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Abstract
Based on the panel data of 46 countries in “Belt and Road” (B&R) from 2004 to 2016, this paper studies the impact of 
innovation investment and institutional quality on green total factor productivity (GTFP). Firstly, the ICRG database, World 
Bank WDI database, Traditional Foundation database, and Wind database are matched to obtain the balanced panel data of 
46 countries along the B&R from 2004 to 2016. Secondly, the Malmquist-Luenberger index, which can be included in the 
unexpected output, is used to calculate the GTFP of countries along B&R. Thirdly, the evaluation system of national insti-
tutional quality of B&R is constructed from three dimensions (political institutional quality, economic institutional quality, 
and legal institutional quality), and the overall system quality of different countries is measured by entropy method. Finally, 
an empirical study is made on the relationship among innovation investment, institutional quality, and green total factor 
productivity. The results show that innovation investment has significantly promoted the GTFP of the B&R countries. It is 
worth noting that there is a non-linear relationship between innovation investment and GTFP in the B&R countries. With 
the improvement of overall system quality, political system quality, economic system quality, and legal system quality, the 
promotion effect of innovation investment on GTFP is further enhanced. In addition, the heterogeneity regression results 
show that the impact of innovation investment on GTFP is significantly heterogeneous in different regions of the B&R coun-
tries. Specifically, innovation investment has the greatest impact on GTFP in South Asia, followed by East Asia and Pacific, 
Europe and Central Asia, Middle East, and North Africa.
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Introduction

With the increasingly negative impact of environmental 
degradation on human life, achieving green development 
has become the consensus of the international community 
(Yan et al., 2021; Khan et al., 2021; Irfan et al., 2021a,b; 
Wu et al., 2020a,b). According to the “Environmental Per-
formance Index Report 2016” released by Yale Univer-
sity, the green development status of “the belt and road 
initiative” countries is not optimistic. Although the aver-
age economic growth rate of countries along the route is 
higher than that of the same period in the world, its carbon 
dioxide emission intensity is more than twice that of other 
countries, and its total emissions account for about half 
of the global emissions, with an average annual emission 
growth rate of 1.08 percentage points higher than that of 
the same period in the world. Therefore, how to achieve 
the synergy between economic and social development, 
ecological environmental protection, and build a green 
“the belt and road initiative” has become the key to the 
economic development and transformation of “the belt and 
road initiative” countries (Razzaq et al., 2021; Liu and 
Xin 2019; Xie and Zhang 2021; Ozcan and Ozturk 2019). 
“Total factor productivity,” as a tool to analyze the sources 
of economic growth, is the core indicator to measure eco-
nomic development, and the difference in its growth is the 
fundamental reason for the economic differences among 
countries. Traditional total factor productivity analy-
sis distorts the evaluation of social welfare changes and 
economic performance, and economic growth is unsus-
tainable. Therefore, resources and environmental factors 
are introduced into the total factor productivity meas-
urement system (Färe et al., 2007; Lin and Chen 2018; 
Işık et al. 2021a,b). Green total factor productivity takes 
energy, capital, and labor into the production function, 
environmental pollution as an unexpected “bad” output, 
and adopts the directional distance function proposed by 
Yang et al. (2021) so that economic units can minimize 
the “bad” output and maximize the economic output (Iqbal 
et al., 2021a,b; Tanveer et al., 2021; Hao et al., 2021b). 
On this basis, some scholars regard carbon emissions as 
a “bad” output and build green total factor productivity, 
which can effectively analyze the development of a low-
carbon economy (Mani et al., 2021; Razzaq et al., 2020; 
Xia and Xu 2020).

The transformation of economic development mode 
must be driven by technological progress and innovation. 
Building “the Belt and Road initiative” into an innovative 
road is the key to realizing its green development (Wu 
et al., 2020a). Although, scholars have mentioned innova-
tion as the core power of the green development of "the 
belt and road initiative"; however, as the motive force of 

innovation, it is unclear whether there is any difference 
between innovation investment and green total factor pro-
ductivity in the belt and road initiative (Ahmad and Zhao 
2018; Qin and Ozturk 2021; Azam et al. 2019). In view 
of the unbalanced development of politics, economy, and 
law in "the belt and road initiative" countries, the system 
quality is quite different (Ahmad et al., 2021a,b,c,d,e). 
In fact, the system is a very broad concept, covering law, 
property rights, government efficiency, executive power, 
and other aspects. Suppose a set of systems is established 
in the production activities of enterprises, which can not 
only effectively motivate people to engage in productive 
activities but also ensure that all parties involved can real-
ize their rights and obligations fairly. In that case, it will 
not only promote the innovation ability but also promote 
the growth of the economic performance of enterprises 
(Irfan and Ahmad 2021). Scholars regard institutional 
quality as an important source of comparative advantage 
of a country or region (Irfan et al., 2019a; Levchenko 
2007; Nunn 2007; Jabeen et al. 2019; Azam et al., 2021). 
Among them, Levchenko (2007) takes the data of 389 
industries in 177 countries as research samples and builds 
a new theoretical model based on the Ricardian model 
and H–O model. The research results show that institu-
tional quality can be the source of a country’s compara-
tive advantage and this comparative advantage helps to 
overcome the problem of institutional dependence. Nunn 
(2007) conducted an empirical study with data from 223 
industries in 146 countries. The results showed that insti-
tutional quality (contract enforcement) is an important 
source of comparative advantage and the impact of this 
advantage on international trade is greater than the sum 
of capital and labor. Ahmed et al. (2021a) found that spe-
cialized division of labor and trade are not the result of 
technological differences and endowments, but the dif-
ference of institutional quality and emerging markets 
often uses institutional advantages to make up for their 
disadvantages in international competition. Therefore, it 
is of great significance to study how innovation invest-
ment affects green total factor productivity under differ-
ent institutional qualities. The contribution of this paper 
is threefold: First, it studies how innovation investment 
affects the green total factor productivity of the belt and 
road initiative countries. Secondly, the green total factor 
productivity of 46 countries in the belt and road initiative 
is calculated. Thirdly, this paper examines how innovation 
investment affects green total factor productivity under 
different institutional qualities.

The remaining sections of this paper are arranged as 
follows: The second section is literature review; the third 
section is methods and data. The fourth section is the 
results and discussion. The fifth section is the conclusion.
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Literature review

There is little literature about innovation investment, insti-
tutional quality, and green total factor productivity. This 
paper will summarize and comment on previous studies 
from the perspectives of innovation and green total fac-
tor productivity, institutional quality, and total factor 
productivity.

Innovation and green total factor productivity

Scholars have made a series of studies on how innovation 
affects total factor productivity, including the following 
viewpoints: One viewpoint is that innovation environ-
ment can affect innovation ability and then total factor 
productivity (Furman et al., 2002; Gans and Hayes 2006). 
Another point of view is that innovation mode is the main 
factor affecting total factor productivity (Geroski 1989; 
Hall et al., 2009; Crespi and Zuniga 2012; Aghion et al., 
2009; Chudnovsky et al., 2006). Although scholars have 
achieved fruitful results on the impact of innovation on 
total factor productivity, previous studies have not included 
factors such as energy consumption and environmental 
pollution into the measurement framework of total factor 
productivity (Elavarasan et al., 2021a,b; Wu et al., 2021b; 
Griffith et al., 2006; Irfan et al., 2021d). Therefore, it is a 
progress to evaluate the green development of the econ-
omy to bring environmental and resource factors into the 
measurement framework of total factor productivity (Wu 
et al., 2020a,b, 2021a; Koondhar et al. 2021). In the meas-
urement of green total factor productivity, beginners sub-
stitute energy consumption and pollution emissions into 
the extended C-D production function for calculation (Wu 
et al., 2021a; Liu et al., 2020). The academic circles have 
improved the calculation method of green total factor pro-
ductivity. Green technological progress was a key driver 
of optimal land use in China (Gao et al., 2021; Chandio 
et al., 2021). Anser et al. (2021b) disclosed that renewable 
energy technology was added to the green growth in the 
South Asian context. Also, Ahmad et al. (2021a) argued 
that energy-industry investment in emerging technology 
played a critical role in the economic progress of China. 
Irfan et al. (2019b) argued that solar energy technology 
development was a necessary pillar of the economic 
development of Pakistan. Fatima et al. (2021) employed 
a structural equation modeling approach to find the driv-
ers and barriers to renewable technology development and 
revealed that environmental innovation factors determined 
technology development. Färe et al. (2007) regards envi-
ronmental pollution as an undesired output and constructs 
a directional distance function. However, this method is 

based on the calculation model that one input or output 
is unchanged, thus changing the other to calculate the 
input–output efficiency, so there are defects in angle and 
radial direction. Moreover, Ahmad et al. (2020b) revealed 
that energy investment abated environmental pollution 
and promoted economic activity across Chinese prov-
inces. Additionally, Li et al. (2021a) found that renewable 
energy technology innovation promoted environmental 
sustainability in China. Contrastingly, Ahmad and Jabeen 
(2020) found that investment in innovation in construction 
activities brought about electricity consumption reduction 
in the Chinese provinces. Given the defect of measuring 
green total factor productivity by a directional distance 
function, Fukuyama and Weber (2009) developed a more 
general non-angular and non-radial SBM directional dis-
tance function and proposed to calculate green total factor 
productivity by Luenberger productivity index. Anser et al. 
(2021a) used panel quantile regression to find the nega-
tive impact of information and communication technolo-
gies on carbon emissions. Likewise, Rehman et al. (2021) 
examined and found that information technologies reduced 
carbon emissions in Pakistan. Jabeen et al. (2020) opted 
for the diffusion of innovation framework and found that 
biogas technology development could play its role in pro-
moting environmental and green economic development. 
Finally, scholars studied and found that renewable energy 
technologies played an essential part in enhancing green 
growth (Akram et al., 2021; Irfan et al., 2021c,e; Irfan 
et al., 2020a,b; Yan et al., 2019).

Institutional quality and total factor productivity

Since institutional quality usually involves political, eco-
nomic, and legal aspects, related studies mostly study the 
relationship between institutional quality and total factor 
productivity of a country or region from these three angles 
(Wu et al., 2020a, b). The authors conducted research on 
political system quality and total factor productivity of a 
country or region. Scully (1988) used the data of 118 coun-
tries to study and found that in countries with high political 
system quality, their productivity growth rate is also rela-
tively fast. Golec and Vernon (2010) believe that the high 
degree of government regulation will hinder the enthusi-
asm of R&D investment and innovation structure of phar-
maceutical enterprises and then inhibit the improvement 
of productivity of the pharmaceutical industry. Shan et al. 
(2021) investigated and found that institutional quality was 
a significant role player in improving the environment and 
economic situation. Similarly, Iqbal et al. (2021a,b) revealed 
that institutional quality negatively contributed to environ-
mental sustainability in the OECD nations. The research 
of Bardey et al. (2010) shows that government regulation 
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will lead to low innovation levels of enterprises and reduce 
regional total factor productivity. Ran et al. (2019) took 
regional corruption as the proxy variable of the political 
system. The research results show that the improvement 
of regional corruption reduces the quality of the political 
system and then inhibits the improvement of regional inno-
vation ability. As for the quality of the economic system, 
previous studies mostly used the degree of marketization 
as the proxy variable of economic system quality for the 
empirical test. The research of Dai and Liu (2013) shows 
that the improvement of marketization has significantly 
promoted the total factor productivity of high-tech indus-
tries. Shi and Wang (2016) empirically tested the impact of 
marketization on economic growth with the Bayesian model 
and found that China’s marketization reform effectively pro-
moted economic development and productivity. The same 
idea was investigated and supported by Li et al. (2019). Ren 
et al. (2021) studied China’s energy consumption pattern 
through the development of Internet. The authors found that 
internet development affects the energy consumption pattern 
through R&D investment, human capital, economic growth, 
industrial structure, and financial development. According 
to Cao et al. (2014), the improvement of economic system 
quality, such as intermediary market organization and fac-
tor market development degree, has significantly promoted 
the improvement of total factor productivity of enterprises. 
On the relationship between the quality of the legal system 
and total factor productivity, Helpman (1993) showed that 
the improvement of intellectual property protection reduces 
the monopoly power of owners and inhibits the increase of 
R&D investment and the progress of total factor productiv-
ity.  Shahzad et al. (2021) opined that the enhancement of 
intellectual property protection hinders international tech-
nology transfer and reduces the innovation efficiency of 
enterprises. However, under the condition of international 
technology transfer license, the enhancement of intellectual 
property protection will promote productivity (Yang and 
Maskus 2001).

Methods and data

Econometric model

The following measurement model is constructed to test the 
impact of innovation investment on green total factor pro-
ductivity (Wu et al., 2020a, b):

In which gmlit represents green total factor productivity, 
iiit is innovation investment, �i and vt respectively indicate 

(1)gmlit = �
0
+ �

1
iiit + �i + vt + eit

time and regional fixed effect, and eit represents random 
error term.

According to previous studies, green total factor produc-
tivity is also affected by other factors. Therefore, we add 
internet development, labor, energy consumption, urbaniza-
tion, and industrial structure to the model. Therefore, model 
(1) is extended to the following equation:

where xn represents a series of control variables, includ-
ing internet development (internet), labor (labor), energy 
consumption (energy), urbanization (urban), and industrial 
structure (str).

In addition, from the previous literature, it can be known 
that the green total factor productivity is also affected by the 
early stage (Wu et al., 2020b), so we add the lag period of 
the explained variable to the model and get the benchmark 
regression model of this paper:

Benchmark regression analysis only verifies the direct 
effect of innovation investment on green total factor pro-
ductivity. However, will this effect always exist in “the Belt 
and Road initiative” countries as time goes by and space 
changes horizontally? Due to the unbalanced development 
of politics, economy, and law in the belt and road initiative 
countries, the system quality of different countries is quite 
different. Therefore, in order to study how innovation invest-
ment affects green total factor productivity under different 
institutional qualities, this paper will introduce a thresh-
old regression model. At the same time, to avoid potential 
endogenous problems, this paper draws lessons from the 
research of Wu et al. (2019), introduces the dynamic thresh-
old panel model, takes the urbanization level as the threshold 
variable, and further transforms Eq. (3) into the following 
dynamic threshold panel model:

where qit represents the threshold variable and, for simplic-
ity, it is assumed that the threshold variable does not change 
with time and is exogenous; I () represents the index func-
tion; and c is the specific threshold value.

Variables

Green total factor productivity

Following the previous research, the Malmquist-Luenberger 
(ML) index is used to calculate the GTFP. The MAXdea 7.0 
Ultra software is used for the specific measurement process. 
From the DEA’s ML index, this paper calculates the GTFP. 

(2)gmlit = �
0
+ �

1
iiit + �nxit + �i + vt + eit

(3)gmlit = �
0
+ �

1
gmlit−1 + �

2
iiit + �nxit + �i + vt + eit

(4)
gmlit = 𝛽

0
+ 𝛽

1
gmlit−1 + 𝛽

2
iiit I

(

qit ≦ c
)

+ 𝛽
3
iiit I

(

qit > c
)

+ 𝛽nxit + ai + vt + eit
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The specific results are shown in Tables 1 and Fig. 1. In 
the specific calculation process, capital, labor, and energy 
are selected as input factors; the expected output is GDP; 
and the non-expected output is based on the carbon emis-
sions of each country (kg carbon emissions/USD GDP, also 
known as carbon emission intensity). Among them, the total 
labor force of each country is taken as the proxy variable 
of labor input; the estimation of capital stock is based on 
the perpetual inventory method, referring to the research 
of Hall and Jones (1999); the depreciation rate is set at 6%. 

Energy input takes per capita standard kilogram of oil as a 
proxy variable. Considering the availability of data and the 
serious lack of data in some countries, the research object is 
the panel data of 46 countries along the “the Belt and Road 
initiative” from 2003 to 2016.

In Table 1, the annual growth rate of the GTFP of B&R 
countries from 2003 to 2016 is 0.015. The average growth 
rates of technical efficiency and technological progress 
are − 0.023 and 0.044, respectively. The growth of GTFP 
of countries along the route is mainly driven by technologi-
cal progress. Regarding the change in technical efficiency, 
the average annual growth rate of pure technical efficiency 
and scale efficiency are both negative. From the perspective 
of time trends, the average annual growth rate of GTFP of 
the countries along the route shows a wave-like rise during 
the inspection period. The GTFP indices for the 2003–2007 
and 2009–2016 periods are positive, showing an overall 
improvement in GTFP for countries along the route. How-
ever, the GTFP was negative in 2007–2009, indicating a 
decline in countries along the B&R between 2007 and 2009. 
The reason could be the decline in technical efficiency and 
fall in technical level due to the relatively low investment in 
technology management and green production in the B&R 
countries around the 2008 world economic crisis. In general, 
technological progress showed a relatively steady increase 
but dropped by 0.022, 0.007, and 0.039 in 2004–2005, 
2007–2008, and 2008–2009, respectively. However, tech-
nological progress continued to rise during 2009–2016, 
suggesting a steady increase in the B&R countries’ invest-
ment in technology. As regards pure technical efficiency, 
except for 2006–2007, 2012–2013, and 2014–2016, the 
B&R countries showed a decline, with the output capacity of 
most countries declining during this period from too exten-
sive production methods. Regarding scale efficiency, the 
economies of scale continued to rise along the line during 

Table 1  The overall GTFP trend of B&R countries from 2003 to 
2016

Notes: In Table  1, efficiency change (EC), technical change (TC), 
pure efficiency change (PEC), and scale efficiency change (SEC) of 
the B&R countries are decomposed from GTFP. The GTFP, EC, TC, 
PEC, and SEC give the average of the annual index of 46 B&R coun-
tries. In order to reflect the change more intuitively, the GTFP is sub-
tracted by 1.

Year GTFP EC PEC SE TC

2003–2004 0.050  − 0.013  − 0.017  − 0.020 0.062
2004–2005 0.012 0.043  − 0.008 0.031  − 0.022
2005–2006 0.033 0.024  − 0.016 0.018 0.009
2006–2007 0.022 0.016 0.016 0.003 0.010
2007–2008  − 0.036  − 0.029  − 0.022  − 0.019  − 0.007
2008–2009  − 0.081  − 0.044  − 0.058  − 0.020  − 0.039
2009–2010 0.052  − 0.033  − 0.024  − 0.011 0.087
2010–2011 0.034  − 0.106  − 0.007  − 0.045 0.180
2011–2012 0.001  − 0.086  − 0.020  − 0.043 0.101
2012–2013 0.017  − 0.056 0.004  − 0.049 0.079
2013–2014 0.000  − 0.055  − 0.027  − 0.035 0.059
2014–2015 0.044 0.014 0.088 0.011 0.031
2015–2016 0.050 0.022 0.026 0.011 0.028
Mean 0.015  − 0.023  − 0.005  − 0.013 0.044

Fig. 1  The overall GTFP trend 
of B&R countries, 2003–2016

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

VVaa
lluu
ee ss

YYeeaarrss

GTFP EC PEC SE TC

16601Environmental Science and Pollution Research (2022) 29:16597–16611



1 3

2004–2007 and 2014–2016, with a decline in 2007–2014, 
and the overall level showing a downward trend, indicating 
an inefficient state on the overall scale. To more intuitively 
reflect the changes of GTFP in the B&R countries, a line 
chart of the annual growth rate of GTFP in the B&R coun-
tries for the period of 2003–2016 is drawn based on Fig. 2.

Innovation investment

In the long run, the investment of innovation funds and 
human capital will play a significant role in promoting 
the development of the regional economy. Knowledge and 
technology play a decisive role in high-quality economic 
development, and the most common evaluation indicators 
are R&D investment and human capital. Following the pre-
vious research (Bobillo et al., 2006; Cumming et al., 2016), 
the evaluation index of innovation investment is established 
by using the sum of R&D investment of each country and 
education investment of each region. The specific calculation 
equation is as follows:

where iiit is the innovation investment.

Institutional quality

According to previous research, the political risk index and 
economic risk index in the International Country Risk Guide 
(ICRG) database and the intellectual property protection 
level index in the database of the Heritage Foundation are 

(5)iiit =
R&D

GDP
+

Expenditureoneducationfunds

GDP

adopted (Roelfsema and Zhang 2012; Jude and Levieuge 
2015; Irfan et al. 2020c). They are the proxy variables of 
politics (pi), economy (ei), and legal system quality (li), and 
a comprehensive evaluation system is established by entropy 
method to measure the overall system quality (inst) of “the 
Belt and Road initiative.” The higher the index value of the 
four indicators, the higher the system quality will be.

Control variables

With reference to previous studies (Hao et al., 2020), R&D 
investment intensity (rd), education investment (edu), 
urbanization level (urban), and industrial structure (str) are 
selected as control variables. Among them, R&D invest-
ment intensity is measured by the ratio of R&D expenditure 
to GDP, education investment is expressed by the ratio of 
education expenditure to GDP, the urban population is taken 
as the proxy variable of urbanization level, and industrial 
structure is measured by the ratio of tertiary industry.

Data

Innovation investment (ii), R&D investment intensity (rd), 
education investment (edu), energy consumption, labor, 
urbanization level (urban), and industrial structure (str) 
come from the WDI database of World Bank, while poli-
tics (pi), economy (ei), and legal system quality (li) come 
from ICRG database and traditional foundation database 
In order to eliminate the price fluctuation, this paper takes 
2010 as the constant price for GDP-related data. Consider-
ing the availability of data and the serious lack of data in 
some countries, the research object is the panel data of 46 

Year 2003-2004 Year 2015-2016

Fig. 2  Green total factor productivity of “Belt and Road” countries
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countries along the “the Belt and Road initiative” from 2004 
to 2016. Since green total factor productivity is a growth 
rate, we use 2004 as the initial year of the sample in our 
empirical analysis. See the following table for the relevant 
statistical information of each variable (Table 2).

Results and discussion

Related test

Multicollinearity test

Generally speaking, before conducting empirical research, 
relevant variables need to be tested. We first test the vari-
ables for multicollinearity. Multicollinearity refers to the fact 
that the explanatory variables in the linear regression model 
are distorted or difficult to estimate accurately due to the 
existence of precise correlation or high correlation. Gener-
ally speaking, due to the improper design of the model due 
to the limitation of economic data, there is a general correla-
tion between the explanatory variables in the design matrix. 
The situation of complete collinearity is rare. Generally, 
there is a certain degree of collinearity, that is, approximate 

collinearity. Following previous research, we use the method 
of variance expansion factor to test for multicollinearity. It 
can be seen from Table 3 that the variance expansion factor 
of the model is less than 4, so there is no serious multicol-
linearity in the model.

Before starting the empirical analysis, considering that 
the original data may have a time trend and cross-sectional 
correlation, the unit root test is first performed on the vari-
ables to test their stationarity. As shown in Table 4, both the 
ADF-Fisher test and LLC test show that the two variable 
series are stationary and can be used for further empirical 
analysis.

Regression results and discussion

Benchmark regression analysis

Since the baseline linear regression model contains a one-
period lag of the explained variable, the results obtained 
using ordinary panel regression will be biased and incon-
sistent. This article uses the systematic GMM method to 
estimate Eq. (3). At the same time, to ensure the robustness 

Table 2  Statistical description of the sample

Variables Definition Obs Mean Std. Dev Min Max Unit

urban Urbanization 598 62.358 19.873 18.297 100.000 %
energy Energy consumption 598 2944.527 3284.975 155.345 21,959.440 kg of oil 

equivalent 
per capita

internet Internet development 598 86.115 165.524 0.020 1346.288 per 1 M people
labor Labor input 598 26.100 71.400 0.402 511.000 M people
str Industrial structure 598 54.113 11.358 23.786 80.775 %
gml Green total factor productivity 598 1.015 0.142 0.262 2.939 -
ii Innovation investment 598 4.621 2.536 1.212 19.020 %
pi Political institutional quality 598 63.927 10.022 31.500 86.000 -
ei Economic institutional quality 598 35.755 6.364 10.000 50.000 -
li Legal institutional quality 598 38.702 5.061 9.500 90.000 -
inst institutional quality 598 46.229 6.385 14.105 64.820 -

Table 3  Multicollinearity test Variables VIF 1/VIF

urban 2.41 0.414
energy 2.25 0.444
str 1.4 0.716
internet 1.33 0.751
ii 1.16 0.862
labor 1.15 0.871
Mean VIF 1.62

Table 4  Unit root test of main variables

Variables’ definition Variables LLC test ADF-Fisher test

Green total factor produc-
tivity

gml  − 6.3199*** 13.6548***

Innovation investment ii  − 7.3875*** 9.9785***

institutional quality inst  − 6.0232*** 9.8043***

Political institutional 
quality

pi  − 5.6438*** 8.5755***

Economic institutional 
quality

ei  − 4.9448*** 12.0127***

Legal institutional quality fi  − 3.3096*** 8.6093***
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of the regression results, we use the method of adding con-
trol variables one by one for stepwise regression analysis. 
Table 5 reports the parameter estimation results of the sys-
tem GMM panel model. The following conclusions can be 
drawn.

First, in the dynamic panel model, the coefficients of the 
gml lagging one-period term are all significantly positive at 
the 1% level, indicating that the green total factor productiv-
ity of the Belt and Road countries will be affected by the pre-
vious period and there are dynamic and continuous changes. 
From the results of the residual series correlation test, it can 
be seen that the P value of the AR (2) test is greater than the 
significance level of 10%, so there is no autocorrelation in 
the random error term and differential GMM can be used. It 
can be seen from the Hansen test results that all test results 
show that the selection of model instrumental variables is 
effective. Wald statistics also show that the overall model is 
highly significant. Therefore, the results of dynamic panel 
regression are credible.

Second, in the process of gradually adding control 
variables, the estimated coefficient of innovation 
investment has always been significantly positive. The 
results show that innovative investment has promoted 
the green total factor productivity of the “Belt and Road” 
countries. The possible reason is that, from the perspective 
of technological progress, the economic development 
methods of some countries along the “Belt and Road” have 
resulted in relatively high demand and consumption of 
resources. In contrast, high-quality economic development 
methods mainly rely on technological innovation. Through 
technological innovation, the utilization rate of production 
factors and labor productivity can be improved, thereby 
promoting the improvement of green total factor productivity 
(Hao et al., 2020; Su et al., 2021; Shah et al. 2020). In this 

regard, Irfan et al. (2020d) viewed that renewable energy 
technology triggered green economic progress in Pakistan. 
This notion was also supported by Fatima et al. (2019) and 
Jabeen et al. (2021b) in Pakistani perspective and Wang et al. 
(2021) in the Chinese perspective. Likewise, Mukeshimana 
et al. (2020) also supported this idea in Rwanda. Secondly, 
innovation investment provides funds for technological 
innovation. Technological innovation as a factor can change 
the function of other factors. As a regenerative factor, 
technological innovation can continuously update itself 
while also recombining other factors, thereby improving the 
role of other factors (Griffith et al., 2006; Mehmood, 2021; 
Irfan et al. 2019c; Ullah et al. 2020). From the perspective 
of human capital, human capital investment is conducive to 
the improvement of labor productivity. The more human 
capital invested in a region, the higher the quality, the 
more innovative talents will be, and the investment of these 
innovative talents in the field of energy conservation and 
emission reduction can also increase the green total factor 
productivity (Bloom and Van Reenen, 2011; Riti et al., 2021; 
Irfan et al. 2019d). Along these lines, Li et al. (2021b) also 
revealed that an innovative energy structure was responsible 
for emissions reduction in China. Likewise, Ahmad et al. 
(2021c) uncovered that innovation-based energy utilization 
in China was a significant driver of economic performance. 
Hussain et al. (2021) supported the idea that an innovative 
financial system promoted economic progress in Pakistan’s 
developing economy. In this respect, Durrani et al. (2021) 
studied and found that primary energy investment was a 
significant promoter of economic progress in the Pakistani 
economy. This finding is also consistent with Sarkodie and 
Ozturk (2020). Jabeen et al. (2021a) supported the idea that 
renewable energy technology was responsible for sustainable 
development.

Table 5  Benchmark regression analysis

Notes: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. The figures in () indicate the z-values; figures in [] are the 
P values of the corresponding test statistics (same as the table below).

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

L. gml 0.024*** (10.966) 0.007*** (3.194) 0.014*** (4.642) 0.011*** (3.123) 0.013*** (3.121) 0.020*** (4.157)
ii 0.014*** (19.113) 0.004*** (6.250) 0.013*** (14.554) 0.029*** (11.161) 0.053*** (15.951) 0.060*** (13.298)
internet 0.000*** (6.809) 0.000*** (7.726) 0.000*** (6.586) 0.000*** (4.953) 0.000*** (3.883)
labor 0.000*** (2.986) 0.000** (2.184) 0.000 (1.345) 0.000* (1.649)
energy 0.000*** (7.761) 0.000*** (19.373) 0.000*** (26.853)
urban  − 0.006*** (− 7.735)  − 0.007*** (− 8.091)
str 0.002** (2.429)
_cons 0.923*** (161.913) 0.980*** (198.076) 0.893*** (113.522) 0.772*** (36.329) 0.997*** (17.984) 0.911*** (11.210)
AR (2)  − 0.17 [0.862]  − 0.53 [0.594]  − 0.35 [0.728]  − 0.39 [0.696]  − 0.27 [0.785] 0.02 [0.988]
Hansen test 39.20 [0.211] 37.74 [0.223] 37.14 [0.207] 33.90 [0.285] 33.36 [0.263] 32.15 [0.268]
N 552 552 552 552 552 552
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Robustness test

This article adopts the method of replacing the explained 
variables and adding control variables one by one to further 
ensure the robustness of the regression results. Specifically, 
we use the SBM-DDF method to recalculate the green total 
factor productivity of the Belt and Road countries and then 
bring it back into the equation as the explained variable. The 
regression results are displayed. Investment in innovation 
still significantly promotes green total factor productivity in 
the Belt and Road countries. At the same time, other control 
variables did not change significantly. Therefore, the regres-
sion results of this paper are robust (Table 6).

Non‑linear relationship test

In the above benchmark regression model, we found that 
innovation investment has significantly promoted the green 
total factor productivity of the Belt and Road countries. 
However, is the impact of innovation investment on green 
total factor productivity non-linear? Will it show non-line-
arity due to the differences in the quality of systems in dif-
ferent countries? Therefore, in this section, we will use the 
dynamic threshold regression model to study the impact of 
innovation investment on the green total factor productivity 
of the Belt and Road countries. Before the threshold return, 
it is necessary to determine whether there is a threshold 

effect. In this paper, under the assumption of no threshold 
effect, institutional quality, political institutional quality, 
economic institutional quality, and legal institutional qual-
ity are used as the significance test of the threshold vari-
ables. Wald statistics and its P value show that the dynamic 
threshold model test with innovation investment as the core 
explanatory variable found that the null hypothesis of no 
threshold effect was rejected at a significance level of 1% 
(see Table 7), that is, due to the Belt and Road countries’ 
system quality is heterogeneous, and the impact of innova-
tion investment on green total factor productivity presents a 
non-linear threshold characteristic.

Table 8 reports the regression results of the dynamic 
threshold model. Among them, models (1)–(4) respectively 
represent models constructed with the threshold of over-
all institutional quality, political institutional quality, eco-
nomic institutional quality, and legal institutional quality. 
It is worth noting that the main variables in the model have 
passed tests such as serial correlation and instrumental vari-
able validity, indicating that the dynamic threshold regres-
sion results are credible.

The regression results of model (1) show that the impact 
of innovation investment on the green total factor productiv-
ity of the “Belt and Road” countries presents a non-linear 
relationship. Specifically, with the improvement of institu-
tional quality, the impact of innovation investment on green 
total factor productivity has gradually increased. At the same 

Table 6  Robustness test

Variables (7) (8) (9) (10) (11) (12)

L. gml 0.027*** (11.420) 0.007*** (3.235) 0.015*** (4.716) 0.012*** (3.544) 0.014*** (3.352) 0.021*** (4.414)
ii 0.015*** (18.518) 0.004*** (6.836) 0.013*** (13.927) 0.028*** (11.086) 0.050*** (15.696) 0.059*** (13.035)
internet 0.000*** (7.973) 0.000*** (8.576) 0.000*** (7.460) 0.000*** (5.196) 0.000*** (3.999)
labor 0.000*** (2.995) 0.000** (2.176) 0.000 (1.353) 0.000* (1.709)
energy 0.000*** (7.513) 0.000*** (18.653) 0.000*** (27.713)
urban  − 0.005*** (− 7.699)  − 0.007*** (− 8.344)
str 0.002*** (2.794)
_cons 0.908*** (146.872) 0.971*** (199.628) 0.887*** (108.959) 0.771*** (37.445) 0.974*** (19.331) 0.874*** (10.905)
AR (2)  − 0.14 [0.891]  − 0.54 [0.592]  − 0.34 [0.731]  − 0.36 [0.719]  − 0.27 [0.786] 0.05 [0.958]
Hansen test 38.75 [0.226] 37.15 [0.244] 36.98 [0.212] 33.84 [0.287] 33.78 [0.248] 32.43 [0.257]
N 552 552 552 552 552 552

Table 7  Threshold effect test Threshold variables Symbol Threshold value Wald test P value BS 95% 
Confidence 
interval

Institutional quality inst 52.89*** 116.08 0.000 1000 37.3 57.06

Political institutional quality pi 60.00*** 77.246 0.000 1000 46 78.5
Economic institutional quality ei 30.00*** 59.059 0.000 1000 26 47
Legal institutional quality li 32.5*** 5.610 0.000 1000 30.5 46
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time, the regression results of models (2)–(4) all show that 
with the improvement of the quality of political, economic, 
and legal systems, the role of innovation investment in pro-
moting green total factor productivity is further enhanced. 
The reason may be that countries with higher institutional 
quality usually have good government governance capabili-
ties and administrative management mechanisms, which can 
regulate government and market behaviors, which is con-
ducive to reducing the rent-seeking costs of enterprises and 
making more resources turn to technology-seeking activities. 
This weakens the negative rent-seeking effect (Kaasa, 2016; 
Lasagni et al., 2015). Because the government has an impor-
tant voice in the allocation of resources and through the for-
mulation of relevant policies to influence business activities, 
therefore, once there are implicit rules, such as ties, rebates, 
and entertainment, due to project application approval, it 
will increase the non-productive capital investment of the 
company, thereby creating a crowding-out effect on innova-
tion activities such as corporate technology research and 
development (Sobel et al., 2008). In addition, corruption will 
prompt companies to take rent-seeking behavior, and the 
additional benefits generated by rent-seeking behavior will 
induce more corporate capital to shift from the production 
field to non-productive rent-seeking activities. This will fur-
ther deepen the degree of misallocation of corporate funds, 
thereby weakening the positive effect of innovation marginal 
efficiency, thereby reducing green total factor productivity 
(Song et al., 2018).

In addition, regions with higher economic system qual-
ity have high efficiency and high-quality financial services. 
This can not only provide a good external financing environ-
ment for enterprises’ innovative investment and financing 
activities, but also help them integrate into the global value 
chain, participate in international market competition, and 
provide convenience for enterprises to absorb advanced for-
eign technology. In an open market environment, economic 

activities are less controlled by the government, which can 
stimulate market entities to transfer more corporate capital to 
the research and development of new products that can meet 
market needs, thereby alleviating the distortion of govern-
ment administrative intervention in the allocation of corpo-
rate resources (Doyle and Martinez-Zarzoso, 2011; Weimin 
et al., 2021). In addition, the increasingly fierce market com-
petition and environmental regulations will further “force” 
enterprises to increase innovation and investment, large tech-
nology introduction, or R&D investment while maintaining 
competitive market advantages; it can also promote green 
total factor productivity (Ahmad et al. 2020a, 2021b; Wu 
et al. 2021a, b; Nasreen and Ozturk 2017).

The quality of the legal system also plays an important 
role, especially the degree of intellectual property protection. 
Specifically, the monopoly profit generated by the protection 
of intellectual property rights is a key factor in motivating 
enterprises to engage in technology research and develop-
ment and technology introduction. This can effectively avoid 
the risk of technological innovation achievements being imi-
tated and plagiarized by competitors and protect enterprises’ 
exclusive rights and interests in technological achievements 
within a certain period of time (Sun et al., 2019; Ahmed 
et al., 2021b). While mobilizing the enthusiasm of enter-
prises for the reverse transfer of various explicit or tacit 
knowledge, it also stimulates the research and development 
of local new technologies and new processes to a certain 
extent, thereby promoting the improvement of green total 
factor productivity (Reichman et al., 2014; Abdel-Latif, 
2015; Raiser et al., 2017; Hao et al., 2021a). On the con-
trary, the loss of exclusive intellectual property protection 
will likely increase the risk of imitators’ patent infringement. 
Innovative companies will lose the motivation and willing-
ness to develop or introduce technology because they cannot 
guarantee the recovery of innovation investment, which will 
inhibit green total factor productivity.

Table 8  Threshold regression 
results

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

gmlit-1 0.012** (2.220) 0.038*** (7.670) 0.022*** (3.850) 0.018 (0.63)
ii ∙ I(Regime < C) 0.065*** (12.780) 0.051*** (8.930) 0.038*** (7.610) 0.124*** (4.03)
ii ∙ I(Regime ≥ C) 0.082*** (10.680) 0.071*** (8.650) 0.061*** (8.430) 0.135*** (4.28)
internet 0.000*** (3.150) 0.000 (1.570) 0.000*** (3.890) 0.000 (0.60)
urban  − 0.008*** (− 8.070)  − 0.006*** (− 5.520)  − 0.005*** (− 4.310)  − 0.020*** (− 7.09)
str 0.003** (2.510) 0.001 (0.680) 0.002** (2.320) 0.006* (1.82)
energy 0.000*** (35.160) 0.000*** (13.110) 0.000*** (13.300) 0.000*** (6.24)
labor 0.000** (2.320) 0.000** (2.020) 0.000*** 0.000 (1.07)
_cons 0.846*** (7.330) 0.852*** (6.740) 0.820*** (7.090) 0.938*** (3.22)
AR (2) 0.46 [0.643] 0.63 [0.528] -0.58 [0.559] 0.44 [0.662]
Hansen test 31.08 [0.268] 30.86 [0.277] 26.03 [0.517] 14.66 [0.199]
N 552 552 552 552
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Analysis of regional heterogeneity

In the analysis of regional heterogeneity, according to the 
World Bank grouping, we divide the 46 countries of the 
“Belt and Road” into 4 groups, including East Asia and 
Pacific, South Asia, Europe and Central Asia, and Middle 
East and North Africa. It is evident from Table 9 that the 
impact of innovation investment on green total factor pro-
ductivity shows significant heterogeneity in different regions 
of the Belt and Road countries. Specifically, in South Asia, 
innovation investment greatly impacts green total factor pro-
ductivity, followed by East Asia and Pacific, Europe and 
Central Asia, and the Middle East and North Africa. The 
possible reason is that countries in the South Asia region 
have relatively high overall economic development competi-
tion, and they pay more attention to technological innova-
tion and energy conservation, and emission reduction in the 
development process. In the Middle East and North Africa 
countries, the degree of economic development is generally 
low, and the development model is still relatively extensive.

Conclusion and policy recommendations

This paper uses panel data from 46 countries along the “Belt 
and Road” from 2003 to 2016 to study the impact of inno-
vation investment and institutional quality on green total 
factor productivity. The research results show that innova-
tion investment has significantly promoted the green total 
factor productivity of the “Belt and Road” countries. It is 
worth noting that there is a non-linear relationship between 
the impact of innovation investment on the green total fac-
tor productivity of the Belt and Road countries. With the 
improvement of overall system quality, political system 

quality, economic system quality, and legal system qual-
ity, the role of innovative investment in promoting green 
total factor productivity has been further strengthened. In 
addition, the heterogeneity regression results show that the 
impact of innovation and innovation investment on green 
total factor productivity shows significant heterogeneity in 
different regions of the Belt and Road countries. Specifically, 
in South Asia, innovation investment greatly impacts green 
total factor productivity, followed by East Asia and Pacific, 
Europe and Central Asia, and the Middle East and North 
Africa. According to the above research conclusions, the 
following policy recommendations are put forward.

According to the research, innovation investment is an 
important factor to promote green total factor productiv-
ity in the belt and road initiative countries. Therefore, 
every country should pay attention to the investment in 
research and development and education. Especially for 
small and medium-sized private enterprises, they should 
pay attention to the efficiency of innovation research and 
development and the quality of research and development 
results while investing in innovation. Only by improving 
the output level of innovation investment can enterprises 
achieve good circular development, continuously expand 
market influence, and achieve green development. The 
government should support and help enterprises’ innova-
tive investment so that enterprises can achieve high-quality 
development and then help the high-quality development 
of domestic economy. In addition, the impact of innova-
tion investment on the green total factor productivity of 
the belt and road initiative countries is also affected by the 
institutional quality of each country. Therefore, countries 
should constantly strengthen the protection of intellectual 
property rights. The government should pay enough atten-
tion to and protect intellectual property rights, improve 

Table 9  Analysis of regional heterogeneity

Variables East Asia and Pacific South Asia Europe and Central Asia Middle East and North Africa

L. gml 0.076*** (35.369) 0.035*** (53.173) 0.134*** (16.315) 0.003 (0.874)
internet 0.000*** (6.861) 0.000*** (15.326) 0.000*** (5.850) 0.000*** (3.931)
urban  − 0.002*** (− 4.974) 0.001* (1.940)  − 0.001 (− 0.738)  − 0.003** (− 2.326)
str 0.004*** (7.944) 0.001*** (3.637) 0.004*** (4.320) 0.002*** (2.804)
energy 0.000*** (18.603) 0.000*** (9.522) 0.000*** (14.183) 0.000*** (4.748)
labor 0.000* (1.878) 0.000*** (3.119) 0.000*** (3.736) 0.000 (1.524)
ii × East Asia and Pacific 0.029*** (4.559)
ii × South Asia 0.068** (1.965)
ii × Europe and Central Asia 0.012* (1.719)
ii × Middle East and North Africa 0.011* (1.910)
_cons 0.694*** (13.953) 0.802*** (36.296) 0.482*** (3.524) 0.968*** (9.218)
AR (2)  − 0.12 [0.901] 0.27 [0.790]  − 0.42 [0.674] 0.34 [0.733]
Hansen test 29.54 [0.386] 41.84 [0.565] 34.84 [0.091] 16.74 [0.472]
N 552 552 552 552
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the enthusiasm and initiative of enterprises’ innovative 
investment, eliminate counterfeit goods according to law, 
strengthen the protection of market environment, and 
create a good market business environment. Because the 
achievements of innovation investment can be easily used 
by peers, innovation investment has become an investment 
with high cost and low profit. Enterprises are more will-
ing to imitate other people’s innovative achievements, and 
their enthusiasm for innovative research and development 
is not high, which aggravates the problem of bad competi-
tion in the market. The government should strengthen the 
publicity of the importance of intellectual property rights 
and, at the same time, strengthen policy guidance and con-
trol, establish perfect laws and regulations on intellectual 
property rights, provide more detailed guidance for enter-
prises to invest in innovation, and regulate the use of intel-
lectual property rights by enterprises. In addition, coun-
tries should further establish the supervision mechanism 
of government power, standardize government behavior, 
and overcome subjectivity and randomness in government 
decision-making, so as to curb the distortion of resource 
allocation caused by administrative monopoly, strengthen 
anti-corruption legislation, reduce the possibility of enter-
prises obtaining monopoly privileges through rent-seeking 
behavior, and create a good institutional environment for 
innovative investment.

Although this paper studies the impact of innovation 
investment and institutional quality on green total factor 
productivity in the belt and road initiative countries, there 
are still some limitations. Due to the availability of data, 
we only used data from 46 countries, and the sample size 
may be a little small. Future research can use data from 
more countries as research samples. In addition, the micro-
level mechanism analysis may require further research in 
the future.
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