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ABSTRACT

An Empirical Study of the Relationships between CO2
Emissions, Economic Growth and Openness

This paper investigates the existence of the environmental Kuznets curve (EKC) for carbon
dioxide (CO2) emissions and its causal relationships with economic growth and openness by
using time series data (1971-2006) from China (an emerging market), Korea (a newly
industrialized country), and Japan (a developed country). The sample countries span a whole
range of development stages from industrialized to newly industrialized and emerging market
economies. The environmental consequences according to openness and economic growth
do not show uniform results across the countries. Depending on the national characteristics,
the estimated EKC show different temporal patterns. China shows an N-shaped curve while
Japan has a U-shaped curve. Such dissimilarities are also found in the relationship between
CO2 emissions and openness. In the case of Korea and Japan it represents an inverted U-
shaped curve, while China shows a U-shaped curve. We also analyze the dynamic
relationships between the variables by adopting a vector auto regression or a vector error
correction model. These models through the impulse response functions allow for analysis of
the causal variable’s influence on the dynamic response of emission variables and it adopts a
variance decomposition to explain the magnitude of the forecast error variance determined
by the shocks to each of the causal variables over time. Results show evidence of large
heterogeneity among the countries and variables impacts.
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1. Introduction

Improvements in economic growth and welfare can affect the types of technological
and financial opportunities used to avoid and manage environmental problems. In this
situation, it is interesting to know whether economic growth and environmental
preservation can coincide or not. In general, environmental goods and their quality are
normally good, denoting that increased earnings from free trade would increase an
individual’s demand for higher environmental quality. In the early stage of economic
development, a small portion of excess income is typically allocated for environmental
problems, and thus, at this stage, the industrialization process is likely to be
accompanied by environmental problems. When GDP per capita increases and exceeds
a certain threshold, the level of pollution typically decreases. This combined effect can
result in an inverted U-shaped relationship between GDP per capita and the level of
pollution.

This inverted U-shaped relationship between GDP per capita and various indicators of
pollution is referred to as the environmental Kuznets curve (EKC), which was
introduced by Kuznets (1955). This hypothesis, which suggests a U-shaped or inverted
U-shaped relationship between two variables, implies a non-linear relationship that is
applicable to many areas. A number of studies have examined the environmental
consequences of trade liberalization and economic growth in recent decades.
Furthermore, the climate change phenomenon, which has been an important research
topic in recent years, has been considered to be one of the most important consequences
of the global energy system and use. Carbon dioxide (CO2) accounts for the largest
portion of greenhouse gas emissions and is a major source of environmental problems.
Thus, it is meaningful to examine the causal relationships between environmental
pollution, trade liberalization, and economic growth.

By applying EKC theory, previous studies have provided a better understanding of the
environmental consequences of international trade and suggested that economic growth
can improve the environment and that economic growth is necessary for maintaining or
improving the quality of the environment. However, most of the previous studies have
not taken into account the different levels of income across countries. In this regard this
study is an attempt to remedy this limitation by focusing on comparing the relationships
between CO2, trade liberalization and economic growth by accounting for level of
development.

According to the EKC concept, CO2 emissions are expected to have a positive
relationship with the level of income or trade liberalization before the EKC threshold
and then a negative relationship beyond the threshold. For example, if there is a
negative relationship between CO2 emissions and free trade, then GHG emissions are
likely to decrease as the country becomes more exposed to open markets. Similarly, if
there is a positive relationship between CO2 emissions and free trade, then the country
is not likely to have experienced its optimal level of trade liberalization. The EKC
framework implies the existence of an inverted U-shaped relationship between GDP
per capita and environmental degradation to be a local pollutant. However, the
existence of the EKC for the global pollutant, for example carbon dioxide emissions
resulting in problems of international scale, has not been agreed. There are different
views relating to EKC. Galeotti et al. (2006) explained that empirical studies for the
EKC hypothesis for CO2 emissions are “at best mixed”. Even though we cannot find an



EKC curve for CO2 emissions being evidence of sustainable development, we can find
another way of sustainable development through international cooperation. Munasinghe
(2008) suggested that the hypothesis of “sustainomics” can be the key to green growth
and insisted that developing countries can achieve their target economic growth while
maintaining a lower pollution level. Figure 1 illustrates the position of countries at
different stages of their development on the EKC.

Developing

countries

Emerging g E Developed countries

countries

Environmental degradation

GDP per capita

Figure 1: Tunneling through the EKC using international cooperation and sustainable
policies.

Munasinghe (2008) insisted on the usefulness of the “tunnel effect”, which may enable
developing countries to attain their target economic growth while maintaining a lower
level of pollution. Suppose that developing countries lie on Point B in Figure 1, then
these countries can move to Point C by using clean technologies and developing and
implementing sustainable development policies. Although it is difficult to facilitate the
global pollutant to follow this pathway, we can expect a lower rate of increase than
from point B to F. Further, if developed countries not only provide financial support to
emerging markets and newly industrialized countries to help them cope with
environmental degradation, but also transfer their environment-friendly technologies to
those countries, the poorer countries may be able to shift from Point D to Point E,
which is the basic concept behind the “tunnel”.

The empirical results of this study are based on data from China, Korea and Japan.
These countries, representing the Northeast Asian region, reflect different levels of
economic development and have achieved considerable economic development. In
addition to investigating the existence of EKC relationships, this study examines the
dynamics relationships among three variables—CO2 emissions, openness, and GDP
per capita—by using vector auto regression (VAR) and vector error correction model
(VECM). These models, which use impulse response tests and variance decomposition
functions, allow for the analysis of the interrelationships among various variables and
enable the determination of the variables with stronger effects.

This study is unique in that it estimates the EKC by taking the evaluation and policy
perspectives for an interesting sample of countries. The uniqueness of this study is that
it estimates the environmental Kuznets curve, from evaluation and policy perspectives,



for an interesting sample of countries. It focuses on the trend of CO2 emissions of each
country and tries to analyze its relationships with openness and GDP per capita
conditional on specific, growth, openness and other characteristics. Such a method
allows for the positioning of countries on the EKC. The results indicating their position
before and after the turning point have important implications for their growth and
environmental policy.

Determining the existence of the EKC for CO2 as a global pollutant is important. If
developed countries have an inverted U-shaped curve, it is likely that the global
pollutant can be reduced through international cooperation and financial support.
Therefore, this study focuses on the existence of the EKC for China, Korea, and Japan.
Figure 1 illustrates the three countries’ economic development levels and their
positions on the EKC. Note that China, Korea, and Japan represent an emerging market,
a newly industrialized country, and a developed country, respectively, which reflects
the characteristics of the above hypothesis. The results of this case study have useful
implications for developing and implementing appropriate policies for realizing the
tunnel effect.

The rest of this paper is organized as follows. Section 2 provides a brief review of
previous research on the EKC, and Section 3 presents the data. Sections 4 and 5 specify
the relationships between environmental quality, economic growth, and openness by
considering country characteristics and technologies. Section 6 presents the dynamic
estimation results obtained using the VAR and VECM methods and the results of a
number of tests that examined the properties of the data and model specifications, and
Section 7 provides some appropriate policy recommendations based on the empirical
results and concludes.

2. The Literature on the Environmental Kuznets Curve

An analysis of sustainable economic growth and development requires careful
consideration of the environmental consequences of such development. Previous
studies examining the nexus causal relationships between the environment, trade
liberalization, and economic growth have stressed the need for further research in this
area. ;Ne now provide a brief review of the growing body of literature investigating this
topic.

Grossman and Krueger (1993) analyzed the relationship between environmental quality
and GDP per capita by focusing on the level of urban air pollution to estimate the
turning point for the atmospheric concentration of suspended particular matter (SPM)
and sulfur dioxide (SO2). They proposed that air pollution can improve when GDP per
capita increases to sufficient levels. They estimated the turning point to be
$4,000~5,000 (in 1985 U.S. dollars). This is the point at which people typically become
concerned about the quality of their environment. If GDP per capita is approximately
$10,000, people may become involved in a number of activities to improve their
environment, and thus, the quality of their environment is likely to improve
considerably. Seldon and Song (1994) analyzed the relationship between income and
air pollutants by using fixed and random effect models with panel data. In contrast to

* The methodology has been extended to other types of causal relationships such as GDP growth,
inequality and poverty (e.g. Heshmati, 2006).



Grossman and Krueger’s turning point (i.e., $5,000 or less for SPM and SO2), their
turning point for these pollutants is greater than $8,000. They found that nitrogen
oxides (NOx) and sulfur dioxide (SO2) have a Kuznets curve representing the existence
of a relationship between national output and environmental quality.

Copeland and Taylor (1994) investigated the relationship between free trade and
environment quality and suggested that free trade has three types of effects on countries.
The first is the technology effect in which increases in income increase the
consumption of environmental goods. Free trade induces people’s interest in and
understanding of environmental issues and people require effective pollution control
and management policies. Thus, the technology effect through free trade is likely to
improve the environment. The second is the scale effect. Free trade can lead to
increases in world trade volume, and each country increases its output, which can in
turn deteriorate the environment. The third is the composition effect. Developing
countries tend to attract pollution-intensive industries, and developed countries are
likely to avoid such industries to attract foreign direct investment. A decrease in
pollution depends on the relative size of the technology and composition effects. Cole
et al. (1997) investigated the relationship between GDP per capita and a wide range of
indicators by using cross-country panel data and suggested that meaningful EKCs exist
only for local pollutants. More global or indirect environmental effects tend to increase
monotonically with income, which implies that it is easier to improve urban air
pollution than to reduce national air pollution. They also suggested that concentrations
of local pollutants tend to reach a turning point at a lower level of GDP per capita and
that global air pollutants are likely to reach a turning point at a higher level of GDP per
capita.

A noteworthy study by Moomaw and Unruh (1997) examined the relationship between
CO2 and the level of income in developed countries. They selected 16 OECD member
countries to investigate the EKC. Most of the countries showed an inverted U-shaped
trend, and their turning point occurred between 1970 and 1980. Furthermore, by
applying the cubic model specification to the 16 countries, they determined that the N-
shaped curves for all the estimated coefficients were statistically significant. The first
and second threshold points were between $12,810 and $18,330. Friedl and Getzner’s
(2003) study showed that both linear and quadratic models were not suitable for
analyzing the case of Austria but the cubic model can represent it more appropriately.
The relationship between GDP and CO2 emissions followed an N-shaped curve
between 1960 and 1999. Galeotti and Lanza (2003) verified the inverted U-shape curve
for the relationship between CO2 emissions and GDP.

Huang et al. (2008) considered economic development and greenhouse gas (GHG)
emissions, which have been the focus of the Kyoto Protocol. The Protocol attempts to
limit increases in GHG emissions among developed countries. They analyzed single-
country time series and GDP data and found that most of the Annex II countries do not
provide evidence supporting the EKC hypothesis. Akbostanci et al. (2009) investigated
the relationship between income and environmental degradation in Turkey. By using a
time series model spanning from 1968 to 2003, they found that CO2 emissions and
income tend to have a monotonically increasing relationship in the long run. This
monotonically increasing relationship implies that the EKC hypothesis does not hold in
this case. Galeotti et al. (2009) explained that EKC is not found at all the times relating
to CO2. Furthermore this paper makes a significant contribution to the statistical



robustness of the EKC by giving a direction. The authors emphasize that theoretical and
empirical investigation is clearly organized before the existence and validity of the
EKC is established. The review of previous research indicates that there are substantial
differences among the countries, suggesting that the hypothesis of the Kuznets curve
has a number of weaknesses that need to be addressed.

3. The Data

The data is an annual time series aimed to be used in time series regression analysis of
three countries, namely China, Korea and Japan. The data spanned from 1971 to 2006
and contained the key variables CO2, GDP, and Openness and some information on the
source of CO2 emissions and the variables underlying openness.

CO2 emissions, measured in metric tons, were transformed into a per capita measure to
adjust for the population size of the three countries. GDP was measured as real GDP
per capita. A country-specific GDP deflator was used to convert the monetary values
into fixed ones. Openness, a measure of trade liberalization, was measured as the sum
of imports and exports as a share of total GDP in a given year.

The carbon dioxide emission variables are obtained from Carbon Dioxide Information
Analysis Center (CDIAC). The source of Real GDP per capita and openness is the Penn
World Table 6.3. A number of variables (RE, FOP and energy type shares) are added to
account for the nature of the energy system. RE is the contribution of renewable
energies and energy from waste. This data is sourced from OECD data. The FOP data
were drawn from the 2009 BP Statistical Review of World Energy. Through this source,
we obtained data on the consumption of oil (in million tons), natural gas (in million
tons of oil equivalent), and coal (in million tons of oil equivalent). These three variables
were totaled for each country and then divided by the total population of the country to
obtain FOP (fossil consumption per capita).

Tablel: Definition and descriptive statistics of the variables, 1971-2006.

China Korea Japan
Variables Definition Mean Std. Dev Mean Std. Dev Mean Std. Dev
CO.Z_. CO2 emissions in Mt 2306.249 | 1192.676 | 11447.640 148.825 1013.063 151.843
emission
co2 €02/ Population (ton 2013 | 0.801 5548 | 2915 8359 | 0.890
CO2/capita)

RE Contribution of 26.586 | 6.942 0.731 0.269 3031 | 0.54
renewable energies (%)

Fossil consumption/

FOP . 0.059 0.023 0.200 0.124 0.254 0.027
capita x 100

GDP Real GDP per capita 2379.074 | 1837.098 244934 | 6415.589 | 23317.610 | 5174.324

OPEN The degree of openness 32.800 13.768 39.922 19.649 17.448 4.479




A summary of statistics in the annual time series data is presented in Table 1. Japan’s
emission per capita is the highest, followed by Korea and China. A similar pattern is
found concerning GDP per capita. China has a much higher share of renewable energy
sources in its per capita energy consumption, while Japan has a higher share of fossil
consumption per capita. Korea, followed by China, has a relatively higher dependency
on an imported primary source of energy than Japan.

Figure 2 shows the development of CO2 over time in level and changes for the three
countries. Figure 2.A on the left shows the development of the CO2 level over time,
while Figure 2.B on the right shows the trends in the growth rate of total carbon dioxide
emissions of individual countries normalized at 1971 values.
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Figure 2.A and 2.B: The trends of carbon dioxide and its growth rate 1971-2006.

Generally, CO2 emissions tend to increase. In Korea, there is a declining area in
relation to the Asian Financial Crisis but CO2 emissions were on the rise again after
1998 and in relation to the recovery of the economy. At the beginning the level of CO2
was close in Japan and the economic reform in China changed the situation
dramatically and by the end of the period in China the gap had increased by more than
6-fold. China also has the fastest increasing trend but we can find a slowdown and even
slight decline after the Tiananmen square riots. The graph shows a rapid rise in the CO2
emissions since 2001. CO2 emissions fluctuated a lot in the case of Japan; however, its
trend is slowly increasing, in particular after 1985. The Figure 2.B displays emission
trends of three sample countries jointly in the same graph normalized at 1971 values.
The objective is to enable a comparison of the level and its development concerning the
relative emission of each country. Here the Figure 2.B shows that the growth rate is
much higher in Korea than in China, but the gap has been shrinking since 2002. The
growth in Japan is very low and the level is relatively constant during the entire period.



4. Empirical Analysis
4.1 Specification of Environmental Kuznets curve

We specify and estimate the environmental Kuznets curve (EKC) based on CO2
emissions per capita for China, Korea and Japan to determine whether these countries
have an EKC. The results are expected to have important implications for the countries
as they establish environmental targets for CO2 emissions. To verify the shape of the
EKC, we specify and estimate the following multiple regression equations for each
country:

InCO2, = &, + &, In GDP, + a,(In GDP,)* + {,OPEN, + a;OPEN}
+a,InRE, + a,Trend, + o, In FOP, + ¢,

ey

InCO2, = &y + &, InGDP, + &, (InGDP,)* + o, (InGDP,)* + a,OPEN,

2
+asOPEN} +aIn RE, + o, Trend, + ay In FOP, + ¢,

where CO2 denotes CO2 emissions per capita and is an endogenous variable that
represents better environmental quality if it is a lower level. The main exogenous
variables are InGDP which is logarithm of GDP per capita and OPEN representing
trade openness or trade dependence on foreign countries. To test the presence of EKC,
the equation (1) and (2) which are derived from the relationships between pollution
levels and GDP and Openness will be used. The relationships are estimated as being
conditional on renewable energy share, fossil energy consumption and time trend.

Pollution levels are expected to increase with growing income up to a threshold level
beyond which pollution levels are expected to decrease with higher income levels. The
combination of these two effects, a; > 0and a, < 0 in Model (1), creates the
inverted U-shaped relationship between per capita CO2 emissions and GDP. A
representative inverted U-shape example of an expected EKC is shown in Figure 3.A
Furthermore, we can easily test the presence of an N-shaped curve (Figure 2.B) by
using cubic functional form (a3 > 0) as shown in Model (2). In the EKC empirical
analysis based on the SO2 pollution case, N-shaped curve is found by Torras and
Boyce (1998), List and Gallet (1999), Bradford et al. (2005), and others. Therefore, this
paper adds a variable GDP?3 representing a cubic model specification to verify the
existence of N-shaped relationships between carbon dioxide and economic growth.

In an attempt to broaden the concept of EKC, we investigate the relationship between
environmental quality and trade openness. This is motivated by the fact that at early
stages of economic development, free trade leads to an increase in real income, and at
the same time, it increase the pollution level because environmental quality is regarded
as a luxury good and not a normal good. However, as the country achieves a certain
level of GDP, the increased income from free trade encourages consumers to increase
their demand for a clean environment and then an attempt is made to reduce
environmental damage through increasing clean production and eventually to improve
environmental quality (Galeotti and Lanza, 1999). Based on the pattern described
above, a country tends to follow increasing pollution levels as trade openness proceeds
(aq > 0), and then we can find declining pollution levels at more advanced stage of
free trade (az < 0). We have already explained the variable of RE and FOP, so in this
part, we will skip explanations of these conditional variables. Trend is a time trend



variable used as a proxy to represent the effects of other exogenous time dependent
variables such as the trend in pollution abatement, environmental policy change and
technological change.

turning point

&

CO2 emissions

GDP per capita

Figure 3.A: The inverted U-shaped Environmental Kuznets Curve

CO2 emissions ’?

GDP per capita

Figure 3.B: The N-shaped Environmental Kuznets curve

4.2 Empirical Results

As noted above, estimating and quantifying the effect of free trade on income and
environmental quality is necessarily an empirical problem and it varies according to
circumstances such as individual countries’ development stage, the degree of openness,
population and policies of the countries. In this paper we deal with the exogenous
variables such as GDP, OPEN and other indicators of environment and development.
Through individual countries’ OLS estimation result, we can obtain an estimation of
the effects on each country’s environment. Separate country regressions allow for
heterogeneous effects in response to differences in level of development of the sample
countries. Thus, in order to investigate the relationships between environmental
degradation, economic growth and trade liberalization, here we use simple OLS
regression analysis. Table 2 reports the estimation results.



Table 2 summarizes the regression results for each country based on the two model
specifications, differing with square and cubic GDP specifications. Since the two
models differ only by one parameter, the t-test can be used to determine the level of
generality of the model. A matter of primary concern is the estimated coefficients, their
signs and significance. We are interested in not only quadratic Model 1, but also cubic
Model 2 to establish the absence of EKC, inverted-U or N-shaped nature of the Kuznets

curve.

Table 2: Results from OLS estimation method (T=37).

China Korea Japan
Model 1 Model 2 Model 1 Model 2 Model 1 Model2
Constant 11.28og3ee | TV | 27.60003% | 2651300 | 49.43520% | 54.67682%%
(4.9389) ' (6.0186) (7.6471) (12.020) (11.5849)
GbP 2.41E-05 0‘?303?2;;'" -0.00031 % '0(‘_060233;;'" -0.00035%%% | 0.00159%*
(0.2366) : (-3.4569) : (-2.8226) (-2.4923)
GbP Lo7E-08x | R | Lgop-ogree | 3BT 7. 00000 | 6.77E-08%¢
(1.9269) (-2.8866) (12172) (9.4679) (2.9193) (2.2365)
GDP3 T 12E- 1175 D RIE267
; ; - -9.17E-13*
) (3.3067) ) (-4.6396) ) 19795
OPEN -0.02270% ‘0~(’3212(8)';** 0'%7;?21” 0.01384 0.08298 0.09749
(:2.4854) (-3.4801) (3.7144) (:0.5490) (0.9852) (12134)
OPEN 0.00024* 0'0302‘1‘;2 ‘0'050(1’2? ) 461?%(3)5 -0.00218 -0.00155
(1.9206) (3:4182) (-3.1414) 0.1723) (-1.2146) (:0.8906)
RE -0.06152%7* ‘O'Tégg:w 0603428;33 ‘0(')078113862 0.12545 0.05252
(-3.5965) (-4.8291) (0.3283) (-0.7136) (1.2545) (0.5154)
Trend -0.01922 ‘0'03449‘;;” 0433%‘5‘;W O(i()5735f77 0.00689 -0.00645
(-1.4797) (-3.4392) (-3.7855) (0.5347) (0.3776) (:0.3465)
(2.6709) (8.8037) (7.9868)
RZ 0.9951 0.9965 0.9985 0.9992 0.9891 0.9905
Fvalue 784.2839 940.1131 2613.3790 4027.8280 3506743 340.4996
DW-statistics | 1.8549 23707 1.8587 2.2016 1.6817 1.7348

In the case of Korea, GDP per capita and its square are statistically significant in Model
1, and the cubic component in Model 2 was also statistically significant. On the other
hand unlike in Model 1 the OPEN and its square term in Model 2 are statistically
insignificant. The Durbin-Watson statistics for these models are respectively, 1.8587 in
Model 1 and 2.2016 in Model 2. The Durbin-Watson statistic is a test for first-order
serial correlation. The DW test statistic 2.2016 in Model 2 rejects the null hypothesis
that there is no positive serial correlation, but the test result for Model 1 cannot reject
the null hypothesis. Therefore, these statistics suggest that the estimated standard errors
and the significance of the coefficients of the parameters in Model 1 are reliable.
Therefore, Model 1 is more suitable for estimating the EKC for Korea.

In looking at the estimated coefficient of GDP, we notice that it is negative and that the
GDP? has a positive sign. This shows that economic growth does not have the expected
Kuznets effect on environmental circumstances in Korea. At the early stage of
economic growth, environmental pollution cannot be avoided, but when reaching a
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higher level, however, circumstances would gradually be improved as the level of
development and welfare improves. The result is in contradiction to the expected one
and thereby cannot find an inverted U-shaped threshold point. In Figure 3 we show the
results of regressions of per capita CO2 emissions on per capita GDP. Here we can find
evidence of a U-shaped EKC. The turning point3 is estimated to be $8210. In the early
stage, there is declining trend but it immediately begins to rise after the turning point.
This result refutes the EKC hypothesis in the case of Korea.

Dependence on foreign trade has a significant impact on CO2 emissions. The variables
OPEN and OPEN? exhibit inverted U-shaped relationships with CO2 emissions.
Similar conclusions are reached by Taskin and Zaim (2000), there is almost a common
agreement that there exists a U-curve type quadratic relationship with the
environmental quality where OPEN represents a positive coefficient and OPEN?
shows negative coefficient. At the early stage of free trade, it leads to increased
environmental pollution but when individual countries exceed certain level of openness
then the conditions for a polluted environment would be improved. This is because the
more trade circumstances liberalize, the more people make an effort to meet
international environmental standards for international trade, collaboration and
competition purposes. RE shows a positive relationship but this variable is not
statistically significant. Time trend represents the technological change and it
represents a negative CO2 relationship with time suggesting a decline in emissions as
was our expectation. As technologies develop, it is conducive to environmental quality.

In the case of China, GDP per capita and CO2 emissions are shown not to be
statistically significantly related to Model 1 but they are to Model 2. For this reason we
find Model 2 to be more suitable to estimate the EKC in China's case. We notice the
positive coefficient of GDP, negative coefficient of GDP? and again the positive
coefficient of GDP3. These together suggest an N-shaped curve describing the
relationship between pollution and GDP. The initial deterioration of environmental
conditions and then economic growth causing an improvement of the environment, in
spite of the efforts of environment-friendly development, environmental circumstances
cannot get better continually. Through the signs of the coefficient, we think intuitively,
the curve has an N-shape. However, after depicting the graph, we can work out that the
cubic function is monotonically an increasing function which does not have any
external value. In cases with such pattern there is no use verifying the threshold point
on the EKC.

3 The conditions for this to occur are for estimated coefficient o > 0,a, <0,its turning point is
computed as —a, /20, .
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