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Abstract 

This study explores the applicable stipulation of cross-country regression analysis of international trade and 

carbon emissions using data on export diversification across 125 countries from 2000 to 2014 at the HS4 

digit of disaggregation. Export diversification is subdivided into vertical and horizontal diversification in 

order to justify its correlation with pollution emission through scale effect, technique effect as well as 

composition effect. We use a regression model with Driscoll and Kraay standard errors to rectify the 

possible problems of heteroskedastic and autocorrelated error structure. Results demonstrate that both 

export market diversification and product diversification help CO2 emission mitigation in 125 countries. 

Besides, interaction terms of economic development and export diversification facilitate the comparison 

among different income levels: low income countries illustrate U-shaped relationship between economic 

development and CO2 emissions, while OECD countries still maintain inverted U-shaped EKC curve which 

is unanimous with the outcome of 125 countries in general. 
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1. Introduction 

Global warming and climate change exert great challenges to world environment in the 21st century 

(Saboori et al., 2016).  The 2015 Paris conference on climate change acted as a threshold to encourage 

reducing greenhouse gases emission in order to deal with deteriorating global warming circumstances.  The 



International Panel on Climate Change (IPCC) fifth assessment report pointed out that human activities 

influence climate system obviously (Özokcu and Özdemir, 2017). Besides being a natural phenomenon, 

climate change has been more related with human activity and economic development. CO2 emissions are 

commonly regarded as one of the major source of global warming, due to the large amount of CO2 released 

into the atmosphere that came from fossil energy consumption (Friedl and Getzner, 2003).  Potential threats 

deriving from climate change has created a debate on how to balance the expenditure and benefit of 

reducing anthropogenic greenhouse gases emissions (Holtz-Eakin and Selden, 1995).  

Environment Kuznets Curve is one of the most influential model for analyzing the relationship between 

environment and economic development. EKC simulate a hypothesized inverted U-shaped relationship 

between various indicators of environmental degradation and economic development: pollution emission 

at first rises with economic growth, after going through a certain turning point, the trend reverses, with 

further economic development, environment condition gets improved. The correlation between pollution 

and trade could be explained by the renowned three effects theory: scale effect, technique effect and 

composition effect. “Scale effect” is defined as: an increase in emissions related to a higher income, holding 

everything else constant (e.g., production mix of goods). In detail, the scale effect measures the effect on 

pollution of an increase in the economic size that results from income-driven growth in production. 

“Technique effect” is characterized as the change in emission intensity due to access to new technologies 

(e.g., cleaner technologies). Technique effect is correlated with the transformation in the production 

technology of a given industrial sector (Cole, 2004; Copeland and Taylor, 1995). “Composition effect” is 

designated as a change in emission due to the adjustment in the share of dirty goods production in GDP. 

Composition effect measures the influence of a change in industrial composition, unlike technique effect 

or income effect, composition effect could be either positive or negative (Garetti and Taisch, 2012). 

In the empirical test of EKC, two groups of  variables are needed, pollution indexes and economic 

development ones. Pollution itself is a conceptually simple idea, however, the choice of pollutants could be 

perplexed due to its wide scope and uncertain adaptation to economic analysis (Brajer et al., 2011). EKC 



concludes what is well understood and applied as the inverted U-shaped relationship between pollution and 

economic development: environmental deterioration first increases as a country’s economic development 

increases, then after reaching a turning point, environment situation starts to improve. The pioneering work 

upon environment EKC by Krueger and Grossman in 1991, tested the relationship between trade and 

environment. In order to analyze the mechanism behind this U-shaped relationship, the influence of trade 

on environmental degradation was decomposed into three perspectives: scale effect, compositon effect and 

technique effect (Grossman and Krueger, 1991).   

We adopt an intermediate approach, using panel database to analyze the reduce-form relationshp between 

per capita income, export diversification and emissions. The employment of export diversification into the 

existing vast majority of explorations of EKC studies permits the testification of possible relationship 

between trade structure and pollution, especially under the background that most former researches 

focusing on economic volumes (GDP, trade volume) as main indicators for economic development. Export 

diversification is an important reflection of the structure of trade and economic development, therefore in 

a research concerning analyzing the relationship between economic development and pollution, export 

diversification should not be negalected. Apart from theoretical implications, estimating the correlation 

between diversification and pollution is supposed to remind policy makers to diverse part of their attention 

on the quantity of trade and GDP to the structure perspective when dealling with pollution related issues. 

In order to further enrich the research of EKC, especially in trade discipline, the present work is proposed 

to adopt export product diversification and market diversification in analysis process. Put it another way, 

understanding whether trade structure and pollution are correlated within EKC hypothsis both theoretically 

and empirically will be one of the themes of this research. Distinctive to structural models, reduced-form 

analysis does not require a priori knowledge on parameters that will be adopted (Holtz-Eakin and Selden, 

1995). 

We believe that this paper contributes to a number of strands in the recent literatures concerning sustainable 

development and trade. First, by collecting and reorganizing a relative complex panel database including 



economin development proxies, export diversification as well as pollution emission, it enables the 

possibility of analyzing the complicated relationship between export diverisifcation and sustainable 

development. Second,  by taking advantage of a reduce-form EKC model, the current study do not rely on 

strong theoretical assumptions tht are indispensible in models tht use the structural form. Third adoptation 

of interaction terms does not facilitate boosting estimation robustness and model efficiency, but also, 

enables comparison among countries groups based on income discrepancy. Lastly, present research is 

supposed to function as a reminding to policy makers: when it comes to sustainable development, compares 

to economy volomes which has long been the focus, economic structure such as export diversification need 

better attention.  

The rest of the paper is organized as follows. Section 2 displays literature review concerning former studies 

of EKC theory and related econometric technology. Section 3 explains theoretical model, and the 

econometric methodology. Section 4 provides the data description and an empirical model application. 

Section 4 examines the empirical results and suggests policy implications. Section 5 presents conclusions. 

2. Literature review 

Discussions regarding the relationship between economic growth and environmental quality attract much 

attention among scholars from 1960s to now. Considering the large amount, literature review will be 

organized into 5 parts. 

2.1 Indicators 

Two necessary variables are needed in the empirical estimation of EKC study, pollution indexes and 

economic development ones. Pollution itself is a conceptually simple idea, however, the choice of pollutants 

could be perplexed due to its wide scope and uncertain adaptation to economic analysis (Brajer et al., 2011). 

As is shown in table 1, single pollution emission indicators such as sulfur dioxide, soot discharge or nitrogen 

dioxide emissions are adopted in existing EKC studies (Heil and Selden, 2001; Stern and Common, 2001; 



Yaguchi et al., 2007). Besides emission volume, ambient pollution intensity as well as nemerow index are 

also popular indicators for proximating pollution in recent EKC studies (Bekhet and Yasmin, 2013; das 

Neves Almeida et al., 2017; Liu et al., 2007; Stern and Zha, 2016). With the development of data 

accessability, scholars tend to choose variables that is capable of concluding more information in one data 

list, for example, ecological footprint (Al-Mulali et al., 2015; Caviglia-Harris et al., 2009). Another 

necessary variable in EKC study is economic development indicator, the indexes that have been analyzed 

so far include: per capita GDP, trade intensity, trade openness, import export volume, the percentage of 

trade volume in GDP (Copeland and Taylor, 2004; Cui et al., 2016; Grossman and Krueger, 1991; Selden 

and Song, 1994).  

Population density also is a factor that showed up in some recent EKC studies (Lee et al., 2009). In this 

work, population density is negatively correlated with CO2 emissions, which means higher population 

density is benefitial to pollution alleviation. This result is distintive with most EKC research and also 

opposite to the essence of  scale effect. GINI index is a cutting-edge independent variable in EKC study, 

which help comprising the power inequality factors in exiting researches (Torras and Boyce, 1998). 

As a new variable we intend to add into EKC model, literatures concerning trade diversification will be 

briefly discussed. In former researches, diversification of export products and markets destination is 

regarded as means to meet the challenges of unemployment and lower growth in many developing countries, 

such as China, Chile, Pakistan, Costa Rica, Mauritius (Akbar et al., 2000; Ali et al., 1991; Amurgo-Pacheco, 

2008; Ferreira and Harrison, 2012; Juvenal and Santos Monteiro, 2013; Rondeau and Roudaut, 2014; 

Samen, 2010a; Seetanah et al., 2012; Xuefeng and Yaşar, 2016). The reason could be stemmed from the 

fact that, developing countries are heavily dependent on export. There was one scholar first adopt export 

product diversification in EKC study, by using a dataset of Turkey, he came to a conclusion that: in the 

long run, greater product diversification leads to higher CO2 emissions (Gozgor and Can, 2016b). 



2.2 Function  

Independent variables in squared (Yaguchi et al., 2007), three dimensions (Lee et al., 2009) cases are most 

common in EKC research. Squared terms are indispensable to EKC studies, both inverted U-shaped curve 

or U-shaped curve are prospected to be emulated through squared terms in regression. Cubed terms are 

improvements scholars made to expand the heterogeneity of EKC research and to test whether two turning 

points will appear or not.  

Interaction terms introduced by Heil and Selden is another inspiring point belongs to function sphere, which 

enjoyed the advantage of enabling the comparison among countries in different income levels, especially 

in cross-sectional analysis (Heil and Selden, 2001). 

2.3 Data set 

Cross-country (Heil and Selden, 2001; Shafik and Bandyopadhyay, 1992), panel data (Lee et al., 2009; 

Liddle, 2015; Nemati et al., 2016; Niu et al., 2011; Perman and Stern, 2003; Sirag et al., 2018), single 

country (Gozgor and Can, 2017; Halicioglu, 2009; Saboori et al., 2012, 2016; Shen and Hashimoto, 2004), 

city (Diao et al., 2009; Liu et al., 2007), provincial level (Wang et al., 2013) are commonly used data scopes 

in EKC related studies, among the published journal papers, panel data is becoming a more popular choice 

for most scholars, which could be explained by the advantages of panel data itself. Panel data allows 

controlling for variables that cannot be observed or measured like cultural factors or difference in business 

practices across companies; or variables that change over time but not across entities (Hsiao, 2014).. 

Estimation results from different dataset demonstrated exert great divergence.  

2.4 Estimation methods 

Estimation methods used in EKC research can be organized into static ones and dynamic ones. Fixed effect 

(Heil and Wodon, 1997), random (Brajer et al., 2011), CGE (Copeland and Taylor, 2005) are concluded 

into the static group. For some cases, comparison among different methodologies are available in EKC 



research (Stern and Common, 2001; Yaguchi et al., 2007). The choice among different estimation methods 

is in accordance with data availability and function entity. 

Apart from the above mentioned static estimation methodologies, dynamic research on EKC is also worth 

mentioning (Agras and Chapman, 1999; Dinda, 2008; Lee et al., 2009; Saboori et al., 2016; Sirag et al., 

2018). In Agras’s work, long-run models were used to estimate the relationship between environmental 

degradation and income, the result displayed no significant evident for the existence of an EKC relationship 

based on their data base. Lee reexamined the rationality of EKC through dynamic panel data approach 

(DPM) and found evidence of EKC hypothesis for CO2 emissions through a global data set. Their outcome 

claimed that as international trade openness increases, environmental quality will increase in high-income 

countries while deteriorate in low-income countries. Cointegration test among single country’s time series 

data in EKC sphere is another research perspective, cointegration test allows both long-term and short-term 

causality test by using ARDL (Auto Regressive Distributed Lag) methodology. 

2.5 Outcome 

The results of studies on EKC theory are disputed. Most of the literature on EKC demonstrated that the 

level of CO2 emissions usually increase monotonically with per capita income (Selden and Song, 1994; 

Shafik and Bandyopadhyay, 1992; Song et al., 2008). Fewer studies have focus on estimations of EKCs for 

carbon emissions for a panel date set of OECD countries and individual time-series regressions for each of 

the countries in the panel (Dijkgraaf and Vollebergh, 2001). Though EKC theory is an essentially empirical 

phenomenon, not all estimates of EKC models estimated by so far are statistically robust. In some 

researches, no meaningful EKC can be found in global sphere while several robust relationships between 

income and emissions can be discovered in individual countries. While concentrations of some local 

pollutants have clearly declined in developed countries and so have emissions of some pollution factors, 

there is still no consent agreement on the drivers of changes in emission (Stern, 2015). EKC hypothesis 

advocates that pollution increases initially as a country improves in economic performance; and then 



declines after reaching a certain level of economic progress, a turning point. Pollution deteriorates at early 

stage of economic development, which is partly due to the reason that polluting industries’ setting up in 

this phase (Jayanthakumaran et al., 2012). The existence and value of turning point also varies in terms of 

dataset, estimation methods etc. (Grossman and Krueger, 1995; Shafik and Bandyopadhyay, 1992; Stern, 

2017) 

Table 1. 1 A summary of literatures on empirical EKC research  

 

 

 

 



Author 
Dependent 

variable(s) 

Independent 

variable(s) 

Type of 

function 

Regressio

n method 

Turning 

point 

Country and 

time 

(Grossman and 

Krueger, 1991) 

So2, Dark 

matter, 

suspended 

particles 

Per capita GDP 

GDP 

cubed, 

plus sites 

dummies 

Random 

effect 

Around 

4,000 USD 

for the first 

two 

pollutants 

42 countries   

(Shafik and 

Bandyopadhyay, 

1992) 

SPM, SO2, 

Deforestation 

etc. 

GDP in log, 

trade openness, 

interaction 

dummies, time 

trend 

Linear, 

squared, 

cubed 

regression 

3,670 per 

capita USD 

for  SO2 

149 

countries 

from 1960 to 

1990 

(Panayotou, 1993) Deforestation  

Income per 

capita, 

population,  

interaction term  

Interaction 

term, GDP 

Cross 

section 

800 to 

1,200 USD 

per capita 

68 

developing 

countries 

and 

developed 

ones 

(Selden and Song, 

1994) 

SPM, SO2, 

NO2, CO 

Per capita GDP, 

population 

density, time 

dummies 

GDP 

squared 

Fixed, 

random 

effects 

Around 

10,292 

USD 

68 countries 

from 1979 to 

1984 

(Grossman and 

Krueger, 1995) 

SO2, smoke, 

heavy 

particles 

Income, lagged 

income, 

dummies, 

population 

density 

 Lagged 

GDP 

cubed 

GLS 
Around 

8,000 USD 

42 countries 

(Cole et al., 1997) 
SPM, SO, 

NO, CO 

Per capita 

income 

Logarithm 

squared 

OLS and 

GLS  

5,700 USD 

to 25,000 

USD 

1970 to 

1992, OECD 

countries 

MARK T. HEIL 

and THOMAS 

M.SELDEN(2001) 

Per capita 

Carbon 

Emissions 

Per capita GDP, 

Trade intensity, 

interaction term 

of trade and 

GDP 

Income 

squared 

Country 

Fixed 

Effect 

7,000 USD 

132 

countries 

from 1950 to 

1992 



 

Via this brief form, we could clearly observe the evolution and development of empirical EKC research. 

Specifically, independent variables expand from single GDP per capita to energy price, energy consumption 

even GINI index.  

The five parts of literature review are logically connected with each other: the choice of indicators, data set 

as well as function determines the results, the conditions of the data available influence which analyzing 

Stern and 

Common (2001) 

Per capita 

emission of 

Sulfur 

Per capita GDP 

with ppp 

Income 

squared 

Fixed and 

Random 

101,166 

USD 

World , 

OECD 

countries, 

non OECD 

countries 

(Agras and 

Chapman, 1999) 

CO2 

emissions 

Per capita GDP, 

lagged variables, 

energy price 

Income 

squared 

Dynamic 

model 

13,630 

USD 

33 countries 

and region 

1991 

(Torras and 

Boyce, 1998) 

SO, smoke, 

heavy 

particles, 

fecal coliform 

Per capita 

income, power 

inequality 

variables  

Income 

cubed 
OLS 

4,000 to 

15,000 

USD 

Low-income 

countries 

YUE YAGUCHI, 

TETSUSHI 

SONOBE (2007) 

SO2, CO2 

emission per 

area 

Per capita GDP, 

per capita GDP 

square, three 

time dummies 

Income 

squared 

Fixed plus 

Random 

Japan had 

in SO2 

China and 

Japan from 

1975 to 

1999 

(Lee et al., 2009) 

CO2 

emissions per 

capita 

GDP, population 

density, exports 

and imports 

relative to GDP,  

energy use 

Income 

cubed 

 

Random 

and fixed 

8,570 to 

17,620 

USD 

89 countries 

from 1960 to 

2000 

(Özokcu and 

Özdemir, 2017) 
CO2 emission 

Per capita 

income, per 

capita energy 

use 

Income 

cubed 

Driscoll-

Kraay 

standard 

error 

none 

78 countries, 

from 1980 to 

2010 



function to employ.  Innovations are made during all years of development on EKC hypothesis, expansion 

of dataset from single countries into panel data including various countries and broaden time ranges. 

Among all literatures concerning EKC theory, most studies, including the aforementioned, use GDP or 

trade volume as proxy variables for economic development, as a result, the structure of trade and a 

decomposition of economic development are ignored. Our proposed research thus adopts export product 

diversification and market diversification as two innovative proxy variables for economic development, in 

order to capture the structure characteristics of international trade in EKC study. 

3. Theoretical model 

EKC hypothesis advocates that pollution increases initially as a country improves in economic performance; 

and then declines after reaching a certain level of economic progress, a turning point. Pollution deteriorates 

at early stage of economic development, partly due to the reason that polluting industries’ setting up in this 

phase (Jayanthakumaran et al., 2012). 

3.1 Pollution and growth 

The pollution demand is denoted as 

),,,( LKpxez                                                                                        (1.1) 

Where,    which is the fixed pollution tax; e   is fixed emission intensity; p  is the world prices; K 

represents capital; L is labor 

Income is ),,,( zLKpGI                                                                                         

Where z is determined endogenously by (1.1). 

After the determinant of pollution demand and income, now consider growth via capital accumulation alone. 

Then differentiating (1.1), (1.2) holding L constant, yields 



Kz XK



                                                                                                  (1.3) 

And 

zKI ssr
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                                                                                         (1.4) 

0rs  and 0s  are the shares of capital and emission charges in national income, zdzz /


   and so 

on, and 0XK  is the elasticity of X output with respect to the endowment of capital, which is positive 

by Rybczinski theorem. Through 1.3 and 1.4, here came the result:  




 I

ss XKr

XK
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



                                                                                       (1.5) 

This equation contributed to understand that there is a positive, monotonic relation between pollution and 

income when growth occurs through the factor used intensively in the pollution intensive sector. 

Alternatively, suppose growth occurs via accumulation of human capital, then we have, 



 LXLz                                                                                                      (1.6) 

Where, 0XL  is the elasticity of X output with respect to the endowment of human capital. Note that 

0XL follows from the Rybczinski theorem of international trade: human capital accumulation stimulates 

the clean industry Y, which squeeze resources out of the dirty industry X and lowers pollution. The effect 

of human capital accumulation on income is: 



 LszsLsI XLww )(                                                                     (1.7) 



Where 0ws  is the share of human capital in national income. Although the coefficient of 


L has both a 

positive and negative term, the increase in the supply of labor must raise national income, despite the drop 

in pollution. This follows from looking at the net production frontier, and so on, given prices and the fixed 

emissions intensity, income must increase (Copeland and Taylor, 2013). 

3.2 Pollution and trade 

The correlation between pollution and trade could be explained by the renowned three effects theory: scale 

effect, technique effect and composition effect. “Scale effect” is defined as: an increase in emissions related 

to a higher income, holding everything else constant (e.g., production mix of goods). In detail, the scale 

effect measures the effect on pollution of an increase in the economic size that results from income-driven 

growth in production. Beside production section, scale effect had also been empirically estimated by 

Managi that there is a positive relationship between trade openness on CO2 emissions for non-OECD 

countries, offering suggestive evidence for scale effect from trade-driven increases in industrial production 

(Managi et al., 2009). 

Figure 1. 1 Three effects embedded in EKC theory 

 

 

“Technique effect” is characterized as the change in emission intensity due to access to new technologies 

(e.g., cleaner technologies). Specifically speaking, technique effect is correlated with the transformation in 

the production technology of a given industrial sector. Ceteris paribus, imagine that a producer introduces 

EKC 
Theory

Scale effect

Technique effect

Composition effect



more environmental friendly production technique, thus reducing energy consumption or pollution 

emissions per unit of economic activity within the sector (Cole, 2004; Copeland and Taylor, 1995).  

“Composition effect” is designated as a change in emission due to the adjustment in the share of dirty goods 

production in GDP. Composition effect measures the influence of a change in industrial composition, unlike 

technique effect or income effect, composition effect could be either positive or negative. For instance, a 

shift in an economy from relatively clean industry (e.g., tertiary industry) towards relatively polluting 

intensive industries such as food processing and cement production are regarded as a composition effect, 

which will induce an increase in energy consumption as well as pollution emission. On the other side, 

composition effect could also be positive if the transformation is turned backward. Input-output table is 

very useful in deciding what the effect would be of an increase in the demand for one production sector. 

Searching deeper from this sector, not only does the output of this certain sector will increase, but also, all 

of the inputs into supply chain of a product of this sector will finally lead to an increase in pollution emission 

(Garetti and Taisch, 2012).  

To integrate the four explanations of EKC assumption, there came out the idea that regressions that allow 

levels of environmental impact to become zero or negative are not suitable unless in the case of the net rates 

of change of the stock of renewable resources. And therefore, the standard EKC regression model is: 

itti GDPGDPPollution   2

21 . 

Where, pollution is the emission of CO2, to measure the air pollution degree; GDP is the domestic product 

per capita; it  is a random error term. i  indexes countries and t as time indicator. The first two terms on 

the right-hand side of the equation are country and time effects. The assumption is that, though the level of 

emissions per capita may differ over countries at any particular income level, the elasticity of emissions 

with respect to income is the same in all countries at a given income level (Proops and Safonov, 2004). The 

time effects are intended to account for time varying omitted variables and stochastic shocks that are 



common to all countries. It is possible to observe the “turning point” level of income, , where emissions 

or concentrations are at a maximum as follows  (Stern, 2015), 

)2/exp( 21    

Figure 1. 2 A detailed graph of EKC (Agras and Chapman, 1999) 

 

Besides scale effect, technique effect and composition effect, time effect is also proposed to be considered 

when analyzing the credentials EKC effect. Time-related effects, aimed to modulate technological 

transformation to all countries, reduce environmental impacts in all states at all levels of income (Stern et 

al., 1996). The effects of time-related factors differ from the development status of countries, for rapidly 

growing middle-income ones, the scale effect, which overpower the time effect. However, for wealthy 

countries, growth is slower and pollution reduction effect can overwhelm the scale effect. This process 

explains the origin of EKC theory (Stern, 2004). 

As an example, Stern introduced the following econometric model to decompose sulfur emissions in 64 

countries: 
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where S is sulfur emissions and P is population  

The RHS decomposed per capita emissions into five different aspects: scale effect, time effect, energy 

intensity, output mix and input mix. What is more, the contribution of the five effects to changes in global 

emissions at the global level varies among countries, which leads to the complexity of the EKC curve. 

Apart from the above explanations, in the most recent literature of Stern, he came up with an innovative 

direction of analyzing EKC theory: a static one and a dynamic one. Static models that designates economic 

growth as simply shifts in the level of output; dynamic ones that model the economic growth process as 

well as the evolution of emissions or environmental quality. In detail, the static direction could be 

decomposed into two types: the one that advocates the EKC relationship is derived by changes in the 

elasticity of substitution as the economy develops; the other one is that the EKC is primarily encouraged 

by transformation of the elasticity of marginal utility (Pasten and Figueroa, 2012). Different from the 

traditional static EKC models, the dynamic one: 

titititititi Xyyy ,,1,1,, ')1(     

Where 1,,  titi yy  is the growth rate of per capita co2 emissions.  

tititititi Xyy ,,1,, '     

By take the first differences of the above equation, get 

)()()()(')( 1,,111,,2,1,1,,   titittiititititititi XXyyyy   

The dynamic researches were represented by Chien-Chiang Lee, who reexamined the rationality of EKC 

through dynamic panel data approach (DPM). They found evidence of EKC hypothesis for CO2 emissions 

through a global data set, their outcome claimed that as international trade openness increases, 

environmental quality will increase in high-income countries while deteriorate in low-income countries.  



3.3 Pollution and export diversification 

Figure 1. 3 Logics of export diversification 

 

The relationship between export diversification and CO2 emissiosn can be explained through subdividing 

export diversification into export market diversification and export product diversification (Cadot et al., 

2013). In terms of export market diversification, higher market diversification means one country trade 

with more partners, its products are exported to more destinations, which in turn implies intensive 

transportation and pollution. On the other hand, export product diversification, it could be further 

subdivided into vertical diversification and horizontal diversification (Ali et al., 1991). Horizontal 

diversification takes place within the same sector (primary, secondary or tertiary), and entails adjustment 

in the country’s export mix by adding new products on existing export baskets within the same sector, with 

the hope to mitigate adverse economic (to counter international price instability or decline) and political 

risks (Samen, 2010b). Vertical diversification into processing of domestic manufactured goods entails a 

shift from the primary to the secondary or tertiary sector. It entails contriving further uses for existing 

products by means of increased value added activities such as processing, marketing or other services. 
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Vertical diversification can expand market opportunities for raw material and help enhance growth and 

stability since processed goods generally have greater price stability than raw commodities.  

Vertical diversification leads to contriving further uses for existing and new innovative commodities by 

means of value-added ventures; horizontal one means more varied export lines. Higher vertical 

diversification implies less pollution through “learning by doing” effect: in which the accumulation of 

knowledge about innovative methods of production are unintended by-products, such as capital 

accumulation and new production mechanism (Al-Marhubi, 2000). The above mentioned process is 

supposed to alleviate pollution through technique effect; however, horizontal diversification is expected to 

increase pollution with bigger “basket”, which could be explained by scale effect that leads to higher 

pollution emission levels. Put another way, one million USD value of corn exported from China to South 

Korea may have a dramatically different emissions component than a million USD value of corn exported 

to United Kingdom (market diversification); the export of one million of corn exported without any further 

procession and cereal produced by one million value of corn will have different CO2 emission volumes 

(vertical product diversification). 

Table 1. 2 Dimensions of export diversification (Ali et al., 1991) 

 

Stability-oriented Growth-oriented 

Based on existing 

commodities 
Add new commodities 

Based on existing 

commodities 
Add new commodities 

Horizontal 

Diversification 

Adjust export shares 

based on covariation 

of export earnings 

from individual 

commodities 

Add new commodities 

based on covariation 

of export earnings 

from individual 

commodities 

Adjust export 

shares based on 

growth rate of 

export earnings 

from individual 

commodities 

Add new 

commodities 

base on growth 

rate of world 

prices 

Add new 

commodities 

based on 

market niche 

Vertical 

Diversification 

Adjust export shares 

based on a 

commodity’s ability 

to be marketed in raw 

Add new commodities 

based on their 

flexibility to be 

marketed in raw and 

Introduce or 

expand value-

added activities 

Choose new commodities based 

on value-added and import 

substitution potential 



or processed forms in 

both international and 

domestic markets 

processed forms, and 

to serve international 

and domestic market 

and import 

substitution 

 

4. Data and empirical model 

Many factors may influence CO2 emissions, while in our study, two main variables will be considered, 

GDP per capita and export diversification.  

Carbon dioxide emission, the CO2 emission data that is adopted in this analysis came from world bank, 

CO2 emission kg per GDP, ppp of 2011 in US dollars. Due to data availability, only year 2000 to 2014 

could be utilized. 

GDP per capita, GDP data also is available in world bank, GDP per capita based on purchasing power 

parity. A number of previous studies discovered a non-linear relationship between pollution emission or 

other environment situation index with per capita GDP, which may in turn imply the relationship between 

co2 emission and GDP as well as trade index. 

Export diversification, as a key factor in this research, a comprehensive study was performed before 

deciding which index to use to represent export diversification. 

Table 1. 3 Three types of diversification evaluation methods 

Type name Example 

Concentration ratio 

Herfindahl-Hirschman Index, Gini index, Theil index, 

Diversification Index (Rodgers, 1957)  



CSCEEF(Commodity specific 

cumulative export experience function) 

Commodity-specific cumulative export experience 

function, Commodity-specific traditionalist index (CSTI), 

Variance of CSTI 

The absolute deviation Average absolute deviation, Median absolute deviation etc. 

Among those choices, it is proposed to utilize Herfindahl index, both export product diversification and 

market diversification are available on WITS. The calculating method for Herfindahl index can be found 

in Appendix1.The resulting sample is an uneven panel of 1693 observations from 125 countries spanning 

the time period from 2000 to 2015. 

Table 1. 4 Data summary 

Variable 

ObsERVATION

S 

Mean Std. Dev. Min Max 

gdp 1,996 17989.68 19070.25 440.3526 141947 

co2 1,738 .2660579 .1740697 .0278142 1.360246 

hhi_p 1,939 .1147231 .1589935 .0028 .9872 

hhi_m 1,937 .1526063 .1406415 .0036 .921 

 

In this analysis, the EKC model was determined in reference to relatively recent literatures, instead of only 

using GDP per capita as the proxy of economic development, export diversification of product and market 

are also regarded as unneglectable factors. Therefore, an empirical model of the EKC hypothesis is as 

follows: 

itititititit HHYYtpollu   22

21 )ln(ln)(lnln)tanln(  



Usually, this model is estimated with panel data, by most commonly the fixed effects estimator. But time-

series or cross-section data have also been utilized (Bekhet and Yasmin, 2013; Dijkgraaf and Vollebergh, 

2001; Kaufmann et al., 2011). On the theoretical basis, the assumption of most static models that pollution 

externalities are optimally internalized over the process of economic progress cannot be certified through 

empirical estimation. Findings of those models are diverse according to econometric method being used.   

Data on pollution and environmental issues are notoriously erotic in terms of data coverage as well as 

quality (Stern et al., 1996). Therefore, further data procession and model rectification including data loss 

corrections should be paid extra attention. 

5. Empirical methodology 

In this analysis, the EKC model was determined in reference to relatively recent literatures, instead of only 

using GDP per capita as the proxy of economic development, export diversifications of product and market 

are also regarded as unneglectable factors. Therefore, an empirical model of the EKC hypothesis is as 

follows: 

titititi HHItPollu ,,,,tan  
                                               (1) 
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                               (2) 
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Usually, this model is estimated with panel data, by most commonly the fixed effects estimator. But time-

series or cress-section data have also been utilized (Bekhet and Yasmin, 2013; Dijkgraaf and Vollebergh, 

2001; Kaufmann et al., 2011). On the theoretical basis, the assumption of most static models that pollution 



externalities are optimally internalized over the process of economic progress cannot be certified through 

empirical estimation. Findings of those models are diverse according to econometric method being used.   

There are several econometric issues that could influence EKC estimation: omitted variables bias, 

integrated variables, the problem of spurious regression as well as the identification of time effects (Stern, 

2017). Besides econometric issues, hypothesis testing and estimation in EKC analysis are needed, the 

assumption of unidirectional causality from economic growth to environmental quality, the assumption that 

whether transformations in trade relationships connected to development had influence on environmental 

condition (Stern et al., 1996). In order to correct the potential bias caused by data or model, it is proposed 

to adopt unit root test, Driscoll-Kraay standard error estimation methodology. comparison between fixed 

effect and Driscoll-Kraay estimation is made to demonstrate whether Driscoll-Kraay error term is more 

suitable for this data set and expose higher efficient outcome.  

First, the second generation unit root test, Pesaran’s CADF (Cross-sectional Augmented Dickey-Fuller) is 

implemented to all variable in order to ensure stability (Özokcu and Özdemir, 2017). Pesaran CADF test 

runs the t-test for unit roots in heterogeneous panels with cross-section dependence, first proposed by 

Pesaran (Pesaran, 2007). What is more, regarding tests of the idiosyncratic component for a unit root, CADF 

is appropriate for unit root, especially when cross-sectional dependence is due to a single common factor 

and size as well as power are inversely influenced by a second common factor (Gengenbach et al., 2009).  

The results of Pesaran’s CADF test with 1 lag for our dataset illustrated that: besides, ln_gdp2, other 

variables are stationary. 

Table 1. 5 Results of stationary test  

Variable Name 

Lag1 Lag0 

Z[T-bar] p-value Z[T-bar] p-value 

LN_CO2 -5.532 0.000 -6.897 0.000 



LN_GDP -0.828 0.204 -2.056 0.020 

LN_GDP2 -0.484 0.314 -1.501 0.067 

LN_P -0.041 0.484 -2.204 0.014 

LN_P2 -1.827 0.034 -3.474 0.000 

LN_M -2.713 0.003 -5.821 0.000 

LN_M2 -2.431 0.008 -4.837 0.000 

 

Second, Hausman test was adopted to determine appropriateness of random effect test and fixed effect test. 

Hausman principle is an effective mechanism to assist hypothesis testing procedure, in which if two 

estimators are available, the first one is efficient under the alternative while the other one is consistent under 

any hypothesis. According to Cameron and Trivedi (Cameron and Trivedi, 2009), the “sigmamore” 

command in Stata is helpful for efficient executing of Hausman test, this is because this option denotes that 

both covariance matrices are based on the same estimated variance from the efficient estimator (Özokcu 

and Özdemir, 2017). These tests suggest that fixed effect is suitable for the case of 124 countries as a whole, 

while random effect is applicable for low income country group and OECD country group respectively. 

Thirdly, after determining the applicability of fixed effect model for our data, we can adopt a modified 

Wald test for heteroscedasticity in the fixed effect model. The outcome demonstrated the rejection of the 

null hypothesis of homoscedasticity. 

Fourthly, we propose to do the serial correlation test, due to the reason that serial correlation in linear panel-

data equations tend to bias the standard errors which leads to less efficient results (Antonie et al., 2010). 

According to this test, the probability of the null hypothesis being true is less than 0.01%, which implies 

there is no first order autocorrelation. Therefore, it is meaningful to reject this hypothesis and came to a 

conclusion that there is auto correlation in our data.   



There are two issues needed to be fixed before further estimation, which are serial correlation and 

heteroscedasticity. Driscoll-Kraay standard errors for coefficients estimated by fixed-effects regression are 

suitable for this data description (Driscoll and Kraay, 1998). They proposed a nonparametric covariance 

matrix estimator which produces heteroscedasticity consistent standard errors that are robust to general 

forms of dependence.  According to the outcome of serial correlation test, the next step is to fix the problem 

of auto correlation in order to do regression. Based on this, Driscoll and Kraay estimator is supposed to be 

more efficient than pooled OLS and fixed effects regression, therefore, a comparison between the outcomes 

of two estimation approaches was performed. 

Fixed effect and Driscoll-Kraay standard errors are all demonstrated in the three tables of 125 country group, 

the low-income country group and OECD country group.  

Lastly, besides the aforestated methodologies, this research adopted an interaction term in regression to 

make a separate comparative group. The fact is that, besides the accuracy that interaction terms bring, there 

still exist potential issues: there are a number of difficulties in interpreting such interactions, and various 

problems could as well arise.  

This study focused on interactions between categorical variables and continuous ones, adding interaction 

terms to a regression analysis provides expanded understanding of the relationships among the variables in 

the model and facilitates more hypotheses to be tested. In regressions with multiplicative terms, the model 

coefficients reflect conditional relationships. In general, models with interaction terms should not ignore 

the main effects of the variable that forms the interaction term, even if these variables are not robust in 

regression (Williams, 2015), therefore, main effects of the variable and the interaction term can avoid 

confounded effect. What is more, if main effects are ignored, arbitrary transformation in the zero point of 

the existent variables can lead to important changes in the obvious influences of the intersection terms. 

Interaction effects occur when the effect of one variable depends on the value of another variable. 

Interaction effects are common in regression analysis, ANOVA ( analysis of variance), and designed 

http://statisticsbyjim.com/glossary/effect/
http://statisticsbyjim.com/glossary/regression-analysis/


experiments (Brambor et al., 2005). In a work related to trade and pollution, Heil and Selden argued that 

by adding interaction terms (GDP multiplied Trade intensity), it is possible to analyze whether international 

trade increases pollution at some income levels and reduces it at others (Heil and Selden, 2001). 

5.1 Results without interaction term 

Table 1. 6 Analysis results for 125 countries 1 

Ln_co2 

Market diversification Product diversification 

Fixed 

Effect 

Driscoll-Kraay Standard 

Errors 

Random 

Effect 

Driscoll-Kraay Standard 

Errors 

Ln_gdp 

1.050*** 

(9.25) 

2.838*** 

(80.80) 

1.145*** 

(9.67) 

2.973*** 

(40.58) 

Ln_gdp2 

-0.075*** 

(-12.10) 

-0.148*** 

(-40.27) 

-0.078*** 

(-11.94) 

-0.156*** 

(-40.02) 

Ln_hhi 

0.061** 

(2.23) 

0.076*** 

(3.22) 

-0.012 

(-0.44) 

0.229*** 

(21.00) 

Ln_hhi2 

0.012* 

(1.76) 

0.022*** 

(3.06) 

0.002 

(0.43) 

0.039*** 

(22.71) 

Con_ 

-4.642*** 

(-8.99) 

-14.821*** 

(-42.60) 

-5.423*** 

(-10.17) 

-15.162*** 

(-42.11) 

F-test or Wald 

chi2 

191.57 0.0000 606.25 0.0000 

                                                      
1 Country list is available in appendix 1.3 



R-squared  0.2845  .02949 

observations 1692 1692 1693 1693 

countries 125 125 125 125 

 

Table 1. 7 Low income countries, 16 in total 

Ln_co2 

Market diversification Product diversification 

Fixed 

effect 

Driscoll-Kraay standard errors 

(fixed effect) 

Random 

effect 

Driscoll-Kraay standard error 

(random effect) 

Ln_gdp 

-4.094*** 

(-4.33) 

-4.094*** 

(-6.85) 

-4.227*** 

(-4.41) 

-0.810 

(-0.16) 

Ln_gdp2 

0.293*** 

(4.37) 

0.293*** 

(7.00) 

0.299*** 

(4.42) 

0.071 

(0.19) 

Ln_hhi 

0.017 

(0.17) 

0.0172 

(0.40) 

0.013 

(0.21) 

-0.267 

(-1.67) 

Ln_hhi2 

-0.013* 

(-0.42) 

-0.0127 

(-0.79) 

0.008 

(0..67) 

-0.005 

(-0.11) 

_cons 

11.961*** 

(3.60) 

11.961*** 

(5.69) 

  

F-test or Wald 

chi2 

6.35 0.0000 21.23 0.0000 

R-squared    0.1395 



observations 208 208 209 209 

countries 16 16 16 16 

 

Table 1. 8 OECD countries, 35 in total 

Ln_co2 

Market diversification Product diversification 

Fixed 

effect 

Driscoll-Kraay standard errors 

(fixed effect) 

Random 

effect 

Driscoll-Kraay standard error 

(random effect) 

Ln_gdp 

1.414*** 

(3.63) 

1.414** 

(2.41) 

0.985** 

(2.41) 

2.093** 

(2.93) 

Ln_gdp2 

-0.092*** 

(-4.78) 

-0.092*** 

(-3.14) 

-0.072*** 

(-3.55) 

-0.118*** 

(-3.32) 

Ln_hhi 

0.406*** 

(5.46) 

0.406*** 

(3.97) 

-0.061 

(-1.13) 

-0.268*** 

(-5.40) 

Ln_hhi2 

0.062*** 

(5.79) 

0.062*** 

(4.79) 

-0.006 

(-0.79) 

-0.038*** 

(-6.30) 

Cons_ 

-5.560*** 

(-2.85) 

-5.560* 

(-1.97) 

-4.008* 

(-1.95) 

-10.879** 

(-2.96) 

F-test or Wald 

chi2 

186.49 0.0000 674.09 0.0000 

R-squared    .1567 

observations 490 490 490 490 



countries 35 35 35 35 

 

Table 1. 9 Regression results after adopting interaction terms 

Ln_co2 

Market diversification Product diversification 

Fixed effect 

Driscoll-Kraay standard 

errors (fixed effect) 

Fixed effect 

Driscoll-Kraay standard 

error (random effect) 

Ln_gdp 

1.538*** 

(13.09) 

2.676*** 

(15.25) 

1.276*** 

(11.29) 

2.378*** 

(15.29) 

Ln_gdp2 

-0.102*** 

(-16.27) 

-0.138*** 

(-18.99) 

-0.094*** 

(-15.31) 

-0.108*** 

(-15.91) 

Ln_hhi 

-0.284 

(-1.57) 

0.924 

(1.70) 

0.715*** 

(5.08) 

-0.407* 

(-1.59) 

Ln_hhi2 

-0.054* 

(-1.93) 

0.254** 

(2.73) 

0.057*** 

(4.40) 

0.127*** 

(5.66) 

LN_HHI*gdp 

0.027 

(1.42) 

-0.085 

(-1.40) 

-0.086*** 

(-5.31) 

0.087*** 

(3.08) 

LN_HHI2*gdp2 

0.00052** 

(1.99) 

-0.024** 

(-2.21) 

-0.00079*** 

(-4.96) 

-0.00055*** 

(-2.06) 

Cons_ 

-6.927*** 

(-12.24) 

-14.182*** 

(-13.90) 

-5.334*** 

(-10.11) 

-13.668*** 

(-15.18) 



F-test or Wald chi2 0.0000 0.0000 0.0000 0.0000 

R-squared 0.0303 0.2952 0.0292 0.3686 

observations 1,815 1,815 1,816 1,816 

countries 125 125 125 125 

 

Results demonstrated above illustrated low R-square values, however, low R-square is not necessarily a 

bad case, especially when we have statistically significant predictors, we can still draw meaningful 

conclusions about how changes in the predict values are associated with changes in the independent 

variables. Regardless of the R-squared, the significant coefficients still represent the mean change in the 

response for one unit of change in the predictor while holding other predictors in the model constant. 

Obviously, this type of information can be extremely valuable (Frost, 2013; Frost, 2014; Vogt and Johnson, 

2011). 

Adding interaction terms to a regression model can greatly expand understanding of the relationships 

among the variables in the model and allows more hypotheses to be tested. It would be useful to add an 

interaction term to the model if there is a need to test the hypothesis that the relationship between GDP and 

export diversification both market diversification and product diversification and also their square terms.  

As we can learn from this empirical results, even though the significance of each variable is relatively high, 

with decent p-values, however, the R-squares are not that robust as expected. According to literature review 

concerning econometrics (Hu et al., 1999; Jaccard and Turrisi, 2003; Jin et al., 2001), low R-square is not 

inherently bad, especially when there exit statistically significant predictors, an important conclusion about 

how changes in the predictor values are associated with changes in the response value could be made. 

Regardless of the R-squared, the significant coefficients still represent the mean change in the response for 

one unit of change in the predictor while holding other predictors in the model constant. Obviously, this 



type of information can be extremely valuable. Since the purpose of our research is not to produce 

predictions that are reasonably precise, a low R-square value can still help us make reasonable explanations. 

The use of interaction terms is not limited to cases in which the associations between the dependent 

variables and independent variables vary between countries. In principle, it can be applied in all situations 

where one variable is associated with the dependent variable changes according to the value of another one. 

The connection among independent variables may, as an example, depend on the develop condition of each 

individual country. Under such situation, we can empirically create interaction terms by multiplying GDP 

and export diversification proxies as well as their square terms. 

5.2 Comparison between the outcome with and without interaction term 

Interaction terms are used widely in applied econometrics, and the correct way to interpret them is known 

by many econometricians and statisticians, most applied researchers misinterpret the coefficient of the 

interaction term in nonlinear models. Applied economists often estimate interaction terms to infer how the 

effect of one independent variable on the dependent variable depends on the magnitude of another 

independent variable (Ai and Norton, 2003). Heil insisted that relationship between international trade and 

the environment is more complicated than as described as pollution havens hypothesis, he argued that 

interaction terms should be added to observe whether international trade increases pollution at some income 

levels and reduces it at others (Heil and Selden, 2001). 

itit HHIGDPHHIGDPHHIHHIGDPGDPCO   22
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In this model, GDP*HHI refers to a variable calculated as the simple observation-by-observation product 

of GDP and HHI, the independent terms GDP and HHI are referred as “main terms”, and the product of the 

main terms, their multiplier, as the “interaction term”, which brings to first simple observations: 



1. In a regression with interaction terms, the main terms should always be included. Otherwise, the 

interaction effect may be significant due to left-out variable bias. (the multiplier term is by construction 

likely to be correlated with the main term. 

2. The partial derivative of the dependent variable with respect to GDP is HHIGDP 521 2   . The 

interpretation of 
1 is the partial derivative of CO2 emission with respect to GDP. A t-test for 01   is 

therefore, a test of the null of no effect of GDP. To test for no effect of GDP, it is needed to test if 

)0,0(),( 51   using, for example, an F-test(Balli and Sørensen, 2013), 

3. After determining that our regression must be estimated as a fixed effects model, next is to examine 

whether the interaction term could increase the explanatory power of the regression compared to the case 

that included only direct effect. This is proposed to be accomplished through F-test. 

The empirical meaning of interaction terms in this study lies on the fact that, because of the interaction term, 

the effect of having more GDP is different according to the level of export diversification. Another way of 

illustrating this is that the slopes of the regression lines between GDP and CO2 emission is different from 

the different categories of export diversification. 5  is capable of showing how different those slopes are 

shaped. 

Table 1. 10 A comparison of results with and without interaction terms 

Ln_co2 

WITHOUT INTERACTION TERMS WITH INTERACTION TERMS 

Fixed 

effect 

Driscoll_Kraay standard errors 

(fixed effect) 

Fixed effect 

Driscoll_Kraay standard error 

(random effect) 

Ln_gdp 

1.415*** 

(112.86) 

3.032*** 

(38.87) 

1.276*** 

(11.29) 

2.378*** 

(15.29) 

Ln_gdp2 -0.096*** -0.160*** -0.094*** -0.108*** 



(-15.88) (-140.75) (-15.31) (-15.91) 

Ln_hhi 

-0.021 

(-0.80) 

0.24*** 

(16.69) 

0.715*** 

(5.08) 

-0.407* 

(-1.59) 

Ln_hhi2 

-0.002 

(-0.36) 

0.040*** 

(22.05) 

0.057*** 

(4.40) 

0.127*** 

(5.66) 

LN_HHI*gdp   

-0.086*** 

(-5.31) 

0.087*** 

(3.08) 

LN_HHI2*gdp2 

 

 

 

-

0.00079*** 

(-4.96) 

-0.00055*** 

(-2.06) 

Cons_ 

-6.344*** 

(-12.81) 

-15.40*** 

(-38.36) 

-5.334*** 

(-10.11) 

-13.668*** 

(-15.18) 

F-test or Wald 

chi2 

0.0000 0.0000 0.0000 0.0000 

R-squared 0.3701 0.2918 0.0292 0.3686 

observations 1,816 1,816 1,816 1,816 

countries 125 125 125 125 

6. Conclusions and discussions 

In this study, the relationship between economic development and CO2 emission is examined under three 

circumstances. The first analysis is performed for 125 countries during the time period 2000 to 2015. The 

results illustrated that, for these 125 countries, there is an inverted U-shaped relationship between GDP and 

CO2 emission, what is more, both export market diversification and export product diversification 



demonstrate negative relationship with pollution, which means, trade diversification help CO2 emission 

alleviation.  

EKC (EKC) was originally developed to model the relationship of pollution and economic development. 

In this paper, we started from EKC model and adopt a regression model to estimate the EKC relationship 

among 125 countries over the period 2000 to 2015. Unlike most EKC (EKC) studies which focus on narrow 

measures of GDP per capita or trade volume as proxies for development, export diversification is introduced 

as one of the proxy variables for economic development in rectification of EKC in our research. Results 

demonstrate that both export market diversification and export product diversification help CO2 emission 

alleviation in 125 countries panel data analysis. Besides, low income countries illustrated U-shaped 

relationship between economic development and CO2 emissions, while OECD countries still maintained 

inverted U-shaped EKC curve which was unanimous with the outcome of 125 countries as a whole.  

After analyzing the data from 125 countries as a whole, further subdivision was made, these countries are 

organized into 5 group according to income levels: Low income countries ($1045 or less), Lower middle 

income countries ($1046–$4125), Upper middle income countries ($4126–$12,745), High income 

countries (non-OECD) ($12,746 or more), High income countries  ($12,746 or more) (Can and Gozgor, 

2016). In order to highlight comparison, it is proposed to choose the lowest income group and highest 

income groups. The outcome was that, low income countries illustrated U-shaped relationship between 

economic development and CO2 emissions, while OECD countries still maintained inverted U-shape EKC 

curve which was unanimous with the outcome of 125 countries as a whole. 

Besides the EKC outcome, there is another interesting finding worth mentioning. The outcome of 125 

countries estimation and OECD countries estimation are more significant than low income country group, 

this, according to Hoechle, is partly because Driscoll-Kraay estimation method is more suitable for data set 

which contains a large cross-section (Hoechle, 2007). 



GDP per capita is the most significant variable in determining CO2 emission in the panel data analysis in 

125 countries, due to the fact that its coefficient has the biggest absolute value respectively. CO2 and GDP 

constitute an inverted U-shaped curve, while CO2 were positively related with export diversification. From 

a policy perspective, export diversification appears as a key element of the economic development process 

(Cadot et al., 2011), in this study, export diversification is positively related to CO2, which reflect the fact 

that in order to alleviate CO2 emissions, countries are supposed to concentrate on the exportation of cleaner 

categories. By so far, controlling CO2 is not a legal requirement (Choi et al., 2010), and thus, different 

countries implement environmental policies in accordance with their own interests and development 

pathway. Since it is difficult to implement any international measures and enforce them, voluntary efforts 

are necessary for countries for sustainable development. Besides, with increasing globalization, countries 

are become more active participants in world market, it is suggestive for them to pay more attention on the 

constitution of the exportation, to concentrate on the less polluted categories. 

Due to the increasing concerns on global climate change issues, researches on EKC theory related with CO2 

emission surged in recent years.  However, the outcome of all those studies are varied, partly due to the 

selection of pollutants, the choice of country (which country, or how big a country group as well as the 

development condition of them), as well as the econometric methodologies that is adopted in the study. 

Therefore, our research should be regarded as one of the empirical analysis even though our results are in 

accordance with the EKC theory. 

Results of this research, especially the ones concerning the relationship between exporting diversification 

and pollution emissions are not rigidly consistent with EKC theory, however, this is in accordance with 

some previous studies, which, as presented in literature review, are not all perfect EKC certifications. We 

believe that this paper contributes to a number of strands in the recent literatures concerning sustainable 

development and trade,  by taking advantage of a reduce-form EKC model, the current study do not rely on 

strong theoretical assumptions tht are indispensible in models tht use the structural form. As for policy 

implications of the present research, it is supposed to function as a reminding to policy makers: when it 



comes to sustainable development, compares to economy volomes which has long been the focus, economic 

structure such as export diversification need better attention.  

Further researches on relationship between export diversification and pollution emission focusing more on 

transportation aspect may shed applicabel results. 
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Appendix 1.1. Theory explanation from Copeland  

The pollution demand is denoted as 

),,,( LKpxez                                                                                        (1.1) 

Where,    which is the fixed pollution tax; e   is fixed emission intensity; p  is the world prices; K 

represents capital; L is labor 

Income is ),,,( zLKpGI                                                                                         

Where z is determined endogenously by (1.1). 

After the determinant of pollution demand and income, now consider growth via capital accumulation alone. 

Then differentiating (1.1), (1.2) holding L constant, yields 

Kz XK



                                                                                                  (1.3) 

And 

zKI ssr



                                                                                         (1.4) 

0rs  and 0rs  are the shares of capital and emission charges in national income, zdzz /


   and so 

on, and 0XK  is the elasticity of X output with respect to the endowment of capital, which is positive 

by Rybczinski theorem. Through 1.3 and 1.4, here came the result:  




 I

ss XKr

XK

z 





                                                                                       (1.5) 



This equation contributed to understand that there is a positive, monotonic relation between pollution and 

income when growth occurs through the factor used intensively in the pollution intensive sector. 

Alternatively, suppose growth occurs via accumulation of human capital, then we have, 



 LXLz                                                                                                      (1.6) 

Where, 0XL  is the elasticity of X output with respect to the endowment of human capital. Note that 

0XL follows from the Rybczinski theorem of international trade: human capital accumulation stimulates 

the clean industry Y, which squeeze resources out of the dirty industry X and lowers pollution. The effect 

of human capital accumulation on income is: 



 LszsLsI XLww )(                                                                     (1.7) 

Where 0ws  is the share of human capital in national income. Although the coefficient of 


L has both a 

positive and negative term, the increase in the supply of labor must raise national income, despite the drop 

in pollution. This follows from looking at the net production frontier, and so on, given prices and the fixed 

emissions intensity, income must increase (Copeland and Taylor, 2013). 

Appendix 1.2 Calculation of Herfindahl-Hirshamn Index 

The normalized Herfindahl index, ranges between zero and one is given as follows 
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Sk is the share of export line k （with amount exported in total exports Xk）, and n is the number of export lines, k is 

the share of line k in total exports, n is the number of export lines, commodity use 4-digit HS code 



Appendix 1.3 Country list 

Country list of different developing stages (Gozgor and Can, 2016a) 

Low income countries ($1045 or less) 

Bangladesh, Benin, Burkina Faso, Burundi, Cambodia, the Central African Republic, Chad, Comoros, 

Congo Democratic Republic, Ethiopia, the Gambia, Guinea, Guinea–Bissau, Kenya, Liberia, Madagascar, 

Malawi, Mali, Mozambique, Nepal, Niger, Rwanda, Sierra Leone, Tajikistan, Tanzania, Togo, Uganda, and 

Zimbabwe. 

 

Lower middle income countries ($1046–$4125) 

Armenia, Bolivia, Cameroon, Cape Verde, Congo Republic, Cote D’Ivoire, Djibouti, Egypt, El Salvador, 

Georgia, Ghana, Guatemala, Honduras, India, Indonesia, Kyrgyz Republic, Lao PDR, Mauritania, Moldova, 

Mongolia, Morocco, Nigeria, Pakistan, Paraguay, the Philippines, Sao Tome and Principe, Senegal, Sri 

Lanka, Sudan, Syria, Ukraine, Uzbekistan, Vietnam, Yemen, and Zambia. 



  

Upper middle income countries ($4126–$12,745) 

Albania, Angola, Argentina, Azerbaijan, Belarus, Belize, Bosnia and Herzegovina, Brazil, Bulgaria, China, 

Colombia, Costa Rica, Dominica, the Dominican Republic, Ecuador, Fiji, Gabon, Grenada, Hungary, Iran, 

Iraq, Jamaica, Jordan, Kazakhstan, Lebanon, Macedonia FYR, Malaysia, Maldives, Mauritius, Mexico, 

Panama, Peru, Romania, Serbia, South Africa, St. Lucia, St. Vincent and the Grenadines, Suriname, 

Thailand, Tunisia, Turkey, Turkmenistan, and Venezuela. 

 

 

 



High income countries (Non-OECD) ($12,746 or more) 

Antigua and Barbuda, the Bahamas, Bahrain, Barbados, Bermuda, Croatia, Cyprus, Equatorial Guinea, 

Hong Kong SAR, Kuwait, Latvia, Lithuania, Macao SAR, Malta, Oman, Qatar, Russia, Saudi Arabia, 

Singapore, St. Kitts and Nevis, Trinidad and Tobago, and Uruguay. 

 

High income countries (OECD members) ($12,746 or more) 

Australia, Austria, Belgium, Canada, Chile, the Czech Republic, Denmark, Estonia, Finland, France, 

Germany, Greece, Iceland, Ireland, Israel, Italy, Japan, Korea Republic, the Netherlands, New Zealand, 

Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, the United Kingdom, and the 

United States. 

 



Appendix 1.4 Extended calculations and proofs: Granger Causality 

Test for panel data 

In one of his research, Granger initiated a methodology for analyzing causal relationships between time 

series. Suppose tx  and ty are two stationary series (Granger, 1969). Then the following model: 

 
 

 
K

k

K

k

tktkktkt xyy
1 1

  

Can be used to test whether x  causes y . The basic idea is that if past values of x  are significant predictors 

of the current value of y  even when past value of y have been included in the model, then x exert a causal 

influence on y . The null hypothesis is: 

0...: 10  KH   

If 0H is rejected, one can make the conclusion that causality from x  to y exists. The x  and y variables 

can be interchanged for causality test in the other direction, and it is possible to observe bidirectional 

causality.  

Dumitrescu and Hurlin further extended this model to be capable of testing causality in panel data 

(Dumitrescu and Hurlin, 2012). The regression is illustrated as follows, 

 
 

 
K

k

K

k

tiktiikktiikiti xyy
1 1

,,,,   

Where tix ,  and ity are the observations of two stationary variables for individual i in period t. coefficients 

are allowed to differ across individuals and the panel must be balanced. The null hypothesis for the panel 

data case is, 



0...: 10  iKiH                 Ni ,...1  

Which correspond to the absence of causality for all individuals in the panel. 

The test assumes there can be causality for some individuals but not necessarily for all. The alternative 

hypothesis thus writes (Lopez and Weber, 2017): 

0...: 11  iKiH                 Ni ,...1  

01 i  or...or 0iK                   NNi ,...11   

If 01 N , there is causality for all individuals in the panel. 

For our own specific research and data status, before doing panel data granger test, missing values issue 

was fixed through replace the missing variable by the value of its n-1. Besides, in order to ensure the 

stability of the dataset, panel unit root test was applied for all the concerning variables, and here are the 

outcomes of unit root test: 

Table 1. 11 Unit root test outcome 

The above is the Fisher-type unit root test, based on augmented Dickey-Fuller tests. The hypothesis is, 

Ho: All panels contain unit roots   

Variables  Inverse chi-squared Inverse normal Inverse logit  

Modified inverse Chi-

squared 

CO2 464.92(0.0000)1 -7.11(0.0000) -7.09(0.0000) 
9.61(0.0000) 

GDP 610.43(0.0000) -12.78(0.0000) -13.16(0.0000) 
16.12(0.0000) 

HHI-product 715.71(0.0000) -15.62(0.0000) -16.23(0.0000) 
20.83(0.0000) 

HHI-market 714.41(0.0000) -16.00(0.0000) -16.52(0.0000) 
20.77(0.0000) 

Number of panels:125 

Number of periods:16 



Ha: At least one panel is stationary 

All four of the tests strongly reject the null hypothesis that all the panels contain unit roots for every variable 

in this model. Choi’s simulation results suggest that the inverse normal Z statistic offers the best trade-off 

between size and power, and he recommends using it in applications (Choi, 2001). It is observed that the 

inverse logit L ∗ test typically agrees with the Z test. Under the null hypothesis, Z has a standard normal 

distribution and L ∗ demonstrated a t-distribution with 5N + 4 degrees of freedom. Low values of Z and L 

∗ cast doubt on the null hypothesis. 

The ADF test for unit root testifies the null hypothesis of unit root existing against the alternative that the 

variables are stationary. Therefore, acceptance of the null hypothesis identifies that the series has a unit 

root. On the contrary, rejection of the null hypothesis implies the series is stationary without unit root. 

After accomplishing the unit root test, we now proceed to panel Granger test,  

Table 1. 12 Granger test outcome 

Causality direction (x to y) W-bar Z-bar Z-bar tilde 

CO2   to GDP 2.9861 15.7018 (p-value = 0.0000) 10.4528  (p-value = 0.0000) 

CO2  to HHI_product 1.9896 7.8238 (p-value = 0.0000) 4.6799  (p-value = 0.0000) 

CO2 to HHI_market 2.6158 12.7738 (p-value = 0.0000) 8.3072  (p-value = 0.0000) 

GDP to  CO2 2.7304 13.6801 (p-value = 0.0000) 8.9713 (p-value = 0.0000) 

HHI_product to CO2 2.0714 8.4702 (p-value = 0.0000) 5.1536 (p-value = 0.0000) 

HHI_market to CO2 2.1470 9.0678 (p-value = 0.0000) 5.5915 (p-value = 0.0000) 

H0: y does not Granger-cause x. 

H1: y does Granger-cause x for at least one panelvar (country) 



 

if P value < Significance level (0.05), then Null hypothesis would be rejected. 

if P value > Significance level (0.05), then Null hypothesis cannot be rejected. 

The above is the outcome of singe lag by default. In this case, the outcome of the test rejects the null 

hypothesis. After trying different lags options, the outcome is similar with the single lag. therefore, y does 

granger cause x at least for one panelvar, which means CO2 and GDP, HHI have granger causality 

relationship.  

 

 

 

 

 

 

 

 

 

 

 

 


