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Environmental tax and global income inequality: 
A method of moments quantile regression 
analysis
Osman Babamu Halidu1*, Amidu Mohammed1 and Coffie William1

Abstract:  Even though Environmental tax policy impacts inequality theoretically, 
empirical studies remain scanty not only in the context of volumes and the esti
mation approaches but are also focused on selected advanced countries, commu
nities, households, and emerging countries, the neglect of the global or big picture 
effect, which is essential for measuring the overall effect of the collective and 
individual country-concerted efforts in addressing this global cancer. We provide 
empirical evidence in the global context using the novel method of moments 
quantile regression. We found that Income Inequality across the globe is sharply 
reduced by restrictive environmental tax policy, a finding that has ramifications for 
global sustainable development, particularly in dealing with the ravaging effects of 
Covid-19.
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1. Introduction
The effect of climate change on global inequality among countries has been recognized in the 
literature (Fremstad & Paul, 2020; Gmbh, 2014; Grottera & Olimpio, 2017; James et al., 2012; 
Joumard et al., 2012; Klenert et al., 2018; Kuo, 2021a; Markkanen & Anger-kraavi, 2019; Oueslati et 
al., 2017; Qiao & Dowell, 2022; Roberts, 2010; Säll, 2018; Shan et al., 2018; Wang et al., 2019; S. S. 
Zhao et al., 2022; Y. Zhao et al., 2021). This is on the backdrop of ravaging consequences climate 
change has exerted on countries, communities, businesses, economies, and individual lives, and 
even more worrying is the fact that global statistics project that given the current trend of events 
in emissions of greenhouse gases, by the end of this century the global temperature is projected to 
exceed 1.5°C, a historically alarming level (Zhao et al., 2021).

Furthermore, the latest World Inequality Report (2022) produced by the World Inequality Lab 
indicates that Global Inequality is more pronounced in view of the ravaging effects of the Covid-19 
pandemic, which has exacerbated the inequality between the very rich and the rest of the 
population including the vulnerable(Antosiewicz et al., 2022). The startling statistics depict that 
the richest 10% of the global population currently take home 52% of the income whilst the poorest 
half of the global population earn just 8%. Also, in terms of wealth, half of the poorest global 
population owns just 2% of the total global wealth, while the 10% of the richest own 76% of all 
total global wealth (Chancel et al., 2022). A compelling fact that leads to the conclusions in the 
report that the challenges of the twenty-first century cannot be tackled well, without significant 
redistribution of wealth and income inequality.

Meanwhile, concerns have been raised in the literature about how potentially, policy options to 
deal with climate change by reducing greenhouse gas emissions can magnify the global inequal
ities among countries (Fremstad & Paul, 2020). Therefore, even though environmental tax policy 
has gained notoriety both in the literature and policy stands as the dominant policy instrument for 
reducing greenhouse gas emissions and economic growth and welfare, however, issues have been 
raised regarding the burden it can exert on the poor and vulnerable populations (Klenert et al.,  
2018; Patriarca & Vona, 2012; Säll, 2018). This study posits that on the strength of the double 
dividend effects of environmental tax policy, the revenues generated from these taxes can be 
redistributed and targeted towards interventions to ameliorate global inequality and other socio
economic benefits (Antosiewicz et al., 2022; Peichl & Wissenschaftskolleg, 2017).

Despite the commendable efforts in the literature to unravel the nexus between environmental 
tax policy and Inequality theoretically, empirical studies remain scanty not only in the context of 
volumes and the estimation approaches but are focused on selected advanced countries, and a 
few emerging countries, community and, household levels to the neglect of the global or big 
picture effect, which is essential for measuring the overall effect of the collective and individual 
country’s concerted efforts in addressing this global cancer. These studies have also failed to 
account for the heterogeneous, distributional, and asymmetric incidence of environmental tax 
policies, and this partly explains the lack of clarity and consensus on interventions for the effective 
redistribution of revenues from environmental tax. Again, prior literature has failed to reveal if the 
environmental tax-inequality nexus varies across the groupings of countries per income levels and 
continents.

This study thus seeks to address these limitations in literature by examining the asymmetric 
impact of environmental tax on global inequality.

The study contributes to the literature in three folds. First, employing global panel data of 92 
countries with the currency of data spanning 1994 to 2020 gives a more comprehensive insight 
into the big-picture effect using the global context. Second, the study breaks the global analysis 
into the various income levels and continents analysis. This provides insight into policy prescrip
tions and interventions to undertake in addressing the menace not only at the global but sub- 
global levels as well. Third, we provide empirical evidence by using the novel method of moments 
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quantile regression, which is most appropriate for dealing with distributions and asymmetric 
effects of environmental tax—inequality nexus. We found that Income Inequality across the 
globe is sharply reduced by restrictive environmental tax policy, a finding that has ramifications 
for global sustainable development, particularly after recovering from the ravaging effects of 
Covid-19.

2. Literature Review
The call for more ambitious efforts toward achieving the below 2 °C global temperature targets set 
in the Paris Agreement is more deafening than ever before, and this comes in the wake of the 
latest emission gap report, which clearly depicts the insufficiency of the combined global mitiga
tion pledges and efforts (Bruckner et al., 2022; Mor & Ghimire, 2022; UnitedNtions Environmental 
Programme, 2021). Consequently, several countries across the globe have continued to rally 
around the United Nations Framework Convention on Climate Change (UNFCCC) and proceeded 
to develop and entrench policies to mitigate greenhouse gas emissions.

An important consensus that has been achieved in the literature is the resounding acceptance of 
environmental tax as the most cost-effective policy prescription that addresses the mitigation of 
greenhouse gas emissions (UNFCCC, 2018). Indeed, the theoretical foundation for this position can 
be traced to mechanisms of the double dividend hypothesis, propounded by Pearce (1991) in 
advancing the Pigouvian tax position, which posits that environmental taxes can be employed to 
yield two dividends, firstly, improve environmental quality by taxing pollutant behavior so as to 
increase the cost of pollution to the polluter, hence discourage the pollution behavior in order to 
shield the environment, which represents the green dividend. Secondly, revenues generated from 
environmental taxes can be redistributed using various strategies including tax cuts to shift the tax 
burden from labor tax (income tax), and capital (corporate tax) to environmentally degrading 
activities, directly paying lump-sum to vulnerable and poor populations, and so on, and this has 
the potential to yield increased employment and other welfare issues as well as economic growth. 
This makes up the second dividend titled the blue dividend. Goulder (1995) further advanced the 
double dividend hypothesis into “weak” and “strong” dividends. The difference between the two 
dividends is represented by an environmental tax yielding cost savings to the economy being the 
“weak” dividend but when it yields no cost at all leading to welfare maximization, it represents the 
“strong” dividend.

Meanwhile, increasing global inequality is an urgent global issue as captured under the sustain
able development goals 10, and particularly in the aftermath of Covid-19, inequality within and 
among countries have become a persistent cause for concern, this is against the backdrop of 
increased global unemployment, weaker health systems, increase in migrants and refugees, rising 
humanitarian crises, among others (Hoffmann et al., 2020; Vincens et al., 2018; Ratnawati, 2020; 
Darvas, 2019; Breunig and Majeed, 2020; Huang, 2019; Hu, 2021). These concerns are justified 
because of the rippling effect of inequality on health, quality of the environment, quality of 
education, human capital, economic growth, and ultimately human happiness. According to 
Aiyar and Ebeke, 2020, these disparities in opportunities continue to expand and could be passed 
on as a generational legacy.

The nexus between environmental tax and inequality is well acknowledged in literature 
(Caillavet et al.,20192019; Chen, 2022; Antosiewicz et al., 2022; Dissou & Siddiqui, 2014a; 
Fremstad & Paul, 2020; Grottera & Olimpio, 2017; Joumard et al., 2012; Kuo, 2021b, 2021a; 
Mamoon & Murshed, 2013; Oueslati et al., 2017, Säll, 2018; Wang et al., 2019; Yan & Yang, 2021).

The empirical literature on the environmental tax-inequality nexus thus far has mainly focused 
on addressing the question of whether or not environmental tax policy prescriptions are progres
sive or regressive to deliver equitable welfare maximization, particularly taking account of the poor 
and vulnerable populations who conversely remain the most disproportionately affected directly 
by the ravaging effects of climate change and indirectly via environmental taxes even though 
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scholarly evidence pontificate they are the least emitters (Althor et al., 2016; Burgess & 
Whitehead, 2020; Cuomo, 2011). Two strands of literature explain the regressive or progressive 
character of environmental taxes on inequality, depending on two channels, i.e., the commodity 
channel(use-side) and the income channel (source-side). The use-side channel views the distribu
tional effects of environmental taxes on welfare from the standpoint that the taxes have incre
mental effects on the comparative prices of the goods and services, which are greenhouse gas 
emissions based and also represent the very commodities the vulnerable and the poor generally 
spend a chunk of their incomes on. Hence, the findings of this strand of studies normally depict 
environmental tax as being regressive because the poor and the vulnerable have their purchasing 
power or incomes disproportionately affected. For example, Fremstad and Paul (2020) in an 
empirical study of the distributional effects of carbon pricing using the use-side approach and 
comprehensively considering the cost–benefit analysis of the effect show that the double dividend 
of carbon pricing is insufficient to protect the purchasing power of the majority of the American 
population, hence regressive. Similarly, S. Zhao et al. (2022) also investigated the incidence of 
environmental tax in China, using a newly developed integrated assessment model revealed that 
environmental tax is regressive mainly due to price increases in food and energy goods. This is in 
tandem with the earlier evidence presented in Canada (Hamilton & Cameron, 1994); and in 
Denmark (Wier et al., 2005) as well as in the Netherlands (Kerkhof et al., 2008). It is also in sync 
with the current evidence revealed in Spain (Tomás et al., 2020) and in Germany (Hardadi et al.,  
2021).

A counterargument in the literature is premised on the source-side by Dissou & Siddiqui (2014b) 
who argue that these industries that produce carbon and energy-intensive goods and services are 
mostly capital intensive and are funded by the rich or upper-income class, whose capitals are also 
burdened by the implementation of environmental taxes, thus progressive. Again, Yan and Yang 
(2021), undertook a study to address the same research question using a comparative setting 
between rural and urban inequality and between varied income groups and concluded that the 
implementation of environmental taxes in China is progressive. In fact, a finding contrary to similar 
studies done in the same China. Chepeliev et al. (2021) using a microsimulation model and taking 
account of policies in the Nationally Determined Contribution (NDC) depict that environmental 
taxes have been progressive at the global level mainly due to lower relative prices of food as 
compared to non-food commodities and also due to a reduction in the incomes of the rich or 
upper-income class.

Even though there is a surge in research interest on the distributional effect of environmental 
taxes on inequality, studies thus far have largely focused on micro-level analysis and have also 
been predominantly simulation-based backed by several assumptions, as well as country-specific 
(Bosquet, 2000; Cao et al., 2021; Devi & Gupta, 2019; Freire-González, 2018; Goulder, 1995; Kirchner 
et al., 2019; Kou et al., 2021; Labeaga et al., 2021; Maxim, 2020; Patuelli et al., 2005; Peng et al.,  
2019; Raza Abbasi et al., 2021; Roosen et al., 2022; Säll, 2018; Silva et al., 2021; Zhou et al., 2020). 
Many of the empirical studies have also used calibrated and stylized data, which can yield 
unrealistic results. Therefore, a macro-econometric analysis of the distributional effect of environ
mental taxes on inequality at the global and continental levels is a departure in the literature to 
entrench the theoretical analysis of the double-dividend hypothesis. This study, therefore, comple
ments the stream of the literature by providing evidence at the global, continental, and cross- 
country macro-level econometric research.

3. Methodology

3.1. Data and Sources
This paper uses panel data on 92 countries across the globe to examine the effects of environ
mental taxes on global inequality. The period for the study spans from 1994 to 2020. The focus on 
the number of countries and the period of the study was strictly due to the availability of data on 
all variables, especially on environmental tax. The data on environmental tax is obtained from the 
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OECD database (Bashir et al., 2021; Wolde-Rufael & Mulat-Weldemeskel, 2022a; Zahid et al., 2022). 
We gathered the income inequality data from the World Bank. The remaining variables, which 
represent the control variables, i.e., gross domestic product, trade, population density, and urba
nization, were all gathered from the world development indicators of the World Bank in accor
dance with many (see, Abdullah & Morley, 2014; Khoso et al., 2021; Liya et al., 2021; Rahman & 
Alam, 2021).

3.2. Variables Definition
The Gini represents the main dependent variable for this study in line with the scan of the literature 
(Álvarez-verdejo et al., 2021; Candeira & Winter, 2021; Hardardottir & Erik, 2021). The environ
mental tax variable has also been used as the main independent variable. GDP, urbanization, trade, 
and globalization have been employed as control variables after a cursory scan of the literature 
(Khoso et al., 2021; Rahman & Alam, 2021; Wan et al., 2022; Abdullah & Morley, 2014; Liya et al.,  
2021; Immurana et al. 2020). See Table 1 for the details of the variables, in terms of definitions, 
sources, and the expected signs.

3.3. Theoretical Framework and Model
Regarding the expected impact of environmental taxes on income inequality, the theory decom
poses the impact as positive or negative depending on two channels. The first channel, which is the 
user-side (commodity) channel, is of the basic claim that an imposition or increase in environ
mental taxes increases the prices of these environmentally degrading commodities, the very 
commodities the vulnerable and poor usually spend a chunk of their incomes on because they 
relate to food, transportation, electricity, gas, and other basic requirements for survival. Therefore, 
these usually low-income earners are disproportionately affected by ceteris paribus. Making the 
environmental taxes regressive, hence, has negative effects, because it widens the income 
inequality gap. Studies that have confirmed this claim include Cao et al. (2021), and Säll (2018). 
The second channel, which is the source-side, also claim the production of these greenhouse gas 
emission commodities usually entail huge capital investments, which are naturally funded by the 
rich or high-income earners, thus environmental taxes place a strain on the capitals of the rich 
class, termed as progressive because it reduces income inequality as evidenced by some studies 
(see, McLaughlin et al., 2019; Nguyen & Song, 2021). Again, the other macroeconomic variables per 
theory can be negatively or positively depending on the effect accruing through the user-side or 
source-side. Economic growth, trade, population density, and urbanization are all expected to 
generate the active production and consumption of the pollutant goods and services, hence are 
expected to result in an asymmetric or non-linear effect. We also expect to have some tail 
dynamics in the relationship between the variables under investigation, because like many eco
nomic variables, the impact at early stages of implementation might differ across the various 
implementation paths.

On the strength of the above theoretical underpinning, even though the purpose of this study is 
to investigate the nexus between environmental tax and income inequality, hence entails two 
variables. However, modeling such a nexus demands a multivariate framework because income 
inequality can be determined by technical, economic, and social variables. Thus, there is a need to 
capture the key determinant variables in the model. Another reason for the addition of control 
variables in the model is to address the issue of omitted variable bias, which can lead to an invalid 
estimation result. This is also in sync with the studies of (Adebola et al., 2022; Adeleye et al., 2021; 
Anser et al., 2021; Mdaghri & Oubdi, 2022; Sun, 2022; Wolde-Rufael & Mulat-Weldemeskel, 2022a; 
Xie & Jamaani, 2022; Xin & Xie, 2022) which provide grounds for the inclusion of these control 
variables. We therefore employ the following basic model in our empirical analysis:

Inequalityit¼ fðTaxit;Mit; εitÞ (1) 
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Thus, Inequality (Inequality) is expressed as a function of environmental tax (Tax) and a vector of 
control variables represented by M. Meanwhile, ɛ represents the disturbance term and i and t represent 
country and time, respectively. For the purpose of estimation, we re-specify Eq. 1 as follows:

fit ¼ xit βþ uit 

Inequalityit¼ β0 þ β1etit þ β2gdpit þ β3tradeit þ β4popudenseit þ β5urbit þ εit (2) 

where et is environmental tax, gdp is gross domestic product, trade is trade, popudense stands for 
population density and urb is urbanization. The intercept of the regression equation is represented 
by β0 and the coefficients of the explanatory variables are represented by β1− β5. Moreover, i 
(i = 1, 2 … 5) represents each country or panel member across the time frame of t (t = 1, 2 … 26). ɛ 
is the residual and is assumed to meet the classical criteria of independent as well as identically 
distributed with a zero mean as well as constant variance. Further, we employ logarithms (log) of 
variables in our regressions provided they do not have negative or zero values (thus, we do not 
take logarithms of environmental taxes and urbanization because they have negative values). The 
use of logarithms is to allow the data to be more normally distributed as well as dealing with 
differences in the measurement of variables (Bellemare & Wichman, 2020; Lütkepohl & Xu, 2012).

Moreover, the use of panel quantile regression to model the relationship in this study is to enable 
the researchers to examine and provide a deeper understanding of the determinants of inequality 
across the conditional distribution, particularly considering countries with the highest and least 
inequalities. For this reason, Koenker and Bassett (1978) seminally introduced the quantile regres
sion technique, which is a median-based regression analysis of the quantiles, a feature that is 
lacking in the traditional regression analysis, which are mean based, and may result in an 
inappropriate estimation of the relevant coefficients. Therefore, equation (2) can be rewritten as:

Inequalityitðq=xitÞ¼ αiðqÞþβ1ðqÞetit þ β2ðqÞgdpit þ β3ðqÞtradeit þ β4ðqÞpopudenseit

þ β5ðqÞurbit þ εit . . . . . . . . . . . . ði ¼ 1;2 . . . . . . . . . n; t ¼ð1; 2 . . . . . . ::TÞ
(3) 

where i and t indicate the country and time, q indicates the quantile, 0 < q < 1, βk(q) represents the 
regression coefficient of quantile q, which varies with the change in q. The other variables are the 
same as above.

3.4. Econometric strategy
This segment describes the methodology employed in obtaining the empirical results for the model 
discussed above.

Table 1. Variable description

Variable Abreviation Unit of 
measurement

Source Sign

Income Inequality lgini Gini index World Bank Not applicable

Environmental Tax let Environmental tax 
revenues (% of 
GDP)

OECD +(-)

Gross Domestic 
Product

lgdp GDP per Capita +(-)

Urbanization lurb Urban population 
(as a % of total 
population)

World Bank +(-)

Trade ltrade Trade (% of GDP) World Bank +(-)

Population Density lpopudens People per sq. km of 
land area

World Bank +(-)
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3.4.1. Diagnostic checks 
Before estimating the relationship between the variables under consideration in this study, a few 
initial checks are conducted to ascertain the underlying features of the variables, this was done by 
initially checking the descriptive statistics and the correlation of the data. The study then began 
the diagnostic checks by testing the normality of the series using the Jarque & Bera (1987) test. In 
the next step, this study conducted a test of slope homogeneity using the Pesaran & Yamagata 
(2008) test, the results of which show both the statistics for Δ and Δ Adjusted. Moreover, mindful of 
the usage of trade and gross domestic product as factor variables that can spur interdependence 
between countries in the empirical investigation, the study uses the Peasaran (2004) test to check 
for cross-sectional dependence. The essence of these diagnostic checks is to uncover any estima
tion issues necessary to determine the next appropriate steps to take regarding the estimation of 
the stationarity or unit root and cointegration and long-run relationship. This is ultimately a set of 
checks and balances to guard against biased or spurious results.

3.4.2. Unit root and Cointegration test 
This study employs the Pesaran (2014) cross-sectional augmented Im, Pesaran, and Shin (CIPS) 
method to test the stationarity of the series. The usefulness of this approach over the traditional 
approach has to do with its potential cross-sectional dependence and slope coefficients that are 
heterogeneous. Additionally, the Fisher augmented dickey-fuller was also used to assess the unit 
root.

Regarding cointegration, the error correction mechanism (ECM) cointegration approach by 
Westerlund (2007) is used. As intimated earlier, because this test provides efficient results even 
with heterogeneous slope coefficients and cross-sectional dependence, it is very useful. This test 
consists of four statistics, two mean group statistics, and two panel statistics. For confirmatory 
reasons, the Kao cointegration is also estimated.

3.4.3. Method of moments quantile regression 
To investigate the heterogeneous and distributional nexus between environmental tax and 
inequality, this study employs the recently developed and novel estimation technique of Method 
of Moments Quantile Regression (MMQR), credited to the works of Machado and Santos Silva 
(2019). A model that can assist to appropriately capture the tail dynamics of the impact of 
environmental tax on the inequalities involved in a global sample that encapsulates both the 
“haves” and “haves not.” This is to ensure that the research question is addressed and the 
appropriate policy recommendations that will maximize welfare will be suggested.

The MMQR model addresses a number of limitations found in the traditional regression models 
(Ma, 2022; Sun & Razzaq, 2022; Wolde-Rufael & Mulat-Weldemeskel, 2022b). First, it provides 
accurate and vigorous results when the distribution of the dataset is non-parametric, contains 
outliers, minimal, or no correlation and non-normality of data. Secondly, the technique is able to 
determine the distributional and unique properties of several quantile values, therefore the 
problem of uneven distribution is appropriately addressed. Third, MMQR allows for the individual 
fixed effects across the conditional distribution, enabling the predictors to accommodate the 
location and scale functions (Alhassan et al., 2020). Again, MMQR is robust to discern the 
conditional heterogeneous covariance effects of GDP, Trade, Population density, urbanization, 
and environmental tax on income inequality, thus resolving the problem of unobserved hetero
geneity. It also permits for not only a location-based asymmetry, because the parameters may 
depend on the position of the predicted variable, which is an income inequality, but also 
produces good estimates under diverse conditions, even if the model is non-linear. MMQR is 
described as a practice-based approach in view of its ability to simultaneously deal with hetero
geneity and endogeneity via moment restrictions, hence, appeals to both asymmetric and non- 
linear estimations. A distinguishing factor of MMQR is its instinctiveness for handling non-cross
ing estimates, without giving invalid responses. In line with Machado and Santos Silva (2019), for 
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the conditional quantile of the random variable in the panel data for the location and scale is 
specified in equation (3) as follows:

yit ¼ αi þ xitβþ @i þ Nitθð Þvit (4) 

where yit is the dependent variable, xit is an i.i.d endogenous variable, (α, β, @, θ) are parameters to 
be assessed. The probability, P {@i þ Nit > 0} = 1. vit is an i.i.d unobserved random variable 
distributed across individuals and is orthogonal to xit satisfying the c, moment conditions (see, 
Ma, 2022; Sun, 2022). i = 1 … n, denotes the individual i fixed effects and N is a k-vector of known 
components of x (see, Adebola et al., 2022; Adeleye et al., 2021; Anser et al., 2021; Firpo et al.,  
2021; Ma, 2022; Mdaghri & Oubdi, 2022; Sun & Razzaq, 2022; Wolde-Rufael & Mulat-Weldemeskel,  
2022b; Xie & Jamaani, 2022; Xin & Xie, 2022).

Again, xit is orthogonal to cross-sections (i) and time (t) in the expression as captured in 
Machado and Santos Silva (2019). Thus, reserves and external variables stabilize. Hence, 
Equation (1), (2), and (3) might be rewritten as follows:

Qy δjxitð Þ ¼ αi þ @ir δð Þð Þ þ xitβþ Nitθr δð Þ (5) 

Where Qy δjxitð Þ is the quantile distribution of the dependent variable (y), i.e., global inequality, which 
is dependent on the location of the independent variables xit i.e., environmental tax, GDP, trade, 
population density, and urbanization and δ is the fixed effects of an individual country, i. αi δð Þ ≡ αi 
+@ir δð Þ is the scalar coefficient, which shows the impact of the δ � th quantile on that of i (Ike et 
al., 2020), and r δð Þistheδ � th sample quantiles, i.e.,, from 10th to the 90th quantiles (Mdaghri & 
Oubdi, 2022; Sun & Razzaq, 2022). N denotes a k-vector of known components of Nit, which is 
normalized to satisfy the Machado and Santos Silva (2019) moment conditions E(U) = 0 and E(| 
U|) = 1 (see, Xie & Jamaani, 2022).

4. Results and Discussions
The empirical results gathered after the various tests of statistics and econometrics using Stata 17 
are discussed in this section. The results of the descriptive statistics, correlation, normality checks, 
and the variance inflation factor (VIF) are shown in the first instance. Then, followed by the 
diagnostics checks, unit root testing, cointegration, results from MMQR, and robustness checks.

Table 2 displays the descriptive statistics for the variables under study at the global, continental, 
and total population by `income levels.

The results of the descriptive statistics show that the averages, minimum, maximum, and 
volatility of the various variables, particularly the averages of income inequality at the global 
level are recorded at (3.649), with America recording the highest averages of inequality continen
tally (3.875), and the upper middle-level countries per income levels also being the highest (3.84) 
among the rest. The results also show that globally, GDP is the most volatile among the variables, 
followed by population density and then environmental tax. Furthermore, Bulgaria, Bolivia, and 
Slovakia republic are the countries with the highest inequality (more than 4.0). India and Uganda 
also represent the countries with the highest environmental taxes.

In Table 3, the results first, show that the variables follow a non-normal or nonparametric 
distribution and hence will require a nonparametric econometric model. It is one of the considera
tions for selecting the MMQR as the main estimation model in the study.

Second, the results of the slope coefficient heterogeneity prove that the coefficients of the slope 
are heterogeneous, largely due to diversity in structures relative to tax, trade, and income as well 
as consumption patterns. Thirdly, the results of the cross-sectional dependence indicate the 
existence of cross-sectional dependence, which is expected since through trade, and globalization 
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the economies of the world is expected to be intertwined. All the results are significant at 
traditional levels of 1%, 5%, and 10% each.

Table 4 demonstrates the results of correlation analysis and is conducted to understand whether 
or not the variables are highly correlated, creating a multicollinearity issue.

Basically, the correlation matrix shows that all correlation coefficients do not exceed 0.8, clearly 
showing the absence of a serious multicollinearity problem. Again, the results of the Variance 
Inflation Factor (VIF) are also very low, all below the value 2 and certainly not up to the level that 
can cause multicollinearity. This is in consonance with prior studies that have employed VIF, such 
as Poursoleyman et al. (2022).

Table 5, outlines the results of the unit root test, and this was carried out using the Pesaran 
Panel Unit Root Test with cross-sectional and first difference mean included in the estimates; 
however, for comparison purposes, the Fisher augmented Dickey–-Fuller type was also run to 
observe if any variation exists in the outcomes of the unit root test.

The results from the Pesaran test indicate that only inequality and trade are stationary at level 
but all variables are stationary at the first difference. The results from the Fisher ADF also show 
that all the variables are significant at level except economic growth and at the first difference, all 
variables are also significant except urbanization. The results verify that there is evidence of 
stationarity of all the variables used in the study at either level or first difference.

In Table 6, we then proceeded to check for the long-term cointegration among variables using 
the (Westerlund, 2007) test for panel cointegration.

The outcomes reported rejecting the null in the absence of cointegration in the favor of alter
natives for the presence of long-term cointegrating relationships in both group and panel statistics 
among the factors under examination for both models. For comparison, the Koa test was also 
estimated. Both results demonstrate that long-term relationships are validated for the inequality 
(lini), environmental tax (et), gross domestic product(lgdp), trade (ltrade), population density 
(lpopudens), and urbanization (urb) in the study models.

Table 7 depicts the results of MMQR estimation, where environmental taxes reduce global 
income inequality, and this generally demonstrates that in terms of the “big picture effect,” 
environmental tax is an effective strategy in reducing income inequality at the global level.

However, the results also show that this impact is significant across all quantiles. This is an 
indication that a more restrictive environmental tax policy results in a decline in global income 
inequality. Moreover, the magnitude of the coefficients is marginally larger at the smaller quan
tiles, and this suggests that countries with smaller magnitudes of income inequality (New Zealand 
and Slovenia) have a higher probability of experiencing a marginally bigger impact of environ
mental tax policies than countries with higher-income inequality (South Africa and Brazil). The 
above results are similar to the findings of Budolfson et al. (2021) and Tirachini and Proost (2021). 
The results further indicate that economic growth, trade, population density, and urbanization all 
have negative and significant effects on income inequality largely across all quantiles. This means 
that all these economic variables can narrow the gap in inequality especially. Population density 
impacts the inequality with very interesting tail dynamics, i.e., negative and significant at the early 
quantiles (1st and 2nd). The location parameters show that an increase in environmental taxes, 
trade, economic growth, population density, and urbanization can reduce the average global 
inequality. In terms of the scale parameters, all variables except economic growth and population 
density will decrease dispersions in the global inequality. Figure 1 presents the graphical repre
sentation of the nexus as explained above.
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Tables 8-15 display the results of the environmental tax-inequality nexus at both the continental 
and income levels.

Beginning with countries with a total population of high income levels in Table 8, the empirical 
findings suggest that environmental taxes reduce income inequality significantly in the small-to- 
medium quantiles (1st to 6th) but insignificant in the higher quantiles (7th to 9th), and this is similar 
to the findings from Oueslati et al. (2017). Hence, these findings suggest that, environmental taxes 
significantly decrease inequalities only in high-income countries with smaller to medium-income 
inequalities, but countries with higher inequalities are not impacted significantly when tighter 
environmental taxes are rolled out. The magnitude of the coefficients also confirms the same. 
Trade and urbanization both impact inequality in high-income level countries negatively and 
significantly across all quantiles, but population density’s effect on inequalities is mixed, increasing 
the inequalities in countries with smaller inequalities (1st to 3rd) but reducing the inequalities in 
high-income level countries even though also negatively impact inequality but not significant. 
Economic growth in high-income countries rather widens the prevalent inequalities across all 
quantiles. The location parameters show that an increase in all the variables except economic 
growth can reduce the average global inequality. In terms of the scale parameters, all variables 
except population density and urbanization density will increase dispersions in the global 
inequality.

Table 9 shows the results regarding low-income countries, where environmental taxes reduce 
inequalities but not significantly.

Countries with smaller inequalities per coefficient have a bigger probability of being affected. 
Both economic and trade also reduce inequalities in low-income countries but not significantly 
across all quantiles. Meanwhile, population density in a gradual manner positively impacts inequal
ities in low-income countries in a significant manner across all quantiles except 1st. Urbanization 
impacts inequalities in low-income countries negatively only within the smaller quantile regions 
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income inequality: Global level. 
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but turns to impact positively from the medium to higher quantiles. The location parameters show 
that an increase in all the variables except population growth and urbanization can reduce the 
average global inequality. In terms of the scale parameters, all variables except trade will increase 
dispersions in the global inequality.

Table 10 demonstrates the empirical results for the upper middle-income countries, these 
results show that the imposition of environmental taxes significantly reduces inequalities across 
all quantiles, per the coefficient is likely to have more impact in countries with smaller inequalities 
in this bracket.

Economic growth and population density, similarly reduce inequality across all quantiles. Trade 
impacts inequalities in these countries in both ways negatively (1st to 3rd quantiles) and positively 
(4th to 9th quantiles). Urbanization in this instance rather widens the inequality gap, with a bigger 
effect on countries with small inequalities in the upper middle-income level. The location para
meters show that an increase in all the variables except trade and urbanization can reduce the 

Table 5. Panel unit root

Test Pesaran CIPS Fisher-ADF

Variable I(0) I(1) I(0) I(1)

lgini −5.434*** −29.948*** − 12.520*** −84.695***

let 0.383 −22.925*** −4.304*** −49.503***

lgdp 1.349 −19.674*** 10.093 −27.160***

ltrade −3.419*** −25.615*** −4.943*** −53.773***

lpopudens 4.603 −4.552*** −11.413*** −6.909***

lurb - - −12.668*** 4.350

***Significance level at 1%. **Significance level at 5%. *Significance level at 10% 

Table 6. Cointegration test

Westerlund

Statistics −5.9805 0.0000

Pedroni

Statistic Value P-value

Modified Phillips-Perron t 2.2310 0.0128

Phillips-Perron t −17.1460 0.0000

Augmented Dickey-Fuller t −17.0726 0.0000

Kao Test

Parameter Statistics P-Value

Modified Dickey-Fuller −6.1485 0.0000

Dickey-Fuller −6.1611 0.0000

Augmented Dickey-Fuller −0.8871 0.1875

Unadjusted modified Dickey-Fuller −12.0921 0.0000

Unadjusted Dickey-Fuller −8.6866 0.0000

***Significance level at 1%. **Significance level at 5%. *Significance level at 10% 
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average global inequality. In terms of the scale parameters, all variables except population density 
and urbanization will increase dispersions in the global inequality.

The results from Table 11 show that environmental taxes reduce inequality at the lower middle- 
income level from across all quantiles but gradually, significantly only from the medium to higher 
quantiles.

Correspondingly, the likelihood of a bigger impact on countries with higher inequalities is huge 
as compared to countries with smaller inequalities. Further, the results show that while economic 
growth significantly increases inequalities across all quantiles, urbanization also increases the 
same but not significantly across all quantiles. The effect of population density on inequality varies 
from initially, insignificantly increasing it (1st and 2nd) then gradually reducing it (3rd to the 9th) but 
even from significantly increasing it from higher quantiles. The location parameters show that an 
increase in all the variables except economic growth and urbanization can reduce the average 
global inequality. In terms of the scale parameters, all variables except trade will decrease 
dispersions in the global inequality.

Table 12 outlines the results of the relationship in the context of Africa.

The empirical evidence indicates that environmental taxes significantly reduce inequality across 
all quantiles but with reduced significance at the tail quantiles. Per the magnitude of the coeffi
cient, African countries with higher inequalities are likely to suffer more severe effects. Economic 
growth and population density reduces inequalities in African countries across all quantiles. Trade 
significantly increases inequality in the early to medium quantiles, but the level of significance 
wanes towards the higher quantiles. Urbanization as usual has a mixed effect, significantly 
reducing inequality in earlier to medium quantiles to increasing the inequalities in higher quantiles 
in gradual significance. The location parameters show that an increase in all the variables except 
trade can reduce the average global inequality. In terms of the scale parameters, all variables 
except urbanization will decrease dispersions in the global inequality.

In Table 13, the empirical evidence regarding the Asian countries shows that environmental 
taxes reduce inequalities across all quantiles.

These findings are similar to the findings of Saelim (2019). Economic growth and urbanization 
both similarly reduce inequality across all quantiles, but whilst the significance of the effect for 
economic growth is across all quantiles, in the case of urbanization it is insignificant across all 
quantiles. In Asian countries, trade and population density have gradually and significantly 
increased inequalities. The location parameters show that an increase in all the variables except 
trade and population density can reduce the average global inequality. In terms of the scale 
parameters, all variables except environmental tax and economic growth will increase dispersions 
in the global inequality.

Table 14, displays the results in the context of the American continent, and the empirical 
evidence depicts a mixed effect beginning with a significant increase in inequality up to the middle 
quantiles and then the significance reduces from the 6th to 7th quantiles, then begins to turn into a 
reducing inequality even though insignificant (2020.

The result is consistent with the findings of American countries with smaller inequalities are likely to 
have severe effects. Trade and urbanization exhibit similar mixed effects with significant reduction in 
inequality in smaller quantiles, which gradually reduces significance and towards the tail begins to 
increase the inequalities. Economic growth also reduces inequalities across all quantiles but becomes 
significant from medium to higher quantiles. Population density significantly increases inequalities but 
at the tail end reduces in significance and turns into a negative effect. The location parameters show 
that an increase in all the variables except environmental taxes and population density can reduce the 
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average global inequality. In terms of the scale parameters, all variables except trade and urbanization 
will decrease dispersions in the global inequality.

Table 15, shows the comparatively unique effect of environmental taxes on inequalities where 
the inequality gap widens with a more restrictive environmental tax policy.

Trade and urbanization, on the other hand, significantly reduce inequalities across all quantiles 
too. However, in a similar fashion to environmental taxes, economic growth, and population 
density increase inequality across all quantiles. The location parameters show that an increase 
in all the variables except trade and urbanization can increase the average global inequality. In 
terms of the scale parameters, all variables will increase dispersions in global inequality.

Overall, the results gathered in all the models estimated from the global, income level to continental 
levels have exhibited varied tail dynamics at both the higher and lower quantiles, confirmatory of the 
asymmetric character of environmental taxes and income inequality. Similarly, the other variables in 
the study, i.e., GDP, urbanization, population density, and trade, which are consistent with many 
economic variables, have also shown similar traits in the results of the estimated models. This is 
undoubtedly one of the justifications for the appropriateness of the model used.

Regarding Robustness analysis, Table 16 encapsulates the results of a hierarchical regression of 
the nexus under consideration in this empirical investigation.

These results are presented at the global, income and continental levels as conducted using the 
method of moments quantile regression. The results of this regression, as reported, are very similar 
to the signs of the coefficients obtained in the method of moments regression from Tables 7-15.

5. Conclusion and policy implications

5.1. Conclusions
The entire study is an analysis of the effect of environmental taxes on global inequality sub- 
analyzed into the country's income and continental levels. The study employed updated available 
data spanning from 1994 to 2020. A non-parametric panel econometric quantile regression is 
employed to address the objectives of the study. Prior to employing the non-parametric panel 
econometric quantile regression, preliminary diagnostic checks on the data were carried out. The 
tests conducted included a slope homogeneity test, a cross-sectional dependence test using 
Pesaran (2015), a normality of series test using Shapiro–Wilk test, Westerlund (2007) error correc
tion cointegration, and unit root tests. The outcome of these tests encapsulates firstly, a non- 
normality of data, which is one of the considerations in choosing the non-parametric panel 
econometric quantile regression, secondly, the existence of cross-sectional dependence and the 
heterogeneity of the slope coefficients, thirdly, the stationarity of series found to be of mixed order, 
that is, I(0) and I(1) and confirmation of cointegration among the variables of the study. 
Furthermore, the method of moments quantile regression by Machado and Santos Silva (2019) 
which is a non-parametric panel quantile regression approach was employed as the main estima
tion model. The main findings of the study show that environmental taxes represent a very good 
policy strategy to reduce global income inequality across all quantiles; therefore, a more restrictive 
environmental tax policy results in a decline in global income inequality. This is a finding that has 
ramifications for the “big picture effect”.

A decomposition of the global-level analysis based on income levels verifies that environmen
tal taxes policy strategy will be a very good tool to reduce the menace of income inequality 
across all the countries with varied income levels from (high to low). Further, analysis of the 
results obtained implies that specific environmental tax policy interventions targeted at varied 
income levels will help achieve the global target of reducing inequality. The evidence in countries 
with high income levels shows that environmental tax policy is more effective when levied in 
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high-income countries with smaller to medium inequalities compared to those with high inequal
ities. For low-income countries, moderate or less restrictive environmental tax policies should be 
crafted taking cognizance of the plight of the vulnerable and the poor. Regarding the upper 
middle-income group environmental tax policies can be cramping enough to derive the utmost 
significance needed to yield the required reduction in inequality. Lower middle-income countries 
per the empirical evidence should consider crafting environmental tax policies geared towards 
countries with medium to higher inequalities where the potency environmental taxes are 
significant.

A further sub-analysis on continental bases show that first, in Africa environmental taxes 
emphatically decrease inequalities but are possibly more effective in countries outside the extreme 
tails of income inequalities, because the level of impact for countries at the tails (smallest or 
highest inequalities) is not the same in significance. Therefore, environmental tax policy must be 
crafted to deal with the tail dynamics involved differently. Second, in Asia, the results indicate that 
environmental tax policies emphatically reduce the income inequalities among Asian countries but 
countries with higher inequality quantiles are likely to be the most affected. Third, the findings 
from the European evidence demonstrate that environmental taxes increase inequalities in Europe 
generally, but countries with smaller inequalities will likely suffer more in the widening of the gap. 
Fourth, the American experience presents mixed results in that, environmental taxes reduce 
inequality in American countries with a higher inequality gap but the American countries with 
smaller inequalities rather have the inequality gap further widened. Generally, the results gathered 
in all nine models estimated from the global to continental levels have exhibited varied tail 
dynamics at both the higher and lower quantiles, confirmatory of the asymmetric character of 
environmental taxes, and income inequality. The other variables in the study, i.e., GDP, urbaniza
tion, population density, and trade, which is consistent with many economic variables, have also 
shown similar traits in the results of the estimated models. This is undoubtedly one of the 
justifications for the appropriateness of the model used.

5.2. Policy Implications
The findings of this study have produced significant policy insights for all countries, especially 
within the context of global, income and continental levels. Firstly, all countries across the 
globe can in unison promote environmental taxes without compromising global inequality. 
Secondly, in view of the negative and significant coefficients found in the relationship 
between environmental taxes and inequality at the global level, a blueprint needs to be 
developed and implemented with a specific aim and a more concerted effort to increase 
environmental taxes, particularly for countries that are faced with high levels of inequality, in 
order to deal with the issues of inequality in a more frontal and holistic manner. In specifics, 
governments and policymakers must have this blueprint well-structured and streamlined to 
be part of the Nationally Developed Contributions for the reduction of greenhouse gas 
emissions. This would leapfrog the steps towards achieving sustainable development goal 
10 and by extension the entire sustainable development goals, which are in line with the 
objectives of COP26. Practical roadmaps should also be agreed upon to promote global trade 
and urbanization but control global economic growth and population density as a means of 
ensuring that effective environmental tax policies are carved out to yield the needed reduc
tion in global inequality.

Again, these results suggest that in order to draw environmental tax policy interventions that 
will achieve global equity, it is important to structure policy interventions from a global perspective 
by, for instance, developing global standards, which can then be customized to cater for the 
peculiarities of the various continents and other economic groupings.

In Africa, where the issues of inequalities are not only pronounced but have also been partly 
featured as one of the reasons for Africa’s under-development, it is no mean imperative for all the 
countries in Africa to consciously adopt and implement environmental tax policies and most 
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importantly ensure African countries in the region of medium to high inequalities are targeted and 
made to double up their efforts as a way of resolving the issues of inequality taking cognizance of 
the African peculiar circumstances. This assertion is consistent with the findings of negative and 
significant coefficients from across all quantiles. Additionally, many African countries are import 
dependent and have become destinations for dumping carbon-intensive goods and services. One 
important tool to restrict and discourage the transactions of these carbon-intensive goods and 
services is to put restrictive environmental taxes on them, whilst also rolling out policies to reduce 
densely populated areas, and restrictive environmental taxes. Even more crucial, because Africa 
has the lowest average environmental taxes (1.40%)

In Europe, where evidence of positive and significant coefficients has been revealed, about the 
effects of environmental taxes on inequality, this is largely due to the fact that Europe already 
charges the highest environmental taxes (1.99%) globally, and also the continent with the lowest 
inequality (3.48 index). Thus, a concerted effort across Europe can be encouraged to explore a 
wide range of other effective environmental policy interventions apart from taxes via the promo
tion of economic growth and urbanization, especially making it more restrictive towards countries 
with higher inequalities. Measures should also be put in place to discourage population density.

The American experience of the nexus between environmental tax and inequality even though it is not 
progressive for countries with small-to-medium inequality, but environmental tax policies targeted at 
American countries with higher brackets of inequality could reduce inequality, hence make it progres
sive. However, policymakers should be circumspect in taxing countries within smaller to medium 
inequality brackets because that has the potential of widening the gap of inequalities among the 
same countries. Indeed, America has the highest inequality (3.87 index) globally. Similar to Europe, 
American countries should develop policies aimed at discouraging densely populated localities in the 
drive to implement environmental taxes, since that would facilitate addressing inequalities.

The Asian continent will require peculiar neutral policy intervention from the perspective of environ
mental taxes, where it will require just more than the taxes but other policy developments to boast 
urbanization in all Asian countries. Alternatively, the proportion of increment in the inequality gap 
could be targeted and neutralized by recycling the revenues from the taxes to incrementally and 
proportionally reduce the inequality gap. Trade policy interventions should also be encouraged in the 
Asian smaller and medium range of countries with inequalities. Pragmatic steps should also be taken 
to curb population density and slow the pace of economic growth by applying environmental taxes in 
this direction. The main reason why Asian countries must still embrace and continue to contribute to 
the global efforts is to support the needed signaling effect in the environment

5.3. Limitations and future recommendations
Future studies should address two key limitations of this study. This study employed a global, 
income level and continental samples. However, a comparative study of developed and developing 
countries or countries under sub-regional blocks would be an interesting investigation. Again, the 
effect of gender on the nexus between environmental tax and inequality would bring more flavor 
to the empirical evidence thus far.
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