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Abstract

Since Leontief’s (1953) testing of Heckscher-Ohlin hypothesis and its paradoxical finding, several studies have been made throughout the world on the determinants of factor content of foreign trade of various countries. A vast theoretical literature has also been emerged attempting to resolve the Paradox. In India too, Bharadwaj (1962), Prasad (1965) and Sengupta (1989) conducted studies on the determinants of the factor content of its foreign trade concluding in support of the hypothesis. However, these studies were conducted prior to the Economic Reform of 1991. In this paper an attempt has been made to measure the factor content of India’s foreign trade and verify the validity of the Heckscher-Ohlin hypothesis focusing on the period of Reform. The period covered in the study is from 1989-1990 to 2003-2004. Using three factors of production - capital, labour and natural resources, first, the factor contents of trade are measured in the light of two alternative theoretical frameworks provided by Leontief (1953) and Leamer (1980). In these frameworks the study confirms the Heckscher-Ohlin presumption regarding India’s trade with the rest of the world. However, paradox has been witnessed in cases of India’s trade with North America in later years of economic reforms. Then the paradox has been studied by taking into account the productivity differences between India and its trading partner as attempted by Trefler (1993). The findings of the study are expected to throw light on the ongoing debate on the factor content of foreign trade.
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Introduction

From the 1950’s onwards India’s trade structure has exhibited marked changes. India’s export basket before initiation of planning primarily consisted of jute, tea, cotton, hides and skins, manganese ores, mica etc while the manufactured products constituted the bulk of imports. The implementation of the industrialization programme starting from the Second Plan and consequent diversification and modernization in the production structure led to a significant change in the composition of the export and import baskets over the years. Table 1 shows that Agriculture and allied products which constituted 44.2% of total export in 1960-61, declined substantially to 17.2% at the beginning of the 1990’s and further declined to only 9.6% of total export in 2008-09. Jute, tea and cotton textiles were the principal items in the export basket at the time of independence and accounted for half of the total export earnings but the combined share of these commodities gradually declined over the decades. The share of manufactured products in total export earnings increased from 45.3% to 72.1% between 1960-61 and 1989-90. However the manufactured goods have not registered any significant hike in share in the total export during the 1990’s and 2000’s. In 1993-94, the share of this group in total export earnings was 74.9% which further rose to 77.6% in 1998-99 and finally declined to 67.4% in 2008-09. The manufactured commodities registering a substantial increase in export earnings and gradually becoming the principal export items over the years were engineering goods, chemicals and allied products, gems and jewellery, textiles and textiles products and readymade garments. Consequent upon the programmes of industrialization initiated during the plan period a spectacular rise in the share of the non traditional item like engineering goods has also been observed. The share of these goods in total export rose from 3.4% in 1960-61 to 25.9% in 2008-09.  The results of industrialisation are also expressed through increases in the exports of chemical and allied products. For this item the share shot up from meagre 1.1% to 12.4% between 1960-61 and 2008-09. The share of Gems and Jewellery in total export earnings increased from 0.1% in 1960-61 to 19.1% in 1989-90. Though this group registered a significant 
Table 1: Composition of India’s export (percentage share)

	Year/ Commodity
	1960-61
	1970-71
	1980-81
	1989-90   
	1993-94   
	1998-99   
	2003-04   
	2008-09   

	I Agriculture and Allied Products
	44.2
	31.7
	24.4
	17.2
	18.1
	18.2
	11.8
	9.6

	II Ores and Minerals
	8.1
	10.7
	5.0
	6.2
	4.0
	2.7
	3.7
	4.3

	III. Manufactured Goods
	45.3
	50.3
	55.8
	72.1
	74.9
	77.6
	76.0
	67.4

	A Leather and Manufactures
	4.4
	5.2
	9.4
	7.1
	5.8
	5.0
	3.4
	1.9

	B Chemicals and Related Products
	1.1
	1.9
	3.4
	9.4
	10.7
	12.1
	14.8
	12.4

	C Engineering Goods
	3.4
	12.9
	12.8
	12.0
	13.7
	13.4
	19.4
	25.9

	D Textile and Textile Products
	N.A
	N.A
	N.A
	22.6
	24.6
	26.7
	20.0
	10.9

	1. Cotton Yarn, Fabrics, Madeups, etc.
	N.A
	N.A
	N.A
	5.4
	6.9
	8.3
	5.3
	2.3

	2. Readymade Garments
	0.1
	1.9
	7.9
	11.7
	11.6
	13.1
	9.8
	6.0

	E Gems and Jewellery
	0.1
	2.9
	9.2
	19.1
	18.0
	17.8
	16.6
	15.3

	F Handicrafts (excluding Handmade Carpets)
	1.7
	4.7
	12.9
	1.3
	1.4
	1.9
	0.8
	0.2

	G Other Manufactured Goods
	2.3
	3.9
	3.8
	0.6
	0.7
	0.7
	1.0
	0.7

	IV. Petroleum Products
	0.6
	0.4
	3.7
	2.5
	1.8
	0.3
	5.6
	14.7

	V. Others (All Commodities)
	N.A
	N.A
	N.A
	2.0
	1.2
	1.2
	2.9
	4.1


Source: Directorate General of Commercial Intelligence and Statistics
Table 2: Composition of India’s import (percentage share)

	 
	1960-61
	1970-71
	1980-81
	1989-90   
	1993-94   
	1998-99   
	2003-04   
	2008-09   

	I. Food and allied products
	37.8
	16.7
	6.2
	2.6
	1.4
	6.0
	3.9
	1.6

	II Fuel
	8.9
	8.8
	34.4
	17.8
	24.7
	15.1
	26.3
	30.8

	III Fertilisers
	1.1
	6.9
	6.2
	5.1
	3.5
	2.5
	0.9
	4.5

	IV paper board, manufactures and newsprint
	n.a
	n.a.
	3.6
	1.0
	1.0
	1.1
	0.8
	0.6

	V Capital goods
	30.0
	25.1
	15.4
	24.9
	26.8
	23.7
	23.4
	23.7

	VI Others
	22.0
	14.3
	34.2
	41.0
	35.2
	43.4
	37.5
	34.7

	a) chemicals
	11.0
	9.0
	3.6
	5.4
	5.9
	6.3
	5.2
	4.0

	b) pearls, precious and semi precious stones
	0.1
	1.5
	3.9
	12.0
	11.3
	8.9
	9.1
	5.5

	c) iron and steel and non ferrous metals
	5.1
	9.9
	6.8
	9.7
	5.5
	3.9
	3.1
	5.0

	e) optical goods etc
	n.a.
	n.a.
	n.a.
	1.9
	1.8
	1.9
	1.6
	1.5

	f) gold and silver
	n.a.
	n.a.
	n.a.
	N.A
	N.A
	12.0
	8.8
	7.5

	VII unclassified items
	n.a.
	28.2
	n.a.
	7.6
	7.4
	8.2
	7.1
	4.1


Source: Directorate General of Commercial Intelligence and Statistics

share in total manufacturing-export earning during the reform period, the share is found to be declining consistently during the same period.  Similarly, the share of textiles and textile products of which cotton yarn, fabrics, madeups and readymade garments are the two major items declined gradually in later years of the economic reform.

The change in the domestic production structure has also led to a change in the commodity composition on the import side. The shares of food grains and allied products which constituted a significant proportion in total imports at the beginning years of economic planning declined remarkably over the years (Table 2). The share of the capital goods which primarily consist of non electrical machinery, electrical machinery, transport equipments etc. declined from 30% to 15.4% between 1960-61 and 1980-81 but this group of commodities is found to constitute almost one-fourth of total import expenditure in later years. The commodities which registered a substantial hike in import expenditure over the years were pearls, precious and semi-precious stones and fuel. Due to increasing demand of the gems and jewellery on the export front, the imports of pearls, precious and semi-precious stones have increased significantly. This item accounted for only 0.1% of total import expenditure in 1960-61 but its share shot up to 11.3% in 1993-94 and 5.5% in 2008-09. A substantial rise in the import expenditure has also been observed in case of fuel import. The share of petroleum and lubricants in total import expenditure increased from 8.9% in 1960-61 to 30.8% in 2008-09.

In a nutshell, the traditional sectors which comprised agriculture and allied activities and labour intensive manufacturing are gradually losing importance in India’s total export earning over the years. On the other hand, engineering goods and chemicals are gaining importance in this respect over time. On the import front, while the share of the labour-intensive traditional sectors in total import expenditure is reducing, those of the capital goods and fuel are found to be substantial. Therefore it clearly depicts that the changing production structure of the Indian economy and the march from a backward dependent economy to a more vibrant industrial economy had a significant impact on the structure and commodity composition of its foreign trade.

Given the endowment of factors of production, the general perception regarding India’s foreign trade is that the country has a distinct natural comparative and competitive advantage in production of labour intensive commodities. Particularly, after initiation of the Economic Reforms in 1991 and the consequent rapid integration with the world economy in the following years the Indian economy is expected to export agro processed and labour intensive commodities where its comparative advantage lies. However, it is also evident that under the impact of industrialisation the composition of India’s foreign trade has undergone a substantial change over the years: particularly the non traditional items have remarkably grown in importance in the export basket. 
This paper attempts to measure the factor content of India’s foreign trade with an aim to find out whether the factor intensity of trade has been in tune with comparative advantage as determined from its endowment of factors or there are some factors which have also affected its foreign trade. The study considers three factors of production- labour, physical capital and natural resources.
The measurement procedure of the factor content of trade of this study heavily draws upon the alternative theoretical frameworks developed by Leontief (1951), Leamer (1980). While verifying the factor endowment theory of international trade for the United States Leontief developed an index by which he estimated the factor intensities of the average export and competitive import of the country applying the tools of Input-Output technique. Leamer, while verifying empirically the same presumption for America’s trade introduced an alternative theoretical framework using Heckscher-Ohlin-Vanek (HOV) model for measuring the factor content of trade and factor abundance. The classic HOV framework for measuring trade in factor services was amended by Trefler (1993, 1995) in an adjusted factor equalisation framework by allowing either for factor augmenting or for Hicks-neutral technical differences among various countries. This paper also tries to verify the Hechscher-Ohlin presumption for Indian economy by using factor augmenting productivity-differences as developed by Trefler.
Very few studies have made efforts to estimate the factor content of India’s foreign trade. Bharadwaj (1962) first estimated the factor intensities of India’s export and competitive import of 1953-54 while investigating the structural basis of India’s foreign trade. His study which heavily drew upon the Leontief study especially in respect of methodology revealed that India’s export absorbs more labour than its competitive imports. However, when Bharadwaj (1962) conducted a similar test on India’s bilateral trade with the U.S. economy, India was revealed to be a capital abundant country relative to the United States refuting the endowment theory of trade. More recently, Sengupta (1989) tested factor content of India’s foreign trade for the years 1979-80 and 1984-85 and confirmed India’s export being more labour intensive than its import. Research in this field focusing the Indian case is scanty, particularly for recent years. Moreover to the best of knowledge of the researcher, no comprehensive study is attempted to measure factor content of India’s foreign trade using the approach developed by Leamer and Trefler.

Arrangement of the paper: In section 1 the analytical frameworks applied in this study are discussed. In section 2 the results of the study are presented. The final conclusions are given in section 3. 

1. Analytical Framework

 In this section we shall first give an account of the analytical technique and the empirical procedure of the Leontief study since a part of our investigation regarding the structural basis of India’s foreign trade draws heavily upon it, followed by a discussion on the analytical frameworks used by Leamer and Trefler to study the same.

1.1 Analytical Framework of Leontief

Leontief (1951) made the pioneering attempt to empirically verify Heckscher-Ohlin theorem for the trade structure of the United States. Considering two factor of production labour and capital he attempted to test the commonly held notion that the United states possesses “a comparative advantage in the production of commodities which require for their manufacture large quantities of capital and relatively small amounts of labour”- a view derived from the Hechscher-Ohlin presumption and for that matter computed the factor intensities of export and import using the tools of Input-Output technique. The results, contrary to the general expectations revealed that the US import competiting goods required 30% more capital per worker than the US exports which implied the United States was abundant in labour, not in capital. This finding famously known as Leontief Paradox stimulated an enormous amount of theoretical and empirical research which enabled us to understand the strength and weaknesses of the Heckscher-Ohlin theory. Perhaps no other studies in the field of international trade have become so well-known and have triggered off so much controversy as the study conducted by Professor Leontief.

The paradox raised lots of criticisms and explanations, some of which followed almost immediately. While Swerling (1953), Buchanan(1955), Loeb(1954) etc questioned the statistical procedure adopted or the data used in the test, some other economists like Kravis (1956), Vanek (1963), Travis (1964), Kenen (1965), Keesing (1966), Baldwin (1971) and Leontief himself put forward several explanations to resolve the paradox. Differential labour quality between nations, cases of two or more factors of production, factor intensity reversal, presence of trade barriers etc were offered as explanations to reconcile the Paradox with the theory, however very few of these have been widely accepted as a satisfying explanation resolving the Paradox.

Leontief applied the tools of Input-Output technique to test the factor intensities of the average export and competitive-import of the United States. Using Input-Output table for 1947 and using data on sector-wise direct use of labour and capital, Leontief calculated the direct and indirect requirement of labour and capital to produce a representative bundle of one million dollar worth of the U.S. exports and representative bundle of one million dollar worth of domestic goods, directly competitive with the U.S. imports. Although the Heckscher-Ohlin theory is applicable to the actual imports, the computation of the input coefficients for actual imports requires thorough knowledge of the production functions of each product in the United States and all its trading partners which seems to be a stupendous task. Therefore due to difficulties in availability of such foreign data on factor requirements of actual imports of the United States, Leontief calculated the factor requirements of the import–competing industries using the domestic technology coefficient matrix, omitting non-competitive imports from the import basket. In his view, if the possible alternative pattern of trade is to have any meaning in respect of competitive imports then one must consider the stepped-up domestic production as an alternative to actual imports. By using the same technology matrix, Leontief assumed that production function for each commodity was identical allover the world and therefore there was no factor intensity reversal. In this context the distinction between competitive imports and non-competitive imports should be explained. The imported commodities which can also be produced domestically, either fully or partially are regarded as competitive imports while those imports which are impossible or extremely difficult to produce at home are referred to as non-competitive imports.

Let us present Leontief’s analytical framework in detail as applied in this study.

Let A = (n x n) technology matrix, an element of which gives the direct requirement of intermediate input per unit of output, where n is the number of commodities. 

x = (x1, x2, …………xn), (1 x n) is the commodity-wise gross output vector

C = (C1, C2…………Cn), (1 x n) commodity-wise domestic expenditure vector

E = (E1, E2…………..En), (1 x n) commodity-wise export vector, each element shows the share of each commodity in one million dollar worth of exports.

M = (M1, M2,…………Mn), (1 x n) commodity-wise import vector where each element represents the share of each commodity in one million dollar worth of imports. As mentioned earlier due to due to difficulties in obtaining the foreign data, the import bundle includes those commodities which are produced in the domestic economy also in competition with import and excludes non-competiting imports.

Our study uses data on three factors of production –labour (L), physical capital (K) and natural resources (N) while measuring the factor content of trade.

Ff = (F1f, F2f……………..Fnf), f = L,K,N. Ff is the (1 x n ) factor coefficient vector, an element of it shows the direct requirement of the factor  Ff per unit of output of each commodity.
The balancing equation in the input-output model which shows that the output of each commodity is just sufficient to meet the input requirements of all commodities including itself as well as the final demand, is 

x = Ax + C´ + E´ - M´ (prime indicates transpose)  

or, x = (I - A)-1 (C´ + E´ - M´)                                                                            
      (1)

Multiplying  Ff with Inverse matrix (I - A)-1 we get
Bf =   Ff (I - A)-1,  Bf is a (1 x n) vector an element of which gives the direct and indirect requirement of  Ff per unit of output.

Again, multiplying  Bf  with E´ and M´ we obtain the total (direct + indirect) factor Ff embodied in one million dollar worth of export (Gfe) and that embodied in import replacements (Gfm) of equivalent value respectively,
Gfe =Ff (I - A)-1 E´ =Bf E´                                                                                  (2) and 

Gfm= Ff(I - A)-1 M´ =Bf M´                                                                                   .(3)

To verify the Heckscher-Ohlin predictions regarding the pattern of trade a comparison has to be made between the factor ratio for exports (Gfe / Gje) and the factor ratio for import replacements (Gfm / Gjm). One million dollar worth of export will be more factor Ff intensive relative to factor Fj as compared to one million dollar worth of import replacements if
 (Gfe / Gje) / (Gfm / Gjm) > 1   





                  (4)

i.e considering any two factors, say, labour and capital, inequality (4) can be rewritten using following notations as (ke/le)/(km/lm) >1

1.2 Analytical Framework of Leamer

Leamer (1980) introduced an alternative theoretical framework using the Heckscher - Ohlin – Vanek model where he proposed new set of criteria for determining factor abundance as revealed by trade. He argued that Leontief’s test was based on a wrong proposition and the Paradox would disappear “if conceptually correct calculations” were used to compute the factor content of trade. He showed that the Leontief-type calculations of the factor requirements of trade are misleading if more than two commodities exist. He further argued that lower capital per worker embodied in exports relative to imports implied a country was abundant in labour and scarce in capital (the proposition used by Leontief) in a many-commodity case if and only if the country was found to be net exporter of labour services and net importer of capital services. Using Leontief’s figures that produced the paradoxical result he showed that the US was the net exporters of both capital and labour services in 1947 and contended that Leontief’s result was based on a false proposition. He also showed that under these circumstances, a country to be abundant of capital requires net exports to be more capital intensive than consumption. Since for 1947 data net export of the U.S. was found to be more capital intensive than U.S. consumption, Leamer confirmed the notion that the United States was well endowed with capital relative to labour in 1947 and the Paradox ceased to exist. 

Leamer developed the new criteria for factor abundance using the standard multi-factor, multi-commodity and multi-country Hechscher-Ohlin-Vanek (HOV) model. The basic assumptions behind the HOV model are identical technologies across countries, identical and homothetic preferences across countries, differing factor endowments, free trade in goods and services and no factor intensity reversals. Consider there are i number of countries in the world with h number of factors and n number of commodities. The basic equation of the HOV model is,

     BTi =Ffi  =Vfi – α iVfw                                                                                     (5) 

    ( i = 1………c, f = 1,………,h and g = 1,………,n)

where for country i, Btotal  = Fdirect(I - A)-1 i.e. the technology matrix.

 Ffi is the factor content of trade                         

 Ti = Yi – Di = net export

 Vfi is the endowment of factor i in country c
       c
             Vfw is the world endowment  of factor f, Vfw = ( Vfc






       i =1
             and α i = i-th country’s share in total world expenditure.

The left hand side of the equality sign sometimes labelled the production side of the theorem or the measured factor content of trade and the right hand side is sometimes labelled the absorption or the consumption side of the theorem or the predicted factor content of trade. If country i’s endowment of factor f relative to world endowment of that factor exceeds country i’s share of world GDP i.e. (Vfi/Vfw)/ α i, then country i is abundant in factor f.
Considering three factors capital, labour and natural resources and denoting their content of trade by KT , L T and RT respectively we get, 

KT=Ki-αiKw                                                                                                           (6) 
LT=Li-αiLw                                                                                                            (7)

RT=Ri-αiRw   







      
      (8)                                                                                                          

Considering any two factors, say, capital and labour, a country i is abundant in capital if and only if the share of capital endowment of the country in the world endowment of capital is greater than the share of its labour endowment in world’s endowment of labour i.e. (Ki / Kw) > (Li / Lw) 

    





       (9)

A country i is a net exporter in capital services (KT >0) and net importer to labour services (LT <0), directly implies (Ki / Kw) > (Li / Lw) (from equations 6 & 7). If the country i is net exporter of both factor services (KT >0, LT >0), then in such a case, the proper comparison should be between capital per man embodied in net export (KT / LT) and capital per man embodied in consumption (KC / LC). If the former exceeds latter [(KT / LT) > (KC / LC)], then the country is revealed to be relatively abundant in capital to labour. If the country is net importer of both factor services i.e. (KT <0, LT <0) then the appropriate comparison between net export and consumption will be reverse i.e. the economy would be considered relatively well endowed in capital to labour if (KT / LT) < (KC / LC). We will use these conditions to determine the relative factor abundance of the Indian economy as revealed by the factor content of its foreign trade for the period 1989-90 to 2003-04.
.
1.3 Analytical Framework of Trefler
When it seemed the Paradox had disappeared, Brecher and Choudhuri (1982) pointed out that the direction of the U.S. trade in labour services could not be reconciled with Vanek’s version of the Heckscher-Ohlin model. According to them, the case of the U.S. being net exporter of labour was itself paradoxical. They showed that the net export of labour is positive only when domestic expenditure per capita of one country is lower than that of the world. Citing data, Brecher and Choudhuri argued that it would be wrong to think that U.S. during 1947 was an example of this case. So, the Paradox continues. However, they also suggested that reconciliation could be attempted by departing from assumptions like factor price equalization  (FPE), free trade, identical tastes etc.

While looking at the revealed factor abundance may be an interesting exercise, the earlier attempts were in fact not a true test of the HOV theorem. Complete test of the theorem were developed by Bowen, Leamer and Sveikauskas (1987) (BLS in short) based on the statement that the measured factor content (L.H.S. of equation 5) should match theory’s prediction (R.H.S. of equation 5). These calculations require data on production techniques, factor endowments and trade and assumptions on preferences. Earlier studies use conditions simply to identify the factor in which the country appears to be abundant and for that require only production and trade data for that country. BLS ended up by rejecting the HOV model, finding it an incomplete description of trade in factor services where the measured factor content was much smaller than that predicted by the endowments of factors. Trefler (1995) called the phenomenon “the case of missing trade.”  According to Trefler, the problem arises due to the traditional assumption of factor price equalization (FPE), which is widely inconsistent with U.S. wage data. He suggested that the traditional concept should be replaced by the equalization of prices of the factors measured in efficiency units so that the HOV model could perform quite well in predicting the factor content of trade. In trying to explain his own theory, he resurrected Leontief’s original productivity explanation, which he argued, had been largely unexplored. He introduced a number of extensions of the HOV model and examined the persistence of the mysteries for each extension. Trefler concluded in favour of extensions with country-specific neutral technology differences. On the demand side, he tested variants that accounted for the existence of investment goods, non traded goods and home bias in consumption. Each adjustment to the demand side reduced the predicted factor content of trade. The best performer was a combination of Hicks neutral technical differences and Armington home bias. In this paper we will use the model with modified factor price equalisation (FPE) with country and factor specific productivity parameter as suggested by Trefler to study the factor content of trade and factor abundance of the Indian economy.

Trefler’s main innovation is to introduce a productivity parameter for each factor in each country in the HOV model. Let us illustrate the framework in terms of one factor, say, labour. πLi denotes the productivity parameter associated with labour in country i. This parameter converts observed units of labour into efficiency units via the relationship Li* = πLi Li. Correspondingly we can set the technology coefficients in efficiency units such that BLi* = πLi BLi. Considering the U.S. as the numeraire and setting πLus = 1 i.e. the productivity parameter for the U.S. economy equal to 1, we obtain BLus* =  BLus. Then assuming factor price equalisation in terms of efficiency units we have BLi* = BLus for all i. Assuming further identical homothetic tastes for each country we can derive the relationship interms of efficiency units of labour: 
                  BLi* Ti = πLi VLi – α iΣ πLi VLj   






(10)




      j   


The equalisation of factor prices in efficiency units implies wi = πLi wus

(11)
For factor f,       Bfi* Ti = πfi Vfi – α iΣ πfi Vfj   




(12)




      j  
                    and wfi = πfi wfus






                 (13)
Trefler (1995) combined the neutral (δi) and non neutral technology (φf) differences for the less developed countries as    πfi  =  δi  φf  .  δi indicates the country-specific productivity parameter while φf  gives the factor specific productivity parameter.
According to Trefler, the international productivity differences should be reflected in international per capital income differences. In his calculation he found a high correlation between δi and per capital GDP Yi.  While testing hypothesis, he set δi equal to Yi/Yus. in order to reduce the large number of parameters, where Yus is the per capita GDP of the U.S . Following Trefler, we will use Yi/Yus as proxy for δi while the values of φf are taken from Trefler’s calculations.
              Here, we have therefore briefly discussed the frameworks which are used to determine the relative factor abundance as revealed by India’s foreign trade over the period 1989-90 to 2003-04.                         

2. Results and discussions

2.1 India’s trade to the Rest of the World (ROW)
2.1.1. Results in Leontief Framework - India’s trade to ROW
The results pertaining to the factor content of India’s foreign trade using Leontief framework are concisely presented in this section. It is observed from Table 3 that over the study period the capital per labour required for exports to the rest of the world is less than that required for domestic replacements of competitive imports. This implies India’s overall exports absorb relatively more labour and less capital than import replacements. Also, India’s exports to the rest of the world are found to be more natural resource intensive than capital as compared to its import replacements in 1989-90, 1993-94 and 2003-04. In 1998-99, the capital intensity of exports relative to natural resource is more than the import replacements. Between labour and natural resource India’s export absorbs more labour relative to natural resource than its imports. Therefore it appears that India’s structure of trade with the rest of the world from 1989-90 to 2003-04 as revealed by the Leontief framework is one of a labour-abundant country (Table 3). 

Table 3: Relative Factor Abundance in Leontief framework - India’s trade with the ROW

	 
	1989-90
	1993-94
	1998-99
	2003-04

	ke/le
	609.36
	 
	781.94
	
	841.07
	
	1031.06
	 

	 
	 
	 
	 
	
	 
	
	 
	 

	km/lm
	871.02
	 
	1071.73
	
	1206.39
	
	1588.14
	 

	 
	 
	 
	 
	
	 
	
	 
	 

	(ke/le)/(km/lm) 
	0.6996
	K<L
	0.7296
	K<L
	0.6972
	K<L
	0.6492
	K<L

	 
	 
	 
	 
	
	 
	
	 
	 

	ke/re
	3.31
	 
	3.93
	
	4.97
	
	5.29
	 

	 
	 
	 
	 
	
	 
	
	 
	 

	km/rm
	4.12
	 
	3.94
	
	4.11
	
	5.44
	 

	 
	 
	 
	 
	
	 
	
	 
	 

	(ke/re)/(km/rm)
	0.8044
	K<R
	0.9969
	K<R
	1.2098
	K>R
	0.9721
	K<R

	 
	 
	 
	 
	
	 
	
	 
	 

	re/le
	183.92
	 
	199.15
	
	169.16
	
	195.05
	 

	 
	 
	 
	 
	
	 
	
	 
	 

	rm/lm
	211.47
	 
	272.10
	
	293.55
	
	292.07
	 

	 
	 
	 
	 
	
	 
	
	 
	 

	(re/le)/(rm/lm
	0.8697
	R<L
	0.7319
	R<L
	0.5763
	R<L
	0.6678
	R<L

	
	 
	 
	 
	
	 
	
	 
	 

	 
	 
	 
	 
	
	 
	
	 
	 

	 Order of abundance
	
	L>R>K
	
	L>R>K
	
	L>K>R
	
	L>R>K


While studying the factor intensity in trade we have also calculated the ratio of each factor embodied in export to import replacements which is shown in table 4. Labour, as expected, is found to be highly embodied in export relative to import. But the noticeable point is that the ratio (ke/km) over the study period takes a value which is slightly above or below the value 1. That means the capital embodied in export is almost same as that embodied in import during the period concerned. Another point that has been noticed that the natural resource embodied in India’s a million dollar worth of exports relative to that embodied in a million dollar worth of imports has shown a downward trend between 1989-90 and 1998-99. However the ratio has increased once again in 2003-04. On the other hand for the factors capital and labour, the ratios of the factor embodied in exports to that embodied in imports have shown very insignificant variation over the period of our study.

Table 4. Factor embodied in export relative to import replacement - India’s trade with the ROW

	
	1989-90
	1993-94
	1998-99
	2003-04

	le/lm
	1.4660
	1.3703
	1.5066
	1.4881

	ke/km
	1.0256
	0.9998
	1.0504
	0.9661

	re/rm
	1.2750
	1.0029
	0.8682
	0.9938


Chart 1: Factor intensity in export relative to import replacement - India’s trade with the ROW

[image: image1.emf]FACTOR INTENSITY FOR INDIA'S TRADE WITH 

THE ROW

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1989-90 1993-94 1998-99 2003-04

YEARS

FACTOR INTENSITY

le/lm

ke/km

re/m


2.1.2. Results in Leamer Framework - India’s trade to ROW
Applying Leamer’s framework, India is found to be net importer of capital, natural resources and net exporter of labour services during the reform period. However in 1989-90, India is found to be net exporter of all three factor services. Capital and natural resources being net exporters in 1989-90 may be due to higher factor use in per million dollar worth of exportables relative to per million dollar worth of imports along with a positive trade balance in that year. To determine the factor abundance as revealed by the trade structure we have to compare the factor ratios embodied in domestic expenditure with that embodied in net export.  

Table 5: Relative Factor Abundance in Leamer framework - India’s trade with the ROW

	 
	1989-90
	1993-94
	1998-99
	2003-04

	Le - Lm
	9629282
	NET EXPORTER
	5252648
	N NET EXPORTER
	4749127
	N NET EXPORTER
	12345717
	N NET EXPORTER

	
	
	
	
	
	
	
	
	

	Ke - Km
	191810476
	N EXPORTER
	-2046122831
	N IMPORTER
	-6153821824
	N IMPORTER
	-4912298274
	N IMPORTER

	
	
	
	
	
	
	
	
	

	KT/LT
	
	19.92
	
	
	
	
	
	

	KC/LC
	
	570.55
	
	
	
	
	
	

	RATIO:
	
	0.03
	
	
	
	
	
	

	 
	 
	K<L
	 
	K<L
	 
	K<L
	 
	K<L

	
	
	
	
	
	
	
	
	

	Ke - Km
	191810476
	N NET EXPORTER
	-2046122831
	N NET IMPORTER
	-6153821824
	N NET IMPORTER
	-4912298274
	N NET IMPORTER

	
	
	
	
	
	
	
	
	

	Re - Rm
	1291836608
	N EXPORTER
	-503101230
	N IMPORTER
	-2651829046
	N IMPORTER
	-664296355
	N IMPORTER

	
	
	
	
	
	
	
	
	

	KT/RT
	
	0.15
	
	4.07
	
	2.32
	
	7.39

	KC/RC
	
	3.35
	
	3.95
	
	4.52
	
	4.81

	RATIO:
	
	0.04
	
	1.02
	
	0.51
	
	1.53

	 
	 
	K<R
	 
	K<R
	 
	K>R
	 
	K<R

	
	
	
	
	
	
	
	
	

	Re - Rm
	1291836608
	N EXPORTER
	-503101230
	N IMPORTER
	-2651829046
	N IMPORTER
	-664296355
	N IMPORTER

	
	
	
	
	
	
	
	
	

	Le - Lm
	9629282
	N EXPORTER
	5252648
	N EXPORTER
	4749127
	N EXPORTER
	12345717
	N EXPORTER

	
	
	
	
	
	
	
	
	

	RT/LT
	
	134.16
	
	
	
	
	
	

	RC/LC
	
	170.54
	
	
	
	
	
	

	RATIO:
	
	0.79
	
	
	
	
	
	

	 
	 
	R<L
	 
	R<L
	 
	R<L
	 
	R<L

	 
	 
	L>R>K
	 
	L>R>K
	 
	L>K>R
	 
	L>R>K


Table 5 shows that India is abundant in labour relative to capital and natural resources in 1989-90, 1993-94, 1998-99 and 2003-04. The order of factor abundance for 1989-90, 1993-94, 1998-99 and 2003-04 obtained in the Leontief framework is similar to that obtained when we used Leamer’s method .So, both the frameworks have revealed that India’s trade with the rest of the world during pre-reform and reform period may be in tune with its comparative advantage as addressed by the Heckscher-Ohlin theory.

2.2 Further experiment on the Factor content of India’s trade – India’s trade to North America
India’s trade with North America has been significant in terms of total export earnings and total import expenditure. India maintained more or less a steady share in export and import with this traditional trading partner.
Table 6: Share of North America in India’s foreign trade

	
	1989-90   
	1993-94   
	1998-99   
	2003-04   
	2006-07   

	 
	Export
	Import
	Export
	Import
	Export
	Import
	Export
	Import
	Export
	Import

	All  North America Countries
	17.1
	13.4
	19.0
	12.7
	23.1
	9.5
	19.2
	7.4
	15.8
	7.3

	Canada
	1.0
	1.3
	1.0
	1.0
	1.4
	0.9
	1.2
	0.9
	0.9
	1.0

	U.S.A
	16.2
	12.1
	18.0
	11.7
	21.7
	8.6
	18.0
	6.4
	14.9
	6.3


In recent years all North American countries registered a modest share in India’s total export earnings and total import expenditure (as shown in the table 6). Between 1989-90 and 1998-99 the share of North America in total export earnings increased from 17% to 23% while the share in the 2000’s declined and came down to 15.8% in 2006-07. In total import expenditure the share of this region is however found to be declining consistently over the period of our study. Nonetheless, this region continues to be an important destination for India’s export and source of its import over the years. Bharadwaj (1962) conducted the factor intensity test on India’s bilateral trade with the U.S. economy which refuted the endowment theory of trade revealing India more abundant in capital relative to the US economy. This paper also attempts to conduct a similar kind of test using the three alternative frameworks previously discussed on India’s bilateral test with North America over the period 1989-90 to 2003-04.
2.2.1. Results in Leontief Framework - India’s trade to North America
In Leontief framework the measured factor intensities embodied in India’s export and import replacements with North America for 1989-90 and 1993-94 reveals that India is most abundant in labour followed by natural resource and capital respectively (Table 7). In 1998-99, the capital-natural resource ratio for exports as compared to that for domestic replacements of imports has increased indicating India being more capital abundant relative to natural resource. However, in this year too the country was most abundant in labour. The order of factor abundance as revealed by the trade structure with North America in 2003-04 completely differs from those obtained in previous years concerned in this study. In 2003-04 the country is found to be most abundant in capital followed by labour and natural resource. India becoming more capital abundant as compared to North America in later years of economic reforms produces another instance of Leontief Paradox.
Table 7: Relative Factor Abundance in Leontief framework - India’s trade with North America

	
	1989-90
	1993-94
	1998-99
	2003-04

	 
	 
	
	 
	
	 
	
	 
	 

	ke/le
	637.03
	
	800.14
	
	896.71
	
	1180.70
	 

	 
	 
	
	 
	
	 
	
	 
	 

	km/lm
	785.24
	
	898.74
	
	1068.60
	
	1172.01
	 

	 
	 
	
	 
	
	 
	
	 
	 

	(ke/le)/(km/lm) 
	0.8113
	K<L
	0.89
	K<L
	0.84
	K<L
	1.01
	K>L

	 
	 
	
	 
	
	 
	
	 
	 

	ke/re
	4.05
	
	4.36
	
	5.15
	
	6.13
	 

	 
	 
	
	 
	
	 
	
	 
	 

	km/rm
	4.85
	
	4.45
	
	4.72
	
	5.67
	 

	 
	 
	
	 
	
	 
	
	 
	 

	(ke/re)/(km/rm)
	0.8350
	K<R
	0.98
	K<R
	1.0910
	K>R
	1.0823
	K>R

	 
	 
	
	 
	
	 
	
	 
	 

	re/le
	157.32
	
	183.67
	
	174.26
	
	192.47
	 

	 
	 
	
	 
	
	 
	
	 
	 

	rm/lm
	161.93
	
	201.92
	
	226.57
	
	206.78
	 

	 
	 
	
	 
	
	 
	
	 
	 

	(re/le)/(rm/lm
	0.9716
	R<L
	0.91
	R<L
	0.77
	R<L
	0.93
	R<L

	
	 
	
	 
	
	 
	
	 
	 

	 
	 
	
	 
	
	 
	
	 
	 

	 Order of abundance
	 
	L>R>K
	:
	L>R>K
	
	L>K>R
	 
	K>L>R

	
	
	
	
	
	
	
	
	


However, if we look at the ratio of each factor embodied in export to that in import replacements given in Table 8, then it can be observed that the ratio for capital has not shown any significant change over the study period whereas the ratio for labour has reduced significantly in 2003-04. Diminishing labour content in export relative to imports might be the principal reason for India’s export becoming more capital intensive than labour in 2003-04 and produces the Leontief – type of paradox. Also, the ratio (le/lm) in case India’s trade with North America is quite lower than the average ratio of (le/lm) in case of India’s trade with the world for all years. On the other hand, the (ke/km) ratio for India’s trade with North America for all years is almost equal to one as found for India’s trade with the rest of the world. No doubt, India’s export to North America is more labour intensive than capital (except in 2003-04), but the labour intensity of that export is far lower (or capital intensity of export is higher) than the average labour intensity of India’s export to the world.
Table 8. Factor embodied in export relative to import replacement - India’s trade with North America
	 
	1989-90
	1993-94
	1998-99
	2003-04

	le/lm
	1.2188
	1.1038
	1.1604
	1.0073

	ke/km
	0.9888
	0.9827
	0.9738
	1.0147

	re/rm
	1.1842
	1.0041
	0.8925
	0.9376


Chart 2: Factor intensity in export relative to import replacement - India’s trade with North America
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2.2.2. Results in Leamer Framework - India’s trade to North America 
The results obtained in Leamer framework revealing a paradox for the year 2003- 04, is almost similar to those found in Leontief framework (Table 9). For 1989-90, 1998-99 and 2003-04 the ranking of abundance in Leamer framework is same as that in Leontief framework. In 1993-94, the ranking of abundance in Leamer framework is in the order: labour, capital and natural resource whereas in Leontief model the country is most abundant in labour followed by natural resource and capital.  The country is found to be net exporter of all three factor services in all year, which occurs due to huge surplus in trade balance in India’s trade with North America.

Table 9: Relative Factor Abundance in Leamer framework - India’s trade with North America

	 
	1989-90
	1993-94
	1998-99
	2003-04

	Le - Lm
	2116617
	N EXPORTER
	1643708
	N EXPORTER
	3703971
	N EXPORTER
	4593728
	N EXPORTER

	
	
	
	
	
	
	
	
	

	Ke - Km
	783527266
	N EXPORTER
	993156148
	N EXPORTER
	2777279825
	N EXPORTER
	5451541096
	N EXPORTER

	
	
	
	
	
	
	
	
	

	KT/LT
	
	370.18
	
	604.22
	
	749.81
	
	1186.74

	KC/LC
	
	547.07
	
	677.18
	
	773.21
	
	897.03

	RATIO:
	
	0.676654
	
	0.892253
	
	0.969742
	
	1.322966

	 
	 
	K<L
	 
	K<L
	 
	K<L
	 
	K>L

	
	
	
	
	
	
	
	
	

	Ke - Km
	783527266
	N EXPORTER
	993156148
	N EXPORTER
	2777279825
	N EXPORTER
	-4912298274
	N EXPORTER

	
	
	
	
	
	
	
	
	

	Re - Rm
	315461156
	N EXPORTER
	242299807
	N EXPORTER
	479915479
	N EXPORTER
	-664296355
	N EXPORTER

	
	
	
	
	
	
	
	
	

	KT/RT
	
	2.48
	
	4.10
	
	5.79
	
	6.50

	KC/RC
	
	3.39
	
	3.95
	
	4.52
	
	4.81

	RATIO:
	
	0.731715
	
	1.036405
	
	1.279752
	
	1.352898

	 
	 
	K<R
	 
	K>R
	 
	K>R
	 
	K>R

	
	
	
	
	
	
	
	
	

	Re - Rm
	315461156
	N EXPORTER
	242299807
	N EXPORTER
	479915479
	N EXPORTER
	-664296355
	N EXPORTER

	
	
	
	
	
	
	
	
	

	Le - Lm
	2116617
	N EXPORTER
	1643708
	N EXPORTER
	3703971
	N EXPORTER
	12345717
	N EXPORTER

	
	
	
	
	
	
	
	
	

	RT/LT
	
	149.04
	
	147.41
	
	129.57
	
	182.54

	RC/LC
	
	161.17
	
	171.23
	
	170.99
	
	186.67

	RATIO:
	
	0.924751
	
	0.860912
	
	0.757757
	
	0.977876

	 
	 
	R<L
	 
	R<L
	 
	R<L
	 
	R<L

	 
	 
	L>R>K
	 
	L>K>R
	 
	L>K>R
	 
	K>L>R


2.2.3. Results in Trefler Framework - India’s trade to North America
Since a Paradox has been observed in case of India’s trade to North America in 2003-04 we have applied the Trefler framework which modifies the HOV model in a new version of FPE by introducing country-specific factor-specific productivity parameters. The method of measuring the productivity parameters for each factor are explained in section 1 and are presented in the Appendix table D. The results obtained in this framework are briefly illustrated in Table 10. The first column for each year in table 10 shows the missing trade i.e. the departure from the HOV theorem as measured by the difference between BTi and Vi – αiVw which is scaled by Vi – αiVw. Large prediction error can be observed in all years for all three factors when traditional HOV model is used to measure the factor content of trade, which can be the basis for using in this study the country-specific, factor-specific productivity parameters as suggested by Trefler. Column 2 for each year in the same table shows the factor abundance ratios (FAR) calculated without using the productivity parameters while the column 3 for each year illustrates the same in productivity equivalent units. If the ratio exceeds unity then the country is abundant in factor f.  According to column 2, over the study period India is found to be abundant in labour and scarce in capital and natural resources. The finding of the previous two frameworks i.e. the economy is abundantly endowed with capital relative to labour and natural resources in 2003-04 as compared to the U.S. is not supported by this framework. However, it also appears that in 2003-04, the country has become approximately capital neutral and natural resource neutral since the FAR for capital has increased from 0.85 in 1998-99 to 0.95 in 2003-04 while FAR for natural resource in 2003-04 is 0.93. But such approximate capital and natural resource neutral feature of the Indian economy completely disappears when FARs are measured in productivity equivalent units. According to the productivity adjusted FAR, the country is abundant in labour and scare in capital and natural resources. Also, it is observed that the magnitude of FARs have decreased significantly for all factors when FARs are measured in productivity equivalent units. 
Table 10: Missing Trade and relative factor abundance 
	 Factors
	1989-90
	1993-94
	1998-99
	2003-04

	 
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	Labour
	-0.57
	1.23
	1.10
	-0.53
	1.48
	1.32
	-0.49
	1.40
	1.23
	-0.65
	1.25
	1.19

	Capital
	-0.72
	0.64
	0.54
	-0.78
	0.73
	0.61
	-0.73
	0.85
	0.70
	-0.6
	0.95
	0.79

	Natural resources
	-0.66
	0.89
	0.67
	-0.69
	0.89
	0.63
	-0.65
	0.88
	0.63
	-0.7
	0.93
	0.73


1( [BTi – (Vi –α i  Vw)]/ (Vi – α iVw), 2 ( (Vfi /α iVfw ) / α i  , 3 ( (Vfi */α iVfw* ) / α i                                                                                
2.2.4. India’s trade to North America when producer’s technology is used
A standard way for measuring the factor content in the case of absence of factor price equalisation (FPE) is developed in Deardorff (1982) and Helpman (1984).  Deardorff (1982) and Helpman (1984) developed versions which allow for differences in relative factor prices across countries which cannot be handled as simple factor-augmenting differences. The key insight is that when techniques vary across countries, as is the case when FPE fails, factor content should be measured using producers technology. Davis and Weinstein (2001) develop a variant of the Deardorff-Helpman model with explicit consideration of the nature of technical differences, as well as the presence of non-traded goods and show that such a model has substantial empirical support.

Here, we will use the Leontief factor intensity and Leamer’s conditions for determining the factor abundance after measuring the factor content of export and import with producer’s technology, i.e. factor content of export is measured with Indian technology matrix and factor content of import is measured with the U.S technology matrix. We have taken the U.S.A as the representative of North America since the country account for almost 99% of India’s total trade with this region. We have used the U.S. input-output tables for the years 1987, 1992, 1997, 2002 along with the labour and capital stock data to develop the technology matrices to measure the factor contents of India’s import originated from that region. The sources of data used in this framework have been given in the Appendix in detail. 
Table 11: Relative Factor Abundance in Leontief framework (using producers technology) - India’s trade with North America

	
	1989-90
	1993-94
	1998-99
	2003-04

	 
	 
	
	 
	
	 
	
	 
	 

	ke/le
	637.03
	
	800.14
	
	896.71
	
	1180.70344
	 

	 
	 
	
	 
	
	 
	
	 
	 

	km/lm
	5325.31
	
	6322.72
	
	7117.07
	
	5976.702866
	 

	 
	 
	
	 
	
	 
	
	 
	 

	(ke/le)/(km/lm) 
	0.1196
	K<L
	0.13
	K<L
	0.13
	K<L
	0.197550969
	K<L

	 
	 
	
	 
	
	 
	
	 
	 

	ke/re
	4.05
	
	4.36
	
	5.15
	
	6.134456692
	 

	 
	 
	
	 
	
	 
	
	 
	 

	km/rm
	20.52
	
	28.00
	
	38.18
	
	30.10609757
	 

	 
	 
	
	 
	
	 
	
	 
	 

	(ke/re)/(km/rm)
	0.1973
	K<R
	0.16
	K<R
	0.1348
	K<R
	0.203761271
	K<R

	 
	 
	
	 
	
	 
	
	 
	 

	re/le
	157.32
	
	183.67
	
	174.26
	
	192.4707434
	 

	 
	 
	
	 
	
	 
	
	 
	 

	rm/lm
	259.51
	
	225.77
	
	186.41
	
	198.5213411
	 

	 
	 
	
	 
	
	 
	
	 
	 

	(re/le)/(rm/lm
	0.6062
	R<L
	0.81
	R<L
	0.93
	R<L
	0.969521676
	R>L

	
	 
	
	 
	
	 
	
	 
	 

	 
	 
	
	 
	
	 
	
	 
	 

	 Order of abundance
	RESULT:
	L>R>K
	RESULT:
	L>R>K
	RESULT:
	L>R>K
	RESULT:
	L>R>K


When producer’s technology is used the Paradox ceases to exist. In Leontief frameworks the ranking of abundance is as follows- labour, natural resources and capital. When India’s technology matrix is used to measure the factor content of both export and import, all three factor services are net exported, however in this case labour and natural resources are net exported while capital services are found to be net imported over the study period. Another fact that can be observed by comparing the tables 8 and 12. When the U.S. technology matrix is replaced by India’s technology matrix, ke/km ratio for each year reduces significantly indicating America’s production structure being highly capital intensive as compared to that for India. Also, even when producer’s technology is used the ratio of labour embodied in exports to that embodied import replacements has reduced consistently between 1989-90 and 2003-04. While this ratio for 1989-90 and 1993-94, was above the average ratio for India’s trade to the World, it came down well below the average in 1998-99 and 2003-04.
Table 12. Factor embodied in export relative to import (measured using producer’s technology)- India’s trade with North America

	 
	1989-90
	1993-94
	1998-99
	2003-04

	le/lm
	1.6729
	1.4492
	1.2305
	0.9136

	ke/km
	0.2001
	0.1834
	0.1550
	0.1805

	re/rm
	1.0142
	1.1790
	1.1504
	0.8858


Chart 3: Factor intensity in export relative to import (measured using producer’s technology)- India’s trade with North
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When India’s technology matrix is used to measure the factor content of both export and import, all three factor services are net exported, however in this case labour and natural resources are net exported while capital services are found to be net imported over the study period.
Table 13: Relative Factor Abundance in Leamer framework (using producer’s technology)- India’s trade with North America

	 
	1989-90
	1993-94
	1998-99
	2003-04

	Le - Lm
	3151021
	N EXPORTER
	2148559
	N EXPORTER
	3884357
	N EXPORTER
	4267003
	N EXPORTER

	
	
	
	
	
	
	
	
	

	Ke - Km
	-11010029354
	N IMPORTER
	-11800333235
	N IMPORTER
	-15084861655
	N IMPORTER
	-11819437711
	N IMPORTER

	
	
	
	
	
	
	
	
	

	KT/LT
	
	
	
	
	
	
	
	

	KC/LC
	
	
	
	
	
	
	
	

	RATIO:
	
	
	
	
	
	
	
	

	 
	 
	K<L
	 
	K<L
	 
	K<L
	 
	K<L

	
	
	
	
	
	
	
	
	

	Ke - Km
	-11010029354
	N IMPORTER
	-11800333235
	N IMPORTER
	-15084861655
	N IMPORTER
	-11819437711
	N IMPORTER

	
	
	
	
	
	
	
	
	

	Re - Rm
	211996983
	N EXPORTER
	340150578
	N EXPORTER
	640655799
	N EXPORTER
	800005940
	N EXPORTER

	
	
	
	
	
	
	
	
	

	KT/RT
	
	
	
	
	
	
	
	

	KC/RC
	
	
	
	
	
	
	
	

	RATIO:
	
	
	
	
	
	
	
	

	 
	 
	K<R
	 
	K<R
	 
	K<R
	 
	K<R

	
	
	
	
	
	
	
	
	

	Re - Rm
	211996983
	N EXPORTER
	340150578
	N EXPORTER
	640655799
	N EXPORTER
	800005940
	N EXPORTER

	
	
	
	
	
	
	
	
	

	Le - Lm
	3151021
	N EXPORTER
	2148559
	N EXPORTER
	3884357
	N EXPORTER
	4267003
	N EXPORTER

	
	
	
	
	
	
	
	
	

	RT/LT
	
	67.28
	
	158.32
	
	164.93
	
	185.49

	RC/LC
	
	161.17
	
	171.23
	
	170.99
	
	186.67

	RATIO:
	
	0.4174
	
	0.9246
	
	0.9646
	
	0.9937

	 
	 
	R<L
	 
	R<L
	 
	R<L
	 
	R<L

	 
	 
	L>R>K
	 
	L>R>K
	 
	L>R>K
	 
	L>R>K


3. Conclusion 

A few studies had been conducted during pre liberalisation period to empirically test the Hechscher-Ohlin theory for India’s foreign trade and all of these studies had confirmed the theory showing India a labour abundant country. In this paper an attempt has been made to verify the same presumption regarding India’s foreign trade focusing the period from 1989-90 to 2003-04. We measured the factor content of  India’s trade with the rest of the economy using Leontief framework and Leamer framework and then the same frameworks along with the framework suggested by Trefler and the framework using producer’s technology have been used to determine whether India’s trade with North America is in tune with its comparative advantage.. The study conducted by considering three important factors of production, labour, natural resources and capital. 

Let us now present the summary of the study. In case of India’s trade with the rest of the world, except in 1998-99, both Leontief and Leamer framework produces the ranking of abundance as labour, followed by natural resource and then capital. In 1998-99, labour, followed by capital and then natural resource is the factor abundance ranking. It is also observed that the ratio of capital embodied in export to capital embodied in import is quite high over the study period establishing the fact that the commodity composition in the export basket has shifted towards capital intensive goods over the years.
For India’s trade with North America, the country is found to be well-endowed in capital relative to labour and natural resources as revealed by trade in 2003-04 in Leontief framework. The same observation is obtained in Leamer Framework also giving us a Leontief-Paradox like result for India’s trade in later period of reform. Between capital and natural resource, capital is found to be more abundant relative to natural resource from 1998-99 onwards in both models. Diminishing labour content in export relative to imports in 2003-04 is observed along with a marginal increase in capital content in export relative to import. Appendix table E shows that the shares of some of the labour intensive goods like agriculture, forestry and fishing, Textiles, Leather products in total export have reduced substantially in 2003-04 as compared to 1998-99. Export of some capital intensive goods like Machinery and Transport and Communication equipment goods have also increased noticeably between 1998-99 and 2003-04 along with their imports. 
In Trefler’s framework, with traditional HOV the country has missing trade in all factor services and we therefore introduced the country-specific and factor-specific productivity parameters in a modified version of FPE which reveals labour as the country’s abundant factor and capital and natural resources as the scarce factors, finally disappearing the paradox. Also, assuming no FPE by introducing producer’s technology in measuring the factor content in India’s export and import to North America, we find the paradox ceases to exist. India is found to be well endowed with labour, followed by natural resources and then capital. Moreover, the capital content in export relative to import has reduced to a great extent when producer’s technology is applied. Thus this paper concludes with the observation that the models with modified FPE as developed by Trefler or the model with no FPE using producer’s technology explains India’s factor abundance as revealed by trade in a better way.
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Appendix

Data sources of the study

The present study of the factor content of India’s foreign trade focusing the pre –reform and reform period has used a wide range of data to estimate the labour, capital and natural resource coefficients embodied in export, import replacements and domestic expenditure. In this section an idea has been presented on the kind of data used, the sources they have been collected from and their manipulation in the required form. 

When Leontief and Leamer frameworks are applied the following data have been used.

A) The Input-Output Transaction table for 1989-90, 1993-94, 1998-99 and 2003-04 prepared by CSO. The original (115x115) and (130x130) sector tables are aggregated and reduced into (44 x 44) one. It is important to note that while lumping the sectors wherever convenient it has been assumed that the sector aggregated use inputs in identical proportion or are related to one another through strict complementary or vertical integration as to keep input-output coefficient undisturbed. The aggregated tables of 1989-90, 1998-99 and 2003-04 are expressed at 1993-94 prices to make the input-output tables comparable. The aggregation scheme is given in the Appendix table A.

 B) Data series on persons employed per unit of output for each sector which is considered as the labour-output ratio or labour coefficient for each sector. 

The labour coefficient is defined as 

          ^

l = L x-1 where l is the row vector of labour-output ratio, L is the row vector of labour employed in each sector and x is the diagonal matrix representing the gross output of the sectors.

The data on employment for sectors 7-40 in 1989-90, 1993-94, 1998-99 and 2003-04 are obtained from Annual Survey of Industries of 1989-90, 1993-94, 1998-99 and 2003-04 respectively prepared by CSO. The data on gross output of these sectors are also taken from the ASI.

For sectors 1-6 and 4-44 the employment data are complied from NSS 43rd round (1987-88), NSS 50th round (1993-94), NSS 55th  round (1999-2000) and 60th round (2003-04) surveys on Employment and Unemployment for the years 1989-90, 1993-94, 1998-99 and 2003-04 respectively. The outputs of these sectors are complied from respective National Account Statistics.

C) Data series on capital stock per unit of output i.e. the capital coefficient for each sector. 

An indirect method has been used to derive the sectoral capital coefficients from the available information.. The capital coefficient is 

 ^

computed as k = K x-1, where k is the row vector of capital-output ratio, K is the row vector of total capital stock invested in each sector and indirectly derived as  
K= ( v – w.L ), where v denotes the row vector of value added at factor cost by the sectors of the Indian economy. W is the wage rate of the sectors. The sectoral value added for each year is obtained from the Input-Output transaction tables and the wage rates are compiled from Indian Labour Year Book.
D) Data series on natural resource per unit of output i.e. the natural resource coefficient for each sector. 

The natural resource coefficient is 

 ^

computed as n = N x-1, where n is the row vector of natural resource-output ratio, N is the row vector of total natural resources used in each sector. 

Due to unavailability of the reliable data on natural resources for each aggregated sector of our study we have measured the natural resource usage of each sector indirectly. Tatemoto et al (1975) used the amount of products made from natural resources as approximate variables because natural resources can not be measured directly. They calculated the amount of intermediate products demanded for domestic agriculture, forestry, fishery and mining when one unit of the final demand in each industry is increased. This corresponds to the sums of each column for agriculture, forestry, fishery and mining in the inverse matrix of the input-output table. In our study we have followed the same method and used the input-output tables for 1989-90, 1993-94, 1998-99 and 2003-04 to estimate the natural resource content. The IOTT sectoral output has been used to measure the natural resource coefficient.

E) Data series on average million dollar worth of Indian exports and average million dollar worth of India’s competitive import replacements to the rest of the world for 1989-90, 1993-94, 1998-99 and 2003-04. 

The data for the two composite commodity vectors “a million dollar worth of exports” and ”a million dollar worth of import replacements” for 1993-94, 1998-99 and 2003-04 have been obtained from the IOTTs for 1993-94, 1998-99 and 2003-04 respectively. The composite commodity vector for export is derived by a simple arithmetic procedure where the sector-wise export entries are divided by the total value of export and then multiplying them by a million dollar. Analogously, the same procedure may be adopted to obtain the contribution of each sector to a million dollar worth of import replacements; leaving aside the non-competitive imports from the calculations. However, the input-output tables of 1989-90, 1993-94, 1998-99 and 2003-04 reveal that there are no non competitive imports for these years. This seems somewhat surprising considering the vast differences in labour, capital and natural resources between India and her trading partners. Contrary to the popular belief the incompatibility between imports and its domestic replacements is not accounted for by the differences in natural resources as such. This is because the vast expanse of the Indian subcontinent is endowed with a variety of geographical and climatic conditions. Moreover, recently domestic substitutes of ordinary and specialized imports are also available. Again all the data required for a realistic assessment of the factor requirements for all the import items could be collected. For all these reasons no exclusions are necessary from the set of import replacements. But the qualitative differences between two shall persist. 

F) Data series on average million dollar worth of Indian exports and average million dollar worth of India’s competitive import replacements to North America for 1989-90, 1993-94, 1998-99 and 2003-04 have been collected from the Monthly Trade Statistics provided by DGCI&S. The data on service trade are obtained from Service Trade Data from the United Nations.
When Trefler’s framework is applied the following data have been used.

A) Labour endowment data for the Indian and the U.S. economies are taken from EAPEP (economically active population estimates and projections 1980-2020) available in Laborsta internet, ILO. 

B) Capital endowment data for the two economies are available from the website of the World Bank.

C) Natural Resource Endowment data are also available from the website of the World Bank.

D) Consumption shares are calculated using data on GNP, imports and exports from World Bank.

E) The GDP per capita data for the two economies for all four years are taken from World Penn Tables version 6.1.
When producer’s technology is used to measure the factor content of imports the following data have been used.

A) The Input-Output tables of the U.S.Economy for the years 1987, 1992, 1997, 2002 sourced from the U.S. Bureau of Economic Analysis.
B) The capital stock data for 1987, 1992. 1997 and 2002 are also taken from the U.S. Bureau of Economic Analysis. 
C) The labour use data for these years are available from the U.S. Bureau of Labour Statistics.

To determine the factor coefficient for the factors labour and capital, the sectoral output data are taken from the Input-Output tables.

D) The natural resource coefficient of the U.S. economy is determined by the same method using the Input-Output tables of the U.S. as applied in the case of the Indian economy,
Finally the exchange rates of different years to convert the data in Indian Rupees to U.S. Dollar are taken from Reserve Bank of India website.
Appendix table A : Aggregation scheme

	SECTOR NO
	NAME OF THE AGGREGATED SECTOR
	SECTORS IN ORIGINAL I-O TABLE

	1.


	Agriculture & allied activities
	Paddy (1), Wheat (2), Jowar (3), Bajra (4), Maize (5), Gram (6), Pulses (7), Sugarcane (8), Groundnut (9), Jute (10), Cotton (11), Tea (12), Coffee (13), Rubber (14), Coconut (15), Tobacco (16), Other crops (17), Milk and Milk products (18), Animal services (agricultural) (19), Other livestock products (20).

	2. 
	Forestry and logging
	Forestry and logging (21)

	3.    
	Fishing
	Fishing (22)

	4.
	Coal and lignite
	Coal and lignite (23)

	5.
	Crude petroleum and natural gas
	Crude petroleum and natural gas (24)

	6.


	Other Metallic minerals & Non metallic minerals
	Iron ore (25), Manganese ore (26), Bauxite (27), Copper ore (28), Other metallic minerals (29), Lime stone (30), Mica (31), Other non metallic minerals (32)

	7.
	Miscellaneous food products
	Sugar (33), Khandsari boora (34), Hydrogenated oil (vanaspati) (35), Edible oils other than vanaspati(36), Miscellaneous food products(38)

	8. 
	Tea and coffee processing
	Tea and coffee processing (37)

	9.
	Beverages
	Beverages (39)

	10
	Tobacco products
	Tobacco products (40)

	11.
	Textiles
	Khadi, cotton textiles (handlooms) (41), Cotton textiles (42), Woolen textiles (43), Silk textiles (44), Art silk, synthetic fibre textiles (45), Jute, hemp and mesta textiles (46), Carpet weaving (47), Readymade garments (48), Miscellaneous textile products (49)

	12. 
	Wood and miscellaneous wood products
	Furniture and fixtures- wooden (50), Wood and wood products (51)

	13. 
	Paper, printing and publishing
	Paper, paper products & newsprint (52), printing and publishing (53)

	14.
	Leather and leather products
	Leather footwear (54), Leather and leather products (55)

	15.
	Rubber products
	Rubber products (56)

	16
	Plastic products
	Plastic products (57)

	17.
	Petroleum products
	Petroleum products (58)

	18.
	Coal tar products
	Coal tar products (59)

	19.
	Inorganic & organic heavy chemicals
	Inorganic chemicals (60), Organic chemicals (61)

	20.
	Fertilizers
	Fertilizers (62)

	SECTOR NO
	NAME OF THE AGGREGATED SECTOR
	SECTORS  IN  ORIGINAL   I-O  TABLE

	21.
	Synthetic fibre, resin
	Synthetic fibre, resin (67)

	22.
	Other chemicals
	Pesticides (63), Paints, varnishes and lacquers (64), Drugs & medicines (65), Soaps, cosmetics & glycerin (66), other chemicals (68)

	23.
	Cement and clay products
	Structural clay products (69), Cement (70) 

	24.
	Other non metallic mineral products
	Other non metallic mineral products (71)

	25.
	Iron & steel
	Iron, steel and ferro alloys (72), Iron and steel casting and forging (73), Iron and steel foundries (74)

	26.
	Non ferrous basic metals
	Non ferrous basic metals (75)

	27.
	Hand tools and miscellaneous metal products
	Hand tools, hardware (76), Miscellaneous metal products (77)

	28.
	Tractors and agricultural implements
	Tractors and agricultural implements (78)

	29.
	Industrial machinery
	Industrial machinery (F & T) (79), Industrial machinery (others) (80)

	30.
	Other machinery
	Machine tools (81), Office computing machines (82), Other non- electrical machinery (83)

	31.
	Electrical industrial machinery
	Electrical industrial machinery (84)

	32.
	Batteries and electrical wires, cables
	Electrical wires & cables (85), Batteries (86)

	33.
	Electrical appliances
	Electrical appliances (87)

	34.
	Communication equipments
	Communication equipments (88)

	35.
	Other electrical machinery
	Other electrical machinery (89)

	36.
	Electronic equipments (incl. TV)
	Electrical equipments (incl. TV) (90)

	37. 
	Ships and boats
	Ships and boats (91)

	38.
	Other transport equipments
	Rail equipments (92), Motor vehicles (93), Motor cycles & scooters (94), Bicycles, rickshaw (95), Other transport equipments (96)

	39.
	Miscellaneous manufacturing
	Watches and clocks (97), Miscellaneous manufacturing (98)

	40.
	Construction
	Construction (99)

	41.
	Electricity, gas & water supply
	Electricity (100), Gas (101), Water supply (102)

	42.
	Transport services
	Railway transport services (103), Other transport services (104)

	43.
	Communication
	Communication (106)

	44.
	Miscellaneous services
	Storage & warehousing (105), Trade (107), Hotels and restaurants (108), Banking (109), Insurance (110), Owner of dwelling (111), Education & research (112), Medical & health (113), Other services (114), Public administration (115).


Appendix table B: Factor requirement in Leontief Framework

	INDIA'S TRADE WITH THE ROW

	
	EXPORT
	IMPORT
	EXPORT
	IMPORT
	EXPORT
	IMPORT
	EXPORT
	IMPORT

	L
	1126
	768
	943
	688
	955
	634
	825
	555

	K
	686393
	669251
	737457
	737635
	803637
	765075
	850931
	880762

	R
	207167
	162487
	187816
	187278
	161634
	186162
	160976
	161978

	INDIA'S TRADE WITH NORTH AMERICA

	L
	1078
	885
	920
	834
	874
	753
	760
	755

	K
	686776
	694561
	736243
	749196
	783295
	804405
	897328
	884294

	R
	169610
	143227
	169003
	168320
	152224
	170551
	146277
	156016

	INDIA'S TRADE WITH NORTH AMERICA (USING PRODUCER'S TECHNOLOGY)

	L
	1078
	644
	920
	635
	874
	710
	760
	832

	K
	686776
	3431830
	736243
	4014399
	783295
	5052179
	897328
	4971609

	R
	169610
	167241
	169003
	143347
	152224
	132326
	146277
	165136


         Appendix table C: Factor requirement in Leamer Framework

	 
	1989-90
	1993-94

	INDIA'S TRADE WITH THE ROW

	
	EXPORT
	IMPORT
	CONSUMPTION
	EXPORT
	IMPORT
	CONSUMPTION

	L
	34683810
	25054528
	471348836
	26486533
	21233886
	278354300

	K
	22514241037
	22322430561
	268927975383
	20710959471
	22757082302
	188496224407

	R
	6807229808
	5515393199
	80383942111
	5274681823
	5777783053
	47661500730

	INDIA'S TRADE WITH NORTH AMERICA

	L
	5927587
	3810970
	466056366
	4909905
	3266197
	278354300

	K
	3776054711
	2992527445
	254966573474
	3928605478
	2935449330
	188496224407

	R
	932557478
	617096323
	75113328299
	901800953
	659501147
	47661500730

	INDIA'S TRADE WITH NORTH AMERICA (USING PRODUCER'S TECHNOLOGY)

	L
	5927587
	2776566
	466056366
	4909905
	2761346
	278354300

	K
	3776054711
	14786084065
	254966573474
	3928605478
	15728938713
	188496224407

	R
	932557478
	720560495
	75113328299
	901800953
	561650375
	47661500730


Appendix table C: Factor requirement in Leamer Framework (contd….)
	
	1998-99
	2003-04

	INDIA'S TRADE WITH THE ROW

	
	EXPORT
	IMPORT
	CONSUMPTION
	EXPORT
	IMPORT
	CONSUMPTION

	L
	32528066
	27778939
	276820014
	44013479
	31667762
	319741320

	K
	27358527728
	33512349552
	214039288328
	45380486969
	50292785243
	286816402461

	R
	5502561893
	8154390939
	47333041070
	8584897790
	9249194145
	59686269847

	INDIA'S TRADE WITH NORTH AMERICA

	L
	6869391
	3165420
	276820014
	7781912
	3188184
	319741320

	K
	6159849861
	3382570035
	214039288328
	9188130603
	3736589508
	286816402461

	R
	1197092801
	717177321
	47333041070
	1497790442
	659248640
	59686269847

	INDIA'S TRADE WITH NORTH AMERICA (USING PRODUCER'S TECHNOLOGY)

	L
	6869391
	2985034
	276820014
	7781912
	3514909
	319741320

	K
	6159849861
	21244711516
	214039288328
	9188130603
	21007568314
	286816402461

	R
	1197092801
	556437002
	47333041070
	1497790442
	697784502
	59686269847


Appendix table D: Productivity parameters for labour, capital and natural resources
	
	1989-90
	1993-94
	1998-99
	2003-04

	πL
	0.0554
	0.0586
	0.0655
	0.0663

	πK
	0.1176
	0.1245
	0.1391
	0.1407

	πN
	0.0541
	0.0573
	0.0640
	0.0648


Appendix table E: India’s trade with North America (% share in total export and import to North America)
	 
	 
	1989-90
	1993-94
	1998-99
	2003-04

	sl no
	Sectors
	EXPORT
	IMPORT
	EXPORT
	IMPORT
	EXPORT
	IMPORT
	EXPORT
	IMPORT

	1
	Agriculture, Forestry, Fishing
	12.3
	2.6
	11.9
	2.5
	13.3
	3.7
	10.8
	3.8

	2
	Mining
	0.5
	3.0
	0.6
	2.9
	0.7
	3.4
	2.6
	0.9

	3
	Food , beverages, tobacco
	2.8
	2.0
	3.0
	2.5
	2.8
	4.1
	2.1
	1.2

	4
	Textiles
	11.0
	1.5
	10.7
	1.2
	8.9
	0.6
	5.8
	3.4

	5
	paper pdt
	0.5
	8.8
	0.7
	9.0
	0.6
	8.6
	1.2
	8.2

	6
	Leather products
	5.3
	0.0
	5.0
	0.0
	5.5
	0.0
	3.5
	0.0

	7
	Rubber  products
	0.2
	0.5
	0.1
	0.6
	0.2
	0.7
	0.3
	0.3

	8
	Plastic products
	2.3
	0.7
	2.4
	0.6
	1.5
	0.9
	1.1
	0.9

	9
	Petroleum products
	0.0
	1.5
	0.0
	1.4
	0.0
	0.4
	0.0
	2.5

	10
	Chemicals
	9.7
	15.6
	10.3
	15.9
	10.9
	22.6
	12.1
	12.4

	11
	Cement and other products
	1.3
	0.4
	1.6
	0.4
	1.9
	0.5
	3.4
	0.5

	12
	Iron and steel & basic metals
	8.9
	11.2
	7.8
	12.0
	10.8
	7.5
	10.3
	5.3

	13
	Machinery
	6.9
	17.1
	6.9
	16.2
	4.6
	14.6
	9.8
	31.6

	14
	Transport & communication equipment
	5.6
	5.3
	4.4
	4.5
	2.4
	3.8
	4.6
	8.9

	15
	Miscellaneous manufacturing
	1.6
	3.5
	1.4
	2.8
	1.2
	5.4
	1.6
	5.3

	16
	Construction
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	17
	Elecrticity, gas & water supply
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	18
	Transport services
	12.0
	13.0
	13.0
	13.1
	13.6
	11.2
	7.6
	7.0

	19
	Communication
	8.5
	0.7
	9.5
	0.6
	9.9
	0.5
	17.7
	0.6

	20
	Other services
	10.6
	12.6
	10.7
	13.6
	11.1
	11.6
	5.5
	7.2

	
	
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0


                  Source: Directorate General of Commercial Intelligence and Statistics































































