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Abstract
As globalization becomes an important aspect of economic development, countries with accelerated growths in dirty industries are viewed as contributing to the deterioration of environmental problems such as global warming, deforestation and resource depletion. Globalization, it is argued, leads to the expansion of pollution-intensive production which causes harm to the environment. 

In the post-1991 period, with the adoption of trade liberalization measures India’s merchandised trade has expanded considerably. One of the important factors of such commendable growth in foreign trade during reform period is the significant expansion in India’s Intra-industry Trade (IIT). Given this circumstance it is an important task to find out whether such rapid growth in IIT has any detrimental effect on environment. With this purpose the current paper separately measures the shares pollution content of India’s ‘inter-industry trade’ and ‘intra-industry trade (IIT), which may provide an insight about the impact of IIT on environment. In this regard, the measure of pollution terms of trade (PTOT, the ratio of pollution content of export to that of import) estimated by using the tools of the Input-Output framework will be an attempt to fortify this issue. The paper covers the period from 1998-99 to 2012-13 and focuses on India’s IIT with its two important trade partners, such as the USA and the EU(27).

Applying the Grubel-Lloyd index the paper first measures the shares of IIT in India’s total trade with the USA and the EU(27), which is further disaggregated to find out the shares of the two forms of the IIT, that is, the Vertical IIT and the Horizontal IIT. The paper observes that the levels of IIT between India and its trade partners have expanded to a large extent, where the shares of the Vertical IIT are dominant over those of the Horizontal IIT.

While examining the pollution intensity involved in such rapidly growing IIT, the current paper finds that India’s export in IIT with the USA and the EU(27) are highly pollution intensive (the value of PTOT is greater than one). The PTOT results provide stronger evidence on the pollution haven effect.
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1. Introduction
A unique feature of present economic globalization is production fragmentation, or outsourcing. Fragmentation occurs when the production of a final good requires multiple stages. The increased importance of fragmentation in world trade has created an interest among trade economists to explain the determinants of trade in intermediate goods. Evidence suggests that a considerable amount of trade in intermediate goods between advanced nations is intra-industry trade. Intra industry trade is defined in the theoretical literature as the simultaneous export and import of product which are close substitutes in production and consumption. According to traditional trade theory, differences in factor endowments across countries determine the areas of comparative advantage which forms the basis of inter-industry trade while intra-industry trade is the result of gains through economies of scale from product differentiation (Krugman and Obstfeld, 2000). 

The New Trade Theory argues that intra-industry trade(IIT) is based on firm specialization in varieties of differentiated products produced using similar technologies and thereby assumes that a substantial proportion of goods trade may involve no net factor trade at all. In other words, endowment has no role to play in explaining the intra-industry trade. However, recently researchers have challenged this proposition and shown that intra-industry trade also involves significant net trade of factors if we relax the assumption of similar technologies (Davis and Weinstein 2001; Cabral et al., 2006). Huffbauer and Chilas (1974) stated "GATT negotiations very much favor intra-industry trade over inter-industry specialization. It is easier to secure one industry's consent for lower trade barriers if that same industry stands to gain from reciprocal concessions. Thus GATT concessions typically favor intra-industry specialization."

There are two possibilities that lead to intra-industry trade in intermediate goods. The first is vertical specialization. Researchers have argued that IIT could have factor content if varieties are vertically differentiated. Vertical IIT is likely to be driven by differences in factor endowments. Vertical intra-industry trade in intermediate goods is consistent with the traditional Hecksher-Ohlin model. Firms engage in trade in intermediate goods since each component production requires different factor intensities and thereby firms are expected to exploit the factor cost differences across countries. Consequently, we expect vertical IIT to be more pronounced between developing and developed economies. However, developing economies rarely possess the technology to produce commodities that belong to the same statistical categories as the commodities exported by the developed economies. Studies have also raised the issue that FDI is a determinant of vertical IIT.

There is also horizontal intra-industry trade in intermediate goods. Countries may export and import technologically unrelated differentiated intermediate goods because of product differentiation and increasing returns to scale. Intermediate goods may have different characteristics or technological specifications but they are basically the same in terms of quality, costs, and techniques employed in the production. Horizontal intra-industry trade in intermediate goods is then defined as trade in technologically unrelated inputs.

Thus, we have two models, one in which the relative factor proportions, and another in which economies of scale and product differentiation seeking to explain the extent of intra-industry trade in intermediate goods.

The IIT literature began in 1960. Verdoon (1960) reported on intra-block transactions in the Benelux region of Europe. Balassa (1966) defined intra-industry trade as the inter-country exchange of commodities belonging to the same industry, observing a less disruptive effect in factor income distribution in adjustment to changes in intra-industry trade vs. adjustment to inter-industry trade. Balassa pointed out that most of growth in manufacturing followed the theoretical models of IIT were synthesized in Helpman and Krugman’s model, which is a Chamberlin-Heckscher-Ohlin model. This is a model that combines monopolistic competition with the Heckscher-Ohlin theory, incorporating factor endowments’ differences, horizontal product differentiation and increasing returns to scale. After a decade, Grubel and Lloyd (1975), identified product differentiation as the underlying factor resulting in intra-industry trade, and proposing that economies of scale, location theory, and monopolistic competition were the most important concepts in developing a model of intra-industry trade. They developed a formulation for an intra-industry trade index (IIT), also known as the Grubel-Lloyd index, to measure the degree of intra-industry trade of a country or between two countries. Krugman (1979) developed a Chamberlinian monopolistic competition market model showing how increasing returns to scale results in intra-industry trade of differentiated products between countries with identical characteristics. Hypotheses drawn from Feenstra and Hanson (1997) are put forward to investigate the intra-industry trade in intermediates between the US and other selected OECD countries for the period of 1990-1996. 

 Most of the studies on intra-industry trade (IIT) focused on vertical IIT, i.e. intra-industry trade where goods are differentiated by quality.  As Falvey (1981) pointed out in his seminal theoretical paper, commodities of the same statistical group but of different quality may be produced using different mixes of factor inputs. Moreover, developed economies may export physical and human capital-intensive products of high-quality and import unskilled labor-intensive products of low-quality from developing economies. Through this mechanism, an increase in vertical IIT may have a large impact on factor demands and factor prices (Fukao et al.2003). Fontagn´e et al. (2006) show that most IIT is still in bilateral trade between OECD country pairs and most of this is in vertical IIT. Moreover, with the globalization of economic activity that has taken place in the 1990s, this has been the main driver of increased IIT. Interestingly, they also show, however, that the emergence of transition economies in Europe and post-liberalization growth of developing countries’ trade has provided a stimulus to inter-industry trade. Eshleman, and Kotcherlakota (2010) analyzes the degree of intra-industry trade between India and its largest trading partner, the European Union, over a 9-year period from 2000 to 2008. Utilizing the Grubel-Lloyd method they found a relatively high degree of intra-industry trade between India and the EU, especially in more capital intensive industries, but no significant trend toward increased or decreased intra-industry trade overall was found over the study period.

Some empirical work on IIT was the conflation of both horizontal and vertical IIT into a single measure. Azhar and Elliott (2006) offer a methodological innovation call the ‘product quality space’. This is a geometric tool using a modified Grubel–Lloyd index to map horizontal and vertical IIT. Cabral et al. (2006) draw upon micro level Portuguese and UK data to calculate factor requirement and conduct their analysis on UK bilateral trade with a sample of 38 high income, middle income and developing countries. The finding shows that vertical IIT involves more net factor exchange than horizontal IIT. Among other things these findings suggest that the smooth adjustment hypothesis may be more applicable to horizontal than vertical IIT and that the relative wage effects of trade may have been underestimated.

One of the most robust empirical findings in the literature on intra-industry trade (IIT) is that measures of intra-industry trade relative to inter-industry trade decline steeply with the distance between trading partners. Veneable et al. (2003) finds that this effect is present, but is quantitatively dominated by spatial variation of within-industry IIT. Around 60% of 3-digit industries have IIT measures declining significantly with distance. However, this within-industry variation can be almost entirely accounted for by country characteristics; controlling for these, only 14% of industries have IIT falling significantly with distance. These country characteristics are, in turn, spatially correlated. Closer countries tend to have more similar structures of underlying export supply and import demand and, as a consequence, IIT tends to be relatively high between close countries.  There are number of papers on trade cost and intra-industry trade. Br¨ulhart et al. (2006) use data on individual workers to estimate the impact of IIT on both the ‘sectoral distance’ and ‘occupational distance’ which a worker moves when trade expands, conditioning for a range of other industrial and worker characteristics. Migration and intra industry trade area is growing.  Blanes and Mart´ın-Montaner (2006) show that the presence of immigrants stimulates IIT, increasing both imports and exports. Bergstrand and Egger (2006) build explicit transport costs into a Helpman– Krugman IIT model and generate a number of testable hypotheses about the relationship between trade costs and both the volume and share of IIT. They implement their model on cross-sections of bilateral trade flows across 31 countries for the period 1990–2000. They find strong support for a negative relationship between trade costs and the share of IIT. They also show that differences in trade costs between homogeneous and differentiated goods affect the Grubel–Lloyd index and that the effects are sensitive to relative factor endowment differences.

The relationship between the growth of IIT and adjustment to trade expansion has been a close one from the very earliest work on IIT. Cabral and Silva (2006) implement their new measure taking advantage of a matched employer-employee data set in Portugal. They estimate a fixed-effects model linking their adjustment cost variable with changes in intra-industry trade, controlling for other factors. Their results clearly point to lower adjustment costs being associated with IIT expansion than with inter-industry trade expansion. 

From the above literature it is clear that countries that engage in international trade expand their potential beyond domestic borders to reach a global and richer market. Globalisation results in a more efficient allocation of resources across countries and generates important welfare effects, including higher productivity and efficiency, increased average incomes and wages, greater competition, lower prices and increased product variety and quality (OECD 2010). At the same time, the process of globalisation also raises concerns in many countries. As globalization becomes an important aspect of economic development, countries with accelerated growths in dirty industries are viewed as contributing to the deterioration of environmental problems such as global warming, deforestation and resource depletion. Globalization, it is argued, leads to the expansion of pollution-intensive production which causes harm to the environment. 
The question that remains is if production is pollution intensive, does international trade necessarily lead to detrimental effects on the environment? There is large number of studies done in this area. From the seminal work by Grossman and Krueger (1991) to Antweiler et al. (2001), the answer to the question of whether trade is good or bad for the environment remains elusive. Thus far, empirical findings provide mix evidence, and in many cases depend on the nature of pollutants being studied (Shafik 1994; Harbaugh et al. 2002; Antweiler et al. 2001; Cole and Elliot 2003; Broda and Weinstein 2006; Mukhopadhyay and Chakraborty 2005; 2006; Dietzenbacher and Mukhopadhyay 2007; Mukhopadhyay 2006; 2008).

The majority of empirical studies investigating the impact of trade on the environment are based on the traditional theory of trade i.e. inter industry trade. On the other hand, international trade theory suggests that trade may be driven by not only factors that lead to comparative advantage but also by preferences for variety in goods and scale economies in production. Hence it is expected that environmental impact of “new”, intra-industry trade, will be distinct from the environmental impact of inter-industry trade.
There are hardly few studies based on “new” trade theory that investigate the environment-trade relationships (Gurtzgen and Rauscher 2000; Aralus and Hoehn 2010; Cole and Elliot 2006; Cole et al.(2010). Gurtzgen and Rauscher (2000) discuss effects of domestic environmental policy on foreign emissions and on transboundary pollution using a Dixit-Stiglitz type model of monopolistic competition with an endogenous number of ﬁrms. Production generates environmental externalities which spill over to the other country. It is shown that environmental policy has an impact on market structure at home and abroad. These market structure effects induce changes in emissions abroad. Finally it derives conditions for optimal environmental policies are derived. Aralus and Hoehn (2010) develop a model of pollution based on the neo-Chamberlinian-Krugman type model of monopolistic competition and trade. They estimated the environmental impact of trade in differentiated goods can be explicitly decomposed into scale, technique and selection effects. They test it for countries that engage in both intra- and inter-industry trade using pollution data for SOx, NOx and VOC from countries in the OECD, for the years 1995-2004. Cole et al. (2010) showed environmental and industrial regulations to be statistically significant determinants of Japanese net imports from the rest of the world, from the non-OECD countries and from China. They also found the magnitude of the impact of regulations on trade flows to be greatest on trade flows with the developing world. Using agglomeration economies and transport costs to capture an industry's immobility, they found that the greater the level of immobility within an industry the smaller the effect of regulations on net imports. Finally, they found that the impact of regulations on net imports is greater the higher the average regulation costs are within the industry. Letio et al. (2011) have used simple econometric model to analyse United States environmental impact due to agricultural Intra-industry trade. They found a negative correlation between carbon dioxide emissions and intra industry trade.

None of the studies so far have used Input-output framework to estimate the impact of intra-industry trade on GHG emissions.  This paper aims to fill the gap in the literature by measuring the environmental impact of intra industry trade in India.  It will also estimate the pollution embodied in inter-industry trade.  Further, the study will compare whether Intra-Industry trade is good for the environment compared to inter industry trade in India.
In India the adoption of trade liberalisation measures in 1991 has led to a significant expansion of IIT (Veeramani, 2001). Also, the increased levels of IIT are largely export-led, that is, caused by a faster growth of exports than of imports. In the past, the import substitution policy of the Government did not provide much scope for IIT since competing imports were prohibited (Veeramani, 2003). In this background, it is worth to investigate the trade patterns of India how far away from traditional Inter industry trade after reforms. At the same time it is an important issue to investigate whether trade liberalization creates a negative externality for environmental processes.  More specifically, the study examines the impact of India’s growing IIT on the environment. With the process of globalization and fragmentation, multinational companies relocate to other markets, where environmental rules are more flexible. According to this assumption, the developing countries specialize in pollution intensive industries and the developed countries in less polluting industries. In this context, the study also evaluates the pollution haven effect
 for India’s trade. 
While studying the growing importance of the IIT in India’s trade and its environmental impact, the present paper has considered the country’s bilateral trade with its two traditional trade partners, namely, the United States of America (USA), and the European Union [EU(27)]. In 2010-11, the USA and the EU(27) accounted for almost 15.6% and 30.7% (share of export and import) of India’s total trade respectively. Thus, India’s trade with these two developed trade partners remains more or less significant over the years. The pollution indicator considered in the study is CO2. Finally, the study covers the period 1998-99 to 2012-13, measuring the share of IIT and its CO2 for three years, that is 1998-99, 2007-08 and 2012-13. The plan of the paper is as follows: In section 2, we calibrate the model based on Input-Output framework. Results and discussion in the context of the model is discussed in section 3. Section 4 presents our conclusions with few suggestions. 

2. Methodology
The methodology of the study is based on the Input-Output framework of Leontief (1951). The basic equation of the Input-Output model can be represented as,

      X = A X + Y ……………....................(i)

 Or, X = (I – A) – 1 Y……………................ (ia)

where X and Y are the vectors of total output and total final demand respectively. A is the input-output coefficient matrix showing direct requirements of intermediate goods per unit of output whereas (I – A) –1 is the Leontief inverse matrix giving direct and indirect requirements of intermediate goods per unit of output. Let us now formulate the trade model. 
2.1 Trade model

The final demand vector Y can be decomposed into domestic demand (Yd) vector and net exports vector (Ye –Ym), so 
Y= Yd + Ye –Ym     ……………(ii)

Further, separating the export vector (Ye) as export in inter-industry (Yeinter) and export in intra-industry (Yeintra), we get,

Ye = Yeinter + Yeintra                        ..........................(iia)

In the similar fashion the import vector (Ym) can be written as, 

Ym = Yminter + Ymintra                  ..........................(iib)

Where Yminter and Ymintra denote the import in inter-industry and import in intra-industry respectively.
i.e. (Ye-Ym) = (Yeinter – Yminter) + (Yeintra – Ymintra) 
Regarding the volume of IIT in total trade (i.e. decomposition of the total trade into inter-industry trade and intra-industry trade, there are several measures appeared since the decade of 1960s (for example, Verdoorn, 1960; Balassa, 1966) but none of them could go beyond a preparatory study. The work of Grubel and Lloyd (1971, 1975) has been the pioneering study concerning the measurement of IIT. We would now present the method proposed by Grubel and Lloyd (1971, 1975) in separating inter-industry and intra-industry trade, which is applied in the current study.

 The Grubel and Lloyd index which shows the share of IIT in total trade of say, qth industry is as follows,

Iq = [ {(eq  + mq) – I eq  - mq I}  / (eq  + mq) ] * 100                   …………...(iii)

Where Iq = index of IIT of the qth industry, eq = export of the qth industry and mq = import of the qth industry. The numerator of the above ratio shows the difference between total trade (i.e. eq + mq) and the absolute value of the net trade (i.e. I eq - mq I) for qth industry which is nothing but the total volume of IIT (which includes both export and import in IIT) of that industry. Thus, the index Iq reflects the share of IIT of industry q in its total trade. The value of Iq ranges from 0 to 100. When there is no IIT, Iq takes the value 0 whereas if the entire trade is of the intra-industry kind then Iq will be equal to 100.  For measuring the share of IIT in a country’s total trade, the weighted average of Iq is used i.e. 

         t

GLI = Σ  Iqwq                                                                                                                          ………….(iv)

        q = 1

Where wq is a relative share of the total trade of each industry in the total trade of all industries and t is the total number of industries. The economy-wide measure of the level of the IIT i.e. the GL Index (GLI) for the entire economy is, thus, measured as, 

 t



    t

GLI = [  Σ { (eq  + mq) – I eq  - mq  I } / Σ (eq  + mq) ] * 100
                            ………. (v)


q = 1



   q = 1


    
As mentioned above, IIT is defined as the two-way matched trade where the value of export is exactly equal to the imports. The numerator of the ratio given in equation (v) shows the total volume of IIT of industry q which includes both exports and imports. So, with an aim to measure the pollution content involved in IIT, we require to measure separately the export in IIT and import in IIT for each industry q which is obtained by applying the following equation, 

Yq eintra  =  Y q mintra = [ {(eq  + mq) – I eq  - mq I}] / 2 ...........................................(vi)
The IIT can be decomposed into horizontally differentiated goods (Horizontal IIT, HIIT) and vertically differentiated goods (Vertical IIT, VIIT).  There are several different methods for measuring quality differences in trade in order to assess the relative importance of horizontal and vertical IIT. The most important of them was the one proposed by the Abd-el Rahman (1991) which was further developed by Greenaway, Hine and Milner (1994, 1995), famously known as unit value dispersion method. Abd-el-Rahman’s methodology of using relative unit values of exports and imports in disentangling horizontal IIT (HIIT) from vertical IIT (VIIT) have been utilized by Greenaway et al. to construct a measure of horizontal and vertical IIT. For this purpose, they divided the IIT calculated at 5- digit SITC level into horizontal and vertical components using relative UVs of exports and imports. They defined HIIT as the simultaneous export and import of a 5 digit SITC product where the UV of export relative to UV of import lies within a range of + 15 percent (or + 25 percent ) and defined IIT as vertical if relative UVs lie outside this range.
More Formally, letting UVmq denote the unit values of imports at the 5-digit level (q) and UVeq denote the unit value of exports at the 5-digit level, horizontally differentiated products are taken to be those that satisfy
                                  1-α ≤ UVe q / UVmq  ≤ 1+ α ...................................................(vii)
and vertically differentiated products are taken to be those that satisfy
                         UVe q / UVmq  < 1- α or UVe q / UVmq  > 1+ α...................................(viii)
where the dispersion factor  α may taken to be 0.15 or 0.25.
Vertically IIT are further subdivided as low quality vertical IIT (LVIIT) (if relative unit values of exports to imports is less than 1 - α) and high quality vertical IIT (HVIIT) (if relative unit values of exports to imports is greater than 1 + α ). In this paper the IIT between India and its trade partners are divided into HIIT and VIIT using 5-digit level trade data and considering the dispersion factor α to be 0.15.
Let us now establish a link between trade and environment by developing the pollution emission model in the following manner.

2.2 Emission model
The total amount of an emission from fossil fuel combustion can be calculated as a function of the output of industries [using equation (ia)],
Fp = CX = C (I – A) -1 Y                                                           ……………(ix)

Here Fp is a scalar giving the total quantity of an emission from fossil fuel combustion. The emissions in this study are carbon dioxide defined as pollution type p. In equation (ix) C carries only direct and C (I – A)-1gives the direct as well as indirect generation of pollution from industries.

Now considering only the net export vector (Ye –Ym) and further decomposing it into inter-industry and intra-industry trade, equation (ix) can be rewritten as,
Fp = C (I – A) -1 [ (Yeinter – Yminter) + (Yeintra – Ymintra)]           .....................(x)
The aim of the present study is to measure the pollution embodied in intra-industry trade. This exercise is done by assuming different technologies and different levels of generation of pollution across the world.  In fact, IIT implies two-way matched trade where the value of exports is exactly equal to the value of imports. So, in order to measure the pollution content of exports and imports it is necessary to assume different technologies. The pollution content of country i’s IIT exports to country j is measured as,

Fp i (export to j) = Ci (I – Ai) -1  Yieintra                                                     ...........................(xi)
and the pollution content of country i’s IIT imports sourced from country j is estimated by the following way,
Fp i (import from j) = Cj (I – Aj) -1  Yimintra                                                                 ..........................(xii)

Equations (xi) and (xii) are scalar, giving different pollution content of exports and imports. An index measure known as the pollution terms of trade (PTOT) involved in country i’s IIT with partner j can be derived by equations (xi) and (xii) as,

PTOTp = Fp i (export to j) / Fp i (import from j) =  [Ci (I – Ai) -1  Yieintra ] / [Cj (I – Aj) -1  Yimintra] 

……………(xiii)

This measure (equation xiii) of pollution terms of trade indicates the ratio of the pollution content of 1 unit of exports in IIT relative to the pollution content of 1 unit of imports in IIT. A country gains environmentally from trade in relative terms whenever its imported goods have higher pollution content than its exported goods. When the pollution terms of trade are greater (smaller) than 1, then a particular country’s exports contain more (less) pollution than it is receiving through imports. 

Let us now discuss the results of the study.

3. Results and Discussions
The section begins with the discussion on the share of Intra industry trade (IIT) in India’s total trade with each of the trade partners considered in the study for the years 1998-99, 2007-08 and 2013-14. The environmental impact of this form of India’s trade with different partners during the reform period will be analyzed in the following sub-section.
3.1 Share of India’s IIT in total trade

The share of IIT in India’s total trade with the two trade partners, EU(27) and the USA measured by the Grubel-Lloyd index (GLI) (equation v) are shown in Table 1. The table also reports the share of inter-industry trade in total trade.
India’s total trade with the USA has increased over the years and the volume of IIT has expanded as well. As estimated by the GLI index, the share of IIT in total trade with the USA has jumped from 12.5% in 1998-99 to 20.4% in 2007-08 and further to 23.5% in 2012-13. The gradual increase in share of IIT in India’s total trade with the USA implies that the importance of traditional inter-industry trade is declining over the years, though a large segment of India’s trade is still dominated by this traditional form of trade. For the USA, the Inter-industry trade share was 87.5% in 1998-99 while in 2007-08 and 2012-13 the shares were 79.6% and 76.5% respectively. 

Table 1: Shares (in %) of IIT and Inter-industry Trade in India’s total trade

	India’s trade partners in IIT
	1998-99
	2007-08
	2012-13

	 
	Inter-industry
	IIT
	Inter-industry
	IIT
	Inter-industry
	IIT

	USA
	87.5
	12.5
	79.6
	20.4
	76.5
	23.5

	EU(27)
	77.0
	23.0
	73.5
	26.5
	71.3
	28.7


Source: Result from the study
In case of India’s trade the EU(27), the IIT share has increased consistently over the study period. The GLI index reveals that the share of IIT has gone up from 23.0% in 1998-99 to 26.5% in 2007-08 and 28.7% in 2012-13. On the other hand the share of the inter-industry trade has declined consistently from 77.0% in 1998-99 to 73.5% in 2007-08 and 71.3% in 2012-13. 
Thus, Table 1 reveals that the shares of IIT in India’s total trade with both the partners are not insignificant and the shares have gone up with the intensification of the reform process. Comparing the rising trend in shares of IIT in India’s trade with the USA and the EU(27), it is observed that the share in case of the EU(27) has gradually increased over the study period while the same share in case of the USA has almost doubled between 1998-99 and 2012-13.

Let us now discuss the shares of IIT in horizontally differentiated goods (HIIT) and vertically differentiated goods (VIIT). Table 2 reports the results. The table reveals that most of IIT that takes place between India and its developed trade partners the USA and the EU(27) over the study period are in vertically differentiated goods, which is a common trade pattern between developed and developing trade partners. In 1998-99, 2007-08 and 2012-13, the shares of VIIT in total IIT between India and the USA are 92.7%, 91.9% and 91.3% respectively which are significantly dominant over the respective shares of HIIT. In case of India’s trade with the EU(27) the corresponding shares are 93.7%, 92.4% and 92.9% respectively.
Table 2: Shares of Horizontal IIT and Vertical IIT

	India’s trade partners in IIT
	 
	USA
	EU(27)

	1998-99
	HIIT
	7.3
	6.3

	
	VIIT
	92.7
	93.7

	
	HVIIT
	25.6
	21.8

	
	LVIIT
	74.4
	78.2

	2007-08
	HIIT
	8.1
	7.6

	
	VIIT
	91.9
	92.4

	
	HVIIT
	27.1
	22.2

	
	LVIIT
	72.9
	77.8

	2012-13
	HIIT
	8.7
	7.1

	
	VIIT
	91.3
	92.9

	
	HVIIT
	28.3
	23.4

	
	LVIIT
	71.7
	76.6


Notes: IIT = HIIT + VIIT
            VIIT = HVIIT + LVIIT
Source:  Result from the study
It is also evident from the Table 2 that most of the VIIT are in low quality products (LVIIT) while the shares of the high quality VIIT (HVIIT) are significantly low. For instance, in India’s trade with the USA the shares of LVIIT in 1998-99, 2007-08 and 2012-13 were 74.4%, 72.9% and 71.7% respectively while the corresponding shares of HVIIT were 25.6%, 27.1% and 28.3% respectively. It is also evident from the Table 2 that no major change resulting from the reform measures has taken place over the study period so far as the shares of the HIIT and VIIT and also the shares of the HVIIT and LVIIT are concerned. 
3.2 Impact of IIT on environment
In this section we will present the status of pollution share both from Intra and inter industry trade. Table 3 captures the pollution content in per million US $ worth of export and import. The table reports the pollution t.o.t in each type of trade flows, that is, total trade, inter-industry trade and IIT. 
	Table 3: Pollution embodied in per million US $ worth of each type of exports and imports 

	Types of trade
	Pollution Content (in  tons)

	
	USA
	EU

	A. Export
	 
	1998-99
	2007-08
	2012-13
	1998-99
	2007-08
	2012-13

	 
	A.1 Total (interindustry+IIT)
	799.4
	853.7
	923.4
	785.6
	843.0
	915.2

	 
	A.2 Inter-industry Trade
	783.1
	842.1
	914.8
	725.4
	767.4
	850.5

	 
	A.3 IIT
	801.5
	916.3
	930.6
	859.1
	1039.9
	1050.4

	B. Import
	B.1 Total (interindustry+IIT)
	332.4
	366.7
	375.0
	123.5
	151.7
	159.4

	 
	B.2 Inter-industry Trade
	350.4
	370.1
	384.3
	139.4
	153.3
	165.9

	 
	B.3 IIT
	322.7
	353.7
	369.5
	119.2
	147.1
	148.2

	C. Pollution t.o.t
	C.1 Total (interindustry+IIT) [A.1/B.1]
	2.4
	2.3
	2.5
	6.4
	5.6
	5.7

	 
	C.2 Inter-industry Trade [A.2/B.2]
	2.2
	2.3
	2.4
	5.2
	5.0
	5.1

	 
	C.3 IIT [A.3/B.3]
	2.5
	2.6
	2.5
	7.2
	7.1
	7.1


The table shows that the pollution embodied in per million dollars worth of exports and equivalent worth of imports in all types of trade flows are rising over the years in case of India’s trade with the USA. The same trend is also observed for India’s trend with the EU(27). The Table 3 also shows that in case of India’s trade with the USA and the EU(27) , the pollution t.o.t is greater than one for all three types of trade flows, indicating that pollution embodied in exports is higher  than that embodied in imports. For India’s trade with the USA, the ratio is more or less same for all three types of trade flows. While for total trade the pollution t.o.t in 1998-99, 2007-08 and 2012-13 are 2.4, 2.3 and 2.5 respectively, the corresponding ratios for inter-industry are 2.2, 2.3, and 2.4 and for IIT are 2.5, 2.6, and 2.5 respectively. Unlike India’s trade with the USA, the pollution t.o.t for IIT is comparatively higher over the years in case of India’s trade with the EU(27). While the pollution t.o.t for total trade in 1998-99, 2007-08 and 2012-13 are 6.4, 5.6 and 5.7, the same ratios for the IIT are 7.2, 7.1 and 7.1 respectively. For inter-industry trade between India and the EU(27), these ratios are comparatively lower, such as 5.2, 5.0 and 5.1 respectively. 
It is also observed from the Table 3 that the pollution t.o.t for all types of trade flows remains more or less same over the study period as the pollution content of both export and import are rising over the years. 
Thus analysing the table the study finds an evidence of pollution haven as the pollution t.o.t for all three types of trade flows is observed to be greater than one for India’s trade with the USA and EU(27).
3. Conclusion
 International trade comprises of trade in homogenous and differentiated goods. Theory suggests the environmental effects of an integrated open economy can be explained by factors that drive inter-industry as well as intra-industry trade. The current paper measures the environmental impact of intra-industry trade in India for the period 1998-99 to 2012-13. It also captures the same for Inter-industry trade. Two major trading partners of India the USA and the EU(27) have been considered for the study. 

Results reflect that the level of intra-industry trade between India and the two major trading nations is increasing. But the traditional inter industry trade is still holding a significant share in total trade. The study also observes that India’s IIT with the two developed trade partners are mostly in low quality vertically differentiated goods. 

Between the two trading partners, India’s intra industry export with the USA will be much beneficial from environmental perspective compared to the EU(27), as the pollution t.o.t is observed to be higher in case of India’s trade with the EU(27). The pollution t.o.t results also confirm that India is pollution haven with the USA and the EU(27). It indicates that India’s export contains more CO2 compared to its import counterpart effective for the USA and the EU(27). The study provides stronger evidence on pollution haven effect.  
Over the past two decades, in an effort to rising levels of pollution, most Asian nations like India have introduced pollution control system similar to those in developed countries.  However, ongoing enforcement challenges coupled with the need for better understanding of pollution control mechanisms have promoted the requirement for more effective pollution control policies in India especially to stimulate exports while protecting the environment.

From this study several policies involving trade and the environment can be suggested.  The Government of India should promote Intra industry trade and to put proper emphasis on the environmental quality of exported goods that will create sustainable trade in the future, as the country’s economy is now highly dependent on exports. “Greener” trade should be given priority by the Government. 
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APPENDIX I: Data Sources
For empirical application of the trade and emission models in the present study a wide range of data is required. The data and their sources used in this paper are as follows:

i) Input-Output Tables of India, EU(27) and the USA for the year 2001 are applied to measure the pollution content of various forms of India’s trade in 1998-99 which is sourced from GTAP version 6 (Dimaranan, 2006). For the years 2007-08 and 2012-13 the same data are obtained from GTAP version 8 (Narayanan et al. 2012) (the IO tables for 2007 are applied for both the years).

ii) Data on bilateral trade between India and its trading partners for the years 1998-99, 2007-08 and 2013-14 are collected from UN Comtrade, United Nations (available at http://comtrade.un.org/).The data are expressed at 2000 constant prices. The UN Comtrade data, as collected in this study, is categorized by the Standard International Trade Classification (SITC, Rev 3) System and collected at the 5-digit level.

iii) The total CO2 emission data for the years 2001 and 2007 are collected from GTAP version 6 and GTAP version 8 respectively which are used to estimate the pollution content of India’s trade in 1998-99 and 2007-08. The same data for the year 2012-13 are sourced from EIA (2015), US Energy Information Administration, International Energy Statistics, US Department of Energy, Washington.

APPENDIX II:
Table for Commodity Classification
	1
	Agriculture, Fishing and Forestry

	2
	Coal and lignite

	3
	Crude petroleum, natural gas

	4
	Other metallic & non metallic minerals

	5
	Food, Beverages and Tobacco

	6
	Textiles

	7
	Wood products and furniture

	8
	Paper, printing and publishing

	9
	petroleum and Coal tar products

	10
	Chemicals

	11
	Non metallic minerals

	12
	Iron and steel and Non ferrous basic metals

	13
	Hand tools & misc metal products

	14
	Non electrical machinery

	15
	Electrical machinery 

	16
	Communication and electronic equipment

	17
	Transport equipments

	18
	Miscellaneous manufacturing

	19
	Construction

	20
	Electricity, gas & water supply

	21
	Transport services and Communication

	22
	Other services


� Pollution haven hypothesis, suggests that the developed countries impose tougher environmental policies than do the developing countries, which results in distortion of existing patterns of comparative advantage. Thus, the polluting industries shift operations from the developed to the developing countries; developing countries therefore become “pollution havens (Mukhopadhyay, 2006).”  









