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Abstract

The objective of this study is to look into the sources of high growth and the pattern of structural changes as observed during the post-reform period in India with input output data provided by the Central Statistical Organisation (CSO), government of India. The contributions of final demand, technological progress, and the synergistic interaction of final demand and technological progress to output growth have been examined by analysing temporal Leontief inverse. This study uses absorption matrix for 1993-94, 1998-99, 2003-04 and 2006-07, covering the post-reform period in India, to calculate the coefficients of linkage effect, both backward and forward, from Leontief inverse obtained from the coefficient matrix. This study observes that manufacturing had stronger backward linkage effect as compared with other sectors during the post reform period. While the growth enhancing effect of construction and electricity improved during the late 1990s, the effect of the services sector declined significantly during the same period. The contribution of agriculture to economic growth also increased in the late 1990s, but declined thereafter. The forward linkage effect, measuring the growth of a sector owing to the expansion of demand for other sectors, was significantly higher for the infrastructure sector including construction, electricity, water and gas, followed by the services sector. However, the rate of expansion of the services sector caused by the expansion of the other sectors declined after reforms. The output growth in almost every sector was demand led during the period 1993-2006.
1. Introduction

The objective of this study is to look into the sources of high growth and the pattern of structural changes as observed during the post-reform period in India with input output data provided by the Central Statistical Organisation (CSO), government of India. The contributions of final demand, technological progress, and the synergistic interaction of final demand and technological progress to output growth have been examined by analysing temporal Leontief inverse. The sources of output growth are decomposed into three components as suggested in Sonis et al. (1996): the first component is originated from the growth in final demand; the second component pertains to the output growth due to technological progress; and the third part is output growth due to the synergistic interaction between final demand and technological change. Each part of the output growth has been decomposed further by tracing out whether the change is self generated, originated from the sector itself, or non-self generated, originated from other sectors in the economy. The structural change is measured by the multiplier product matrix. 
The Indian economy reached at the phase of high growth in the mid 1980s with some major as well as minor fluctuations. After experiencing income deceleration in the late 1990s, it again returned to the path of high growth in 2003-04 with average growth rate of real GDP at 8.9 percent per annum for the next five years. The growth rate dipped down to 6.7 percent in 2008-09 partly because of the global financial and economic crises, and increased marginally to 7.4 percent in 2009-10
. The phase of high growth of India has been accompanied by significant inter-sectoral, inter-regional and the inter-class imbalances. In 2008-09 agriculture grew by 1.6 percent and the rate further declined to 0.2 percent in 2009-10 and poor monsoon was blamed for it. Within agriculture the situation has been alarming for pulses output threatening to the nutritional intake and food security of poor households. The growth rate of GDP originating in manufacturing declined to 3.2 percent in 2008-09 from the average rate of 10 percent during the previous five years. Although automobiles performed better, the growth rate of the consumer non-durables was very poor. Within services, the fast growing sector in India, the growth rate of community services reduced sharply in 2009-10 as compared to that in the previous year largely because of the reduction in public expenditure programme of the government of India. The financial and trading services, however, have sustained their high growth.
As per Kuznet’s (1966) perception of modern economic growth, agriculture loses its share both in terms of value added and work force in the process of economic growth. On the other hand, value added from the tertiary sector cannot be interpreted similar to the value added originating from the commodity producing sector since the factor (labour) income and value added are not distinguishable in the activities of this sector. Hence manufacturing productivity may be crucial for economic progress, enabling the low income regions to catch up with their high income counterparts within a finite time horizon (Kaldor 1966). 
In Kaldor’s growth theory, manufacturing has a greater contribution to economic growth of a country. Kaldor (1966) argued that the faster the rate of growth of manufacturing output, faster will be the rate of growth of GDP, not simply in a definitional sense but in a fundamental causal sense. This is why manufacturing serves as the “engine of economic growth”. The main driving force behind the positive relationship between overall economic growth and manufacturing output growth is the dynamic increasing returns to scale associated with invention and innovation in manufacturing industries. The presence of increasing returns to scale in manufacturing activities was investigated by P. J. Verdoorn (1949) and the dynamic relationship between productivity growth and the output growth is generally known as Verdoorn’s Law. According to this law, the higher rate of growth of manufacturing output leads to higher rates of productivity growth, but not a faster rate of growth of manufacturing employment. Verdoorn’s Law may be seen as a technical progress function. Differentials in productivity growth were the resultant rather than the cause of differentials in industrial growth. Regional divergence in manufacturing growth rates in India increased both in the registered and unregistered sectors during the post-reform period compared to the period of state control, and at a higher rate in large scale industries in the registered sector. Although the manufacturing sector experienced appreciable increasing returns to scale, the effects of it did not spread over the entire economy of the country (Das 2008).
India is a country with no shortages of labour input in the non-manufacturing sector, but it did not experience growth acceleration in manufacturing even in the so called higher economic growth phase of neo-liberal capitalism. The structural dynamics of growth in underdeveloped economies like India under neo-liberal capitalism has been significantly different from that of the matured economies of the 20th century capitalism. In India no significant proportion of labour has been transferred from low productive land based activities or informal activities to large scale registered manufacturing (Das 2007). There are some inherent problems in transferring workers from land based low productive sector to high productive manufacturing activities and thus in exploiting the effects of increasing returns to improve employment and output through an ambitious growth plan in an economy in which most of the manufacturing units are owned by the private sector (Bagchi 1970). As a result, a peculiar disarticulation of labour has been observed in the process of manufacturing growth everywhere in India.
The expansion of employment opportunities and technological change has conventionally been associated with the growth of income. However, technological progress is normally labour displacing leading to the paradigm that economic growth is associated with higher productivity but lower employment. Productivity growth is positively related to the improvement in technology and enhancement in the capability of human capital. New technology is more knowledge and skill intensive. Thus, technological progress may lead to more demand for knowledge and skill, but lower demand for labour per unit output. Whether the overall impact of growth of income is employment neutral, employment enhancing, or employment displacing has been critical and serious issue particularly in the context of higher economic growth during the post-reform period. In India, the impact of economic reforms on the performance of the economy has not been good with respect to employment. Annual data on employment in organised sector for more than three-decades from 1970-71 to 2007-2008 do indicate that the pace of employment expansion has lagged far behind the growth of income. Data reveal that the absence of adequate expansion of the organized sector has been associated with an expansion of employment in the informal sector. This study attempts to capture the direct and indirect effects of growth of income on productivity and employment by using input output model for a period of more than a decade.
The conventional approach for estimating productivity has been to divide gross output by units of labour or capital. This approach gives only the direct contribution of factors involved in production. In this study, productivity is measured by using Leontif Inverse. In our model, value added comprises of wages and salaries of workers, interest on loan capital, and profits of enterprise. In the frame of input-output, the rate of technological changes for each activity (or each sector) is defined as difference between the growth rate of gross output and the weighted average of growth rates of various inputs of the activity. The market for output and factors are assumed to be perfectly competitive and production function is subject to constant returns to scale. 

Input output (IO) analysis allows capturing inter-industry linkages and measures the direct and indirect effects of growth of income on employment and productivity. Each row of the basic IO transactions table, as developed first in Leontief (1936), shows who gives to whom and column shows who receives from whom in an economy. The input-output table provides technology matrix where each column represents different amounts of the various commodities, shown in the rows, required to produce one unit of the commodity represented by the column. A change in the elements of a column vector of the technology matrix over an interval of time represents technological changes in the production of the commodity. Technological changes allow substitution or other kinds of changes in the input-vector constituents or in their relative weights. 
The rest of the study is organised as follows. Section 2 deals with in detail about the data used in this study. Some methodological issues in constructing input output tables in India have also been discussed. The methodology in estimating sources of growth and structural change in the frame of Leontief open input output system has been discussed in section 3. Section 4 analyses empirical findings of linkage effects and decomposition of output growth. Section 5 concludes. 
2. Data
This study utilises IO tables for 1993-94, 1998-99, 2003-04 and 2006-07 covering the post-reform period in India. The Central Statistical Organisation (CSO) released its first input-output transactions table for the Indian economy for the year 1968-69. Subsequently, the CSO compiled the transactions tables at roughly five-yearly intervals for the years 1973-74, 1978-79, 1983-84, 1989-90, 1993-94, 1998-99, 2003-04, and 2006-07. There were 115 sectors, of which the primary sectors accounted for 32, manufacturing 66 and the rest 17 were in respect of electricity, gas, water supply, construction and services activities, in the input output tables since 1973-74, but the number of sectors increased to 130 in 2003-04 and 2006-07 to capture the changes in economic structure in India. In the current IO table, the number of sectors increased mostly in transport and other services. As the number of sectors is different in IO tables for different year, some sectors are not comparable over the years. For this reason some sectors are combined into a single one by using the concordance Table provided by the CSO to construct the input output matrix with 60 major sectors which are common for different years used in this study. 
The input output transactions tables in India have been constructed by following the principles of the System of National Account (SNA) suggested by the United Nations (UN). The intermediate transactions are valued at factor costs. The final demand consists of private final consumption expenditure, government final consumption expenditure, gross fixed capital formation, changes in stocks, exports and imports. The value added has two components: net indirect taxes and gross value added. Gross value added includes the compensation to employees, the operating surplus, and depreciation of fixed capital. The two basic matrices provided in the IO tables by the CSO are the absorption or use matrix (commodity-by-industry) and make or supply matrix (industry-by-commodity). The absorption matrix provides allocation of commodities as inputs into industries while each row of the make matrix gives distribution of output of different commodities produced by the industry displayed in that row.
The input-output table, in the form of absorption or use matrix, gives the inter-industry transactions in value terms at factor cost. Here, the columns represent the industries and the rows as group of commodities, the principal products of the corresponding industries. Each row of the matrix shows the allocation of total output of the commodities to different industries for intermediate consumption and final use. The entries in industry columns show the commodities used as inputs to produce outputs of particular industries. Thus, the row and column entries show the commodity utilisation and input structures of industries respectively. The sum of the entries in a column of this table shows the output of the industry at ex-factory price. The sum of the entries along any row shows the total of the inter-industry and the final use of the commodity. The column entries at the bottom of the table give net indirect taxes (indirect taxes – subsidies) on the inputs and the primary inputs (income from use of labour and capital). Since the table is commodity-by-industry transaction presentation, the row totals do not tally with the column totals even after final balancing though the column and row headings are similar. The difference between each column and the corresponding row totals is due to the inclusion of the secondary products, which appear particularly in the case of manufacturing industries as by-products that are also manufactured by industries in addition to their main products. The balancing in this case, therefore, refers to an exercise with reference to independent industry-by-commodity classification of output. 
3. Sources of growth and structural changes in Leontief system
This study uses absorption matrix to calculate the coefficients of linkage effect, both backward and forward, from Leontief inverse obtained from the coefficient matrix. Input-output coefficient matrix has been derived by dividing the column entries by the respective industry outputs. The traditional Leontief open input output system is driven entirely by the final demand matrix consisting of private and public consumption, investment, changes in stocks and export. The final demand determines total outputs, intermediate inputs and primary inputs through a set of technical coefficients. The demand side analysis of the IO model focuses mainly on how output level responds with the change in aggregate demand exogenously in the economy. One of the assumptions underlying the demand driven IO model is the existence of unused capacity and elastic factor-supply to meet input requirements instantaneously for production of output. Thus the demand driven IO model is not suitable for the analysis by incorporating sectors with supply constraint. The supply driven IO approach, as developed in Ghosh (1958), captures the effects of scarce inputs on total output, intermediate demand and final demand, given the value added exogenously. 

In the Leontief system, demand equals supply for goods and factor services and cost of production (supply price) equals demand price for goods. Value added is composed by the value of factor items: wages, profits and other value added, taxes, subsidies and imports for production (Leontief, 1986). In Leontief’s (1941, 1986) empirical input-output table, quantities are expressed in nominal terms and prices in relative terms. The relative price in this model implies that the price of goods in equilibrium is equal to one.
The basic Leontief quantitative demand model is expressed symbolically as:
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Here, X is a column vector (n×1) of total outputs in monetary terms; A is a matrix (n×n) of direct input coefficients in monetary terms; Y is a column vector (n×1) of final uses in monetary terms. By using (1), one can estimate the impact of a change in one or more sectors on the economy as a whole. The objective is to identify those sectors which have more impact on the whole economy. The key sectors have greater potential to generate economic growth through backward and forward linkages and stimulate the growth of the rest of the economy. The Leontief inverse
, (I-A)-1, a derived matrix from an input output table, is used in estimating the multiplier effect. 

Dynamic inverse of Leontief’s dynamic model is an extremely powerful instrument of economic analysis of the process of capital formation. The dynamic inverse gives us the direct and indirect input requirements generated by the final demand in some initial period that would be helpful for long range projection of economic growth. Each element of the inverse represents the combined direct and indirect inputs required from the industry shown in row to allow for an additional unit of output by the industry shown in column. The dynamic analysis of the input output system enables us to derive the empirical laws of change of a particular economy from the information obtained through the observations of its structural characteristics at one single point of time (Leontief 1953).

The dynamic input-output model incorporates an intertemporal mechanism of capital accumulation which is helpful for analysing the structural and technological changes of an economy. The dynamic element is introduced by transferring the capital creation part of the model from the final demand to the internal structure of the inputs. The Leontief trajectories are defined by the vector of final demand and the rate of growth of the final demand
. The structural characteristics of the economy are described by the input-output coefficient matrix (A) and the capital coefficient matrix (B) representing capital structure of the economy in the model showing the interdependence between the outputs of all sectors: 
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where x is a vector of sector output over time, y is a vector of final demands over time, and
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, the time derivative of x. The first component in the right hand side represents intermediate inputs by all industries; the second term denotes final demand; and the third term denotes quantity demanded for investment purposes. Equation (2) represents a system of differential equations describing Leontief’s (1970) dynamic IO model and to solve the system, y(t) must be known
.

Equation (2) can be written as
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The solution of this set of differential equations is trivial one:
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Equation (4) describes the behaviour of the outputs of each sector over time following the shape of the final demands and given the momentum of the economy at the initial period (represented by x(0)).

One of the serious problems in the dynamic Leontief model is a stability problem. Stability would require that
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where Eis are the eigenvalues (in descending order of magnitude, E1 being the Frobenius eigenvalue) of (I - A)-1B, under the assumption that the capital coefficient matrix has full rank. When the model is stable, its output proportions will converge to those of the von Neumann ray.

The mathematical properties of the dynamic input output model have been cited well in the literature (for example, Zaghini 1971, Schinnar 1978, and Guangzhen 1993). Although the real world implementations of forward-looking dynamic Leontief systems, at least on theoretical grounds, were expected to be stable, in most of the empirical work on the forward-looking dynamic model showed that they were unstable. It has been found that a set of non-negative solutions exists only if the initial conditions lie on the balanced growth path [Szyld (1985), Steenge (1990a), Heesterman (1990), and Steenge (1990b)]. This drawback comes from the assumption of full capacity utilisation: the entire physical productive capacity will be utilised. Another difficulty to derive the solution of the Leontief dynamic model is the singularity of the capital matrix, B. As Duchin and Szyld (1985) pointed out, most theoretical works have been carried out based on the assumption that the B matrix is invertible, whereas the B matrix may be invariably singular, with rows of zeros corresponding to the sectors not producing durable goods. 
Leontief (1970) himself revealed the inherent drawbacks of his  dynamic model, while estimating it with US data for 1947 and 1958, which could produce implausible results. However, Leontief solved the problem by employing the backward-looking solution technique. This backward-looking solution, popularly known as Leontief dynamic inverse, appeared to be exceptionally stable. The formulation of temporal Leontief inverse includes a sequence of direct input matrices A0, A1, A2…for different periods. Let the Leontief inverse in the initial period
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 is the input coefficient matrix in the initial period. Now, the input coefficient matrix in period t:
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where 
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is the matrix of changes in input coefficients in period t.
Thus the Leontief inverse in period t is
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We have estimated multipliers with India’s input output matrix. Output multiplier is the column sum of the Leontief inverse (Miller and Blair, 1985): 
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By following Rasmussen (1956), the coefficients for backward and forward linkage effects have been estimated from the Leontief inverse: 
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Here L.j and Li. represent column and row multipliers respectively; V is the grand sum of rows and columns of L. The mean of the column sum gives the required direct and indirect increase in production of a sector which supplies intermediate inputs to sector j, to cope with a unit increase in demand for products of the jth sector. The denominator gives the grand mean of the column sums. Backward linkage, Btj, measures the extent of expansion of gross output of an economy resulting from a unit increase in the final demand of a particular sector (j). The forward linkage, Fti, on the other hand, gives the direct and indirect expansion in the i-th sector for a unit increase in the final demand of any sector which utilizes the output of the i-th sector as input. If the backward linkage coefficient for sector j is more than unity, a unit increase in final demand in sector j will enhance economic growth at a higher proportional rate. A sector which draws inputs from a large number of sectors usually exhibits a higher backward linkage. The forward linkage coefficient for sector i more than unity implies that the sector i will grow at a faster rate owing to the increase in final demand from all sectors. 
The temporal change in output is measured by (Sonis et al. 1996):
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The decomposition results in three different components. The first is the part of output change due to changes in final demand; the second component pertains to the output change that is due to technological progress; and the third part is due to the synergistic interaction between final demand and technological change. Each part of the output change has been decomposed further by tracing out whether the change is self generated, originated from the sector itself, or non-self generated, originated from other sectors in the economy. 

4. Empirical findings

4.1 Linkage effects

One can identify the key sectors on the basis of linkage effects. The impact of investment in the sectors with higher linkage effect on economic growth is higher than the impact of sectors having low linkage values. However, the benefit from the investment made on the sectors with high linkages may not be uniformly distributed across all the sectors. The temporal changes in backward and forward linkage coefficients for five major sectors are shown in Table 1 and for sixty disaggregated sectors are shown in Tables A1 and A2 in appendix. Manufacturing had stronger backward linkage effect as compared with other sectors. A unit increase in final demand in manufacturing enhanced economic growth at a higher proportional rate. But the effect remained roughly at the same level since the early 1990s. While the growth enhancing effect of construction and electricity improved during the late 1990s, the effect of the services sector declined significantly during the same period. The contribution of agriculture to economic growth also increased in the late 1990s, but declined thereafter. The forward linkage effect, measuring the growth of a sector owing to the expansion of demand for other sectors, was significantly higher for the infrastructure sector including construction, electricity, water and gas, followed by the services sector. However, the rate of expansion of the services sector caused by the expansion of the other sectors declined during the post-reform period. 
Table 1 Linkage effects of major sectors
	Sector
	Backward linkage coefficient
	Forward linkage coefficient 

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

	Agriculture
	0.71
	0.71
	0.79
	0.75
	1.15
	1.17
	0.82
	0.75

	Forestry and mining
	0.74
	0.71
	0.71
	0.69
	1.21
	1.12
	1.07
	1.03

	Manufacturing
	1.15
	1.15
	1.15
	1.17
	0.92
	0.96
	1.01
	1.05

	Construction, electricity & gas
	0.98
	0.97
	1.13
	1.08
	2.29
	2.50
	2.30
	2.32

	Services
	0.77
	0.82
	0.79
	0.76
	1.80
	1.79
	1.59
	1.52


Source: Authors’ estimation based on absorption matrix provided by the CSO,   Government of India, for 1993-94, 1998-99, 2003-04 and 2006-07
The sectors with linkage coefficient more than unity are conventionally treated as the key sectors in the process of economic growth. Most of the key sectors contributing to economic growth were concentrated in the manufacturing sector (Table A1). Within manufacturing, the backward linkage effect was the highest for iron and steel industry during the early 1990s, but its effect on economic growth declined thereafter, although improved marginally during 2003-2006. The growth enhancing effect was the highest for electrical and electronic equipments in 2006-07, and the effect improved systematically during the post-reform period. Another important manufacturing industry with higher proportional impact on overall growth was plastic and rubber products during this period. The key sectors other than manufacturing were construction and electricity, but their contribution remained stagnant throughout the period. Within services hotels had a leading role in the growth process during the post-reform period. 

Services, particularly trading services and banking and financial activities responded at a significantly higher proportional rate during the post-reform period (Table A2). Transport and communication also grew at a higher rate due to the expansion of other sectors. Faster growing manufacturing industries were petroleum products, non-ferrous basic metals, and chemicals during this period. Other fast growing industries with forward linkage coefficient more than unity consisted of iron and steel, rubber products, and fertilizer. Crude petroleum and coal mining had become the key sectors in terms of forward linkage effect since the early 1990s.  
4.2 Decomposition of output growth

The output growth may be attributed to change in technology and change in final demand. By following the methodology as suggested in Sonis et al. (1996), we have decomposed growth effect of output in 60 sectors into the effect of final demand, effect of technological improvement and the synergistic effect of both.  The decomposition is shown in equation (10). It is implicitly assumed that the change in output embodies change in technology from the base to the terminal year. The output growth in almost every sector was demand led during the period 1993-2006 (Table 2). The effect of technological progress on output growth was negative in all sectors excepting for forestry and mining, and services. The role of technology has been less significant in most of the services activities as compare to the commodity sector. 
The decomposition of output growth for the 60 sectors used in this study is shown in Table A3 in appendix. The output growth of food crops and plantation crops was enhanced both by the expansion of demand for them and technological development in agriculture. But for cash crops and other crops the technological impact was negative. Output for crude petroleum was highly responded by technological improvement. The outdated technology did not help to improve output growth in textile industries, both cotton and jute, during the post-reform period. The manufacturing industries affected badly by technological change include wood products, paper products, cement and rail equipments along with other some industries during this period. Within services railway transport had a significant negative effect of technological change even after the initiation of reform measures in the country.
Table 2 Sources of output growth: 1993-2006

	Sectors
	ΔXY
	ΔXL
	ΔXLY

	Agriculture
	96.62
	-0.70
	-2.33

	Forestry and mining
	67.37
	0.91
	0.17

	Manufacturing
	87.20
	-0.71
	-4.56

	Construction, electricity & gas
	111.30
	-6.67
	-36.27

	Services
	89.08
	1.13
	4.36


Source: As for Table 1
5. Conclusions

By analysing backward and forward linkage effects, the study observes the key role of the manufacturing sector in pulling up overall economic growth in India during the post-reform period. The overall economic growth of an economy is positively connected with the growth of output in the manufacturing sector through higher proportional productivity growth. The services sector, on the other hand, has been responding at a higher proportional rate because of the overall expansion of the economy. Thus, although services sector, particularly trading activities the most part of which includes informal trading, grew at a faster proportional rate, the causality runs from overall economic growth to the growth of services activities, not the other way round. We have also observed that the output growth has primarily been demand-driven in the sense that increases in demand for output from almost all sectors lead to faster growth of output.
There are, however, some inherent problems in transferring workers from land based low productive sector to high productive manufacturing activities and thus in exploiting the effects of increasing returns to improve employment and output through an ambitious growth plan in an economy in which most of the manufacturing units are owned by the private sector (Bagchi 1970). A peculiar disarticulation of labour has been observed in the process of manufacturing growth everywhere in India.
Appendix
Table A1 Temporal changes in backward linkage coefficients by sectors 
	Sectors
	1993-94
	1998-99
	2003-04
	2006-07

	Food crop
	0.81
	0.81
	0.97
	0.94

	Cash crop
	0.69
	0.70
	0.77
	0.76

	Plantation crop
	0.63
	0.66
	0.70
	0.67

	Other crops
	0.70
	0.68
	0.71
	0.63

	Animal husbandry
	0.88
	0.87
	0.85
	0.77

	Forestry and logging
	0.59
	0.60
	0.57
	0.57

	Fishing
	0.65
	0.63
	0.63
	0.67

	Coal and lignite
	0.86
	0.77
	0.74
	0.76

	Crude petroleum, natural gas
	0.64
	0.63
	0.72
	0.70

	Iron ore
	0.80
	0.77
	0.72
	0.69

	Other mineral
	0.73
	0.71
	0.76
	0.68

	Sugar
	1.07
	1.07
	1.15
	1.05

	Food products excluding sugar
	1.17
	1.18
	1.21
	1.20

	Beverages
	1.03
	1.05
	1.17
	1.17

	Tobacco products
	1.00
	1.02
	0.89
	0.89

	Cotton textiles
	1.08
	1.13
	1.16
	1.15

	Wool, silk & synthetic fibre textiles
	1.17
	1.19
	1.23
	1.25

	Jute, hemp, mesta textiles
	1.10
	1.07
	1.01
	1.01

	Textiles products including wearing apparel
	1.14
	1.15
	1.17
	1.18

	Furniture and fixtures-wooden
	0.89
	0.94
	0.96
	0.98

	Wood and wood products
	0.90
	0.90
	0.88
	0.85

	Paper, paper prods. & newsprint
	1.24
	1.24
	1.19
	1.19

	Printing and publishing 
	1.12
	1.10
	1.15
	1.14

	Leather and leather products
	1.17
	1.21
	1.09
	1.09

	Plastic and rubber products
	1.20
	1.20
	1.25
	1.32

	Petroleum products
	1.07
	1.04
	1.07
	1.09

	Coal tar products
	1.29
	1.21
	1.15
	1.23

	Inorganic heavy chemicals
	1.12
	1.13
	1.19
	1.22

	Organic heavy chemicals
	1.18
	1.15
	1.19
	1.18

	Fertilizers
	1.25
	1.19
	1.22
	1.24

	Paints, varnishes and lacquers
	1.19
	1.20
	1.21
	1.24

	Pesticides, drugs and other chemicals
	1.23
	1.17
	1.17
	1.18

	Cement
	1.15
	1.10
	1.10
	1.11

	Non-metallic mineral products
	1.04
	1.02
	1.08
	1.08

	Iron & steel industries and foundries
	1.37
	1.26
	1.19
	1.26

	Non-ferrous basic metals
	1.26
	1.22
	1.20
	1.19

	Metal products except mach. & transport Equipment
	1.22
	1.18
	1.16
	1.17

	Tractors and agri. implements
	1.27
	1.26
	1.25
	1.29

	Industrial machinery(F & T)
	1.27
	1.26
	1.24
	1.30

	Other machinery
	1.21
	1.21
	1.20
	1.24

	Electrical, electronic machinery & appliances.
	1.22
	1.24
	1.33
	1.43

	Rail equipments
	1.11
	1.22
	1.17
	1.20

	Other transport equipment
	1.22
	1.22
	1.23
	1.27

	Miscellaneous manufacturing industries
	1.11
	1.23
	1.11
	1.11

	Construction
	1.09
	1.02
	1.09
	1.10

	Electricity
	1.11
	1.14
	1.08
	1.30

	Gas and water supply
	0.75
	0.76
	1.23
	0.82

	Railway transport services
	0.95
	1.04
	1.05
	1.04

	Other transport services
	1.01
	1.03
	0.97
	0.99

	Storage and warehousing
	0.79
	0.90
	1.22
	0.92

	Communication
	0.65
	0.64
	0.73
	0.75

	Trade
	0.72
	0.69
	0.65
	0.59

	Hotels and restaurants
	1.00
	1.06
	1.07
	1.05

	Banking
	0.61
	0.69
	0.65
	0.66

	Insurance
	0.66
	0.76
	0.76
	0.76

	Ownership of dwellings
	0.56
	0.57
	0.53
	0.53

	Education and research
	0.60
	0.62
	0.57
	0.57

	Medical and health
	1.04
	1.18
	0.84
	0.85

	Other services
	0.96
	0.99
	0.74
	0.74

	Public administration  
	0.49
	0.50
	0.48
	0.47


Source: As for Table 1

Table A2 Temporal changes in forward linkage coefficients by sectors 
	Sector
	1993-94
	1998-99
	2003-04
	2006-07

	Food crop
	0.60
	0.58
	0.67
	0.60

	Cash crop
	0.83
	0.79
	0.87
	0.76

	Plantation crop
	0.57
	0.58
	0.58
	0.58

	Other crops
	2.62
	2.73
	1.16
	1.04

	Animal husbandry
	0.92
	0.89
	0.82
	0.78

	Forestry and logging
	0.99
	0.92
	0.90
	0.88

	Fishing
	0.54
	0.53
	0.51
	0.53

	Coal and lignite
	2.22
	2.17
	2.01
	1.89

	Crude petroleum, natural gas
	2.63
	2.12
	2.08
	2.02

	Iron ore
	0.56
	0.60
	0.55
	0.55

	Other mineral
	0.61
	0.64
	0.60
	0.59

	Sugar
	0.54
	0.53
	0.55
	0.56

	Food products excluding sugar
	0.57
	0.61
	0.64
	0.61

	Beverages
	0.51
	0.53
	0.55
	0.57

	Tobacco products
	0.52
	0.53
	0.53
	0.53

	Cotton textiles
	0.93
	0.87
	0.73
	0.73

	Wool, silk & synthetic fibre textiles
	0.69
	0.65
	0.64
	0.65

	Jute, hemp, mesta textiles
	0.65
	0.71
	0.57
	0.57

	Textiles products including wearing apparel
	0.58
	0.59
	0.55
	0.55

	Furniture and fixtures-wooden
	0.56
	0.57
	0.50
	0.50

	Wood and wood products
	0.98
	1.06
	0.82
	0.83

	Paper, paper prods. & newsprint
	1.48
	1.48
	1.37
	1.36

	Printing and publishing 
	0.64
	0.63
	0.72
	0.70

	Leather and leather products
	0.66
	0.68
	0.62
	0.64

	Plastic and rubber products
	0.93
	0.87
	1.08
	1.15

	Petroleum products
	1.76
	1.79
	4.03
	3.99

	Coal tar products
	0.84
	0.82
	0.63
	0.67

	Inorganic heavy chemicals
	1.39
	1.88
	1.83
	2.09

	Organic heavy chemicals
	1.45
	1.61
	1.81
	2.17

	Fertilizers
	1.19
	1.53
	1.44
	1.37

	Paints, varnishes and lacquers
	0.86
	0.88
	0.82
	0.84

	Pesticides, drugs and other chemicals
	1.18
	1.02
	1.20
	1.22

	Cement
	0.60
	0.60
	0.59
	0.61

	Non-metallic mineral products
	0.61
	0.62
	0.70
	0.71

	Iron & steel industries and foundries
	1.86
	1.86
	1.47
	1.63

	Non-ferrous basic metals
	2.24
	2.81
	2.82
	3.11

	Metal products except mach. & transport Equipment
	1.00
	1.01
	1.09
	1.17

	Tractors and agri. implements
	0.60
	0.58
	0.52
	0.51

	Industrial machinery(F & T)
	0.79
	0.73
	0.64
	0.64

	Other machinery
	0.69
	0.69
	0.94
	0.99

	Electrical, electronic machinery & appliances.
	0.62
	0.63
	0.81
	0.84

	Rail equipments
	0.82
	0.72
	0.79
	0.65

	Other transport equipment
	0.65
	0.58
	0.66
	0.66

	Miscellaneous manufacturing industries
	0.90
	0.87
	0.74
	0.80

	Construction
	1.37
	1.26
	2.03
	2.52

	Electricity
	4.95
	5.66
	4.29
	3.85

	Gas and water supply
	0.54
	0.56
	0.58
	0.59

	Railway transport services
	1.69
	1.64
	1.65
	1.46

	Other transport services
	4.55
	3.54
	1.50
	1.49

	Storage and warehousing
	0.55
	0.54
	0.52
	0.52

	Communication
	1.09
	1.07
	1.77
	1.65

	Trade
	5.92
	5.71
	6.56
	6.39

	Hotels and restaurants
	0.64
	0.68
	0.86
	0.84

	Banking
	3.26
	3.77
	3.79
	3.48

	Insurance
	1.06
	0.93
	1.27
	1.18

	Ownership of dwellings
	0.49
	0.50
	0.48
	0.47

	Education and research
	0.50
	0.51
	0.49
	0.48

	Medical and health
	0.63
	0.52
	0.51
	0.50

	Other services
	2.58
	3.38
	0.83
	0.85

	Public administration  
	0.49
	0.50
	0.48
	0.47


Source: As for Table 1

Table A3 Sources of output growth: 1993-2006
	Sectors
	ΔXY
	ΔXL
	ΔXLY

	Food crops
	82.27
	5.38
	8.64

	Cash crops
	95.17
	-1.49
	0.91

	Plantation crops
	72.42
	5.02
	23.39

	Other crops
	121.02
	-9.64
	-33.82

	Animal husbandry
	112.22
	-2.78
	-10.80

	 Forestry and logging  
	114.28
	-8.70
	-47.10

	 Fishing  
	91.79
	1.06
	1.94

	 Coal and lignite  
	105.30
	-9.57
	-42.97

	 Crude petroleum  
	-64.12
	23.88
	93.29

	 Iron ore  
	71.60
	2.29
	15.64

	Other minerals
	85.40
	-3.50
	-19.82

	Sugar  
	71.68
	3.10
	24.77

	Food products excluding sugar
	90.53
	1.22
	8.29

	 Beverages  
	87.72
	1.13
	8.88

	 Tobacco products  
	85.92
	4.20
	6.56

	Cotton textiles
	124.67
	-3.28
	-15.02

	Wool, silk & synthetic fibre textiles
	64.50
	3.79
	31.93

	 Jute, hemp, mesta textiles  
	137.05
	-19.54
	-110.09

	Textiles products including wearing
	99.66
	-0.71
	-1.21

	 Furniture and fixtures-wooden  
	123.02
	-8.46
	-40.72

	 Wood and wood products  
	226.49
	-29.01
	-181.76

	 Paper, paper prods. & newsprint  
	106.00
	-10.06
	-36.97

	 Printing and publishing  
	81.25
	3.58
	11.54

	Leather and leather products
	88.78
	-0.39
	4.92

	Plastic and rubber products
	85.08
	3.02
	13.35

	 Petroleum products  
	38.87
	10.40
	42.92

	 Coal tar products  
	90.76
	-9.14
	-48.26

	 Inorganic heavy chemicals  
	41.82
	8.64
	34.88

	 Organic heavy chemicals  
	43.02
	7.09
	32.23

	 Fertilizers  
	41.46
	10.86
	18.12

	 Paints, varnishes and lacquers  
	96.67
	-3.04
	-19.95

	Pesticides, drugs and other chemicals
	101.24
	0.56
	1.59

	Cement  
	117.12
	-6.43
	-45.59

	Non-metallic mineral products
	36.28
	8.19
	46.17

	Iron and steel  
	102.35
	-1.61
	-4.26

	 Non-ferrous basic metals  
	-3.64
	7.44
	60.65

	Metal products except mach. & transport Equipment
	67.70
	3.28
	23.91

	Tractors and agri. implements  
	105.15
	-4.60
	-17.60

	Industrial machinery(F & T)  
	86.20
	-1.11
	-2.56

	Other machinery
	68.56
	4.33
	22.36

	Electrical, electronic machinery & appliances
	72.51
	3.40
	22.80

	Rail equipments  
	115.69
	-12.10
	-43.48

	Other transport equipments  
	102.63
	-1.68
	-7.32

	Miscellaneous manufacturing industries
	81.02
	3.39
	8.32

	 Construction  
	89.06
	1.52
	7.63

	 Electricity  
	115.36
	-9.40
	-40.09

	 Water supply  
	129.49
	-12.14
	-76.36

	Railway transport services  
	94.89
	-2.49
	-15.44

	Other transport services
	90.67
	0.05
	-1.28

	 Storage and warehousing  
	78.16
	12.75
	45.82

	 Communication  
	57.37
	3.52
	23.19

	 Trade  
	87.30
	0.40
	-0.35

	 Hotels and restaurants  
	86.49
	1.44
	8.74

	 Banking  
	84.67
	0.15
	-0.50

	 Insurance  
	77.74
	1.64
	5.30

	 Ownership of dwellings  
	100.00
	0.00
	0.00

	 Education and research  
	99.05
	-0.11
	-0.45

	 Medical and health  
	106.53
	-1.34
	-5.84

	 Other services  
	95.21
	-1.32
	-2.51

	 Public administration  
	100.00
	0.00
	0.00


Source: As for Table 1
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� An element of Leontief inverse gives the direct and indirect requirements of intermediate inputs per unit of final demand.





� The open model determines the levels of output to be produced by each industry to satisfy exogenously given final demand. If the exogenous sector is included in the system as another industry the model becomes closed that provides a framework of meaningful description of economic interconnections, and finds out the short-period effects of economic policy change (Mathur 1970). In the closed input output system all goods will become intermediate in nature. 





� Leontief (1970) developed a discrete approximation of model (1) using a system of difference equations with dated technical matrices reflecting structural change in an economy.
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