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ABSTRACT
This research investigates the direct and indirect effects of corruption which
measured by corruption perception index on carbon dioxide emissions. Using data
from 42 Asian countries and applying three-stage least squares (3SLS) method with
considering corruption as endogenous variable, the finding indicates both effects are
positive implying that countries should reduce their corruption levels to lower
poison gas emission. Although these effects are not clear when we control for fixed
effects using countries dummies, these are significant when we use Asian sub-
regions dummy instead. In addition, we also find that capital per worker and human
capital possess positive relationships with economic growth while the share of
export and import in GDP positively affects carbon dioxide emission.
Keywords: Corruption, economic growth, environment, carbon dioxide, Asian
countries, three-stage least squares, endogeneity.
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CHAPTER 1. INTRODUCTION
1.1. Problem Statement
Climate change is one of the most important issues facing the world today.
Many serious observable influences on the environment due to global climate
change have been seen: continuous rise in temperatures, stronger and more intense
hurricanes, more droughts and heat waves, loss of sea ice, accelerated rise in sea
level, etc. Climate change is mainly caused by the emission of heat-trapping gases
or greenhouse gases. There are many sorts of greenhouse gases such as water vapor,
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydro fluorocarbons
(HFCs), chlorofluorocarbons (CFCs), per fluorocarbons (PFCs) or sulfur
hexafluoride (SF6), but carbon dioxide which has accumulated without being any
less strong in the atmosphere places us at the highest risk of serious ecological
problems. This is attributed to two key reasons. First, among heat-trapping gases,
CO2 has the highest positive “Radiative Forcing” (RF)1
. Although, CO2 molecule
has less heat-trapping ability than other gases’ molecule, the amount of CO2 in the
atmosphere is the most abundant and is emitted into the air with the highest speed
owing to daily human activities. Second, the time that CO2 existing before totally
leaving from the atmosphere is much longer than most of other greenhouse gases.
While methane takes about 10 years to decay and nitrous oxide takes a century, CO2
takes approximately 50-200 years to leave from the atmosphere.
Facing with this severe problem, many worldwide conferences have taken
place aiming to discuss how to diminish greenhouse gases release, especially carbon
dioxide release. Typically, Kyoto Protocol, which was adopted in Kyoto, Japan, on
11th
December 1997, is a commitment of countries around the world to limit the
greenhouse gases emission within the allowable levels. After several rounds of
1
“Radiative Forcing” (RF) which is defined as the difference in the energy of the incoming solar
radiation absorbed by the Earth and the energy of outgoing radiation is the factor affecting the
temperature of the Earth’s surface. The surface could be warmer if the RF gets positive value and
cooler if the RF gets the negative one.
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discussion and amendment (e.g. Marrakesh, Morocco, in 2001; Doha, Qatar, in
2012), this protocol officially became effective on 16th
February 2005.
Figure 1.1: Carbon dioxide levels since 400,000 years ago
(Credit: Vostok ice core data/J.R. Petit et al.; NOAA Mauna Loa CO2 record.)
Besides practical activities in the endeavor to reduce CO2 emission all over
the world, many researches have been implemented to figure out the determinants
of environment pollution in general and air pollution in particular. One of these
important factors attracting researchers’ attentions is corruption. “Corruption
involves behavior on the part of officials in the public sector, whether politicians or
civil servants, in which they improperly and unlawfully enrich themselves, or those
close to them, by the misuse of the power entrusted to them” (Transparency
International, 2000). The previous literature suggests that corruption can affect
environment not only directly but also indirectly. On the one hand, the
environmental laws enforcement might be less effective under corruption, which
results in higher pollution (see Hafner, 1998; Lippe, 1999). On the other hand,
corruption might indirectly affect pollution through income transmission channel.
There is evidence that corruption could have harmful effects on the economic
growth (Mauro, 1995; Hall and Jones, 1999). Then, pollution might reduce at some
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high income levels and increase at some lower ones (EKC theories). Hence, the
ambiguous total effect including two partial effects (direct and indirect) should be
examined to find out whether corruption has positive or negative impact on the
environment.
Asia, of which the population was approximately 4,299 million people in
2013 (about 60% of the whole world population, UN DESA Population Division,
2013), is the largest continent. Asia also consists of the most polluted and corrupt
countries all over the world. Using data from 42 Asian countries, we examine the
relationship between corruption expressed by corruption perception index (CPI) and
carbon dioxide emission employing three-stage least squares method. Our model
contains two equations and was first built by Welsch (2004) then developed by Cole
et al. (2007). From the obtained results, this research will contribute to the
corruption – carbon dioxide emission relationship and provide some policy
implications for countries, especially developing countries like Vietnam.
1.2. Research Objectives
(i) Firstly, we explore how corruption directly affects greenhouse gases
emission at given levels of income. This will answer for the question: “How does
corruption directly (by itself) influence CO2 emission?”
(ii) Secondly, we investigate how corruption affects economic growth
(income per capita) and then how economic growth in turn influences CO2
emission. This will answer for our second question: “How does corruption
indirectly (via income per capita channel) impact CO2 emission?”
(iii) Finally, the direct effect and indirect effect will be added together to find
the total effect.
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1.3. Thesis Structure
The remainder of the thesis is organized as following chapters. Chapter 2
reviews the previous literature on three main relationships: corruption and economic
growth, growth and environment, corruption and environment. Chapter 3 mentions
the analytical framework, data used, and estimation method employed. This chapter
also explains in detail our variables. Chapter 4 describes the data and presents our
results while Chapter 5 provides conclusion, policy implications, suggestion for
further researches, and also some limitations of the thesis.
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CHAPTER 2. LITERATURE REVIEW
Since this paper examines the corruption and greenhouse gases emission
relation considering both direct and indirect effect (via corruption’s influence on
income), this chapter will review previous studies examining the corruption –
growth, the growth – environment and the corruption – environment relationships
respectively.
2.1. The corruption – growth relationship review
The theoretical behind the linkage between corruption and economic growth
are various. In general, there have been two main views that corruption might
benefit the economy and corruption could have prejudicial impact on economic
performance.
The argument always used to support for the former view is its ability to
avoid burdensome bureaucratic regulations and to “grease the wheels of
bureaucracy” (Leff, 1964). Lui (1985) states that corruption is able to reduce costs
regarding to time of queuing, help corrupt public officials perform more effective
and accelerate speed of their making decision.
On the other side, Myrdal (1968) argues that if corruption can speeds up
administrative processes, then public officials will have an incentive to create more
rigidity and to maintain inflexible governmental procedures to gain more bribes.
Moreover, the existence of such payments may encourage the most gifted
individuals to generate income through corrupt activities rather than through
productive and efficient ones, which in turn would be detrimental to economic
development (see Murphy, Shleifer and Vishny, 1991). With corruption, both local
and foreign entrepreneurs seem to have no incentive for investment. Foreign
entrepreneurs commonly have to pay bribes prior to business establishment stage
and to remain in business they are also forced to pay a certain amount of money to
public officials. Corruption impedes the foundation and expansion of corporations
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and then, harms economic growth. Furthermore, Rose-Ackerman (1997) and Tanzi
(1998) asserts that with the existence of corruption, transaction costs will climb, the
development of a market economy will be hindered. Higher degree of uncertainty
leads to an undermined free markets system and a decrease in the state revenues
while raising state spending. In particular, government will get trouble with
involvement to correct market failures since corruption settles the basic role of the
state in contracts enforcement or property rights protection. Jain (2001) asserts that
corruption also leads to resources misallocation, especially when the investment
decisions using capital from state budget or endorsements of private projects are not
based on the social value of actual plans, but on the possible income that corrupt
public groups believe they can gain from their decisions. Other arguments state that
corruption might expand the income gap between the rich and the poor and lead to
higher poverty. The explanation is that the social programs which aim to support the
poor now divert to the rich who can take advantage of these programs to have
capital at the cheap cost. This then harms the economic development (Gupta,
Davoodi and Alonso-Terme (2002).
Many empirical studies have been implemented to examine the above
theories. Major of them show that corruption might have negative effects on
economic development. Mauro (1995, 1997) builds up a single equation model to
examine the impact of corruption on economic growth. Ordinary Least Square and
Instrumental Variables methods are applied to estimate this equation. The result
shows that corruption has a negative and significant effect on economic growth.
This adverse effect exists largely because corruption might reduce private
investment. The relation between the bribery rates and the short-term growth rates
of Uganda firms over the period 1995 – 1997 are examined by Fisman and
Svensson (2000). Using data collected from the Ugandan Industrial Enterprise
Survey, these authors provide evidence that bribery as a measure of corruption
negatively correlates with firm growth after including some control variables such
as firm size, firm’s age, percent of foreign ownership, import and export dummy
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variables. The result shows that if the bribery rate increase 1 percent, the firm
growth will decrease 3 percent.
Several other empirical studies confirm this result that there is a significant
and negative association between corruption and economic growth existing [Méon
and Sekkat (2005), Tanzi and Davoodi (2000)]
However, the question about the empirical linkage between corruption and
economic growth is still remained when some authors find that in some cases the
impact of corruption on economic growth is insignificant (eg. Brunetti, Kisunko and
Weder (1998)) and the effect is changed or disappeared when other driving factors
of growth are included. In some previous papers, when adding other control
variables in the regression, the significant relation between corruption and growth
seems no longer exist. In particular, to help explain macroeconomic performance
for the transition economies, Abed and Davoodi (2000) aim to test the significance
of corruption against that of structural reforms using authors’ analysis for 25
countries between 1994 and 1998. Their regression results show that when the
structural reforms index is included as a control variable, the coefficient of
corruption statistically becomes insignificant. The seminal work of Mauro (1995)
shows a similar finding. The corruption – economic growth association is found to
be insignificant when he puts investment as a control variable into the model. Other
researchers namely Pellegrini (2011), Pellegrini and Gerlagh (2004) and Mo (2001)
aslo have similar results when they control for several growth elements like human
capital, openness, investment or political instability.
In another point of view, recent empirical studies suggest that institutional
framework of countries should be taken into account when considering the effect of
corruption on growth. Many of them find that there is a non-linear correlation
between corruption and economic growth and argue that differences in quality of
country’s institutional setting might vary the impact of corruption on country’s
growth. For instance, Mendez and Sepulveda (2005) find evidence that the relation
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between corruption and economic growth has discrepancies among countries with
different political systems. In detail, the results report that in countries which have
high levels of political freedom, corruption has a beneficial impact; and in countries
having the lower ones, the influence of corruption on growth is not clear. Exploring
the correlation between corruption and economic growth and considering different
quality of political institutions across countries, Aidt, Dutta and Sena (2008)
provide the proofs that corruption negatively affects economic growth in countries
with high quality of political institutions but has no significant effect in countries
having the low one. Recently, Méon and Weill (2010) examine the important role of
institutions’ quality in driving the impact of corruption on economic development.
These studies’ results show that in countries with less efficient institutional
framework, corruption is considerably less detrimental to the economy. Heckelman
and Powell (2010) also confirm this finding by providing evidence that in countries
with low economic liberty index, corruption positively affects economic growth but
when this index increases, this positive effect has decreasing tendency .
In a nutshell, from the studies above, what can be inferred is that the linkage
between corruption and economic growth is highly ambiguous. While some authors
provide both theoretical and empirical evidences that corruption has negative effect
on growth, others can not find any statistically significant relations; or in another
strand of view, some researchers indicate that different political institutions will
determine the intensity of this effect.
2.2. The growth – environment relationship review
The theoretical of relationship between corruption and growth is well-
known as the environmental Kuznets curve (EKC) hypothesis which stipulates that
environmental degradation will initially increase when income rises, after overcome
a threshold which also called the turning point, environmental quality is improved.
The explanation for the EKC hypothesis has been presented briefly as follows: At
low income per capita, economic activities on the resource base of each country are
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just in subsistence level so that environmental degradation is less serious. Coupled
with economic development including the agriculture intensification, resources
exploitation and the industrialization proliferation, the resource exhaustion rates
start to be greater than the resource recreation rates, which then leads to the
consequences of environmental degradation. At higher levels of economic growth,
countries concentrate to develop the information and service industries where
modern equipment and technology are applied. Additionally, both the demand for
good living environments and the stringency in environmental laws are increased.
Then environmental ruin will gradually decline (Panayotou, 1993). The relationship
between environmental degradation and income per capita then could be
demonstrated by an inverted U which commonly called an “environmental Kuznets
curve”.
Figure 2.1: Environmental Kuznets Curve
Many empirical evidences about the EKC hypothesis applying for the case of
CO2 release have been provided with various results. In particular, while Azomahou
et al., 2006; York et al., 2003; or Roca et al., 2001 find that the association between
CO2 emission and income per capita is just linear, some authors, namely Cole
(2004) and Galeotti et al. (2006); Heil and Selden (2001); Galeotti and Lanza
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(1999); Agras and Chapman (1999) show evidence that this relationship takes the
form of an inverted U. Moreover, they also report the turning points varying from
20,000$ to 60,000$. In some other studies from such as Martinez-Zarzoso and
Bengochea-Morancho, 2004; Sengupta, 1996, an N-shaped curve is found when
they investigate this relationship reflecting the temporariness of the delinking of
CO2 emissions from growth.
There are also other empirical studies investigating the relationship between
income and CO2 emission using data at country level. For example, utilizing data in
Spain for the period 1973-1996, Roca et al. (2001) examine the EKC hypothesis
with 6 atmospheric pollutants including CO2. They find that there is a strong
positive linear relationship between income and CO2 emissions and the elasticity
between them is superior to 1. Lindmark (2002) by applying an approach of De
Bruyn et al. (1998) as his guideline examines the inverted-U curve (EKC) in the
case of Sweden for a period of time since 1870. To explain for the fluctuation of
CO2 emissions, the author puts economic growth, fuel price and cement price
changes, technology as explanatory variables into the model. Employing structural
time series model with a stochastic trend for structural and technological changes,
the results show that CO2 emission is affected by economic growth. However, he
also notices that the EKC patterns should be considered with the time-specific
technological and structural change. The CO2 emissions – economic growth
relationship is also investigated by Friedl and Getzner (2003). Using the data set for
Austria during the period 1960-1999, the authors try several functional forms
illustrating this relationship to figure out the one which fits Austria case. The result
suggests that the association between Austria’s CO2 emissions and GDP follows an
N-shaped. They also find a structural break which is attributed to the oil price shock
in the mid-seventies.
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2.3. The corruption – environment relationship review
In contrast to abundant studies of income–pollution and the corruption–
income relationships, comprehensive researches of corruption–environment
relationship have just begun. Moreover, most of these researches concentrated on
the environmental policies foundation instead of actual pollution (see Fredriksson et
al. 2004; Damania et al., 2003; Fredriksson and Svenson, 2003).
Lopez (1994) provides evidence that EKC relationship depends on two main
factors: (i) the elasticity between conventional components of production and
contamination and (ii) the relative slope coefficient of utility in income (or the
relative risk aversion coefficient). Economic growth tends to cause higher pollution
level when the lower elasticity and the lower relative risk aversion coefficient exist.
Lopez and Mitra (2000), in their studies, assume that society's preferences
illustrating by the relative risk aversion coefficient can be revealed via government
policy. Some conclusions are pointed out by Lopez and Mitra under assumptions
relating to co-operation between government and firms. First, corruption will
worsen pollution problems at the level higher than social optimum. Second, the
EKC relationship still remains with corruption. Finally, in case of corruption, the
EKC turning point will occur at higher output and pollution level than those of the
social optimum.
Fredriksson et al. (2004), with a different approach, concentrate on the effect
of corruption on environmental policy standards, and particularly energy policy. A
simple model is developed to examine the association between corruption and the
stringency of energy policy. In this model, these authors assume that the
government care about bribes and social welfare from both employee and fund-
owner lobby groups. In order to get permission for higher use of energy or less
stringent energy policy which then helps increase labor productivity and capital
efficient, these groups should offer bribes to public officials. Industry size and
coordination costs are also taken into account in this study. The results regarding to
corruption is obvious: the energy policy stringency decreases with higher corruption
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level. It is explained that with corruption, the relative weight of government is
shifted from social welfare to bribes and those lobby groups is easier to “buy”
government influence. Damania et al. (2003) investigate the impact of corruption on
the relationship between trade liberalization and environmental policy. The results
provide evidence that the effect of trade liberalization on environmental policy is
subject to corruption level. In particular, this impact is larger with higher level of
corruption and vice versa. These authors also assert that the stringency of
environmental policies is less effective under corruption regardless of trade
liberalization. In a similar study, Cole et al. (2006) find evidence to prove that
foreign direct investment affects environmental policy and this impact will be
contingent upon the local government’s corruption level. With high degree of
corruptibility, foreign direct investment weakens the stringency of environmental
policy and vice versa. In a study of the influence of political stability on the
environmental policy stringency under a certain corruption level, Fredrikson and
Svensson (2003) find that this effect significantly depends on the level of
corruption. The results suggest that political stability negatively correlates with the
stringency of environmental policies when corruption level is sufficiently low, but
positively correlates when corruption level is high. Moreover, these authors find
that corruption again reduces the environmental regulations stringency but this
effect is no longer remained when political stability is higher. The linkage between
corruption and environment is also demonstrated by several anecdotal evidences.
For instance, Desai (1998) examines case studies of ten developing countries and
find that in these countries, corruption is not only common among public officials
but is also a main source of environmental pollution. In India, there is a usual view
among entrepreneurs that public officials could be bribed by an amount of fee
which is lower than the cost of obeying environmental laws. Similarly, the author
also shows evidence that in Indonesia and Thailand, vested interests have the
adequate power to guarantee that public officials shall reduce the stringency of
environmental regulations.
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All the above researches state that corruption is likely to positively and
directly impact environmental pollution. None of the above studies, however,
investigates the transmission channels (e.g. income) through which corruption
indirectly affects pollution.
Welsch (2004) seems to be the first one who tried to explore both direct and
indirect effects of corruption on pollution. For all six indicators of air and water
pollution collected from 106 countries, he finds that corruption has positive direct
effect on emission. Regarding to the indirect effect, the results show that this effect
will be negative or positive subject to the income levels. But the direct effect is
stronger than the indirect one in most of cases. Therefore, reducing corruption level
is believed to improve the economic growth and environmental quality. However,
there are some limits in Welsch’s study. In particular, the author only uses countries
data of one year and the endogeneity of corruption has not been taken into account.
Realizing these deficiencies, Cole et al. (2007) continued to develop Welsch’s
model but corruption are now considered as endogenous variable. The authors use
Western European influence measured by the distance from the equator and the
fraction of people that speaks English as a mother tongue in each country as
instrument variable for corruption. By examining a panel data including 94
countries over a period of time from 1987 to 2000, the results show that corruption
directly increases CO2 and SO2 emissions. Corruption also has indirect impact on
poison gas emissions deriving from negative relationship between corruption and
income per capita. This indirect impact is negative but tends to increase with the
rise in income.
In this thesis, we develop a simultaneous equations model basing on the
model built up by Welsch (2004) and Cole et al. (2007). However, a panel data
including 42 Asian countries during 2001-2013 is utilized to test this relationship.
We also do not apply Western European influence as instrument for corruption. It is
seemingly implausible when using these instrument variables in a data set of only
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Asian countries since there is no big discrepancies in geographical location among
these countries and the Asian mostly do not speak English as their first language.
Hence, a different method called three-stage least squares (3SLS) is applied and is
mentioned clearly in the next chapter.
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CHAPTER 3. METHODOLOGY
This chapter presents the analytical framework at the beginning. Then from
this framework, a model consisting of two equations are built up. The method that
we use to jointly estimate these equations is also mentioned. Finally, the data set
and a combination of variables are described in detail in this chapter.
3.1. Analytical Framework
As mentioned in the literature above, pollution not only depends on income
but also on corruption levels. Hence, air pollution can be written as a function of
income and corruption as follows
e = f (y,c) (1)
where e = emission, y = income per capita, c = corruption level.
The corruption – emission relationship demonstrated by the partial derivative
e/c is expected to have positive sign. It is argued that corruption might affect
pollution through the establishment and enforcement of environmental regulations.
EKC literature states that environmental quality deteriorates steadily with the
rising in income till a threshold called the turning point from which environmental
degradation tends to decrease with growing income. Hence, the sign of e/y is
ambiguous.
Beside the direct impact of corruption on emission estimated by (1),
corruption might indirectly affect air pollution via prosperity since income per
capital has been found to be adversely driven by corruption. Based on conventional
production function which expresses output as a function of total factor
productivity, physical capital and human capital. In term of total factor productivity,
Hall and Jones (1999) found that corruption degree has an impact on social
infrastructure which then significantly affects productivity. Accordingly, the
function demonstrating the corruption – income relationship is obtained as follows
 


	24. 21 | P  a g e
y = g (c,k,h) (2)
where c = corruption level, k = physical capital per person, h = human capital per
person
The total effect of corruption on poison gas emission is the sum of direct
effect and indirect effect. These effects can be expressed as the below formula
𝑑𝑒
𝑑𝑐
=
𝛿𝑒
𝛿𝑐
+
𝛿𝑒
𝛿𝑦
𝛿𝑦
𝛿𝑐
(3)
In this formula, e/ c represents the direct effect and (e/ y)(y/ c) is the
indirect effect of corruption on emission through income channel.
Figure 3.1: Conceptual Framework
In this conceptual framework we use “Environment” as a generalized
concept for “carbon dioxide emission”.
3.2. Model specification and estimation method
In order to obtain the total effect of corruption on air pollution, the
econometric specification including two equations is built: while the first equation
determines income as a function of corruption and some other factors such as
physical capital, human capital, population growth, inflation and trade, the second
one expresses poison gas emission as a function of corruption, income per capita
Direct Effect
CORRUPTION INCOME ENVIRONMENT
Indirect Effect
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and other factors namely share of industry in GDP and share of trade (import and
export) in GDP. Equation (4) and (5) are defined as below
lnYit =i + τt + 1LnKPWit + 2HKit + 3POPit + 4INFit+ 5LnTRADEit +
6CORRit + it (4)
LnEit =i + κt+ 1CORRit +2lnYit + 3(lnYit)2
+ 4(lnYit)3
+ 5lnINDit
+6lnTRADEit + it (5)
In two above equations, subscripts i and t denote country and year,
respectively; E is carbon dioxide emissions per capita; CORR is corruption level; Y
is per capita income; IND is the share of industry in GDP; TRADE is the share of
trade in GDP; KPW is the capital stock per worker; HK is the human capital; POP
is population growth and INF is the inflation rate. Some variables are expressed in
natural logarithms which can be explained in detail at descriptive statistic part.
Three-stage least squares (3SLS) method which was first designed by Zellner
and Theil (1962) is employed to estimate the above system of equations. In stead of
separately estimating each equation, all equations in the system will be
simultaneously treated by this method. Moreover, by applying this method, two
major problems can be solved. The first one is the correlation of the endogenous
variables and the error terms which makes OLS assumption is violated. The second
one is the ability of existing correlations among disturbances of equations since in
the system, some independent variables are probably the regressands of other
equations. 3SLS method is an estimation process including three stages. In the first
stage, all endogenous variables are instrumented by the predicted values achieved
by regressing each endogenous variables on all exogenous ones in the system. In the
second stage, with the instrumented values obtained from previous stage, each
equation is estimated by two-stage least squares (2SLS) method in order to build up
the consistent covariance matrix of the residuals. This covariance matrix coupled
with instrumented values from the first stage are utilized to perform a generalized-
least square (GLS) estimation in the final stage. The results of the 3SLS final step
are also the system parameters’ estimations (Greene, 2003). Baltagi (2008) suggests
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that 3SLS’s estimation is better than 2SLS’s unless the system of equations is
misspecified.
In our circumstance, we run pooled regression (restricted model with only a
single overall constant term) at the biginning then respectively add sub-regions and
time specific effects; countries and time specific effects into the model to control
for fixed effects.
3.3. Data and variables
This paper uses a data set of 42 Asian countries in 2001 – 2013 period.
Table 3.1 shows 42 Asian countries in detail which can be generally divided
into seven sub-regions based on their geographical position and coastal boundaries.
Table 3.1: Name of sub-regions and countries in the sample
NO. SUBREGIONS COUNTRIES
1. Central Asia Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan,
Uzbekistan
2. East Asia China, Japan, South Korea
3. North Asia Mongolia, Russia
4. South Asia Afghanistan, Bangladesh, Bhutan, India, Nepal,
Pakistan, Sri Lanka
5. Southeast Asia Cambodia, Indonesia, Laos, Malaysia, Philippines,
Singapore, Thailand, Timor-Leste, Vietnam
6. Southwest Asia Armenia, Azerbaijan, Cyprus, Georgia, Turkey
7. West Asia Bahrain, Iran, Jordan, Kuwait, Lebanon, Oman, Qatar,
Saudi Arabia, Syria, United Arab Emirates, Yemen
Our variables which are put into Equation (4) and (5) are described in detail
as follows.
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Corruption perceptions index (CPI) which is annually reported by
Transparency International is used to measure corruption (CORR). Corruption is
hard to measure and quantify because of some reasons. Firstly, an activity which
might be considered as corrupt in a certain country or a certain time can be very
normal and cannot be seen as corrupt in another country or another time. Secondly,
activities relating to corruption are often carefully concealed since most of these
activities violate the laws. This then leads to a difficulty in quantifying corruption.
(Gyimah-Brempong, K. 2002). Therefore, the researchers often use the perception
as a common measurement of corruption. CPI is assessed using a variety of data
sources from different credible institutions and is standardized to a scale from 0 to
100. While 0 expresses the highest level of perceived corruption, 100 illustrates the
lowest one. In this paper, for easily explaining the results, CPI is rescaled inversely
to the original data so that higher CPI will reflect the higher degree of corruption.
According to Equation (4), income is a function of corruption, but corruption
is itself possibly a function of income. Hence, corruption should be handled as an
endogenous variable. Cole et al. (2007) rectified some deficiencies of Welsch
(2004)’s studies by using Western Europe influence as an instrument variable for
corruption. In particular, corruption is instrumented by the distance from the
equator and the fraction of people speaking English as a mother tongue in each
country. This paper, however, is different from Cole et al. (2007)’s because of
investigating the corruption – environment relationship based on Asia data instead
of the World data. By intuition, using these instrument variables in this case is
seemingly unreasonable since there is no clear discrepancies in geographical
location among countries and the Asian mostly do not speak English as first
language. Therefore, to cope with the endogeneity problem, we applied 3SLS
method. Whereby, we can get the instrument for corruption in the first stage by
using forecasted values attained from a regression of corruption on all other
exogenous variables in the equation system.
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Air pollution is measured by carbon dioxide (CO2) emissions. Carbon
dioxide is emitted into the atmosphere from human activities such as burning fossil
fuels (natural gas, coal and oil), solid waste, forest, and also from some chemical
reactions (cement manufacturing). CO2 is known as the most important greenhouse
gas emitted by humans (Figure 3.2). We get carbon dioxide data from the Emissions
Database for Global Atmospheric Research (EDGAR) which is a cooperative
project of the Netherlands Environmental Assessment Agency and the European
Commission JRC Joint Research Centre.
Figure 3.2: Major Greenhouse Gases from People's Activities
Source: Intergovernmental Panel on Climate Change, Fifth Assessment Report (2014)
Economic growth (Y) is as common measured by GDP per capita which is
extracted from World Bank data source.
The share of industry in GDP (IND) is collected from World Bank data
source. This variable is included in equation (5) to capture whether the GDP sector
composition of a country influences poison gas emission. It is expected that
countries which have the higher proportion in industry will have the larger carbon
dioxide ejection.
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The share of trade in GDP (TRADE) which refers to the openness is
included in both equation (4) and (5). There are many researches have been
conducted to investigate the trade - economic growth and the trade - environment
relationships.
Regarding to the relationship between the openness of trade and growth,
some empirical evidences show that the open economies seem to reach to the steady
state of growth more rapidly than the close ones (Edwards, 1992, 1995, 1998;
Krueger, 1997; Sachs and Warner, 1995; Ben-David and Kimhi, 2000). These
results could be explained by the absolute and comparative advantage theory, the
reallocation of resources or more opportunities to absorb new ideas and to approach
technological changes, etc. In contrast, other authors show evidence that openness
might hinder economic growth since the detrimental influences on infant industries,
or because of balance of payments restraint (Blecker, 1999b; Helleiner, 1996;
UNCTAD, 1995).
Trade liberalization might affect environment through three main effects:
scale effect, technique effect and composition effect (Grossman & Krueger, 1991;
Copeland & Taylor, 1994; Cole & Rayner, 2000). The increase in the economy size
which results from liberalization-induced rises in market entering is referred to
scale effect. Environmental degradation is possibly the consequence of the scale
effect, ceteris paribus. The technique effect is defined as a revolution in
manufacturing methods that goes along with trade liberalization. When trade and
growth increase income, the awareness about environment and the demand for
better quality of environment and environmental policy standards will normally
enhance. Hence, the technique effect might positively affect the environment.
Finally, the composition effect supposes that accompanying trade openness,
countries will progressively specialize in activities that they have a comparative
advantage compared to others so that the industrial structure of an economy will
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alter. The actual impact of the composition effect on the environment then is
contingent on the determinants of country’s comparative advantage.
The data of TRADE is gathered from World Bank data source.
Capital per worker (KPW) is calculated by dividing capital stock (K) by
labor force. While the data of denominator can easily get from World Bank data, the
numerator is not available. To obtain a capital stock series, a method called the
“perpetual inventory method” is applied. The perpetual inventory method will
follow the formula:
Kt = Kt-1 -  Kt-1 + GFKt = (1- ) Kt-1 + GFKt
Where Kt is the capital stock at time t, GFKt is the gross fixed capital
formation at time t which can be collected from World Bank data,  is the rate of
depreciation and commonly equal 5% (assumed to be constant over time).
To calculate initial capital stocks, Hall and Jones (1999) applied the formula
as follows:
𝐾0 =
𝐺𝐹𝐾0
𝛿 + 𝑔𝐺𝐹𝐾
Where K0 is notation for the initial capital stock, GFK0 is the gross fixed
capital formation in the initial period, gGFK is the growth rate in gross fixed capital
formation, and  again represents depreciation rate.
In this paper, gGFK is calculated by taking the average growth rate of gross
fixed capital formation for the period 2001-2013.
The percentage of adult literacy is taken to be a proxy for human capital
(HK). While we have many proxies for human capital, literacy rate is chosen since
the availability and sufficiency of its data which can be easily gotten from World
Bank. This variable is expected to vary with the same direction of income.
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As suggested by many previous studies such as Mankiw et al., 1992; Levine
and Renelt, 1992; Levine and Zervos, 1993; population growth (POP) and inflation
rate (INF) are also added to Equation (4) as control variables. These data are
extracted from World Bank data.
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CHAPTER 4. RESULT
This chapter demonstrates our results in detail. At first, a descriptive statistic
and a covariance matrix are presented. After that, estimation results from pooled
regression, regression with fixed effect of sub-regions and time, regression with
fixed effect of countries and time are clarified respectively.
4.1. Descriptive Statistic
Table 4.1: Descriptive Statistic
VARIABLE OBS MEAN STD.
DEV.
MIN MAX Skewness Kurtosis
CO2 emission
(E) (kiloton per
year)
546 6194 8814 1.16 55383 2.82 12.58
Adjusted
Corruption
Perception
Index (CORR)
481 63.69 17.68 6 96 -1.23 4.13
GDP per capita
(Y) (current
US$)
540 8666 14245 120 96077 2.85 12.86
The share of
industry in
GDP (IND)
516 0.35 0.14 0.069 0.745 0.78 3.31
The share of
trade in GDP
(TRADE)
538 0.74 0.47 0.18 3.45 2.86 14.39
Capital per
worker (KPW)
524 28870 52155 128 295659 3.24 14.35
Literacy rate
(HK) (%)
546 0.84 0.18 0.32 0.9979 -1.30 3.54
Population
growth rate
(POP) (%)
545 0.019 0.020 -0.016 0.176 3.74 23.44
Inflation rate
(INF) (%)
518 0.065 0.065 -0.181 0.544 2.44 14.57
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Table 4.1 presents the descriptive statistic of the panel data including 42
countries in 2001-2013 period.
As can be seen in this table, on average, Asian countries emit about 6194
kiloton carbon dioxide each year. There is a big difference between the largest CO2
emission country and the smallest one. The minimum value is 1.16 kiloton which
was CO2 emission volume of Timor-Leste in 2001. In contrast, Qatar produced the
biggest CO2 of 55383 kiloton in 2004.
Because corruption has just gotten attention recently, there is no available
CPI data for some countries in previous years. We have 481 observations in total
with the mean of 63.69. Bangladesh has the highest corrupt level in 2001 expressed
by the adjusted CPI of 96 while Singapore has the lowest one. Its CPI was 6 in
2003, 2005 and 2006.
Average GDP per capita of Asian countries is 8666. The spread between
minimum and maximum value is really high. An Afghanistan person had only about
120 US dollars in 2001 while Qatari had an income up to 96077 US dollars in 2013.
Qatar is also a country having the greatest GDP per capita in the world currently.
Industry averagely accounts for about 35% of GDP in Asian countries. In
2006, industry only constitutes 6.9% of Timor-Leste’s GDP which is the minimum
value in our industrial rate data. The maximum value is 74.5% which was the
industrial rate of Qatar in 2005.
The mean of trade share in GDP is about 74%. This figure reached the
maximum of 345% in Singapore in 2006 and the minimum of 18% in Japan in
2001.
Capital per worker data has the mean of 28870 and varies from the minimum
of 128 in Tajikistan in 2001 to the maximum of 295659 in Japan in 2013.
The adult literacy rate in Asia is about 84% on average. The minimum is
Afghanistan’s (32%) and the maximum is Azerbaijan’s (99.79%).
Tải bản FULL (65 trang): https://bit.ly/40Oa4Pf
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The Asian population grows about 1.9% on average each year. Sri Lanka
population decreased about 1.6% in 2001 which is the minimum value in population
growth rate dataset. Qatar has the highest population growth rate of 17.6% in 2007.
Inflation rate in Asia is about 6.5% per year on average. The minimum is -
18% expressing the deflation in Bhutan in 2004, the maximum is 54% which was
Turkey’s inflation rate in 2001.
Table 4.1 also shows that some variables seem to be far different from the
normal distribution which has skewness coming to 0 and kutoris coming to 3. To
make our data smoother, all variables are tried to express in natural logarithms so
that if after taking logarithms we get smoother data (closer to the normal
distribution) then we will express the variables in logarithms, if not, original data
will be kept unchanged. Moreover, due to the existence of negative values of
inflation rates and population growth, we cannot take logarithms these variables
which then causes missing many observations.
Table 4.2 expressess the skewness and kurtosis value before and after taking
natural logarithms and choices of variables’ form.
Table 4.2: Skewness and kurtosis value before and after taking natural logarithms
Variables Skewness/Kurtosis
Skewness/Kurtosis
(after taking
natural logarithms)
Variables chosen to
put in the model
E 2.82 / 12.58 -1.39 / 5.78 LnE
CORR -1.23 / 4.13 -2.99 / 13.92 CORR
Y 2.85 / 12.86 0.33 / 2.13 LnY
IND 0.78 / 3.31 -0.30 / 3.24 LnIND
TRADE 2.86 / 14.39 0.43 / 3.59 LnTRADE
KPW 3.24 / 14.35 0.14 / 2.39 LnKPW
HK -1.30 / 3.54 -1.74 / 5.36 HK
Tải bản FULL (65 trang): https://bit.ly/40Oa4Pf
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4.2. Covariance matrix
Table 4.3 shows the covariance matrix between variables. There are many
significant correlations have been found. Emission and Corruption have a negative
correlation (-0.43). As expected, the air tends to be more polluted when the
corruption level is higher. We also find that corruption might deteriorate the
economic when the correlation between them is -0.74 and significant at the 1%
level. The correlation coefficient between corruption and emission is 0.73 implying
that air pollution probably increases with the economic growth.
Regarding the control variables, we find that industry share in GDP
positively correlates with both emission and income per capita (0.51 and 0.33
respectively). Countries which have larger proportion of industry in GDP sector
compositions seem to have higher income and emit more carbon dioxide into the
air.
The correlation coefficients of trade - emission, trade – income and trade –
industry are also positive (0.29, 0.21, 0.31 respectively). It can be explained that
countries with higher import and export rate possibly attain greater income, have
larger share of industry and are more contaminated. The correlation coefficient
between trade and corruption, however, is negative (-0.34) showing that high
corruption levels are likely to prevent countries from broaden import and export
activities.
Capital per worker positively correlates with air pollution, income per capita,
share of industry in GDP and share of trade in GDP. As mentioned above in
Chapter 3, capital per worker is gauged mainly based on gross fixed capital
formation which highly correlates with income. Hence, it is reasonable when the
correlation coefficient between capital per worker and income is especially high
(0.96). With the increase in capital per worker, the air pollution level is more severe
(the correlation coefficient between them is 0.62). In addition, countries having the
larger share of industry and trade in GDP tend to have higher capital per worker
6665824
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