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Abstract

In this study, we investigate the effects of fiscal policies on the environment with annual frequency period from 1972 to 2017
data for countries such as Australia, Chile, Finland, the UK, and Sweden. This study leverages on second-generation unit
root tests, bootstrap cointegrated test, and long-run coefficient estimators suitable for heterogeneous panels under review.
Empirical results of the long-run coefficient estimators are consistent with economic-environmental intuition and extant
literature. However, in terms of fiscal policy, these results do not provide any evidence of the expected mitigating effects on
environmental pollution in any country. Our main findings show that revenue policy does not go beyond funding government
expenditure in these countries. Based on these results, we propose two new concepts to the literature on carbon taxes. We
call these concepts New Environmental Sin Taxes and Global Environmental Debts. We base this result on the argument

that regional solutions to global problems are insufficient.
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JEL Classification H2 - H23 - C1- 013 - 023 - Q5

Introduction

Since the industrial revolution in the eighteenth century,
the world economy has been on the rise with the increase
in total production and is much more interconnected than
ever before (WTO 2018). Countries rapidly industrializing
with global economic growth needed more energy to get a
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share from this growth. The use of fossil fuels to fulfil the
need for energy has created major environmental damage
and climate change problems with the increase in green-
house gas released to nature, but these negative effects have
been noticed years later (CBO 2013; WMO 2020). Follow-
ing industrialization, economic development increase of the
world population, increasing technological innovations in
recent years have led to increased demand of energy in the
twenty-first century (Ike et al. 2020).

With the use of fossil fuels generated by energy demand
and the damage to the environment, climate problems
have started to attract the attention of researchers as they
are among the primary problems of the economy (Yan and
Crookes 2010). Environmental degradation is one of the fac-
tors that directly affect human health (Conservation Energy
Future 2020). Melting glaciers, wildlife, precipitation, and
indirectly agriculture are also affected by.these environ-
mental degradations (Yuelan et al. 2019). Carson's (1962)
remarkable novel, Silent Spring, environmental problems
and sustainable development which was suggested as their
solution have come to the fore and were first discussed and
accepted at the 1972 Stockholm conference with the United
Nations Conference on the Human Environment. In this

a
* @ Springer


https://orcid.org/0000-0003-2632-4217
https://orcid.org/0000-0002-1950-4255
https://orcid.org/0000-0002-1951-5894
http://orcid.org/0000-0003-4948-6905
http://crossmark.crossref.org/dialog/?doi=10.1007/s13762-022-03907-4&domain=pdf

10832

International Journal of Environmental Science and Technology (2022) 19:10831-10844

conference, the common values of the world, the environ-
ment, and the principles emphasizing the integrity of the
environment with development have been included.

The conference contains common principles to inspire
and guide people in the protection and improvement of the
environment (Sohn 1973; Basiago 1999). On the other hand,
with the Rome Club report published in 1968, environmen-
tal pollution was emphasized. Similar way, in UNWCED
(UNWCED 1987) and the Rio United Nations Framework
Convention on Climate Change (UNFCCC 1992), it has
been stated that human beings are at the center of sustain-
able development; on the other hand, Kyoto Protocol (KP
1997) (COP3) and United States Paris Agreement (PA 2015)
(COP21) are international agreements in which targets to
reduce greenhouse gas emissions in the process of combat-
ing global warming and climate change.

In the KP, which is valid until 2020, the responsibility
for reducing greenhouse gas emissions has been undertaken
only by developed countries. On the other hand, in the PA,
which forms the basis of post-2020 policies, this respon-
sibility belongs to all countries that are party to the agree-
ment (Bali and Yayl1 2019; IMF 2019). Therefore, increasing
awareness of reducing greenhouse gas emissions effective on
environmental degradation and climate changes has brought
along the production of policies that will solve this problem
and policies to be implemented.

Researchers have conducted many studies which suggest
that environmental degradation and economic variables are
related. It has been submitted that environmental degrada-
tion has been originated from economic growth (Panayotou
1993; Grossman and Krueger 1995; Yan and Crookes 2010;
Phimphanthavong 2013; Aye and Edoja 2017), energy con-
sumption (Liu et al. 2018; Rauf et al. 2018), urbanization
(Kasman and Duman 2015; Katircioglu and Katircioglu
2017; Wang et al. 2018; Ahmad et al. 2019), globalization
(Shahbaz et al. 2017b; Akadiri et al. 2019; Hafeez et al.
2019; Rafindadi and Usman 2019), foreign direct investment
(Abdouli and Hammami 2016), trade liberalization (Jalil
and Feridun 2011; Yasmeen et al. 2018; Yao et al. 2019),
financial markets (Jalil and Feridun 2011; Cetin and Ece-
vit 2017; Shahbaz et al. 2017a; Hafeez et al. 2018) tourism
(Katircioglu 2014; Azam et al. 2018), and income inequality
(Hailemariam and Dzhumashev 2019).

Some of these studies reveal that real income is the root
cause of environmental degradation through increasing energy
consumption (Yuelan et al. 2019). Along with the growth of
the economy, energy consumption and carbon emission (CO,)
increase and environmental problems are arising (CBO 2013).
That is why, countries must take the environment into account,
although it is not the main target when implementing their
fiscal policies. The desire of governments to increase their
real incomes, on the one hand, and to ensure environmental
quality in line with sustainable development targets, on the
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other hand, requires the creation of effective fiscal policy
instruments (Halkos and Paizanos 2016). Also, the climate
policies that policymakers will adopt with economic growth
have to be well balanced with fiscal policies (Fischer and Fox
2012). At this point, carbon taxes applied by countries within
the framework of their fiscal policies are an important issue.
Examining the impact of taxation and expenditure policies,
which are powerful fiscal policy tools, on the CO, level will
provide an idea for the policies to be followed by countries in
environmental problems. The features that make this study dif-
ferent from other studies are: (i) contributing to the literature
with two new concepts; (ii) examining the countries applying
carbon tax in the near and early period as a unique sample; (iii)
and the econometric procedure that has been followed.

This study contributes to the literature in the following
three perspectives. Firstly, there is a scarcity of studies,
which relate fiscal policy to environmental degradation. The
current study is the first to address the relationship between
government expenditure, revenue, and carbon emissions in
developed countries that were the first to implement carbon
taxes. We believe that to understand the impact of fiscal pol-
icy this examination to be useful for policymakers in envi-
ronmental degradation. Secondly, we employ augmented
mean group (AMG) and common correlated effects (CCE)
from advanced panel data estimation techniques to achieve
effective results. These techniques can adequately address
cross-sectional dependence (CD), heterogeneity, serial cor-
relation, etc. Finally, a wide fiscal/environmental policy may
not be convenient. Our estimates are the country-wise results
that will enable policymakers to initiate current policies in
line with each countries attribute.

Concordantly, in this study we have searched the effects
of government expenditures, tax revenues, real GDP, and
total energy supply on CO, in the period 1972-2017 for
Australia, Chile, the UK, Finland, Sweden, which are some
of the developed countries implementing a carbon tax, have
been analyzed with panel cointegration and long-run coeffi-
cient estimators after preliminary tests. Following the intro-
duction, in the second part of the study, we presented the
theoretical framework of fiscal policies and the CO, relation-
ship and some studies in the literature on the subject. In the
third part of the study, we gave information about the data
set and the econometric model, and in the fourth chapter, we
list the empirical evidence and discussion. In the conclusion
part, we included a general evaluation based on the findings
and policy recommendations.
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Theory and literature
Theoretical framework

In this study, we use two theoretical instruments. The first of
these is the theoretical approach to the effects of fiscal poli-
cies on environmental pollution. The second instrument is
that we propose two new concepts to the literature on fiscal
policies and environmental pollution.

We explain the effectiveness of fiscal policies, which we
consider as the first instrument, on the environment with
two basic instruments. While the first of these is expenditure
policies (henceforth government or public expenditure), the
second is income policy (tax revenue or revenue policy).
Green Keynesianism, in which Harris (2013) brought fiscal
policies to the agenda for environmental policies, reveals a
remarkable conceptual area in this regard. In general, Green
Keynesianism can play a key role in preventing environmen-
tal degradation (Goldstein and Tyfield, 2017). However, here
we brought Pigou’s tax proposals in the government regula-
tions and tax Metcalf (2019) recommendations of R. Coase
(social cost of carbon) into the forefront. As Metcalf (2019)
mentioned, pollution is a negative externality, so CO, is at
the center of climate change, and “Conservatives often talk
about the power of markets and the way that Adam Smith’s
invisible hand leads us to efficient outcomes. Where pollu-
tion is involved, Pigou’s insight ensures that the invisible
hand has a green thumb.”

The transmission mechanism of public expenditures on
environmental pollution can be divided into two groups
according to the source of the pollution. This classification
is examined according to whether production or consump-
tion determines the source of pollution (McAusland 2008;
Halkos and Paizanos 2016), because the transmission mech-
anism of the fiscal policy for production and consumption
differs on the environment.

The first group includes production-originated pollution.
Loépez et al. (2011) point to four different mechanisms by
which the level of public expenditures can affect environ-
mental quality. First of these, higher income levels due to
public expenditure increase the demand for improved envi-
ronmental quality (income effect). Moreover, increased pub-
lic expenditures encourage human capital-intensive activities
that are less harmful to the environment than capital-inten-
sive physical activities (composition effect) (Ahmed et al.
2019; Yuelan et al. 2019).

Another choice that tends to reduce environmental
pollution is increased labor productivity associated with
higher public expenditure (technique effect) on the edu-
cation and health sectors. Finally, depending on the rela-
tionship between fiscal expenditure and economic growth
and the shape of the environmental Kuznets curve (EKC),

increased government expenditure may lead to more pollu-
tion at some GDP levels (scale effect) (Halkos and Paizanos
2016; Ike et al. 2020). According to Lopez et al. (2008),
public expenditure can also facilitate pollution reduction
by transforming the composition of consumer goods into
less pollution-intensive goods. In other respects, increasing
public expenditure can encourage investment in public trans-
port and thus increase the use of these means of transport,
which are considered to exert less environmental pressure
than the use of private transport (Zimmerman 2005; Islam
and Loépez 2014).

In the second group, consumption sourced pollution is
taken into consideration. Government expenditures on sec-
tors such as health and education increase the current and
future incomes of consumers. This situation may lead to
the deterioration of the environmental quality that consti-
tutes the income channel (Yuelan et al. 2019). On the other
hand, higher levels of government expenditure help to form,
enforce, and improve environmental planning. This can lead
to the development of institutions that increase the environ-
mental quality that represents the environmental regulation
channel (Fullerton and Kim 2008). Consequently, the total
impact on consumption pollution depends on the relative
size of income and environmental regulatory effects. Espe-
cially in democratic governments compared to undemocratic
governments, stricter environmental rules are more likely
to be adopted, and a decrease in pollution levels have been
found in such governments where income-related environ-
mental regulations are effective (Carlsson and Lundstrom
2001; Galinato and Islam 2017; Lv 2017). All of the positive
effects which we have been described are the namely triple
dividend (Pereira et al. 2016; Freire-Gonzalez 2017; Pigato
2019) hypothesis in the literature.

Fiscal policy is as important a policy tool as monetary
policy to manage the demand side of the economy through
government expenditure and taxation because governments
in most countries around the world spend a large portion of
the GDP through fiscal policy (Halkos and Paizanos 2013;
Yuelan et al. 2019). After all, fiscal policy tools—reve-
nue and expenditure—are directly linked to GDP growth,
production level, energy use, and environmental quality,
respectively.

The second tool that fiscal policies can use to prevent
environmental degradation is the income policy. Many
experts and international organizations propose tax reform
to align fiscal policy with environmental targets (EEA
2016). Various fiscal instruments in income policy include
tax incentives, new taxes or reforms in tax systems, strug-
gle with tax havens, or canceling debts globally (Robinson
et al. 2017; Comert 2019). On the other hand, we argue
that the most valid instrument among them is taxation. The
greenhouse gas increase, which was brought to the agenda
in the Rio Conference in 1992 and after the Kyoto Protocol
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in 1997, has been tried to be reduced through taxes called
carbon tax (Vera and Sauma 2015; Sachs et al. 2018).

Here, we brought environmental taxes, which is one
of the most common tools for environmental and climate
change, into the forefront (Miller and Vela 2013; IMF 2019).
The theoretical basis for environmental taxes was first devel-
oped by A. C. Pigou; therefore, environmental taxes are
considered as Pigouvian tax (Ciocirlan and Yandle 2003;
Stavins 2003; Shmelev and Speck 2018; Metcalf 2019) with
the “polluter pays” principle (Hsu 2011). On the other hand,
these taxes can be considered as a tool to correct market fail-
ures (OECD 2011). While environmental taxes are divided
into various types, our focus is on carbon taxes. The purpose
of carbon taxes is to control CO,, which is considered the
source of global warming and climate change (Ekins 1999;
Goulder 2013; Beck et al. 2015). Moreover, environmen-
tal taxes are the lowest cost method in achieving this target
(Uddin and Holtedahl 2013; Klenert and Mattauch 2016).

While carbon taxes have many favorable fiscal impacts
(OECD 2015), they have not been found to have negatory
effects on the economy (Beck et al. 2015), so it is claimed
to be neutral (Goulder 2013; Filipovi¢ and GoluSin 2015).
However, there are also theoretical (Uddin and Holtedahl
2013; Aubert and Chiroleu-Assouline 2019) and empirical
(Miller and Vela 2013) arguments that suggest that environ-
mental taxes exacerbate current tax deterioration. Besides,
carbon taxes, like all indirect taxes, can have adverse effects
on relatively low-income groups. On the other hand, among
its positive effects, providing revenue to the government
(OECD 2011), reducing the tax burden on labor (Fullerton
and Monti 2013; Jacobs and van der Ploeg 2019), reduc-
ing inequalities (Klenert et al. 2018), internalizing negative
externalities (Speck 2007), reducing energy and natural
resource consumption (Luis et al. 2020) can be stated. How-
ever, along with these, debates continue about the effects of
environmental taxes on the economy and the environment
(Freire-Gonzalez and Ho 2019).

Carbon tax levied depending on the unit emission amount
is applied in many countries and local regions. While the
emission level in these countries begin to decrease after the
carbon tax was applied, it is noteworthy that countries such
as Denmark, Sweden, Finland, and France (Freire-Gonzalez
and Ho 2019) are at the top of the sustainable development
index (Sachs et al. 2018). Finally, we present two concepts
that are closely related to income policy, which we call the
second instrument in this study. The first of these is closely
related to increases in public expenditures (Tanzi 2004),
decrease in tax resources (United Nations 2002), and tax
havens.

Policymakers’ environmental degradation-driven tax
source could be named as New Environmental Sin Tax
(henceforth NEST), we do not know if this concept, which
we call a new sin tax, is being used by us for the first time.

* @ Springer

However, we did not find such a concept and an explanation
of its definition in the literature. We used NEST to name
the taxes that are imposed or can be applied to limit human
activities whose effects on environmental degradation are
too much to be discussed, and we express that it is not too
exaggerated. NEST can strengthen the perception of nation-
states to prevent environmental degradation while partially
compensating for tax losses. Of course, NEST will have
various difficulties. On the other hand, we suggest that a
conceptual discussion is needed to initiate for NEST. At this
point, we propose a new second concept. This is Ecological
Debt. With Ecological Debt (henceforth ED), we imply the
environmental damage of human activities. There are eco-
logical debts of the global system rather than the states, and
we suggest the concept of Global Ecological Debt (hence-
forth GED) for this.

First and foremost, we state that the core of our offer
below is the hypothesis that environmental degradation is a
global problem and it’s can be solved by global policies. The
carbon taxes are applied on metric ton of carbon emission
that has been emitted. We assume that total carbon emis-
sions in a given period (t) Global Ecological Debt (GED,)
and GED,=CO,. Ecological Debt (ED,) belonging to a cer-
tain country in a certain period be denoted by national ED,
(NED,).

The New Environmental Sin Tax (NEST,, ), which we
bring about to compensate for the GED and reduce environ-
mental degradation, has a progressive tax tariff. NEST is an
example of global Pigovian tax, and its’ taxpayer is the state.
We assume that one of the tools we will use for calculating
tariff rates, y (fixed: payment amount in dollars per metric
ton) is 15.! Tax rate is calculated as described in Eqgs. 2 and
3.

NED,; = GED, ey

i=1
NEST,. Rat NED,

Rate = ————— X

! Y. NED, ! @
NEST,, P (NED,)" 3)

. Payment = ——— X

i £ay 27: 1 NEDH» Y

where i is indicates each country and ¢ is time dimension.
Our proposal is brief to put a global tax system at the core
of solving a global problem. The global solution necessitates

!y is assumed that $15 per metric ton. For various values of y, see
also Ye (2021). Pricing carbon is not as simple a phenomenon as it
seems because carbon price expresses a complex structure meaning
of social and global costs.
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global coordination. The global design of this system can
also prevent possible tax havens in this area.

The two new concepts and their theory we have put
forward, as in all discussions, points to varying attitudes
depending on where you view events. We know that the
challenges of Pigouvian taxation should not be dismissed.
Nevertheless, we argue that ED, GED, and NEST could be
notable for their potential positive impact on the environ-
ment, despite all the possible difficulties for the parties.

Literature review

Investigating the relationship between environmental deg-
radation and fiscal policy has become important in recent
years. The positive and negative effects of fiscal policy
tools on environmental pollution with many mechanisms
have been discussed in various studies. Considering that
public expenditure is an important determinant of envi-
ronmental degradation (McAusland 2008; Lépez et al.
2011; Halkos and Paizanos 2013; Islam and Lépez 2014;
Yuelan et al. 2019), it has been suggested that when the
expenditure is caused by the consumption, they cause
environmental pollution and spending in the health and
education sectors may also cause a pressure to increase
environmental quality through the income channel (L6pez
et al. 2011). Taxes, another fiscal policy tool, also play a
role (Katircioglu and Katircioglu 2017) in reducing envi-
ronmental pollution (Ryan et al. 2009; Vera and Sauma
2015; Liu et al. 2017), as in economic growth and current
account balance (Bolat et al. 2014). Moreover, improve-
ments in the fiscal deficit increase the level of capital
accumulation, economic activities, and energy demand
within the economy (Dongyan 2009; Balcilar et al. 2016).

On the other hand, Liu et al. (2017) show that fis-
cal incentives play a role in reducing carbon emissions.
Hafeez et al. (2019) suggested that energy consumption
channels, fiscal policy instruments, taxes and revenues,
and GDP are indirectly related to environmental quality
and have a direct impact on environmental quality through
real income and energy consumption channels (Halkos
and Paizanos 2016; Jamel and Maktouf 2017; Katircioglu
and Katircioglu 2017). There are lots of studies about
time series in the literature. However, panel data analysis
studies are quite limited (Carlsson and Lundstrém 2001;
Bernauer and Koubi 2006; Lopez et al. 2011; Halkos and
Paizanos 2013; Adewuyi 2016) (see Table 1).

Finally, although the focus of the literature is on the
effects of government expenditure, it can still be stated
that the size of government revenues as well as the imple-
mentation of monetary policy, can play an important role
in determining environmental quality. There are also
signs of reverse causality from environmental pollution

to macroeconomic policy (Rosenow et al. 2014). On the
other hand, Halkos and Tzeremes (2013) pointed out the
nonlinear relationships between carbon emissions and
public indicators in the G-20 countries.

Materials and methods
Data

In this section, we present information about the variables
we use in this study, their measurements, and data sources.

We have chosen variables that are widely preferred in
the literature to explore possible relationships between fis-
cal policies and carbon emissions. We gave information
about variables in Table 2.

Among the variables, in the literature, energy consump-
tion (Katircioglu and Katircioglu 2017; Xu et al. 2018;
Yuelan et al. 2019; Ike et al. 2020) and production (Malla
2009; Iwata et al. 2010; Qi et al. 2014; Ahmad and Du
2017; Chen et al. 2018; Sarkodie and Strezov 2018; Sinha
and Shahbaz 2018; Amin et al. 2019; Khan et al. 2019) are
preferred. But we use total primary energy supply because
energy cannot be stock for now and energy supply, as it
reflects the entire production—consumption process, has
the trace of CO, emerging during the production phase.
The variables for fiscal policy are by following (Halkos
and Paizanos 2016; Katircioglu and Katircioglu 2017,
Yuelan et al. 2019) the use of government expenditure and
tax revenue. The abbreviation /n in the representations of
the variables refers to the natural logarithms of the series.
The logarithmic form not only smooths the data but also
overcomes the issue of heteroscedasticity.

Table 3 shows the descriptive statistics of the variables
used in this study in 1972 and 2017. Descriptive statis-
tics were used to determine the measures of central ten-
dency and dispersion of the results of the questionnaires.
Accordingly, the results show that the CO, min value is
2.5172 and the max value is 5.5951, the min value of Rgdp
is 24.4330, and the max value is 28.6753. CO, and Rgdp
are positively skewed, while other data are negatively
skewed. In addition, the failure to reject the null hypoth-
esis of normal distribution from the Jarque—Bera test sta-
tistic indicates that the variables are normally distributed.

Table 4 shows the correlations between all variables
at each of the times in the study. Accordingly, there is
a significant positive relationship between CO, and real
GDP. However, it is noteworthy that there is a positive
relationship between carbon dioxide emissions and both
tax revenues and government expenditures. On the other
hand, correlation coefficients alone are not sufficient to
validate any result of predictive analysis.

* @ Springer



10836

International Journal of Environmental Science and Technology (2022) 19:10831-10844

Table 1 Literature review

Author(s) Countries Period Variables Methods Findings
Panel data analyses
Carlsson and Lundstrom 77 countries 1977-1996 Govt. size, CO, FEM, REM G. size=>(-) CO, G.
(2001) size=>(+) CO, (low-
income countries)
Bernauer and Koubi 42 countries 1971-1996 Govt. size, SO, POLS G. size=>(+) SO,
(2006)
Hotunglu and Tekeli 18 European Countries  1995-2013 CO,, Carbon Tax POLS Carbon tax = > (-)
(2007) CO,(D. effect)
Lépez et al. (2011) 38 countries for air pol-  1986—-1999 Share of public goods OLS, FEM Fiscal measures = > (—)
lution, 47 countries for in govt. expenditure, SO,, lead, BOD
water pollution Govt. size, SO,, lead,
BOD
Morley (2012) EU 1995-2006 GDP, CO,, Fuel tax, GMM (—) Direct effects for CO,
Fossil fuel
Halkos and Paizanos 77 countries 1980-2000 Govt. size SO,, CO, FEM, DFEM G. size= > (—)SO, (D.
(2013) effect) G. size= > CO,
(insignificant d. effect)
G. size= > SO, (non-
linear indirect effect)
G. size=>(—) CO,
(indirect effect)
Adewuyi (2016) World economies 1990-2015 Total government CCEMG, PMG, DFEM G. Exp.=>(+) CO,
expenditure, CO, (total effect LR)
Aydin and Esen (2018) 15 EU 1995-2013 CO,, Env. Taxes, DPTA Env. Tax= > (-) CO, (D.
R&D, GDP, Industry, effect) (above threshold)
Urbanization, Energy
Price
He et al. (2019) China, Finland, Malay-  1985-2014 CO,, GDP, Energy Panel ARDL Env. tax=>(-) CO,
sia cons., Env. tax (direct effect)

DPTA: dynamic panel threshold analysis, FEM: fixed effects model, REM: random effects model, POLS: pooled ordinary least square, DFEM:
dynamic fixed effects model, CCEMG: common correlated effects mean group, PMG: pooled mean group, GMM: generalized method of
moments, BOD: biological oxygen demand, LR: long run, GOV: governess of indicators, INS: institution,= >indicates the direction of the

impact

Table 2 Definition of data and
source

Variables Symbol Data sources Data period
Carbon dioxide emission (in metric ton per capita) InCo, IEA 1972-2017
Real GDP (US dollar with 2010 prices) Inrgdp WDI 1972-2017
Tax revenue (%GDP) Intr WDI 19722017
Government expenditure (%GDP) Ingex WDI 1972-2017
Total primary energy supply (million tons of oil equivalent) Intes IEA 1972-2017

Our sample consists of Australia (first carbon taxes;
in 2010-2013), Chile (first carbon taxes; in 2014), Fin-
land (first carbon taxes in 1990), UK (first carbon taxes;
in 1996-2000), and Sweden (first carbon taxes; in 1991).
With this sample, we hope to observe the differences
between relatively late starters in carbon tax practices
(Australia and Chile) and early starters.

o’
’r @ Springer

Models

We have seen that there are three types of modeling in the
literature in examining the relationships between fiscal poli-
cies and carbon emissions. The first of these are conven-
tional models in the context of the environmental Kuznets
curve (EKC). Examples of these are (Danish and Wang
2019; Ike et al., 2020; Katircioglu and Katircioglu, 2017a,
2017b). The other is non-EKC-based models, and examples
of these are Halkos and Paizanos (2016) and Yuelan et al.
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Table 3 Descriptive statistics

InCO, InRgdp LnTr LnTes LnGex
Mean 4.0058 26.6611 3.0627 3.9789 29177
Median 3.8042 26.5109 3.0875 3.8824 2.9398
Maximum 5.5951 28.6753 34113 5.4192 3.3230
Minimum 2.5172 24.4330 2.5883 2.0325 2.2686
SD 0.8410 1.0825 0.1686 0.9198 0.2641
Skewness 0.2041 0.0577 —-0.4777 —0.0186 —0.6856
Kurtosis 1.8571 2.1975 2.5995 2.2423 2.8462
Jarque-Bera (Prob.) 14.1149 (0.0009) 6.2989 (0.0429) 10.2860 (0.0058) 5.5151 (0.0634) 18.2441 (0.0001)
Observations 230 230 230 230 230
Table 4 Correlation matrix we use preliminary analysis, which has an important role in
InCO, InRedp LoTr LnTes LnGex determining tbe tests to be used in panel dat.a econometrics.
These preliminary analyses are cross-section dependency
InCO, 1 and slope homogeneity tests. Whether a shock occurring in
InRgdp 0.9014 1.0000 each unit in the panel affects other units of the panel (vice
LnTr 0.3837 05716 1.0000 versa) is investigated in the literature with cross-section
LnTes 0.9469 09819 0.5441 1.0000 dependence tests. Besides, these tests have an important role
LnGex 0.1850 0.3451 0.5648 0.3422 1

(2019). Finally, there are models that differ due to the choice
of variable regarding fiscal policies, and these have preferred
the fiscal policy index variable; Katircioglu and Katircioglu
(2017b) and Ike et al. (2020) are examples of this group.

Since we have aimed to give a point to the effects of fiscal
policies on carbon emissions in this study, we use two mod-
els. These models build on the study of Yuelan et al. (2019)
for empirical support by the inclusion of fiscal variables
as presented in Egs. 4 and 5. However, our model differs
from theirs in at least two aspects. Firstly, we adapted these
models to the panel data form and focused only on long-run
relationships. Secondly, we chose energy production series
like Ahmad and Du (2017) and Danish et al. (2018). These
models are written below:

Inco, = ag+ f,Inrgdp + p, Intr + p;Intes + ¢, 4

Inco, = ay + p4Inrgdp + fsIn gex + fgIntes + ¢, )

where  is period, i is unit of panel, and g, is the error distur-
bance in Egs. 4 and 5. While f,, §, and f; are the coefficients
of regressors in Eq. 4, g4, fs and f are the coefficients of
regressors in Eq. 5.

Methods

In this section, we present summary information about the
econometric approaches that we use in this study. Firstly,

in determining the following tests (unit root tests, cointegra-
tion tests, and long-run coefficient estimator).
Cross-section dependency tests (CD): Lagrange multi-
plier (LM) test statistic (LMpp) developed by Breusch and
Pagan (1980) (BP), the pioneer of cross-section depend-
ency tests (LMpgp). This test is applied to test cross-section
dependency in heterogeneous panels when N (sample num-
ber) is constant and time is (T), T — oo. However, the LMpp
test is not applicable for N — co. For N — 0, a scale of
the LMy, test has been prepared by Pesaran (2004, 2020)
(CDyppp)- Pesaran (2004) showed the asymptotic distribution
of results (N, 0) when N— oo and T — oo (Baltagi 2021). In
time, the necessity of cross-section dependency tests for N'T
cases has emerged, and it has been understood that these
tests are not suitable for this situation. In this context, the
CDy \, test was developed by Pesaran (2004, 2020) for cases
where the number of countries (N"T) is greater than the time
series. Finally, because of CDy y, is not suitable for N>T
and its mean is shown incorrectly, Pesaran et al. (2008a, b)
(PUY) suggested a corrected LM test (Baltagi 2021). This
test can be expressed as PUY| ;. Although these tests are
widely used in the literature, LMpp test; T >N, PUY |, test;
T Nor N T, CDy, and CD, y, tests are preferred for N "T.
Slope homogeneity tests (HT): In panel data studies, it
is a realistic assumption that each of the cross sections has
different economic and fiscal conditions. Therefore, as an
economic or financial shock occurring in one of the cross
sections may affect another unit, effects may differ accord-
ing to the units. Besides, in panels consisting of large N and
large T, generally the slope coefficients are not homogene-
ous (Blackburne III and Frank 2007). Slope homogeneity
(Delta) tests developed by Pesaran and Yamagata (2008)
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are widely used in the literature to investigate the homoge-
neity of slope coefficients. Pesaran and Yamagata (2008)
suggested the A test for large samples, and they stated that
ﬁadj test can be used for small samples.

Unit root test: In this study, we used the second-generation
unit root test in line with the findings of the preliminary analy-
sis. The unit root test in question which is developed by Pesa-
ran (2007) presents two separate unit root findings. While the
individual unit root test results of the series belonging to each
unit in the panel are calculated with CADF statistics, unit root
results for the overall panel are evaluated according to CIPS
statistics. As the CADF test results are determined by compar-
ing them with the critical values in Pesaran (2007), whether
the series is stationary for the panel, in general, is determined
with the help of CIPS test statistics obtained from the average
of CADF statistics (Baltagi 2021).

Cointegration test: Whether two variables, which are
claimed to act together according to the theory in the long
run, are investigated by cointegration tests in the economet-
rics literature. As determining the cointegration tests, we also
considered the CD and HT test results and we preferred two
cointegration tests that take these criteria into account.

The first of these is Westerlund (2008) cointegration (DH)
test. While this test can also be used in cases of T> N, it
requires the dependent variable to contain unit root and has
two statistical calculations. These are Durbin—-Hausman group
(Durbin-H,) and Durbin-Hausman panel (Durbin-H,) statis-
tics. While the DH, statistic moves from the assumption of
the heterogeneity of the autoregressive parameter, the DH,,
statistic moves with the assumption of the homogeneity of
the autoregressive parameter (Westerlund 2008). On the other
hand, it is also important to test the null hypothesis (there is
cointegration) for the reliability of the results in investigating
the cointegration relationship between variables. For this pur-
pose, we investigate the second cointegration test with boot-
strap LM cointegration (LM) test developed by Westerlund
and Edgerton (2007).

Long-run coefficient estimator: We preferred cointegration
coefficient estimation methods augmented mean group (AMG)
developed by Eberhardt and Bond (2009), Eberhardt and Teal
(2011, 2010), and common correlated effects (CCE) developed
by Pesaran (2006) for estimation of coefficients in Egs. 4 and
5. AMG and CCE estimators consider cross-sectional depend-
ency and heterogeneity. With these estimators, the cointegra-
tion estimation coefficients of the panel can be an estimate
as well as individual coefficients. As the AMG estimator can
be applied if the I (1) or integration degrees of the series are
different (Eberhardt 2012), the CCE estimators assume that
the independent variables and unobservable common effects
are stationary and exogenous, and these are stationary (I (0)),
first-order integrated (I (I)), and/or provide consistent results
in cases where they are cointegrated (Pesaran 2006).
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Table 5 Result of CD and HT

Tests Equation 4 Equation 5

Stat P value Stat P value
Cross-section dependency tests
CDgp (BP 1980) 44.148*  0.000 48.796*  0.000
CD, (Pesaran 2004)  7.636° 0.000 8.675% 0.000
CD,, (Pesaran 2004)  5.532% 0.000 6.073? 0.000
PUY; (PUY 2008) 3.290* 0.001 4.200* 0.000
Slope homogeneity tests
A 5.230* 0.000 4.947% 0.000
A4 5.474% 0.000 5.177° 0.000

adj

“Denotes statistical significance at 1% level, respectively. All models
are tested with intercept and trend

Table 6 Result of unit root test (CIPS)

Series  Level A Critical value
Specification ~ Specification 1% 5% 10%
without trend ~ without trend

Inco, -0.511 —-4.736% -2.55 =233 =221

Intr —2.031 —4.775%

Ingex —2.063 -3.912%

Intes —2.506 —5.190%

Inrgdp —2.307 —-4.218*

The maximum lag length has been set to 3. CIPS critical values are
compiled from Pesaran (Pesaran 2007) for T: 50 and N: 10. ® refers to
significance level at 1%. A shows the first difference of the series

Results and discussion
Empirical results

Table 5 shows that cross-section dependency tests and slope
homogeneity tests result for models.

These findings indicate that there is no dependence
between the cross sections for both models and the null
hypothesis is rejected. On the other hand, HT results in
Table 5 reject the null hypothesis that the cross sections are
homogeneous for both models and show that each unit is
heterogeneous.

Table 6 shows the unit root test results for the series in
the model. Accordingly, all the series are first difference
stationary I (1). We run the DH and LM cointegration test
to investigate whether these series, which become stable in
the first difference, act together in the long run. Findings are
present in Tables 7 and 8.

Durbin-Hg, one of the findings we provide in Table 7, is
recommended for heterogeneous panels, and according to
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Table 7 Results of cointegration test (Durbin—Hausman)

Tests Equation 4 Equation 5

t-Stat P value t-Stat P value
Durbin-H, —1.860° 0.031 —-1.861° 0.034
Durbin-H, —1.583¢ 0.057 —1.598°¢ 0.055

The maximum lag length has been set to 2, and optimal lags included
in the models are selected with the AIC and are determined according
to Bandwith 4(T/100)*°. ® and © refer to significance level at 5% and
10%, respectively

Table 8 Results of cointegration test (LM bootstrap)

Tests  Equation 4 Equation 5
Lm Stat  Bootstrap p-value Lm Stat  Bootstrap p-value
LM; 1.014% 0.840 0.760* 0.815

The bootstrap test statistics have been calculated using 1000 replica-
tions. Hy: cointegration in the panel for all units. a refers to signifi-
cance level at 1%

the test findings, the null hypothesis “there is no cointegra-
tion for all cross sections” is rejected.

The LM findings in Table 8 (H,: there is cointegration
for all cross sections) also confirm the Durbin-H, findings.
These results show that the variables included in both mod-
els act together in the long run.

We estimated the long-run coefficient estimates of the
series, which we found to act together in the long run with
two different estimators. AMG results are shown in Table 9,
and CCE results are shown in Table 10.

We interpret the findings in Table 9 for Eq. 4 first and
then for Eq. 5. In Eq. 4, the Inrgdp coefficient estimation
findings of Australia, Chile, and Finland except for Swe-
den and the U. K. are marked positively. Sweden’s Inrgdp
coefficient is negative, but not statistically significant. These
results show that Inrgdp has a positive impact on Inco, in
Australia, Chile, Finland, and 1% increase in Inrgdp leads
to an increase by 0.86, 0.69, and 0.37% in Inco, for these

countries. The coefficients of the Intes are not statistically
significant only in Australia.

On the other hand, all the coefficients and statistically
significant for Intes are positively signed. Finally, the coef-
ficient estimation findings of the Intr variable are statistically
significant for only two countries. For the Intr variable, the
coefficient estimation findings of Finland and Sweden are
marked positive. This result shows that Intr has an impact on
the positive of Inco, in Finland and Sweden also 1% increase
in Intr leads to an increase by 0.22% and 0.21% in Inco,.

For Eq. 5, the Inrgdp and Intes coefficient estimation
findings are consistent with Eq. 4 estimates. For Australia,
Chile, and Finland, Inrgdp indicates positive effects on
Inco,. A similar situation is valid for the Intes coefficient
estimation findings of Chile, Finland, the UK, and Sweden.
On the other hand, in Eq. 5, coefficient estimation findings
of Ingex are statistically significant only in Australia. This
result shows that Ingex has an impact on the positive of Inco,
in Australia; 1% increase in /ngex leads to an increase by
0.48% in Inco,.

Some of the CCE findings in Table 10 are consistent with
AMG results. Among the consistent results, the coefficient
estimates of Inrgdp draw attention. For example, in Eq. 4,
Inrgdp coefficient estimates for Australia, Chile, and Fin-
land are marked positively. Apart from these, the Inrgdp
coefficient estimation of UK is statistically significant and
positively marked, unlike AMG.

For Intes, the coefficient estimate we obtained with the
CCE method is different from AMG and is not statistically
significant in countries other than Australia and Finland.
Coefficient estimation findings of Intr confirm AMG results
for Finland only. On the other hand, in the estimates of Eq. 5,
Inrgdp coefficient estimation findings are consistent with
Eq. 4 in other countries except for Australia. Among the
coefficient estimates belonging to Intes in Eq. 5, only the
one that belongs to Finland is consistent with Eq. 4, posi-
tively signed and significant. Finally, none of the Ingex coef-
ficient estimates for the countries in Eq. 5 are statistically
significant.

Table 9 Results of AMG

Countries Equation 4 Equation 5

Inrgdp Intes Intr Inrgdp Intes Ingex
Australia 0.86* —0.15 0.13 1.00? -0.09 0.48*
Chile 0.69° 0.35° -0.11 0.71° 0.35° -0.09
Finland 0.37* 0.37* 0.22° 0.27% 0.37° -0.04
UK 0.07 0.40* -0.22 0.11 0.29° —-0.10
Sweden -0.09 0.81* 0.21* 0.21 1.03% 0.15
Panel 0.38" 0.38* 0.04 0.46* 0.39¢ 0.07

UK: United Kingdom, ® and ® refer to significance level at 1% and 5%
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Table 10 Results of CCE

Countries Equation 4 Equation 5

Inrgdp Intes Intr Inrgdp Intes Ingex
Australia 1.23 0.46° 0.17 0.59 0.26 0.13
Chile 0.59° 0.31 —0.07 0.63° 0.40 -0.12
Finland 0.46° 0.67% 0.23" 0.49* 0.59* 0.04
UK 1.51% 0.46 0.24 0.96° 0.27 0.08
Sweden —0.46 0.22 -0.02 0.45 0.03 0.01
Panel 0.67° 0.43 0.10 0.62* 0.31% 0.01

UK: United Kingdom, * b and ‘refer to significance level at 1%, 5%, and 10%

Discussion

Findings of coefficient estimation point to the inadequacy of
fiscal policies in reducing carbon emissions for the sample
and period we have considered. For Finland and Sweden, the
increasing effects of tax cuts on carbon emissions strengthen
the impressions of the negative effects of these tax practices
on environmental regulations. According to the results, the
most striking point among the long-run coefficient estima-
tion findings of this study is the findings obtained for Fin-
land. Coefficient findings of electricity supply, real GDP, and
tax revenues for Finland are affirmative. These results on the
impact of Finland’s tax revenues on CO, may indicate their
tendency to generate tax revenue, which the OECD (2011)
emphasized, as well as the validity of Green Keynesianism.

In our sample, real GDP and electricity supply have neg-
ative effects on the environment. These results strengthen
the arguments that the countries in the sample prefer eco-
nomic performance against the environmental issue. It can
be argued that energy policies bring limited policy choice
to the agenda. On the other hand, our findings may point to
the results that income policies are effective in generating
income—the most pragmatist of the theoretical effects—and
that policymakers use their choices in this direction. Moreo-
ver, these results provide no evidence for the expected theo-
retical effects of expenditure policies. Besides, both long-run
coefficient estimation results are in the same direction for
Finland regarding energy policies. These results support the
view that high energy taxation will not prevent environmen-
tal degradation.

Contrary to theoretical approaches, studies that we can
access from empirical literature have obtained findings
regarding the positive effects of public expenditures on CO,.
Our findings for Australia in terms of public expenditures
are consistent with the findings of Carlsson and Lundstrom
(2001), Bernauer and Koubi (2006), Lopez et al. (2011), and
Adewuyi (2016) and while confirming the scale effect, they are
inconsistent with the results for negative effects on CO, with
increased income in Halkos and Paizanos (2013). For Aus-
tralia, these findings may point to consumption-induced public
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spending, as stated by McAusland (2008), Lépez et al. (2011),
Islam and Lopez (2014), and Yuelan et al. (2019).

Conclusion

In this study, we investigated the effects of fiscal policies on
the environment with two different models based on the mod-
els in the literature. Countries in our sample (Australia, Chile,
Finland, the UK, and Sweden) take first place in the imple-
mentation of carbon taxes. In econometric research, we used
cointegration and long-run coefficient estimators that consider
the second-generation unit root test and preliminary analy-
sis, depending on the results of cross-section dependence and
homogeneity tests.

CD test results showed that countries are more likely to be
influenced by or influence each other, and HT tests showed that
interactions were also different. Unit root test results, consider-
ing CD and HT, showed that series of countries were perma-
nently affected by shocks. Cointegration tests point out that
the variables in the models moved together in the long run. In
another way, long-run estimation result showed that fiscal poli-
cies are different but effective on countries’ carbon emissions.
The coefficient estimation results provided no evidence of the
reducing effects of fiscal policies on carbon emissions. For the
income policy (tax revenues), the coefficient estimation results
for Finland for both models showed positive effects on CO,.
Besides, the expenditure policy (government expenditure) is
only significant for Australia in the AMG estimator and has
a positive sign.

We focused on fiscal and special revenue policy and we
concentrated our suggestions at this point. Findings strengthen
the possibility that regional efforts to reduce carbon emissions
are weak. NEST and GED, which we named in the theoretical
section, gain importance in this sense. “Classic” carbon taxes
taken mostly from the consumers are insufficient in the fight
against environmental degradation; in this context, carbon
taxes can be expanded with NEST based on GED and made
as effective as tax incentives on production. Because global
problems require global solutions, NEST and GED should
not be considered only conceptually as they are also open to
extensive theoretical discussions.
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