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Abstract: The local and international problems are one of the most important concerns for economists, 
politicians, and law makers. Therefore, an investigation of the relationship between economic growth 
and environmental pollution can be important, because it may be used as a base for national and 
international environmental policies. In this study, a panel data approach was used to analyze the effect 
of economic growth,technical, preferential and political changes on the important air pollution factors 
in 56 selected countries with different levels of developments during the period 1995 to 2008.The 
results indicate that despite the positive effect of the economic growth on the environmental pollution, 
technological advances has played an important role in the reduction of sulfur and nitrogen dioxide and 
in improvement of the political indices in the reduction of carbon dioxide as air pollutant. 
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INTRODUCTION 

 
Worldwide environmental degradation makes people worried about the issue of the link between economic 

growth and environmental degradation. In recent literature, the relationship between economic development and 
pollution has been widely discussed. For many pollutants, an inverted-U-shaped relationship between per capita 
income and pollution, labeled the Environmental Kuznets Curve (EKC), is documented. The EKC hypothesis 
was first proposed by Simon Kuznets, winner of the Nobel Prize in Economics in 1971. Kuznets believed that 
economic development and inequality in income distribution can be expressed by an inverted-U curve 
relationship, which can be verified both theoretically and empirically. The environmental Kuznets curve (EKC) 
hypothesis postulates the existence of an“inverted-U” shape relationship between per capita GDP and measures 
of environmental degradation. 

Several authors argue that whereas in most countries, at low income levels, an increase in national income 
corresponds to increased environmental pressure, in later stages of development changes in the industry mix; 
evolution from physical capital intensive toward more human capital intensive activities; changes in input mix; 
changes in the elasticity of income to the marginal damage generated by environmental degradation; changes in 
environmental regulation and more abundant resources available for investment generally lead to a de-linking 
between economic growth and environmental degradation. Apart from a few exceptions, early EKC empirical 
models have the limit of being based on heuristic theories or of providing ex post theoretical justifications of 
their findings rather than ex ante theoretical constructs (Stern, D.I., 2004). More recently, however, a wide range 
of theoretical models have been developed whose results are broadly consistent with the findings from the 
empirical literature. Selden and Song, (1995) provide an overlapping generations framework with exogenous 
technological growth, in which pollution is generated on the production side. John and Pecchenino (1994) focus 
on consumption side determinants. Grossman and Krueger, (1995) have found that for some air and water 
pollutants, EKC could be empirically observed. The common conclusions are that the meaningful EKC can be 
observed only for local pollutants like NO2

 
and CO but for global pollutants like CO2’ whereas for some 

pollutants like CFCs no EKC relation can be confirmed. Possibly, there may be no general relation between 
pollutants and economic growth. On the other hand, many literatures on EKC have come from the theoretical 
viewpoints, including Andreoni and Levinson (2001) and Lieb, (2002). Their analytical frameworks are 
basically static ones, which incorporate specific type of utility function and pollution abatement function. On the 
other side, Selden and Song, (1995) Stokey, (1998) have given dynamic model frameworks for EKC. Brock and 
Taylor (2004) show that, once technological progress in abatement is incorporated into aSolow exogenous 
growth model, the EKC is a necessary byproduct of convergence to a sustainable growth path. Panayotou (2000) 
proposed that if such an EKC relationship also exists in the historical data of mixed nations, then developing 
countries may learn from the experiences of developed countries and thus avoid their past mistakes. In other 
words, developing countries may base on the past experiences of developed countries and remove 
environmentally harmful subsidies, in order to avoid deterioration of environmental quality beyond the 
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ecological threshold. Furthermore, past studies of environmental quality mostly focused on air pollution 
indicators (e.g., SOx, suspended particles and greenhouse gases (GHGs) and water pollution indicators (e.g., 
dissolved oxygen in rivers, BOD and Escherichia coli). However, other researchers have also looked at issues 
such as areas of deforestation, urban waste generation and ratio of clean water supplies, which show that this 
subject may be studied using a multi-faceted approach. Andreoni and Levinson (2001) have proved that in a 
dynamic model with pollution stock externality, the conditions an inverted U-shaped EKC can emerge require 
the convexity of cost function of pollution control and the normality of environmental goods. Pollution control 
provides benefit, but it charges additional spending to the society. It may be a consequent reasoning that an 
inverted U-shaped EKC occurs when marginal costs of pollution control rise by less than marginal benefits. 
Although the studies concerning EKC have given consistent explanations, there is no clear understanding that 
ties static frameworks to dynamic ones.  

Several authors focus on emerging human development debates in environmental economics. Anand and 
Sen (2000), attempt to explain the importance of human development in all components of economic 
development path such as equity, sustainable development, optimal growth, and pure time preferences. Gürlük 
(2009) state that a sustainable economic development path is provided by adopting a human development 
perspective. Environmental quality would not be affected negatively by the economic growth if such a 
perspective is adopted.  

In addition,economic growth provides resources to permit sustained improvements in human development. 
Economic reforms are important phenomenon, but human development must be included in any reform 
program. Economic growth itself will not be sustainable unless accompanied by improvements in human 
development. Gürlük (2009) state that investment in education and health is a process that produces human 
capital. Gürlük (2009) discussed a modified human development index for measuring human development. 

New index considers the diminishing returns to the educational indicators. However those papers do not 
measure the impacts of human development on economic growth. Recent study highlights the impacts of human 
development index (HDI) by investigating industrial pollution in selected Mediterranean countries, which have 
different economic backgrounds.  

The HDI is an important indicator on the measurement of human development. Since first released by the 
United Nations Development Program (UNDP), it distilled various concepts that had been raised in earlier 
development discussions into a unified theme of “human development” (Sagar, A.D., 1998). 

The HDI includes the impacts of social variables such as health effects, Political rights, civil liberties, and 
education level. Education level affects political rights and civil liberties positively. Population density 

also depends on the education index in the HDI. As long as education Level increased in a country, 
population increase rate and consequently Pressures on the natural resources would decrease. So the impacts of 
the many variables mentioned above are examined under the frame of the HDI in the EKC analyses. 

While an exhaustive survey of the results is beyond the scope of this paper, a few aspects shared by nearly 
all the studies are as follows: 
 The relationship is a reduced-form equation relating per capita CO2 emissions to per capita income. In 

general, and with the possible exception of a time trend, no extra explanatory variables are included. 
 The analysis is usually conducted on a panel data set of individual countries around the world. Moreover, 

the data for CO2 emissions invariably have come from a single source, namely the Oak Ridge National 
Laboratory. 

 The functional relationship considered is generally either linear or log-linear in GDP. 
 Due to the almost complete coverage of countries, the estimation technique is typically the least squares 

dummy variable method, allowing for both fixed country and time effects. 
 While all the studies quoted so far have focused upon the empirical emergence of the EKC, and have 

typically discussed its implications with special reference to the level of the income turning point, the 
analysis concerning the robustness of the basic findings has, somewhat surprisingly, not been a major 
concern. 
 
The main purpose of this paper is to give answers to two questions mainly from theoretical viewpoints and 

to analyze the interaction between economy and environment from both the social and political perspectives. 
Research questions are set as following: 

What kind of relation is there between environmental improvement and economic growth? 
What is the major reason to cause such a changing pattern of environmental policies? 
This paper is organized as follows. Section 3, a basic model for analysis is developed. In Section 4, we shall 

test the hypothesis framework developed in a basic model. We shall give a statistical test of the structure model 
with four independent variables, such as income, preference, technology and governance. Results and discussion 
are given in Section 5,6, which is followed by a conclusion in Section 7.  
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Theoretical Issues: 
Theoretical explanations as to why environmental degradation should first increase and then decline with 

income have focused on two groups: in the first group that focused on demand side, pollution is in the utility 
function. The utility function for the representative individual includes two arguments, consumption and 
pollution. Utility is an increasing function of consumption and decreasing function of pollution. In addition, it is 
assumed that neither good is inferior. 

In this group the effective factors on relationship between the economical consumer between a bate 
pollution and consumption. As income grows, the scale of an economy tends to become larger. As Grossman 
(1995) suggested, a developing society requires increasing output, therefore more inputs and more natural 
resources, in addition, more output also implies increased wastes and emissions as a by-produce of the economic 
activity which worsens the environmental quality. This is the so-called scale effect. 

On the other hand, some of the theoretical literature has focused on household preferences environmental 
quality with the pollutant level. If these preferences following the assumption that the damage from extra 
pollution grows as income grows, then such preferences can be illustrated as an important factor of bending 
back down of the pollution-growth curve. Pasche (2002) and Panayotou (2000) study the combined effects of 
preferences, increasing costs of pollution control and the declining value of extra consumption as per capita 
incomes grow. Applying a method of non-market valuation, they show that a high-income elasticity of demand 
for environmental quality is neither necessary nor sufficient for the EKC. Also they show, when the scale of the 
economy is "small", pollution will be "insignificant". As the economy grows, emission tends to grow. At early 
stages of development the marginal utility of consumption is "high", while the marginal disutility of pollution is 
"small". As consumption grows, the marginal utility of consumption will decrease, while the marginal 
willingness to pay for environmental improvement will tend to increase. The second group, which focused on 
supply side, argued that increasing output requires more natural resources such as environment as inputs and 
causes more emission and waste as a by-product. In this group the effective factors on income-environment 
relationship depends on scale effect, structural change and emission. The structural change that accompanies 
economic growth affects environmental quality by changing the composition of economic activity toward 
sectors of higher of lower pollution intensity. At lower levels of income, the dominate shift is form agriculture 
to industry with a consequent increase of pollution intensity. At higher incomes, the dominant shift is for 
industry to services with a result decrease in pollution intensity. Hence, the changing share of industry in GDP 
may represent structural change. The structural effect is then likely to be inverted-U function of GDP. As the 
share of industry first rises and then falls, environmental pollution will first rise and then fall with income grow. 

The emission influence, sources of growth, political and technological effects.countries grow primarily via 
capital accumulation in the early stages of development and by human capital accumulation in the later stages. 
Then pollution will rise and then fall with growth in per-capita incomes, therefore changes in the sources of 
growth are reflected in the pattern of pollution. From the Rybcizinski theorem of international trade: human 
capital accumulation stimulates the clean industry, which draws resources out of the dirty industry and lowers 
pollution. Hence when growth occurs via accumulation of the factor used intensively in the clean industry, there 
is a negative monotonic relationship between pollution and income.  

Also emission can influence the political effect which imposes by government. At low levels of economic 
activity, pollution may be unregulated entirely or regulation may have little impact on the profitability of 
abatement. Because we need a cost for adjust a regulate abatement system. And when national income is low, 
the aggregate willingness to pay to reduce pollution to its first best level may be less than the regulatory cost, in 
which case it is not worth setting up a regulatory system. With no system in place, pollution rises with output. 
But at high levels of economic activity and after a critical income level at which it is worth setting up a 
regulatory system, emission decreased. 

Finally, we can say Technical Progress in pollution abatement has two effects: one is to bring about a large, 
studies show that over time technological change lowers the pollution intensity of production. This could be due 
to greater efficiency in production (i.e, lower input use per unit of output produced) or improved environmental 
management (i.e, lower emissions per unit of input used) the other is to reduce costs. Although technological 
progress appears to be the most important. So general technological progress, leads to greater efficiency in the 
use of energy and materials. Thus a given amount of goods can be produced with successively reduced burdens 
on natural resources and the environment. One aspect of this progress may be better and more efficient reuse 
and recycling of materials, which can yield large resource savings. 

More ever, some authors seem to argue that shape of the income-environment curve is driven only by 
changes on the demand side and some authors argue that the shape of the EKC curve is depended on the supply 
side, we can interpret the EKC as an expansion path, familiar from the theory of the consumer and the theory of 
the firm. The qualitative properties of this path determine the relationship between economic activity and 
environmental quality. The shape of the curve is determined by a combination of preference, technology and 
political parameters. 
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Methodological Issues: 
The first authors, Panayotou, (2000) using an explicit decomposition model focuses only on three effects, 

scale, composition, and abatement effects. 
Grossman and Kreuger, (1995) suggest an alternative dynamic decomposition model. They use the 

following identity to decompose pollution emissions (E) for the ith country 

      (1) 
 
Where yt is GDP, Ejt represents emissions from sector j(j=1,…,n) at time t,yie is sector GDP or value added, 

Ejt/yjt is the emission intensity of sector j, Ije represents emission intensity of sector j and yjt/yt=Sjt is the share of 
sector j in GDP. 

This decomposition model has two main limits. First, technological changes and input mix are not 
considered. Second, the model is difficult to estimate in practice since data on emission at industry level are 
generally not available. For these reasons, Yabuta, (2003) has developed a more complex model. This nested 
decomposition model is the basis of our empirical estimations. 

As for the Yabuta, (2003) decomposition model, we consider emission from the ith country as depending 
from four specific factors; income, preference, governance and technology. The steps to compose Yabuta's 
model are given as follows:  

assume that a governmental welfare function is given by 
 

10,0   PCUW               (2) 

 
Where "W" represents the welfare, which the government anticipates maximizing and " θ " is the parameter, 

which will be referred as the "governance index"; this name comes from the fact that the government never 
takes people's sensitiveness towards pollution in to consideration when " θ " is null and, for the polar case when 
" θ " is unity, the government seems to be a fair representation of the people. In addition in equation (2) "C" is 
consumption and U0, α, β, θ are positive parameters and "P" is pollution function which is given by 
 
P=P0 y

γ E-δ                (3) 
 
Where "y" represents income and "E" shows the effort to abate pollution. In this model also assumed that 

the price of consumption goods is unity and the abatement case of pollution is given by "e". Then we have the 
consumer's budget constraint with income, y:  
 
y=C+eE                (4) 
 
government maximize the welfare function subject to the budget constraint, accordingly, this static framework, 
the pollution level in equilibrium will be given by:  
 

  












 
  e

yPP 0               (5) 

 
The above equation show that when economic growth, environmental conditions can be improved where as 

income effect on pollution is always positive. This can be occurs by changing patterns of parameters concerning 
people's preference (α,β), technology effect (δ,e) and governance index or political effect (θ). These changing 
patterns of the parameters are reasons of the environmental development since economic growth. 
 
The Empirical Model And Data: 

The main goal of our analysis is to analyze the factors that effect Air Pollution when economy growth. To 
achieve this goal, we follow the Yabuta, (2003) approach as described in section (3) we therefore specify (6) the 
framework for the empirical estimations as follows: 
 
LNEit=b0+b1LN GDPit+b2(LNGDP)it

2+b3Arcoit+b4MHDI it+b5x'it+εit        (6) 
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Where LN Eit is the logarithm of per capita emission of carbon dioxide, nitrogen dioxide and sulfur dioxide. 
GDP is the logarithm of the total annual output of a country's economy, here in current US dollars. GDP per 
capita is the total market value of all final goods and services produced in a country in a given year, equal to 
total consumer, investment and government spending, divided by the mid year population. GDP is a chosen as a 
proxy of scale effect. 

The Arco is a new indicator of technological capabilitions for developed and developing countries. The 
Arco have four main dimensions of technological capabilities as follows: the creation of technology; the 
technological infrastructures; the development of human skill and the import technology. The choice was based 
on the assumption that the four components play a comparative role in the making of a country's technological 
capabilities. Thus, the overall technology index (Arco) has been built upon the equal weighting of the four 
mentioned categories. The index of each category is calculated by the same procedure used for the overall index, 
that is, through the simple mean of certain sub indicators. In total we considered eight basic indicators: two for 
the first category, three for the second two for the third, and one for the fourth. The nine sub indexes are the a1) 
patterns, a2) scientific articles, b1) internet penetration, b2) telephone penetration, b3) electricity consumption, c1) 
tertiary science and engineering enrolment, c2) mean years of schooling, d1) Inward foreign direct investment 
(FDI) (Archibugi, D., 2004). 

The X'it is a vector of governance index. The "governance index" to be included to allow for "governmental 
respondent" towards people's requisition against environmental issues.The governance indicators measure the 
following six dimensions of governance: (i)voice and accountability; (ii)political instability and violence; 
(iii)government effectiveness; (iv)regulatory quality; (v)rule of law, and, (vi)control of corruption. They cover 
209 countries and territories for, 1995, 1998, 2000, 2002, 2004,2006 and 2008. They are based on several 
hundred individual variables measuring perceptions of governance, drawn from 37 separate data sources 
constructed by 31 organizations. The word bank estimates of the six dimensions of governance for each period, 
as well as for each country. Governance indicators are chosen as a proxy of political effect.  

The HDI is a summary measure of human development. The HDI measures the average achievements in a 
country in three basic dimensions of human development: 
• Life expectancy index: The life expectancy index measures the relative achievement of a country in life 

expectancy at birth.  
• Education index: The education index measures a country's relative achievement in both adult literacy and 

combined primary, secondary and higher gross enrollment. 
• GDP index: The GDP index is calculated using per capita in US$. The per capita US$ is adjusted with 

respect to purchasing power parity terms in US dollars. 
For each of those dimensions, an index value is computed on a scale of 0–1 where “0” corresponds to the 

minimum, and “1” to the maximum assigned value for the corresponding indicator. Individual index for a given 
country is computed as the following general formula: 

Dimension index: 
(Actual value − minimum value) /(maximum value − minimum value). 
The HDI is then calculated as a simple arithmetic average of the three indexes (Sagar, A.D., 1998). The 

HDI formula consists of three index abovementioned: 
HDI =1 / 3(Life expectancy index)+1/ 3(Education index)+1/ 3(GDP index). 
Recent study modifies conventional HDI by subtracting the GDP share from the formula. Thus the MHDI 

does not include the income factor, and eliminates multicollinearity issues between the pollution and the GDP in 
the regression analysis.  

Therefore the MHDI is expressed by a simple average of the two dimension index, which, in this study,are 
life expectancy at birth and education index. The education index is the combination of two-thirds weight of the 
adult literacy rate and one third weight of primary, secondary and higher gross enrollment ratio. 

MHDI is a chosen as a proxy of PREFERENCE effect. 
In the relationship between environment and growth analysis, it is very important to study with sound data. 

The word RESOURCE INSTITUTE (WRI, 2008), Global Environment Monitoring System (GEMS, 2008), 
European Environment Agency's long term water and air quality data system.  

 Word Development Indicators and are used to achieve country data in this study. Data are collected yearly 
from 1995-2008. our result are based on data for 30 OECD and 22 non-OECD countries. We tested (6) for both 
OECD and non-OECD countries. 
 
Econometric Techniques: 

Using the information from all countries, the unbalanced panel data estimation technique was employed to 
deal with inter-country heterogeneity in the analysis. An attractive facet of panel data is the creation of more 
variability by combining variation across countries. Thus alleviating multicollinearity problems and providing a 
more efficient estimation (Time-Series and Cross-Country Evidence). Several other advantages of using the 
panel data are mentioned in the literature. There are two panel data estimations: fixed effects and random 
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effects. The fixed effects estimate allows the intercept to differ across the cross-section units by estimating 
different can stants for each cross-section, but the intercepts may be taken as random and treated as if they were 
part of the error term. 

To determine which estimation method is appropriate given the available information, we performed 
several diagnostic tests on equation (6). First, an F-test was performed on the country dummy variables to 
determine whether a pooled or panel regression is appropriate. The F-test rejected the null hypothesis of 
homogeneity across each country. 

This indicates that OLS is not applicable but panel data estimation via fixed effects or random effects 
should be used. Next, the Hausman test was employed to test the null hypothesis that is no correlation between 
the composite error and explanatory variables, i.e., the fixed effects model is applicable. The Housman test not 
fails to reject the null hypothesis, which means that the fixed effects model is more appropriate. The estimated 
disturbances were also examined for hetroskedasticity. Test results after initials regressions showed that the 
independent variables of the regression have heteroskedasticity, so the GLS technique was employed in order to 
heteroscedasticity. 
 

RESULTS AND DISCUSSION 
 
It is our main task to analyze the relationship between economic development and environmental situation. 

Our focus is mainly on the econometric tests on this relationship and their results are almost consistent with the 
hypothesis. Following table (1) that shows the estimated equation (6) for each pollution (Co2, So2, Nox), we can 
decompose the actual pollution level in to four major factors; INCOME, PREFERENCE, GOVERNANCE and 
TECHNOLOGY.  
 
Table 1: Model results for all countries. 

carbon Dioxide Nitrogen Dioxide sulfur Dioxide Explanatory Variables 

 ٭5.303

)3.82( 

 ٭3.82
4.07)( 

 ٭012.4
)5.36( 

Per capita GDP 
LOG)( 

INCOM 

 ٭1.25-
(-2.46) 

 ٭2.4-
-3.52)( 

 ٭1.5-
)5.460( 

GDP square 
LOG)( 

 ٭0.401-
-2.37)( 

 ٭- 0.07
-2.57)( 

 ٭-0.0827
-8.64)( 

MHDI 
summary measure of human 
development 

 
PREFERENCE 

 ٭-5.213
-11.82)( 

 ٭3.82-
-4.80)( 

 ٭-4.32
-7.91)( 

Voice and Accountability  
 
GOVERNANCE 

 
1.92 
1.29)( 

2.501 
)(1.48 

1.208 
1.18)( 

Political Stability 

-3.39 
-2.04)( 

1.28 
1.07)( 

2.41 
0.98)( 

Government Effectiveness 

 ٭2.04-
-5.86)( 

-2.95 
1.52)( 

1.97 
1.33)( 

Regulatory Quality 

 ٭-4.28
-9.03)( 

 ٭-3.03
-14.20)( 

 ٭-3.91
-4.32)( 

Rule of Law 

-2.48 
-0.74)( 

1.94- 
-1.33)( 

2.93- 
-1.018)( 

Control of Corruption 

 ٭-0.823
-10.53)( 

 ٭-2.983
-6.80)( 

 ٭-3.217
-7.51)( 

ARCO Index TECHNOLOGY 

0.88 0.84 0.76 Adjusted Rsquared  
304.9 421.6 875.6 Ftest 
148.5 52.6 11.4 Hausman test 
477 473 477 Number of observations 

1) * are statistically significant at,5% level respectively 
2)depended variable ;log (so2,co2,n02)  
3) t-statistic are in the parenthesis 

 
Factors of each pollutant are classified in to two region categories; OECD and non-OECD countries. 

Results from tables (2) and (3) prove that there is an obvious positive relationship between GDP and air 
pollution as the findings indicate in the previous literature, where an expansion in GDP results in increased 
CO2, SO2 and NO2 emissions. More fossil fuels are consumed as economic growth increases, as fossil fuels are 
more stable and also more efficient than renewable sources of energy.  

In the case of decomposition of Co2, TECHNOLOGY and PREFERENCE have negative but INCOME has 
positive effects on emission in two region categories. An increase in per capita income does not lead to any 
reduction of pollutant. 
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The difference in average emission levels between two regions mainly comes from the following reasons; 
in OECD countries people's preference is more important factor to reducing pollution than non-OECD 
countries. 

This reason was related with MHDI. The MHDI is an important explanatory variable and expected signs are 
provided by the equations. However the effects of the MHDI on the pollution were different among the selected 
countries. In the OECD countries, when the MHDI is increased the amount of tree pollution decrease in a 
greater rate. Results indicate the importance of human development for the OECDcountries. 

 
Table 2: Model results for the OECD countries. 

carbon 
Dioxide 

Nitrogen 
Dioxide 

sulfur 
Dioxide 

Explanatory Variables 

 ٭8.73
2.87)( 

 ٭5.34
7.13)(

 ٭6.02
(4.09)

Per capita GDP 
LOG)( 

INCOM 

 ٭4.69-
-21.17)( 

 ٭1.38-
-2.69)(

 ٭2.17-
(-3.54)

GDP square 
LOG)( 

 ٭1.07-
-2.311)( 

 ٭0.31-
-5.03)( 

 ٭0.43-
-2.96)( 

MHDI 
summary measure of human 
development 

 
PREFERENCE 

 ٭7.42-
-3.03)( 

 ٭4.07-
-3.16)(

 ٭5.11-
-2.99)(

Voice and Accountability  
 
GOVERNANCE 

 
-2.23 
-0.006)( 

-2.76 
(-0.740)

-3.04 
-0.195)(

Political Stability 

-4.41 
-1.016)( 

-2.92 
-0.47)(

-2.53 
-1.22)(

Government Effectiveness 

 ٭4.28-
-2.97)( 

-1.83 
-1.37)(

-2.32 
-1.23)(

Regulatory Quality 

 ٭5.72-
-4.93)( 

 ٭3.03-
-6.24)(

 ٭4.18-
-3.18)(

Rule of Law 

-3.61 
-0.83)( 

-2.04 
-0.33)(

-3.27 
-0.217(

Control of Corruption 

 ٭1.26-
-6.57)( 

 ٭4.11-
-9.74)(

 ٭5.17-
-17.32)(

ARCO Index TECHNOLOGY 

0.89 0.940.88Adjusted Rsquared  
315.7 221.9115.6Ftest 
238.7 902.7 31.4 Hausman test 
251 242251Number of observations 

1) * are statistically significant at,5% level respectively  
2)depended variable ;log (so2,co2,n02)  
3) t-statistic are in the parenthesis 

 
Table 3: Model results for the non-OECD countries. 

carbon 
Dioxide 

Nitrogen 
Dioxide 

sulfur 
Dioxide 

Explanatory Variables 

 ٭4.07
7.508)( 

 ٭3.16
4.216)( 

 ٭3.27
10.44)( 

Per capita GDP 
LOG)( 

INCOM 

 ٭2.04-
-4.983)( 

 ٭1.49-
-4.36)( 

 ٭1.37-
-2.98)( 

GDP square 
LOG)( 

 ٭0.26-
-2.875)( 

 ٭0.02-
-6.231)( 

 ٭-0.007
-5.120)( 

MHDI 
summary measure of human 
development 

 
PREFERENCE 

 ٭2.04-
-5.872)( 

-1.08 
-0.176)(

 ٭0.93-
-4.307)(

Voice and Accountability  
 
GOVERNANCE 

 
0.96 
1.169)( 

0.71 
1.256)(

0.74 
0.078)

Political Stability 

-2.21 
-0.706)( 

0.24 
1.062)(

1.15 
0.179)(

Government Effectiveness 

-1.13 
-0.358)( 

-1.05 
-0.347)(

-0.68 
-0.194)(

Regulatory Quality 

-2.37 
-0.456)( 

 ٭0.79-
-3.17)(

-0.63 
-1.22)(

Rule of Law 

1.83 
0.763)( 

0.81 
0.984)(

-1.03 
-1.14)(

Control of Corruption 

 ٭0.345-
-8.198)( 

 ٭0.99-
-4.624)(

 ٭1.004-
-3.278)(

ARCO Index TECHNOLOGY 

0.88 0.790.72Adjusted Rsquared  
141.78 579 138 Ftest 
42.6 30.9 24.8 Hausman test 
225 223225Number of observations 

1) * is statistically significant at,5% level respectively 
2)depended variable ;log (so2,co2,n02)  
3) t-statistic are in the parenthesis 
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In the NON-OECD countries, the MHDI has less effects on the Pollution than OECD countries. The weak 
effects of political and civil rights might be investigated individually rather than combined MHDI in these 
countries for interpreting the impacts of human development. 

Human development has played an important role in sustainable economic development for developing 
countries. At the first periods of the development path, the human capital accumulation would not be available 
due to weak economic resources.  

The excessive resource exploitation at the first periods of development path is linked to low investments in 
human development, and takes the country to unsustainable path (Time-Series and Cross-Country Evidence). 
Current paper supports this idea. If effective policies are implemented to human capital by investing educational 
infrastructure, developing institutional structure in a democratic environment, developing countries would not 
experience unsustainable path. The specific role of globalization process enables the improvement of human 
development in developing economies. With the globalization process, easy-access to knowledge may help to 
get the some advantages such as not to wait for a long time for human development. In other words the 
globalization speeds up the human development more and more. Increasing investments in education and health 
produce valuable human capital and less pollution-intensive than that of producing physical capital. 

Although the TECHNOLOGY factor is a negative one to pollution for the both regions, the levels of impact 
are different, in an OECD and non-OECD country. While developed economies are adapting emerging 
technologies, that contribute to decoupling of economic growth from pressures on the environment and natural 
resources,developing economies are still catching up with environment intensive and obsolete technologies of 
the past which dominate the transport, energy and industry sector and cause many environmental problems. 
Again, in the some way that OECD countries can help reinforce the slow shift of consumer's preference in non-
OECD countries away from environment-intensive products and towards more environmental protection, they 
can also help accelerate their transition to the new environment-friendly technologies such as renewable energy 
and transport.  

Ultimately how ever, the extent to which more efficient technologies will be adapted depends on the 
relative prices between source of energy, types of fuels and modes of transport, which are determined by 
markets and governments policies.  

The impacts of governance seem to be ambiguous, among six factors in governance index, higher, voice 
and accountability; more ' rule of low ' or more adequate, regulatory quality, generally associates with less co2 
pollution. And only, voice and accountability and ' rule of law ' appear to have negative and significant effect for 
no2 and co2 emission in EOCD countries. Moreover, we will find some of governance index, seem to have 
consistent impacts on reduce co2, no2 and so2 emission in non OECD countries, thought estimation results 
show that in an OECD country governance has a large impact on pollution than that in a non-OECD country. 
This implies that an improvement of some political process of decision making in non-EOCD countries; for 
example, still do not lead to a betterment of environment. These finding lead to a possible explanation that non-
EOCD countries have emitted pollution more than EOCD countries because of less governance and technology. 

Our aim to incorporate governance into analysis is to make it clear whether the governance has a sufficient 
qualification for representing people's attitude towards environmental issues faithfully, although we shall focus 
on the effect of six governance index but a number of researches concerning pollution tax in OECD and 
developed countries to address the role of government in qualification of environment.because the argue 
decoupling of emission in EOCD and generally the developing countries has been accomplished through 
combination of technological change and a strong environmental policy. The later consisting of " greening " of 
fiscal policy,removing subsidies to environmentally harmful activities and the use of economic instruments to 
internalize environmental costs through pollution taxes and tradable permits. 

So we apply the green tax instead of governance indicator in OECD countries to address the office of 
governance policies to reduce pollution.  

The results are summarized by table (4). 
In the case of decomposition of CO2, SO2 and NO2,we obtain similar conclusions to income,technology 

and green tax; that the former is positive but the letters are negative factors to increase pollution, also the results 
show that the impacts of green tax is greater contribution to reduce CO2 than NO2 and SO2. 

 
Conclusions: 

This paper investigates the relationship between economic growth and environmental pollution based on the 
EKC hypothesis. we established a panel-data model to link growth in GDP per capita and several control 
variables. In this model, we used co2,so2 and no2 as the environmental indicators. Economic growth and other 
control variables such as governance index,ARCO technology index and human development index are used in 
our panel-data model for 30 OECDcountries and 25 NON-OECD countries for 1995–2008.This disaggregation 
countries to OECD and NON-OECD is suggested for several reasons, including the different stages in historical 
economic growth patterns for the two groups of countries, the different prevailing production technologies, and 
consumer tastes. 
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Table 4: Model results for OECD countries (Include green tax). 
carbon 
Dioxide 

Nitrogen 
Dioxide 

sulfur 
Dioxide 

Explanatory Variables 

 ٭6.33
9.17)( 

 ٭5.14
(4.47) 

 ٭5.72
(3.76) 

Per capita GDP 
LOG)( 

INCOM 

 ٭3.27-
-9.983)( 

 ٭2.99-
-11.36)( 

 ٭1.07-
-4.18)( 

GDP square 
LOG)( 

 ٭1.16-
-3.965)( 

 ٭0.22-
-9.711)( 

 ٭-0.39
-7.120)( 

MHDI 
summary measure of human 
development 

 
PREFERENCE 

 ٭6.54-
4.763)( 

 ٭-4.38
5.984)( 

 ٭5.13-
-17.14)( 

Green tax as percentage of the GDP GREEN TAX 

 ٭2.03-
-20.198)( 

 ٭5.39-
-3.624)( 

 ٭6.07-
-3.102)( 

ARCO Index TECHNOLOGY 

0.82 0.79 0.92 Adjusted Rsquared  
190.76 327 521 Ftest 
24.93 37.26 49.3 Hausman test 
139 139 139 Number of observations 

1) * is statistically significant at,5% level respectively 
2)depended variable ;log (so2,co2,n02)  
3) t-statistic are in the parenthesis 

 
In the OECD countries we observe a strong decoupling of emissions of local air pollutant from economic 

growth. The reduction in emissions appears, however, to be faster for OECD than non-OECD countries. 
It is also possible for low-income countries to experience environmental improvements along the path of 

economic growth, if they succeed to decouple environmental pollution and resource use from economic growth, 
this could be done through structured change,technological change, policy change and preference change,or 
combination of all these. The experience of the OECD countries holds valuable lessons for non-EOCD 
economies. 

First: use of an effective mix of economic instruments such as taxes, to correct market and policy failures 
and to internalize environmental and social casts and induce changes in the composition of consumption and 
production. 

Second: the non-OECD countries such as OECD countries, must improve the governance index because 
good governance means that the government takes people's sensitiveness towards pollution into consideration 
and corresponding to the governmental respondent towards people's requisition against environmental issues. 

Third: The paper emphasizes that the modified human development index (MHDI) is a comprehensive 
policy indicator that will be able to apply to the EKC analyses because it includes many social variables such as 
health effects, political rights, civil liberties, enrollment rate, and adult 

Literacy rate. The paper clearly points out differences between OECD 
and NON-OECD countries. Human development should be the first objective of economic development in 

the NON -OECDcountries. The globalization process may help the developing countries to get some advantages 
such as not to wait for a long time for human development. 

Forth:our empirical findings lead to the conclusion that the demand for more fossil fuel consumption 
resulting from increased economic growth will speed up the generation of air pollution. Thus the authorities 
ought to increase the proportion of total energy sources accounted for by renewable energy supply which might 
help to solve the growing dilemma between economic growth and air pollution spatially CO2 emissions within 
the framework of the Kyoto Protocol. 

Ultimately, it must be important for OECD countries to lead developing countries towards achieving 
improvements in those factors. our finding also prove that prompting environmental-friendly technology in non- 
OECD countries possibly via foreign aids and foreign direct investment. 

The interaction between economic growth and environmental degradation is one of the most controversial 
issues of the environmental economies literature. Although evidence of existence of the EKC has raised many 
questions, the subject is open-ended and it continues to be used widely in different regions of the world. 
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