scholars [30]. In order to estimate the parameters in the model.

At first, we did the Hausman test of model (1) ~(3). The results show that the fixed
effect model is more suitable than the random effect model. Therefore, this paper
establishes double fixed effect model to estimate the coefficients in these models
respectively. The estimated results are shown in Table 2.

Table 2. Results of fixed effect regression of each model by stepwise method

InGTI; InIND; ,
Model(1) Model(3) Model(2)
InIPR. 4.03793 6.17841 -2.561906
bt [8.113102] [8.486172] [3.219342]
InPR2 -50.918 7* -56.2644** 6.398181
bt [28.02858] [26.80536] [12.04919]
IENS. 0.159 216 3 -0.0711767 0.2757537
bt [0.3490089] [0.2037269] [0.2229734]
InHC. 0.3160493** -0.259422 0.6887719***
bt [0.146455] [0.1688583] [0.057358]
0.8355033***
(nIND [0.1949472]
Time-fixed effect YES YES YES
Region-fixed YES VES VES
effect
cons -0.3125978 -3.689719 4.04202**
[3.311663] [2.78505] [1.909788]
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R? 0.6678 0.7577 0.9647

Observations 196 196 196
Note: *** p<0.01;** p<0.05;* p<0.1. Standard errors in parentheses.

It can be seen from table 2 that the coefficient ¢ corresponding to the square term
of the intensity of IPP in model (1) and the coefficient ¢’ corresponding to the square
term of the intensity of IPP in model (3) are both significantly negative. Therefore, the
Hypothesis 1a is rejected and the Hypothesis 1b is verified. By testing the significance
of the product of coefficients, we can obtain the following conclusions.

The coefficient 8, corresponding to the intensity of IPP in model (2) is negative
but not significant, so it refuses the Hypothesis 2a. The coefficient a corresponding to
the square term of the intensity of IPP is negative but not significant, so the Hypothesis
2b is refused.

The coefficient b in model (3), corresponding to independent R & D investment,
is significantly positive. Hence, the Hypothesis 3b is rejected while the Hypothesis 3a
is verified. At this time, the model satisfies the premise condition of the bootstrap test,
in other words, at least one coefficient is not significant.

Secondly, with the help of the measurement software, the bootstrap method is used
to test Hy: ab = 0. The results are shown in Table 3.

Table 3. Results of Mediating effect test

bias-corrected

Correlation coefficient of confidence interval ) )
the mediating effect of 95% confidence interval
of 95%
Bootstrap
coefficient | standard Z P Lgvv.er U_pp_e ' L(_)w_er U_pp_e '
limit limit limit limit
error
Indirect
offect 6.091** 3.004 2.03 | 0.043 | 0.201521 | 11.98049 | 0.61763 | 12.93508
Direct

49.63*** 3.135 | 15.83 | 0.000 | 43.48449 | 55.77611 | 43.7703 | 55.64542

effect

Note: *** p<0.01; ** p<0.05, * p<0.1. Bootstrap sampling counts 500 times.

Table 3 shows that the indirect effect is positive. The confidence interval of 95%
is [0.201 521,11.980 49] which excludes zero, indicating that the mediating effect
is significant. In addition, for the square term of the intensity of IPP, as is shown in
Table 1, the coefficient ¢’ is significantly negative. That is, the direct effect is
significant.

Comparing to c¢’, the coefficient ab is in the opposite direction. In this case, it
can be concluded that independent R&D investment has a masking effect on the
relationship between IPP and GTI. Meanwhile, the Hypothesis 4b is verified. We can
also calculate, for the ratio of indirect to direct effect, the absolute value is 0.108.

Based on the results of the fixed effect regression model and non-linear mediating
effect test, we find that the relationship between the intensity of IPP and the level of
GTlis an inverted U-shaped. That is consistent with the conclusions of most literatures.

We find that the independent R&D investment, as an intermediary variable, plays
a masking role on the total effect. That is one of the differences between this paper and
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other existing literatures. In other words, after excluding the positive impact of
independent R&D investment on GTI, the inverted U-shaped effect of IPP on GTI
becomes greater. This situation can occur because we examine the nonlinear
relationship between the intensity of IPP and GTI. That’s to say, the masking effect of
independent R&D investment mainly represents the impact on the quadratic term of the
intensity of IPP. At the same time, as relevant studies have also proposed, the inverted
U-shaped relationship between the intensity of IPP and technology growth rate
corresponds to the specific technology development stage.

With the continuous increase of the independent R&D investment in China, the
negative effect of IPP on independent innovation will also be weakened [39]. Currently,
various regions in China are strengthening the intensity of IPP. In this circumstance, it
can be concluded that the non-linear relationship between IPP and GTI, especially the
negative effect, will be impacted if the scale of independent R&D investment keeps
growing.

4.3 Threshold effect test

By using the Hansen threshold regression model [16], we analyzes the nonlinear
relationship between the interpreted variable, the core explanatory variable and the
intermediate variable in order to test the robustness of the results.

Hansen's nonlinear panel threshold regression model could automatically identify
the sample data, better capture the nonlinear threshold characteristics caused by
structural mutation in economic system. Therefore, it’s more objective and accurate in
dealing with the nonlinear problems which have structural changes [26].

In accordance with the mediating effect test, the number of green patents is also
selected as the dependent variable. The enterprise scale, human capital, time and region
effect are the control variables. The independent R&D investment is taken as the
threshold variable. Table 4 shows the results obtained from repeated sampling 100
times by the bootstrap method.

Table 4. Results of threshold effect test

Threshold Residual - Mean F P Lower Upper

sum of  square .
value a statistic value boundary boundary
squares  error

Single 159918 126579 %% 2015 0040 139863 140288
threshold 0
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Figure 2. Results of single threshold test

Figure 2 gives the results of the threshold test, where the abscissa presents the
single threshold value and the ordinate presents the value of LR statistics. Combined
with table 4 and Figure 2, it can be seen that the threshold effect is significant, which
proves that the model has a single threshold. Therefore, the threshold regression model
can be established as follows:

InGTI; = A InIPP I(InIND;; < T) + AInIPP; I(InIND;; > T) + B,InENS;, +

YalnHCip + pXir + &4 4)

As is shown in Equation (4), the core explanatory variable is represented by the
intensity of intellectual property protection( InIPP;, ), while independent R&D
investment(InIND; .) is set as the threshold variable. X;.denotes the time and region
control variables, T indicates the threshold value, I(-) represents the indicator function.
Thus, when the group boundary point is unknown, the threshold model is essentially
equivalent to the grouped regression model.

For the threshold regression model, the original hypothesis is Hy: 4, = 4,. If the
original hypothesis proved valid, in other words, there is no threshold effect. That is,
the relationship is linear between the threshold variables and the explained variables.
Taking the threshold value 13.9918 as the cut-off point, fixed effect grouped regression
was performed on Equation (4). The results are shown in Table 5.

Table 5. Results of fixed effect grouped regression

lnGTIi‘t
Grouped regression Grouped regression
(InIND;, < 13.9918) (InIND;, > 13.9918)
15.7696* -0.6976966
InIPP,
L [8.330952] [4.609653]

InENS; 1.189778 -0.072230 1
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[0.524400 2] [0.172518 9]
InHC: -0.0498747 0.661453 2***
Lt [0.1854032] [0.166728 4]
Time-fixed effect YES YES
Region-fixed effect YES YES
Intercept -6.984326 -1.305194
[5.187094] [2.549244]
Observations 13 20

Note: *** p<0.01; ** p<0.05, * p<0.1. Standard errors in parentheses.

According to the results in table 5, when the value of the independent R&D
investment is lower than 13.9918, there are 13 qualified regions where the intensity of
IPP has a significant positive effect on GTI. This conclusion indicates that the level of
regional GTI has been continuously improved, due to the strengthening of IPP in the
early years.

When the independent R&D investment has crossed the threshold, 20 regions
match the conditions. At this time, the effect of the intensity of IPP on the level of GTI
becomes negative, which verifies the rationality of Hypothesis 1b. However, it should
be noted that the effect coefficient is not significant. The possible reasons are as follows:

Firstly, as is mentioned in the results of mediation effect test, independent R&D
investment has a masking effect on the impact of the intensity of IPP on the level of
GTI. Therefore, the significant inverted U-shaped relationship in model (1), which is
shown in Table 2, will be impacted. In addition, in recent years, China has continuously
strengthened its independent R&D and innovation.

Secondly, considering data availability and statistic caliber consistency, we only
select relevant indicators of various regions which are ranged from 2012 to 2018. Thus,
the latest data cannot be updated in time, which may cause the insignificant result.

At the same time, for regions with high level of independent R&D investment, the
results in Table 5 also show that human capital has a significant positive impact on
local GTI.

5. Conclusions

Previous studies have paid more attention to the relationship between IPP and
technological innovation, while less of them involved in the field of GTI. The scanty
literatures often ignored the role of independent R&D.

In order to investigate the mediating effect of independent R&D between the
intensity of IPP and the level of GTI, this paper collects panel data of 28 regions in
China from 2012 to 2018.

Based on the results of nonlinear mediating effect test and threshold regression,
we obtain the following conclusions.

Firstly, as a whole, there is an inverted U-shaped nonlinear relationship between
the intensity of IPP and the level of GTI in China, and independent R&D investment
has a masking effect between them.

Secondly, threshold test shows that the model has a single threshold. Thus, we
divide the original data into two groups by the threshold variable. According to the
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results of fixed effect grouped regression, we found that the effect of the intensity of
IPP on the level of GTI is opposite, which verifies the rationality of inverted U-shaped
relationship.

Thirdly, for the group that does not cross the threshold, the result of grouping
regression shows that the intensity of IPP significantly promotes the level of GTI.
However, affected by the masking effect of independent R&D investment, the negative
effect of IPP is no longer significant after crossing the threshold value.

Last but not least, with the increase of independent R&D investment, human
capital has a significant positive impact on GTI.

Foreign enterprises and joint ventures have the first-mover advantage in the field
of green technology. In this case, for domestic enterprises, the cost of technological
innovation will increase with the improvement of IPP, which is not conducive to
domestic GTI.

At the same time, the trade barriers against China are becoming increasingly
serious under the current complex and changeable international situation. Considering
all above, it is crucial to strengthen independent R&D investment in China.

Therefore, to enhance the level of regional GTI, this paper gives the following
suggestions. At first, for regions with low level of IPP, they should moderately increase
the intensity of local IPP to promote GTI.

Then, for regions with high level of IPP, the cost of technology introduction is
higher, so they could increase government subsidies for research and development [10].
In order to reduce the inhibitory effect of high intensity of IPP on the level of GTI, they
should encourage regional independent R&D investment by means of R&D tax
incentives [9].

At last, for the enterprises which pursue GTI, they should not only strengthen the
investment in independent R&D, but also pay attention to the investment in human
capital. Only by vigorously training professional and technical personnel can the
enterprises promote the high-quality innovation of regional green technology in the
long term.
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