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Abstract
China is a rising power of the twenty-first century with its brilliant economic performance as a result of the transition to the free
market economy model. However, China’s economic development process has caused high environmental costs. For the past
decade, China has been the leading country responsible for global carbon dioxide emissions (CO2). Therefore, determining the
dynamics that have a reducing effect on CO2 emissions in China is very important for the development of sustainable environ-
mental policies. This paper aims to examine the impacts of the institutional structure on environmental sustainability in China. To
this end, the study follows the method of cointegration with multiple breaks that produce robust econometric results and consider
structural changes. According to the results, (i) the validity of an N-shaped EKC relationship is supported between economic
growth and environmental pollution. (ii) Industrialization and trade have an increasing impact on environmental pollution. (iii)
Political rights and civil liberties have a reducing effect on environmental pollution. Consequently, this study implies that
political rights and civil liberties can make an important contribution to achieving sustainability goals in China.
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Introduction

Global warming is one of the most critical problems of the
twenty-first century that directly affects our economy, social
life, health, policies, and lifestyle (Hasegawa et al. 2016; Lu
and Lu 2019; Zhang et al. 2019). The decrease in amounts of
snow and ice, the rise in sea level, and the increase in average
temperatures are evidence of climate change observed in the
last 50 years (IPCC 2014). There is a strong consensus in
academic and political circles that the source of this problem
is the rapid increase in human-induced greenhouse gas

emissions/carbon dioxide (Ur Rahman et al. 2019; Bai et al.
2019; Mele and Randazzo 2019). Industrialization, urbaniza-
tion, trade, transportation, and energy demand, which are the
result of the development of the modern economy is the main
dynamics of the increase in greenhouse gases, especially CO2

(Koçak and Ulucak 2019; Mamipour et al. 2019; Danish et al.
2019; Farhani and Balsalobre-Lorente 2020). As of today,
however, the process of economic development is no longer
sustainable. In particular, the economic development process
based on the use of energy and natural resources is under the
threat of instability in economic growth in the long run (Euchi
et al. 2018) and is also very risky in terms of environmental
quality (Ulucak et al. 2020). As in previous Climate Change
summits, the UN Climate Change Conference in Paris (2015)
re-emphasizes the urgent necessity of reducing greenhouse
gas emissions to combat global warming. Similarly, scientists
reiterate their warnings that if greenhouse gases continue to
increase, we will pass the threshold of global warming becom-
ing irreversible (Ulucak et al. 2019). Therefore, in many coun-
tries, policy makers are under pressure to meet environmental
sustainability needs (Omri et al. 2019).

To address the threats of increasing climate change, re-
searchers intensively examine greenhouse gas emissions and
especially the dynamics of carbon dioxide (CO2) emissions
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(Lv 2017; Usman et al. 2019; Koçak et al. 2019; Danish 2019;
Zmami and Ben-Salha 2020). The economic literature empha-
sizes that the driving force behind carbon emissions is the
process of economic development. With this approach, many
researchers examine the relationship between GDP per capita
and environment within the scope of the Environmental
Kuznets Curve (EKC) hypothesis (Lægreid and Povitkina
2018; Dogan et al. 2020). In addition, in the EKC model, a
wide variety of proxy variables can be used as environmental
pollutants (Sinha et al. 2019).

According to this hypothesis, economic activities and
growth in the early stages of the economic development pro-
cess increase environmental pollution (scale effect). The on-
going growth process contributes to the development of new,
cleaner, and more efficient technologies. When per capita in-
come reaches a specific turning point in this process, produc-
tion structure changes and people demand a cleaner environ-
ment (structural and technological effects). Eventually, al-
though economic development initially increases environ-
mental pollution, it reduces environmental pollution after the
turning point in the long run (Koçak and Şarkgüneşi 2018).

On the other hand, political scientists argue that explaining
changes in CO2 emissions only by economic factors is not an
adequate approach. Because changes in emissions are also
closely related to environmental policies determined by the
institutional structure (Kinda 2016; Lægreid and Povitkina
2018). Therefore, they argue that environmental, energy, and
sustainable development issues should be evaluated within an
institutional approach (Scott et al. 2011; Zelli and van Asselt
2013; Haque and Ntim 2018).

Recently, however, the economic and political approach
has been evaluated together, and the relations between insti-
tutions, economic development, and the environment have
become a hot topic of discussion in the literature (Abid
2016; Wang et al. 2018; Hassan et al. 2019; Kim et al.
2019). In these theoretical discussions, there is no consensus
on the impact of economic development and institutions on
environmental quality.

Furthermore, there is not much empirical evidence to sup-
port theoretical discussions on institution-economic develop-
ment and the environment (Adams and Klobodu 2018;
Povitkina 2018). Besides, the factors representing the institu-
tions in the researches vary widely. Researchers use many fac-
tors such as law, corruption, bureaucracy, regime type (democ-
racy or autocracy), and level of freedom to represent strong or
weak institutions (Koçak and Uzay 2018). However, it is ar-
gued that democracy is the most potent indicator to represent
the institutional structure of a country. The reason for this ap-
proach is based on the idea that democracy is a form of gov-
ernment in countries where the rule of law is valid, corruption is
low, the bureaucratic structure is effective, and freedoms are
protected (Doucouliagos and Ulubaşoğlu 2008; Acemoglu
et al. 2019). To represent the institutions, we take into

consideration the indicator of democracy and dwell on the re-
lationship between democracy and the environment.

So, what can be said about China within the framework of
these discussions?

According to international organizations such as the
Freedom House, the Polity IV Project, and The PRS Group,
which measure the level of democracy in countries, China is
governed by an authoritarian regime and is a non-democratic
country. On the other hand, when China is examined in the
last 40 years, it is seen that a different and unique institutional
structure emerged. After Mao’s death in 1976, Deng Xiaoping
came to power and began a new and reformist era of China’s
becoming a regional and internationally recognized player
(Yılmaz and Bonaparte 2018). With these reforms, China ex-
perienced the transition to a market economy without democ-
racy (Hasan et al. 2009). In this period, the country has
changed from an agricultural society to an urban, industrial
society, and from a communist to a globally oriented market
economy (Yılmaz and Bonaparte 2018). In addition to liber-
alization, there have been institutional developments in the
political and legal environment. China’s leaders have long
acknowledged the need for political reform and predated the
congressional system that involved political electoral process-
es and institutions. A new state constitution, which empha-
sized the rule of law, came into force (Hasan et al. 2009). The
transition to the market economy, globalization, and institu-
tional developments have partly resulted in the improvement
of political rights and civil liberties in China in the last
40 years, although not enough for a democratic regime.

China is undoubtedly the rising power of the twenty-first
century, and China’s economic performance over the last
40 years has been brilliant (Yılmaz and Bonaparte 2018).
Currently, this successful economic performance of China
has started to debate the question of whether China’s author-
itarian capitalism is successful (Chou 2015; Foa 2018). On the
other hand, this brilliant economic performance has made
China the largest energy consumer and the leading responsible
country for global CO2 emissions. It is well known that there
is a close relationship between energy, economic growth, and
CO2 emissions (Hajko et al. 2018). According to the IEA
(2018) report, China is responsible for 26% of global CO2

emissions in 2016. However, China has taken two essential
steps within the scope of its sustainable development target
recently. Firstly, China prepared a millennium plan for nation-
al sustainable development in 2017, and China upgraded its
national strategy from environmental protection to ecological
civilization (Wang et al. 2020). This concept has attracted
much attention both in academic and political circles
(Marinelli 2018; Jiang et al. 2019). Second, China has com-
mitted to reducing CO2 emissions by 2030 at the Climate
Change Conference (2015) in Paris (Chen et al. 2019).
These developments in China add a new question to the dis-
cussions of the authoritarian regime-economic development
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success relationship (Chou 2015; Lo 2015; Teets 2018): Can
the authoritarian capitalist regime in China contribute to the
improvement of environmental quality?

In this context, this article aims to explore the impact of the
political regime in China on CO2 intensity. Thus seeks an
answer to the relevant question. To measure the political sys-
tem in China, we use the democracy index developed by
Freedom House (2018). Freedom House (2018) uses two es-
sential criteria, political rights, and civil liberties, to measure a
country’s level of democracy (or autocracy). These two
criteria are scored as one highest (democracy) and seven low-
est (autocracy). The democracy index is calculated by averag-
ing the scores of these two criteria. If the index value is one,
that country is a perfect democracy regime.

On the contrary, if the index value is seven, that country is an
autocratic regime. As the index value converges to one, the level
of democracy in that country increases. As the index value con-
verges to seven, the level of democracy decreases, and autocracy
increases. The interpretation of the democracy index seems com-
plicated. Therefore, we recalculate the index by taking the in-
verse of the index value. Thus, we can consider an increase in the
index value as an increase in the level of democracy.

Overall, this paper focuses on the impact of changes in the
level of democracy or autocracy on the environment/CO2, and
it firstly aims to examine the relevant literature in detail. Some
seminal papers suggest that increases in the level of democra-
cy have a positive effect on the quality of the environment,
while other seminal papers state that democracy is putting
pressure on environmental pollution. Therefore, the contribu-
tions of this paper are two-fold: First, this paper performs
some advanced econometric methods such as cointegration
and regression analysis to observe the possible positive or
negative effects of the political regime on CO2 intensity in
China for the last 40 years. In this way, empirical contribu-
tions may be provided to the literature with robust economet-
ric findings. Second, the results of this study for China, which
has an authoritarian regime and a free market economymodel,
are expected to implement an alternative perspective to the
discussions on the relationship between democracy and the
environment.

The rest of the study is organized as follows. The
“Literature” section provides reviews for the literature. The
“Materials and methods” section depicts the model, method,
and data set. The “Results and discussions” section presents
the findings and discussion. The “Conclusion” section ex-
hibits the conclusion of this paper.

Literature

When the theoretical arguments in the literature are evaluated,
some of the studies in the literature state that democracy has a
positive effect on environmental quality. In contrast, other

studies argue that this effect is negative. But the more dominant
view in the literature is that democracy improves environmental
quality. For this reason, we first consider the arguments that a
democratic regime is in favor of environmental quality.

According to Payne (1995), in democratic countries, (i)
governments are more responsible and do not ignore the elec-
torate’s environmental concerns. (ii) Democracies facilitate
greater access to information and enable citizens to learn more
about environmental issues. (iii) Informs of government with
freedom of expression and association, citizens are more like-
ly to pressure governments on environmental problems and
are more likely to organize. (iv) Democratic governments are
more motivated to cooperate in international treaties to protect
the environment. On the contrary, in autocracies, governments
can restrict people’s access to information, organization, and
expression of their demands and concerns. Similarly, many
studies claim that environmentalist voters in countries with
democratic institutions have the power to exert pressure and
influence on the political mechanism in the environmental
policy-making process (Congleton 1992.; Deacon 2000; Li
and Reuveny 2006; Schultz and Crockett 1990).

Other arguments about the importance of democracy in
protecting the environment are as follows: Dasgupta and
Mäler (1995) state that there is a secure link between environ-
mental protection and civil and political rights, and that citi-
zens’ environmental quality preferences influence public pol-
icy. Magnani (2000) underlines that protected property rights,
democratic voting systems, and respect for human rights may
lead to higher levels and effectiveness in environmental
policies. Lægreid and Povitkina (2018) point to institutional
developments as a reason for economic progress to increase
demand for a clean environment. Because after the increase in
income with the economic progress process, politicians tend
to follow environmental policies to maintain the feeling of
satisfaction in the electorate. According to Adams and
Acheampong (2019), unlike autocracies, democratic regimes
contribute more public goods and are therefore more likely to
develop strict environmental standards. These differences are
expounded by the fact that non-democratic states are often
governed by small elites who will be directly affected by a
large part of high environmental costs. Mak Arvin and Lew
(2011) explain the positive effects of democracy on the envi-
ronment in several ways. In democratic regimes, (1) the public
is more aware of environmental issues. (2) Citizens can protest
against environmental problems. (3) The government may
fear adverse public reaction if it does not develop or imple-
ment environmental protection laws. (4) There can be a col-
lective instinct for positive environmental actions among dem-
ocratic countries.

We secondly consider the arguments that increase in the
level of democracy may impair environmental quality. The first
argument emphasizes that democracy is the driving force of
economic developments, and therefore, more economic growth
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will result in more ecological destruction (Desai 1998). This
argument is supported by the fact that today’s developed coun-
tries are bothmore democratic (see FreedomHouse (2018)) and
have higher CO2 emissions per capita (see IEA 2018).
According to the second argument, democracies strongly pro-
tect individual freedoms and property rights. In this way, both
individuals and entrepreneurs have the opportunity to exploit
their potential to increase production and consumption suffi-
ciently. If environmental regulations are not sufficient, the ac-
tivities of producers and consumers increase the pressure on the
environment (Neumayer 2002). Third, according to Dryzek
(1987), lobbying activities in democratic countries may have
an impact on government decisions. These activities, which aim
to maximize their economic profits, can sometimes harm the
environment. For instance, it is highly likely that government
officials will be influenced by multinational companies and
lobbies that want to influence and control political institutions,
the legal and governance process. On the other hand, leaders in
autocratic administrations are less likely to be affected by elite
groups that are large, powerful, and retain most of the resources
(Hatunoğlu and Yılmaz 2018).

When empirical studies on the relationship between de-
mocracy and environment are evaluated, we find that the lit-
erature findings differ and that the researchers do not provide
outputs that strongly support a theoretical argument. Table 1
summarizes the empirical literature results.

The results of empirical researches indicate four possible
outcomes. (1) The first group of studies reveals that democracy
has a positive impact on environmental quality (Torras and
Boyce 1998; Bhattarai and Hammig 2001; Li and Reuveny
2006; Buitenzorgy et al. 2011; Abid 2016; Adams and
Klobodu 2017; Adams and Acheampong 2019). (2) The sec-
ond group of studies shows that the effect of democracy on
environmental is different from country to country (You et al.
2015; Lv 2017; Joshi and Beck 2018). According to these re-
sults, the impact of democracy on the environment is heteroge-
neous. (3) The third group studies provide evidence that democ-
racy increases environmental pollution or that autocracy im-
proves environmental quality (Sulemana et al. 2017; Wang
et al. 2018; Kim et al. 2019). (4) Finally, there are also studies
supporting the results that there is no statistically significant
relationship between democracy and environmental quality
(Charfeddine and Mrabet 2017; Adams and Klobodu 2018;
Usman et al. 2019, 2020). Also, the results of the research are
influenced by (a) the development levels of the country or
country groups examined, (b) period, (c) pollution indicators,
(d) democracy indicators, and (e) methodology (see Table 1).

Materials and methods

EKC is a basic model used to demonstrate the relationship
between the environment and economic growth/income.

Additionally, many indicators that have an impact on environ-
mental pollution such as trade, energy, institutional quality,
and financial development can be added to the EKC model
(Bilgili et al. 2016; Zhu et al. 2018; Sarkodie and Strezov
2019; Omri et al. 2019). Following the literature, this paper
constructs the following estimation model to examine the im-
pact of democracy on carbon density in China for the period of
1973–2014 within the scope of the EKC hypothesis:

lnCIt ¼ β0 þ β1lnYt þ β2lnY
2
t þ β3lnY

3
t þ β4lnPRt

þ β5lnINDt þ β6lnTRt þ εt ð1Þ

In Eq. (1), CI, Y, PR, IND, and TR show CO2 intensity,
GDP per capita, level of democracy, industrialization, and
foreign trade volume, respectively. Β0 represents the constant
term and β1,…,β6 are long-run coefficients that indicate the
effect of GDP per capita, the square of GDP per capita, cube of
income, democracy, industrialization and trade on CO2 inten-
sity. In the Eq. (1), t and ε demonstrate period and error terms.
The data sets are from annual observations and cover the pe-
riod of 1973–2014. Natural logarithms of all data were obtain-
ed for econometric estimation. Thus, the range difference of
the data is reduced. Table 2 provides summary information
about the data set, while Table 3 shows descriptive statistics.

When Eq. (1) is estimated, the possible results for the EKC
hypothesis are as follows: (i) If β1 =β2 =β3 = 0, there is no
significant relationship between CO2 intensity and income.
(ii) If β1 > 0 and β2 =β3 = 0, there is a monotonically increas-
ing relationship between CO2 intensity and income. (iii) If β1

< 0 and β2 =β3 = 0, there is a monotonically decreasing rela-
tionship between CO2 intensity and income. (iv) If β1 < 0,
β2 > 0, and β3 = 0, there is a U-shaped relationship between
CO2 intensity and income: (v) If β1 > 0, β2 < 0, and β3 = 0,
there is an inverse U-shaped relationship between CO2 inten-
sity and income (EKC is valid). (vi) If β1 > 0, β2 < 0, and
β3 > 0, there is an N-shaped relationship between CO2 inten-
sity and income. (vii) If β1 < 0, β2 > 0, and β3 < 0, there is an
inverted N-shaped relationship between CO2 intensity and
income. Finally, the possible consequences for the impact of
the political regime on CO2 intensity are (a) if β4 = 0, there is
no relationship between democracy (autocracy) and CO2 in-
tensity. (b) If β4 < 0, then an increase in the level of democ-
racy (a decrease in autocracy) has a reducing effect on CO2

intensity. In this case, democracy is a better regime for the
environmental quality. (c) If β4 > 0, then an increase in the
level of democracy (a decrease in autocracy) has an increasing
effect on CO2 intensity. In this case, autocracy is a better
regime for the environmental quality.

Estimation of the regression coefficients that reveal the
relationships between the variables is of great interest in the
literature. For researchers, Gauss-Markov statistical proper-
ties, or best linear unbiased estimators, should achieve the
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Table 1 Summary of the empirical literature on democracy-environmental nexus

Author (s) Country Period Method Pollution indicator Result

Panayotou (1997) 30 developed and
developing countries

1982–1994 Fixed effect
(FE), random
effect (RE)

SO2 The quality of institutions reduces
environmental degradation in
high and low-income countries.

Torras and
Boyce (1998)

58 countries 1977–1991 Ordinary least
squares (OLS)

Water and air
pollution indicators

Political rights and civil liberties
have a positive effect on the
quality of the environment.

Bhattarai and
Hammig (2001)

66 countries of Latin
America, Africa,
and Asia

1972–1991 FE, RE Deforestation Improvements in democracy
significantly reduce deforestation.

Farzin and Bond (2006) 200 countries 1980–1998 FE CO2, NOx, VOC, SO2 Democratic regimes respond
positively to the environmental
demands of the people.

Li and Reuveny (2006) 143 countries 1961–1997 Two-way FE CO2, NO2, organic
pollution, deforestation

Democracy reduces all
pollution indicators.

Culas (2007) 14 tropical developing
countries

1972–1994 FE, RE,
generalized
least squares
(GLS)

Deforestation Institutional quality reduces
environmental pollution.

Gallagher and
Thacker (2008)

31 developing countries 1960–2001 FE SO2, CO2 Democracy does not affect SO2 and
CO2 emissions in the short-run
but reduces them in the long-run.

Bernauer and
Koubi (2009)

42 countries 1971–1996 FE, RE SO2 Democracy has a reducing effect on
pollution emissions.

Buitenzorgy et al. (2011) 177 countries 1990–2000 OLS Deforestation Democracy has a reducing effect
on deforestation.

Hosseini and
Kaneko (2013)

129 countries 1980–2007 Seemingly
unrelated
regressions
(SUR)

CO2 intensity Democracy has a reducing effect on
CO2 intensity.

You et al. (2015) 97 countries 1985–2005 Panel quantile
regression

CO2 The impact of democracy on CO2

emissions is heterogeneous, or the
effect varies from country to
country.

Abid (2016) Sub-Saharan Africa
economies

1996–2010 Generalized
method of
moments
(GMM)

CO2 Democracy has a reducing
effect on CO2.

Charfeddine and
Mrabet (2017)

15 MENA countries 1975–2007 Panel
cointegration,
dynamic OLS,
fully modified
OLS,
causality

CO2 Institutional developments do not
have a reducing effect on
environmental pollution.

Sulemana et al. (2017) African and
OECD countries

1990–2010 FE, RE CO2, PM10 There is no significant relationship
between institutional quality and
CO2 emission for African and
OECD countries.

Democracy has an increasing effect
on PM10 in Africa.

Lv (2017) 19 emerging countries 1997–2010 Panel quantile
regression

CO2 The impact of democracy on CO2

emissions is heterogeneous.

Adams and
Klobodu (2017)

38 African countries 1970–2011 Panel
cointegration,
D-OLS

CO2 Democracy and bureaucratic quality
have a reducing effect on CO2.

Adams and
Klobodu (2018)

26 African countries 1985–2011 GMM CO2 Institutional variables do not have a
significant effect on CO2.

Joshi and Beck (2018) 22 OECD and 87
non-OECD countries

1995–2010 GMM CO2 The effect of democracy on CO2 is
heterogeneous, or the effect varies
from country to country.
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following two conditions. First, each of the regression vari-
ables should be stationary in their level values, or their degree
of integration should be zero [I (0)]. In this case, the regression
results for parameter estimation are reliable. Second, if each of
the variables is stationary at the first differences [I (1)], for the
estimation parameters to be reliable, there must be a linear
combination/cointegration relationship between the series.
Otherwise, regression estimation is misleading, and conven-
tional t, Wald, and F statistics can produce biased and ineffec-
tive results (Bilgili 2012). Therefore, in the first step of the
analysis, it should be investigated whether the series is station-
ary or contains a unit root.

Traditional unit root tests developed by Dickey and Fuller
(hereafter ADF 1981) and Phillips and Perron (hereafter PP
1988) are widely used in econometrics literature. For both

tests, the null hypothesis that the series contains the unit root
is investigated by the ADF and PP test statistics. If the test
statistics are less than the critical values, the null hypothesis is
rejected. According to unit root test results, if the series is
stationary, regression parameters can be obtained by estima-
tors such as the traditional OLSmethod. However, if the series
is stationary at first differences rather than level values, then
researchers should confirm the existence of the cointegration
relationship before estimating the regression parameters.
Otherwise, a spurious regression problem occurs.

Engle and Granger (1987), Johansen (1988), Johansen and
Juselius (hereafter JJ 1990) and Pesaran et al. (2001) devel-
oped by cointegration methods are used extensively in the
literature. These methods assume that long-term cointegration
parameters do not change over time. However, there are many

Table 2 Summary information
about the dataset Abbreviation Variable type Definition Source

lnCI Dependent variable CO2 intensity (kg per kg of
oil equivalent energy use)

World Bank

lnPR Explanatory variable Democracy index (average of
political rights and civil liberties)

Freedom House

lnY Explanatory variable GDP per capita (constant 2010 US$) World Bank

lnIND Control variable Industry (including construction),
value added (% of GDP)

World Bank

lnTR Control variable Trade (% of GDP) World Bank

Table 1 (continued)

Author (s) Country Period Method Pollution indicator Result

Wang et al. (2018) G20 countries 2000–2014 Panel quantile
regression

PM2.5 Democracy increases PM2.5

emissions in countries with
high emissions.

Democracy does not affect PM2.5

emissions in countries
with low emissions.

Adams and
Acheampong (2019)

46 sub-Saharan
African countries

1980–2015 GMM CO2 Democracy has a reducing
effect on CO2.

(Kim et al. (2019) 132 high- and
low-income countries

2014–2016 RE environmental quality
index

Democracy affects increasing
environmental quality in
high-income countries.

Democracy has no impact on
environmental quality in
low-income countries.

Usman et al. (2019) India 1971–2014 Autoregressive
distributed lag
(ARDL)

CO2 Democracy has no significant
effect on carbon.

Le and Ozturk (2020) Emerging Market and
Developing
Economies

1990–2014 Panel regression
with
cross-section
dependence

CO2 Governments’ financial and
governance activities increase
carbon dioxide emissions.

(Usman et al. 2020) South Africa 1971–2014 Bayer-Hanck
cointegration,
FM-OLS

CO2 There is no significant relationship
between democracy and
CO2 emission.
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structural elements such as economic crises, technological
shocks, institutional developments, policy, and regime chang-
es that may affect the long-run relationship between variables.
These structural changes cause breaks in time series.
Therefore, cointegration tests, which consider structural
breaks in the estimation of long-run relationships, provide
more robust results. To eliminate this assumption, Gregory
and Hansen (1996) developed a method of cointegration, tak-
ing into account one structural break. Hatemi-J (2008) extend-
ed this method and put forward cointegration tests considering
two structural breaks. Recently, Maki (2012) has developed a
cointegration test that can estimate up to five structural breaks.
For robust findings, this paper first performs the JJ
cointegration test and then employs the structural breaks
cointegration test of Maki (2012) because of the advantages
estimating multiple breaks.

Maki (2012) calculates the possible breakpoints and t sta-
tistics for each period to test the null hypothesis that there is no
cointegration relationship. The test procedure introduces 4
models for testing cointegration under the assumption of mul-
tiple breakpoints:

Model 0:

yt ¼ μ þ ∑k
i¼1μiDi;t þ β

0
Xt þ μt ð2Þ

Model 1:

yt ¼ μ þ ∑k
i¼1μiDi;t þ γtþ β

0
Xt þ μt ð3Þ

Model 2:

yt ¼ μ þ ∑k
i¼1μiDi;t þ β

0
xt þ ∑k

i¼1β
0
ixtDi;t þ μt ð4Þ

Model 3:

yt ¼ μ þ ∑k
i¼1μiDi;t þ γtþ ∑k

i¼1γitDi;t þ β
0
ixt

þ ∑k
i¼1β

0
ixtDi;t þ ut ð5Þ

where t = 1, 2, …., T.yt and xt = (xt,…,xmt)′ are observable
variables, and ut indicates the error term. Equations (2–5)
indicate level break (C), trend break (C/T), regime change

(C/S), and trend break (C/T/S), respectively. For eachmodel,
it is decided that there is a cointegration relationship between
the series if the calculated test statistics are greater than the
critical values. Critical values are determined by Monte
Carlo simulation, and Maki (2012) is reported in Table 1.

After confirming the cointegration relationship, the next
step is to estimate the long-run regression coefficients. The
dynamic least squares (D-OLS) method developed by Stock
and Watson (1993) is an effective method for estimating
long-run coefficients. The DOLS estimator is a dynamic
method that includes lagged values of independent variables
in the estimation model. It provides robust estimation in the

presence of endogeneity and autocorrelation. A standard
DOLS estimator is shown in the following equation:

yt ¼ α0 þ α1tþ α2xt þ ∑q
i¼−qδiΔxt−i þ εt ð6Þ

In Eq. (6), Y, t, x, q, Δ, and ε represent the dependent
variable, period, independent variable, lag length, first differ-
ence operator, and the error term, respectively. This paper also
uses the OLS estimator, the FMOLS estimator developed by
Phillips and Hansen (1990), and the canonical cointegration
regression (CCR) estimator developed by Park (1992) as an
alternative to DOLS estimates for robustness control.

Results and discussions

Unit root test results are reported in Table 4. According to the
findings, there is a unit root in the level values of the variables.
In other words, series are not stationary in level values. In this
case, the first differences of the variables are calculated and
the unit root test is applied again. Accordingly, all of the
variables are stationary in their first differences, i.e., I(1).

Table 4 Unit root test results

Variables ADF PP

Level First
difference

Level First
difference

lnCI − 1.817 − 6.544a − 1.733 − 6.433a

lnY − 3.150 − 3.268b − 3.031 − 4.215a

lnPR − 2.312 − 6.154a − 2.311 − 6.164a

lnIND − 2.507 − 5.207a − 2.322 − 5.268a

lnTR − 1.119 − 5.595 − 1.269 − 5.5945a

Critical values 1% − 4.198 − 4.205 − 4.198 − 4.205
5% − 3.523 − 3.526 − 3.523 − 3.526
10% − 3.192 − 3.194 − 3.192 − 3.194

a and b show statistical significance at the 1% and 10% level. Estimates
of the intercept and trend model are reported

Table 3 Descriptive statistics

lnCI lnPR lnY lnIND lnTR

Mean 1.074 0.154 6.989 3.808 3.306

Median 1.105 0.153 6.961 3.817 3.495

Maximum 1.244 0.166 8.715 3.872 4.166

Minimum 0.814 0.142 5.553 3.714 2.079

Std. dev. 0.127 0.009 1.010 0.040 0.626

Jarque-Bera 3.910 3.144 2.805 2.682 3.416

(Probability) 0.141 0.207 0.245 0.265 0.187
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Since the variables in the analysis are stationary in the first
differences, the cointegration relationship between the vari-
ables should be confirmed before estimating the regression
parameters. Firstly, this paper shows the JJ cointegration test
results, which do not account for structural breaks in Table 5.
According to JJ test results, both trace and maximum eigen-
value statistics confirm a long-run cointegration relationship
between variables.

However, to make a more objective decision on the exis-
tence of a long-run relationship, this paper secondly follows
the cointegration test developed by Maki (2012), which takes
into account structural breaks. Table 6 shows the cointegration
test results with structural breaks. According to the test results,
three of the four models reject the null hypothesis that there is
no cointegration relationship between the variables.

Maki (2012) cointegration test results indicate significant
dates of structural change in China. The years 1979, 1983, and
1988 refer to Deng’s rules. During this period, China started
implementing many economic reforms, such as the free mar-
ket and outward opening out. The main goal of this period was
to transform China into a modern and developed socialist
state. This transformation took into account modernization
in the fields of industry, agriculture, national defense, science,
and technology (Dernberger 1999). Also, the end of the 1980s
was a period in which student movements were intensified
apart from economic transformation. Although there was no

change in the regime, these movements were an anchor indi-
cator for democracy (Yang and Zhao 2015). Finally, 1998 and
2008 imply periods of the Asian Crisis (1997 and later) and
the Global Financial Crisis, respectively.

Both the JJ and Maki (2012) cointegration tests demonstrate
the existence of a long-run equilibrium relationship between
carbon intensity, GDP per capita, democracy, industrialization,
and trade in China for the period 1973–2014. The final step
after confirming the cointegration relationship is the estimation
of the long-run regression coefficients. Table 7 shows the esti-
mation results of D-OLS and other alternative methods.

Table 5 Cointegration test
without structural breaks Trace test Maximum eigenvalue test

Null
hypothesis

Alternative
hypothesis

Test
statistic

Critical
value (5%)

Null
hypothesis

Alternative
hypothesis

Test
statistic

Critical
value (5%)

r = 0 r > 0 79.753* 69.818 r = 0 r = 1 33.969* 33.878

r ≤ 1 r > 1 46.083 47.851 r = 1 r = 2 20.410 27.584

r ≤ 2 r > 2 25.672 29.797 r = 2 r = 3 18.155 21.131

r ≤ 3 r > 3 7.517 15.494 r = 3 r = 4 7.317 14.264

r ≤ 4 r > 4 0.199 3.841 r = 4 r = 5 0.199 3.841

All model selection criteria show 1 as the lag length. r shows the number of the cointegrating vector. * indicates
5% statistical significance

Table 7 Long-run parameter estimation without structural breaks

Regressor D-OLS FM-OLS CCR OLS

β1 7.034*

(5.08)
6.692*

(6.39)
6.594*

(6.46)
7.034*

(6.80)

β2 − 0.959*

(− 4.86)
− 0.961*

(− 6.12)
− 0.901*

(− 6.13)
− 0.961*

(− 6.51)
β3 0.043*

(4.70)
0.041*

(5.83)
0.040*

(5.86)
0.043*

(6.235)

β4 − 0.232**

(− 2.38)
− 0.194*

(− 2.86)
− 0.186**

(− 2.36)
− 0.323*

(− 3.08)
β5 0.355**

(2.25)
0.310**

(2.59)
0.307*

(2.74)
0.359*

(3.01)

β6 0.037*

(1.23)
0.053***

(1.91)
0.052***

(1.89)
0.040***

(1.71)

Constant − 16.471*

(− 4.93)
− 16.908*

(− 6.60)
− 16.668*

(− 6.28)
− 17.984*

(− 6.95)
First turning point 1.330$ 1.090$ 1.400$ 1.240$

Second turning point 26.900$ 29.700$ 23.860$ 26.000$

Diagnostic

R2 0.945 0.944 0.941 0.948

Adj. R2 0.933 0.937 0.936 0.939

S.E. of regression 0.025 0.025 0.025 0.024

Durbin-Watson 1.886 1.884 1.913 1.903

*, **, and *** indicate statistical significance at the 1%, 5%, and 10%
level, respectively. The value in parentheses is the t-statistic

Table 6 Cointegration test with structural breaks

Model Test stat. Critical values* Break dates

1% 5% 10%

C − 6.832a − 6.501 − 5.992 − 5.714 1983; 1988; 2008

C/T − 6.753a − 6.741 − 6.214 − 5.974 1983; 1988; 2008

C/S − 7.753b − 8.336 − 7.803 − 7.481 1988; 1998; 2008

C/T/S − 6.256 − 8.865 − 8.254 − 7.977 1979, 1998; 2008

* Critical values are obtained from Table 1 in Maki (2012). a and b show
statistical significance at the 1% and 10% level
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Estimation results without structural breaks are as follows:

(1) Since β1 > 0, β2 < 0, and β3 > 0, there is an N-shaped
EKC relationship between CO2 intensity and GDP per
capita in China. AnN-shaped EKC relationship indicates
a relationship between pollution and income, first in-
creasing, then decreasing, and then increasing again.
The turning points for China are then calculated.1 The
first turning point where pollution begins to decrease is
in the range of about 1.100–1.400 USD. The second
turning point in which pollution starts to increase again
is calculated in the range of approximately 23.000–
30.000 USD.

The possible cause of this situation is that the scale
effect exceeds the technical effect and that after the emer-
gence of technical aging, economic growth starts to in-
crease the level of environmental pollution again
(Balsalobre et al. 2015; Sinha et al. 2017). In other
words, the scale effect in China is more dominant than
the structural and technological effects in the long run.

(2) All estimators show that an increase in political rights
and civil liberties (democracy) has a diminishing effect
on CO2 intensity. That is, an authoritarian regime de-
creases the quality of the environment. This finding sup-
ports the theoretical outputs that the increase in the level
of democracy improves environmental quality (Deacon
2000; Li and Reuveny 2006; Mak Arvin and Lew 2011;
Payne 1995; Schultz and Crockett 1990).

Today, China is an autocratic country based on a free
market economy (Freedom house 2018). Despite the
weak democracy score, with reforms since 1976, China
has demonstrated institutional development performance
on elections, rule of law, and constitutional guarantee
(Hasan et al. 2009). According to our findings, develop-
ments in this long-term institutional structure contribute
to the improvement of environmental quality.

(3) Industrialization and trade have an increasing effect on
CO2 intensity. This result shows that the process of mod-
ernization and outward expansion in China increases en-
vironmental pollution.

Table 8 presents the estimated parameter results by con-
sidering the structural breaks in China. The structural break
dates are founded on model 0 (C) results in Maki (2012).
According to the test results, (1) there is an N-shaped rela-
tionship between GDP per capita and CO2 intensity. The

first turning point in which pollution begins to decrease is
in the range of 1000–1500 USD, while the second turning
point in which pollution starts to increase is 14.000–20.000
USD.

(2) Political rights and civil liberties have a reducing effect
on environmental pollution. So, considering the structural
breaks, it is concluded that the increase in the authoritarian
regime level in China harms the quality of the environment.
(3) The industrialization has an increasing effect on environ-
mental pollution. While trade increases environmental pollu-
tion according to D-OLS and FM-OLS results, it does not
have a significant impact on the environment according to
CCR and OLS findings. Estimation findings are mostly con-
sistent with each other.

Finally, the effect of structural changes in China on CO2

intensity is as follows: (i) Opening-up and transition to a free
market economy have an impact on increasing environmental
pollution. (ii) According to all estimators, the parameter of the
global financial crisis period is statistically insignificant. In
other words, the global financial crisis has no significant effect
on CO2 intensity.

1 The turning point formula for a cubic EKCmodel is as follows (Lorente and
Alvarez-Herranz 2016):

Yj =
β2�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

β22−3β1β3
p

3β3 , j = 1,2.
Y1 and Y2 are the first and second turning points, respectively. Exp (Y

*) is
used to calculate the monetary value of the turning points.

Table 8 Long-run parameter estimation with structural breaks

Regressor D-OLS FM-OLS CCR OLS

β1 5.852*

(6.22)
6.023*

(7.81)
5.913*

(7.80)
5.985*

(5.41)

β2 − 0.845*

(− 6.63)
− 0.831*

(− 7.11)
0.832*

(− 7.48)
− 0.831*

(− 5.61)
β3 0.041*

(6.44)
0.038*

(8.02)
0.038*

(7.80)
0.038*

(5.63)

β4 − 1.073*

(− 3.29)
− 1.036*

(− 4.90)
− 1.039*

(− 4.38)
− 1.056*

(− 2.86)
β5 0.552*

(5.43)
0.571*

(6.48)
0.558*

(6.45)
0.581*

(4.72)

β6 0.020***

(1.63)
0.018*

(3.08)
0.013
(1.48)

0.012
(1.51)

D1 (1983) 0.072*

(3.35)
0.074*

(5.07)
0.077*

(4.06)
0.070*

(2.92)

D2 (1988) 0.046**

(2.45)
0.037*

(3.13)
0.037*

(2.74)
0.042**

(2.13)

D3 (2008) 0.032
(1.06)

0.035
(1.55)

0.035
(1.37)

0.035
(1.52)

Constant − 15.021
(− 6.46)

− 15.392
(− 7.93)

− 15.187
(− 7.60)

− 15.284*

(− 5.62)
Diagnostic

First turning point 1.200$ 1.270$ 1.010$ 1.480$

Second turning point 19.900$ 14.700$ 18.000$ 15.500$

R2 0.942 0.930 0.940 0.931

Adj. R2 0.925 0.911 0.921 0.917

S.E. of regression 0.020 0.020 0.020 0.020

Durbin-Watson 1.894 1.891 1.896 1.895

*, **, and *** indicate statistical significance at the 1%, 5%, and 10%
level, respectively. The value in parentheses is the t-statistic
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Conclusion

At the end of the 1970s, China started the transition to a free-
market economy without democracy. However, this process al-
so manifested itself in institutional developments, including the
political and legal environment. The transition to the market
economy, globalization, and institutional developments has
led, in part, to the improvement of political rights and civil
liberties in China in the last 40 years. Considering the last
40 years of economic and institutional developments in China,
this paper examines the impact of the political regime on envi-
ronmental quality within the framework of the EKC model by
employing the cointegration analysis. Analysis results show that
political rights and civil liberties in China have a positive impact
on environmental quality. Although China has an authoritarian
political regime, this paper argues that policies towards institu-
tional developments that increase political rights and civil liber-
ties can make a significant contribution to environmental qual-
ity. Besides, this paper concludes that there is an N-shaped EKC
relationship between GDP per capita and environmental pollu-
tion in China. This result may indicate that the scale effect in
China is stronger than the structural and technological effects.

Although this paper contributes to the literature with its find-
ings on China regarding the relationship between democracy
(autocracy) and the environment, it has some limitations. First,
we represented the level of democracy or autocracy with the
index measured by the Freedom House. In future research, po-
litical regime measurement methods developed by Polity IV
Project, V-Dem, and PRS Group may be used. Second, consid-
ering the current state of the Chinese economy, its global impact
and leadership in greenhouse gas emissions, further research is
needed onChina regarding institutional quality-economic devel-
opment and environmental quality relationships. Third, we con-
sidered the CO2 intensity as an indicator of environmental pol-
lution. However, the relationship between the political regime
and the environment may be tested by indicators such as eco-
logical footprint, water pollutants-wastewater, other greenhouse
gases, deforestation, and biodiversity. Finally, the current litera-
ture focuses more on countries with a democratic regime. We
especially focused on China, which has conditions for a free
market economy but governed by autocracy. Therefore, future
research may examine the relationship between the political
regime and the environment, using linear and nonlinear methods
such as causality tests, wavelet transform, and panel data tests,
especially in other countries with authoritarian regimes.
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