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ABSTRACT
The study analyzes the dynamic influences of composite fiscal
decentralization index (CFD), human development, and research
and development (R&D) expenditures on green innovations in G7
countries from 1990 to 2018. For empirical estimation, the study
applies the cross-section autoregressive distributed lag method to
resolve the issues of cross-section dependency and slope hetero-
geneity in the panel data. The results exhibit that CFD, human
capital development, and R&D spending encourage green tech-
nologies in the long run. The short-run findings are also compat-
ible with the long-run; however, their magnitude is smaller than
the long-run except for CFD. In addition, the error correction term
also indicates a negative and significant coefficient value, endors-
ing the conversion towards the long-run equilibrium position
with a 25.3% annual adjustment rate in case of any shock in the
short run. The robustness of the estimates is confirmed through
the augmented mean group and common correlated effect mean
group. These findings recommend that G7 countries should
encourage human resources and R&D expenditures through edu-
cation and renewable energy investment, respectively. In addition,
local governments’ allocation of resources to promote green tech-
nologies must be monitored and regulated by a strong institu-
tional framework.
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1. Introduction

Over the years, the world has been facing the significant threat of environmental deg-
radation, which raises the attention of policymakers and governments toward green
growth. Achieving sustainable economic growth is the objective of every economy,
and it is possible with the encouragement of green technologies. Green innovation is
considered the best technological strategy for improving green growth and maintain-
ing high environmental regulation (Wang et al., 2022; Liu et al., 2022; Ozturk et al.,
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2022). Climate-friendly innovation stands for technology that saves natural resources
and decreases the harmful impacts of human-related activities through the gain in
energy efficiency. These technologies include hybrid electric motors, renewable and
clean energy sources, waste disposal management, circular economy, low-carbon pol-
lution technology, and battery storage (Razzaq et al., 2021; Xuefeng et al., 2022;
Ozturk & Ullah, 2022). Thus, there is a need to explore the factors that help stimulate
ecological technologies.

Human capital is crucial in boosting green production through energy saving as it
is a substantial source of knowledge accumulation and technical innovation. Human
resource comprises not just human knowledge, degrees of education and training,
labor skills, strong behavioral habits, and physical and mental health (Huang et al.,
2021). Many studies have discussed the positive influence of human resources on
eco-friendly innovation (Scarpellini et al., 2017; Ang et al., 2011), in which authors
explained how managers’ and employees’ tangible and intangible skills, knowledge,
and abilities improve eco-innovative entrepreneurship and green product design.
Additionally, sustainable human capital can proactively develop new ideas and trans-
form them into environmentally friendly solutions (Aboelmaged & Hashem, 2019;
Khan & Ozturk, 2021).

Skilled human capital has a potential for absorptive capacity for green innovation
because it encourages technology accumulation in businesses that improve energy
efficiency, optimizes the allocation of energy resources under the energy market
mechanism, and positively affects clean production. More educated people have an
awareness of the benefits of green products. Thus, they consume eco-friendly goods
for their livelihood. In addition, human capital is integrated with the industrial
structure in industries, which boosts technical advancement in energy efficiency.
However, a few studies found that human resources have less and even no influence
on technology and innovation (Danquah & Amankwah-Amoah, 2017; Seeck &
Diehl, 2017). Lack of investment in education and training does not improve human
resources’ knowledge, abilities and skills. Thus, low and unskilled labor forces do not
contribute to the technical assistance in making more productive green products and
applications.

Besides human resources, R&D expenditure is essential for acquiring technological
progress in a nation. Several studies have investigated the positive nexus between
R&D investment and green technology (Orlando et al., 2022; Lee et al., 2015). Higher
research and development in renewable energy not only support cleaner energy but
also expands employment possibilities and support the growth of new industries that
use eco-friendly materials and the latest technology called nanotechnology in their
production process. Moreover, through R&D, there is a collaboration among different
institutions, including academia, government, and industry, which help in sharing
ideas and knowledge related to clean technologies. It is necessary to support R&D to
increase energy efficiency and lower costs; thus, R&D is crucial to maximize invest-
ment return and search for new technological advancements. Therefore, public R&D
in renewable energy is crucial since it influences future innovation processes and pro-
duces knowledge spillover (Irfan et al., 2022).
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Additionally, research and development in renewable energy promotes competition
among various energy technologies and guarantees the delivery of more sustainable
and cleaner energy. Similarly, the increased innovation can help reduce the usage of
fossil fuels and promote the use of cleaner energy sources like renewable energy.
Moving the economy away from conventional energy-intensive production processes
to ones that consume less energy and thus gain efficiency in energy usage (Su et al.,
2021). However, the nonlinear association is explored in a study by (Hammar &
Belarbi, 2021), who found that the effects of R&D on innovation are mixed due to
different economic conditions and development. Hence, the spillover effects of R&D
expenses on technology depend on the income level. Therefore, empirical studies
show unclear results about concerning factors.

Along with human capital and R&D spending, fiscal decentralization is another
determinant that plays an imperative role in advancing the level of green energy.
Fiscal decentralization refers to the transfer of authority over the amount of income
and expenditures from the central government to lower administrative units (provin-
cial or municipal governments) to enhance public service delivery (Oates, 2008). In
general, local government performance efficiency, inclusive growth, and better equity
are benefits of this resource distribution at the lowest administrative level and rev-
enue generation.

Prior empirical studies examined the positive relationship between fiscal decentral-
ization and ecological technology (Chi et al., 2021; Acemoglu et al., 2007), which
explained that the local government has some advantages in managing regional
growth. For instance, the local government is better positioned to gather information
about citizen preferences for green development because of its accessibility to service
receivers. It also has the flexibility to act quickly in response to residents’ expanding
requirements. Moreover, regional governments have greater authority and autonomy
over the revenues and expenditures, which create competition and accountability
regarding the facilitation and regulation of green energy services among these small
administrative units. These features of provincial governments increase the resource
efficiency gains in ecological energy. Thus, they allocate more investments toward
renewable energy sources, green R&D projects, low-carbon capture technology, and
ecological-related technologies.

Few studies argued that fiscal decentralization does not play a substantial role in
providing sufficient technological goods and services (Chen et al., 2018; Song et al.,
2018b). The close connection of political leaders in regions and greater authority
reduces the positive gains of decentralization in the presence of corruption and a
weak monitoring and institutional framework, which arises in inefficiencies.
Moreover, the local government’s incentives are sometimes more interested in devel-
oping and infrastructure-related projects to increase regional growth. It reduces the
attention on investment in green-related projects, which decreases the advancement
in renewable technology. Therefore, there are mixed results regarding the association
between the concerned variables.

Although many past research studies used either revenue decentralization (RD) or
expenditure decentralization (ED) as a proxy for representing the influence of fiscal
decentralization, they cannot analyze the full effect of fiscal decentralization. Thus,
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these single variables produce biased results due to their partial impacts. The balance
of RD and ED is essential to produce efficiency gains in resource allocation from fis-
cal decentralization at the regional level (Lingyan et al., 2021). Unlike the previous
studies, this article constructs a composite index of fiscal decentralization (CFD) by
following the method of Martinez-Vazquez and Timofeev that includes both ED and
RD features (Martinez-Vazquez & McNab, 2003).Thus, CFD is a multidimensional
and reliable measure for showing the local government’s performance and efficiency
in revenue generation and expenditure spending. In addition, most studies about the
linkage between human capital and innovation are based on firm-level and country-
level data. Thus, less attention has been given to the panel data for analyzing the rela-
tionship between these two concerning factors. Similarly, many empirical studies
explore the association between R&D spending and technology or innovation in the
literature. Very few studies are found the impact of R&D investment on green innov-
ation. For the empirical analysis, G7 countries are chosen because they are highly
decentralized economies. Moreover, these countries are advanced at the technological
level due to having skilled human resources and increased R&D activities. Also, these
countries are engaged in the development and innovation of clean or renewable
energy for maintaining sustainable growth.

The study aims to determine the dynamic impacts of composite fiscal decentraliza-
tion, human capital, and R&D expenditures on eco-friendly innovation in G7 nations
by using the data from 1990 to 2018. Moreover, the study employed a multidimen-
sional fiscal decentralization index (CFD) that incorporates the elements of RD and
ED into a single cumulative index. CFD is a reliable measure to analyze the effects of
decentralization suggested by Martinez-Vazquez and Timofeev’s approach. In add-
ition, a cross-sectional autoregressive distributed lag (CS-ARDL) estimator is applied
for the empirical analysis of panel data. Since CS-ARDL is superior to the other panel
data estimators (POLS, FMOLS, PARDL) in the presence of cross-section dependency
and slope heterogeneity, therefore, this method produces consistent results to ascer-
tain the dynamic short and long-run relationship of the variables in the model.
Finally, Augmented mean group (AMG) and common correlated effect mean group
(CCEMG) approaches are used to confirm the robustness of the results estimated in
the model from the CS-ARDL method.

The structure of the remaining part of this article is as follows: the literature
review is presented in Section 2, followed by data and methodology in Section 3.
Section 4 describes the results and discussion, and Section 5 shows the conclusion
and policy implications.

2. Literature review

2.1. Human capital and green innovation

Human capital is the labor force’s accumulation of knowledge and skills from invest-
ments in health care, education, training, experience, and migration. Similarly, sus-
tainable human capital can indicate a key capacity expressed in an employee’s
behaviors, attitudes, skills, experience, commitments, and environmental knowledge
(Huang and Kung, 2011). Human capital sustainability may also be a strategic
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instrument for the adoption of green innovation. Several studies found that human
resource positively and significantly affects technological and product innovation.
Scarpellini et al. (2017) analyzed the impact of human capital in eight eco-innovative
firms in Spain through qualitative comparative analysis (QCA). The study concludes
that human capital is the most relevant factor in developing eco-innovation.
Companies committing specialized human capital to eco-innovation activities are at
least ten years old. Moreover, firms with R&D and innovation departments and a
separate department for environmental management have been certified through
some environmental certification standards. In addition, they have human resources
dedicated to product design, support entrepreneurship for innovation among their
staff, and are dependent on government funds.

Using the panel data of 28 manufacturing sectors in China from 2003 to 2014,
Yuan and Zhang (2017) determined that HC can boost green production through
energy-saving and technical innovation because it is an important source of know-
ledge accumulation and technological innovation. Ang et al. (2011) investigated the
impact of human capital on innovation by utilizing the panel data of 87 countries
from 1970 to 2004. The results conclude that when high and middle-income coun-
tries get closer to the technological frontier, the enhancing impacts of higher educa-
tion attainment or skilled human capital increase. In other words, economies
focusing more on innovation than imitation and investing more in higher education
can increase TFP growth when their technology gap narrows. Wei et al. (2011) con-
ducted the study using the sample data of 223 Chinese firms to investigate the rela-
tion of human resources with product innovation. The findings indicate the positive
effect of human capital on product innovation with development and firm structure.
Jim�enez-Jim�enez and Sanz-Valle, (2008) used data from 173 Spanish firms to evaluate
the association between human resources and innovation. The results show that
innovation is direct positively influenced by human resources. Verburg et al. (2007)
utilized sample data from 175 companies that the strategies of human resource man-
agement that focus on promoting a commitment culture rather than compliance have
a favorable impact on a company’s innovative approach.

However, in a review of previous studies on the nexus between innovation and
human capital, a study by Seeck and Diehl (2017) found that compared to product
and technological innovation, human resource has less influence on administrative
and process innovation. Similarly, Danquah and Amankwah-Amoah (2017) used the
data from nineteen Sub-Saharan countries to find the role of human capital on
innovation, technology adoption (efficiency change) and productivity growth from
1960 to 2003. The study’s empirical results reveal that human capital does not signifi-
cantly impact innovation and productivity growth while positively affecting techno-
logical adoption. Therefore, the earlier empirical studies have provided inconclusive
results on the linkage between human capital and technological innovation.

2.2. R&D and green technology

Scholars generally agreed about the widespread advantages of R&D expenditures in
improving technology and innovation. Many research studies have examined that
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R&D is another important factor in introducing green innovation at the firm and
country levels. Castellacci and Lie (2017) explored that green innovations in the car-
bon dioxide and waste reduction sectors in South Korea are driven mainly by internal
R&D competence and strong relationships with public research organizations and
universities. Horbach (2016) stated that internal expenditures of R&D are critical for
environmentally beneficial technologies in the areas of material and energy savings in
the context of firms from 19 European countries. Jaumotte and Pain (2005) found
evidence that earlier R&D and patenting activities, as well as increased collaboration
between enterprises and government research organizations and universities, are
major drivers of green inventions in a cross-country study. Cainelli et al. (2015) used
a panel dataset of Italian enterprises from 2005 to 2010 to conclude that R&D activ-
ity, collaboration with suppliers and universities, and adoption of external knowledge
and equipment are more important for green innovations than for other innovations.

Lee et al. (2015) analyzed the positive and significant correlation between the R&D
factors and information technology innovation in 40 countries from 1999 to 2013.
The study suggests that acquiring knowledge capital through R&D encourages ICT
innovation and industry competitiveness because R&D can enhance triple-helical col-
laboration for ICT innovation among academia, industry, and government. Ramadani
et al. (2017) studied Balkan countries from 2013-2014. The study discovered that the
R&D investment coefficient is statistically significant and positive. Businesses that
invest in R&D are 38% more likely than those that do not engage in innovation-
related activities. Orlando et al. (2022) examined the influence of R&D investment on
green technology in 28 European members from 2008 to 2017. The findings highlight
that government spending on R&D positively impacts the eco-innovation index more
than the firm’s spending. In addition, there has also been found that R&D spending
and innovations have a nonlinear association. Hammar and Belarbi, (2021) investi-
gated the nonlinear relationship between innovation and R&D expenditures in 36
countries from 2002 to 2014. The results indicate that R&D has an inverse effect on
innovation at the lower development stage while positively impacting innovation at a
higher degree of development. Therefore, ambiguity exists in the nexus between R&D
investment and green innovation.

2.3. Fiscal decentralization and green technology

Samuelson (1954) is the pioneer who established the foundation for the new fiscal
decentralization when he distributed the levels of service delivery to all individuals at
a constant level, which promotes efficiency. Fiscal decentralization refers to the trans-
fer of authority over the amount of income and expenditures to lower administrative
units to enhance the delivery of public services (Oates, 2008). In the same way, fiscal
decentralization plays a vital role in promoting and advancing the technological level
of a country.

In the literature, many studies explored the effects of decentralization in enhancing
environmental quality. Some studies found a positive nexus between fiscal decentral-
ization and green innovation. Chi et al. (2021) utilized the panel data of seven decen-
tralized countries to find fiscal decentralization’s effects on innovation from 1996 to
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2017. The study’s outcomes show that a positive and significant coefficient of fiscal
decentralization implies that an increase in it leads to better the countries’ perform-
ance in innovation and technology. Additionally, Fagerberg & Srholec (2008) studied
the significance of political institutions from a macro perspective about technology
development. Acemoglu et al. (2007) focused on the linkage between the decentraliza-
tion of firms and the latest technologies by using the three micro-level data sets of
French and British firms. The results indicate that the firms that choose decentraliza-
tion are closer to technological advancements. Drezner Drezner, Drezner, (2001)
argued that progressive technological innovation is better suited to a decentralized
governmental structure. Therefore, a decentralized governmental structure is required
for nations to maintain themselves at the leading edge of innovation.

Song et al. (2018a) analyzed the impact of fiscal decentralization on green total fac-
tor productivity (GTFP) in 11 provinces of China. The findings demonstrate that fis-
cal decentralization increases GTFP while strong fiscal decentralization reduces GTFP
when the quantile level rises. Su et al., 2021 concluded that fiscal decentralization and
environmental innovation increase the share of renewable energy consumption and
reduce dependence on non-renewable sources in the OECD sample countries from
1990 to 2018. Sustainable energy alternatives were made possible by decentralization,
and regional environmental taxes discourage the use of fossil or non-renewable fuels.
To increase energy efficiency and the proportion of sustainable energy sources in the
energy mix, Fiscal decentralization is linked to increasing R&D spending and sustain-
able energy solutions. The effect of fiscal decentralization on the effectiveness of pub-
lic service delivery was studied by Sow and Razafimahefa (2015) who discovered that,
under some circumstances, decentralization could result in efficiency gain using the
stochastic frontier model. First, there must be sufficient RD in addition to ED.
Second, a workable institutional governance framework is a requirement for the bene-
fits of decentralization to continue. Third, a significant level of ED is required for fis-
cal decentralization to produce fruitful results. Negative impacts of decentralization
could result from the absence of these traits.

Elheddad et al. (2020) offered a different viewpoint, showing that decentralization
initially increases energy consumption in China but that over time, energy use
declines as more funding is allocated for sustainable technology. Song et al. (2018b)
conducted a theoretical analysis of the relationship between technological advance-
ment, environmental regulation, and industrial land-use efficiency. They discovered a
negligible impact of environmental protection regulation on technological advance-
ment based on the environment. Thus, the influences of fiscal decentralization on
technology are mixed and need to explore.

From the above extensive literature, it has been discovered that most of the studies
used RD and ED as the proxy of fiscal decentralization, which exhibits the partial
impact of the variable. Unlike the previous studies, the current study includes CFD,
which covers both aspects of RD and ED in fiscal decentralization. Moreover, most
studies discussed the impact of R&D, human capital, and Fiscal decentralization at
the firm level and gave less focus to the country level. Therefore, this article examines
the dynamic impact of human capital, R&D expenditures, and CFD on eco-friendly
technology in the context of G7 countries.
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3. Data and methodology

3.1. Data sources

The data of G7 countries, namely France, Canada, Italy, German, Japan, the United
States, and the United Kingdom, are selected to perform the empirical analysis, and
the annual data is used from 1990 to 2018. The data of green innovation GI is meas-
ured as Eco patents % of total patents, human capital (HC) is measured as human
development index, and research and development expenditures (R&D) are repre-
sented as a percentage share in total GDP. The GI and R&D data are taken from
OECD statistics (2021), while HC is taken from Penn World Table 10. All the data of
variables are transformed into logarithms except CFD by following (Lingyan et al.,
2021; Razzaq et al., 2022). The definitions, measurement units, and sources of varia-
bles are mentioned in Table 1. CFD is a multidimensional measure of fiscal decentral-
ization, which is empirically calculated by adopting the Martinez-Vazquez and
Timofeev (2009) method. It comprises revenue decentralization (RD) and expenditure
decentralization (ED). While RD is expressed as a percentage of provincial govern-
ment revenue to the overall federal government revenue (Oates, 2005)

RD ¼ PR
PR þ FR

(1)

In Equation (1), PR and FR refer to Provincial and Federal revenue.
While ED is calculated using the same methodology described above, it represents

the proportion of provincial government expenditures to total federal government
spending in the country (Oates, 2005).

ED ¼ PE
PE þ FE

(2)

In Equation (2), PE and FE are provincial and federal expenditures. Thus, the for-
mula for the composite index of fiscal decentralization (CFD) can be written below,
and the range of the CFD index lies between zero and one.

CFD ¼ RD
1� ED

(3)

3.2. Theoretical framework and model specification

The current study investigates the dynamic influence of the composite fiscal decen-
tralization index and human capital on green innovation; thus, for this study, we

Table 1. Variables of the study.
Sign Status Description Measurement unit Source

GI Dependent Green Innovation Eco patents % of total patents OECD Stat.
CFD Independent Composite Fiscal Decentralization Index Self-Calculated
R&D Independent Research and Development R&D Expenditure % of GDP OECD Stat.
HD Independent Human Capital Index HD Index Penn World Table 10

Source: the authors.
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follow the models of Chi et al. (2021) and Sun and Razzaq, (2022) and modify them
in the context of high decentralized G7 economies. Thus, the model specification can
be written as:

GIit ¼ ait þ b1CFDit þ b2HCit þ b3R&Dit þ eit (4)

In Equation (1), GI is the dependent variable, whereas CFD, HC, and R&D denote
the independent variables. However, a is the intercept term, while slope coefficients
are represented from b1 to b3: The cross-section identities are shown as i, and the
time period is shown as t.

Following Lingyan et al. (2021) and Wang et al. (2022), the composite fiscal decen-
tralization index is used as a proxy for fiscal decentralization. Fiscal decentralization
is assigned to positive outcomes with eco-innovation mostly based on two theories.
The first theory of decentralization argues that people who live in dispersed areas
have different desires. Thus, local government, due to the closeness, has a greater
understanding and information of residents in providing the public goods on their
priorities and concerns. In this context, regional governments have greater techno-
logical awareness regarding green growth than the national government. Therefore,
they are more efficient in allocating their regional expenditures and incomes to
renewable technology and replacing conventional technology with green technology
to provide a long-term viable energy supply. At the same time, the second theory of
decentralization is based on community best practices that promote inter-jurisdic-
tional competition and restrict the government’s capability to overtax residents and
business firms.

Similarly, due to increasing environmental risks and their implications in their
communities, local residents’ social consciousness is growing, placing pressure on
governments to implement ecologically friendly technology such as renewable energy,
carbon capture, and reduction technology. On the contrary, local governments typic-
ally have considerable incentives to do all possible to support their respective provin-
ces’ rates of GDP growth. Thus they spend all the resources on growth-related
infrastructure projects, which consume material and energy resources. Thus, they
increase regional growth at the cost of ignoring the green energy projects and thus
give less consideration to developing ecological technologies and innovations. As a
result, FD can be a double-edged sword and affect innovation and technology levels
depending on the government’s area of interest.

Moreover, CFD is a multidimensional aspect of RD and ED because the balance
between revenue collection and expanding assignment maximizes the efficiency gains
at the local level (Oates, 2008). Therefore, this article includes the CFD that includes
both elements of ED and RD. Research and development are crucial in promoting
technological advancement in the empirical literature. Thus, increased R&D expendi-
tures improve green ecological technology by lowering energy consumption and pol-
lution control expenses. Hence, this study expects a positive association of R&D with
green innovation by following (Lee et al., 2015). In addition, human capital plays an
essential role in upgrading technology through investing in education, training, and
experiences. Thus, the long-term sustainability of human capital could be a strategic
tool for promoting green innovation adoption through the skills and knowledge
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concerning the environment. Therefore, the study follows (Alawamleh et al., 2019)
that human capital may positively impact environmental technology.

3.3. Econometric estimations

The whole econometric procedure of this article consists of six steps. At the initial
stage of the empirical analysis of panel data, examining the cross-section dependency
(CSD) in the variables is indispensable. The ignorance of CSD provides misleading
results because all economies have variant economic and financial structures and
social and demographic conditions. Therefore, the CSD test is applied in the study
developed by (Pesaran et al., 2004).

The next step is to find the heterogeneity of the variables involved in the model
because heterogeneity in slope coefficients yields biased results. Thus, it is essential to
ascertain slope homogeneity by employing the heterogeneity test (Pesaran &
Yamagata, 2008). After investigating the CSD and slope heterogeneity, the study finds
the presence of unit root in the variables, unlike the previous empirical studies, which
mostly used the first-generation unit root test. The study applied cross-section aug-
mented IPS and Cross-sectional augmented Dickey-Fuller (CADF) second-generation
unit root tests developed by Pesaran (2007) that can handle the CSD and slope het-
erogeneity issues.

Before estimating the dynamic short and long-run relationship, the study finds the
long-run cointegration among the variables using Westerlund’s (2007) cointegration
test. This cointegration test is appropriate compared to Kao and Pedroni and pro-
vides unbiased results on the existence of CSD and heterogeneous slopes. After exam-
ining long-run cointegration, the study estimates the short and long-run findings. For
this, the study applied the cross-section autoregressive distributed lag (CS-ARDL)
method, which was developed by Chudik and Pesaran (2013). CS-ARDL estimators
have benefits over other estimation methods, for example, PARDL, POLS, and
FMOLS, because they cannot resolve the problems of CSD, heterogeneity, and endo-
geneity of the variables. Moreover, this estimator also handles the common and sig-
nificant unobserved factors; thus, the estimation without considering these factors
may produce inconsistent results (Rehman & Sohag, 2022). In the last step, the study
checks the robustness and stability of results through the AMG and CCEMG pre-
sented by Eberhardt and Teal (2010) and Pesaran (2006).

4. Empirical results & discussion

4.1. CSD and slope homogeneity

The results of CSD and slope heterogeneity are presented in Table 2. The findings of
the CSD test show rejection of the null hypothesis of no CSD. It means showing the
presence of CSD in all the variables across the different countries at a 1% significance
level. Further, the outcomes of the heterogeneity test indicate that all the slope
parameters of the variables are heterogeneous, which indicates the differences in eco-
nomic, social, and financial conditions of the cross-section identities included in
the model.
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4.2. Panel unit root test

The study applied the CIPS and CADF unit root tests to examine the explanatory varia-
bles’ stationary level after confirming the existence of CSD and slope heterogeneity.
Both unit root tests of CIPS and CADF are enabled to produce efficient results of the
panel data in the case of CSD and heterogeneous slopes. The results are shown in Table
3, which shows that all the variables are not stationary at a level while stationary at first.
Thus, there may be a long-run cointegration relationship among the variables.

4.3. Cointegration test

The existence of CSD and slope heterogeneity suggests the study uses Westerlund’s
cointegration test to produce unbiased results. Thus after determining the stationary
condition of the variables, the study checks the long-run cointegration association. The
test findings are mentioned in Table 4, which demonstrates that all four statistics are
significant and show that all the model variables are co-integrated in the long run.

4.4. Short and long-run estimations of the CS-ARDL test

The long-run relationship of all the variables allows the study to estimate the short
and long-run results of the model using the CS-ARDL method. The outcomes of the
long-run estimates are shown in Table 5, in which CFD is positively and significantly
connected to promoting ecological green technology at a 5% significance level. It
shows that a 1% increase in CFD encourages environmental technology by 0.126%.
Since fiscal decentralization is a process of delegating authority and resources to the
lower units, this phenomenon gives the local or provincial governments more

Table 2. CSD and slope homogeneity test.

Variables

CSD test

F-value P-value

GI 36.325��� 0.000
CFD 27.854��� 0.000
R&D 17.908��� 0.000
HD 14.624��� 0.000
Slope homogeneity test

Test Value P-value

D̂ 6.472��� 0.000
^̂D adjusted 7.986��� 0.000

Note:
���

P< 1%.
Source: the authors.

Table 3. CIPS & CADF unit root tests.

Variables

CIPS CADF

I(0) I(I) I(0) I(I)

GI �2.487 �4.215��� �2.345 �4.576���
CFD �1.690 �3.631��� �2.110 �3.970���
R&D �2.035 �4.803��� �2.640 �3.746���
HD �1.802 �3.687��� �1.652 �3.429���
Note:

���
P< 1%.

Source: the authors.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 11



autonomy over public funds or revenues and expenditures for regional green develop-
ment. Moreover, these small administrative units are more accountable for pubic-
related green projects and their performance. It would create competition among
these lower units and efficiency in providing sustainable products and technologies as
per the local inhabitants’ priorities.

Due to the regional closeness, the local governments have the information advan-
tage about the need for green energy projects such as installing solar panels, wind
turbines, green buildings, and carbon capture technology. In this context, in the long-
run, regional governments, through fiscal decentralization, foster the environment of
green innovation in a country by investing more resources in renewable energy sour-
ces such as solar, tidal, wind, geothermal, or biomass energy to provide sustainable
green technology. In addition, due to enough power over the resources, provincial
governments replace traditional technology with green or renewable technology
(Lingyan et al., 2021). Also, the legislative authority of the local government, because
of the higher level of CFD, effectively supervises and controls the technological sys-
tem for a green environment. This diminishes the energy usage and cost incurred on
pollution control and thus generates positive spillover effects through promoting
green efficiency. The findings of CFD are consistent with the results of (Chi et al.,
2021; Fagerberg & Srholec, 2008), who found that decentralization is the best strategy
to encourage technological development.

Our results are contrary to (Song et al., 2018b; Bahl & Bird, 2013), who discovered
that indirect benefits of fiscal decentralization include increased infrastructure devel-
opment like the construction of roads, buildings and, economic and industrial zones,
etc., all of which need resource-intensive energy. Thus, rising infrastructure facilities
neutralize the benefits of decentralization in terms of green efficiency. Moreover,
regional governments are sometimes interested in high provincial GDP growth at the
cost of environmental destruction. Therefore, less attention has been given to the
advancement of green innovation and growth (Chen et al., 2018). In addition, local
politicians’ autonomy, power and closeness raise the corruption problem, who argue
that leakages and corruption are the potential demerits of decentralization (Lingyan
et al., 2021).

Table 4. Cointegration outcomes.
Statistics Gt Ga Pt Pa

Value �5.760��� �10.628�� �8.621��� �12.040��
P-value 0.000 0.030 0.000 0.002

Note:
���

P< 1%,
��
P< 5%.

Source: the authors.

Table 5. Cross-sectional ARDL results.

Variables

Long-run Short-run

Coeff. t-stats Sig. Coeff. t-stats Prob.

ECT-1 – – – �0.253 �3.526 ���
CFD 0.126 2.422 �� 0.131 2.561 ��
R&D 0.365 4.185 ��� 0.343 3.948 ���
HD 0.265 2.532 �� 0.218 2.290 ��
Note:

���
P< 1%,

��
P< 5%.

Source: the authors.
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Similarly, the result of the second variable, HD, is positive and significant at a 5% sig-
nificance level. It exhibits that 1% increase in HD promotes the GI by 0.265% while
other factors remain constant. Investing in human capital through education, training,
and experiences enhances people’s skills and knowledge, directly affecting their lifestyle
consumption. Thus, educated people are more likely to adopt green energy products in
their consumption patterns, promoting green advancement. Similarly, as the input of
the labor force, human capital with abilities and skills produces a spillover effect of
knowledge and encourages the diffusion of low-carbon technology. Skillful human
resource plays a role in absorptive capacity for green technologies because it promotes
technology accumulation in enterprises that enhance energy efficiency, optimizes energy
resources regarding the energy market mechanism, and produces beneficial effects in
clean production. Moreover, during regional industrial production, human resource
works with the industrial structure and, thus, efficiently uses the energy. This increased
the technical progress in energy saving and improved the efficiency of technology in
energy usage (Huang et al., 2021). This outcome is opposite to the results of (Danquah &
Amankwah-Amoah, 2017), which found the insignificant influence of human capital on
innovation because low or unskilled human capital is an obstacle in the innovation pro-
cess of Sub Sharan African countries.

The third variable of the model, R&D, also has a positive and significant influence
on renewable technologies, which shows that a 1% rise in R&D stimulates GI by
0.365%. Higher allocation of R&D expending on renewable energy sources and prod-
ucts comprises the potential to promote the quality of green technology. This invest-
ment also improves and substitutes the existing conventional technologies with clean
technologies and develops new directions for green markets that produce eco-friendly
materials. These advanced and improved materials provide the foundation for new
industries that use the latest technology, such as nanotechnology (Lee et al., 2015).
The industries of electric vehicles, LED products, low-carbon, green energy products
(solar panels, wind turbines, bioreactors, motion sensors etc.), and recycled products
have gained more attention for investment. Moreover, the R&D collaboration of uni-
versities, government and industries strengthens green development by sharing ideas
and knowledge, which further helps in technological accumulation. These findings are
identical to (Horbach, 2016) for nineteen European economies where R&D expendi-
tures are essential for energy-saving and material use innovation. In contrast, these
outcomes are opposite to those (Hammar & Belarbi, 2021), who argued that the
impacts of R&D on innovation are based on the level of economic development.

Among the influencing factors for the advancement of green technologies, the
coefficients of R&D and HD are larger in the long run, while the CFD has little
impact in the long run. R&D investment in clean energy sources and HD through
education potentially enhances environmental innovation. However, the CFD’s coeffi-
cient is larger in the short-run compared to the long run, which suggests that for sus-
tainable green innovation, there is a need for more policy implications related to
fiscal decentralization. Thus, the reason behind the lower impacts of CFD in the long
term is that in G7 countries, Canada and United States are large geographical areas
that show weak regulation control and accountability which may reduce the advan-
tages of decentralization. Further, both economies demand heavy infrastructure
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facilities, and developments consume energy resources; therefore, the gains of CFD
diminish in terms of high-energy costs.

The short-run estimations of the model are also mentioned in Table 5. The signs
and coefficients of all the factors are similar to long-run results. Thus, CFD is posi-
tively associated with GI by 0.131%. Similarly, the other two factors, HD ad R&D,
also significantly affected GI by 0.218% and 0.343%, respectively. However, the mag-
nitude of the variable’s coefficients, except the CFD is low in the short-run compared
to the long-run coefficients. It shows that the factors are more substantial and pro-
found in the long run to promote green technologies. Therefore, the long-run policy
is suggested for a sustainable technological level. In addition, the coefficient of error
correction term (ECT) is 0.253, which is significantly negative at a 1% significance
level. Thus, any shock in the short-run converges the model toward the steady-state
equilibrium with a 25.3% speed of adjustment per annum. Thus, Figure 1 visualizes
the outcome of estimators.

4.5. Robustness analysis

The study used AMG and CCEMG methods to check the robustness analysis, and the
results of both estimators are represented in Table 6. The outcomes of CCEMG reveal
that CFD, R&D, and HD increase GI by 0.98%, 0.312%, and 0.239%, respectively.
Likewise, the AMG estimator reports that CFD increases GI by 0.106%, R&D by
0.338%, and HD by 26.6%. Thus, robustness tests’ outcomes confirm the CS-ARDL
method’s positive findings.

5. Conclusion & policy recommendations

G7 economies are highly attributed to fiscal decentralization and human resources,
which are essential determinants for boosting clean technology. In this regard, this
study examines the dynamic effects of composite fiscal decentralization, human resour-
ces, and R&D expenses on environmental technologies in G7 countries. The study used
the annual panel data from 1990 to 2018 for estimations. Firstly, CSD and slope

Figure 1. Graphical representation of relationship.
Source: the authors.
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heterogeneity tests are employed, which show that parameters are heterogeneous and
CSD. Then, the study applied unit root tests of CIPS and CADF, which confirmed that
all the variables are stationary at I (I) and thus integrated into order one. After conduct-
ing the unit root tests, long-run cointegration is determined by applying Westerlund’s
test, which shows the existence of long-run association among the variables. The CS-
ARDL method is used to estimate the short and long-run relationship.

The long-run outcomes of the CS-ARDL approach reveal that CFD, R&D, and HD
are positively and significantly associated with GI and led to a change of 0.126%,
0.365%, and 0.265%, respectively. In the short run, the coefficients of all the explana-
tory variables are identical to long-run outcomes, having the same signs and direc-
tions of coefficients. However, the magnitude of all the variables is smaller in the
short run than in the long run. Short-run estimates indicate that CFD, HD, and R&D
raise GI by 0.131%, 0.218%, and 0.343%, respectively. The error correction term is
negative and significant, with a value of 0.253 at a 1% significance level. Thus, in case
of any deviation in the short run, the model will reach a long-run stable equilibrium
with a 25.3% rate yearly. Lastly, the study confirms the findings from the CS-ARDL
method by utilizing the AMG and CCEMG.

Local government should be more powerful in terms of authority and autonomy
and bring institutional reforms to implement a clean and green growth agenda.
Therefore, local governments should enforce environmental regulations to encourage
new consumer influxes and employ technology-based environmental innovation, i.e.,
ecological energy, as their primary energy source. In large geographical regions of G7
countries, a proper institutional framework should be developed to monitor the local
government’s financial and development activities. These measures will make the
small local units more accountable and eliminate the corruption which may arise due
to the self-interested priorities of regional governments and authorities.

Revenue and expenditure decentralization must balance for decentralization to be
effective and should adjust the regulation and implementation of environmentally
friendly requirements. To ensure environmental stewardship, RD encourages the sub-
national governments to monitor their industry closely and collect carbon-related
levies. In contrast, ED encourages spending on eco-friendly technologies to create
dependable and long-lasting infrastructure for the economy and society. The provin-
cial governments of G7 nations should make R&D spending on renewable energy
sources, green-growth projects, and social awareness programs through public-private
partnerships, which produce the spillover technology effects and thus, promote innov-
ation-based clean and environment-friendly products. These energy-efficient and
cost-saving products provide possible green solutions for sustainable economic

Table 6. Robustness estimators.

Variables

CCEMG AMG

Coeff. t-stats Sig. Coeff. t-stats Prob.

CFD 0.098 2.150 �� 0.106 2.305 ��
R&D 0.312 3.740 ��� 0.338 3.628 ���
HD 0.239 2.507 �� 0.266 2.507 ��
Note:

���
P< 1%,

��
P< 5%.

Source: the authors.
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growth. The policymakers of G7 economies should invest in sustainable human cap-
ital through education, training, and experiences to create positive knowledge-based
effects, which help provide new ideas for developing new green technology-based
commodities. Through education, skilled people prefer environmental-friendly goods
in their consumption patterns, which boosts green production and innovations in
these countries.

Lastly, this study includes only seven advanced countries for analysis, and the
study should incorporate more developed and developing economies by increasing
the size of the panel data. Moreover, the other influential factors should also add to
estimations of the model, like green financing, financial development, trade openness
and renewable energy consumption, to provide more comprehensive and meaningful
policy implications for encouraging eco-friendly innovations and technologies.
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