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Exploring GHG emissions through EKC and Circular Economy Indicators

Abstract

The immediate need to mitigate greenhouse gas (GHG) emissions due to the urgent threat of
climate change emphasizes the importance of investigating the Environmental Kuznets Curve
(EKC) hypothesis. This thesis aims to assess the validity of the EKC hypothesis by focusing on
total GHG emissions per capita and real GDP per capita along with Energy and Circular
Economy (CE) indicators. The data was constructed from the Material Flow Database of
Eurostat and Emissions Database for Global Atmospheric Research (EDGAR) emissions
database for 27 EU countries, ranging from the year 2000 to 2022.

Using panel data, this thesis studies the EKC relationship considering the CE indicators such
as Domestic Material Consumption (DMC), Resource Productivity (REP), Material Import
Dependency (MID), and Energy Intensity (EIN) as control variables in the short and long-term
using Pooled Mean Group regression.

The main results show that, in the long-run, DMC, REP, and EIN exacerbate GHG emissions
and GDP growth decreases GHG emissions. MID and EIN have a significant positive effect on
GHG emissions in the short run. Fixed effects model with cluster robust standard errors,
suggests the role of EIN in mitigating GHG emissions. The findings also reveal that GDP per
capita, DMC, and REP have a positive effect on the GHG emissions and the growth in GDP
per capita has a negative effect on the GHG emissions. The sensitivity analysis conducted with
additional variables, such as Municipal Waste Generation and Recycling rate of Municipal

waste confirmed the same results.
Keywords

Environmental Kuznets Curve, Greenhouse gas emissions, Circular economy, Empirical
study, Energy, Material Consumption



1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) estimates that approximately 500
billion tonnes of carbon have already been deposited into the Earth’s atmosphere (IPCC, 2022).
While COz is the primary driver of long-term warming, reducing short-lived climate forcers like
methane and black carbon can significantly help limit short-term warming to 1.5°C above pre-
industrial levels. According to researchers, the growing economy has resulted in a substantial
increase in the consumption of natural resources which in response has resulted in an increasing
amount of CO; emission (Gyamfi et al., 2021; Nathaniel & Adeleye, 2021; Shiogama et al.,
2019). As development progresses and industrialization intensifies, natural resources are
significantly depleted, and waste accumulates. During this phase, there is a positive relationship
between per capita Gross Domestic Product (GDP) and per capita environmental carbon
dioxide and greenhouse gas (GHG) emissions. However, continued economic growth, along
with advancements in technology, subsequently decreases environmental degradation. In the
early stages of economic growth, there is an abundance of natural resources and limited waste
generation due to low levels of economic activity (Kaika & Zervas, 2013). The Environmental
Kuznets Curve (EKC) hypothesis suggests that there is an increase in emissions when GDP
increases initially but once an economy reaches a certain level of development, further GDP
growth can eventually lead to improvement in environmental degradation which is usually
measured in terms of Tonnes CO; eq/cap/yr of the pollutants such as CO,, methane, and nitrous
oxide.

The European Commission has endorsed the European Union (EU) monitoring framework with
the circular economy (CE) indicators in the sectors of production, consumption, waste
management, and innovation (Euro Stat). This thesis focuses on CE indicators such as Domestic
Material Consumption (DMC), Resource Productivity (REP), Material Import Dependency
(MID), Municipal Waste Generation (MWG), Recycling Rate of Municipal waste (RMW), an
Energy indicator namely Energy Intensity (EIN) and their significance to the theoretical
framework of the environmental Kuznets curve (EKC). The motivation for choosing these
indicators is to understand the impact of clean energy and the Circular economy framework in
the reduction of GHG emissions within the EU27 countries. This thesis aims to focus on 2 major
research questions.

1. Does the EKC theory hold for GHG emissions in the EU-27 countries?



2. Do CE indicators and energy indicator significantly influence the GHG emissions across
EU27 countries?

Since it has been established that the EU has clean energy policies and efficient resource
consumption which increases the downward slope in the EKC, as the economy grows a decrease
in emissions is expected. The empirical method will be characterized by testing the standard
EKC relation using GHG emissions per capita and Gross Domestic Product (GDP) per capita
along with CE indicators and an energy indicator. Over the years, the traditional Environmental
Kuznets Curve (EKC) model has been criticized for omitting crucial factors. Previous studies
have sought to refine this model by incorporating additional variables alongside GDP, aiming
to create a more comprehensive and accurate representation (Alola et al., 2021; Emir & Bekun,
2019; Leal & Marques, 2022)

To address these research questions, this thesis employs the Pooled Mean Group Regression to
capture the long-run and short-run equilibrium in the EKC theory using GHG emissions, GDP
per capita, one energy indicator, and three CE indicators. The aggregated data for EU27
countries spanning from 2000 to 2022 is used for the analysis. Then the Fixed effects Model is
done to account for correlation within the clusters. Additionally, a Random effects model with
cluster-robust standard errors is done to compare the analysis. Then two other CE indicators are
added as control variables to the baseline model and a Fixed effects Model with cluster-robust
standard errors is done to analyze the sensitivity. My contribution to the existing literature is to
enhance the EKC model by integrating circular economy indicators and energy indicator as
explanatory variables. This thesis aims to showcase the necessity for policies that take into
account CE practices, GDP dynamics, and their effect on GHG emissions. These insights carry
significant implications for policymakers, urging the adoption of sustainable development
strategies, and moving from a linear economy to a circular economy.

This thesis work is structured as follows; section 2 presents the EKC empirical literature.
Section 3 presents the theoretical framework of the EKC, and section 4 describes the datasets,
and methodology employed for the EKC hypothesis and the variables. Section 5 presents the
main empirical results derived from panel data analysis of EKC specifications for EU-27
countries. Section 6 contains the discussion of the results, Section 7 presents the policy
implications and limitations of this thesis. Section 8 draws some conclusions and provides

direction for future research.



2. Literature review

Even though there is a vast literature available for EKC, emerging methodologies for estimating
the Environmental Kuznets Curve (EKC), along with studies employing various advanced
environmental indicators added as explanatory variables to GDP and GDP squared per capita.
are continuously studied by researchers. Since the EKC varies with model specification,
environmental indicators, econometric techniques, and country-specific data, empirical results
have shown that not always the inverted U shape of the curve is satisfied.

Over time, the variables chosen to evaluate the EKC have traditionally comprised an
environmental indicator paired with an economic indicator. However, a plethora of
environmental indicators have been utilized to study the EKC, including air pollution,
ecological footprint, waste generation, and water consumption. Recent studies have integrated
the influence of various macroeconomic indicators. Energy indicators, such as renewable
energy consumption, non-renewable energy consumption, pollution abatement costs, and health
indicators have been added to the literature.

In terms of environmental indicators, researchers have also focused on single pollutants in
addition to CO., such as Nitrogen dioxide, Sulphur Dioxide (Ridzuan, 2019), and total
suspended particulates (Stern & Zha, 2016). A study on urban-level EKC concluded that
depending on the environmental indicator, the EKC takes on different shapes (Rizzati et al.,
2023).

Since the EKC literature is vast, only the literature concerning the chosen CE indicators such
as domestic material consumption (DMC), resource productivity (REP), and material import
dependency (MID), and the energy indicator, energy intensity (EIN) is mainly discussed here.
An EKC literature on DMC Indicator and per capita GDP for cross-European countries
concluded the EKC hypothesis. However, using a Fixed effects model Auci et al., 2013
concluded a delink between DMC indicator and GDP as in the case of CO, emissions and
income literature (Auci et al., 2013). Another study by Pothen & Welsch, 2019, estimated the
long-run relationship between income and material use for 144 countries between 1990 and
2008 found the income elasticity of DMC and showed the income-materials relationship
through a quadratic model, and concluded that an inverted U-shaped relationship between
income and DMC exists only in a sample of high-income countries (Pothen & Welsch, 2019).
According to Giljum et al., 2015, an inverted U-shaped relationship between GDPs per capita

and DMC per capita is only observed in developed economies (Giljum et al., 2015).

3



Further, another study by Celik et al., 2024, on EU-28 countries used a Generalized Method of
Moments (GMM) to estimate a panel vector autoregressive (PVAR) model to evaluate the
impact of domestic material consumption, renewable energy, financial development, and GHG
emissions on environmental quality in the EU-28 countries. The results concluded that GHG
emissions react positively to renewable energy consumption and financial development and
react negatively to a change in gross domestic product and domestic material consumption
(Celik et al., 2024).

A study by Mushafiq & Prusak, 2023 using the ARDL method validated the EKC theory for
EU27 countries. It concluded that the short-run and long-run increase in resource productivity
lowers environmental degradation suggesting that resources are utilized more efficiently,
reducing waste, and improving resource efficiency (Mushafiq & Prusak, 2023).

A study by Acaravci & Ozturk, 2010, on 19 European countries from the period 1960 to 2005,
using the ARDL method, concluded that the EKC hypothesis is invalid and found there is a
unidirectional causality from economic growth to CO2 emissions. The study found a positive
long-run relationship between CO> emissions and energy consumption (Acaravci & Ozturk,
2010).

Several critical concerns have also been raised on the validity of existing literature on the EKC.
Few studies reported that the existence of N-shaped EKCs was invalid (Mazzanti et al., 2007).
These studies based their conclusions on the signs of the coefficients but failed to validate their
results as the turnaround points of the reported N-shaped curves were located on the imaginary
plane (Sinha & Shahbaz, 2018). One of the main criticisms of the EKC theory is that high-
income economies can specialize in the production of clean goods only and rely on products
originating from lower-income countries. So, there is a reduction in per capita pollution. This
effect is known as the pollution haven hypothesis (PHH)(Cole, 2004). According to this
phenomenon, the EKC would imply not an overall reduction in pollution but rather a transfer
of pollution from high-income countries to lower-income countries.

With this literature background, this thesis investigates how the energy indicator and CE
indicators have contributed to the mitigation of GHG in the EU 27 countries over the period

2000 to 2022.



3. Theoretical Framework

The EKC hypothesis was initially formulated to describe the relationship between economic
growth and income inequality. Based on the theory by Simon Kuznets, 1955, authors
Grossmann and Krueger, assessed the EKC curve as the relationship between environmental
degradation (CO:z emissions and GHG emissions per capita) and income (GDP per capita) and
plotted it as an inverted U-shaped curve. Their conclusions state that environmental pollution
first increases with income to follow a threshold model, where income rises, environmental
pollution also increases. However, once a threshold is reached, a further increase in income
leads to a reduction in pollution as you can see from Figure 3.1 below (Grossman & Krueger,
1995).

Initially, economic growth triggers structural changes and higher energy consumption, resulting
in increased environmental pollution. As growth continues, technological advancements occur,
and fostering eco-friendly technologies and policies leads to environmental improvements
(Dinda, 2004).

Economic growth affects environmental quality through three channels: scale -effect,

compositional effect, and technical effect (Grossman & Krueger, 1995).

. 4
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Figure 3.1. Effects of the EKC (Kaika & Zervas, 2013)

The scale effect refers to a phenomenon in an economic system where, after reaching a certain
technological level, the expansion of inputs to produce output during the initial phases of
economic development results in heightened levels of environmental pollution. Consequently,

the scale effect contributes to a decline in environmental quality. Therefore, an increase in



income will lead to increased environmental degradation when all other factors are held
constant.

The composition effect describes how economic growth evolves as developing economies shift
from polluting industrial sectors to cleaner service industries and eventually to technology-
driven knowledge economies with more efficient energy practices, reducing reliance on fossil
fuels and having a positive impact on environmental quality.

The technical effect is observed in high-income economies, where a greater allocation of
resources towards research, development, and innovation is evident. Researchers discovered
that increased public spending on energy research and development correlates with a reduction
in energy intensity (the consumption per unit of gross domestic product), consequently leading
to a decrease in greenhouse gas emissions (Pothen & Welsch, 2019). Developed economies
transition from inefficient technologies to efficient and cleaner technologies thereby improving
environmental quality. Another study claims that technological progress and GDP growth can
have an impact on environmental degradation (Fisher-Vanden & Ho, 2010). Since the thesis

focuses on EU27 countries, the technical effect has a major significance.

4. Empirical analysis

4.1. Data and variables

To enhance EKC studies and avoid omitted variable bias, it is crucial to include a wider range
of variables in the EKC model (Stern, 2004). However, the selection of these variables should
be done carefully to prevent misspecification bias. It is essential to consider the temporal and
geographical contexts, ensuring that the chosen variables are appropriate for those specific
contexts (Sinha & Shahbaz, 2018). In addition to studies of the EKC hypothesis, another
relevant strand of literature is Material Flow Analysis (Schandl et al., 2018). From the MFA
database, the two CE indicators that operationalize material use are Domestic Material
Consumption (DMC) and Resource Productivity. The EU has added Material import
dependency and Energy Intensity to its CE monitoring framework. Hence the choice of
variables was chosen to include all the recent and relevant CE indicators. The aggregate data
was constructed from the Eurostat database and EDGAR database for 27 EU countries, ranging
from the year 2000 to 2022 (EDGAR - Emissions Database for Global Atmospheric Research,
2023; Eurostat, 2023). Belgium (BE), Bulgaria (BG), Czechia (CZ), Denmark (DK), Germany
(DE), Estonia (EE), Ireland (IE), Greece (EL), Spain (ES), France (FR), Croatia (HR), Italy
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(IT), Cyprus (CY), Latvia (LV), Lithuania (LT), Luxembourg (LU), Hungary (HU), Malta
(MT), Netherlands (NL), Austria (AT), Poland (PL), Portugal (PT), Romania (RO), Slovenia
(SI), Slovakia (SK), Finland (FI), and Sweden (SE) are the 27 EU countries focused in this
thesis. The GHG emissions trends and the GDP patterns of the above 27 EU countries are shown
in Figures 4.1 and 4.2, respectively.

The baseline dataset for this thesis comprises one dependent variable, two explanatory
variables, and 4 control variables. Logarithmic transformations were done and hence the result
interpretation is in terms of elasticities. Additionally, two more control variables were added to
the baseline data. The dependent variable is denoted as In_ GHG. It is the natural logarithm of
greenhouse gas emissions. The explanatory variables are the natural logarithm of Gross
Domestic Product per capita and its quadratic term. It is denoted as In GDP and
In_GDP_square, respectively. The control variables are the energy and circular economy
indicators denoted as the natural logarithms of Energy Intensity (In_EIN), Domestic Material
Consumption (In. DMC), Resource Productivity (In_REP), and Material Import Dependency
(In_MID) respectively. The additional control variables used to analyze sensitivity are natural
logarithms of Municipal waste generation (In. MWG) and Recycling rate of municipal
waste(In. RMW). All the variables, definitions, and their corresponding units are defined in

Table 4.1.

DMC measures the total amount of materials directly used by an economy. DMC does not
include upstream flows related to imports and exports of raw materials and products originating
outside of the local economy. REP, an important indicator of the sustainable development goal
quantifies the relation between economic activity (GDP) and the consumption of material
resources. MID provides the ratio of imports over direct material inputs in percentage. High
material import dependency can affect a country's economic stability and resilience. Energy
intensity is one of the indicators to measure the energy needs of an economy. It is often used as
an approximation of energy efficiency. It reflects on the structure of the economy, general
standards of living, and weather conditions in the reference area. It intersects with the principle

of CE in terms of Resource and material efficiency.
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g Huvera Baigin
e
g Derrrurk Esdoria

§ == ——
g -

i —
§ M MNaharings

g —
g Shyeariy Szen
o

Coech Mepuatbs

[

Bubzar Crosts
. — p—
Frrisrsd Framos
——— —_—
Ry Litvia
Pekng Pl
3% W06 3N 0 1N
Zasaien

2000 J00S 0% TS 2N 2000 2964 2010 2418 W0

Graphs by COUNTRY

OO 200 10 2018 1D

YEAR

2000 F4E 2010 A 200

00 3006 A0 N8 WeD

Figure 4.2 Real GDP per capita for the studied 27 EU countries



Table 4.1 Variable definition, measure units, and data source

Variable Definition Unit Sources
Greenhouse gas  GHG Tonnes CO2 EDGAR
emissions emissions include eq/cap/yr (Emissions
(GHG) carbon dioxide, Database for

methane, and nitrous Global

oxide from all Atmospheric

sources, including Research)

land use.
Gross Domestic ~ Ratio of real GDP to  Chain linked  National accounts
Product the average volumes indicator
(GDP) population of a (2010), euro (Eurostat2010)

specific year. GDP per capita

measures the value of

total final output of

goods and services

produced by an

economy within a

certain period of

time.
Domestic DMC per capita, Tonnes per Material flow
Material calculated as direct capita accounts: Eurostat
Consumption material input minus
(DMC) physical exports:

DMC = DMI — EXP
Resource Efficiency with Euro per Material flow
Productivity which an economy kilogram, accounts: Eurostat
(REP) utilizes the materials  chain linked

that are derived from  volumes

natural resources to (2015)

produce economic

value. (GDP) divided

by (DMC)
Energy Intensity  Energy  intensity is Kilograms of  Eurostat 2024
(EIN) the ratio of energy oil equivalent

supply to GDP. (KGOE) per

thousand Euro

Material Import ~ The extent to which ~ Percentage Eurostat 2024

Dependency
(MID)

an economy relies
upon imports in order
to meet its material
needs. Ratio of
imports (IMP) over
direct material inputs
(DMI)




4.2. Econometric Model

Following Grossman, Krueger, and Stern, (Grossman & Krueger, 1995; Stern, n.d.), the

relationship between environmental degradation and economic growth is described as follows

InGHG = ,30 + B1InGDPy + B,(InGDPy)? + X3 Bizic + & (1)

where GHG refers to greenhouse gas emissions per capita, GDP refers to the country’s GDP or
GDP per capita, and Z encompasses all other variables that might affect environmental quality
(Grossman & Krueger, 1995). Po indicates the intercept term, B1, and B2 are the coefficients for
InGDP;; and (InGDPy)?, respectively, while € is the error term. Depending on the signs of the
p1 and [z, the EKC will take on different shapes (Stern, 2004).
The shape of the EKC varies depending on the signs of the different f parameters associated
with income (Lorente & Alvarez-Herranz, 2016).
(1) If B1 = B2 = 0, there will be no relationship between environmental degradation and
income.
(11) If 1 > 0 and B2 = 0, there will be a monotonic increasing relationship such that
environmental degradation increases along with economic growth.
(i)  If Bl <0 and B2 = 0, there will be a monotonic decreasing relationship between
environmental deterioration and income.
(iv) If B1 > 0 and B2 < 0 there is a classical inverted U-shaped EKC.
(v) If B1 < 0 and B2 > 0 there will be a U-shaped relationship between environmental
degradation and income.
The empirical specification based on the dependent variable GHG per capita, independent
variable GDP per capita, and the selection of control variables used in this thesis is given in

Equation 2 as follows

lIl_GHGlt = ﬁo + ﬁlln_GDPlt + ﬁz(ln_GDPlt)z + ﬁgln_DMClt +
Baln_REP;; +BsIn_EIN;; + Beln_MID;: + ¢, (2)

Additionally, the log of other control variables is incorporated into the model to interpret the
coefficients in terms of elasticity. Based on previous literature, the model presumes a quadratic,
linear, and even cubic relationship of the income level (Lorente & Alvarez-Herranz, 2016). It

captures the nonlinear linkage between sector-wise emissions and per capita GDP. The level at
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which the income indicator (GDP) up to which the emissions are increasing and beyond which
emissions start to decline is termed the turning point, t, of the EKC and it is computed as follows

(Agras & Chapman, 1999).
T = exp (_—ﬁl) 3)

Then the EKC hypothesis implies that 31 > 0 and 32 < 0. Hence we expect the coefficients of
In_GDPj; to be positive and (In_GDPj)? to be negative.

4.3. Methodology

The EKC model for EU27 countries is estimated using panel data. Most studies attempt to
estimate both the fixed-effects and random-effects models. In the fixed-effects model,
unobserved heterogeneity that is constant over time within each country is accounted for by
including country-specific fixed effects. Time-fixed effects are also included to account for
factors that vary over time but are constant across countries in each period. The fixed-effects
model treats the country-specific effects and time-specific effects as regression parameters
(Stern, 2004). This means that the model explicitly includes dummy variables for each country
and possibly for each period to control for these effects. Random-effects model treats the
country-specific effects and time-specific effects as components of the random disturbance
term. If the country-specific fixed effects, time-fixed effects, and explanatory variables are
correlated, then the random-effects model cannot be estimated consistently (Hsiao, 1986).

A Hausman test is used to test for inconsistency in the random-effects estimate by comparing
the fixed-effects and random-effects (Stern, 2004). However, for this study, following reference
literature and economic significance, a Fixed effects model with cluster robust standard errors
is chosen as the main model. Other tests such as the LLC Unit root test are used to test for
stationarity, and Pooled Mean Group regression is used to test for the short-term dynamics and
long-term equilibrium. Breusch-Pagan test is done to detect heteroskedasticity and the Ramsey
RESET test is used to check for misspecification errors in the regression model. Hausman test
to compare the random-effect model and a fixed effects model were performed. Additionally,
a sensitivity analysis was performed by including 2 more control variables in the baseline

model.
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5. Results

The econometric analysis based on equation 2 was performed using the PMG regression and
the Fixed effects model with cluster-robust standard errors and the results are given below. The
results from the LLC Unit root test, Breusch-Pagan test, Ramsey RESET test, and Hausman
test performed are discussed as well and the corresponding results are given in the Appendices.

Additionally, the results from the sensitivity analysis are also presented.

5.1. Unit Root Test

The LLC test proposed by Levin, Lin, and Chu is a unit root test used to determine if a time
series variable is stationary or possesses a unit root (indicating non-stationarity). It is designed
to test the null hypothesis of a common unit root in the panel versus the alternative of
stationarity when the cross-sectional units are independent of each other. The data was tested
for stationarity and the LLC unit root test confirmed that GHG, GDP, REP, EIN, and GDP-
square were nonstationary as shown in Table Al.

Non-stationary time series can lead to spurious regression results, where high R-squared values
and significant t-statistics are observed even when there is no meaningful relationship between
the variables. This happens because non-stationary data can exhibit trends and cycles that might
falsely indicate a relationship. The natural logarithms of the variables were used to stabilize the
variance and potentially to achieve stationarity. However, the unit root test confirmed that both
GHG and EIN were non-stationary as shown in Table Al. Thus, the first differencing of the
logged variables was generated, and the unit root test confirmed that all the variables were

stationary based on the p values less than the significance level of 0.05 as shown in Table Al.

5.2. Pooled Mean Group Regression

The Pooled Mean Group (PMG) estimator is employed in this thesis to examine long-run
relationships across multiple cross-sectional units and heterogeneous countries. Additionally,
the error correction term indicates the speed at which deviations from the long-run equilibrium
are corrected. The PMG estimator is less sensitive to outliers, and it can simultaneously correct
the serial autocorrelation by choosing an appropriate lag structure for the dependent and
independent variables. The regression analysis begins with using a PMG estimation, and the

results are shown in Table 5.1. The PMG estimator, introduced by Pesaran, restricts the long-
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run slope coefficients to be the same across countries but allows the short-run coefficients
(including the speed of adjustment) and the regression intercept to be country-specific. This
method is particularly appropriate for panels with many periods and cross-sectional units, as it
incorporates elements of both pooling and averaging. Specifically, the PMG estimator permits
heterogeneity in short-run coefficients, speed of adjustment, and error variances across
countries while assuming homogeneity in the long-term equilibrium relationships between the
variables in the panel data.

Our findings suggest that the first lag value of In. DMC and In_EIN are statistically significant
at the 1% level suggesting that changes in the lagged In DMC are associated with changes in
In_ GHG, ceteris paribus. In the long run, a 1% percent increase in the first lag value of In DMC
is associated with an approximate 2.221% increase in the first lag of In. GHG emissions, ceteris
paribus.

The coefficient for the first lag of In_EIN is 0.1516486. This result is highly significant at the
1% level suggesting that changes in the lagged In_EIN are associated with changes in In. GHG,
ceteris paribus. In the long run, A 1% percent increase in the first lag value of In_EIN is
associated with an approximate 0.151 % increase in the first lag value of In. GHG emissions,
ceteris paribus.

In_REDP is statistically significant at the 5% level. The first lag value of In_REP indicates that
changes in the lagged In_REP are associated with changes in In_ GHG, ceteris paribus. In the
long run, a 1% percent increase in the first lag value of In_ REP is associated with an
approximate 1.852% increase in the first lag of In. GHG emissions, all else equal.

The coefficient for the first lag of In GDP square is -0.1548983. This result is highly
significant at a 1% level, suggesting that changes in the lagged In GDP_square are associated
with negative changes in In. GHG, ceteris paribus.

In the long run, a 1% percent increase in the first lag value of In_ GDP_square is associated
with an approximate 0.151 % decrease in the first lag value of In GHG emissions, ceteris
paribus. However, the p-value at 0.688 for the first lag of In_ GDP indicates that the result is
not statistically significant (p > 0.05), indicating that in the long run, changes in the lagged
In_GDP are not associated with changes in the lagged value of In GHG, ceteris paribus.
Similarly, for the first lag of In MID, the p-value at 0.848 indicates that the result is not
statistically significant (p > 0.05). In the long run, changes in the lagged value of In_ GDP and

In_MID are not associated with changes in the lagged value of In. GHG, ceteris paribus.
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The short-run effects from the Pooled Mean Group regression show that In_EIN is statistically
significant at a 1% level. A 1% increase in the first difference of In_EIN leads to approximately
a 0.68% increase in the dependent variable In_ GHG in the short run. With a p-value of 0.026,
the first difference of In_ MID is statistically significant at the 5% level suggesting a short-run
relationship between In. MID and In_ GHG, holding other variables constant. A 1% increase in
the first difference of In_ MID leads to approximately a 0.153% increase in the first difference
of In_GHG in the short run.

However, the lagged difference of In _EIN In_MID is not statistically significant. The other
coefficients of the first difference of In. GDP, In DMC, In_REP, In_ GDPsquare, and their
corresponding lagged differences are not statistically significant. The error correction term is
statistically significant, and the p-value associated is less than 0.05 indicating the deviations
from the long-run equilibrium. The coefficient of the error correction term (ECT) is
approximately -0.230 suggesting that there is a significant error correction mechanism in the
model where a deviation from the long-run equilibrium in the previous year leads to an
adjustment of approximately -0.230 % towards equilibrium in the current year.

The results indicate that variables like DMC, REP, EIN, and GDP_square exert significant long-
term influences on GHG emissions, whereas EIN and MID impact GHG emissions in the short
run. The model's error correction term (ECT) underscores the dynamic nature of these
relationships suggesting there are immediate short-term dynamics and sustained long-term
equilibrium when analyzing factors affecting GHG emissions across the EU 27 countries. Our
test results show the short-term heterogeneity and long-term homogeneity of the variables with

the dependent variable GHG emissions.

5.3. Breusch-Pagan test

The Breusch-Pagan / Cook-Weisberg test for heteroskedasticity examines whether the variance
of the residuals from a regression is constant (homoskedasticity) or varies with the level of an
independent variable (heteroskedasticity). Hence this test was used to detect heteroskedasticity
in the regression model and the result is shown in Table A2. The chi-squared test statistic is
17.01 and the p-value (0.0000) is much less than 0.05, we reject the null hypothesis of

homoskedasticity and conclude that heteroskedasticity is present in the regression model.
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Table 5.1 Pooled Mean Group Regression

(1) (2)
VARIABLES ect2 SR
ect2 -0.230%**
(0.0723)
LD.In_GHG 0.0606
(0.0952)
D.In_GDP 5.556
(13.53)
LD.In_GDP -1.393
(17.20)
D.In_ DMC -3.147
(3.974)
LD.In. DMC -2.786
(6.378)
D.In_REP -3.323
(4.014)
LD.In_REP -2.807
(6.405)
D.In_EIN 0.680%**
(0.0904)
LD.In_EIN 0.00889
(0.0860)
D.In_MID 0.153**
(0.0686)
LD.In_MID 0.0336
(0.0579)
D.In_GDP_square -0.0698
(0.679)
LD.In_ GDP_square 0.208
(0.628)
L.In_GDP 0.478
(1.190)
L.In. DMC 2.220% %%
(0.807)
L.In_ REP 1.853%%*
(0.814)
L.In_EIN 0.152%**
(0.0423)
L.In_ MID -0.0142
(0.0742)
L.In GDP_square -0.155%%%*
(0.0323)
Constant 1.238%***
(0.426)
Observations 567 567

Standard errors in parentheses
*x% p<0.01, ** p<0.05, * p<0.1
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5.4. Ramsey RESET test

Ramsey RESET test is used to check for misspecification errors in the regression model. The
null hypothesis (Ho) is that the model has no omitted variables, and the alternative hypothesis
(Ha) is that the model has omitted variables. From Table A3, the F-statistic is 0.91 and the p-
value is 0.435 (p-value >0.05) which fails to reject the null hypothesis indicating there is no

evidence of omitted variables in the model.

5.5. Hausman test

The fixed and random effect estimates were performed, and the results were run through the
Hausman test. The null hypothesis is that the difference in coefficients between the fixed-effects
and random-effects models is not systematic. The Hausman test results in Table A4 indicate
that there is a systematic difference between the coefficients estimated using the fixed-effects
and random-effects models. With a p-value that is less than 0.05, we can reject the null
hypothesis indicating that the differences between the fixed-effects and random-effects
coefficients are systematic. Therefore, the fixed-effects model is the more appropriate model

for the analysis.

5.6. Fixed Effects Model with cluster-robust standard errors

To address the potential correlation among observations within each cluster (country), cluster-
robust standard errors have been calculated with both fixed effects and random effects models.
The fixed effects model with cluster robust standard errors is performed with 567 observations
for the 27 EU countries over 23 years and the results are given in Table 5.2.

With R? value of 47.29%, the proportion of variance in the dependent variable (In_GHG) is
explained by the independent variables, while controlling for individual-specific effects. The
F-statistic is 61.24 and the p-value is less than 0.0001, indicating that the overall model is
statistically significant. The first difference between the logarithmic variables and their lagged
values is used in this model. Hence the estimated coefficients are interpreted as elasticities. The
main independent variable, In_GDP is statistically significant at the 5% level. It indicates that
a one percent increase in the first difference of In_ GDP is associated with a 1.405% percent
increase in the dependent variable In_ GHG, holding other variables constant. The lagged value

of In_GDP is not statistically significant.
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Table 5.2 Result of Fixed Effects Model with cluster-robust standard errors

VARIABLES

(1)

D.In GHG

LD.In GHG
D.In GDP
LD.In GDP
D.In DMC
LD.In DMC
D.In REP
LD.In REP
D.In EIN
LD.In EIN
D.In MID

LD.In MID

D.In_GDP_square

LD.In_ GDP_square

Constant

Observations
Number of COUNTRY NUM

R-squared

0.0324
(0.0649)
1.405%*
(0.660)
-1.687
(1.032)
0.600
(0.410)
1.092%
(0.636)
0.548
(0.405)
1.144%
(0.645)
0.557%%*
(0.0992)
0.0559
(0.0673)
0.00250
(0.0532)
-0.0249
(0.0197)

-0.0613**

(0.0233)
0.0234
(0.0367)

20.00940%*
(0.00351)

567
27
0.473

Robust standard errors in parentheses
*H% p<0.01, ** p<0.05, * p<0.1

The coefficient of the first difference of In EIN is statistically significant at the 1% level.

Therefore, it concludes that the first difference of In EIN has a significant effect on the

dependent variable. A 1% increase in the first difference of In_EIN is associated with a 0.557%

increase in the In_ GHG, ceterius paribus. However, the lagged value of In EIN is not



statistically significant. The coefficient of the first difference of In._ GDP_square is statistically
significant at the 5 % level.

With a negative coefficient of -0.61303, it indicates that a 1% increase in the first difference of
In GDP_square is associated with a decrease of 0.061 % in the dependent variable In._ GHG.
The lagged value of In_ GDP_square is not statistically significant. With positive coefficients,
the lagged values of the In_of DMC and In_REP have a p-value of 0.098 and 0.088 respectively
which is significant at the 10% level suggesting a positive relationship with the dependent
variable. However, their first differences are not statistically significant. The first difference
and the lagged value of In_ MID are not statistically significant.

An alternative analysis using the Random effects model with cluster-robust standard errors is
done and the results are shown in Table 5.3. The first difference of In_ GDP, with a p-value of
0.038 indicates that it is statistically significant at the 0.05 level. The coefficient suggests that
a 1% increase in the first difference of In_GDP is associated with a 1.57 % increase in the
dependent variable In_ GHG, holding other variables constant. However, the lagged value of
In_GDP is not statistically significant with a p-value at 0.120.

However, both the first differences and the lagged values of the natural logarithm of DMC,
REP, and MID are not statistically significant, even though they show positive coefficients.
Therefore, we cannot conclude that these variables have a statistically significant impact on the
dependent variable GHG.

The coefficient of the first difference of In_ GDP_square is statistically significant at the 1%
level, with a p-value of 0.006. With a negative coefficient of -0.684219, it indicates that a 1%
increase in the first difference of In_ GDP_square is associated with a decrease of 0.069 % in
the dependent variable In GHG, holding other variables constant. The lagged value of
In_GDP_square is not statistically significant. However, we consider the Fixed effects Model
with cluster-robust standard errors for the result interpretation. If the individuals in the sample
are one of a kind and cannot be viewed as a random draw from some underlying population, in

the case of countries, then it is apt to use the Fixed effects model(Verbeek, 2004).
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Table 5.3 Result of Random Effects Model with cluster-robust standard errors

(1)
VARIABLES D.In GHG
LD.In. GHG 0.0936*
(0.0489)
D.In_GDP 1.573**
(0.757)
LD.In_GDP -1.529
(0.984)
D.In DMC 0.559
(0.463)
LD.In DMC 0.826
(0.556)
D.In_REP 0.511
(0.446)
LD.In_REP 0.883
(0.561)
D.In_EIN 0.557*%**
(0.0949)
LD.In_EIN 0.0134
(0.0621)
D.In_ MID 0.00530
(0.0528)
LD.In_ MID -0.0235
(0.0170)
D.In_GDP_square -0.0684***
(0.0248)
LD.In_GDP_square 0.0261
(0.0335)
Constant -0.00862%**
(0.00310)
Observations 567
Number of COUNTRY NUM 27

Robust standard errors in parentheses
*x% p<0.01, ** p<0.05, * p<0.1

5.7. Sensitivity Analysis

To assess the robustness of the regression results to changes in the model specification,
additional variables were added to the baseline model. They are denoted as In MWG and

In. RMW, which is the natural logarithm of Municipal waste generation measured as kilograms
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per capita. MWG is an indicator that measures the waste collected by or on behalf of municipal
authorities and disposed of through the waste management system. It consists of a large extent
of waste generated by households and similar wastes from other commercial sources.

RMW is an indicator that measures the share of recycled municipal waste in total municipal
waste generation. It measures the efficiency of MWG systems by considering the recovery of
materials and by-products. The recycling rate of municipal waste is measured in percentage,
indicating how waste from final consumers is used as a resource in the circular economy. The

modified equation for the sensitivity analysis is given in Equation 4.

In_GHG;; = By + B1In_GDPy + B,(In_GDP;)? + BsIn_DMC;, +
Buln_REP;; +BsIn_EIN;; + BeIn_MID;, + B, In_MW Gy, + Bgln_RMW;; + ¢, (4)

From the results shown in Table A3, the coefficient of the first differences of In. GDP, In_EIN,
and In_GDP_square are statistically significant based on their p-values suggesting that a 1%
change in the first difference of In_GDP is associated with a 1.42% increase in first difference
of In GHG and a 1% change in the first difference of In_EIN is associated with a 0.554%
increase in first difference of In. GHG. With a negative coefficient, a 1% change in the first
difference of In_GDP_square is associated with a 0.662% decrease in the first difference of
In_GHG, holding all other variables constant. However, their corresponding lagged values are
not statistically significant. The first differences and their corresponding lagged values of
In DMC,In_REP, In_MID, and the additional control variables In. MWG and In. RMW added

to check for sensitivity are not statistically significant.

5.8. Turning Point of the EKC

From the results shown in Table 5.2, the coefficients of In_GDP (1.405) and In_ GDP_square (-
0.0613), i.e., B1 and B2 values are used in equation 3. The turning point is estimated at 94672
Euros where the relationship between GDP and GHG emissions changes from positive to

negative.
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6. Discussion

From the PMG regression results, the significant long-run and short-run relationships between
GHG emissions and various indicators used were analyzed. From these results, it is concluded
that Energy Intensity has a significant positive effect on GHG emissions in the long run. A 1%
increase in Energy intensity leads to a 0.69% increase in the GHG emissions. This result aligns
with a study carried out by (Sinha & Shahbaz, 2018) that concluded a strong positive
relationship between GHG emissions and Energy Intensity and confirmed an inverted U-shaped
phenomenon that exists between income and the environment.

According to (Emir & Bekun, 2019), the inverted U-shaped phenomenon that exists between
income and the environment was studied and a strong positive relationship between carbon
emissions and energy intensity was concluded. This study proved the existence of EKC in the
EU27 countries. From our analysis, Energy Intensity has a significant positive effect on GHG
emissions in the short-run and hence this thesis aligns with the study by (Emir & Bekun, 2019),
From our results, DMC has a significant positive effect on GHG emissions in the long run. A
1% increase in DMC leads to a 2.22% increase in GHG emissions. This result also aligns with
the material footprint literature where it was concluded that DMC and real income contribute
to greenhouse gas emissions in EU-28 countries in the long run and short run (Alola et al.,
2021). However, this thesis could not establish the same result in the short-run and only
concluded the long-run effect.

From our results, REP has a positive effect on GHG emissions in the long run. A 1% increase
in REP leads to a 1.85% increase in GHG emissions. Interestingly, this result contradicts a
previous study by (Mushafiq & Prusak, 2023b) where the authors concluded that resource
productivity reduces environmental degradation in the short run and long run. In countries with
a high material footprint, the long-run asymmetric relationship shows that resource productivity
effectively controls environmental degradation (Mushafiq & Prusak, 2023Db).

GDP growth has a negative effect on GHG emissions, in the long run. A 1% increase in GDP
growth leads to a 0.15% decrease in GHG emissions and our results align with the results from
Mohammed et al., 2024 (Mohammed et al., 2024).

In the short-run, MID has a positive effect on GHG emissions. A 1% increase in MID leads to
a 0.15% increase in GHG emissions. However, the findings from this thesis could not be
compared with previous studies on EKC in the EU27 countries as relevant literature was not

available to the best of our knowledge.
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The PMG regression validated the existence of long-term correlations between GHG emissions,
establishing the groundwork for nuanced regression analyses. The following Fixed effect model
revealed impacts of GDP, Energy intensity, GDP growth, REP, DMC, and GHG emissions.
From our results of the Fixed Effect model with cluster-robust standard errors, it is concluded
that GDP per capita has a significant positive effect on GHG emissions. The regression
coefficients of GDP show an increase of 1.40% in GHG emissions. The growth in GDP per
capita has a negative effect on GHG emissions. The coefficients of GDP growth show a
decrease of 0.61% in GHG emissions. These findings underscore the nature of GDP growth and
its impact on emissions supporting the EKC within the EU 27 countries and our result aligns
with another study by Dogan & Inglesi-Lotz, 2020 (Dogan & Inglesi-Lotz, 2020). From our
results of the Fixed Effect model with cluster-robust standard errors, it is concluded that Energy
Intensity has a highly significant positive effect on GHG emissions. A 1% increase in Energy
intensity leads to a 0.56% increase in the GHG emissions. This result aligns with another study
with pooled estimations and fixed-effects regressions that support the EKC hypothesis for
greenhouse gas emissions and intensity of energy consumption (Armeanu et al., 2018). DMC
has a positive relationship with GHG emissions, however at the 10% level of significance. A
1% increase in DMC leads to a 1.09% increase in GHG emissions. This result aligns with the
study where the authors concluded the effect of DMC and GHG emissions (Usman et al., 2022).
REP has a positive relationship with GHG emissions, however at the 10% level of significance.
A 1% increase in REP leads to a 1.14% increase in GHG emissions. However, due to scarce
literature, the results from this thesis could not be compared.

Overall, the above results answer both the research questions of this thesis. The positive and
negative coefficients of GDP and GDP growth respectively show that there exists an EKC
relationship in the EU-27 countries. Also, Energy and CE indicators play a significant effect on
GHG emissions.

Earlier economists considered environmental deterioration as a market failure and that the
market cannot properly manage environmental resources. Later environmental economists
addressed this by considering the environment as goods and services that can be traded and by
creating supply and demand curves to assign values and determine the optimal level of
environmental protection. This theory suggests that pollution occurs because the environment
is not governed by economic supply and demand laws. This approach treated the environment
as a collection of goods, aiming to solve market failures by creating markets for environmental

goods (Mazur et al., 2015).
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In recent years environmental economists have considered the fact that progressing towards
dematerialization is the key to addressing environmental problems. According to them Energy
efficiency, in developed nations decouples economic growth from energy and materials use, as
well as from waste disposal, thereby minimizing the environmental impacts of further GDP
growth. Based on this theory no specific measures are necessary to reduce the environmental
impact of growth, as continuous innovation and market forces will resolve the problem
(Mohammed et al., 2024; Wang et al., 2022). The findings from this thesis suggest that GHG
emissions initially increase with GDP growth but eventually decrease as economies mature and
develop better regulatory frameworks and technologies. At low-income levels, when the GDP
is growing in an economy, pollution abatement is undesirable because individuals prioritize
using their limited income to meet basic consumption needs. Also, the inverted U-shape in the
negative coefficient of economic growth suggests that further GDP growth will lead to lower
emission levels. This implies that after an income threshold is reached, individuals start
weighing the trade-off between environmental quality and consumption. Consequently, the rate
of environmental damage slows down. Beyond a certain point, spending on pollution abatement
becomes more prevalent as individuals favor improvements in environmental quality over
additional consumption. As a result, environmental quality starts to improve leading to a
decrease in emission levels although the GDP keeps an increasing trend.

Another interesting finding is that Energy intensity leads to a significant increase in GHG
emissions. Consequently, to maximize the positive impact of energy the EU community should
adopt appropriate energy consumption measures and shift to renewable energy. At the country
level, the early stages of industrialization and urbanization lead to higher pollution and resource
depletion. However, as income rises and societies become wealthier, there is a greater demand
for environmental quality and more resources are available for investment in cleaner
technologies and stricter environmental regulations (Energy Transition in the EU, n.d.).

Also from our results, we find that DMC and REP have a positive relationship with GHG
emissions. Ideally, government policies in the EU countries focus on accelerating the trend
toward dematerialization and ensuring that the environment is integrated into a circular
economy (Bigano et al., 2016). This suggests that country and state regulatory measures should

be aimed at effective and responsible resource use in the EU countries.
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7. Policy Implications and Limitations

Measures in enforcing emission limits, focusing on economic trade policies, and energy-
economy models may be suggested as policy implications. Moreover, this thesis highlights the
significance of Energy consumption and Material consumption within the CE framework in
enhancing environmental quality. EU countries should aim to reduce reliance on virgin
resources thereby minimizing material extraction and consumption. Efficient resource
productivity can also decrease GHG emissions. Therefore, fostering an environment conducive
to CE practices and renewable energy adoption stands as a cornerstone for achieving low
emission levels. Future Policy implications in the CE framework should include incentivizing
Energy-saving technologies, energy subsidies, and encouraging renewable energy adoption.
Meanwhile, this thesis acknowledges its limitations of aggregate data used in the analysis,
potentially overlooking the full complexity or heterogeneity that exists within the population
and geography of the different EU countries studied within the time range of 2000 to 2022.

However, the use of other CE indicators was constrained by the data availability.
8. Conclusions

EKC findings across different studies highlight the sensitivity of EKC estimations to various
factors, including datasets, indicators, analytical methods, and the inclusion of additional
variables. The concept of circular economy, which emphasizes waste reduction, minimizing
consumption, and enhancing resource efficiency, has gained traction in recent years.

Although several studies have investigated the EKC hypothesis, there is very limited literature
available to understand how these CE practices influence GHG emissions. This thesis aimed to
bridge that gap by concluding the EKC hypothesis in the EU27 countries by using major CE
indicators released by the EU in 2023.

Through the EKC hypothesis, the findings from this thesis confirm that there is a positive
relationship between GHG emissions, GDP, EIN, and CE indicators like DMC and REP. The
expected outcome of this study was that the role of CE indicators would improve the emission
levels. However, using panel data models, the main finding of our analysis is that there are
indications of a potential non-linear relationship between GDP and GHG emissions, which
aligns with the concept of an EKC. However, the lagged values of GDP weaken the evidence
for a long-term EKC relationship. It is also revealed that GDP growth has a negative impact on

emissions after a threshold point. The findings from the linear and quadratic relationship imply
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that as GDP increases, emissions initially rise but eventually decline, illustrating the inverted
U-shaped curve characteristic of the EKC. Our results also emphasize that Energy Intensity is
a significant indicator contributing to the increase in emissions. Also, there is a positive
relationship between DMC, REP, and GHG emissions. To conclude, promoting the circular
economy (CE) and embracing renewable energy sources are pivotal strategies for sustainable
development. Governments across all EU countries have a responsibility to carry forward CE
initiatives and lean towards renewable energy, not only to ensure a decrease in GHG emissions
but also to transition away from finite, non-renewable resources and leap towards energy
security.

Further research opportunities lie in exploring potential alternative hypotheses or additional
variables that could enhance the overall understanding of the emission trends in the EU. Future
studies may be focussed on expanding the dataset, extending the research period, and working
with possible parameters that influence emissions in the EU-27 countries. Further country-
specific studies may be aimed at augmenting the sample size to yield more precise and
comprehensive research outcomes. Moreover, while this thesis employs an appropriate PMG
regression method and cluster-robust Fixed effect model, future research could benefit from
more advanced econometric techniques. These future studies can give precise guidelines for
policymaking to improve Energy efficiency by employing robust econometric techniques and
by incorporating socio-political factors such as research and development in alternative energy
sources and technological advancements. For future research work in this domain, one shall
focus on the GHG emission levels by further incorporating the recent CE indicators pertaining
to technology and innovations, Food waste, recycling-specific waste streams, Green Public

procurement, and EU self-sufficiency for raw materials.
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Appendices

LLC unit root test

Table A1 LLC unit root test

Statistic salue Statistic Salue Statistic salue
GHG In_GHG D.In_GHG
Unadjustedt  -3.9874 Unadjusted t -3.2272 Unadjusted t -18.3108
Adjusted t* -0.4441  0.3285  Adjusted t* 0.4965 0.6902 Adjusted t* -9.2918  0.0000
GDP In_GDP D.In_GDP
Unadjustedt  -2.0847 Unadjusted t -4.9305 Unadjusted t -17.1852
Adjusted t* 0.8347 0.798 Adjusted t* -2.32 0.0102 Adjusted t* -9.3269  0.0000
DMC In_DMC D.In_DMC
Unadjustedt  -7.3435 Unadjusted t -7.7726 Unadjusted t -19.388
Adjusted t* -2.9555 0.0016  Adjusted t* -3.2695  0.0005 Adjusted t* -11.3143  0.0000
REP In_REP D.In_REP
Unadjustedt  -3.2696 Unadjusted t -4.5137 Unadjusted t -21.3029
Adjusted t* -0.1461  0.4419  Adjusted t* -1.6186  0.0528 Adjusted t* -12.0021  0.0000
EIN In_EIN D.In_EIN
Unadjustedt ~ -3.1341 Unadjusted t 0.4893 Unadjusted t -19.1045
Adjusted t* -0.9721  0.1655  Adjusted t* 3.1239 0.9991 Adjusted t* -8.744  0.0000
MID In_MID D.In_MID
Unadjustedt  -6.5622 Unadjusted t -7.2582 Unadjusted t -20.1469
Adjusted t* -2.7227  0.0032  Adjusted t* -3.4265  0.0003 Adjusted t* -10.8099  0.0000
GDP_square In_GDP_square D.In_GDP_square
Unadjustedt  0.1312 Unadjusted t -4.6021 Unadjusted t -17.3166
Adjusted t* 3.8528 0.9999  Adjusted t* -1.9894  0.0233 Adjusted t* -9.3894  0.0000
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Breusch-Pagan test

Table A2 Breusch-Pagan Test

(1)
VARIABLES D.In GHG
D.In_GDP 0.914
(0.576)
D.In. DMC 0.351
(0.393)
D.In_REP 0.288
(0.395)
D.In_EIN 0.568%**
(0.0665)
D.In_MID 0.0149
(0.0424)
D.In_GDP_square -0.0277
(0.0214)
Constant -0.0108#**
(0.00203)
Observations 594
R-squared 0.438
Breusch-Pagan Test 2.200
Prob > chi2 0.138

Robust standard errors in parentheses
*x% p<0.01, ** p<0.05, * p<0.1
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Ramsey RESET test

Table A3 RAMSEY RESET test

(1)
VARIABLES D.In GHG
LD.In. GHG 0.0936**
(0.0417)
D.In_GDP 1.573*
(0.805)
LD.In_GDP -1.529*
(0.802)
D.In. DMC 0.559
(0.520)
LD.In. DMC 0.826
(0.551)
D.In_REP 0.511
(0.520)
LD.In_REP 0.883
(0.552)
D.In_EIN 0.557%**
(0.0385)
LD.In_EIN 0.0134
(0.0456)
D.In_MID 0.00530
(0.0276)
LD.In_MID -0.0235
(0.0272)
D.In_GDP_square -0.0684**
(0.0322)
LD.In_ GDP_square 0.0261
(0.0315)
Constant -0.00862°%**
(0.00231)
Observations 567
R-squared 0.465

Standard errors in parentheses
*x% p<0.01, ** p<0.05, * p<0.1
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Hausman test

Table A4 Hausman test

(b) (B) (b-B) sqrt(diag(V_b-
Variable Fixed Random  Difference V B))S.E.
In_ GHG
LD. 0.032437 0.0935689 -0.0611321 0.0099141
In_GDP
DI. 1.404848  1.572666 -0.1678178 0.2547791
LD. 1.687165  -1.52929 -0.1578749 0.2518584
In DMC
Dl1. 0.599602 0.5587221 0.0408796 0.0745533
LD. 1.092281 0.8256647 0.266616 0.0786941
In_ REP
Dl1. 0.547524 0.5106892 0.0368346 0.0744131
LD. 1.143575 0.8827183 0.2608567 0.0789241
In_EIN
Dl1. 0.556588 0.5570162 -0.0004281 0.0047754
LD. 0.055871 0.01343 0.0424409 0.0075633
In_MID
Dl1. 0.002499  0.005302 -0.0028033 0.0036704
LD. -0.0249 0.0235191 -0.0013789 0.0049484
In_ GDP_square
Dl1. 0.061303 0.0684219 0.0071186 0.0125137
LD. 0.02335 0.0261145 -0.002764 0.011918

Test: Ho: difference in coefficients not systematic
chi2(13) = (b-B)'[(V_b-V_B)*(-1)](b-B) =40.49

Prob>chi2 =

0.0001
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Sensitivity analysis

Table A5 Fixed Effects Model with cluster-robust standard errors (With additional two control

variables)
(1)
VARIABLES D.In GHG
LD.In_ GHG 0.0326
(0.0642)
D.In_GDP 1.426%*
(0.658)
LD.In_GDP -1.716
(1.021)
D.In. DMC 0.606
(0.424)
LD.In DMC 1.032
(0.640)
D.In_REP 0.553
(0.418)
LD.In_REP 1.084
(0.648)
D.In_EIN 0.555%**
(0.101)
LD.In_EIN 0.0569
(0.0690)
D.In_MID 0.00272
(0.0545)
LD.In_ MID -0.0247
(0.0197)
D.In_GDP_square -0.0628***
(0.0224)
LD.In_GDP_square 0.0275
(0.0368)
D.In. MWG -0.00296
(0.0214)
LD.In. MWG 0.0241
(0.0201)
D.In. RMW 0.00162
(0.00575)
LD.In. RMW 0.00210
(0.00377)
Constant -0.00962**
(0.00352)
Observations 567
Number of COUNTRY NUM 27
R-squared 0.474

Robust standard errors in parentheses
*H% p<0.01, ** p<0.05, * p<0.1
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