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ABSTRACT
Green growth is deliberated as an effective way for attaining
environmental sustainability, but the nexus between fiscal spend-
ing and green growth is ignored in highly polluted Asian econo-
mies. To fill this gap, this study attempts to investigate the
impact of public sector education and research and development
expenditures on green economic growth for selected Asian
economies for the period 1991–2019. The study employed FMOLS
and DOLS methods to assess the association between public
expenditures on education and research and development sectors
and green economic growth. The study found that education and
research and development expenditures both contribute signifi-
cantly to enhancing green economic growth in most of the
selected Asian economies. The study proposed some important
policy implications for fostering green economic growth and
environmental sustainability by mitigation of pollution emissions.
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1. Introduction

Global environmental pollution and climatic change urge environmentalists and poli-
cymakers to produce new solutions for sustainable growth. The green economy is
among the effective solutions for achieving sustainability, which concentrates on eco-
nomic development, resource protection, and environmental friendliness (Bina, 2013;
Ying et al., 2021). The green economy is considered as an instrument to enhance
social well-being and equity, while considerably mitigating environmental scarcities
and risks (Raleigh & Urdal, 2007). The increasing environmental calamities have
made green growth a strategic choice in attaining sustainable development objectives
(Burke & Stephens, 2018). The concept of green growth has stimulated extensive con-
cerns around the globe and is considered an effective way for raising economic devel-
opment, saving resources, and reducing environmental degradation (Hallegatte et al.,
2012). Some organizations and studies have made a proper definition of green growth
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(UNEP, 2012), and some organizations have considered green growth as a strategic
concept (OECD, 2011).

Although for green economic growth, it is imperative to deeply examine the ele-
ments of its development. Among the fundamental elements, the main emphasis of
the study is on fiscal spending. Fiscal spending is composed of 20–40% of the total
GDP of the economy (L�opez et al., 2011). Previous studies have confirmed that the
change in the structure of fiscal expenditures exerts a significant impact on the econ-
omy and environmental pollution (Ullah et al., 2021). However, the association
between government fiscal expenditure and green growth has not been described sys-
tematically. The influential impact of the former on the latter can be described by the
rationalization of public fiscal expenditures (Fetai, 2017; Hua et al., 2018; Ryu, 2015).
Government fiscal spending on R&D is considered a substantial driver, as techno-
logical innovations are considered as a better option to fetch green economic growth.

A bulk of literature shows that the structure of government fiscal expenditure is
directly influenced by environmental degradation (Yuelan et al., 2019). The associ-
ation between green economic growth and government fiscal expenditure still lacks
extensive evidence. Existing previous literature elucidates the role of government fis-
cal spending as an imperative determinant for green economic growth (Facchini &
Seghezza, 2018). Green economic growth is augmented by enlarged fiscal spending,
but green economic growth also declines due to increasing environmental vulnerabil-
ities. Fiscal spending can also be used to compensate for market failure, which inten-
sifies new solutions for technological innovations. As private-sector R&D
expenditures are not adequate to produce sufficient solutions, thus, government fiscal
support is obligatory (Xie et al., 2021). In contrast, evolutionary theory reveals that
the basis for developing sufficient technologies by an enterprise might not be estab-
lished merely on the basis of the provision of new technologies developed by fiscal
expenditures. It indicates that the involvement of private sectors is obligatory in the
process of technological innovation with the support of the public sector (Li et al.,
2022). The fiscal spending cut on the green economy results in miserable social con-
sequences (Afonso & Furceri, 2010; Li et al., 2021).

Composition of fiscal spending and green economic growth, and the scale of fiscal
spending in green economic growth influence fiscal policy representation. Iram et al.
(2020) highlighted the level and intensity of total fiscal spending on R&D and its
positive impact on green growth. The growth strategy amongst the developing coun-
tries is transforming from agriculture to the manufacturing industrial sector.
Developing economies from Africa and Asia are trying to attain substantial output to
fulfill their growth objectives by concentrating on their industrial and manufacturing
sectors (Yang et al., 2017). To achieve an improved and smooth level of output the
emerging Asian economies have enlarged their dependence on energy capitals.
However, to alleviate global environmental degradation, the developing economies
must collaborate towards green economic growth along with economic benefits.

The existing stock of literature reveals that green economic growth is low-carbon
intensive and resource-efficient. In the green economic framework, the growth of
income and employment is driven by private and public investment. These green
growth investments impel economic activities, protect ecosystems and biodiversity,
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improve resource and energy efficiency, and development of green energy infrastruc-
ture for the reduction in CO2 emissions (Liu et al., 2018; Sun et al. 2020).
Consequently, green economic growth has been recognized as a new mechanism for
economic development around the globe (Rodriguez-Gonzalez et al. 2018). Previous
studies have precisely defined the concept of green economic development (see for
instance; Ekins, 2002; Barbier, 2011; Luukkanen et al., 2019; Cheng et al., 2021).
Nieto et al. (2018) studied the association between green economy, sustainable devel-
opment, and dimensional characteristics of the green economy. Fiscal spending is not
adequate to attain goals of green growth and SDGs set by the United Nations (Sachs
et al., 2019). Hence, the government allows green economic projects to attract more
private green investments (Taghizadeh-Hesary & Yoshino, 2019). An economy can
preserve green resources and create low carbon emissions by adopting green eco-
nomic projects (Lin and Jia 2019). Several studies denoted that employment gener-
ation and environmental safety can support green growth in confirming economic
progress (Hallegatte et al. 2019).

Previous studies have discussed several other factors that affect green growth such
as Wang et al. (2019) study incorporated economic and social status, population, and
level of education to examine variations in green economic growth. Lin and Zhu
(2019) explored how the green economic development of China is influenced by
technological shocks, efficiency, and lack of efficient practices. Shu et al. (2016) inves-
tigated how resource-intensive cities have more opportunities of generating pollution
emissions by considering green and natural resources to affect the green economic
growth of China. Paramesh (2018) investigated the evolution of Asian economies
towards green economic growth by fiscal instrument and concluded that these econo-
mies materialize the transition at a slow speed. Lin and Zhu (2019) explored the
impact of public sector education spending and R&D on the green economic growth
of China. Zhang et al. (2021) explored the association between fiscal spending on
R&D, energy efficiency, and green economic growth. Due to dependence on the non-
renewable energy sector and industrial sector, green economic growth has enhanced,
but the gradual environmental pollution mitigates (Montalbano & Nenci, 2019). The
development targets can be attained through living standards and energy (Usman
et al., 2021). Particular indicators play contribute significantly to the failure of green
economic growth, like over-dependence on the non-renewable energy sector, inad-
equate fiscal spending on R&D, and unsuitable environmental planning (Ullah
et al., 2021).

Asia is the largest continent and also the biggest contributor to CO2 emissions.
Thus, these high-polluted Asian economies become an ideal choice in scrutinizing the
influence of fiscal spending on green economic growth. We have tried to analyze the
impact of fiscal spending on green growth in highly polluted Asian economies. For
empirical analysis, the study will use data set of selected Asian economies from 1991
to 2019 by employing NARDL approach. This study contributes to the existing litera-
ture in the following ways. Firstly, the findings of the study will add to the under-
standing of the contribution of fiscal spending in the market mechanism by
suggesting that fiscal spending on public goods is helpful to lessen the risk of market
failure. Secondly, the study helps in policy formulation, as green economic growth
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requires a balance association between environmental protection, energy conservation,
and economic development, and these all are directly affected by government regula-
tory policies. This study also helps in the modification of green economies policies.

2. Model and methods

Following earlier empirical and theoretical literature Jacobs (2012) and Lin and Zhu
(2019), we assume that the main determinants of green growth are fiscal spending,
internet, financial development, and clean energy consumption. Therefore, we begin
with the following econometric models:

GEG it ¼ u0 þ u1EEit þ u2RDit þ u3Internetit þ u4FDit þ u5RECit þ ai þ eit

Where GEGit represents green economic growth, but EEit and RDit separately rep-
resents public educational expenditure and R&D expenditure in the model. The fiscal
spending produces a positive significant impact on green economic growth (Lin &
Zhu, 2019; Zhang et al., 2021), we expect estimates of u1 and u2 to be negative.
WhereInternetit, Internetit, FDit, and RECit separately represent control variables
and named as internet users, financial development, and renewable energy consump-
tion. In model, subscripts i¼ 1,… .,N signifies the country, t¼ 1,… .,T indicates the
time separately.

While u0 denotes the intercept, u1- u5 are coefficients to be estimated, and ai is
unobservable individual effects, and eit is a random error term. Thus, Eq. (1) is a
standard panel data model. Our data has two dimensions one spreads across time
and the other across cross-sectional units. Such type of data is known as panel or lon-
gitudinal data, and this type of data has many advantages over time series and cross-
sectional data. The first and foremost advantage of panel data is that it combines the
observations across time and cross-section; therefore, the number of observations
increases manifold. Along with the increase in the number of observations, we enjoy
the luxury of more variability, information, efficiency in our panel data set as com-
pared to the cross-section and time-series data set (Baltagi, 2008). As the data, we
have used in the analysis is panel; hence, such type of data requires special economet-
ric techniques such as fixed effect model (FEM), random effect model (REM), and
generalized methods of movement (GMM). However, these techniques are applicable
in the type of data where T is small, and N is large. Conversely, different panel esti-
mation techniques like pooled OLS (POLS), dynamic OLS (DOLS), and fully modified
OLS (FMOLS) are appropriate when T and N are both large.

In POLS, we add all the time series and cross-section observations and then esti-
mate them with the help of a single regression without taking into consideration the
time-series and cross-sectional properties of the data. POLS is an efficient estimator
when we use a different sample for each time dimension in a panel data set
(Wooldridge, 2010). However, a major disadvantage of POLS is that it can’t consider
the unobserved heterogeneity; therefore, it provides inconsistent results (Gaibulloev
et al., 2014). The problems encountered while applying the POLS technique can be
resolved with the help of more advanced and sophisticated techniques like FMOLS
and DOLS. Both these estimators are highly efficient even in the presence of
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endogeneity among regressors and serial correlation in error terms. To solve the
problems mentioned above FMOLS technique applies a non-parametric approach.
Conversely, the DOLS applies a parametric approach by including leads and lags val-
ues to deal with the issues of endogeneity and serial correlation (Kao & Chiang,
2001). Moreover, DOLS is a good estimator in the case of a small number of observa-
tions (Dogan & Seker, 2016). Another problem that makes the panel data results
biased is the problem of cross-sectional dependence. An added advantage of the
DOLS technique is that it can obtain country-specific coefficients that provide
unbiased and consistent results in the case of cross-sectional dependence. Further, the
issues of heterogeneity in the long-term variance, and cointegrated panel can be
resolved with the help of weighted criteria of FMOLS and DOLS.

3. Data

This study explores the dynamic effects of fiscal spending on green growth in the
case of highly polluted Asian economies named China, India, Russian, Japan, Saudi
Arabia, Korea, Rep., Indonesia, and Turkey for the period 1991 to 2019. For that pur-
pose, green growth is a dependent variable, education and research & development
expenditures are independent variables, while internet, financial development, and
renewable energy consumption are taken as control variables. Green growth is meas-
ured by environmentally adjusted multifactor productivity. Government expenditures
on education as percent of GDP are used to measure education expenditures.
Research and development expenditures are measured in terms of percentage of total
GDP. Internet variable is measured by individuals using the internet as percent of
population. Domestic credit of private sector in percent of GDP is used to measure
financial development. Renewable energy consumption is taken as energy consump-
tion of nuclear, renewables and others. All the data for this study have been extracted
from the World Bank and OECD. A detailed description of the data is also reported
in Table 1.

4. Results and discussion

Firstly, it is imperative to investigate the cross-sectional dependence when we are
dealing with panel data in order to follow methods and strategies (Pesaran et al.,
2004). As a first step, the study investigates the cross-sectional dependence of the
data. Various cross-sectional dependence tests are proposed in the literature, but our

Table 1. Definitions and data description.
Variables Symbol Definitions Mean Std. Dev.

Green economic growth GEG Environmentally Adjusted Multifactor Productivity 4.521 3.711
Education expenditure EE Government expenditure on education, total (% of GDP) 3.478 1.437
Research and development RD Research and development expenditure (% of GDP) 1.283 1.158
Internet users Internet Individuals using the Internet (% of population) 28.55 31.92
Financial development FD Domestic credit to private sector (% of GDP) 3.856 0.972
Renewable energy

consumption
REC Nuclear, renewables, and other (quad Btu) 2.050 2.862

Source: Author’s Estimations.
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study employed Pesaran’s et al. (2004) cross-sectional dependence test, and the out-
comes are displayed in Table 2. The findings of the cross-sectional dependence test
suggest that the null hypothesis of no cross-sectional dependence is not accepted.
Suggesting that if any positive or negative shock occurs in one economy; its spillover
impact can be observed in the rest of all economies of the selected sample. The find-
ing implies that cross-sectional dependence exists among the Asia region.

As a second step, stationarity processes of the series have been confirmed in order
to obtain the most valid decision regarding panel regression. For that purpose, the
study conducts Levin-Lin-Chu (LLC) and Im-Pesaran-Shin (IPS) unit root tests which
are capable of taking into consideration the cross-sectional dependencies across
economies. The findings of both panel unit root tests are displayed in Table 3. The
obtained coefficient estimates suggest that all the variables are stationary at their first
difference, i.e., I(1). The first difference I(1) stationarity level calls for investigating
cointegration association among variables as their linear combination could be level
stationary. In this regard, Kao residual cointegration test has been employed, and the
findings are displayed in the lower panel of Table 3. According to the findings of
Kao cointegration test, it is suggested that cointegration exists among green economic
growth, education and R&D expenditures, internet use, financial development, and
renewable energy consumption. The validation of cointegration indicates the presence
of a long-run relationship among the variables.

In the last step, the study employed FMOLS technique to empirically investigate
the impact of fiscal green expenditures on green economic growth. In order to con-
firm the robustness of findings, the study also employed DOLS regression technique.
The study adopted two proxies to measure the impact of fiscal expenditures, which
are, education expenditures and research and development expenditures. Table 4
displayed group-wise coefficient estimates of FMOLS and DOLS approaches and

Table 2. Cross-sectional dependence test.
GEG EE RD Internet FD REC

Pesaran’s test 4.767��� 0.206 0.536 5.461��� 3.004��� 4.845���
Prob. 0.000 0.837 0.598 0.000 0.002 0.000
off-diagonal elements 0.210 0.269 0.427 0.485 0.423 0.414

Note: ���p< 0.01; ��p< 0.05; and �p< 0.1.
Source: Author’s Estimations.

Table 3. Panel unit root and Cointegration tests.
LLC IPS
I(0) I(1) I(0) I(1)

Unit root tests
GEG �0.515 �4.362��� I(1) �0.456 �6.288��� I(1)
EE �0.783 �5.728��� I(1) 1.012 �7.476��� I(1)
RD �0.470 �5.091��� I(1) 1.024 �7.103��� I(1)
Internet �0.578 �4.103��� I(1) 1.422 �1.587� I(1)
FD �0.452 �3.258��� I(1) 1.022 �2.734��� I(1)
REC 0.255 �1.484� I(1) �0.542 �7.650��� I(1)
Cointegration test
Kao-cointegration test �3.994���
Note: ���p< 0.01; ��p< 0.05; and �p< 0.1.
Source: Author’s Estimations.
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Table 5 represents economy-wise coefficient estimates of both estimation techniques.
To conserve space, we are only describing the coefficient estimates of column 3 and
column 6 in detail in Table 4. In column 3, the findings show that education expen-
ditures and research and development expenditures are positively linked with eco-
nomic growth revealing that due to an upsurge in both types of fiscal expenditures,
green economic growth increases. Coefficient estimates divulge that in response of
1% upsurge in education expenditures and research and development expenditures,
green economic growth raises by 1.010% and 1.610%, respectively.

The estimation results reveal that public expenditures on education and R&D sec-
tor have a positive impact on green growth, revealing the existence of technique effect
and composition effect. Similar results are reported in L�opez et al. (2011); the study
argued that the upsurge of fiscal expenditures on public goods can reduce carbon
emissions significantly, such as wastewater and SO2 emissions. More precisely, the
coefficient estimates of research and development expenditures are larger than the
education expenditures, suggesting that the technical effect is larger which is opposite
to the findings of Hua et al. (2018). The findings of control variables are almost
according to our expectations. The potential impact mechanism of public

Table 4. FMOLS and DOLS estimate of green economic growth.
FMOLS DOLS
(1) (2) (3) (4) (5) (6)

EE 0.090��� 1.010��� 1.280 1.002���
(3.040) (8.870) (0.030) (8.740)

RD 2.660��� 1.610��� 2.710��� 2.080
(2.870) (4.910) (8.550) (1.540)

Internet 0.010��� 0.020��� 0.010��� 0.150��� 0.280��� 0.410���
(17.18) (14.17) (8.070) (6.730) (3.510) (7.920)

FD 1.450��� 2.220��� 2.330��� 2.210��� 1.780��� 2.740�
(2.980) (6.190) (9.140) (10.07) (2.450) (1.720)

REC 2.570� 3.640��� 2.540 2.120��� 3.090��� 2.810���
(1.680) (4.420) (1.390) (5.790) (1.250) (11.80)

Note: ���p< 0.01; ��p< 0.05; and �p< 0.1.
Source: Author’s Estimations.

Table 5. Economy-wise estimates of green economic growth (FMOLS).
EE RD Internet FD REC

China 2.080��� 3.730��� 0.010 2.240��� 0.090
(5.180) (5.210) (0.590) (3.810) (1.080)

India 0.280 2.140 0.010 0.790 0.830
(0.870) (0.480) (0.460) (0.570) (1.070)

Russian 0.100 1.230��� 0.160��� 1.920�� 2.570���
(0.130) (2.720) (3.900) (2.340) (3.970)

Japan 0.660��� 2.470��� 0.010��� 2.290��� 0.290���
(3.420) (4.130) (4.060) (2.680) (8.610)

Saudi Arabia 1.090��� 0.620 0.040 5.460�� 2.000
(3.160) (0.360) (0.890) (2.380) (0.880)

Korea, Rep. 2.500��� 0.680��� 0.200��� 2.920��� 2.780���
(4.420) (2.800) (8.810) (7.760) (5.980)

Indonesia 2.930��� 2.610��� 0.170��� 2.480��� 2.240��
(7.010) (4.720) (2.400) (2.680) (2.380)

Turkey 0.780 2.150��� 0.050 2.120�� 3.100���
(0.660) (2.850) (0.990) (2.220) (2.720)

Note: ���p< 0.01; ��p< 0.05; and �p< 0.1.
Source: Author’s Estimations.
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expenditures on green economic growth infers that research and development can
promote technological progress, while education expenditures can enhance human
capital-based activities. The complex nature of economy-wise results reveal that the
selected economies are heterogeneous, and this diversity can be described in the fol-
lowing ways. All the economies have a similar influence on education expenditures in
strengthening the growth of human capital.

The fiscal budget for education expenditures is relatively higher in a few Asian
economies, efficient human resources are developed, and the education standard is
also good. At economy-wise analysis, research and development expenditures are also
positively related to green economic growth. The evolutionary economics and neo-
classical economic theories elaborated the importance of government expenditures in
environment-friendly economic activities. Market failures can also be compensated by
public expenditures on education and R&D that raise new technological innovations.
Private-sector research and development expenditures are not enough to produce
revolutionary solutions, thus, government sector financial support is mandatory for
green growth (Zhang et al., 2021).

Regarding control variables, findings display that internet use and financial devel-
opment have a positive impact on green economic growth while renewable energy
production produces an insignificant impact. Coefficient estimates show that due to
1% increase in internet use and financial development, green economic growth
increases by 0.010% and 2.330%, respectively. In case of the DOLS model, education
expenditures and all control variables have a significant and positive impact on green
economic growth, while research and development produce insignificant impact.

In Table 5, the economy-wise results show that education expenditures exert a
positive impact on green economic growth in China, Japan, Saudi Arabia, Korea,
Rep., and Indonesia. Coefficient estimates display that due to 1% increase in educa-
tion expenditures, green economic growth increases by 2.080% in China, 0.660% in
Japan, 1.090% in Saudi Arabia, 2.500% in Korea, Rep., and 2.930% in Indonesia. In
terms of research and development expenditures findings reveal that green economic
growth increases in China, Russia, Japan, Korea, Rep., Indonesia, and Turkey due to
an upsurge in research and development expenditures.The findings reveal that a 1%
increase in research and development leads to increasing green economic growth by
3.730% in China, 1.230% in Russia, 2.470% in Japan, 0.680% in Korea, Rep., 2.610 in
Indonesia, and 2.150% in Turkey. Findings show that internet use has a significant
impact on green economic growth in four economies and renewable energy con-
sumption has a positive impact on green economic growth in five economies.
However, financial development produces an insignificant impact on green eco-
nomic growth.

5. Conclusion and implications

Green economic growth has great significance to attain sustainable development.
Previous literature has explored the association between pollution emissions and fiscal
spending but ignores the influence of public expenditures on green economic growth.
In this study, the fundamental influencing determinants of green economic growth
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have been investigated for highly polluted Asian economies for the period 1991 to
2019. The study explored the effects of public spending on green economic growth.
The study employed two proxy measures of fiscal spending, such as education expen-
ditures and R&D expenditures. For empirical investigation, FMOLS and DOLS tech-
niques have been adopted. The group-wise findings reveal that education
expenditures and research and development expenditures both contribute significantly
to enhancing green economic growth. However, the respective coefficient estimates of
both measures display that research and development expenditures effect is larger
than that of education expenditures effect on green economic growth. However, the
economy-wise analysis produces heterogeneous influence in different regions with dif-
ferent degrees. In short, the findings of the study illustrate that education expendi-
tures and research and development expenditures enhance the green economic
growth through technological activities, but reveal different roles in differ-
ent economies.

On the basis of these findings, this study put forward the following policy recom-
mendations. The study reports the positive role of research and development in
enhancing green economic growth, which suggests that initiatives are required to
encourage green technological innovations by reforming financial development mar-
kets. Renewable energy consumption promotes green economic growth, which reem-
phasizes the significance of renewable energy consumption into the total energy
consumption for achieving sustainable economic growth. As it is found that renew-
able energy consumption is the driving factor of green energy consumption, so gov-
ernments should subsidize renewable energy sources and encourage the production of
renewable energy in the private sector. It is also suggested that highly polluted Asian
economies should improve their economic policies according to the environment and
firmly implement environmental laws. Policymakers and governments should increase
investment for environment-enhancing technologies such as increased spending for
renewable energy sources, technological innovation, and research and development in
the energy sector for sustainable economic development. Investing in research and
development and environment-friendly technologies will reduce production-based
pollution emissions as well. Therefore, stimulating collaboration on the growth of
environment-friendly technology will be beneficial in addressing regional pollution
and global climate change issues. Technological innovation and green growth can
transform industrial structures from non-renewable energy to renewable energy sour-
ces and contribute significantly to the mitigation of pollution emissions. Furthermore,
for the successful implementation of these policies, human capital development is
needed. Enhancing the skills of human capital through education can generate aware-
ness among people regarding environment-friendly technologies.

Our study contains several limitations. This study is ignoring other polluted econo-
mies and other green growth variables in empirical analysis. Other green growth vari-
ables such as green investment, green innovation, financial inclusion, and trade can
also be explored. The objectives of our research can be replicated for other regions
and countries also. Future studies can also investigate the impact of fiscal spending
on other determinants of green growth such as green innovation and green invest-
ment. The monetary sector’s role can also be explored on green growth.
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