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Abstract 
The relationship between international trade and environment is extremely debatable issue 

since the enhancement in trade openness. Panel of South Asian countries has been used in 

this study over the period of 1980-2016 to examine the impact of international trade on 

environment by decomposition scale, technique, composition and comparative advantage 

effect. Panel ARDL methodology is used to investigate the long run and short run 

relationship between trade and environment. The results suggest that the long run relationship 

exist between international trade and environment, whereas, the short run relation exist in 

scale effect, composition effect and comparative advantage effect. The results provide the 

modern approach to examine the impact of international trade in four sub-dimensions of trade 

openness. Hence, This study allocate more extensive policy mechanism for trade economist 

to improve method of environmentally feasible trade policies and agreements.   
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Chapter 1 

Introduction 

International trade plays a vital role in enhancing the economic activities. It increases the 

income level of a country but at the same time damages the natural environment (Azahar et 

al. 2007). The sharp changes in environmental quality and the global warming forced the 

researchers to explore and determine the relationship between trade and environmental 

quality. Trade liberalization can increase the market share of the country and enhance the 

competition in the market by utilizing the resources properly. On the other hand, the 

supporter of environmental quality argues that the eternal cost for expansion in international 

trade exhausts the natural resources and the natural environment (Ali et al. 2015). 

Accordingly, when country promote dirty industrial goods in order to enhance the trade and 

does not change the technique of production will damage the environment (Ling et al. 2015). 

After 1970s, the effect of environment regulation on trade gained importance especially in 

developed countries (Xu, 2000) and it is observed that environmental policies have strong 

impact on trade (Beers and Bergh, 2003). Harris (2000) pointed out that stern environmental 

regulations reduce international trade and affect the competitiveness, whereas Costantini and 

Crespi (2008) defined that with enforcing environmental regulations, a country become 

technologically innovative which decreases the cost of production. South Asian countries 

created acceptable development on free trade policies and decreases tariff on trade since 1990 

when some of the sectors familiarize with structural reforms. South Asian countries have also 

initiate substantial drive for industrial liberation in extension to other organizational 

improvement. Both the public and private sectors have accepted that strengthened exports are 

necessary for comprehensive economic development (Jabeen, 2011).  

South Asian countries are vulnerable to climate change which also affects the trade 

performance and livelihoods of the member countries. Agriculture production particularly 
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affected in South Asia as major crops production gets affected due to extreme weather 

conditions. The problems can be resolved through better cooperation and adaptation 

strategies. 

International trade has direct1 and indirect effect on the environmental quality. Researchers 

have developed the four main components that indicate the indirect effect of trade on 

environment. Therefore scale, technique, composition and comparative advantage effect 

(Grossman & Krueger, 1991). 

Scale effect occurs when trade enhances with the increase of economic growth in which the 

nature of activity is unchanged but scale is growing. It ultimately results to increase pollution 

and resource depletion along with output. The increasing level of pollution due to increase in 

trade is known as scale effect.  

Composition effect occurs when trade increases in specialized sector and the country has 

comparative advantage in that sector, it represents the difference in the economy’s structure. 

It affects the environmental quality depending on the comparative advantage of the economy 

(Jabeen, 2011). The countries produce surplus commodities in order to exchange 

commodities against other in which the country has no comparative advantage. When trade 

openness promotes specialization at international level, composition effect takes place. Thus, 

economy can move towards the developing stage due to the increase in efficiency and 

economies of scale. When increase in production of export oriented goods, and it creates less 

pollution thus the trade is beneficial for the economy. Furthermore, the trade openness 

spreads the domestic pollution problems in the world from the economy which have 

comparative advantage in production of dirty goods (goods that producing more pollution) to 

the economies which have comparative advantage in producing less pollution. Composition 

effect is also called structural effect (Grossman& Krueger, 1991). 

                                                           
1 Direct effect includes the increase in transportation level due to NAFTA which degrades the environment 
(Gallagar &  Taylor, 2003). 
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Technique effects occurs the adoption to modern technologies which reduces the emission 

per unit output, The production of goods and services by  various methods and various  

contrasts of inputs for manufacturing. If the modern technology produces less pollution while 

manufacturing of goods thus it would be beneficial for the economic development and do not 

degrades the environmental quality furthermore if the technology produces the commodities 

which are toxic for environment creates more pollution in the country thus it has perverse 

impact on the natural environment (Grossman & Krueger, 1991). Some studies explain that 

income and natural environment are positively related, as income derives from international 

trade will increase the demand for environmental quality and enhances the capability of 

government to spend expensive investment for environmental protection (Tayebi & 

Younespour, 2012). The relationship between pollution and income is negative since the 

rising of economic growth give rise to demand for pollution abatement and supply the 

required resources (Jabeen, 2011). 

Comparative advantage occurs when a country produces goods at lower cost; it means that a 

country produces goods relatively cheaper than other country. Comparative advantage raises 

to trade theory by Ricardian and Hecksher-Ohlin Theory of trade, accordingly either 

distinction in the technological use or the various factor of production enables the country to 

produce goods at lower cost. In the presence of strict environmental policies less degradation 

of natural environment would be expected and also lead to increase the cost of production. 

Hence, trade openness transfers the comparative advantage in favour of economy with less 

environmental policies and it specialize in dirty goods industry. 
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1.1 Objectives 

The main objective of the study is: 

• To examine the effect of international trade on environment using Carbon 

dioxide emission by decomposing total effect into scale , technique, 

composition and comparative advantage effect. 

• To find the short and long run relationship between variables by using panel 

ARDL model. 

1.2 Literature gap 

In literature we have found the various studies such as Ling et al.(2015), Kakakhel (2012), 

Jabeen (2011), Loi (2012) Rehman et al.(2007), Halicioglu, and Ketenci (2015), Rehman, 

Ali, A., & Nasir  (2007),  Karsalari et al. (2014),  have studied the effect of international trade 

on 𝐂𝐨𝟐 in case of East Asian countries and south Asian countries. These studies decomposed 

the effect of international trade on pollution emission into three components that is scale 

effect, composition effect and technique effect. The scale effect shows the changes in the size 

of the economic activities, the composition effect represents the changes in the mix of goods 

being produced and the technique effect shows the changes in the technology i.e. mainly 

adoption of cleaner technology (Grossman and Krueger, 1991). Though the studies referred 

above are much comprehensive but do not account for comparative advantage effect in South 

Asian countries. 

Given that now comparative advantage effect on environmental quality depends upon 

combined effect of overall composition of trade of South Asian countries. It is important to 

examine the impact of international trade on environment by decomposing four components: 

scale effect, composition effect, technique effect and comparative advantage effect in case of 

selected South Asian countries including Pakistan, India, Srilanka and Bangladesh. 
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1.3 Significance of the study 

 

In trade-environment nexus the relationship can be examined by decomposing the total effect 

into scale, technique, and composition effect. Therefore this study captures and examines the 

gap that the indirect effect of international trade on environment can be decomposed via total 

effect into scale, technique, composition and comparative advantage effect in case of South 

Asian Countries. Our study will contribute to extensive regulations for trade economist to 

establish healthier projects environmentally strengthen trade policies and regulations, which 

facilitate environmental policy maker in developing countries. 

1.4 Organization of study 

This study is organized into four sections described as follows, Chapter 1 includes 

introduction, Literature gap and research objectives. Chapter 2 contains existing literature 

review regarding trade- environment nexus. Chapter 3 provides the theoretical framework, 

detail information of data source, variable construction and econometric methodology. 

Chapter 4 contains results and discussion and the last Chapter 5 contains the conclusion and 

policy implications. 
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Chapter 2 

Literature Review 

The existing literature review on the impact of international trade on environment provides 

the heterogeneous results as the environmentalists focus on the negative impact of generated 

pollution, whereas the trade supporters show that it has positive effect on environment, hence 

the final result may depends on specifics factors of economy for example the development 

stage of the economy ,the comparative advantage of the country, intensity level of traded 

goods, awareness of environment policies. In early 1971 the literature started publishing work 

by examining the impact of economic growth on natural environment (Ali et al. 2017). 

Temurshoev (2006) finds the correlation between pollution intensity and capital intensity of 

manufacturing is small and raised the ambiguity about presence of factor of endowment.  

Taylor & Copeland (2001) studied the linkage between trade and pollution and found that 

income effect plays vital role to determine the effect of liberalization on environmental 

quality. However, the effect on environmental quality can be different in developing and 

developed countries as Mccarney & Adamowicz (2006) concluded that organic water 

pollutant (BOD) and carbon dioxide 𝐶𝑜2 affect the environmental quality more in developing 

countries as compared with the developed countries. Duy (2012) studied the interrelationship 

between trade liberalization and environmental degradation and found that trade liberalization 

is harmful for environment in developing countries and it needs some efficient environment 

policies to overcome this damage. Low and Yeats (1992), Mani and Wheeler (1998), Dinda 

(2006) investigated that trade liberalization has impact on environment in developing 

countries whereas in developed economies the trade liberalization enhances the 

environmental quality. Moreover Cole (2006) examine that developing countries do not 

implement the rules of World Health Organization (WHO) thus environmental quality is 

affected. According to Takeda and Matsuura (2006) trade affects the environmental quality in 
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East Asian countries from the time duration of 1988-2000. They concluded that 

environmental quality damages when there is export in dirty goods but importing dirty goods 

do not affect environmental quality. 

Dean (2002) examines that the trade liberalization directly effects the natural environment 

and indirectly effects the income growth. Jabeen (2011) studied that net impact of trade 

liberalization policies damages the environmental quality by using 𝐶𝑜2 whereas in case of 

sulphur dioxide the net impact will be beneficial for environmental quality once it is reduced.  

Ali et al. (2017) studied the relationship between trade and environmental quality and 

examined that there is negative impact of trade on environmental quality but at the same time 

the study showed the beneficial impact of trade. On the other hand Rezazadeh et al. (2014) 

found that there is long run positive relationship between international trade and 

environment. 

Country specific studies are also being done in literature as Jha & Rabindran (2004) studied 

the impact of trade liberalization on environment in India. The study concludes that trade 

liberalization enhances economic growth in India but it also affects environmental quality. 

Azhar et al. (2007) studied the environmental effect of trade liberalization in case of Pakistan 

and found that long run trade liberalization has negative impact on environmental quality as it 

increases air and water pollution (BOD).  

Ali et al. (2015) studied the effect of international trade on carbon emission in case of 

Pakistan and concluded that foreign direct investment effects the environment; trade 

liberalization is not as much beneficial for Pakistan’s environment. Pakistan economy 

emphasizes foreign direct investment that effect the technology and it may cause emission of 

carbon dioxide which effects the environment. Halicioglu (2009) examines the causal 

relationship between carbon dioxide, economic growth, energy consumption and trade 

liberalization in case of turkey. He found that international trade increases the carbon dioxide 
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emission, energy consumption and also the other factor that increase carbon dioxide 

emission.  

Environmental cost is major element which cannot be neglected as Gallagher & Taylor 

(2003) examined the economic cost of shipping emission has been increased from $1.1 

billion to $126 million, without proper policies the environmental cost may rises in future. 

However environmental policies also vary across the economics and they exerted significant 

impact on trade (Beers and Berh, 1997).  

Keho (2016) examined the environment degradation has negative and long run effect on 

productivity and human capital, when the economy produces less polluting goods this will 

give rise to sustainable development. 

Some other factors are also analyzed by the studies in their analysis while examining trade 

and environment relationship. As Rehman et al. (2007) pointed that positive relationship 

between trade openness and environmental quality. Mahidi (2013) pointed out that 

comparative advantage in polluted goods can create more pollution while better sustainable 

development can be possible in healthy environment. Zamfir (2014) stressed that proper 

policies can protect the industries by tightening up the emission standard and utilize the 

proper allocation of resources which creates positive impact of trade on environment. Ling et 

al. (2015) founded that scale and comparative advantage have positive effect on 𝐶𝑜2, 

whereas, technique effect, composition effect and trade openness has negative impact on 𝐶𝑜2. 

Moreover a great deal of numerous studies has determined the relationship between 

international trade and environment drawing the work of Tayebi & Younespour (2012) 

studied the impact of inter industry trade on Iran’s environment, panel cointegration has been 

used in this study and finds the positive effect of rising GDP on pollution of the countries. 

Moreover, Iran could not gain benefits from the trade with Middle East and OECD countries 

as Iran has comparative advantage in dirty goods. Zaman (2012) studied the relationship 
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between international trade, environmental quality and economic growth in case of 

Bangladesh. Johansen cointegration has been used to check the interaction between the 

variables. Findings show that speed of adjustment is faster than trade and low for co2 

emission and GDP. They found that current scenario needs to gain attention to lower the 

emission without effecting the trade relations for causing the pollution but focus on the 

growth to enhance the per capita GDP. 

One of the most comprehensive study of Ferrantino and Linkins (1999) that considered two 

trade scenarios, one is trade increasing from Uruguay Round and the other is agreement 

which remove all tariffs of manufacturing sectors and found that trade and environmental 

preservation are complimentary on worldwide scale. 

Antweiler et al. (2001), Liddle (2002) found that trade liberalization creates small change in 

pollution when it changes the composition of output. The trade induced technique effect and 

scale effect may reduce the pollution and concluded that trade liberalization is beneficial for 

environmental quality in developed and under developed economies. Whereas, Kukla-Gryz 

(2009) found that trade liberalization increases the air pollution in developing countries.  

According to Managi et al. (2009) trade liberalization is good for environmental quality by 

decrease the carbon dioxide emission in OECD. But, Iwataa et al. (2012) examines that trade 

liberalization insignificantly effects the carbon dioxide emission in OECD.  

Frankel and Rose (2005) similarly examined the impact of trade openness on natural 

environment is strong when an economy has capital-labour ratio is more than the per capita 

income. They used cross sectional data and evaluated the impact of trade on 𝐶𝑜2 and 

particulate matter, energy consumption, dirty water. They incorporate an interaction term 

between capital and trade openness to check the comparative advantage of capital abundance 

economy in dirty good and finds the mixed results whereas interaction term is insignificant. 

Lucas et al. (1992) examined the impact of trade on toxic intensity output. They conclude 
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that high growth rate of toxic output from trade openness may increase the pollution emission 

in growing economies. A similar study has been carried out by Anderson (1992) on coal 

industry and world food, describing that trade liberalization in food and coal products will 

decrease the global pollution related with these products. Mendez and Gale (1998) investigate 

the relationship between international trade, growth and natural environment and concluded 

that rise in income has harmful effect on natural environment whereas trade has insignificant 

impact on pollution emission. Moreover, Wu et al. (2012) analyzed the impact of countries 

environment on its trade intensity and finds the positive impact on trade between highly rule 

base economies and relation base economies. They concluded that any relation base countries 

have negative impact on trade flows. 

Empirical analysis conducted by Ghana and Lopez (1997) revealed the empirical evidence for 

international trade impacts on the natural environment. They find that impact of international 

trade on biomass reduction is rather significant. Lee and Roland-Holst (1997) investigate the 

linkage between the international trade and natural environment by using general equilibrium 

model for Japan and Indonesia. When Indonesia reduces the nominal tariffs on imports from 

Japan thus it will increase the pollution emission to real output. If the tariff removal policies 

and the effluent taxes are combined then the environmental quality cannot be more depleted. 

Summary of Literature  

The literature of various studies concludes that trade liberalization does not only enhances the 

economic growth of a country but also damages the natural environment. In developing 

countries there is rapid increase in population which leads to increase in demand and it 

enhances the use of energy which can damage the environment, moreover the comparative 

advantage of labour abundant and capital abundant countries can also play vital role in 

affecting the natural environment, there are mixed results for long and short run relationship 
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between trade and environment. Most of the low level income countries should adopt 

environmental policies to protect environmental damages caused due to trade. 
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Chapter 3 

Data and Methodology 

3.1 Introduction  

The objective of this study is to examine the impact of international trade on environment by 

decomposing scale, technique, compositions and comparative advantage effect. In this 

chapter we identify the theoretical framework to practically examine the impact of 

international trade on environment. This chapter also discusses the econometric technique 

which will be use for empirical analysis. This study will use Panel data set over the period 

1980-2016.  

3.2 Theoretical Framework 

The theoretical model which is used in our study is pollution model of Tayebi and 

Younespour (2012). This model allows comparative advantage to be managed by the factors 

like labor and capital, and it is based in Hechscher-Ohlin model which provides precise 

description of impact of trade on environmental quality. 

According to Tayebi and Younespour (2012), a population that lives in small open economy, 

the small economy manufactures two different products, X and Y with two factor of 

production labour (L) and capital (k). Commodity Y is labour intensive and does not generate 

pollution, commodity X is capital intensive and generates pollution as by-product. According 

to constant return of scale manufacturing technique for good X and Y are assumed by unit 

cost function 𝑐𝑥(w,r) and 𝑐𝑦(w,r). Supposing Y be the numeraire, Let 𝑝𝑦 = 1 and shows the 

relative price(p) of commodity X. Production of commodity X by 1 unit will increase the 

pollution by 1 unit, it is known as the initial stage of pollution and denoted by B. 

Manufacturers have access to mitigate technology, however, for an ease we use input as 

commodity X. Given initial stage of pollution B, the decrease in pollution A, shows: 
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Ø𝐴(𝑥𝑎 , 𝑥) hence Ø is the parameter which is influenced by change in technology, 𝑥𝑎 denotes 

the resource allocation to abatement. Emission of pollution represents B-A as: 

                                              𝐸 = [𝑥 − ∅𝐴(𝑥𝑎, 𝑥)]                                                              (3.1) 

Tayebi and Younespour (2012) suppose 𝐴(𝑥𝑎, 𝑥) is linearly consistent, concave and 

increasing in 𝑥𝑎 and 𝑥 , it can be written as 

                                                𝐴(𝑥𝑎, 𝑥) = 𝑥𝑎(𝜃)                                                                 (3.2) 

 Hence θ= 𝑥𝑎/𝑥 is the fraction of X outcome decreases pollution and a(θ) A(θ,1). Tayebi and 

Younespour (2012) suppose without any input there will be no abatement, and pollution 

cannot be fully diminishes in production process as a(0) = 0 and Ø𝑎(1) < 1.this shows the 

abatement cost in rising, from equation (3.1) of  emission of pollution we decode in equation 

(3.2) as: 

                                                 𝐸 = 𝑥[1 − Ø𝑎(𝜃)]                                                               (3.3) 

Now Tayebi and Younespour (2012) stipulate the equilibrium for the manufacturing side of 

economy, so they suppose government impose the taxes on the goods which produces 

pollution (it is endogenous) to overcome pollution: 

                                       Π𝑥 = 𝑝𝑥 − c𝑥(𝑤, 𝑟)𝑥 − 𝜏[1 − Ø𝑎(𝜃)]𝑥 − 𝑝𝜃𝑥                                (3.4) 

Here,  Π𝑥represents the profit, generated by producing the X commodity (𝑝𝑥), less cost of 

production (c𝑥(𝑤, 𝑟)𝑥), tax on pollution (𝜏[1 − Ø𝑎(𝜃)]𝑥), and cost of abatement( 𝑝𝜃𝑥). 

Firms selected the overall output of commodity X and abatement fraction to increase the 

profit, as shown: 

𝑝 = 𝑝(1 − 𝜃) − 𝜏[1 − Ø𝑎(𝜃)] 

Then it turns as: 

Π𝑥 = 𝑝𝑥 − 𝑐𝑥(𝑤, 𝑟)𝑥 

According to constant return to scale, the production level of individual firm is uncertain, so 

the first order condition for θ shows: 
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                                                        𝑝 = ∅𝜏𝑎′(𝜃)                                                                  (3.5) 

It shows the maximum abatement θ* as rising function of τ /p: 

                                                           𝜃∗ = 𝜃(∅
𝜏

𝑝
)                                                                 (3.6) 

Therefore θ is greater than 0, as it is assumed that abatement cost is rising in terms of 

pollution tax with the lack of barriers and firms will enter so that the firms profit is zero, so 

the equation for industry X will be written as: 

                                                         𝑐𝑥(𝑤, 𝑟) = 𝑝                                                             (3.7) 

and the industry Y will be written as: 

                                                         𝑐𝑦(𝑤, 𝑟) = 1                                                                (3.8) 

Therefore, Tayebi and Younespour (2012) suppose that Industry X and Industry Y are active, 

hence w and r from the above equation, are the factor prices as the function of price (p).factor 

price r and w shows the input coefficients for every sector, according to Shepherd Lemma the 

unit of labour L are required for the production of commodity X can be shown as: 

𝑐𝑥𝑤 ≡ 𝜕𝑐𝑥/𝜕𝑤 

In case of full employment it can be written as: 

                                                             𝐿 = 𝑐𝑥𝑤𝑥 + 𝑐𝑦𝑤𝑦                                                  (3.9) 

                                                             𝑘 = 𝑐𝑟
𝑥𝑥 + 𝑐𝑟

𝑦
𝑦                                                      (3.10) 

Consumer maximize his utility assuming pollution as given, for instance consumer make 

preferences on goods and services that are homogeneous and  marginal disutility of pollution 

is invariant, therefore the consumer’s indirect utility function can be written as: 

                                                              𝑉 (𝑃,
𝐺

𝑁
, 𝑍) = 𝑈 (

𝐺

𝑁

𝑃(𝑝)
) − бz                               (3.11) 
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Whereas G/N denotes the per capita income, p represents price, U represents increasing trend, 

б represents the marginal disutility of pollution, and however pollution is treated as harmful 

by-product of production and consumption. The real per capita income can be written as: 𝐼 =

(
G

N

P(P)
) , Then the indirect utility function can be written as: 

                                                                  𝑢(𝐼) − бz                                                          (3.12) 

Government has the authority to impose policy regarding pollution, but it can be change with 

economic growth condition. In our model we predicted the simple model by supposing the 

government impose the pollution tax, this shows that different countries have different 

policies and different government behavior, this pollution tax may effects the economic 

growth condition in an economy, whereas consumer behavior may be same, the optimum 

pollution tax increases the sum of utilities:  

𝑀𝐴𝑋𝜏{𝑁[𝑈(𝐼) − бz]}                                   

This can be shown as:                

                                                             𝜏∗ = 𝑁бλ[p, I]                                                        (3.13) 

as λ = P(p)/u′  , and λ I > 0 thus u is concave. бλ = [p, I], In this regards marginal damage 

per consumer, and hence eq (3.13) represents standard Samuelson rule. So the tax on 

pollution is combine marginal damage of all consumers and thus rises in income because 

natural environment is considered as normal good. 

Scale, technique, composite and comparative advantage effect: 

It is examined that the relationship between environment and economic growth is 

complicated; it is helpful to examine the relationship by decomposing the scale, technique, 

composite and comparative advantage effect. Scale effect of the economic output (S) is 

defined as the value of total output of economy at given price: 

                                                                𝑆 = 𝑃𝑥 + 𝑌                                                         (3.14) 
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Composite effect is defined as the relative supply of X. It can be written as x/y and denoted 

with χ, from the above eq (3.9) and eq (3.10) we extract: 

                                                    
𝑋

𝑌
= 𝐶𝑤

𝑦
𝑘 −

𝐶𝑟
𝑦

𝐶𝑟
𝑥 − 𝐶𝑤

𝑥𝑘 ≡ χ[𝑘, 𝑝]                                   (3.15) 

Whereas 𝑘 represents (K/L) capital labour ratio, χ represents the increasing trend in k and 𝑝, 

thus rise in price will decrease the taxes τ. The output of an economy that changes χ [𝑘, 𝑝]can 

create the composite effect. The pollution tax rely on the size of population, per capita 

income, taste of consumers, then the pollution model can be written as: 

                                    𝐸̂ = 𝑦1𝑆̂ + 𝑦2𝐾̂ − 𝑦3𝐼 − 𝑦4𝑁̂ − 𝑦5б̂ − 𝑦6K. Ô                      (3.16) 

Whereas 𝐸̂ represents pollution, 𝑆̂ represents the scale effect, 𝐾̂ represents capital labour ratio 

which is also known as composition effect. Capital intensive goods generate more pollution. 

The other terms𝐼, 𝑁̂, б̂, shows the effects of changes in the pollution emission and known as 

technique effect. K. Ô represents comparative advantage effect. Government impose strict 

pollution policies when the per capita income rises and it will result in rise in the demand of 

environmental quality εφ,I > 0), increase in the size of population  (N̂ >0)  give rise to impose 

strict policies by government via Samuelson model2. Rise in pollution disutility (б̂ > 0, it may 

rise from the more knowledge about emission of pollution). It results in increase in pollution 

tax and the demand for environmental quality. The last three effects of technique effect in the 

equation depends on ε𝑇 , 𝜏∗ which represents the government response. Pollution emission 

increases due to scale of economy and the production of capital-intensive goods (Tayebi and 

Younespour, 2012). 

The government imposes strict policies when there is rise in per income increases, pollution 

disutility and increase in the size of population in order to overcome pollution. The above 

                                                           
2 Samuelson model explains the relationship between relative prices of output and relative factor rewards 
specifically, real wage and return to capital. 
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equation is not accurate for estimation so that Tayebi and Younespour (2012) add both the 

prices, domestic and fixed in the estimation. To investigate the problems that give rise to 

increase in pollution such as transportation cost or some other factors that acts as hurdle in 

trade. Given the fixed price Pw, the domestic price can be written as: 

𝑝 = 𝛽𝑝𝑤 

Whereas, β represents the measure of trade friction. 

When trade friction and the fixed price changes, then equation can be written as 

p̂ = β̂ + 𝑝𝑤̂ 

Rewrite the emission equation: 

                   𝐸̂ = 𝑦1𝑆̂ + 𝑦2𝐾̂ − 𝑦3𝐼 − 𝑦4𝑁̂ − 𝑦5б̂ − 𝑦6𝐾. 𝑂̂ + 𝑦7𝛽̂ + 𝑦8𝑝𝑤̂           (3.17) 

According to Tayebi and Younespour (2012) Pollution in an economy may be rise because of 

trade friction and world fixed prices. It should not be supposed to examine the trade openness 

related in any organize way to pollution. This shows that value of β rises with trade openness 

for exporting the goods that produces more pollution and the value of β falls when importing 

the goods that are less polluted. Whereas β coefficient is positive, therefore the rise in trade 

allows 𝛽̂ > 0 for economy having comparative advantage in dirty commodity and 𝛽 ̂> 0 for an 

economy having comparative advantage in clean commodity. Tayebi and Younespour (2012) 

recapitulate the results as when an economy has comparative advantage in dirty goods or 

world price(𝑝𝑤̂ > 0), thus the price of pollution intensive commodity increases. By 

assuming the abatement intensity unchanged, the rise in relative price of good X enhances the 

output o X, thus pollution also increases. Given the pollution tax, rise in the price of good X 

increase the abatement cost thus pollution also rises. In opposite case where 𝛽̂ <0 for an 

economy having comparative advantage in clean good or world price (𝑝𝑤̂ < 0), the response 

of an economy toward trade depends on the comparative advantage. This theory explains the 
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technique to determine the composition effect derive by trade openness. Comparative 

advantage is examined by the interaction of factor endowment and distinguishes in pollution 

policies (due to discrepancy in income per capita). Pollution policies are affected by income 

per capita. 

In order to examine the factors that affect the comparative advantage, Tayebi and 

Younespour (2012) interpret them separately. Factor endowment theory assumes that capital 

intensive goods are exported by capital intensive economies. In the above model it is not 

necessary because policies regarding pollution can alter the trade pattern, as capital intensive 

goods has vital role in the comparative advantage in the model. Hence X is capital intensive, 

when there is rise in k, keeping all other factors constant, increases the domestic supply of 

good X and decreases the autarky relative cost of good X. Other things remain constant; 

increases the factor of production used in pollution intensive good will increase the exports of 

the country of pollution intensive goods. Therefore if an economy is capital intensive, it must 

export the capital intensive good. Pollution haven hypothesis is the another theory of trade, 

according to this theory poor countries produce dirty goods and they have comparative 

advantage in dirty goods due to poor pollution policies, whereas rich countries have 

comparative advantage in clean goods and they have tight pollution policies. This shows that 

when country have same factor of production but different in real per capita income so there 

must be tight pollution policies in rich countries this will results in comparative advantage in 

clean good. In opposite case when country has different factor of production then there would 

be weak result. When country is rich, keeping other things constant, thus it must produce and 

export clean good. According to the autarky, the price of polluted goods increases with the 

real per capita income when we control the overabundance of relative factor. Therefore high 

income countries have the comparative advantage in clean goods furthermore it can be 

examined that when a country is rich, it exports clean (labour intensive) goods. 
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It has been shown that trade has an impact on the natural environment that changes with the 

comparative advantage of an economy. When we compare the economies that have identical 

per capita income and scale, we believe to find that trade openness related with greater 

pollution in economy with a comparative advantage in producing polluted goods and lower 

pollution in economy related with the clean goods. This measurement states that depending 

on country characteristics it is necessary when to separate composition effect from trade. As 

comparative advantage is determine by the complicated interaction of per income difference 

and factor abundance, these outcomes show that when a country is rich than the impureness 

motive for trade exceeds the factor endowment and thus the country will export the clean 

goods. Likewise, when a country is capital intensive than factor endowment for international 

trade will exceeds the pollution haven motive and thus the country exports dirty good. This 

theory is possibly weak because it does not explain either rich or capital abundant , but it 

explains that these concepts functions for the whole distribution of both real per capita 

income and factor abundant in the world (Tayebi and Younespour, 2012). 

3.3 Econometric Model 

In the light of above discussion, following model from equation (3.17) has been proposed: 

E = f(S, T. E, K, O, K. O, FDI, N) 

We have transformed all the variables into their natural logarithms following (Hui Ling et al. 

2015). The regression equation can be written as:  

𝑙𝑛𝐸𝑖𝑡 = γ
0 

+ γ
1

𝑙𝑛𝑆𝑖𝑡 + γ
2

 𝑙𝑛𝑇. 𝐸𝑖𝑡 + γ
3

𝑙𝑛𝐾𝑖𝑡 + γ
4

lnK𝑖𝑡. O𝑖𝑡 + γ
5

𝑙𝑛𝑂𝑖𝑡 + γ
6

𝑙𝑛𝐹𝐷𝐼 𝑖𝑡  +

γ
7

𝑙𝑛𝑁𝑖𝑡 + U𝑖𝑡                                                                                            (3.18) 

 

Here, E represents carbon dioxide emission, S is the scale effect, T.E denotes Technique 

effect, K denotes composition effect, K.O represents the comparative advantage effect, O 

represents Trade openness. We have included some other control variable from the existing 
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literature in above model such as Population density (N), and Foreign Direct Investment 

(FDI). The data collected for our study from World Development Indicator (WDI) and 

International Monitory fund (IMF). Panel ARDL is used to check the relationship between 

International trade and environment. 

3.4 Panel unit root 

Panel Auto regressive distributed model (ARDL) is used to examine the long run relationship 

between variables. ARDL cointegration is applicable only when the regressors are mixture of 

I(0) , I(1). Panel Unit root test is therefore, required to confirm the absence of I(2) variable 

otherwise in the presence of I(2) variable, the critical values of ARDL bond test are no more 

applicable. In this study we applied commonly used Panel unit root test proposed by Levin, 

Lin & Chu (2002) and Im, Pesaran and Shin (2003). Levin, Lin & Chu (LLC) is mostly used 

on pooled data and solving the problem of sereal correlation by predicting heterogeneity 

among the units in panel series, whereas Im, Pesaran and Shin(IPS) is obtained by averaging 

the  ADF statistics of each country in Panel . The auxiliary regression for panel unit root test 

of LLC follows the given equation: 

                                                  yit = ρ
i
yi,t−1 + zit

′ γ + uit                i = 1, … N; t = 1, T  (3.19)  

 

Whereas, zit is the deterministic part including intercept and trend. uit are the residual and 

according to LLC test the residuals are identical and independently distributed with the mean 

zero and varianceσu
2 . The parameter ρ

i
 indicates the existence or absence of unit root for all 

the values of i. When there is unit root in all the series of panel data, its null hypothesis can 

be constructed as Ho : ρ = 1, and the alternative hypothesis is H1 :ρ < 1, reveals that there is 

no unit root. 
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The LLC supports the heterogeneity in intercept term, whereas, IPS supports the 

heterogeneity in both intercept and slope for cross sectional countries. The auxiliary equation 

of IPS for unit root test can be written as: 

                                           yit = ρ
i
yi,t−1 + ∑ ∅ij

ρi
j=1 ∆yi,t−j + zit

′ γ + εit                            (3.20) 

When all the series in panel data have unit root, the null hypothesis can be constructed as 

Ho: ρ
i

= 1 and alternative hypothesis is H1: ρ
i

< 1 , shows that series have no unit root. It 

introduces the substitute tests that rely on averages of individual unit root test. 

The IPS test is similar to the unit root test for all the series in cross sections. When N → ∞ 

and T → ∞, thus t-test for IPS is: 

                                        tIPS =
√N(

−

t −
1

N
E[tiTǀ𝜌𝑖=1]

√
1

N
var[tiTǀ𝜌𝑖=1]

                                             (3.21) 

3.5 Panel ARDL Cointegration 

The ARDL technique for cointegration analysis in the single equation model suggested by 

Pesaran et al. (1997) and Pesaran et al. (2004), it deals with two steps for estimating the long 

run relationship. Firstly, it examines the existence of long run relationship (cointegration) 

between variables. If there is long run cointegration among variables, the next step is to 

investigate the long run coefficient through ARDL results. 

According to Pesaran et al. (1999), Panel ARDL is the intermediate technique that enables 

the short run parameters to be distinguished among groups while applying equality on the 

coefficients of long run relationship among countries. The pooled mean group (PMG) has 

been proposed by Pesaran et al. (1999) in panel ARDL approach, it is best substitute to other 

estimations in panel data such as Dynamic OLS (DOLS) and Fully Modified OLS (FMOLS).  

The benefit of PMG is that, it can enable the dynamic of short run specification that vary 

from country to country by constructing the same coefficients of long run. Contrary, the 
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DOLS and FMOLS, the PMG estimator emphasize the adjustment dynamic among the long 

run and short run relationship. The purpose of supposing the short run dynamic and the error 

variance should be identical trend to be less compelling. While not applying the equality of 

short run slope coefficients enables the dynamic specification to be vary across countries. 

Therefore, the long-term relationship among international trade and environment is expected 

to be the same across countries but the short run coefficients are predicted to be country 

specific. 

In panel ARDL the long run relationship among variables can be describe through standard 

log-linear function of ARDL-UECM model. 

∆𝑙𝑛𝐸𝑖𝑡 =  𝛿0 + 𝛿1𝑙𝑛𝐸𝑖𝑡−1 +  𝛿2𝑙𝑛𝑆𝑖𝑡−1 + 𝛿3𝑙𝑛𝑇. 𝐸𝑖𝑡−1   +  𝛿4𝑙𝑛𝐾𝑖𝑡−1 +  𝛿5𝑙𝑛𝑂𝑖𝑡−1

+  𝛾6𝑙𝑛𝑘𝑖𝑡−1. 𝑂𝑖𝑡−1 +  𝛾7𝑙𝑛𝐹𝐷𝑙𝑖𝑡−1 +  𝛾8𝑙𝑛𝑁𝑖𝑡−1 + ∑ 𝛾1∆𝑙𝑛𝐸𝑖𝑡−𝑙

𝑛1

𝑙=1

+  ∑ 𝛾2∆𝑙𝑛𝑆𝑖𝑡−𝑙

𝑛2

𝑙=0
+  ∑ 𝛾3∆𝑙𝑛𝑇. 𝐸𝑖𝑡−𝑙

𝑛3

𝑙=0
 + ∑ 𝛾4∆𝑙𝑛𝐾𝑖𝑡−𝑙

𝑛4

𝑙=0

+  ∑ 𝛾5∆𝑙𝑛𝑂𝑖𝑡−𝑙

𝑛5

𝑙=0
+  ∑ 𝛾6∆𝑙𝑛𝐾𝑖𝑡−𝑙. 𝑂𝑖𝑡−𝑙

𝑛6

𝑙=0
+ ∑ 𝛾7∆𝑙𝑛𝐹𝐷𝑙𝑖𝑡−𝑙

𝑛7

𝑙=0

+  ∑ 𝛾8∆𝑙𝑛𝑁𝑖𝑡−𝑙

𝑛8

𝑙=0
+ 𝑣𝑖𝑡 

                                                                                                                               (3.22) 

Hence 𝑖 = 1, … . 𝑁 represents the units of cross section, 𝑡 = 1, … 𝑇 denotes the time span, 𝛿0 

denotes the specific group intercept.  The null hypothesis from the above equation is 𝐻𝑜: 𝛿𝑖 = 0, 

means there is no cointegration between variables and the alternative hypothesis 𝐻𝑜: 𝛿𝑖 ≠ 0, 

means there is cointegration between variable. When we have large value F-statistics thus we 

reject the null hypothesis in case of individual country analysis. When null hypothesis is rejected, 

means that there is cointegration. The long run relationship among the variables can be written 

as: 
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𝑙𝑛𝐸𝑖𝑡 =  Ø𝑖 + ∑ 𝛾1𝑙𝑛𝐸𝑖𝑡−𝑙

𝑛1

𝑙=1
+ ∑ 𝛾2𝑙𝑛𝑆𝑖𝑡−𝑙

𝑛2

𝑙=0
+  ∑ 𝛾3𝑙𝑛𝑇. 𝐸𝑖𝑡−𝑙

𝑛3

𝑙=0
 + ∑ 𝛾4𝑙𝑛𝐾𝑖𝑡−𝑙

𝑛4

𝑙=0

+  ∑ 𝛾5𝑙𝑛𝑂𝑖𝑡−𝑙

𝑛5

𝑙=0
+  ∑ 𝛾6𝑙𝑛𝐾𝑖𝑡−𝑙. 𝑂𝑖𝑡−1

𝑛6

𝑙=0
+  ∑ 𝛾7𝑙𝑛𝐹𝐷𝑙𝑖𝑡−𝑙

𝑛7

𝑙=0

+  ∑ 𝛾8𝑙𝑛𝑁𝑖𝑡−𝑙

𝑛8

𝑙=0
+ 𝑣𝑖𝑡 

 (3.23)      

 

The PMG approach imposes the assumption that the coefficient in the long run relationship 

are same for all the countries whereas the coefficient in short run varies. Likewise the 

hypothesis of cointegration is related with the specified assumption of PMG. Moreover the 

Error Correction Term (ECT) is derived consequently from the given the long run 

relationship of the variables and the error correction model is used to examine the short run 

relationship among the variables. It can be written as:  

                                                                            

∆𝑙𝑛𝐸𝑖𝑡 =  Ø𝑖 + ∑ 𝛾1𝑙∆𝑙𝑛𝐸𝑖𝑡−𝑙

𝑛1

𝑙=1
+  ∑ 𝛾2𝑙∆𝑙𝑛𝑆𝑖𝑡−𝑙

𝑛2

𝑙=0
+  ∑ 𝛾3𝑙∆𝑙𝑛𝑇. 𝐸𝑖𝑡−𝑙

𝑛3

𝑙=0
 

+ ∑ 𝛾4𝑙∆𝑙𝑛𝐾𝑖𝑡−𝑙

𝑛4

𝑙=0
+  ∑ 𝛾5𝑙∆𝑙𝑛𝑂𝑖𝑡−𝑙

𝑛5

𝑙=0
+  ∑ 𝛾6𝑙∆𝑙𝑛𝐾𝑖𝑡−𝑙. 𝑂𝑖𝑡−𝑙

𝑛6

𝑙=0

+  ∑ 𝛾7𝑙∆𝑙𝑛𝐹𝐷𝑙𝑖𝑡−𝑙

𝑛7

𝑙=0
+  ∑ 𝛾8𝑙∆𝑙𝑛𝑁𝑖𝑡−𝑙

𝑛8

𝑙=0
+ 𝜑𝐸𝐶𝑇𝑡−𝑙 + 𝑣𝑖𝑡 

 (3.24) 

The coefficient of Error Correction Term (ECT) should have negative sign for the existence 

of cointegration. If the magnitude of ECT lies between 0 and 1, indicates the convergence 

toward the Long run equilibrium path which disturb due to the last period shocks. The 

parameter 𝜑 represents the speed of adjustment towards equilibrium. It tells how fast the 

variable converged towards the mean position and its value must be significant statistically 

and coefficient should have negative sign. This parameter of ECT is taken from PMG 
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approach. Whereas the residual term 𝑣𝑖𝑡 is independently and normally distributed with mean 

zero and variance constant. Furthermore PMG is the mediate method including both the 

averaging and pooling, it allows the long run coefficient that is same for all the countries 

awhile short run coefficient are different for each countries.   

3.6 Data description and data source 

To analyze the impact of international trade on environment by decomposing scale, 

composition, technique, and comparative advantage effect, other components that increase 

Co2 emission are: Population density, trade openness, and foreign direct investment. Panel 

data set has been used for selected South Asian countries in our study from the time duration 

1980-2016.  

We have collected 37 years data of Carbon dioxide emission E, real GDP, real GNP, trade 

openness, capital-labor ratio (K/L), Gross fixed capital formation is used as a proxy for 

capital and total labor force is used for labor, FDI, Population density, Area per square km, 

from the time duration 1980 to 2016 for country Pakistan, India, Bangladesh, Sri lanka. The 

data collected for our study from the website of World development indicator and the 

variables used in our study are explained below: 

Table 3.1:  Description of Variables: 

Variable name Proxy Description Unit 

Environmental 

degradation 

 (E) Emission of carbon dioxide  Metric ton 

per capita 

Scale effect S Real GDP per square kilometer is proxy for 

scale effect 

US$ 

Technique effect TE We observe the scale of economy within the 

country i-e GDP whereas the income related to 

technique effect indicate the income of a nation 

wherever it is attained i-e GNP. Hence we can 

US$ 
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use the difference between GDP and GNP 

measure to distinct technique effect from scale 

effect. The income variable It is the lag of three 

year average of yt=GDP-GNP per capita . three 

year moving average is taken to smooth the 

business cycle variation. For year t, that is  It =

(yt + yt + yt)/3, it captures technique effect. 

Composite effect 

(capital/labour 

ratio) 

K Capital-labor (K/L) ratio is composite effect. 

(Gross fixed capital formation is used as a 

proxy for capital and total labor force is used 

for labor). 

 

 

__ 

Comparative 

advantage effect. 

KO Capital-Labor ratio and trade openness is 

comparative advantage effect. When there is 

reduction in trade barrier, the developed 

economies having tight environmental policies 

exchange the dirty goods to the developing 

economies with having not severe 

environmental policies, thus the production of 

these goods enhances pollution in the 

developing economies.  

 

 

 

 

__ 

Foreign direct 

investment 

FDI Foreign Direct Investment relative to GDP. Net 

inflows, 

percentage 

to GDP 

Population density N Population density Per square 

km of land 

area 

Trade openness 

effect 

(export+import) 

O Real trade openness (export + import) is trade 

effect relative to GDP. 

 

Percentage 

to GDP 
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3.7 Descriptive statistics 

Table 3.2 represents statistical statistics of the data. The central values of the data set are 

mean and median. The mean value of E for selected South Asian countries is -0.725 

respectively whereas mean value of scale effect, Technique effect, trade openness effect, 

population density, comparative advantage effect , composition effect and foreign direct 

investment for selected South Asian countries are -6.056, 6.754, 3.569, 5.863, -11.227, -

14.625 and -0.934 respectively. The Median values of E, scale effect. Technique effect, trade 

openness effect, population density, comparative advantage effect, composition effect and 

foreign direct investment for selected South Asian countries are -0.557, -6.199, 6.712, 3.564, 

5.729, -11.364, -14.574 and -0.370 respectively. E, Scale effect, Technique effect, Trade 

openness effect, Population density, Comparative advantage effect, Composition effect seems 

normally distributed, because the mean and median values are approximately same. 

Moreover, table 3.2 represents maximum values of South Asian countries that is largest value 

in the data set whereas minimum represents the smallest values in data set for the variables of 

South Asian countries. Standard deviation indicates the spread of data from its central value. 

E, Scale effect, Technique effect, Trade openness effect, Population density, Comparative 

advantage effect, Composition effect and foreign direct investment are scattered 0.707, 1.766, 

0.546, 0.499, 0.657, 1.790, 1.392 and 1.718 standard units from the mean values. Skewness 

shows the symmetry position of the data and it should be close to zero. E, Scale effect, 

technique effect, trade openness effect, population density, comparative advantage effect and 

composition effect have almost zero skewness, while, foreign direct investment is negatively 

skewed. Kurtosis measures the peak of the data set. The value of kurtosis must lies around 3, 

except scale effect, composition effect and foreign direct investment. All the remaining 

variables have kurtosis close to 3. 
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Table 3.2:  Descriptive statistics 

Variables/ 

Des-stats LNE LNS LNTE LNO LNN LNKO LNK LNFDI 

 Mean -0.725 -6.056  6.754  3.569  5.863 -11.227 -14.625 -0.934 

 Median -0.557 -6.199  6.712  3.564  5.729 -11.364 -14.574 -0.370 

 Maximum  0.548 -2.812  8.176  4.485  7.132 -8.006 -12.351  1.299 

 Minimum -2.373 -8.939  5.864  2.514  4.618 -14.212 -16.755 -7.057 

 Std. Dev.  0.707  1.766  0.546  0.499  0.657  1.790  1.392  1.718 

 Skewness -0.533  0.164  0.505 -0.106  0.422  0.189  0.089 -1.394 

 Kurtosis  2.531  1.947  2.824  2.271  2.365  2.089  1.958 

  

4.286 
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Chapter 4 

Results and Discussion 

4.1 Introduction 

This chapter includes the empirical results of impact of trade on environment by using macro 

Panel approach. The first step is to check the stationarity of data by applying Im, Pesaran and 

Shin (2003) and Levin, Lin and Chu (2002) Panel unit root test. If all the variables are 

integrated at different order, we use Panel ARDL cointgration approach. The next step is to 

choose the appropriate lag length of the explanatory variables. Akaike Information Criterion 

(AIC) has been used for optimal lag length in long run coefficient of Panel ARDL (1, 2, 2, 2, 

2, 2, 2, 2) Model. This lag length seems optimal in macro Panel approach. Expected signs and 

significance of parameters are correlated with the existing literature. This study deals with the 

macro panel, thus in the first step panel unit root should be analyzed. 

4.2 Panel unit root 

The absence of I(2) variable is confirmed by using Im, Pesaran and Shin IPS test (2003) and 

Levin, Lin and Chu t* LLC test (2002). From the given table 4.1, it can be observed that the 

null hypothesis of panel unit root can be rejected at level for foreign direct investment 

whereas other variables such as carbon dioxide mission (E), scale effect (S), technique effect 

(TE), composition effect (K), comparative advantage effect (K.O) and trade openness effect 

(O) are stationary at the first difference. So the data set comprises of mixture of I(1) and I(0) 

and there is no I(2) variable thus Panel ARDL cointegration technique is used. 
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Table 4.1  Results of Panel unit root test with individual intercept and trend 

Variable Im, Pesaran and Shin (2003) 

 

Levin, Lin & Chu 

t*a(2002) 

Order of 

Integration 

I(0)/I(1) At Level At First 

Difference 

At Level At First 

Difference 

 

E 

 

 0.794 
 

  

0.001* 

 

 0.756 
 

  

0.009* 

 

I(1) 

 

S 

 

 0.975 
 

 

0.000* 

 

0.518 
 

  

0.010*** 

 

I(1) 

 

TE 

 

0.992 
 

 

0.000* 

 

0.373 
 

 

0.037*** 

 

I(1) 

 

K 

 

0.690 
 

  

0.000* 

 

0.619 
 

  

0.032*** 

 

I(1) 

 

K.O 

 

0.780 
 

 

0.000* 

 

 0.991 
 

 

0.014*** 

 

I(1) 

 

FDI 

  

0.004* 

 

0.000 

  

0.032*** 

 

0.000 

 

I(0) 

 

N 

 

0.001* 

 

0.000 

 

0.000* 

 

0.000 

 

I(0) 

 

O 

 

0.889 
 

 

0.000* 

 

0.993 
 

 

0.009* 

 

I(1) 
Note:* and  *** indicate the significance at 1% and 5% level. 

4.3 Panel ARDL and PMG results 

Table 4.2 shows the long run results of ARDL. Based on Akaike Information Criterion (AIC) 

findings confirm that scale effect has significant and positive relation with pollution emission 

whereas technique effect has significant and negative relationship with pollution. The result 

reveals that while acquiring the economies of scale, 1% increase in scale effect will increase 

Carbon dioxide emission by 2.48%. When there is shift in economic transitions due to change 

in technology, the positive effect change into the negative effect, where 1% increase in 

technology will decrease the pollution emission by 2.29%. The results suggest that increase 

in the economic activity will increase the pollution emission and it can be overcome through 

income effect encourage modern technology to decrease pollution emission. The results are 

closer to Grossman (1991), Dinda (2005) and Copeland and Tylor (1994). Population density 

has significantly positive relation with pollution. Comparative advantage has positive and 

significant relation with the pollution emission, 1% increase in comparative advantage effect 
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will increase emission by 0.99%. The result suggests that comparative advantage affects the 

environmental quality, because of lacking technical competitiveness in directed markets due 

to outward shift of human capital and physical capital. Foreign direct investment has 

significantly positive relationship with pollution emission, 1% increase in FDI will increase 

pollution emission by 0.02%. When net inflow in the economy increases it will also increase 

the pollution emission. These results are similar to Copeland and Taylor (1994) and He 

(2006). Composition effect has significantly negative relation with carbon dioxide emission. 

If we increase composition effect by 1%, it will decrease pollution emission by 0.80%. The 

result suggests that change in composition effect by using less capital abundant goods in the 

existence of technique effect decreases the pollution emission. These findings are consistent 

with Tsurumi and Managi (2010). Trade openness has significantly negative relation with 

carbon dioxide emission, 1% increase in trade openness will decrease pollution emission by 

0.97%. Trade openness sufficiently supports change in technology, capital formation and 

economic development in South Asian countries. The long run policies are required to 

enhance the trade volume to enhance environmental quality. The results are similar to Ling 

(2015). Parenthesis represents the optimal lags in the model 

Table 4.2:  Long run coefficients of Panel ARDL model  

Dependent variable: carbon dioxide emission (E) 

Variables Coefficient t-statistics 

LNS 
2.487 2.901 

LNTE 
-2.294 -2.861 

LNN 
1.170 7.483 

LNKO 
0.993 8.240 

LNK 
-0.802 -5.076 

LNFDI 
0.020 3.118 

LNO 
-0.974 -9.094 

Note: All the variables are significant at 5% level of significant in long run relationship. 
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Table 4.3: Short run results for overall panel 

Dependent variable: E 

Variables Coefficient t-statistics 

ECM -0.525 -3.014 

D(LNS) -1.988 -3.276* 

D(LNS(-1)) -0.611 -0.582 

D(LNTE) 0.556 0.456 

D(LNTE(-1)) 0.414 3.242* 

D(LNN) -33.415 -0.951 

D(LNN(-1)) 24.255 0.746 

D(LNKO) -0.659 -3.127* 

D(LNKO(-1)) -0.595 -1.584 

D(LNK) 0.924 -3.727* 

D(LNK(-1)) 0.729 1.970** 

D(LNFDI) 0.004 0.260 

D(LNFDI(-1)) -0.003 -0.383 

D(LNO) 0.775 2.802* 

D(LNO(-1)) 0.580 1.509 

C 14.925 2.621 
                            Note:* and ** indicate the significance at 1% and 5% level. 

 

The above table 4.3 shows the short run relationship between the variables. Result shows that 

current scale effect has significant and negative relation with the carbon dioxide emission, If 

we increase 1% in scale effect, it will decrease the carbon dioxide emission by 1.98%, it 

shows that increase in economic activity will not degrades the natural environment in short 

run, whereas the scale effect of the previous year has insignificant relation with carbon 

dioxide emission. Technique effect of the current year has insignificant relation with carbon 

dioxide emission, whereas, the technique effect of the previous year has significantly positive 

relation with carbon dioxide, when we increase 1% in technique effect of the previous year, it 

will increase carbon dioxide by 0.41%. The results suggest that technological change 

enhances the pollution emission in short run. Population density has insignificant relation 
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with carbon dioxide emission. Comparative advantage effect of the current year has 

significant and negative relation with carbon dioxide emission, if we increase 1% in 

comparative advantage, it will decrease carbon dioxide emission by 0.65%, it shows that 

comparative advantage in clean goods may not affect the natural environment, whereas the 

comparative advantage of the previous year has insignificant relation with carbon dioxide 

emission. Composition effect of the current year and previous year has significantly positive 

relation with carbon dioxide, if we increase 1% in composition effect, it will increase carbon 

dioxide emission by 0.92 and if we increase 1% in composition effect of previous year, it 

increased carbon dioxide emission by 0.72%. The results explain that adoption of more 

capital abundant means of production in the absence of modern technologies may enhances 

the pollution emission. These results are similar to Cole (2006). Foreign direct investment has 

insignificant relation with carbon dioxide in short run. Trade openness of the current year has 

significantly positive relation with carbon dioxide emission, when there is 1% increase in 

Trade openness, it will increase carbon dioxide by 0.77%, the short run results reveal that 

trade openness do not supports the change in technology and capital formation, the trade 

policies in the short run enhances the trade volume may increases the pollution emission. 

These results are similar to Shahbaz et al. (2013) for Malaysia and Bangladesh, whereas trade 

openness for the previous year has insignificant relation with carbon dioxide. Furthermore the 

coefficient of Error Correction Term ECM is -0.525, that shows the adjustment speed 

towards equilibrium and it has negative sign and significant at 5% level. Therefore the 

coefficient of ECM ascertained the adjustment speed is low, thus after a shock in economy, 

the adjustment speed that shows the deviation from long run equilibrium to short run is 

corrected by 52%.  
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4.4 Country wise short run results 

The short run results of panel ARDL cointegration for each country are presented below: 

4.4.1 Short run results for Pakistan 

Table 4.4 indicates the short run relationship between the variables in case of Pakistan. Result 

shows that scale effect of the current year and previous year has negative and significant 

relation with the carbon dioxide emission, If we increase 1% in scale effect of current year, it 

will decrease the carbon dioxide emission by 0.92%, if scale effect of previous year   

increased by 1%, it will decrease the carbon dioxide emission by 2.03%, it shows that 

increase in economic activity does not degrades the natural environment in case of Pakistan. 

Technique effect of current and previous year has significant and positive relationship with 

carbon dioxide emission, when we increase 1% in technique effect of the current year it will 

increase carbon dioxide by 1.68%, if we increase 1% in technique effect of previous year, it 

will increase carbon dioxide emission by 0.45%. The results suggest that technological 

change enhances the pollution emission in short run in case of Pakistan. These results are 

contradict to  Ling (2015), who finds that scale effect has positive and technique effect has 

negative relation with pollution emission. Population density has insignificant relation with 

carbon dioxide emission. Comparative advantage of current year and the previous year has 

significant and negative relationship with carbon dioxide emission. If comparative advantage 

of the current year is increased by 1%, it will decrease carbon dioxide emission by 0.41% and 

when the comparative advantage of the previous year is increase by 1%, it will decrease 

carbon dioxide emission by 0.33%, it shows that comparative advantage may not affect the 

natural environment, due to inward shift of human capital and physical. Composition effect 

of current and previous year has significant and positive relationship with carbon dioxide 

emission. If we increase composition effect by 1%, it will increase carbon dioxide emission 

by 0.50% and when we increase 1% in the previous year composition effect, it will increase 
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carbon dioxide emission by 0.34%. The result explains that adoption of more capital 

abundant means of production in the absence of modern technologies may enhances the 

pollution emission. These results are similar to Cole (2006). Foreign direct investment of the 

current year has significant and negative relationship with carbon dioxide emission. If we 

increase FDI by 1%, it will decrease carbon dioxide emission by 0.003%, it shows that 

increase in the inflows in economy, it may reduces the economic activity in  home country 

thus pollution emission is reduced, Whereas FDI of the previous year has significantly 

positive relationship with the carbon dioxide. When there is increase 1% in FDI, it will 

increase carbon dioxide emission by 0.01%. When net inflow in the economy increases it will 

also increase the pollution emission due to poor institutional functions in Pakistan, for 

making strict environmental policies. These results are similar to Duy (2012). Trade openness 

has significantly positive relation with carbon dioxide emission at, when there is 1% increase 

in trade openness of current year, it will increase carbon dioxide by 0.43%, if there is increase 

in trade openness for the previous year, it will increase carbon dioxide by 0.34%. The short 

run results for Pakistan reveal that trade openness do not supports the change in technology 

and capital formation, the trade policies in the short run enhances the trade volume may 

increases the pollution emission. These results are similar to Shahbaz et al. (2013). 

Furthermore the coefficient of Error Correction Term ECM is -0.588, it shows adjustment 

speed towards equilibrium and it has negative sign and significant at 5% level. Therefore the 

coefficient of ECM ascertained the adjustment speed is low, thus after a shock in economy, 

the adjustment speed that shows the deviation from long run equilibrium to short run is 

corrected by 58%.  
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Table 4.4: short run results for Pakistan 

Variables Coefficient t-statistics 

ECM -0.588 -20.052 

D(LNS) -0.924 -3.392** 

D(LNS(-1)) -2.037 -6.421* 

D(LNTE) 1.689 9.626* 

D(LNTE(-1)) 0.458 11.364* 

D(LNN) 32.604 0.1182 

D(LNN(-1)) -12.852 -0.066 

D(LNKO) -0.4141 -29.037* 

D(LNKO(-1)) -0.339 -63.375* 

D(LNK) 0.508 26.483* 

D(LNK(-1)) 0.345 31.898* 

D(LNFDI) -0.003 -31.783* 

D(LNFDI(-1)) 0.013 142.315* 

D(LNO) 0.434 26.051* 

D(LNO(-1)) 0.348 45.800* 

C 16.572 0.707 
                     Note:* and ** indicate the significance at 1% and 5% level. 

Summary of results: 

The overall results for short run relationship between international trade and environmental 

quality pointed out the negative relation between scale effect and carbon dioxide, 

comparative advantage effect and carbon dioxide emission, our short run results for Pakistan 

also shows the same negative relationship. Literature pointed the positive relation between 

technique effect and carbon dioxide, composition effect and carbon dioxide, trade openness 

and carbon dioxide, our results also confirm the same positive relation.  

4.4.2 Short run results for India 

Table 4.5 indicates the short run relationship between the variables in case of India. Result 

shows that scale effect of the current year has negative and significant relation with carbon 

dioxide emission, if we increase scale effect by 1%, it will decrease carbon dioxide emission 

by 1.99%, the results shows that increase in economic activity do not detoriates the natural 
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environment, Whereas, scale effect of the previous year has insignificant relationship with 

carbon dioxide emission. Technique effect of the current year has insignificant relationship 

with carbon dioxide emission, whereas, in previous year it has significantly positive 

relationship with carbon dioxide emission, if we increase technique effect by 1%, it will 

increase carbon dioxide emission by 0.09%. The results suggest that technological change 

enhances the pollution emission in short run in case of India. These results are contrast to Hui 

Ling (2015). Population density has insignificant relationship with carbon dioxide emission. 

Comparative advantage of current year and the previous year has significant and negative 

relationship with carbon dioxide emission. If comparative advantage of the current year is 

increased by 1% it will decrease carbon dioxide emission by 0.06% and when the 

comparative advantage of the previous year is increase by 1%, it will decrease carbon dioxide 

emission by 0.19%.These result explains that comparative advantage may not affect the 

natural environment, due to inward shift of human capital and physical in India.  Composition 

effect of current year has statistically significant and positive relationship with carbon dioxide 

emission. If we increase composition effect by 1%, it will increase carbon dioxide emission 

by 0.48%. The result suggested that adoption of capital abundant means of production in the 

absence of modern technologies may enhance the pollution emission. These results are 

related to Cole (2006), whereas, composition effect of the previous year has insignificant 

relationship with carbon dioxide emission. Foreign direct investment of current year and 

previous year has significant and negative relationship with carbon dioxide emission. If we 

increase FDI by 1%, it will decrease carbon dioxide emission by 0.01%, whereas in previous 

year, if there is increase 1% in FDI, it will decrease carbon dioxide emission by 0.005%. The 

results suggested that increase in the inflows in economy, it may reduces the economic 

activity in home country thus pollution emission is reduced. Trade openness has significantly 

positive relation with carbon dioxide emission, when there is 1% increase in trade openness 
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of current year, it will increase carbon dioxide by 0.71%, if there is increase in trade openness 

for the previous year, it will increase carbon dioxide by 0.34%. The findings reveals that 

trade openness do not supports the change in technology and capital formation, the trade 

policies in the short run enhances the trade volume may increases the pollution emission in 

India. These results are similar to Shahbaz et al. (2013). Furthermore the coefficient of Error 

Correction Term ECM is -0.892, it shows adjustment speed towards equilibrium and it has 

negative sign and significant at 5% level. Therefore the coefficient of ECM ascertained the 

adjustment speed is low, thus after a shock in economy, the adjustment speed that shows the 

deviation from long run equilibrium to short run is corrected by 89%.  

Table 4.5: Short run results for India 

Variables Coefficient t-statistics 

ECM -0.892 -47.648 

D(LNS) -1.990 -2.701*** 

D(LNS(-1)) -2.775 -0.531 

D(LNTE) 3.360 0.629 

D(LNTE(-1)) 0.097 2.588*** 

D(LNN) -115.592 -0.065 

D(LNN(-1)) 10.345 0.060 

D(LNKO) -0.669 -22.012* 

D(LNKO(-1)) -0.191 -12.958* 

D(LNK) 0.489 12.362* 

D(LNK(-1)) -0.008 -0.411 

D(LNFDI) -0.0178 -601.959* 

D(LNFDI(-1)) -0.005 -153.176* 

D(LNO) 0.715 19.311* 

D(LNO(-1)) 0.349 12.643* 

C 28.963 0.224 
                            Note:* and *** indicate the significance at 1% and 10% level. 
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Summary of results: 

The overall results for short run relationship between international trade and environmental 

quality pointed out the negative relation between scale effect and carbon dioxide, 

comparative advantage effect and carbon dioxide emission, our short run results for India also 

shows the same negative relationship. Literature pointed the positive relation between 

technique effect and carbon dioxide, composition effect and carbon dioxide, trade openness 

and carbon dioxide, our results also confirm the same positive relation.  

4.4.3 Short run results for Srilanka 

Table 4.6 indicates the short run relationship between the variables in case of Sri Lanka. 

Result shows that scale effect of the current year has negative and significant relation with 

carbon dioxide emission at, if we increase scale effect by 1%, it will decrease carbon dioxide 

emission by 1.35%, findings confirms that increase in economies of scale do not detoriates 

the natural environment, whereas, scale effect of the previous year has insignificant 

relationship with carbon dioxide emission. Technique effect of the current year has 

insignificant relationship with carbon dioxide emission whereas, in previous year it has 

significantly positive relationship with carbon dioxide emission at, if we increase technique 

effect by 1%, it will increase carbon dioxide emission by 0.71%. Findings explain that 

change in technological process may decrease the pollution emission in case of Srilanka. 

Population density has insignificant relationship with carbon dioxide emission.    

Comparative advantage of current year and the previous year has significant and negative 

relationship with carbon dioxide emission. If comparative advantage of the current year is 

increased by 1% it will decrease carbon dioxide emission by 1.24 % and when the 

comparative advantage of the previous year is increase by 1%, it will decrease carbon dioxide 

emission by 1.71 %. Result explains that comparative advantage may not affect the natural 

environment, due to inward shift of human capital and physical in Srilanka. Composition 
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effect of current year and previous year has statistically significant and positive relationship 

with carbon dioxide emission. If we increase composition effect of current year by 1%, it will 

increase carbon dioxide emission by 1.43 %. When we increase 1% in the previous year 

composition effect, it will increase carbon dioxide emission by 1.69%. Findings suggested 

that adoption of capital abundant means of production in the absence of modern technologies 

may enhance the pollution emission. Foreign direct investment of current and previous year 

has significantly positive relationship with carbon dioxide emission. If we increase FDI of 

current year by 1%, it will increase carbon dioxide emission by 0.05%, whereas in previous 

year, if there is increase 1% in FDI, it will increase carbon dioxide emission by 0.004%. The 

result explains that when net inflow in the economy increases it will also increase the 

pollution emission. Trade openness has significantly positive relation with carbon dioxide 

emission, when there is 1% increase in trade openness of current year, it will increase carbon 

dioxide by 1.57%, if there is increase in trade openness for the previous year, it will increase 

carbon dioxide by 1.69 %. The trade regulations in the short run enhances the trade volume 

may increases the pollution emission in Srilanka. Moreover, the coefficient of Error 

Correction Term ECM is -0.051, it shows adjustment speed towards equilibrium and it has 

negative sign and significant at 5% level. Therefore the coefficient of ECM ascertained the 

adjustment speed is low, thus after a shock in economy, the adjustment speed that shows the 

deviation from long run equilibrium to short run is corrected by 5%. 
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Table 4.6: Short run results for Srilanka 

Variables Coefficient t-statistics 

ECM -0.051 -10.624 

D(LNS) -1.352 -2.013** 

D(LNS(-1)) 1.049 0.367 

D(LNTE) -2.098 -0.683 

D(LNTE(-1)) 0.718 1.988* 

D(LNN) -67.567 -0.106 

D(LNN(-1)) 50.501 0.071 

D(LNKO) -1.247 -3.561** 

D(LNKO(-1)) -1.715 -5.869* 

D(LNK) 1.434 5.890* 

D(LNK(-1)) 1.693 7.223* 

D(LNFDI) 0.050 83.965* 

D(LNFDI(-1)) 0.004 7.866* 

D(LNO) 1.574 3.201** 

D(LNO(-1)) 1.695 4.454** 

C 1.326 0.544 
                     Note:* and ** indicate the significance at 1% and 5% level. 

Summary of results: 

The overall results for short run relationship between international trade and environmental 

quality pointed out the negative relation between scale effect and carbon dioxide, 

comparative advantage effect and carbon dioxide emission, our short run results for Srilanka 

also shows the same negative relationship. Literature also pointed the positive relation 

between composition effect and carbon dioxide, trade openness and carbon dioxide, our 

results also confirm the same positive relation. As far as relationship between technique 

effect and carbon dioxide is concerned, literature shows positive relation between the 

international trade and environmental quality but our results shows that technique effect is 

negatively affects carbon dioxide in the current year.  
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4.4.4 Short run results for Bangladesh 

Table 4.7 indicates the short run relationship between the variables in case of Bangladesh. 

Result shows that scale effect of the current year and previous year has insignificant relation 

with carbon dioxide emission. Technique effect of the current year and previous year has 

insignificant relationship with carbon dioxide emission. Population density has insignificant 

relationship with carbon dioxide emission. Comparative advantage of current year and the 

previous year has significant and negative relationship with carbon dioxide emission. If 

comparative advantage of the current year is increased by 1% it will decrease carbon dioxide 

emission by 0.30 % and when the comparative advantage of the previous year is increase by 

1%, it will decrease carbon dioxide emission by 0.13 %. Result explains that comparative 

advantage in Bangladesh may not affect the natural environment, due to inward shift of 

human capital and physical. Composition effect of current year and previous year has 

statistically significant and positive relationship with carbon dioxide emission at. If we 

increase composition effect of current year by 1%, it will increase carbon dioxide emission 

by 1.26 %. When we increase 1% in the previous year composition effect, it will increase 

carbon dioxide emission by 0.88 %. Findings confirmed that adoption of capital abundant 

means of production in the absence of modern technologies may enhance the pollution 

emission.  Foreign direct investment of current and previous year has significant and negative   

relationship with carbon dioxide emission. If we increase FDI of current year by 1%, it will 

decrease carbon dioxide emission by 0.01%, whereas in previous year, if there is increase 1% 

in FDI, it will decrease carbon dioxide emission by 0.02%. Findings suggested that increase 

in the inflows in Bangladesh economy, may reduce the economic activity thus pollution 

emission is reduced. Trade openness of current year has significantly positive relation with 

carbon dioxide emission, when there is 1% increase in trade openness of current year, it will 

increase carbon dioxide by 0.37 %,  results explains that trade regulations in the short run 
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enhances the trade volume that may increases the pollution emission , whereas   trade 

openness in  previous year has significant and negative relationship with carbon dioxide 

emission, when we increase trade openness by 1%  it will decrease carbon dioxide by 0.07 %. 

Trade openness sufficiently supports change in technology, capital formation and economic 

development in Bangladesh. The long run policies are required to enhance the trade volume 

to enhance environmental quality.  Furthermore the coefficient of Error Correction Term 

ECM is -0.569, it shows adjustment speed towards equilibrium and it has negative sign and 

significant at 5% level. Therefore the coefficient of ECM ascertained the adjustment speed is 

low, thus after a shock in economy, the adjustment speed that shows the deviation from long 

run equilibrium to short run is corrected by 56%. 

Table 4.7: Short run results for Bangladesh 

Variables Coefficient t-statistics 

ECM -0.569 -38.577 

D(LNS) -3.686 -1.563 

D(LNS(-1)) 1.319 0.244 

D(LNTE) -0.728 -0.215 

D(LNTE(-1)) 0.383 0.564 

D(LNN) 16.891 0.061 

D(LNN(-1)) -42.969 -0.115 

D(LNKO) -0.303 -15.547* 

D(LNKO(-1)) -0.135 -11.647* 

D(LNK) 1.262 5.596** 

D(LNK(-1)) 0.889 4.588** 

D(LNFDI) -0.013 -192.86* 

D(LNFDI(-1)) -0.025 -324.463* 

D(LNO) 0.376 17.775* 

D(LNO(-1)) -0.070 -5.277** 

C 12.836  0.329 
                           Note:* and ** indicate the significance at 1% and 5% level 
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Summary of results: 

The overall results for short run relationship between international trade and environmental 

quality pointed out the negative relation between scale effect and carbon dioxide, 

comparative advantage effect and carbon dioxide emission, our short run results for 

Bangladesh also shows the same negative relationship. Literature also pointed the positive 

relation between composition effect and carbon dioxide, trade openness and carbon dioxide, 

our results also confirm the same positive relation. As far as relationship between technique 

effect and carbon dioxide is concerned, literature shows positive relation between the 

international trade an environmental quality but our results shows that technique effect is 

negatively affects carbon dioxide in the current year, whereas it has same positive 

relationship in the previous year.  

4.5 Comparative analysis of South Asian countries 

 

The scale effect has negative relationship with carbon dioxide in case of all selected South 

Asian countries; Pakistan, India, Srilanka and Bangladesh. When scale is increased, the 

pollution generated from that production, do not damages the environmental quality. It will 

be beneficial for the economy. 

Technique effect has positive relationship with carbon dioxide emission in  Pakistan and 

India as when modern technology is used and it  produces the commodities which are toxic 

for environment creates more pollution in the country thus it has perverse impact on the 

natural environment. Moreover, there is negative relationship in case of Srilanka and 

Bangladesh as the modern technology produces less pollution while manufacturing of goods 

thus it would be beneficial for the economic development and do not degrades the 

environmental quality. 
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Composition effect has positive relationship with carbon dioxide emission in case of all 

selected South Asian countries; Pakistan, India, Srilanka and Bangladesh. This shows that 

adoption of capital abundant means of production in the absence of modern methods may 

enhances the carbon dioxide emission. 

Comparative advantage effect has negative relationship with carbon dioxide emission in case 

of all selected South Asian countries including; Pakistan, India, Srilanka and Bangladesh. It 

shows that comparative advantage may not affect the environmental quality due to inward 

shift of human and physical capital. 

The results indicate that selected South Asian countries are developing countries so there 

short run results are much related to each other.  
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Chapter 5 

Conclusion and Policy Implication 

5.1 Conclusion 

The purpose of this study is to examine the effect of international trade on natural 

environment in selected South Asian Countries: Pakistan, India, Srilanka and bangladesh 

over the time period from 1980 to 2016. This study focused in the first step on theoretical 

framework and later on development of trade and environment nexus that explains the 

decomposition of the international trade impact on pollution emission by decomposing scale, 

composition, technique effect and comparative advantage effect. The theoretical model which 

is used in the study is pollution model of Anthonyn, Copeland & Taylor (1994). 

The panel ARDL results evaluated that international trade significantly impacts the 

environmental quality in the long run. The scale effect increases the carbon dioxide emission 

but the technique effect reduces the carbon dioxide emission. The composition effect lowers 

the carbon dioxide emission but the comparative advantage adds in carbon dioxide emission. 

The coefficient of variables in short run of overall panel data set is negative and the error 

correction term is statistically significant. ECT determines the adjustment speed that shows 

the deviation from long run equilibrium to short run is corrected by 52%. In short run results 

for overall panel reveals that scale effect reduces the carbon dioxide emission whereas 

technique effect increases the carbon dioxide emission. The composition effect decreases the 

carbon dioxide emission but comparative advantage effect adds in carbon dioxide emission. 

The country wise short run results are much related to each other as scale effect decreases the 

carbon dioxide emission in all the selected South Asian countries; Pakistan, India, Srilanka 

and Bangladesh but the technique effect increases the carbon dioxide emission in Pakistan 

and India whereas technique effect reduces carbon dioxide emission in Srilanka and 

Bangladesh. The composition effect adds in the carbon dioxide emission in all selected South 
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Asian countries whereas comparative advantage effect reduces the carbon dioxide emission 

in all selected South Asian countries. The selected South Asian countries have approximate 

same results because all selected countries are developing countries.  

5.2 Policies implications  

This study provides the useful intuitions relating to international trade-environment nexus. 

The estimated model determines some policy applicability for policy makers. 

In context of policy implications, the findings of this study suggest that environmental quality 

lost due to technique effect and composition effect in South Asian countries. However, the 

policy makers should focus on such policies which promote the use of environmental friendly 

technologies and efficient use of natural resources in the production; on both the effect, 

composition and technique effect have better consequence on carbon dioxide emission. 

The other channel shows the negative and favorable impact of trade on environmental quality 

comprises of scale effect and comparative advantage effect. This points out the issues, such 

as significance and constructive role of acknowledgment as well as economical and 

governance in boosting the environmental quality. Such features are required to be developed 

through policy formulations. 
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