o systems

Article

Do Environmental Taxes Affect Carbon Dioxide Emissions in
OECD Countries? Evidence from the Dynamic Panel

Threshold Model

Abdullah Sultan Al Shammre 12, Adel Benhamed 1*, Ousama Ben-Salha 2

check for
updates

Citation: Al Shammre, A.S.;
Benhamed, A.; Ben-Salha, O.; Jaidi, Z.
Do Environmental Taxes Affect
Carbon Dioxide Emissions in OECD
Countries? Evidence from the
Dynamic Panel Threshold Model.
Systems 2023, 11, 307. https://
doi.org/10.3390/systems11060307

Academic Editors: Wendong Yang,

Jinpei Liu and Jianzhou Wang

Received: 10 May 2023
Revised: 7 June 2023
Accepted: 12 June 2023
Published: 14 June 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Zied Jaidi 3

School of Business, King Faisal University, Al Ahsa 31982, Saudi Arabia; ashammre@kfu.edu.sa
College of Business Administration, Northern Border University, Arar 91411, Saudi Arabia;
oussama.bensalha@isgs.rnu.tn

Central Bank of Tunisia, Tunis 1080, Tunisia; zied .jaidi@gmail.com

*  Correspondence: abenhamed@kfu.edu.sa

Abstract: The latest decades have been marked by rapid climate change and global warming due to
the release of greenhouse gas emissions into the atmosphere. Environmental taxes have emerged as a
cost-effective way to tackle environmental degradation. However, the effectiveness of environmental
taxes in reducing pollution remains a topic of ongoing debate. The purpose of this paper is to
examine empirically the effects of various environmental tax categories (energy, pollution, resource
and transport) on CO, emissions in 34 OECD countries between 1995 and 2019. The dynamic panel
threshold regression developed by Seo and Shin (2016) is implemented to assess whether the impact
of environmental taxes on CO; emissions depends on a given threshold level. The locally weighted
scatterplot smoothing analysis provides evidence for a nonlinear association between environmental
taxes and CO, emissions. The analysis indicates the existence of one significant threshold and
two regimes (lower and upper) for all environmental tax categories. The dynamic panel threshold
regression reveals that the total environmental tax, energy tax and pollution tax reduce CO, emissions
in the upper regime, i.e., once a given threshold level is reached. The threshold levels are 3.002%
of GDP for the total environmental tax, 1.991% for the energy tax and 0.377% for the pollution
tax. Furthermore, implementing taxes on resource utilization may be effective but with limited
environmental effects. Based on the research results, it is recommended that countries in the OECD
implement specific environmental taxes to reduce greenhouse gas emissions.

Keywords: environmental tax; environmental sustainability; CO, emissions; OECD; threshold
regression

1. Introduction

The importance of sustainable development has been increasingly recognized in light
of the growing environmental challenges and their implications for humanity. The concerns
about global warming have been particularly heightened during recent decades due to the
deterioration of climatic indicators. Indeed, ref. [1] has recently emphasized that 2015-2022
were the warmest years on record. The report projected that by the end of 2022, the global
mean temperature would be 1.15 °C higher than the pre-industrial mean. The previous few
decades have also been marked by a tremendous increase in sea levels. Ref. [2] revealed
that rising sea levels globally occur at rates that have never been seen in the past 2500 years.
Another record has been noted for carbon dioxide (CO,) concentration in the atmosphere,
which was 417.2 parts per million in 2022, more than 50% over pre-industrial levels [3].
Furthermore, statistics of ref. [4] indicated that greenhouse gas emissions increased from
32,523.58 in 1990 to 49,758.23 megatons of carbon dioxide equivalent per year in 2019.
Even though CO; emissions made up nearly two-thirds of all greenhouse gas emissions
in 2021, other gases, including methane, are also destructive and are increasing their
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contribution to global warming. With the rapid global warming and biodiversity loss,
the international community has recognized the need to establish an economic model
that can provide the needs of humans without damaging the planet. Scholars have long
concentrated on analyzing policies and measures to help reduce environmental degradation
and mitigate climate change and global warming. Some studies focused on the role of
energy transition [5-7], financial development [8-10], human capital [11-13], economic
openness [14-16], and innovation [17-19].

Environmental taxes have emerged as a potential option that could curb environmental
degradation. As reported by [20], only a few countries implemented environmental taxes
unilaterally in the 1990s. The situation has continuously changed, with environmental
taxes playing a more significant role in climate change mitigation efforts. For example, total
environmental tax revenue in the European Union represented 2.2% of the Gross Domestic
Product (GDP) in 2020 [21]. Environmental taxes can be implemented in various forms,
including taxes on energy, transport, resources, etc. Taxes on energy products, such as fossil
fuels and electricity, are particularly important in lowering energy demand and reducing
greenhouse gas emissions. This statement may be easily observed in Figure 1, which depicts
the evolution of environmental tax revenues as a share of GDP among Organisation for
Economic Cooperation and Development (OECD) members between 1995 and 2019. The
environmental tax revenue was mainly dominated by energy tax, which represented about
two-thirds of environmental tax revenue. The figure also shows that the transport tax is
the second most important environmental tax, representing about 0.4% of GDP, while the
contributions of the pollution tax and resource tax were relatively weak.
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Figure 1. The evolution of average environmental tax revenue (% GDP) in the OECD. Source: The
authors, based on data from ref. [22].

The literature on the impact of taxes on environmental sustainability is relatively recent.
Most panel data studies concentrated on developed countries due to data availability. In
addition, developed countries are most likely to have implemented environmental taxes.
For instance, ref. [23] examined the impact of environmental taxes on CO, emissions
in the Group of Seven (G7) between 1994 and 2014 using cointegration and causality
techniques. However, there has been a shortage of research examining the effectiveness of
environmental taxes in mitigating climate change and preserving the ecology [24,25].

The main objective of this study is to empirically examine the impact of environmental
taxes on CO, emissions in 34 OECD countries from 1995 to 2019. The empirical analysis
considers the effects of total environmental taxes on CO, emissions. Then, it sheds light on
different environmental tax categories, namely taxes on energy, taxes on pollution, taxes on
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transport, and taxes on resources. Such disaggregation will allow identifying the impact
of each tax on the environment and, consequently, the design of suitable environmental
policies that may help reduce environmental degradation in OECD countries. The selec-
tion of OECD countries is motivated by many considerations. On the one hand, OCED
countries exhibit high pollution levels, positioning them among the top polluting countries
globally. According to data from ref. [26], approximately 35% of worldwide carbon dioxide
emissions in 2019 were generated by OECD countries. On the other hand, OECD coun-
tries implemented a wide range of environmental taxes, including transport, energy and
pollution taxes. Consequently, conducting an analysis to determine whether various tax
categories have different effects on CO, emissions in this group of countries would be of
importance. The selection of OECD countries is finally dictated by the availability of data
for those countries over a long period, which is mandatory for carrying out the empirical
analysis. The study period is also dictated by data availability.

This study contributes to the existing literature in many ways. First and foremost, the
study investigates whether environmental taxes have a nonlinear impact on the environ-
ment and whether their effectiveness only becomes significant once a certain threshold
is exceeded. To this end, the study performs a panel data threshold analysis utilizing the
first-differenced generalized method of moments (GMM) estimate of the dynamic panel
threshold model developed by ref. [27] and detailed by ref. [28]. According to ref. [29], the
dynamic panel threshold model developed by ref. [27] has many advantages compared to
previous models. On the one hand, the model allows for solving the endogeneity problem
as it is based on the GMM estimator. On the other hand, the model includes the lagged
dependent variable among the explanatory variables, which allows testing the dynamic
feature of the environmental adjustment process. It is, therefore, possible to assess whether
environmental quality in year ¢ depends on environmental quality in year t — 1. The
endogeneity problem due to the inclusion of the lagged dependent variable is also resolved
using the GMM-based estimator. Finally, the used dynamic panel threshold model out-
performs the previous threshold models by allowing both the threshold variable and the
regressors to be endogenous [27]. Different from the few empirical studies implementing
the threshold analysis to examine the impact of environmental taxes on the environment,
such as refs. [30-32], the used threshold model allows for estimating the impact of all
explanatory variables (environmental taxes and control variables) for the different regimes.
The econometric techniques employed by the studies above allowed for estimating the
effect of environmental taxes for the different regimes, while the impact of control variables
is common to both regimes. As emphasized by [33], the dynamic panel threshold model
proposed by ref. [27] provides robust and efficient estimates in the presence of endogeneity,
heteroscedasticity, and simultaneity. By doing so, the dynamic panel threshold model de-
veloped by ref. [27] will improve the estimation output and allows a better understanding
of the impact of taxation on the environment. Second, the present research assesses not
only the effects of total environmental taxes on the environment but also various environ-
mental tax categories: energy, pollution, transport, and resources. This analysis is crucial
because it allows identifying which tax permits lowering emissions and protecting the
environment. Such conclusions are crucial for the design of policy recommendations on
the environmental taxation policy in OECD countries. It is worth noting that few studies,
including ref. [31], conducted a disaggregate analysis when examining the effects of taxes
on the environment.

The remainder of this research is structured as follows. Section 2 summarizes the
related literature, while Sections 3 and 4 present the methodology and data, respectively.
The empirical findings are discussed in Section 5. Finally, Section 6 concludes the research
and provides policy recommendations and limitations.

2. Literature Review

Environmental taxes have emerged as a cost-effective way to reduce pollution and
environmental degradation. Environmental taxes are a class of Pigouvian tax, which is
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defined by ref. [34] as “taxation used to control an externality-generating activity”. According
to ref. [35], an externality occurs when a market transaction impacts someone other than
the buyer and the seller. In the case of environmental taxation, the negative externality
consists of pollution. According to ref. [36], imposing a tax on the externality-generating
good can correct the externality. Environmental taxes may affect the environment via
two main channels. First, environmental taxes raise government revenues and stimulate
environmental technology innovation [37]. Both factors will speed up the transition to
an economy with net-zero emissions. Second, imposing a fossil fuel energy tax causes
energy prices to rise and demand to fall [23]. The fall in fossil fuel energy demand leads
to reduced greenhouse gas emissions and improved environmental quality. Another
strand of the literature highlights that environmental regulation, particularly taxes, can
be counterproductive and adversely affect the ecology. Partisans of the so-called “Green
Paradox” indicated that environmental taxes result in a rise in fossil fuel energy and are
therefore targeting the demand side of fossil fuel [38]. Because there is a time lag between
environmental policy and its implementation, there will be fear on behalf of fossil fuel
suppliers, which will accelerate their extraction activities, leading to higher energy demand
and environmental degradation [24].

A recent uptick in empirical studies has been conducted to complement the theoret-
ical literature on the role of environmental taxes in lowering greenhouse gas emissions
and improving the environment. Most studies attempted to assess the effects of the total
environmental tax on CO, emissions using cointegration and causality techniques. For
example, [23] analyzed the long-run impact of environmental taxes on CO; emissions in
G7 using the Pedroni cointegration test and fully-modified ordinary least squares (FMOLS)
technique. The empirical findings indicated that environmental taxes cut CO, emissions,
and enterprises will shift to cleaner production processes if strict environmental tax reg-
ulations are implemented. The same sample of countries has been studied by ref. [39],
who used a battery of econometric techniques: panel cointegration, panel causality and the
Method of Moment Quantile Regression (MMQR). The findings corroborate ref. [23], as
higher environmental taxes are associated with low carob dioxide emissions. Moreover,
the MMQR reveals that the impact of environmental taxes on CO, emissions increases
when the level of CO; emissions increases. In addition, ref. [40] analyzed the impact of the
total environmental tax on CO, emissions in a sample of emerging countries (Brazil, India,
Indonesia, Mexico, China, Russia, and Turkey) between 1995 and 2018. The Augmented
Mean Group results are similar to ref. [24] since imposing environmental tax reduces CO,
emissions. The conclusions have been further confirmed by the cross-sectionally augmented
autoregressive distributed lag (CS-ARDL) and Common Correlated Effects Mean Group
estimators. Ref. [41] also investigated the role of environmental tax in reducing fine partic-
ulate matter (PM2.5) in selected Asian countries using the CS-ARDL and concluded the
existence of a negative association between them in both the short and long-run. Ref. [42]
investigated the effects of environmental taxes on environmental quality, as measured by
CO; emissions and the ecological footprint, in Turkey from 1994 to 2019. The findings
indicate that enacting an environmental tax does not significantly affect the environmental
quality over the long-run. Ref. [43] analyzed the effects of environmental taxes on CO,
emissions in E7 countries (Brazil, China, India, Indonesia, Mexico, Russia, and Turkey)
from 2000 to 2020. The findings of the Driscoll-Kraay and quantile-on-quantile techniques
show that environmental taxes reduce CO, emissions. Finally, ref. [44] explored the impact
of environmental regulations on environmental quality in a sample of 10 OECD countries
between 1990 and 2015. The analysis confirms that environmental regulations play a signif-
icant long-run role in protecting the ecology. Based on the theoretical discussion, one could
formulate the following hypothesis:

H1: Environmental taxes allow reducing CO, emissions in OECD countries.

Another strand in the literature has instead focused on the effect of different envi-
ronmental tax categories on environmental quality. Ref. [45] analyzed the effects of car
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registration tax and transport tax on CO; emissions in a sample of north Mediterranean
countries between 2008 and 2018. The FMOLS and DOLS suggest that both taxes play an
important role in curbing emissions, particularly in the long-run. Ref. [24] explored the
effects of total environmental tax and energy tax on CO, emissions in selected emerging
economies (Czech Republic, Greece, Hungary, Korea, Poland, South Africa, and Turkey)
between 1994 and 2015 using the Augmented Mean Group, FMOLS and causality analyses.
The findings suggest that total environmental and energy taxes reduce CO, emissions.
Furthermore, ref. [46] analyzed the impact of environmental taxes and stringent policies
on CO, emissions in 20 European countries between 1995 and 2012. The findings are
similar to those of [24], as higher revenues from the total environmental tax, energy tax
and transport tax are associated with lower CO, emissions. Ref. [47] investigated the
response of CO; emissions to fuel tax in Turkey during the period 1985-2018 based on
the asymmetric nonlinear cointegration test developed by ref. [48]. The results show no
statistically significant environmental impact of fuel tax in both the short- and long-run.
Ref. [49] analyzed the effects of transport tax on the ecological footprint in G7 between 1994
and 2016. The empirical analysis derived from second-generation panel data techniques
confirms that transport tax improves environmental quality only in the long-run. The
short-run effects of transport tax are found to be statistically not significant. The following
hypothesis can be derived from the previous literature review:

H2: The impacts of environmental taxes on CO, emissions in OECD countries depend on the
tax category.

The previous literature review suggests that most studies are based on cointegration-
based techniques. They implicitly assume that the impact of environmental taxes on air
pollution is monotonic, whatever the level of environmental tax. Nevertheless, few studies
highlighted that taxes reduce environmental degradation once they reach a given threshold.
For instance, [30] used the Panel Smooth Threshold Regression (PSTR) to analyze the effect
of total environmental taxes on CO, emissions in 26 OECD countries. The study confirms
the nonlinear relationship between taxes and CO, emissions. Moreover, the empirical
analysis suggested that environmental taxes cut CO, emissions below the threshold of
2.67%, above which they raise emissions. These findings have been confirmed by ref. [50]
for BRICS countries (Brazil, Russia, India, China and South Africa) using the PSTR. The
authors concluded that environmental taxes increase CO, emissions when taxes are below
the threshold. Both studies explained the empirical results by the validity of the green
paradox. Ref. [32] also analyzed the nonlinear effects of environmental taxes on the ecology
in EU-15 countries (Belgium, Denmark, Germany, Finland, France, Greece, Ireland, Italy,
Luxembourg, Netherlands, Austria, Portugal, Spain, the United Kingdom and Sweden)
using the PSTR. The findings show that environmental taxes reduce ecological deficits after
reaching a specific threshold. Ref. [31] also examined the impact of taxes on environmental
degradation in the same sample of countries using the dynamic panel threshold regression
model developed by ref. [51]. This study has the particularity of considering the effects
of total environmental taxes and different categories of taxes. The analysis confirms that
total environmental tax reduces CO, emissions when tax exceeds a given threshold. The
same conclusion holds for energy, pollution, and resource taxes, while transport tax has no
significant effects. While this study is the closest to ours, it only concentrated on a limited
number of countries and employed the threshold model of ref. [51], which does not account
for endogeneity, heteroscedasticity, and simultaneity. Based on the discussion above, one
could develop the following hypothesis:

H3: The impact of environmental taxes on CO, emissions in OECD countries becomes significant
after exceeding a specific tax threshold.

The above literature review may give rise to two primary points. First, most studies
conducted an aggregate analysis where the impact of the total environmental tax on
environmental quality is estimated. Few empirical investigations have examined the
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potential environmental impacts of specific taxation policies, such as those on energy
and transportation. Second, it is commonly assumed in various studies that the effect of
environmental taxes on the environment is uniform and does not exhibit any variation
across different levels of environmental tax. The present study accounts for these issues
and aims to analyze the impact of environmental taxes on CO, emissions by extending the
sample to include all OECD countries for which data are available, considering different
categories of environmental taxes. Moreover, we employ a better estimation methodology
based on the first-differenced GMM estimate of the dynamic panel threshold model recently
developed by refs. [27]. This estimation technique provides estimates for all coefficients,
including control variables, in both the lower and higher regimes while taking endogeneity,
heteroscedasticity, and simultaneity into account.

3. Methodology

To assess the effects of taxes on environmental degradation, the present study is
based on the well-known STochastic Impacts by Regression on Population, Affluence, and
Technology (STIRPAT) model. The STIRPAT model can be expressed in the following form:

Iy = aP AV T ¢ 1

where [ stands for the environmental quality indicator, P population, A affluence and
T technology. In logarithmic form, an alternative representation of Equation (1) may be
written as follows:

Ini=a+0InP+0InA;+ocInT; + ¢ 2)

In Equation (2), I is CO, emissions, P is urbanization, A is GDP per capita, and
T is energy intensity. The model in Equation (2) is also augmented by two additional
control variables: GDP per capita squared to verify the validity of the Environmental
Kuznets Curve (EKC) hypothesis and patents on environmental technologies to assess the
importunate of innovation in curbing climate change [52]. Additionally, we introduce a
variable measuring the environmental tax. Equation (2) may be therefore written as follows:

InCO2; = a + OInurb; + 0Ingdp; + 6Ingdp? + o Inints; + pln pat; ; + TIn tax; + € (©)]

where urb, gdp, gdpz, inst, pat and tax represent the urbanization rate, GDP per capita,
GDP per capita squared, energy intensity, patents on environmental technologies and
environmental taxes, respectively. Following many recent studies, including refs. [53,54],
the present study considers the potential dynamics between the variables, which allows
for capturing the country’s heterogeneity and addressing the endogeneity issue, among
others [55]. Considering the dynamic nature of the relationship and the panel data structure,
the model in Equation (3) is transformed and may be written as follows:

InCO2iy =a+¢@InCO2;;_1 + ¢Ingdp;; +J1n gdp%t +0Inurb;; +olnints;; +plnpat;; + TIntax;; + €;; 4)

where CO2;;_1 represents lagged CO, emissions, and i represents countries under consideration.
Finally, the model in Equation (4) is transformed to account for the possible threshold
effects when estimating the impact of environmental taxes on CO, emissions. As discussed
previously, the present study employs the dynamic panel threshold model proposed by
ref. [27], which is estimated by the first-differenced GMM technique. Accordingly, the
dynamic panel threshold regression approach is implemented to assess whether the impact
of environmental taxes on CO, emissions depends on a given threshold level -y (that will
be calculated). Such an analysis enables estimating the effects of environmental taxes on
CO;, emissions before and after a specific threshold point of taxation. Taking into account
the threshold level -y for environmental tax, Equation (4) may be written as follows:
Lower regime
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InCO2;; =a; + @11 InCO2;4_1 4+ O11Ingdp;; + 611 In gdp%t + 611 Inurb;; + 011 Inints; ; + p1q In pat; ;+

11 Intax;; + € if tax;; <y ®
Upper regime
InCO2; = a; + 921 CO2;4—1 + O21 Ingdpjs + 021 Ingdp7, + 01 Inurby; + o3y Inints;; + po In pati;+ (6)

T Intax;; + wj; if tax;; > vy

Equations (5) and (6) represent two different regimes that will be distinguished accord-
ing to the tax threshold variable determined endogenously. For a regime below or above
the threshold level v, the effects of not only environmental tax on CO, emissions will be
estimated, but also those of control variables.

4. Data

The present study aims to estimate the effects of environmental taxes on environmental
quality in 34 OECD countries from 1995 to 2019. The selection of countries and the study
period have been dictated by data availability. The list and classification of countries
included in the empirical analysis are reported in Table 1.

Table 1. List and classification of countries.

# Country Developed Developing # Country Developed Developing
1 Australia X 18 Japan X

2 Austria X 19 Latvia X

3 Belgium X 20 Lithuania X

4 Canada X 21 Luxembourg X

5 Chile X 22 Netherlands X

6 Colombia X 23 New Zealand X

7 Costa Rica X 24 Norway X

8 Czech Republic X 25 Poland X

9 Denmark X 26 Portugal X

10 Estonia X 27 Slovak Republic X

11 Finland X 28 Slovenia X

12 France X 29 Spain X

13 Germany X 30 Sweden X

14 Greece X 31 Switzerland X

15 Hungary X 32 Turkey X
16 Ireland X 33 United Kingdom X

17 Italy X 34 United States X

The classification of countries is based on ref. [56].

Environmental quality is measured by CO, emissions from the U.S. Energy Informa-
tion Administration. Despite the existence of other environmental indicators, the CO,
emissions indicator is preferred because it is available for all countries under considera-
tion. Concerning environmental tax, we follow many previous studies, such as [31,46],
by employing environmental tax revenue as a share of GDP. As mentioned previously,
one of the contributions of the present study is to consider different environmental tax
categories. More specifically, the analysis considers total environmental tax revenue, energy
tax revenue, resource tax revenue, pollution tax revenue and transport tax revenue. All
these variables are taken as a share of GDP. Table 2 reports the definition of the different
environmental taxes.

In order to assess the implementation of environmental taxes among the countries
being examined, a Tukey’s test is employed. Tukey’s pairwise comparison test is performed
to identify the country-specific pairwise differences of disaggregated environmental taxes
between countries. Figure 2 reports the different plots.
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Panel I: CO: emissions

Table 2. Definition of the different environmental tax categories.

Tax Category Definition

Total environmental tax ~ The sum of the four tax-base categories.

Includes taxes on energy products (fossil fuels and electricity),

E t . . . - :
nergy tax including those used in transportation, such as petrol and diesel.

Includes taxes on water extraction, forest products, hunting and

Resource tax _ .. . .
fishing, mining royalties, and excavation taxes.

Includes Sulphur Oxides (SOx) and Nitrogen Oxides (NOx) emission
taxes, taxes on ozone-depleting substances such as
chlorofluorocarbons, carbon tetrachloride and chlorofluoromethanes,
taxes on wastewater discharge, taxes on the packaging, final disposal
of solid waste, and other taxes.

Pollution tax

Includes one-off import or sales taxes on transport equipment,
recurrent taxes on ownership, registration or use of motor vehicles,
and other transport-related taxes. Excise taxes on automotive fuels
are not included.

Transport tax

Source: Ref. [57].

Panel I of Figure 2 suggests that the mean average CO, emissions are higher for the
United States than other countries, while Estonia has the lowest mean CO, emission during
the studied period. According to Panel II, Denmark exhibits the highest mean average
total environmental tax revenue compared to all other countries, while Colombia reports
the lowest mean total environmental tax revenue. In Panel III, we report Tukey’s pairwise
comparison test for the energy tax revenue. Slovenia has a comparatively higher mean
average energy tax revenue than other countries, while the United States reports the lowest
mean value. Panel IV shows that the mean average pollution tax revenue in France is higher
than in other countries, while Chili, Turkey, Costa Rica, and Luxembourg report the lowest
mean revenue. In Panel V, the mean average resource tax revenue for the Netherlands is
higher than other countries. Finally, Panel VI indicates that the mean average transport tax
revenue for Denmark is higher than all other countries, while the lowest is recorded for
Colombia. In summary, Tukey’s pairwise comparison test suggests significant differences
between countries with respect to the implementation of environmental taxes.
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Figure 2. Tukey’s pairwise comparison test using box plots for CO, emissions and environmental taxes.

In addition to environmental taxes, the specification includes several control variables
selected based on the STIRPAT model previously discussed. GDP per capita is included
in the specification as a potential determinant of environmental degradation. Moreover,
the square of GDP per capita is also included to assess the validity of the Environmental
Kuznets Curve hypothesis. In addition, the urban population is also incorporated as a
proxy of P in the STIRPAT model. It is expected that a highly urbanized population will
result in a rise in energy consumption, thereby amplifying the emission of greenhouse gases
and causing a decline in environmental quality. On the contrary, urbanization can result in
more efficient transportation and energy consumption, thereby enhancing the environment.
Additionally, the model incorporates energy intensity as a proxy of T in the STIRPAT model,
computed as the amount of energy consumption to GDP and extracted from the U.S. Energy
Information Administration. Finally, we also include a variable measuring the number of
environmental patents. Indeed, patents on environmental technologies enhance the use of
renewable energy sources and improve environmental quality [52]. Table 3 provides more
details on variables used in the empirical investigation.
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Table 3. Definitions and sources of variables.

Abbreviation Variable Source
emissions CO, emissions (in MMtonnes) U.S. Energy Information Administration
gdp GDP per capita (in constant 2015 US$) World Development Indicators

Energy intensity, measured as energy

ints consumption per GDP (in Btu/2015$ GDP PPP) U.S. Energy Information Administration

urb Share of urban population World Development Indicators

pat Patents on environmental technologies Organisation for Economic Cooperation and Development
env_tax Total environmental tax revenue (% GDP) Organisation for Economic Cooperation and Development
ener_tax Energy tax revenue (% GDP) Organisation for Economic Cooperation and Development
res_tax Resource tax revenue (% GDP) Organisation for Economic Cooperation and Development
pol_tax Pollution tax revenue (% GDP) Organisation for Economic Cooperation and Development
tra_tax Transport tax revenue (% GDP) Organisation for Economic Cooperation and Development

5. Results and Discussion
5.1. Preliminary Analysis

Table 4 summarizes the descriptive statistics of the variables under consideration. The
average total environmental tax revenue is about 2.355% of GDP and varies between a
minimum of 0.36% and a maximum of 5.36%. When comparing the various environmental
tax categories, it is evident that the energy tax predominates, with an average tax revenue of
1.688% of GDP. The transport tax is the second highest environmental tax, with an average
share of 0.553% of GDP. The minimum environmental tax is zero, which means that some
countries in our sample have no revenues from some of the four considered tax categories
and the presence of heterogeneity regarding the adoption of environmental taxes.

Table 4. Descriptive statistics.

Mean Standard Deviation Min Max Median
emissions 355.072 948.264 4.341 6015.538 62.645
env_tax 2.355 0.861 0.36 5.36 2.385
ener_tax 1.688 0.671 0 4.59 1.71
pol_tax 0.075 0.101 0 0.75 0.03
res_tax 0.039 0.067 0 0.38 0.01
tra_tax 0.553 0.389 0 2.28 0.47
urb 74.715 10.9 50.622 98.041 76.022
pat 10.693 4.564 0.92 33.53 10.08
gdp 32,708.502 22,054.54 3911.573 112,417.88 32,332.101
ints 4675.319 1796.801 1561.279 12,285.078 4273.083

We report in Table 5 the correlation matrix between the dependent variable, CO,
emissions, and the different explanatory variables. As shown, CO, emissions have a
negative and significant correlation with all environmental taxes, except transport tax.
The correlation between total environmental tax and CO, is found to be —0.23. For the
different categories of environmental taxes, one could note that energy tax has the highest
correlation (—0.25) with CO, emissions, while pollution tax has the lowest correlation
(—0.10). Regarding the control variables, patents on environmental technologies have a
negative and significant correlation with CO, emissions, which implies that more patents
are associated with fewer CO, emissions. On the contrary, the correlations between CO,
emissions, on the one hand, and urbanization, energy intensity and GDP per capita, on the
other hand, are 0.29, 0.26, and 0.26, respectively. This means increased urbanization, energy
intensity and GDP per capita are associated with higher CO, emissions.
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Table 5. Pearson correlation matrix.
Variables  emissions env_tax  ener_tax  pol_tax res_tax tra_tax urb pat gdp gdp®2 ints
emissions 1.000
env_tax —(0.23 *** 1.000
ener_tax —0.25 *** 0.87 *** 1.000
pol_tax —0.10 *** 0.42 *** 0.34 *** 1.000
res_tax —0.17 = 0.26 *** 0.09 *** 0.36 *** 1.000
tra_tax —0.01 0.54 *** 0.10 *** 0.011 0.14 *** 1.000
urb 0.29 *** —0.18***  —0.30***  —0.13 *** 0.07 ** 0.145 *** 1.000
pat —0.14 = —0.11**  —0.10**  —0.07 ** 0.07 ** —0.074 ** 0.060 * 1.000
gdp 0.26 *** 0.09 *** —0.08 ** —0.033 —0.20 ** 0.388 *** 0.446 **  —0.12 *** 1.000
gdeZ 0.25 *** 0.08 ** —0.09 *** —0.042 —0.20 ** 0.383 *** 0.451 **  —0.12 *** 0.99 *** 1.000
ints 0.26 *** —0.07 ** —0.07 ** 0.07 ** 0.04 —0.06 ** 0.16 *** —0.12 *** 0.045 0.040 1.000

*** #* and * indicate the statistical significance at 1%, 5% and 10%, respectively.

5.2. Unit Root Analysis

Before conducting the stationarity analysis, one should check the existence of cross-
sectional dependence for the different variables. To do that, we implemented the CD test
developed by ref. [58]. Results are reported in Table 6.

Table 6. Cross-section dependence test results.

Variable Statistic p-Value
emissions 21.050 *** 0.000
gdp 102.080 *** 0.000
ints 105.780 *** 0.000
urb 47.510 *** 0.000
pat 43.310 *** 0.000
env_tax 13.140 *** 0.000
ener_tax 12.440 *** 0.000
res_tax 2.260 ** 0.024
pol_tax 14.050 *** 0.000
tra_tax 1.990 ** 0.046

*** and ** denote the rejection of the null hypothesis of no cross-section dependence at the 1 and 5% statistical
levels, respectively.

As shown, the null hypothesis is rejected at the 1% statistical level for most variables.
We, therefore, conclude that all variables are cross-sectionally dependent. Accordingly, one
should use second-generation panel unit root tests. Given the cross-section dependence
test results, we employ the Cross-sectionally augmented Im-Pesaran-Shin (CIPS) panel
unit root test developed by ref. [59]. The test is conducted for variables at levels and
first differences, including a constant or a constant and a time trend. The findings are
summarized in Table 7. Regarding the variables at levels, the results show that the null
hypothesis of a unit root cannot be rejected for all of them, except for transport tax, when
a constant and a time trend are introduced. The same conclusion holds when only a
constant is introduced, except for patents on environmental technologies, which are found
to be stationary at levels. The first-difference of all variables is found to be stationary for
models with a constant and with a constant/time trend. Henceforth, both dependent and
independent variables are stationary at the first-difference. It is important to note here that
the empirical investigation is based on the first-differenced GMM estimate of the dynamic
panel threshold model, which introduces variables in the first-difference. The introduction
of first-difference stationary variables avoids fallacious regression problems.
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Table 7. CIPS panel unit root test results.
Constant Constant and Trend
Variable . .
Statistic p-Value Statistic p-Value
Level
emissions 0.886 0.812 —0.413 0.430
gdp 0.458 0.684 0.04 0.484
ints —0.366 0.357 0.594 0.724
urb 9.689 1.000 9.706 1.000
pat —1.488* 0.068 —1.161 0.123
env_tax 0.748 0.773 2.363 0.991
ener_tax 1.428 0.923 2.728 0.997
res_tax 7.751 1.000 6.721 1.000
pol_tax 2.706 0.997 1.484 0.931
tra_tax 0.616 0.731 —1.402 * 0.080
First difference
Aemissions —17.498 *** 0.000 —15.687 *** 0.000
Agdp —4.857 *** 0.000 —5.122 *** 0.000
Aints —7.486 *** 0.000 —5.166 *** 0.000
Aurb —7.857 *** 0.000 —7.723 *** 0.000
Apat —21.931 *** 0.000 —20.1971 *** 0.000
Aenv_tax —14.963 *** 0.000 —13.596 *** 0.000
Aener_tax —14.538 *** 0.000 —13.429 *** 0.000
Ares_tax —7.283 *** 0.000 —b5.871 *** 0.000
Apol_tax —12.299 *** 0.000 —10.841 *** 0.000
Ara_tax —16.863 *** 0.000 —14.298 *** 0.000

*** and * denote the rejection of the null hypothesis of a unit root at the 1 and 10% levels, respectively.

5.3. Locally Weighted Scatterplot Smoothing Analysis

Before estimating the threshold model, we perform the locally weighted scatterplot
smoothing (LOWESS) analysis for CO, emission on environmental taxes. LOWESS is
a non-parametric regression technique that makes no assumption about the form of the
relationship between two variables and enables an initial assessment regarding the existence
of a nonlinear relationship [60]. Figure 3 provides the LOWESS between CO, emissions
and the different categories of environmental taxes. The graphs show that the effects of the
different environmental taxes on CO; emissions almost change signs according to different
tax levels. This leads us to think about the existence of a nonlinear relationship between
environmental taxes and CO, emissions. Implementing the nonlinear threshold model to

estimate the threshold level would be advantageous.
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Figure 3. LOWESS smoothing of CO, emission on environmental taxes.

5.4. Conventional Dynamic Panel Regression Analysis

We move to estimate the effects of environmental taxes on CO; emissions using the
conventional dynamic panel regression. We employ two GMM estimator variants for
robustness checks: the first-difference GMM estimator developed by ref. [61] and the sys-
tem GMM estimator developed by [62,63]. The findings, reported in Table 8, suggest the
suitability of the dynamic specification given the statistical significance of the lagged de-
pendent variable (CO, emissions) in all specifications. Indeed, whether the first-difference
or system GMM is performed, the obtained coefficients are statistically significant at the 1%
level. This means that CO, emissions in year t are dependent on CO, emissions during the
previous year t — 1. The control variables also have the expected signs in most cases. GDP
per capita is positive and statistically significant, particularly when using the system GMM
estimator. Therefore, economic growth induced more CO, emissions in OECD countries
and degraded the environment during the period under consideration. Hence, economic
growth in OECD countries has led to a rise in carbon dioxide emissions and a decline
in environmental quality. Regarding GDP per capita squared, the table shows that it is
negative and significant in most cases, which confirms the validity of the EKC hypothesis.
The countries under consideration have attained a certain level of development, allowing
them to improve the environment while producing more.
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Table 8. Environmental tax and CO, emissions- GMM estimation results.
First-Difference GMM System GMM
env_tax ener_tax pol_tux res_tax tra_tax env_tax ener_tax pol_tux res_tax tra_tax
emissions 0.400 *** 0.350 ** 0415  0444**  0337**  0.913* 0.943 ** 0981 **  (.968**  (0.928 **
=1 (0.031) (0.034) (0.035) (0.034) (0.025) (0.018) (0.027) (0.008) (0.009) (0.015)
y 0.312 0.735 ** 0.056 0.060 0.340 1.062 2.587 ** 1.679 *** 1.233 ** 0.087
ap (0.241) (0.304) (0.197) (0.217) (0.270) (1.118) (1.025) (0.486) (0.558) (0.590)
i 0.019 —0.003  —0.039** —0.037** —0.027*  —0.052 —0.130*  —0.084**  —0.061* —0.004
gap (0.012) (0.017) (0.010) (0.012) (0.013) (0.056) (0.051) (0.024) (0.028) (0.029)
inks 0.729 *** 0.734 %  0749**  0711**  0914**  (.098 *** 0.078 ** 0.035**  0.051 *** 0.051 *
(0.039) (0.051) (0.046) (0.047) (0.043) (0.026) (0.031) (0.010) (0.014) (0.028)
at —0.0007 *  —0.0005*  —0.0002 —0.0001  —0.0000 —0.0017* —0.004** —0.001** —0.001** —0.002**
P (0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.000) (0.000) (0.001)
urb 0.004 *** 0.005**  0.003**  0.003 *** 0.001 0.001 ** —0.001 0.00002 0.0006 0.001 *
(0.001) (0.001) (0.001) (0.001) (0.002) (0.001) (0.001) (0.000) (0.000) (0.001)
ono tax —0.024 *** i i i i —0.031 % i i i i
= (0.006) (0.019)
ener tax i —0.036 *** i i i i —0.090 * i i i
- (0.008) (0.050)
. i ) —0.126 *** ) ) i —0.023 i i
pol_ (0.026) (0.043)
. i ) ) 0.011 ) i ) ) —0.169 ** i
— (0.040) (0.082)
tra_tax - - - - 79;3*42 - - - - 0.012
B (0.030) (0.032)
constant i ) ) ) ) —5.837 12.682 ** 8.123 ** 5.814 ** —0.616
(5.693) (5.117) (2.478) (2.845) (3.026)
1st order
serial 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
correlation
(p-value)
2nd order
serial 0.122 0.089 0.143 0.162 0.0540 0.740 0.900 0.836 0.721 0.915
correlation
(p-value)
Sargan test 0.227 0.348 0.336 0.183 0.963 0.115 0.699 0.091 0.150 0.007
(p-value)
Number of 34 34 34 34 34 34 34 34 34 34
countries

*** ** and * denote the statistical significance at the 1%, 5% and 10% levels, respectively. Standard errors are
under parentheses.

The findings also confirm the contribution of energy intensity in deteriorating the
environment. Indeed, all coefficients obtained using the first-difference and system GMM
are positive and statistically significant. These results imply that more energy consumption
to produce goods and services is associated with more CO, emissions and environmental
degradation. These findings are in line with the previous related literature, including
ref. [64], who concluded that higher energy intensity harms the environment in the United
States. Urbanization is also found to have a detrimental impact on environmental quality,
particularly when employing the first-difference estimator. Therefore, a higher urbanized
population increases energy consumption, amplifying CO, emissions and deteriorating
environmental indicators. On the other hand, the coefficients associated with patents on
environmental technologies are negative and statistically significant, mainly for results
obtained from the system GMM estimator. These results confirm the effectiveness of
environmental patents in boosting innovation in clean energies, increasing the demand for
clean energy sources and reducing CO, emissions. These results are consistent with the
research conducted by ref. [65], which concluded the significance of various technological
innovation indicators in mitigating carbon dioxide emissions.

We move now to the impact of environmental taxes on CO, emissions using the first-
difference and system GMM estimators. The table suggests that the coefficients of total
environmental tax are negative and statistically significant at 1% (first-difference GMM)
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and 10% (system GMM). The coefficient equals —0.031 when using the first-difference
GMM and —0.024 when using the system GMM. The results suggest that an increase of
1% in the total revenue generated from environmental taxes is associated with a reduction
in CO, emissions ranging from —0.024% to —0.031%. Next, we estimate the effects of the
different environmental tax categories on CO, emissions. The table suggests that coefficients
associated with the energy tax are negative and statistically significant in both cases.
Therefore, implementing an energy tax can potentially mitigate the emission of greenhouse
gases and enhance environmental indicators. These results are robust as they are still valid
whether we employ the first-difference and the system GMM estimator. However, this is not
the case for the three other environmental taxes, namely pollution, resources, and transport.
Indeed, the first-difference GMM estimator shows that coefficients associated with pollution
tax and transport tax are negative and statistically significant, while the one on resource
tax is positive but insignificant. On the contrary, the system GMM estimator reveals that
only the coefficient of resource tax is negative and statistically significant. It is noteworthy
that prior literature has emphasized the superiority of the system GMM estimator over the
first-difference GMM estimator. Refs. [62,63] highlighted the weakness of instruments used
in the first-difference GMM estimator. However, the system GMM estimator overcomes
this limitation by employing an equation in first-differences and an equation in levels to
increase the number of instruments. Based on the previous discussion, one could confirm
the robustness of the system GMM estimator and the importance of taxes on resources,
including taxes on water extraction, hunting and fishing activities, mining royalties, and
excavation activities, in reducing CO, emissions and mitigating climate change in OECD
countries. The validity of the first-difference and system GMM results is confirmed by
two mandatory tests: the validity of instruments using the Sargan test of over-identifying
restrictions and the serial correlation of the error structure using the Arellano-Bond test for
autocorrelation. The results of these two tests, reported at the bottom of Table 8, confirm
the validity of the instruments and the absence of second-order correlation. These findings
confirm the validity of the conventional dynamic panel regression analysis.

In summary, the GMM estimator confirms the role played by the total environmental
tax and energy tax in reducing CO, emissions in OECD countries. The impact of pollution
tax, resource tax and transport tax are mixed. While these findings provide some evidence
of the significance of environmental taxes in reducing greenhouse gas emissions in the
OECD, they do not take into account the potential threshold level that must be reached for
environmental taxes to be effective.

5.5. Dynamic Panel Threshold Regression Analysis

The present subsection aims to assess whether the effects of environmental taxes
on CO, emissions depend on a given threshold level using the estimator developed by
refs. [27]. It is worth noting that the procedure of refs. [27] suggests the existence of a single
significant threshold and two different regimes (lower and upper). As done previously,
we estimate the impacts of aggregate environmental tax (column 1) and then the different
categories of environmental taxes (columns 2-5). The results associated with the two
regimes are reported in Table 9. As shown in the lower section of the table, there is evidence
of a nonlinear association between the different variables, affirming the adoption of the
threshold model for evaluating the impacts of environmental taxes on CO, emissions. The
dynamic panel threshold regression findings indicate that the lagged dependent variable
exhibits statistical significance in some cases, thereby providing some support for adopting
the dynamic specification. These findings are in line with those of the GMM estimator
and are valid for both regimes. It can also be observed that the coefficient associated with
GDP per capita is positive and statistically significant in the majority of cases, thereby
confirming the contribution of economic activity to the deterioration of the environment in
OECD countries.
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Table 9. Environmental tax and CO, emissions—Panel threshold model results.

env_tax ener_tax pol_tax res_tax tra_tax
Lower regime v < 3.002% v < 1.991% v < 0.377% v < 0.170% v < 0.434%
emissions; 1 —0.143 ** 0.067 0.053 0.173 *** —0.048
- (0.060) (0.072) (0.057) (0.054) (0.082)
p 5.180 *** 3.685 *** 2.099 —3.944* —2.091 **
34p (1.947) (1.424) (4.370) (2.377) (1.009)
120 —0.217 ** —0.154 ** —0.040 0.247 ** 0.165 ***
34ap (0.099) (0.071) (0.212) 0.121) (0.048)
ks 0.918 *** 0.816 *** 1.252 *** 0.844 ** 1.316
(0.104) (0.099) (0.270) (0.134) (0.103)
—0.001 * —0.003 *** —0.002 —0.002 *** 0.0006
pat (0.000) (0.001) (0.003) (0.000) (0.001)
wrh 0.013 0.025 *** 0.011 —0.020 —0.024 %
(0.011) (0.007) (0.017) (0.016) (0.014)
env_tax —0.023 - - - -
- (0.038)
0.015
ener_tax - (0.043) - - -
—0.034
pol_tax - - (0.046) - -
res_tax - - - &)%85)2 - -
0.137
tra_tax - - - - (0.205)
Upper regime v > 3.002% v > 1.991% v > 0.377% v > 0.170% v > 0.434%
emissions; 1 0.038 0.0216 0.210 ** 0.064 0.050 **
(0.027) (0.030) (0.087) (0.625) (0.020)
p —2.333 —0.463 4.205 29.347 ** 3.779
34p (2.266) (0.972) (4.989) (14.750) (0.983)
2o 0.108 0.033 —0.203 —1.650 ** —0.197 *+
34p (0.115) (0.050) (0.248) (0.815) (0.048)
inte 0.503 *** ~0.178 0.243 —0.038 0.586 ***
(0.158) (0.125) (0.290) (0.516) (0.164)
—0.010 *** —0.006 ** 0.007 —0.019* 0.002
pat (0.003) (0.002) (0.006) (0.011) (0.002)
b 0.004 —0.017 *** 0.015 * 0.180 ** 0.019 *
(0.004) (0.005) (0.009) (0.090) (0.010)
—0.204 ***
env_tax (0.068) - - - -
—0.107 *
ener_tax - (0.057) - - -
—0.293 ***
pol_tax - - (0.098) - -
—0.477
res_tax - - - (0.574) -
—0.109
tra_tax - - - - (0.252)
Threshold level (p-value) ~ 3.002 *** (0.000) 1.991 *** (0.000) 0.377 *** (0.000) 0.170 *** (0.000) 0.434 ** (0.013)
95% confidence interval ~ 2.453-3.551% 1.431-2.551% 0.196-0.557% 0.159-0.180% 0.091-0.776%
Linearity test (p-value) 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
No. of countries 34 34 34 34 34

*#* ** and * denote the statistical significance at the 1%, 5% and 10% levels, respectively. Standard errors are under
parentheses. v is the threshold level to be determined.

In addition, a negative association exists between GDP per capita squared and CO,
emissions in four of the six cases where the coefficient of GDP per capita squared is
statistically significant. The energy intensity has the expected positive sign, particularly
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in the lower regime, during which all coefficients are statistically significant. In the upper
regime, the coefficient of energy intensity is statistically significant only when variables
relative to total environmental tax and transport tax are introduced. Furthermore, the effect
of energy intensity is higher in the lower regime as compared to the upper regime. The
findings suggest that the implementation of environmental taxes can effectively mitigate
the harmful effects of energy intensity on CO, emissions. In addition, the mitigating effect
of patents on environmental technologies on the environment is relatively confirmed in
both regimes, as supported by the GMM estimation results. In both tax regimes, the impact
of patents is negative and statistically significant for specifications which include total
environmental tax, energy tax and resources tax. However, the impact is higher in the
upper regime. Finally, results indicate that the environmental consequences of urbanization
are mixed, as it has the potential to either raise or shrink carbon dioxide emissions in
both regimes.

Table 9 presents some novel insights into the environmental repercussions of envi-
ronmental taxes. First, the findings reported at the bottom of the table suggest that all
environmental taxes have statistically significant threshold levels. The analysis suggests
that the threshold level for total environmental tax revenue is about 3.002% of GDP. In the
lower regime, defined as having a total environmental tax revenue level below 3.002%, the
coefficient associated with taxes exhibits a negative sign, albeit lacking statistical signifi-
cance. Once the environmental tax revenue reaches the threshold level of 3.002% (upper
regime), the coefficient becomes negative and statistically significant at 1%. The coefficient
is found to be —0.204, which implies that an increase in total environmental tax revenue
by 1% induces a fall in CO; emissions by 0.204% when tax revenue exceeds 3.002% of
GDP. These results indicate the effectiveness of environmental tax policy in the upper tax
regime. Subsequently, an examination is conducted on the effects of different categories
of environmental taxes on carbon dioxide emissions within the two regimes. The table
suggests the presence of statistically significant threshold levels for all environmental tax
categories. The threshold levels endogenously determined are 1.991% for the energy tax,
0.377% for the pollution tax, 0.170% for the resource tax and 0.434% for the transport tax.
The findings indicate that only the resource tax has a negative and statistically significant
coefficient under the lower regime, which suggests that although resource tax revenue is
less than 0.170% of GDP, resource tax still enables CO, emission reduction and environ-
mental protection. On the other hand, energy tax, pollution tax and transport tax have
no significant effects on CO, emissions during the lower regime. When moving to the
upper regime, the threshold model yields different results regarding the significance of
coefficients. First, the table indicates that energy tax and pollution tax have negative and
significant coefficients. However, coefficients associated with the resource tax and transport
tax are not statistically significant. The coefficient attributed to the pollution tax is —0.293,
whereas the coefficient associated with the energy tax is —0.107. These findings imply
that a 1% increase in pollution tax leads to a fall in CO; emissions by 0.293%, whereas an
equivalent increase in energy tax results in a decrease of only 0.107% in CO, emissions.
Therefore, the use of threshold regression analysis enables the identification of the specific
environmental taxes that effectively mitigate CO, emissions, as well as the threshold level
at which they become effective. The impact of pollution tax appears to be the most effective
amonyg all other environmental taxes in terms of environmental pollution.

6. Conclusions and Policy Recommendations

The effectiveness of environmental taxes in protecting the environment remains a
subject of ongoing academic debate. This research belongs to the growing trend in the liter-
ature investigating whether environmental taxes affect the environment. More specifically,
the objective of this study is to empirically explore the effects of different environmental
tax categories on CO, emissions in 34 OECD countries between 1995 and 2019. The contri-
bution of the study is that it assesses whether the impact of environmental taxes on CO,
emissions depends upon (i) the environmental tax category; and (ii) a specific threshold
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level for taxation. To this end, the dynamic panel threshold regression recently proposed
by ref. [27] is implemented. The study considers different environmental tax categories:
total environmental tax, energy tax, pollution tax, resource tax, and transport tax.

The findings of the GMM estimator indicate that total and energy environmental taxes
reduce CO, emissions, while mixed results concerning the effects of pollution, resource and
transport taxes are reached. The dynamic panel threshold procedure suggests the existence
of one significant threshold and two regimes (lower and upper). The analysis reveals that
the threshold level for total environmental tax revenue is about 3.002% of GDP. Below
this level (lower regime), the total environmental tax has no significant impact on CO,
emissions. However, once this level is exceeded, the tax allows for curbing CO, emissions.
The threshold regression also shows that the threshold levels are 1.991% for the energy tax,
0.377% for the pollution tax, 0.170% for the resource tax and 0.434% for the transport tax
and are statistically significant. The empirical evidence confirms that introducing resource
taxes results in a decrease in emissions during the lower regime, while energy tax and
pollution tax allow reducing CO, emissions only when the threshold level is exceeded
(upper regime). Finally, transport tax is proven not to impact CO, emissions.

The results of the present research may serve for the design of environmental policies
in OECD countries. Indeed, our findings suggest that not all environmental taxes reduce
CO, emissions, even though estimating the dynamic panel threshold regression. The
resource tax is found to be effective in reducing CO, emissions even when the level of tax
revenue is relatively low. However, the environmental impact of resource tax is relatively
weak. Consequently, OECD countries may implement taxes on resource utilization, a
measure that may be effective but with limited environmental effects. The results also show
that energy tax and pollution tax are the most influential environmental taxes. Although
transport taxes may generate revenue for the government, they are ineffective in addressing
environmental degradation. These findings imply that policymakers in OECD countries
should focus on specific environmental tax categories to achieve the dual goal of funding the
government budget and curbing greenhouse gas emissions. Furthermore, the results show
that the energy tax becomes effective starting from a threshold of 1.991% of revenue, while
the pollution tax has a threshold of 0.377%. When comparing the environmental effects
of energy tax and pollution tax in the upper regime, results suggest that a 1% increase in
energy tax leads to a fall in CO; emissions only by 0.107%, whereas an equivalent increase
in pollution tax results in a decrease of 0.293% in CO, emissions. Therefore, the pollution
tax threshold is reached quicker and in a shorter time frame. In addition, the pollution tax is
more effective than the energy tax in reducing CO, emissions. It is therefore recommended
that the pollution tax be established as the primary environmental tax in OECD countries,
with the possibility of implementing an energy tax. Energy tax should be particularly
implemented with caution, given the importance of energy for all economic sectors. Indeed,
implementing an energy tax will increase the prices of almost all goods and services, which
may adversely affect economic activity, despite its effectiveness in reducing CO, emissions.

Although the current study presents novel insights regarding the effectiveness of
environmental taxes in protecting the environment, it is not without limitations. First, the
study does not account for the potential asymmetry in environmental taxes. Future studies
may conduct an asymmetric analysis to distinguish between the environmental effects of
increases and decreases in environmental taxes. This could be important for the formulation
of environmental tax-related policies. Second, the study considers a limited number of
countries due to the lack of data on environmental taxes. Further analysis considering large
samples is required in order to generalize the empirical findings. The availability of large
datasets will allow considering different sub-samples of countries classified by income
level, for example, and comparing the environmental repercussions of environmental taxes
in different groups of countries.
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