
 
 

ABSTRACT 

 

PATHAK, SWATI. Did Trade Liberalization in India Promote High Polluting Goods? 
– An Empirical Analysis. (Under the direction of Ivan Kandilov). 

 

Systematic removal of trade barrier across many industries during the early 1990s 

raised a debate over the role of trade on the environment. This thesis attempts to gain a 

deeper understanding of the environmental implications of trade liberalization in India. 

Data containing information on tariff rate, import, export, and production for 28 

sectors from 1990 to 2001 are obtained from the World Bank Economic Review. To 

classify different trade sectors by pollution intensity, I used the three-digit 

International Standard Industrial Classification (ISIC) system. I used three different 

specifications with log of real production, export and import as the dependent 

variables in the empirical model. The coefficient of interest is �� which measures the 

differential impact on the percentage change in the dependent variables, caused by 

tariff reduction from before to after trade liberalization and from lower to higher 

polluting industries. My result confirms my first two hypotheses that average tariff 

reduction (41 percentage point) from pre to post liberalization period increase the total 

production and export in high polluting industries by 16.4% and 106.6% respectively. 

The study concludes that differential impact of average tariff reduction during trade 

liberalization in India promotes heavy polluting industries. 
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1 Introduction 

Trade liberalization in India during the early 1990s systematically removed trade 

barriers on goods and investment restrictions across many industries. However, such 

measures raised a debate over environmental consequences of trade liberalization. 

This became important as liberalization in India effectively caused the rate of 

protection to decline across all sectors, while environmental policies remained 

constant. This paper contributes to the literature on the environmental consequences 

of trade liberalization in India by using an industry classification based on pollution 

categories. Faced with a severe balance of payments crisis in 1991, the Indian 

government embarked on an economic reform program that included industrial and 

trade policy, financial sector reforms and privatization. In this paper I focus on the 

environmental impact of India’s trade liberalization policies. India has a weaker 

environmental enforcement regime relative to its main trading partners. Therefore 

there is concern that trade liberalization could potentially encourage the use of India 

as a production base for more pollution intensive production.  

 

1.1 Research Objectives 

The overall objective of this study is to gain a deeper understanding of the 

environmental implications of Trade Liberalization in India. The specific objectives 
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of the paper include: 1) outlining the general relationship between trade and the 

environment; 2) reviewing the salient features of India’s tariff reduction schedule as 

a result of liberalization; and 3) identifying the specific impact of India's trade 

liberalization on exports, imports, and production in different polluting sectors. 

 

1.2 Structure of Paper 

The paper is organized in 7 sections. Section Two provides an overview of the 

linkages between trade and the environment, particularly focusing on 1) trade 

competitiveness and environmental regimes; 2) relationship between income growth 

and the environment; and 3) general equilibrium impact of trade on the environment. 

Section Three gives an overview of trade reforms in India and an overview of tariff 

changes across industries. This section also discusses the environmental regimes in 

India. Section Four outlines the data source for the study. Section Five presents the 

hypotheses and estimation models. Section Six presents and discusses the results. 

Section Seven provides concluding remarks. 

 

2 Trade and the environment  

The relationship between trade and the environment is mutually dependent, complex 

and challenging. Not so long ago, people thought about them in an isolated way and 
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policymakers implemented policies without considering one’s effect on the other. 

But the linkages between trade, environment, and growth/development are 

inevitable. Globalization and trade often bring about better economic opportunities. 

But as trade depends on environmental resources, this could also bring about 

environmental degradation through excessive use of resources. On the other hand, 

trade can have a good impact on the environment through creation of wealth that 

could be used toward environmental improvement. The efficiency gains from trade 

can mean fewer resources used and less waste produced. Trade can enhance access 

to efficient and environmentally-friendly technologies (UNEP 2005).  The debate 

over the role of trade in determining the environmental outcome is ambiguous and 

complex. To design suitable strategies for reaching trade and environmental targets 

in developed as well as developing nations, a development perspective needs to be 

considered. Over one-fifth of the world’s population lives in absolute poverty, most 

of them in developing countries and the gap between the rich and poor countries 

continues to widen (UNEP 2005). A conflict arises between the priorities of 

developed and developing countries with regard to trade and the environment. 

Unlike developed countries, developing countries prioritize poverty reduction, 

income equality, and other development issues, over measures of addressing 

polluting sectors. Developed countries, with higher per capita income, have started 

implementing strict environmental rules and regulations on most pollution creating 
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sectors along with investment on biodiversity, clean technology investment, export 

promotion of environmentally friendly goods. On the other hand, developing 

countries have not yet reached that point because of lack of resources, inadequate 

infrastructural development, and lack of stake in the process. They are standard-

takers instead of standard-makers. However, cost of implementation of strict 

environmental regulation is high for developing countries. Developing countries can 

secure aid from developed countries via capacity building and technical assistance 

program. Such aid could be used to explore innovative ways for standard setting. 

The additional burden of standard setting would be far outweighed by the benefits 

from shaping future WTO environmental regulation that takes into account the needs 

and concerns of developing countries (WTO Public Symposium 2003). 

 

2.1 Trade competitiveness and the environment regimes 

Reflecting the public debate, most of the recent academic literature has focused on 

the environmental consequences of trade between countries with different 

environmental standards, which in practice means trade between developed and 

developing countries (Nordstrom and Vaughan 1999).  Traditional trade theory, or 

factor endowment hypothesis explains that trade caused by comparative advantage in 

a country is driven by either relative factor abundant theory (a nation will export 

those goods whose production requires the intensive use of the nation’s relatively 
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abundant factors, given identical pollution emission intensities across countries) or 

by relative factor price theory (a nation will export the commodity whose production 

requires the intensive use of the nation’s relatively cheap factor, given identical 

pollution emission intensities across countries). It is also argued that the 

determinants of environmental regimes can affect cost of production and 

competitiveness, hence be a comparative advantage. Theoretical work on this 

incorporates environmental cost into the production function and estimates the 

impact it has on competitiveness (Vutha and Jalilian 2008). Whether environmental 

costs play a major role in defining a country’s comparative advantage or not has 

been examined several times in the literature. 

 

Empirical findings by Siebert (1974), Pethig (1976) and McGuire (1982), showed 

that strict environmental regimes dampen the competitiveness of a country’s 

production in dirty goods and therefore worsen their export. Lucas, Wheeler and 

Hettige (1992) also reached similar conclusions that countries with less strict 

environmental regimes have a comparative advantage in producing the most 

polluting goods (Vutha and Jalilian 2008). On the contrary many others have not 

found strong evidence that environmental regimes dampen the comparative 

advantage in pollution generating industries (OECD 1993). Tobey (1990) and Walter 

(1973) found that abatement costs in developed countries range between 1 and 3 per 
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cent of total costs, making the price effects of environmental regulations 

insignificant. There are also arguments that stringent environmental regulations 

stimulate companies to use more advanced technologies in production and encourage 

innovation and R&D towards environmental friendliness, thus raising overall 

productivity and enhancing performance (Vutha and Jalilian 2008). This is 

commonly known as the Porter Hypothesis (Porter and van der Linde 1995). 

 

In summary, competitiveness concerns over environmental policies seem to have 

been overstated, with no strong empirical evidence to support theoretical prediction. 

While environmental controls are likely to create additional production costs, these 

costs do not seem to be significant, and have a limited influence on price and 

competitiveness compared to other factors. In this context, it should be noted that the 

differences in environmental policy and differences in factor endowments might 

jointly determine the comparative advantage in trade (Dinda 2006).  

 

In the debate on trade/environment issues, a point of emphasis is how developing 

countries that have lax environmental regulations can end up specializing in the 

producing of pollution generating goods and thus have lower welfare. Developed 

countries with stringent pollution abatement regulations are enjoying cleaner 

environment. The reason behind this is dirty/polluting industries migrated from 
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developed to developing countries due to weak environmental regulation. This 

caused comparative advantage in producing pollution generating dirty goods in 

developing countries with lower cost. In this way developed countries shift pollution 

to developing nations with an overall increase in emissions. This new argument gave 

birth of new theory, the Pollution Haven Hypothesis (PHH). The PHH states that 

differences in environmental regulations between developed and developing 

countries may be compounding this general shift away from manufacturing in the 

developed world and causing developing countries to specialize in the most pollution 

intensive manufacturing sectors (Cole 2003).  According to the factor endowment 

hypothesis, polluting industries will concentrate in affluent countries, which also 

tend to be capital abundant. This is because polluting industries are typically also 

capital intensive and thus affluent capital-abundant countries having a comparative 

advantage in these industries (Copeland and Taylor 2004). PHH says that pattern of 

trade is determined not just by "natural" comparative advantage, but also the degree 

of stringent environmental regulations implemented by government. 

 

In the developed world, the cost of meeting environmental regulations appears to be 

steadily rising over time. In the USA alone, this cost was estimated to be $184 

billion in 2000, equivalent to 2.6% of the US GNP. Since such costs are undoubtedly 

far lower in most developing countries, it is possible that developing countries may 
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possess a comparative advantage in pollution-intensive sectors. It is quite possible 

that environmental regulations can affect trade competitiveness (Cole 2003).  This 

view also supports the Environmental Kuznet Curve theory. In developed countries, 

with higher per capita income, industries can invest more on cleaner technology, 

thereby reducing pollution. On the other hand, developing countries prioritize well 

being, income and growth to investing in cleaner technologies. This assertion does 

not seem to be supported by standard trade theory, nor by empirical evidence. Many 

empirical studies that show the evidence of PHH in many countries and also there 

are many which cast serious doubt on the same. Vutha and Jalilian (2008) have 

summarized findings of many interesting empirical studies carried out at different 

time periods. Low and Yeats (1992) showed in their study that developing countries 

have strong Relative comparative advantage in polluting industries as they have lax 

environmental regimes. Henderson (1996) and Kahn (1997) have suggested that air 

quality improvements in polluted areas had been achieved in part by the relocation 

of polluting industries due to differing levels of regulatory stringency, a phenomenon 

also called leakage. Xing and Kolstad (1998), who examined foreign direct 

investment (FDI) of several U.S. industries, confirmed the study conducted by Gray 

(1997) and concluded that lax environmental regimes are very important factors for 

FDI towards pollution generating industries than less pollution generating industries.  
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According to Duerksen et al. (1980), Walter (1982), Beghin et al., (1997a); and 

Eskeland et al (1997), environmental costs are fairly low to affect pattern of trade. 

They mentioned many other factors like natural resources market size, access to 

international markets, human capital and investment incentives that have greater 

influence on investment decision. After empirically examining the PHH for India in 

the 1990s, Dietzenbacher and Mukhopadhyay (2007) found no support for the PHH 

and concluded that after liberalization, India has gained a lot and moved further 

away from pollution haven. However, they mentioned that this conclusion is highly 

robust to the changes in the assumptions they had made.  Other studies carried out by 

Walter (1982), Repetto (1995), Albrecht (1998) and Eskeland et al. (1997) found 

that there was very little evidence that dirty industries have shifted to developing 

countries due to environmental regulations though there was huge overseas 

production of polluting goods. 

 

In summary, environmental regulations seem to have limited effects on location 

decisions for most sectors because compliance costs are too small to be significant 

decision factors. In the case of some sectors, in particular energy intensive ones such 

as cement, iron and steel production, environmental regulations can play a role, 

albeit a comparatively small one vis-à-vis other factors, when choosing production 

location (Vutha and Jalilian 2008).  



10 
 

 

2.2 Relation between income growth and the environment 

Trade is an engine of growth, and growth is also related to pollution levels and 

environmental quality. This has been defined by the well known theory of the 

Environmental Kuznet Curve (Grossman and Kruger 1991). EKC is the extension of 

Kuznet curve named by Kuznet to explain the consequence of growth in income on 

environmental quality. The EKC hypothesis contends that pollution increases initially 

as a country develops its industry and thereafter declines after reaching a certain level of 

economic progress. Pollution will first increase with the level of GDP per capita, 

reach a maximum and then decrease for higher levels of income.  The policy 

implications of this finding according to some are “grow first and then clean up” 

(Grossman and Kruger 1991). 
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Figure 1: Basic Environmental Kuznets Curve (EKC) 

 

While some empirical evidence supports this theory, some cast serious doubt on the 

true shape of this curve. The debate has centered around the true shape of the EKC, 

whether this is inverted ‘U’ shape or not. Grossman and Krueger (1991) presented 

their first empirical evidence in favor of bell shaped EKC. However, the authors 

themselves show that results are sensitive to changes.  Some of the results involving 

SO2 emission support a U-shape rather than inverted U-shape. Panayotou (2003) 

suggests three reasons for the inverted U-shaped EKC. The turning point for pollution is 

the result of more affluent and progressive communities placing greater value on the 

cleaner environment and thus putting into place institutional and non-institutional 
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measures to affect this. Pollution increases at the early phase of a country’s 

industrialization due to the setting up of rudimentary, inefficient and polluting 

industries. When industrialization is sufficiently advanced, service industries will gain 

prominence. This will reduce pollution further. When a country begins industrialization, 

the scale effect will take place and pollution increases. Further along the trajectory, 

firms switching to less-polluting industries results in the composition effect, which 

levels the rate of pollution. Finally, the technique effect comes into play when mature 

companies invest in pollution abatement. 

 

Pessimists have argued that globalization promotes a race to the bottom. 

Furthermore, while certain pollutants decrease when income increase, industrial 

society continuously creates new, unregulated, potentially toxic pollutants. On the 

other hand, the optimistic view (Dasgupta et al. 2002) notes that the EKC can be 

lower and flatter because of economic liberalization (compositional effects of trade 

and scale economies), informal regulation, pressure from market agents, “smarter” 

environmental regulation, and better information. There is empirical evidence that 

the amount of environmental regulation increases with the level of income. Shafik 

and Bandyopadhyay (1992) estimated EKCs for ten different indicators using three 

different functional forms. Lack of clean water and lack of urban sanitation were 

found to decline uniformly with increasing income. Empirical work by Kumar and 
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Kumar (undated presentation) on the EKC in the context of India report the 

following findings: 

• The statistical analysis on which the environmental Kuznets curve is based is not 

robust. 

�  There is little evidence supporting a common inverted U-shaped pathway which 

countries follow as their income rises. 

� There may be an inverted U-shaped relation between urban ambient 

concentrations of some pollutants and income though this should be tested with 

more rigorous time series or panel data methods.  

� In slower growing economies, emissions-reducing technological change can 

overcome the scale effect of rising income per capita on emissions. 

 

So there is no strong evidence of an inverted U shaped relation between growth in 

income and the environmental quality in fast growing countries like India. Vutha and 

Jalilian (2008) conclude that the environmental improvement with income growth is 

not automatic, but depends on policies and institutions. Government policies and 

institutions, civil society, and market functions all play a critical role in assuring 

sufficient conditions and compliance with standards for the environmental protection 

along the course of development. 
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2.3 General equilibrium impact of trade on the environment 

Grossman and Kruger (1991) explained the impact of trade liberalization on the 

environment in three very clear and important segments. This is more general 

equilibrium impact of trade liberalization on the environment rather than sector-by-

sector analysis. This overall impact of outward orientation has a composition effect, 

a scale effect and a technique effect. 

 

Composition Effect  

The composition effect captures the change in the share of the dirty good in national 

output. Holding the scale of the economy and emissions intensities constant, an 

economy that devotes more of its resources to producing the polluting goods will 

produce more (Copeland and Taylor 2003). The degree of trade effect on the 

environment depends on the extent of comparative advantage a country has in 

production of pollution generating goods. Net effect on the local environment will be 

positive if expanding export sectors are less polluting on average than contracting 

import-competing sectors, and negative if the opposite relation holds (Nordstrom 

and Vaughan 1999). As one’s export is import for another country, all the countries 

cannot specialize in the same direction of cleaner goods. International trade makes 

local environmental problems global by redistributing pollutions among the counties. 
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Scale Effect  

Trade and trade liberalization can expand the level of economic activity through 

composition effect at a given pollution coefficient. It generates additional wealth by 

making that activity more efficient.  But an increased scale of economic activity can 

also have negative environmental effects. Most economic activity damages the 

environment, whether in extracting raw materials, harvesting renewable resources, or 

in creating waste and pollution. Unless regulations are in place, an increasing scale 

of economic activity increases the level of environmental damage (UNEP 2005).  

 

Technique effect   

Level of pollution per unit of production is decreased due to adoption of new 

techniques by the producer (like cleaner technology) as incomes generated by 

international trade cause higher demand for a clean environment. 

  

The total effect on the environment by liberalization of trade depends on these three 

effects together. Any isolated effect has no significant impact on environmental 

quality. A measure of the effect of trade on the environment needs to measure of the 

net effect of these three. The impact of trade liberalization on the environment is 

positive if the composition and technique effects exceed the scale effect, and 

negative if the opposite holds (Vutha and Jalilian 2008). Whether trade liberalization 
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has positive or negative environmental consequences has been a topic of debate. 

Antweiler, Copeland and Taylor (1998) show that international trade causes 

relatively small changes in pollution concentration. Frankel and Rose (2003) on the 

basis of the environmental Kuznets curve show growth eventually has a beneficial 

effect on pollution, after an initial adverse relationship at low levels of income. 

Grossman and Krueger (1991, and 1993), Birdsall and Wheeler (1992), Antweiler et 

al. (1998), and Tsai (1999) argued trade liberalization could improve the 

environmental conditions and quality. On the other hand,   Copeland and Taylor 

(1994), Chilchilnisky (1994), and Cole et al. (1998) suggest that free trade lowers 

pollution levels in countries rich in human capital and increases pollution levels in 

countries low in human capital, thereby increasing worldwide pollution provided 

that factor prices are not equalized across countries. Summarizing the above 

empirical studies, Vutha and Jalilian (2008) concluded that it is not possible to draw 

a general conclusion on whether free trade damages or improves the environmental 

quality. The interaction between trade liberalization and the environment depends on 

country-specific factors, such as existing policies and institutional structures, and on 

the trade liberalization agreement itself. Given that the empirical results are 

inconclusive and that it cannot be ruled out that trade liberalization could harm the 

environment, trade agreements should incorporate the environmental cooperation as 

well as harmonization of the environmental policies into the cooperation package. 
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3 Trade reforms in India  

3.1 Need for Liberalization  

The strategy of India during the post independence economic period was 

characterized by closed insulated or self-sufficient protectionism. In a democratic 

political environment this policy was implemented by heavy industry based 

industrializations, huge poverty reduction, high average tariffs on export and 

imports, import substitution, a complex import licensing system, “actual user” policy 

that restricted imports by intermediaries, restrictions of certain exports and imports 

to the public sector (Topalova 2004). In the second half of the 1980s, the 

liberalization process was initiated through export orientation and outward looking 

policies in trade. The re-introduction of the Open General Licensing (OGL) was 

intensified after 1985, and by 1988 the OGL list covered 1,170 capital goods items 

and 949 intermediate input items (Narsale 2008). In the 1980s, tariff rates on imports 

were lowered, industrial licenses eased and the overall openness improved growth in 

the Indian GDP.  But expansionary fiscal policies and an oil price shock caused a 

huge unsustainable balance of payment crisis during 1990. Fiscal crisis, low 

productivity and lagging behind the targeted level of GDP growth in India’s 

economy forced the Indian government to introduce economic reforms. These 

sweeping reforms have had a significant impact on the Indian economy and they 



18 
 

continue to be implemented today. This economic reform was manifold and covered 

almost every aspect of the economy: fiscal, monetary, industry, exchange rate and 

trade policies. Not only was this a marked improvement from India’s own past, it 

produced the second highest rate of growth in the world behind China.  

 

3.2 Trade Liberalization  

India’s trade liberalization efforts can be broadly divided into two periods. The first 

five years from 1991 to 1996 represent a period of intense liberalization as tariffs fell 

dramatically. The second half of the 1990s can at best be characterized as a period of 

consolidation, but definite deceleration in, the pace of tariff compression in general. 

The average tariff rate remained largely unchanged. In fact, while the simple average 

tariff rate remained more or less constant, there was a slight increase in the trade-

weighted tariffs in 1996 to 2000. Lobbies in various sectors prevailed and taxation of 

value-added activities continued. Most Favored Nation (MFN) duties being levied 

on items consumed in the first stage of processing, in the case of the manufacturing 

sector, actually increased over the period 1997-98 and 2001. Export-Import policy 

(EXIMS) was first made operational in 1992, promoting export led growth. Under 

the EXIM policy (1992-97) the Liberalized Exchange Rate Management System 

(LERMS) was introduced. Another important policy that came into operation was 

“The Export promotion capital goods” (EPCG). The policy was to liberalize capital 
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goods imports. The duty on import of capital goods was reduced from 25 per cent to 

15 per cent (Kalirajan 2004). All 26 import licensing lists were eliminated and a 

“negative list” was established (Hasan et. al 2003). Restrictions on exports were also 

relaxed, with the number of restricted items falling from 439 in March 1990 to 210 

in March 1994. Another modification of EXIM policy (1997 – 2001) highlights 

some major changes in the trade reform policies. The peak rate of import duty was 

reduced but the special additional customs duty was raised from 2 per cent to 5 per 

cent on all imported goods except petroleum products and certain project imports.  

 

This paper focuses particularly on the  part of the trade reforms which shows the 

direct effect of these polices on merchandise total trade, total export-import, average 

tariff changes in industries during  pre-post liberalization and the direct 

consequences of the reforms on production of all the industries and their exports as 

well as imports.  

 

3.3 Tariff Trend Analysis 

The striking strategies which had been taken in this trade reform were reducing the 

average nominal tariffs on many items, the elimination of quantitative restrictions on 

imported goods, and promoting export-led-growth of the economy. Emphasizing the 

integration and globalization with the rest of the world encouraged liberalization of 
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trade in India and made it the second fastest growing country after China. Figure 2 

shows liberalization almost doubled total trade, and export in India, adjusting for 

inflation factor. Import and production also experienced an increase, but the rate was 

lower than total trade and export figures. Values are shown in US dollars and in 

1982 values. Pre-liberalization period refers to average of 1990 and 1992, while post 

liberalization period refers to average of 1997 and 2001. Average tariffs fell from 

88% in 1990 to 35% in 2001. Figure 3 shows the evolution of tariffs in selected 

industries. Industries were classified by three-digit International Standard Industrial 

Classification (ISIC) system (discussed in methodology section), and average tariff 

of 1990 and 1992 are shown as pre-liberalization tariff, while average of 1997-2001 

tariff are shows as post-liberalization tariff. Leather products (68%), pulp and paper 

(63%), other manufactured products (63%), plastic products (62%) non-electrical 

machinery (61%), and electrical machinery (60%) experienced the highest reduction 

in tariff rate, while transport equipment (43%), food product (40%), printing and 

publishing (38%), and petroleum refineries (31%) experienced the lowest reduction 

in tariff rate as a result of liberalization. 
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Data Source: World Bank Economic Review 
Unit in USD (real term) 

 

Figure 2: Change in Trade, Import, Export and Production Pre and Post 

Liberalization 
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Figure 3: Evolution of Tariff by Industry 
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 (Pre-Liberalization 1990-1992 and Post Liberalization 1997-2001) 
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Data Source: World Bank Economic Review 
Unit in percentage 

 

3.4 Environment regimes in India 

The period from 1970 to 1992 witnessed few environmental regulations, like the 

Environment (Protection) Act of 1986, amended in 1991; Water (Prevention and 

Control of Pollution) Cess Act of 1977 and amended in 1992; Air (Prevention and 

Control of Pollution) Act 1981, was amended in 1987 and the Air (Prevention and 

Control of Pollution) Rules, was initiated in 1983. But during the period of my 

analysis, there were no major changes occurring in environmental policies. Although 

the scope of these legislations is broad, environmental regulations have not been 

very effective in controlling pollution and preventing environmental damage 

(Sudarshan 1998).  
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4. Data 
 

4.1 Trade Data 

 
Data is obtained from the World Bank Economic Review (Nicita and Olarreaga 

2006). These data contain information on tariff rate, import, export, and production 

for 28 sectors from 1990 to 2001. All values are in US Dollar. To get deflated values 

of total production, export and import I have changed all these values in real terms 

based on consumer price index (CPI) in 1982. Appendix 1 lists key regression 

variables. 

 

4.2 Classifying sectors by pollution intensity 

To classify different trade sectors by pollution intensity (emission per unit of 

output), I used the three-digit International Standard Industrial Classification (ISIC) 

system developed in the Industrial Pollution Projection System study carried out by 

Hettige et al. for the World Bank (1994) and used in the study by Vutha and Jalilian 

(2008). For the purpose of analyzing the impacts of trade on pollution levels, I used 

the pollution intensity levels for all media released by physical volume of output 

measured in terms of pounds per output valued at one million USD. 
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I classified trade sectors into three different categories according to the amount of 

pollution released by their production. The first category, known as most polluting 

sectors, refers to sectors that have total toxic pollution of more than 1,500 pounds 

per million USD of production. The second category, known as moderately 

polluting sectors, refers to those sectors that emit total toxic pollution levels of 500 

to 1,500 pounds per million USD of production. The third category is least polluting 

sectors and refers to those sectors that emit total toxic pollution of less than 500 

pounds per million USD of production. As per criteria developed by Vutha and 

Jalilian (2008) Agricultural sectors such as livestock production and fishing, which 

were not included in the Industrial Pollution Projection System, were grouped into 

the third category, since agricultural production causes relatively small toxic 

pollution. Table 1 presents the product classification based on pollution intensity. 
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Table 1: Summary of pollution intensity classification by sector 

 Category 1 
Most Polluting Sector 

Category 2 
Moderately Polluting 

Sectors 

Category 3 
Least Polluting 

Sectors 
Definition ToxTot ≥ 1500 pnds/USD 

million 
500 pnds/USD million 
< ToxTot < 1500 
pnds/USD million 

ToxTot ≤ 500 pnds/ 
USD million 

Sectors Industrial chemicals (351) 
Non-ferrous metals (372) 
Iron and steel (371) 
Leather products (323) 
Pulp and paper (341) 
Petroleum refineries (353) 
Other chemicals (352) 
Plastic products (356) 
Fabricated metal products 
(381) 
Furniture, except metal 
(332) 

Pottery, china, 
earthenware (361) 
Electrical machinery 
(383) 
Rubber products (355) 
Other non-metallic 
mineral products (369) 
Textiles (321) 
Transport equipment 
(384) 
Other manufactured 
products (390) 
Misc. petroleum and 
coal products (354) 
Non-electrical 
machinery (382) 

Professional & 
scientific equipment 
(385) 
Footwear, except 
rubber or plastic (324) 
Printing and publishing 
(342) 
Wood products, except 
furniture (331) 
Glass and products 
(362) 
Tobacco (314) 
Food products (311) 
Beverages (313) 
Wearing apparel, 
except footwear (322) 

Source: Vutha H. and Jalilian H. (2008). 

 

5. Hypothesis and Estimation Models 

5.1 Hypothesis 

The opening up of the economy through a reduction in trade restrictions during the 

liberalization episode would influence the supply costs of producers leading to possible 

change in the composition of production, export and import. On the other hand, as discussed 

in the section on environmental regimes in India, during the active period of tariff reduction, 

included in this study (1990-2001), there were no major environmental regimes and hence 
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no major additional cost imposed on industries. Based on this economic situation, I am 

going to test whether rapid tariff reduction, during liberalization, promote heavy polluting 

industries. I have tested three hypotheses using industry-level economic and the 

environmental data for India. 

 

The following hypothesis are tested in the analysis 

1. As a result of the trade liberalization of 1991, India’s production has grown more 

in high polluting industries than lower polluting Industries.  

2. As a result of the trade liberalization of 1991, India’s export has grown more in 

high polluting industries compared to low polluting industries. 

The above two hypothesis will be true if India has a comparative advantage in 

producing and exporting heavier polluting goods relative to low polluting goods, 

which is supported by the traditional trade theory.  

3. As a result of the trade liberalization of 1991, India’s import has grown more in 

lower polluting industries. The assumption is that import should grow in less 

polluting industries if India has comparative advantage in more polluting 

industries. 

My principal interest will be to see the effect of trade liberalization on export. Above 

three hypotheses, with no major environmental regimes during the liberalization 

period, could imply that the pollution haven hypothesis is true for India. 
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5.2 Estimation Models 

To test my three hypotheses, I have estimated three different specifications. The 

dependent variables in each specification are log of real production, real export and 

real import. Though the dependent variables are the same, independent variables 

differ across my specifications. The first specification includes average change in 

tariff rate, industry dummy (������	
�), year dummy (��	
�) and their interaction 

terms, as explanatory variables without controlling time invariant industry fixed 

effect and aggregate fluctuations by year fixed effect.  In my second model, I have 

included year fixed effect, and the third specification included both year fixed effect 

and industry fixed effect. The third specification is the most important for this study. 

Equation i specifies the baseline model for log production without fixed effect. 

Equation ii specifies the model with both year and industry fixed effect.  

With no fixed effect 

ln �
���������� =  �� +  �� ∆��
�� + ����	
� +  ��������	
� +  ����	
� ×

∆��
�� + �� ��	
� × ∆��
�� × ������	
� +  � ������	
�  ×  ��	
� +

 �!∆��
�� × ������	
� + ∈��   
                                                      (i) 
 
 
With year and industry fixed Effect 
ln �
���������� =  �� +  ����	
� × ∆��
�� + �� ��	
� × ∆��
�� ×

 ������	
� + � ������	
�  ×  ��	
� +  #��                                                                                                                                                   
(ii) 
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Where ln�
���������� is the log of domestic production where i stands for polluting 

industries, and t stands for post liberalization/ after period; ∆ Tariff is the change in 

tariff in industry i pre and post liberalization. I took the average tariff of 1990 and 

1992 as pre-liberalization tariff and average tariff of 1997 and 2001 as post-

liberalization tariff. The difference of pre and post liberalization tariff is ∆ Tariff; 

��	
� is a dummy that takes the value of 0 for pre liberalization, and 1 for post 

liberalization; ������	
� is a categorical variable that indicates industry-wise 

pollution intensity 0 is for low polluting industries, 1 for medium polluting 

industries, and 2 for high polluting industries. As mentioned above, I estimated 

separate regression with log of real production, export and import for each of three 

specification and I also obtained regression results with year and industry fixed 

effect. By using year fixed effect I measure aggregate economy wide fluctuations 

and by industry fixed effect I measure time – invariant industry characteristics. I 

have estimated these two effects to get rid of any kind of collinearly problem which 

may exist between industry characteristics and time period and average tariff rate 

change during this particular time period. The coefficient of interest is β5, and it 

estimates the differential impact of reduction of average tariffs after the liberalization 

on industries of varying level of pollution or the heavy polluting industries. It 

measures the difference in difference effect of change in production, export and 
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import in higher polluting industry relative to lower polluting industry as a result of 

trade liberalization. Data analysis was done using SAS 9.1.3 software package. 

 

6. Results 

6.1 Descriptive Statistics 

Table 2 shows the descriptive statistics for each variable. First four rows of the table 

shows figures for pre-liberalization period, while the last four rows show figures for 

the post-liberalization period. The last column shows average tariff reduced by 41 

percentage point after liberalization. The table also shows that trade figure has 

doubled during the period.  

 

Table 2: Descriptive Statistics 

(N=112, industries=28sectors)            

Period  Production Trade Import Export Tariff 

Pre 
liberalization 
(1990-1992) 

Min 26,159 955 122 647 19 
Max 21,000,000 6318169 3063541 3528263 277 
Avg 4780965 1074252 542981 531271 76 
Sd 5372368 1299095 842107 800159 43 

Post 
liberalization 
(1997-2001) 

Min 61768 16673 1108 8639 13 
Max 30000000 13152395 5612012 7851901 158 
Avg 7069167 2285475 1145042 1140433 35 
Sd 7788997 2757365 1648992 1630786 21 

Value in USD 
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6.2 Change in Tariff and Trade 

Goods were classified into low, moderate and high polluting industries based on 

classification discussed in the preceding section. Figure 4 shows the change in tariff, 

trade, import and export on low, moderate, and high polluting industries between 

1990 and 2001. The export figure shows clearly the drivers of growth. Export and 

import in high polluting industries saw significant growth. 

 

Tariff Trade Production Export Import

Low -51% 100% 65% 116% 722%

Moderate -54% 145% -16% 347% 100%

High -55% 624% 148% 765% 596%

Comparison of Rate of Change: 
Trade, Tariff, Production, Import, Export (1990-2001)

Low Moderate High

 
Data Source: Nicita A. and M. Olarreaga (2006), Trade, Production and Protection 1976-
2004, World Bank Economic Review 21(1). 
 

Figure 4: Comparison of Change in Trade, Tariff, Production, Import and Export 
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6.3 Regression Results 

Table 3, 4, and 5 presents the results of the regression which gives the impact of 

trade liberalization on log of production, export and import respectively. Column 1, 

2, and 3 shows the results of three models with no fixed effect, year fixed effect and 

both time and industry fixed effect respectively. My coefficient of interest is a 

positive �� for all of my three specifications. Among all the specifications, the third 

one is crucial for my analysis which control both industry and year fixed effect. 

 

Table 3: Effect of Change in Tariff on Production 

Variable (1) (2) (3) 

Average Tariff Change 0.02 
(0.02) 

0.02 
(0.02) 

- 

Year Dummy 0.17 
(1.42) 

- - 

Polluter Dummy 1.42* 
(0.66) 

1.42 
(0.70) 

- 

Tariff *year 0.002 
(0.03) 

0.002 
(0.03) 

0.002 
(0.007) 

Year *Polluter *Tariff 0.002 
(0.02) 

0.002 
(0.02) 

0.002 
(0.005) 

Polluter*year -0.03 
(0.94) 

-0.05 
(0.95) 

-0.53 
(0.22) 

Tariff*polluter -0.03 
(0.02) 

-0.03 
(0.02) 

- 

Year Fixed Effect NO Yes Yes 
Industry Fixed Effect NO No Yes 

Observations 112 112 112 
Adjusted R-square 0.08 0.06 0.95 

Monetary values are in 1982 USD  
* significant at 5% level.  Standard errors are in parentheses 
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Table 3 shows the regression results for log real production. The highlighted row 

contains the value of coefficient �� for each of three specifications. From the third 

specification column, I found the value of �� is positive and it is 0.002. This implies 

that average tariff reduction (41 percentage point) from pre to post liberalization 

period on higher polluting industries will increase the total production by 16.4% 

(0.002 * 2 * 1 * 41 * 100). In other two specifications also I have found the same 

result for total production. In this regression, �� measures the difference in 

difference impact on real production in percentage, caused by tariff reduction from 

before to after trade liberalization and from lower to higher polluting industries. 

Although not statistically significant, 16.4% increase in real production in heavier 

polluting industry supports my first hypothesis that trade liberalization causes 

growth in more polluting industry compared to low polluting industries. However, 

this needs more data point to confirm the results. Adjusted R square of 0.95 in 

specification 3 shows that 95% of the model is explained by the explanatory 

variables used in this regression. 
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Table 4: Effect of Change in Tariff on Export 

Variable (1) 

 

(2) 

 

(3) 

 
Average Tariff Change 0.01 

(0.03) 
0.01 

(0.03) 
- 

Year Dummy 1.20 
(2.01) 

- - 

Polluter Dummy 0.06 
(0.94) 

1.06 
(0.95) 

- 

Tariff *year -0.02 
(0.04) 

-0.02 
(0.04) 

-0.02 
(0.01) 

Year *Polluter *Tariff 0.01 

(0.03) 

0.01 

(0.03) 

0.013* 

(0.01) 

Polluter*year -0.35 
(1.30) 

-0.35 
(1.30) 

-0.40 
(0.30) 

Tariff*polluter -0.02 
(0.02) 

-0.02 
(0.02) 

- 

    
Year Fixed Effect No Yes Yes 
Industry Fixed Effect No No Yes 

    
Observations 112 112 112 
Adjusted R-squared 0.05 0.03 0.95 
Monetary values are in 1982 USD  
* significant at 5% level.  Standard errors are in parentheses 

 

Table 4 shows regression results for log real export as dependent variable. 

Explanatory variables are same as in Table 3. Here also highlighted row contains the 

interaction term which captures differential impact of reduction in tariff during post 

liberalization period on real export of  heavier polluting industries. Three values of 

coefficient �� are for three models: model without fixed effect, model with year 

fixed effect and model with industry as well as year fixed effect respectively. The 
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bold part of the above table shows positive �� values for all three specifications. So 

these values indicate that there is positive impact on export of heavy polluting 

industries compared to low during trade liberalization due to tariff reduction. In the 

third specification I have found the coefficient of my interest term is 0.013 which 

means, 41 percentage point average tariff reduction during liberalization period 

caused increase in real export by 106.6% (0.013 * 2 * 1 * 41 * 100). This increase is 

significantly high in export for heavier industries during liberalization period. High 

growth of export in heavy polluting industries means India had comparative 

advantage in producing dirty goods relative to cleaner goods. This result indicates 

that my second hypothesis is also valid. Hence trade liberalization promotes heavy 

polluting industries, relative to low polluting industries in India. High adjusted R 

square (0.95) for specification 3 means that 95% of the model is explained by the 

variables which I have used for the regression. 
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Table 5: Effect of Change in Tariff on Import 

Variable (1) 

 

(2) 

 

(3) 

Average Tariff Change 0.02 
(0.03) 

0.02 
(0.03) 

- 

Year Dummy 2.00 
(2.30) 

- - 

Polluter Dummy 2.80 
(1.08) 

2.80 
(1.10) 

- 

Tariff *year -0.02 
(0.05) 

-0.02 
(0.04) 

-0.02 
(0.01) 

Year *Polluter *Tariff 0.02 

(0.04) 

0.02 

(0.03) 

0.02 

(0.01) 

Polluter*year -0.95 
(1.53) 

-0.95 
(1.55) 

-0.95 
(0.38) 

Tariff*polluter -0.04 
(0.03) 

-0.04 
(0.03) 

- 

    
Year Fixed Effect No Yes Yes 
Industry Fixed Effect No No Yes 
    
Observations 112 112 112 
Adjusted R-squared -0.22 0.20 0.95 
Monetary values are in 1982 USD 
* significant at 5% level.  Standard errors are in parentheses 

 

In Table 5, I used log real import as dependent variable and same explanatory 

variables as in the previous two tables. In the highlighted row, I have found that 

coefficient of the interaction term is positive and the value is 0.02. It implies that the 

real import also increases more in heavy polluting industries. This result does not 

support my third hypothesis, and it indicates that India’s import is highly skewed 

towards heavy polluting industries. Average tariff reduction by 41 percentage point 
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during trade liberalization caused increase in import in high polluting industries by 

164% (0.02 * 2 * 1 * 41 * 100). It may be because high domestic demand causes the 

country to import more heavy polluting goods. However, this needs more data point 

and detail study to confirm the findings.   

 

Though I have not included the table for log trade, as I have already taken two main 

components of trade: export and import, the trade production also says the same 

thing that tariff reduction increases overall total trade in heavy polluting industries 

from pre to post liberalization period, compared to low polluting industries.  

 

7. Conclusions 

This study has explored the general relationship between tariff reduction during 

trade liberalization and its impact on growth in trade and corresponding 

environmental implications. The examination of linkages between trade and the 

environment was carried out quantitatively by looking at pollution intensity as a 

proxy measure of environmental degradation. The findings from the descriptive 

statistics, trend analysis, and regression results confirm my hypothesis that trade 

liberalization in India has resulted in increased export of high polluting industries. 

This result confirms the findings of Jha and Rabindran (2004) that trade 

liberalization causes increase in export from dirty industries relative to clean 
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industries. However, this paper went a step further to quantify the impact of tariff 

reduction on total trade and export of high polluting industries. A 41 percentage 

point tariff reduction from pre to post liberalization period increased the total export 

in high polluting industries by 106.6%. Differential impact of average tariff 

reduction during trade liberalization in India promotes heavy polluting industries, 

given no major environmental regimens during this period. The result shows that 

pollution haven hypothesis may hold true for India. This study therefore argues the 

need to include environmental issues in future trade negotiations for countries like 

India.  
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Appendix A: Defining Key Regression Variables 
 

Variables Names Definitions 

Production Value in US $ 

Export Value in Us $ 
Import Value in US $ 

Tariff rate In percentage 

Year (1990,1992) for pre liberalization (1997,2001) for post 
liberalization 

Industry ISIC-3 digit, 28 industries 

 


