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Abstract
This study aims to examine the stochastic convergence of per capita carbon dioxide (CO2) emissions in 21 OECD countries and
19 emerging market economies. After approximating both sharp and smooth breaks, the panel unit root tests are performed to test
the convergence. The empirical results suggest stochastic convergence for the two groups of countries. However, the results are
different when tests for individual countries are conducted separately. Specifically, CO2 emissions of only four OECD countries
and four emerging market economies show evidence of convergence if smooth breaks are not considered. With the inclusion of
both sharp and smooth breaks, convergence is observed for 11 OECD countries and 10 emerging market economies. These
findings may have implications for climate change policy making in selected economies.

JEL classification C32 . C33 . Q28 . Q54

Keywords Carbon dioxide emissions . Panel unit root test . Sharp and smooth breaks . Stochastic convergence

Introduction

The Kyoto Protocol requests that signatory countries cut
emissions of CO2 and five other greenhouse gases.
According to Paris Climate Agreement, the OECD coun-
tries commit to keep carbon concentration in the atmo-
sphere at 450 ppm and to restrict the increasing trend of
global mean temperature. Thus, CO2 emission has been
viewed as the main threat to environmental pollution.
Cutting CO2 emission has been listed in many countries’
development strategies. To achieve this goal, a good un-
derstanding of the convergence and divergence of CO2
emission is important (Lee and Chang, 2008). In fact,
more and more studies pay attention to the convergence
and divergence of CO2 emission through various research

methods (Aldy, 2006; Criado and Grether, 2011; Cheong
et al., 2016; Wu et al., 2016; Lee and Chang, 2008; Lee
et al., 2008; Romero-Ávila, 2008; Westerlund and Basher,
2008 and Lee and Lee, 2009). However, no consistent
conclusions about the convergence of CO2 emission have
been reached. To gain further insights into this issue,
more advanced research methods are needed (Lee et al.,
2008 and Cheong et al., 2016).

In this paper, we first use a more powerful panel unit root
test with smooth and sharp breaks to test the classical conver-
gence hypothesis. Specifically, if CO2 emission series is non-
stationary, an external shock on CO2 emission would have
permanent effects and hence affect macroeconomic perfor-
mance. In contrast, if the null hypothesis is rejected, the
CO2 emission is stationary and exhibits the I(0) process, a
shock on CO2 emission would only have temporary effects.
In other words, if CO2 emission follows the I(0) process, the
CO2 emission series will return to its mean or trend over time.
The environmental protection action would be slightly man-
datory (Lee and Chang, 2008) and CO2 emission would be
convergent over time. In contrast, if CO2 emission is nonsta-
tionary, the environmental protection policy could significant-
ly affect the path of CO2 emission.

The contribution of this study can be listed as follows.
It is commonly accepted that the development of an
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economy will be accompanied by structural changes, from
agriculture-led to industry-led and eventually to service-
led growth. Obviously, the industrial sector will likely
generate more CO2 emission because of its burning of
fossil fuels such as oil, coal and natural gas. The changes
in economic structure would significantly affect the CO2
emission. In other words, CO2 emission must have struc-
tural breaks in the development process (Lee and Chang,
2008). To capture the structural breaks, most previous
studies are inclined to use dummies. However, dummies
could only approximate sharp breaks, while the smooth
breaks in most cases cannot be captured. The failure to
capture smooth breaks would result in the failure of tra-
ditional tests of stochastic convergence. To fill this gap in
the existing studies, we use both dummies and the Fourier
function to generate time-varying intercepts which are
fitted to the path of CO2 emission.

The empirical findings show stochastic convergence
for the two groups of countries, namely OECD and
emerging market countries. Specifically, the CO2 emis-
sions per capita are not converging for Australia,
Belgium, Finland, Ireland, Japan, Netherlands, New
Zealand, Portugal, Sweden and the UK in OECD group
and Brazil, South Africa, Hungary, Peru, the Philippines,
Poland, Thailand, the United Arab Emirates and Qatar in
emerging market economies, respectively. External
shocks like oil shocks, financial crisis and environmental
protection policies have profound impacts on the path.
For the rest of the countries, CO2 emission per capita
is converging.

The remainder of the paper is organized as follows. The
“Literature review” section reviews research methods in
existing studies. The “Econometric models” section presents
the datasets and descriptive statistics. The “Datasets and de-
scriptive statistics” section introduces the econometric
methods. The “Empirical results” section discusses the empir-
ical results and economic implications. The last section
concludes the paper.

Literature review

Pettersson et al. (2014) suggest that the existing empirical
studies related to carbon convergence could be divided into
four strands in terms of their research methods. They can be
called nonparametric tests, the stochastic approach (our paper
could be categorized into this strand) and the distributional
analyses and index decomposition analyses.

Non-parametric test

Menegaki and Tiwari (2019) provide a detailed review of this
strand of literature. Strazicich and List (2003) use cross-

sectional regression to test the σ and β convergence for 21
OECD countries.1 They find the per capita carbon emission
converges conditional on the gasoline price and winter
temperature. Besides, Strazicich and List (2003) suggest that
due to the sizes of different countries some caution should be
exercised when the effects of winter temperature are consid-
ered. Van (2005) examines the CO2 emission for 100 coun-
tries, including 26 high-emission countries. They find evi-
dence of convergence for high-emission countries, but evi-
dence of divergence for the whole sample. Stegman and
McKibbin (2005) test the σ and β convergence for 26
OECD countries and 97 global countries. They find
convergence only for OECD countries. Aldy (2006) also con-
siders the OECD group and global economies together. The
conclusions are similar to those obtained by Stegman and
McKibbin (2005). Panopoulou and Pantelidis (2009) test σ
convergence for 128 countries and divergence for the
sample as a whole. Brock and Taylor (2010) cover the 21
OECD countries and find unconditional and conditional β
convergence by employing a cross-sectional approach.
Jobert et al. (2010) focus on testing the convergence of 22
European countries and further indicate both conditional and
absolute convergence for the group. Conversely, Camarero
et al. (2013) examine the σ convergence of carbon dioxide
intensity. A more recent piece of work by Ulucak and
Apergis (2018) uses a club clustering approach and finds the
presence of a small number of convergence clubs.

Stochastic convergence test

Strazicich and List (2003) use the panel unit root test proposed
by Im et al. (2003) to examine the stochastic convergence of
per capita carbon dioxide emission in 21 OECD countries.
They find stochastic convergence of CO2 emission for the
group. Barassi et al. (2008) employ a set of unit root tests to
check the convergence of carbon dioxide emission, including
the methods proposed by Hadri (2000) and Im et al. (2003).
They find divergence in per capita CO2 emission in OECD
countries. Romero-Ávila (2008) applies the panel unit root
test with multiple structural breaks proposed by Carrion-i-
Silvestre et al. (2005) to examine the stochastic convergence
of CO2 emission. The empirical results support the conclu-
sions of Strazicich and List (2003) and reconfirm the converg-
ing behaviour of CO2 emission. They compare the results
obtained with and without considering structural breaks.
Under the condition of no structural breaks, the null

1 As suggested by Strazicich and List (2003), the β convergence test could be
obtained through the regression of annual growth rate of per capita CO2
emissions against the initial level of per capita CO2 emissions. The coefficient
of the initial level of per capita CO2 emission term denotes β and if β < 0, we
infer that the series is convergent. Moreover, the σ convergence denotes a
decrease in the cross-sectional variation of the variable in natural log form
(Panopoulou and Pantelidis, 2009).
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hypothesis is rejected for 18 out of 23 countries. However, the
null is rejected for 3 out of 23 countries when structural breaks
are considered. In other words, the structural breaks signifi-
cantly affect the estimation. Westerlund and Basher (2008)
apply panel unit root tests proposed by Bai and Ng (2004),
Phillips and Sul (2003) and Moon and Perron (2004) to re-
examine the convergence of CO2 emission. Their empirical
results exhibit convergence for the panel as a whole. Lee and
Chang (2008) use a panel Augmented Dickey-Fuller (ADF)
test to check the convergence of per capita CO2 emission.
Their findings show that 14 out of 21 OECD countries exhibit
divergence. Additionally, they suggest that traditional panel
unit root tests would result in misleading estimation results.
Lee and Chang (2008) also use the panel unit root test pro-
posed by Carrion-i-Silvestre et al. (2005) to check the station-
arity of CO2 emission for the OECD countries. Similar to the
results of Strazicich and List (2003) and Westerlund and
Basher (2008), the stochastic convergence is verified for
OECD countries. Camarero et al. (2008) use the SURADF
unit root test proposed by Breuer et al. (2002) to examine
convergence and they find divergence for most of the OECD
countries. Barassi et al. (2011) test the convergence of CO2
emission with a long memory approach and show that 13 out
of 18 countries are divergent. Christidou et al. (2013) use both
linear and nonlinear unit root tests to check the stationarity of
per capita CO2 emission for 36 countries. The empirical
results suggest that per capita CO2 emission is stationary by
implementing a nonlinear method. Presno et al. (2018) test the
stochastic convergence for 28 OECD countries through a non-
linear stationarity test with quadratic trends. Most of the coun-
tries are nonstationary. Tiwari et al. (2016) use Fourier func-
tion to approximate the structural breaks, by implementing the
method proposed by Becker et al. (2006). They find station-
arity for 27 countries in Sub-Saharan Africa. Furthermore,
when using a panel unit root test with a SPSM procedure,
the stationarity holds in 15 of the countries in Sub-Saharan
Africa. Lastly, when a Fourier function is added into the panel
unit root test with a Sequential Panel SelectionModel (SPSM)
procedure, Tiwari et al.(2016) find that the CO2 emission for
all of the 35 Sub-African countries is stationary. Ahmed et al.
(2017) use unit root tests with wavelet analysis proposed by
Fan and Gençay (2010) and further reveal that stationarity
holds in 38 countries and non-stationarity is observed in the
rest of 124 countries.

Distributional dynamics approach

The distributional dynamics method mainly contains two ap-
proaches, namely the traditional Markov transition matrix
approach and stochastic Kernel approach. Stegman (2005)
uses the stochastic kernels method to check the convergence
of CO2 emission for 97 countries and they find no conver-
gence for the whole sample. Nguyen (2005) implements a

nonparametric Epanechnikov kernel with Silverman band-
width choice to determine the convergence of CO2 emission.
The empirical findings offer little evidence of convergence.
Aldy (2006) employs the traditional Markov transition matrix
approach and finds divergence of CO2 emission. This
conclusion is questioned by Lee and Chang (2008) due to
the lower testing power of the Markov transition matrix.
Ezcurra (2007) uses the method of nonparametric Gaussian
adaptive kernel with Silverman bandwith choice to test 87
countries. The empirical results show convergence among in-
dustrial economies and the top emitters, and divergence for the
rest of the countries. Herrerias (2011) also uses a nonparamet-
ric distributional approach, but only focuses on EU countries,
covering the period from 1920 to 2007. Her results show
faster convergence for the group after 1970. Recently,
Cheong et al. (2016) employ a stochastic kernel approach to
investigate the convergence of CO2 emission in Chinese pre-
fectural level cities. Furthermore, Wu et al. (2016) use a con-
tinuous distributional dynamics approach to examine the con-
vergence of CO2 in Chinese cities. They believe the conver-
gence of CO2 emission among Chinese cities is largely decid-
ed by geographical, income and environmental policy factors.
Their conclusions are similar to those by Criado and Grether
(2011).

Index decomposition analysis

There is also a large body of studies focusing on the decom-
position of CO2 emissions through various index approaches
such as the Theil decomposition analysis, Divisia decomposi-
tion analysis and Fisher index decomposition analysis. Duro
and Padilla (2006) utilize Theil decomposition analysis to
examine the inequalities in per capita CO2 emissions. They
find that the inequalities in CO2 emissions are mainly caused
by income inequality. Hatzigeorgiou et al. (2008) utilize the
Divisia decomposition analysis to decompose CO2 emissions
into four components including income effect, energy intensi-
ty effect, fuel share effect and population effect. Similar to the
findings in Duro and Padilla (2006), Hatzigeorgiou et al. sug-
gest the main contributor to increasing CO2 emissions is the
income effect. In contrast, energy intensity effect mainly
causes the decrease in CO2 emissions. By using the Fisher
index decomposition analysis, Su and Ang (2014) propose a
generalized Fisher index in the context of structural decompo-
sition analysis (SDA) and use this method to analyse the car-
bon emissions embodied in China’s export with sectoral evi-
dence. They find the equipment and machinery manufacturing
and raw material manufacturing are main contributors to CO2
emissions change. One recent study by Ang and Goh (2019)
presents a detailed literature review of the CO2 emissions
decomposition.

After the review of the abovementioned studies, we con-
clude that there are still no consistent conclusions about to the
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convergence of CO2 emission. With the increasing power of
the tests, more accurate empirical findings could be obtained.
This paper aims to provide evidence of stochastic convergence
of per capita CO2 emissions through a newly proposed econo-
metric method which approximates both sharp and smooth
breaks in the data series.

Econometric models

This study employs the KPSS test with sharp and smooth
breaks. The test was proposed by Bahmani-Oskooee et al.
(2014) to examine the convergence of CO2 emissions per
capita. It combines the techniques by Carrion-i-Silvestre
et al. (2005) and Enders and Lee (2012), and is also utilized
in Cai and Menegaki (2019a).2 Consider a data generation
process (DGP), yi, t, which includes a deterministic trend di, t
and stationary error term εi, t:

yi;t ¼ di;t þ εi;t

di;t ¼ ai þ bit þ ∑
l¼1

mi

θi;lDUi;l;t þ ∑
l¼1

mi

φi;lDTi;l;t þ αisin
2πkit
T

� �
þ βicos

2πkit
T

� �

ð1Þ
where, i = 1, 2, …, N in the panel. ai, t, T, m and ki represent
intercept, trend, number of observations, the maximum num-
ber of breaks and flexible frequency, respectively. DUi, l, t and
DTi, l, t are dummy variables in the intercept and trend of lth
break TBi, l of ith individual, respectively. DUi, l, t and DTi, l, t
are used to approximate sharp breaks. Further, sin 2πkit

T

� �
and

cos 2πkit
T

� �
are Flexible Fourier Function to approximate the

smooth breaks in the ith individual. Specifically, DUi, l, t and
DTi, l, t are defined as follows:

DUi;l;t ¼ 1 if TBi;l−1 < t < TBi;l

0 otherwise

�

DTi;l;t ¼ t−TBi;l−1 if TBi;l−1 < t < TBi;l

0 otherwise

� ð2Þ

To locate the breaking dates TBi, l, the procedure proposed
by Bai and Perron (1998) is utilized. This method is also
employed in the study of Carrion-i-Silvestre et al. (2005).
The method of Bai and Perron (1998) minimizes the sum of
squared residuals (SSR) in Eq. 1:

cTBi;1;⋯;cTBi;l

� �

¼ argmin TBi;1;⋯;TBi;lð ÞSSR TBi;1;⋯; TBi;l
� � ð3Þ

Moreover, to select the optimal frequency k*i , Becker et al.
(2006), Enders and Lee (2012) and Bahmani-Oskooee et al.
(2014) use a F test which can be expressed as:

F k*i
� � ¼

SSR0 k*i
� �

−SSR1 k*i
� �

2
SSR1 k*i

� �
T−q

ð4Þ

where, SSR0 k*i
� �

and SSR1 k*i
� �

denote the SSR from Eq. 1
with and without nonlinear components. q is the number of the
regressors. Due to the nuisance parameters, we use Monte

Carlo simulation to generate critical values for F k*i
� �

with
10,000 replications. After determining both sharp and smooth
breaks in Eq. 1, we compute the following univariate KPSS
test based on Kwiatkowski et al. (1992):

LMi ¼ ŵiT−2 ∑
T

t¼1
Ŝ
2

i;t ð5Þ

where Ŝi;t denotes the partial sum process which can be esti-
mated through OLS in Eq. 1. ŵi is a consistent estimate of the
long-run variance of εi, t in Eq. 1. As suggested by Carrion-i-
Silvestre et al. (2005), the LMi test highly depends on the
location of break TBi, l in Eq. 3. To test the null of a stationary
panel with sharp and smooth breaks, Bahmani-Oskooee et al.
(2014) utilize the following test:

Z ¼ ∑N
i¼1LMi−Nμ

� �1=2
σ

ð6Þ

where μ and σ are the mean and standard deviation of
LMi, respectively. To compute the finite sample critical
values, bootstrap procedure is utilized with 20,000
replications.

Datasets and descriptive statistics

Per capita CO2 emission (metric tons) is drawn from the
World Development Indicators which cover the period from
1960 to 2014. For consistent and comparative purposes, we
use the same OECD countries as those used by Strazicich and
List (2003), including Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Greece, Iceland, Ireland, Italy,
Japan, Netherlands, New Zealand, Norway, Portugal, Spain,
Sweden, Switzerland, the UK and the USA. For emerging
market countries, we select the BRICS countries (excluding
Russia due to its limited data span) and 15 other countries.
The emerging market countries are classified by Morgan
Stanley Capital International. In this paper, similar to
Paramati et al. (2016), the emerging market countries in-
cludes Brazil, Chile, China, India, South Africa, Colombia,

2 As suggested by Cai andMenegaki (2019b), using Fourier terms can provide
better approximate potential unknown smooth breaks in clean energy con-
sumption. In this paper, we follow Cai and Menegaki (2019a) to incorporate
both sharp and smooth breaks in unit root tests to examine the CO2 emission
per capita.
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Egypt, Arab Rep., Hungary, Indonesia, Korea, Rep., Mexico,
Peru, the Philippines, Poland, Thailand, Turkey, Pakistan, the
United Arab Emirates and Qatar.

We focus on these two groups of countries as they represent
the developed and developing economies in the world, respec-
tively. According to the World Development Indicators, CO2
emissions of OECD and emerging market countries in 1960
account for 51 and 16% of global total emissions, respectively
(Fig. 1). The two groups together generated about two thirds
of global CO2 emission in that year. By 2014, though this
number for the OECD declines to 26%, it dramatically in-
creases to 47% for the emerging economies. Together, the
two groups have a share of 73% of global CO2 emission in
2014. Interestingly, CO2 emission shares of the OECD and
emerging market countries were about the same in 2005 when
the Kyoto Protocol was in force. By 2050, these shares would
be 25% for the OECD economies and 60% for the emerging
countries. Thus, the two groups of countries covered in this
paper are representative due to their substantial shares of CO2
emissions in the world. In addition, their CO2 emissions also
tend to follow different trajectories over time. Thus, there may
be different policy implications for emission control among
the two groups of economies.

The descriptive statistics are listed in Table 1. In the first
group of the 21 OECD countries, the USA has the maximum
per capita CO2 emission of 22.5 mt, and Portugal has the
minimum of 0.9 mt. In addition, the largest standard deviation
of 2.8 is observed in Australia. The skewness is positive only
for Belgium, France, Portugal and Sweden. The kurtosis is
over 3 for Austria, Canada, Finland, Italy, Japan,
Netherlands and Switzerland. In terms of the group of 19
emerging market countries, the United Arab Emirates, which
is one of the most important oil exporters, has the maximum
CO2 emission per capita of 100.7 mt. Thailand has the mini-
mum CO2 emission per capita of 0.1 mt. Unlike the OECD
countries, per capita CO2 emission is more likely to be posi-
tively skewed for 14 of the other 19 countries. The kurtosis for
China, Peru, Qatar and the United Arab Emirates is over 3 and
hence exhibits leptokurtosis. We consider these groups of

countries because they are the main CO2 emitters in the world.
Furthermore, with the growth of emerging market economies,
CO2 emissions are more likely to be emitted by these coun-
tries. Lastly, due to the changes in economic structure, per
capita CO2 emission is more likely to have structural breaks.
In other words, traditional panel unit root tests for the station-
arity of CO2 emission per capita may be biased.

Empirical results

This section contains the following three parts corresponding
to three different research methods, namely panel unit root test
without structural breaks, panel unit root test with sharp
breaks only and panel unit root test with both sharp and
smooth breaks. Step by step, we can show how the testing
power increases through the use of different functions in the
regression model.

First- and second-generation panel unit root tests

Before we carry out the unit root tests to check the conver-
gence of CO2 emission per capita for the chosen countries, we
first take the logarithm of the datasets. We implement the first-
and second-generation panel unit root tests for comparative
purposes, though their drawbacks are widely known by
scholars. The first-generation panel unit root test is notorious
for aggregation bias. Specifically, the first-generation panel
unit root test does not take cross-sectional dependence into
account in the procedure. Here, we implement three panel unit
root tests, namely, Levin et al. (2002), Im et al. (2003) and
Maddala and Wu (1999).

We test the unit root hypothesis for these two groups of
countries. The results are presented in Table 2. The results of
the panel unit root test proposed by Levin et al. (2002) show
that the null is rejected for both groups at the 1% significance
level (with t*ρ ¼ −11:765 for 21 OECD countries and − 4.479

for the 19 emerging market countries), indicating CO2

0

0.1

0.2

0.3

0.4

0.5

0.6

Emerging Market Countries OECD Countries

Fig. 1 CO2 emission shares of
OECD and emerging market
countries, 1960–2014
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emission per capita is stationary for both groups of countries.
Next, the panel unit root test of Im et al. (2003) demonstrates
that CO2 emission per capita is stationary for the 21 OECD
countries if the statistics Wt _ bar, Zt _ bar and ZDF

t bar are consid-

ered. In contrast, these statistics,Wt _ bar, Zt _ bar and ZDF
t bar, are

insignificant for the 19 emergingmarket countries. Finally, the

panel unit root test proposed by Maddala and Wu (1999) sug-
gests stationarity for both groups of economies.

O′ Connell (1998) points out that contemporaneous corre-
lations among the data series will bias the results of panel unit
root test towards rejecting the unit root hypothesis. Indeed, the
cross-sectional dependence among the datasets is ignored in

Table 1 Descriptive statistics
Mean Maximum Minimum Std. Dev. Skewness Kurtosis

21 OECD countries

Australia 14.532 18.2 8.583 2.751 − 0.696 2.353

Austria 7.199 9.02 4.373 1.105 − 0.925 3.355

Belgium 11.216 14.255 8.328 1.428 0.353 2.715

Canada 15.756 18.209 10.628 1.838 − 1.444 4.399

Denmark 10.153 13.715 5.936 1.742 − 0.593 2.804

Finland 9.603 13.261 3.349 2.39 − 1.183 3.801

France 6.876 9.667 4.572 1.321 0.639 2.387

Greece 5.768 8.981 1.129 2.437 − 0.497 2.029

Iceland 7.27 8.805 5.614 0.709 − 0.267 2.869

Ireland 7.974 11.388 3.953 1.869 − 0.203 2.439

Italy 6.366 8.216 2.178 1.532 − 1.172 3.625

Japan 7.877 9.909 2.517 2.033 − 1.342 3.733

Netherlands 10.445 13.379 6.399 1.489 − 0.945 3.697

New Zealand 6.69 8.877 4.517 1.274 − 0.088 1.614

Norway 8.194 12.293 3.659 2.164 − 0.434 2.688

Portugal 3.578 6.41 0.929 1.711 0.071 1.674

Spain 5.204 8.097 1.607 1.741 − 0.498 2.597

Sweden 7.292 11.486 4.478 1.935 0.646 2.158

Switzerland 5.731 7.335 3.664 0.753 − 0.665 3.439

UK 9.841 11.823 6.497 1.308 − 0.52 2.733

USA 19.134 22.511 15.681 1.664 − 0.268 2.58

19 Emerging market countries

Brazil 1.474 2.594 0.65 0.478 0.031 2.641

Chile 2.856 4.766 1.748 0.94 0.64 2.012

China 2.579 7.557 0.574 1.986 1.294 3.645

Colombia 1.484 1.893 0.996 0.201 − 0.384 2.554

Egypt Arab Rep 1.383 2.528 0.576 0.622 0.414 1.941

Hungary 6.309 8.516 4.26 1.171 0.289 2.087

India 0.724 1.73 0.268 0.397 0.848 2.724

Indonesia 0.928 2.56 0.227 0.599 0.749 2.867

Korea Rep 5.618 11.803 0.502 3.778 0.195 1.566

Mexico 3.331 4.353 1.57 0.915 − 0.827 2.141

Pakistan 0.591 0.991 0.309 0.223 0.347 1.671

Peru 1.235 1.993 0.812 0.281 0.995 3.54

Philippines 0.736 1.055 0.317 0.177 − 0.686 2.787

Poland 9.368 13.059 6.74 1.747 0.59 2.003

Qatar 54.277 99.463 3.138 21.13 − 0.412 3.198

South Africa 7.992 9.871 5.61 1.227 − 0.351 1.957

Thailand 1.817 4.622 0.136 1.465 0.506 1.712

Turkey 2.423 4.491 0.612 1.128 0.146 1.935

United Arab Emirates 30.453 100.698 0.109 21.498 0.984 4.203
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the first-generation panel unit root test. To improve the effi-
ciency of the first-generation panel unit root test, the second-
generation panel unit root tests consider the cross-sectional
dependence. Here, we consider the four panel unit root tests
by Bai and Ng (2004), Moon and Perron (2004), Choi (2001)
and Pesaran (2004). The results are reported in Table 3.

The results of statistics ZC
ê and PC

ê in the second-generation
panel unit root test proposed by Bai and Ng (2004) indicate

that the null hypothesis cannot be rejected at any significant
level, implying non-stationarity for CO2 emission per capita
for both groups of countries. For the results of the panel unit
root test by Moon and Perron (2004), we find that the null
hypothesis is rejected at the 1% significance level. The null
hypothesis of the panel unit root test of Choi (2001) is also
rejected at the 1% significance level for 21 OECD countries
when considering the statistics Pm, Z and L∗. Finally, the panel

Table 2 First-generation panel unit root test

Levin et al. (2002) t*ρ ρ̂

23 OECD countries − 11.759(0.000)*** − 0.081(0.000)***
19 Emerging market countries − 4.479(0.000)** − 0.021(0.000)**

Im et al. (2003) t _ barNT Wt _ bar Zt _ bar t barDFNT ZDF
t bar

23 OECD countries − 2.4249 − 4.818 (0.000)*** − 4.720(0.000)*** − 2.781 − 6.589(0.000)**

19 Emerging market countries − 1.691 − 1.095(0.137) 0.822(0.205) − 1.712 − 0.924(0.178)

Maddala and Wu (1999) PMW ZMW

23 OECD countries 96.263(0.000)*** 5.921(0.000)***

19 Emerging market countries 55.623(0.032)** 2.022(0.022)**

Levin, Lin and Chu (2002): t*ρ denotes the adjusted t-statistic computed with a Bartlett kernel function and a common lag truncation parameter given by

K ¼ 3:21T1=3 (Levin and Lin, 2002). Corresponding p value is in parentheses. ρ̂ is the pooled least squares estimator. Corresponding standard error is in
parentheses. ** indicates significance at the 5% level; Im, Pesaran and Shin (2003): t barDFNT (respectively t _ barNT) denotes the mean of Dickey Fuller

(respectively Augmented Dickey Fuller) individual statistics. ZDF
t bar is the standardized t bar

DF
NT statistic and associated p values are in parentheses. Zt _ bar

is the standardized t _ barNT statistic based on the moments of the Dickey Fuller distribution. Wt _ bar denotes the standardized t _ barNT statistic based on
simulated approximated moments (Im, Pesaran and Shin, 2003, Table 3). The corresponding p values are in parentheses. ** indicates significance at the
5% level; Maddala and Wu (1999): PMW denotes the Fisher’s test statistic defined as PMW = − 2∑ log(pi), where pi are the P values from ADF unit root
tests for each cross-section. Under H0; PMW has χ2 distribution with degree of 2 N when T tends to infinity and N is fixed. ZMW is the standardized
statistic used for large N samples: under H0; ZMW has a N(0, 1) distribution when T and N tend to infinity. ** indicates significance at the 5% level

Table 3 Second-generation panel unit root test

Bai and Ng (2004) Zc
ê Pcê

23 OECD countries − 2.976(0.998) 14.721(0.999)

19 Emerging market countries − 2.313(0.990) 17.838(0.998)

Moon and Perron (2004) t*a t*b ρ̂*pool
23 OECD countries − 23.533(0.000)*** − 12.359(0.000)*** 0.922

19 Emerging market countries − 14.066(0.000)*** − 6.248(0.000)*** 0.917

Choi (2002) Pm Z L∗

23 OECD countries 9.742(0.000)*** − 6.038(0.000)*** − 6.747(0.000)***

19 Emerging market countries 4.248(0.000)*** − 1.871(0.031)** − 2.532(0.006)***

Pesaran (2004) P∗ CIPS CIPS

23 OECD countries 5 − 1.731(0.575) − 1.731(0.575)

19 Emerging market countries 4 − 1.605(0.745) − 1.605(0.745)

Bai and Ng (2004): Pcê is a Fisher’s type statistic based on P values of the individual ADF tests. Zc
ê is a standardized Choi’s type statistic for large N

samples. P values are in parentheses; Moon and Perron (2004): t*a and t
*
b are the unit root test statistics based on de-factored panel data (Moon and Perron,

2004). Corresponding P values are in parentheses. ρ̂*pool is the corrected pooled estimate of the auto- regressive parameter. t*Ba and t*Bb are computed with

a Bartlett kernel function in spite of a Quadratic Spectral kernel function. ** indicates significance at the 5% level; Choi (2002): the Pm test is a modified
Fisher’s inverse chi-square test (Choi, 2001). The Z test is an inverse normal test. The L∗ test is a modified logit test. P values are in parentheses. **
indicates significance at the 5 and 10% level; Pesaran (2004): P∗ denotes the nearest integer of the mean of the individual lag lengths in ADF tests. CIPS
is the mean of individual cross-sectionally augmented ADF statistics (CADF). CIPS∗ denotes the mean of truncated individual CADF statistics.
Corresponding P values are in parentheses

Environ Sci Pollut Res (2019) 26:36658–3667936664



Ta
bl
e
4

R
es
ul
ts
fo
r
Pa
ne
lU

ni
tR

oo
tT

es
tp

ro
po
se
d
by

C
ar
ri
on
-i
-S
ilv

es
tr
e
et
al
.(
20
05
)
fo
r
sp
ec
if
ic
co
un
tr
ie
s

Pa
ne
lA

Pa
ne
lK

PS
S
te
st
on

w
ho
le
pa
ne
l

K
PS

S
90
%

C
.V
.

95
%

C
.V
.

97
.5
%

C
.V
.

99
%

C
.V
.

21
O
E
C
D
co
un
tr
ie
s

H
om

og
en
eo
us

te
st

4.
54
02

5.
92
87

11
.5
29
0

12
.4
12
9

13
.5
01
9

H
et
er
og
en
eo
us

te
st

4.
87
26

10
.9
43
1

11
.5
53
1

12
.1
57
7

12
.7
31
4

19
E
m
er
gi
ng

m
ar
ke
tc
ou
nt
ri
es

H
om

og
en
eo
us

te
st

19
.8
96
7

20
.5
30
8

23
.3
66
0

26
.0
91
7

29
.6
07
6

H
et
er
og
en
eo
us

te
st

8.
24
12

11
.9
28
8

12
.5
60
4

13
.0
82
7

13
.6
74
8

Pa
ne
lB

U
ni
va
ri
at
e
K
PS

S
te
st
on

in
di
vi
du
al
co
un
tr
ie
s

K
PS

S
90
%

C
.V
.

95
%

C
.V
.

97
.5
%

C
.V
.

99
%

C
.V
.

B
re
ak
in
g
da
te
s

21
O
E
C
D
co
un
tr
ie
s

A
us
tr
al
ia

0.
02
95
*

0.
02
71

0.
03
11

0.
03
57

0.
04
11

19
65

19
76

19
83

19
90

20
10

0
0

A
us
tr
ia

0.
04
73
**

0.
03
78

0.
04
32

0.
04
84

0.
05
55

19
70

19
80

20
03

0
0

0
0

B
el
gi
um

0.
14
19
**
**

0.
04
38

0.
05
26

0.
06
19

0.
07
47

19
75

19
80

19
85

19
98

0
0

0

C
an
ad
a

0.
08
11
**
**

0.
03
53

0.
04
18

0.
04
86

0.
05
84

19
73

19
82

19
90

20
05

0
0

0

D
en
m
ar
k

0.
14
64
**
**

0.
02
7

0.
03
21

0.
03
74

0.
04
47

19
71

19
81

19
89

19
97

20
06

0
0

Fi
nl
an
d

0.
03
55
*

0.
03
08

0.
03
56

0.
04
04

0.
04
71

19
71

19
82

19
88

20
03

0
0

0

Fr
an
ce

0.
17
82
**
**

0.
04
01

0.
04
94

0.
05
96

0.
07
32

19
75

19
81

19
89

19
96

20
06

0
0

G
re
ec
e

0.
06
19
**
**

0.
02
68

0.
03
02

0.
03
37

0.
03
86

19
65

19
77

19
88

20
07

19
60

0
0

Ic
el
an
d

0.
04
38
**

0.
03
71

0.
04
29

0.
04
92

0.
05
73

19
69

19
79

19
84

20
08

0
0

0

Ir
el
an
d

0.
15
52
*

0.
01
49

0.
01
6

0.
01
7

0.
01
83

19
65

19
71

19
79

19
85

19
92

20
01

20
09

It
al
y

0.
10
42
**
**

0.
02
76

0.
03
1

0.
03
43

0.
03
87

19
65

19
73

19
89

20
07

0
0

0

Ja
pa
n

0.
04
07
**
**

0.
02
43

0.
02
69

0.
02
96

0.
03
31

19
67

19
72

19
88

19
97

20
09

0
0

N
et
he
rl
an
ds

0.
02
08

0.
03
42

0.
03
89

0.
04
34

0.
04
86

19
70

19
82

19
95

0
0

0
0

N
ew

Z
ea
la
nd

0.
08
47
**
**

0.
03
44

0.
04
2

0.
04
94

0.
05
82

19
73

19
79

19
85

19
90

20
02

0
0

N
or
w
ay

0.
02
71

0.
03
7

0.
04
17

0.
04
61

0.
05
14

19
70

19
90

20
08

0
0

0
0

Po
rt
ug
al

0.
17
47
**
**

0.
03
55

0.
04
1

0.
04
63

0.
05
35

19
72

19
89

20
03

0
0

0
0

Sp
ai
n

0.
17
35
**
**

0.
02
54

0.
02
97

0.
03
38

0.
03
95

19
70

19
77

19
89

19
99

20
08

0
0

Sw
ed
en

0.
05
54
**
**

0.
02
69

0.
03
22

0.
03
75

0.
04
52

19
71

19
80

19
85

19
94

20
02

20
10

0

Sw
itz
er
la
nd

0.
06
52
*

0.
06
35

0.
07
49

0.
08
57

0.
09
94

19
74

20
07

0
0

0
0

0

U
K

0.
02
51

0.
04
82

0.
05
64

0.
06
44

0.
07
46

19
74

19
80

19
85

20
09

0
0

0

U
SA

0.
02
39

0.
04
7

0.
05
51

0.
06
31

0.
07
4

19
74

19
81

20
05

0
0

0
0

19
em

er
gi
ng

m
ar
ke
tc
ou
nt
ri
es

B
ra
zi
l

0.
12
84
**
**

0.
01
67

0.
01
82

0.
01
98

0.
02
17

19
65

19
73

19
81

19
86

19
93

19
98

20
10

C
hi
le

0.
01
79

0.
03
77

0.
04
61

0.
05
5

0.
06
62

19
74

19
82

19
88

19
96

20
01

0
0

C
hi
na

0.
09
62
**
**

0.
04
18

0.
04
95

0.
05
79

0.
06
84

19
65

19
70

19
98

20
03

0
0

0

In
di
a

0.
15
89
**
**

0.
02
18

0.
02
45

0.
02
7

0.
03
02

19
67

19
82

19
89

19
96

20
05

20
10

0

So
ut
h
A
fr
ic
a

0.
19
89
**
**

0.
05
4

0.
06
92

0.
08
39

0.
10
39

19
78

19
85

19
92

19
97

20
03

20
10

0

Environ Sci Pollut Res (2019) 26:36658–36679 36665



unit root test (CIPS and CIPS∗) proposed by Pesaran (2004)
indicates that CO2 emission per capita is nonstationary for
both OECD countries and emerging market economies.

Panel unit root test with structural breaks

The panel unit root test with multiple sharp breaks proposed
by Carrion-i-Silvestre et al. (2005) provides insights into con-
vergence by focusing on both the whole panel and individual
countries in the group. Since the distribution of the LM statis-
tic in Eq. 4 may not be subjected to a specific form, Monte
Carlo simulations with 20,000 replications are performed to
compute the critical values defined in Eq. 6. Then, the struc-
tural breaks are found by the procedure proposed by Bai and
Perron (2003). The empirical findings are reported in Table 4.
First, panel A summarizes the findings from the stationarity
tests by using the whole panel. Both homogeneous and het-
erogeneous panel KPSS tests are used. Clearly, all of the sta-
tistics are smaller than the critical values at the 90% level. In
other words, the null of stationarity cannot be rejected at any
significance level and CO2 emission for both 21 OECD coun-
tries and 19 emerging market countries exhibits stochastic
convergence. For individual countries in panel B, the null is
rejected for 17 of 21 OECD countries at the 10% significance
level. The null is also rejected for 15 of 19 emerging market
countries. Table 5 also reports the breaking dates detected by
the procedure of Bai and Perron (2003). Most of the breaking
dates are located during some political, economic and finan-
cial events, such as the Gulf wars, Iraq invasion, Asian finan-
cial crisis, and 2008 global financial crisis.

Panel unit root test with both sharp and smooth
breaks

Over the past several decades, the economic structure in many
countries has significantly changed, which could affect CO2
emission’s path in the economies. Lee and Chang (2008) and
Lee et al. (2008) have shown that structural breaks contained
in the testing model would significantly relate to the testing
efficiency in the field of stationarity of CO2 emission. In fact,
previous studies only capture the sharp breaks contained in the
CO2 emission series (Lee and Chang, 2008). The structural
breaks in the series would be one of the most important fea-
tures in CO2 emission per capita. However, the breaks contain
not only the sharp type, but also the smooth type inmost cases.
Enders and Lee (2010) verify that smooth breaks in the model
could be approximated by the Fourier function. In this study,
we focus on not only sharp breaks, but also smooth breaks in
the model based on a panel unit root test. Previous studies
have not captured both sharp and smooth breaks. A better fit
for the path of CO2 emission per capita, the panel unit root test
with sharp and smooth breaks, is able to provide more persua-
sive economic implications.T
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Fig. 2 CO2 emission per capita for 21 OECD countries with time-varying fitted intercepts
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Before we implement the panel unit root test with both
sharp shifts and smooth breaks, we first test the cross-
sectional dependence which is suggested by Pesaran (2004).
Table 5 reports the empirical results through the panel unit
root test with both sharp and smooth breaks. Pesaran (2004)
proposes a CD statistic which could be utilized to examine the
cross-sectional dependences in the data. The CD statistics
(Panel A, Table 5) of 23.602 and 3.017, which are significant
at the 1% level, indicate the rejection of the null hypothesis of
no cross-sectional dependence of the datasets. To implement

the panel unit root test with sharp and smooth breaks, the test
requires the individual statistics to be cross-sectionally inde-
pendent. To solve this problem, Bahmani-Oskooee et al.
(2014) suggest using bootstrap techniques proposed by
Maddala and Wu (1999) to obtain the empirical distribution
of the panel statistics of the panel unit root test based on
Carrion-i-Silvestre et al. (2005). We set the iterations to be
20,000 so as to generate the critical values of the statistics.
The results are presented in Panel B, Table 5.We find that both
versions of panel statistics (homogenous and heterogeneous
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Fig. 2 (continued)
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Fig. 3 CO2 emission per capita for the 19 emerging market countries with time-varying fitted intercepts

Environ Sci Pollut Res (2019) 26:36658–36679 36671



long-run variances test) are smaller than the critical values at
90% significance level. That is, the null hypothesis of station-
arity for the 21 OECD countries cannot be rejected. These
results are consistent with those by Lee and Chang (2008).
In other words, CO2 emissions for both groups of countries
are convergent when the panel is tested as a whole.

To further investigate the stationarity of CO2 emissions
among the 21 OECD and 19 emerging market countries, we
implement the univariate versions of the unit root test pro-
posed by Bahmani-Oskooee et al. (2014). The results are

listed in Panel C Table 5. The critical values for the univariate
version of the unit root test are calculated through 20,000
bootstrap iterations. We find that the null hypothesis of sta-
tionarity is rejected at the 10% significance level for 10 of 21
OECD countries (Australia, Belgium, Finland, Ireland, Japan,
Netherlands, New Zealand, Portugal, Sweden and the UK).
Thus, CO2 emissions in these countries are divergent. Policy
shocks have profound impacts on CO2 emission per capita.
During the period from 2013 to 2015, these OECD countries
launched many economic instruments, policy supports and
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Fig. 3 (continued)
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regulatory changes to mitigate CO2 emissions. These policies
have profound impacts on CO2 emissions and change the
original paths of emissions in these economies. Specifically,
there are five climate change policies in force including Clean
Energy Finance Corporation (CEFC); National Climate
Resilience and Adaptation Strategy; National Wind Farm
Commissioner and Independent Scientific Committee on
Wind Turbines; Nationally Determined Contribution (NDC)
to the Paris Agreement: Australia; Reef 2050 Plan.

In other words, CO2 emission per capita is convergent for
the remaining 11 countries. We set the maximum sharp breaks
at 7 to capture as many breaks as possible. After a grid search,
we find the number of structural breaking dates is 2 breaks for
Switzerland; 3 for Norway and Sweden; 4 for Canada, Italy
and the Netherlands; 5 for Finland, France, Greece, Iceland
and the UK; 6 for Australia, Austria, Denmark and the USA;
and 7 for Belgium, Ireland, Japan, New Zealand, Portugal and
Spain. Although different structural breaks are detected for
individual countries, we find some common breaks in 1973,
1979, 1997, 1998, 2008 and 2009 which correspond to shocks
and financial crises. Specifically, we observed structural
breaks in 1973 and 1979 when oil crisis occurred. In addition,
there are major financial crisis in 1998 and 2008.

The optimal frequency is determined by the F tests sug-
gested by Bahmani-Oskooee et al. (2014) with the maximum
span of 10. Obviously, the F statistics are significant, indicat-
ing choice of a satisfied nonlinear trend. We run the same
procedure for the 19 emerging market countries with the same
parameters used for testing the 21 OECD countries. We find
that the stationary hypothesis is rejected for 9 of the 19 coun-
tries (Brazil, South Africa, Hungary, Peru, the Philippines,
Poland, Thailand, the United Arab Emirates and Qatar). The
number of structural breaks detected is 2 breaks for the United
Arab Emirates; 4 for Hungary and Turkey; 5 for China, South
Korea, Mexico, the Philippines and South Africa; 6 for Chile,
Colombia, India, Indonesia, Pakistan, Poland and Thailand;
and 7 for Brazil, Egypt, Peru and Qatar. Finally, the F statistic
values are all larger than the critical values at the 90% level,
indicating that the choice is reasonable. Similarly, we also
summarize the economic instruments, policy supports and
regulatory changes of these emerging economies in. The in-
formation is drawn from the Addressing Climate Change
Policies and Measures Databases which is operated by
International Energy Agency. In comparison with the OECD
countries, the emerging economies did not actively respond to
the climate change problems. Besides, as the main contribu-
tors, China and India launched two programs in 2015. In other
countries like Brazil and Thailand, there are no policy instru-
ments in force to control CO2 emissions during the period
from 2013 to 2015. Thus, we can directly view a significant
gap in climate change policies between OECD and emerging
market economies. Although achieving fast growth is the
main aim for these developing countries, governments in these

economies should launch economic policies to cut CO2
emissions.

To verify the accuracy of the estimation, we plot the path of
CO2 emission per capita with time-varying intercepts for 21
OECD countries in Fig. 2 and the 19 emerging market coun-
tries in Fig. 3. The raw data are plotted in the colour blue and
the fitted trend with both sharp and smooth breaks is plotted in
red. Clearly, the path of CO2 emission per capita contains both
sharp and smooth breaks; however, the specific breaking dates
and the optimal frequency to approximate the smooth breaks
are unknown to us. Through this technique, we can better
model the trend of the CO2 emission and the testing power
would be much improved in comparison with classical uni-
variate and panel unit root tests even if only sharp breaks are
taken into consideration (Lee and Lee, 2009). A further exam-
ination of the path of CO2 emission convinces us that both
dummy variables and Fourier approximations could be used
to test the stochastic stationarity of CO2 emission for these
countries.

According to the empirical results, CO2 emission per
capita for Australia, Belgium, Finland, Ireland, Japan, the
Netherlands, New Zealand, Portugal, Sweden, the UK,
Brazil, South Africa, Hungary, Peru, the Philippines, Poland,
Thailand, the United Arab Emirates and Qatar is not subjected
to stochastic convergence. In the past several decades, the
governments of Australia, New Zealand, Japan and the
United Kingdom made great effort for environmental protec-
tion. The path of CO2 emissions for these countries is indeed
impacted by those policies. In the meantime, CO2 emission of
two oil exporters, the United Arab Emirates and Qatar. Policy
makers in these countries should realize the permanent im-
pacts of external shocks on the aggregate economy.
Specifically, the environmental protection policy would per-
manently influence the path of CO2 emission for those coun-
tries. In contrast, for the rest of the countries in the sample, the
shocks on CO2 emission would only make transitory impacts.
Due to the mean-reverting properties of CO2 emission in these
countries, the environmental protection policy would only
make transitory impacts on the path. Although CO2 emission
will return to the mean value, the soaring trend of CO2 emis-
sion in these countries cannot be neglected. Exploring clean
energy to replace the fossil fuels would be the best way for-
ward for all countries. From the perspective of the estimation,
this new method provides persuasive results that CO2 emis-
sion of developing countries is more likely to diverge. Thus
countries in the development process should be more alert
about the pollution from CO2 emission.

Concluding remarks

This is the first paper to utilize a newly proposed panel unit
root test with both sharp and smooth breaks to investigate the
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stochastic convergence of CO2 emission for 21 OECD coun-
tries and 19 emerging market countries. This new method
provides time-varying intercepts which better model the path
of CO2 emission. Both dummies and Fourier function are
incorporated into the panel unit root test to approximate two
different types of breaks, namely sharp and smooth breaks.
Many previous studies only focus on sharp breaks, and ne-
glect the smooth breaks in most cases, especially in studies of
transitional economies. By allowing for multiple sharp breaks
and a wider search range for optimal frequency, the empirical
findings are more robust.

The results in this paper suggest that CO2 emission per
capita is convergent when the whole panel is used for testing.
However, when individual countries are tested, CO2 emission
per capita is divergent for 10 of 21 OECD countries
(Australia, Belgium, Finland, Ireland, Japan, Netherlands,
New Zealand, Portugal, Sweden and the UK) and 9 of the
19 emerging market countries (Brazil, South Africa,
Hungary, Peru, the Philippines, Poland, Thailand, United
Arab Emirates and Qatar). CO2 emission reduction policies
and international agreements, such as the Kyoto Protocol and
Paris Agreement, would permanently affect the path of CO2
emission. However, for the rest of the countries considered in
this paper, CO2 emission is convergent. Furthermore, CO2
emission in developing economies is more likely to diverge.
The developing economies should pay more attention to re-
duce CO2 emission. Under the pressure of environmental pol-

lution, more and more developing economies should be en-
couraged to sign the Kyoto Protocol and Paris Agreement.
Due to the heterogeneous convergence and divergence of
per capita CO2 emission in the countries, a common energy
or environmental policy may not be appropriate. That is, spe-
cific environmental policies should be designed for different
countries. Developing clean energywith little carbon emission
such as solar, wind, nuclear and biomass energy should be
encouraged in all nations. Lastly, energy policies aiming to
promote the development of new technology should be further
implemented. Such policies have been widely verified to be
beneficial and increase the energy consumption efficiency for
all countries. As Herrerias (2011) suggested, promotion for
trade, foreign direct investment and indigenous investment
would be beneficial to increase energy efficiency.

Although a panel unit root test with sharp and smooth
breaks can effectively approximate the structural breaks
contained in the series, to provide more economic implica-
tions, CO2 emission for each country should be divided into
groups at different quantiles. In other words, CO2 emission
per capita at different quantiles may behave differently in
terms of convergence and divergence. Thus, to provide more
micro insights into the pattern of CO2 emission, it is necessary
to introduce quantile regression to test the convergence of
CO2 emission.

Appendix Climate change policies

Table 6 Climate change policies among OECD countries

2013 2014 2015

Australia N.A. 20Million Trees; Emissions Reduction Fund Clean Energy Finance Corporation (CEFC);
National Climate Resilience and
Adaptation Strategy; National Wind Farm
Commissioner and Independent Scientific
Committee on Wind Turbines; Nationally
Determined Contribution (NDC) to the
Paris Agreement: Australia; Reef 2050
Plan

Austria N.A. N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: Austria (EU)

Belgium Support scheme for renewable heat and the
production of biomethane - Flanders;
Flemish Climate Policy Plan 2013–2020;
Public Procurement Rules for Federal
Administrations and Public Services;
COBRACE (Brussels Air, Climate and
Energy Code - Code bruxellois de l’air, du
climat et de la maîtrise de

QUALIWATT - Wallonia; Wallonie: Decree
climate

Brussels-Capital Region: Apply PEB
Requirements Comparable to the Passive
Concept for All New Constructions by
2015; Nationally Determined
Contribution (NDC) to the Paris
Agreement: Belgium (EU)

Canada Quebec Transportation Electrification
Initiatives; Energy Efficiency

Heavy-duty Vehicle and Engine Greenhouse
Gas Emission Regulations; New Building

Alberta Electrcity Initiatives; Quebec
Transportation Electrification Action Plan
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Table 6 (continued)

2013 2014 2015

Requirements for Marine Vessels;
Quebec’s Cap-and-Trade System for
Greenhouse Gas Emission Allowances;
Quebec Cap & Trade System for
Greenhouse Gas Emissions Allowances;
Manitoba Emissions Tax on Coal Act;
Quebec EcoPerformance Program

Canada Fund; Carbon Capture and
Storage Investment (Federal Budget,
2008); SaskPower Demonstration and
Implementation of Carbon Capture
Technology; The New Building Canada
Plan

2015–2020; Alberta Carbon Capture and
Storage (CCS) Investments Nationally
Determined Contribution (NDC) to the
Paris Agreement: Canada

Denmark Building codes N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: Denmark (EU)

Finland Ministry of the Environment Decree (4/13)
on improving the energy performance of
buildings undergoing renovation or
alteration

A Group of Policies and Measures in
Agriculture (other than Energy
Efficiency); Finland’s National Climate
Change Adaptation Plan 2022

Nationally Determined Contribution (NDC)
to the Paris Agreement: Finland (EU)

France BPI France Innovation for SMEs - support
for R&D

National Energy Efficiency Action Plan Nationally Determined Contribution (NDC)
to the Paris Agreement: France (EU)

Greece N.A. N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: Greece (EU)

Iceland N.A. N.A. N.A.

Ireland N.A. N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: Ireland (EU)

Italy National Energy Strategy 2013; National
Energy Strategy

National Infrastructure Plan for Recharging
Electric Vehicles; Implementation of
2011/70/EURATOM Directive

Nationally Determined Contribution (NDC)
to the Paris Agreement: Italy (EU)

Japan N.A. Strategic Energy Plan (2014); Basic Energy
Plan (2014)

Long-term Energy Supply and Demand
Outlook; Nationally Determined
Contribution (NDC) to the Paris
Agreement: Japan

Netherlands N.A. N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: Netherlands (EU)

New
Zealand

Warm Up New Zealand: Healthy Homes N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: New Zealand

Norway Ratification of the Second Committment
Period under the Kyoto Protocol

N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: Norway;
Reduction of GHG emissions and more
efficient use of energy for transport
though Enova SF

Portugal N.A. N.A. Portugal Green Growth Commitment
2030;Nationally Determined Contribution
(NDC) to the Paris Agreement: Portugal
(EU)

Spain Royal Decree Law 2/2013 on urgent
measures in the electricity system; PIMA
SOL (Plan for promoting environmentally
friendly behavior in the tourism sector)

Cost compensation mechanism for indirect
emissions of CO2; Plan to Promote the
Environment (PIMA Aire 3);
JESSICA-F.I.D.A.E Fund (Energy Saving
and Diversification Investment Fund)

Nationally Determined Contribution (NDC)
to the Paris Agreement: Spain (EU)

Sweden N.A. N.A. Nationally Determined Contribution (NDC)
to the Paris Agreement: Sweden (EU)

Switzerland CO2 emission regulations for new cars;
Binding Target Agreements for Carbon
Tax Exemption; Obligation for CO2
Compensation by Fuel Importers;
Technology Fund for Innovative
Technologies

N.A. Intended Nationally Determined
Contribution (INDC) to the Paris
Agreement: Switzerland

United
Kingdo-
m

The National Adaptation Programme Climate Ready Scotland Scottish Climate
Change Adaptation Programme; Northern
Ireland Climate Change Adaptation
Programme

Nationally Determined Contribution (NDC)
to the Paris Agreement: The United
Kingdom of Great Britain and Northern
Ireland (EU)

United
States

National Infrastructure Protection Plan
(NIPP); US Climate Action Plan;

N.A. Clean Power Plan; FEMA Federal Flood
Risk Management Standard; Nationally
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Table 6 (continued)

2013 2014 2015

Determined Contribution (NDC) to the
Paris Agreement: the United States of
America

Note: The detailed climate change policies are collected from the Addressing Climate Change Policies andMeasures Databases operated by International
Energy Agency. The policy type includes economic instruments, policy support and regulatory instruments. The policy status is in force. The effective
periods start from 2013 to 2015.
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Table 7 Climate change policies among emerging countries

2013 2014 2015

Brazil N.A. N.A. N.A.

Chile N.A. N.A. N.A.

China The National Plan for Addressing Climate
Change (2013–2020); InterimMeasures for the
Administration of Voluntary Greenhouse Gas
Emission Reduction Trading

N.A. Nationally Determined Contribution (NDC) to the
Paris Agreement: China

India Twelfth Five Year Plan (2012–2017): Faster,
More Inclusive and Sustainable Growth

The Auto Fuel Vision and Policy
2025; National Biogas and
Manure Management
Programme

Nationally Determined Contribution (NDC) to the
Paris Agreement: India

South
Africa

N.A. N.A. Nationally Determined Contribution (NDC) to the
Paris Agreement: South Africa

Colombia N.A. N.A. N.A.

Egypt,
Arab
Rep.

N.A. N.A. N.A.

Hungary Environment and Energy Efficiency Operative
Programme (KEHOP) 2013

N.A. Nationally Determined Contribution (NDC) to the
Paris Agreement: Hungary (EU); National
Building Energy Performance Strategy;
Complex strategy development and state legal
decisions to improve energy efficiency in 2015

Indonesia Transport Ministerial Regulation No. 201/2013 National Energy Policy
(Government Regulation No.
79/2014); New Geothermal
Law (No. 21/2014)

Nationally Determined Contribution (NDC) to the
Paris Agreement: Indonesia

Korea,
Rep.

N.A. N.A. Nationally Determined Contribution (NDC) to the
Paris Agreement: Republic of Korea; Domestic
Emission Trading Scheme

Mexico N.A. N.A. Nationally Determined Contribution (NDC) to the
Paris Agreement: Mexico

Peru N.A. N.A. N.A.

Philippines N.A. N.A. N.A.

Poland Polish National Strategy for Adaptation to
Climate Change (NAS 2020)

Energy Security and Environment
- perspective to 2020

Improving Air Quality Programme; Loans from
the National Fund for Environmental Protection
and Water Management; Subsidies for
Energy-efficient homes Programme; BOCIAN
Programme - distributed, renewable energy
sources; Nationally Determined Contribution
(NDC) to the Paris Agreement: Poland (EU);
Support of distributed and renewable energy
sources Part 2) Prosumer - financing line for the
purchase and installation of renewable energy
microinstallations

Thailand N.A. N.A. N.A.

Turkey National Adaptation Strategy of Turkey N.A. Intended Nationally Determined Contribution
(INDC) to the Paris Agreement: Turkey

Pakistan N.A. N.A. N.A.

United
Arab
Emirat-
es

N.A. N.A. N.A.

Qatar N.A. N.A. N.A.

Note: The detailed climate change policies are collected from the Addressing Climate Change Policies andMeasures Databases operated by International
Energy Agency. The policy type includes economic instruments, policy support and regulatory instruments. The policy status is in force. The effective
periods start from 2013 to 2015.
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