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The purpose of this paper is to incorporate randomness by applying econometric approach at least indirectly in constructing the output and final demand vectors over time based on the input output coefficient matrix at the base period and in estimating the role of final demand from different manufacturing industries in enhancing economic growth. We have used panel data economic approach to capture the nature of dynamic adjustment in Indian economy due to exogenous shocks mostly in a structure of disequilibrium, and to forecast the growth rate of each sector and evaluate the effects of a policy on growth rates in different sectors. The time series of output from 29 manufacturing industries have been calculated from the historical data on the components of final demand with the base year final demand coefficient matrix. By analysing trend of the projected output from different manufacturing industry groups the study observes that most of the industries gained their relevance over time, some remained at the same level and a few lost their significance during the faster growth regime in India.
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1. Introduction
This paper traces out the key industries within the manufacturing sector contributing significantly to economic growth in India by applying panel data econometric method combined with input-output (IO) analysis
. The Indian economy has entered into the phase of high growth since the mid-1980s, although it experienced growth deceleration recently. During this phase the economy exhibited significant structural change not only between different sectors but within a particular sector as well. Agriculture has lost its share in terms of value added, but not in terms of labour absorption. The growth process in India did not follow Kuznet’s (1966) perception of modern economic growth. Industry did not grow at a desirable rate as perceived in the modern growth theory. Although the manufacturing sector experienced appreciable increasing returns to scale, it has failed to absorb workers proportionately and there had been no significant transfer of labour from land based low productive activities to high productive manufacturing in India (Das 2007, 2008)
. In services, on the other hand, as the factor (labour) income and value added are not distinguishable, value added cannot be interpreted similar to the value added originating from the commodity producing sector.
The manufacturing sector, however, has stronger backward linkage effect as compared to other sectors. A unit increase in final demand in manufacturing enhanced economic growth at a higher proportional rate, while the growth enhancing effect remained roughly at the same level since the early 1990s (Das, 2013). The study looks into the role of final demand from different industries derived from input output transactions matrix (absorption matrix) in enhancing economic growth in India as suggested in Keynes (1936). The failure of neo-classical mechanism in explaining the recent global financial crises and economic slowdown, perhaps, may be the cause of intense significance of Keynesianism in analysing macroeconomic behaviour of a country. The inability to generate sufficient physical investment and the lack of effective demand has been one of the major problems of a capitalist economy to increase the level of employment. Keynes illustrated, in terms of a closed simple economy without government sector, how the crisis of economic fluctuations is driven solely by the fluctuations of investment undertaken by the private entrepreneurs in a purely market based economy even in the absence of the impact of foreign trade. In a two sector economy producing consumption goods and capital goods, as GDP rises over the business cycle, the ratio of consumption to GDP tends to fall with households allocating their income toward saving. Thus to reach at full employment it is necessary to rise physical investment at an increasing rate so as to offset the fall in the consumption-GDP ratio. 
The pure IO model enables to calculate the direct and indirect effects of any shifts of final demand on output growth of different economic sectors and to trace the impacts of intersectoral transactions within an economy
. One can assess the change in industrial composition of total output of an economy as a consequence of changes in government expenditures, exports, or the demographic structure of the population. The IO models are essentially general equilibrium in nature. Market clearing occurs through supply adjustments to demand shocks. However, the major limitations of the behavioural representation of the IO models include the assumptions of linear production technologies; constant returns to scale; homogeneous consumption functions; and price inflexibility. The IO Tables provide inter-industry transactions and usually distinguish between intermediate and final demand, but do not capture the full circular flow of transactions in the economy. The IO models are deterministic in the sense that the input output coefficients are treated as fixed parameters with no uncertainty associated with them. But without incorporating the sources of uncertainty associated with the estimates of technical coefficients, the use of input-output models for planning or forecasting purposes is not meaningful in proper sense.
The purpose of this paper is to incorporate randomness by applying econometric approach at least indirectly in constructing the output vector over time based on the input output coefficient matrix at the base period and in estimating the role of final demand from different manufacturing industries in enhancing economic growth. We have used panel data economic approach to capture the nature of dynamic adjustment in Indian economy due to exogenous shocks mostly in a structure of disequilibrium, and to forecast the growth rate of each sector and evaluate the effects of a policy on growth rates in different sectors
. 
The integration of econometric and input-output is a new approach to analyse macroeconomic behaviour over the last couple of decades (Anselin and Madden, 1991; Beaumont, 1990; Rey, 1998). The integrated approach is an improvement over the traditional input output and econometric approaches with regard to the treatment of the final demand components. The integrated models can offer more accurate forecasts than the traditional structural econometric models (Glennon et al., 1987; Moghadam and Ballard, 1988; Rey, 1998). The integrated models are able to incorporate the structural parameters in a more substantive manner to analyse and forecast economic trends and fluctuations. However, the combination of deterministic and stochastic features of the integrated model raises a number of methodological issues that require further attention. 
A number of studies have focused on applying the integrated framework in several regions mostly within the U.S or other developed countries (Moghadam & Ballard 1988; Conway 1990; Coomes et al. 1991; Israilevich et al. 1994; Rey 1998; West et al 1998). However, no such studies have been found in the literature focusing on the integrated model to conduct regional analysis with data in India. This paper explores the potential arising through the application of integrated modelling to the Indian economy to analyse the intersectoral shifts and forecast structural shifts in the economy. The stochastic behaviour of the macroeconomic the time-series is introduced to an IO analysis to capture the dynamic nature in a more meaningful manner. 
The rest of the paper is organised in the following manner. Section 2 discusses the sources of data used in this study. The basic structure of input output transactions matrix in India is described in section 3. Section 4 deals with methodological issues applied in this study. Section 5 interprets the empirical findings. Section 6 concludes.
2. Data

Central Statistical Office (CSO) of the Ministry of Statistics and Planning Implementation (MOSPI), the Ministry of Commerce and Industry of the government of India, and the Reserve Bank of India (RBI) are the sources of data used in this study. The estimates of national income of the country have been revised by the national accounts division of the CSO in preparing National Accounts Statistics (NAS) from time to time. Base years have been revised periodically by the CSO in the past, starting from 1948-49. The 2004-05 series widens the data base for different sectors by the inclusion of several items not covered so far. The Gross Domestic Product (GDP) at constant 2004-05 prices, the most important macroeconomic aggregate of National Accounts, is used as output variable. The real gross capital formation is taken as a proxy for investment. In NAS, gross capital formation has two components: gross fixed capital formation (GFCF) and change in stocks. The GFCF is the gross value of goods which is added to the fixed domestic capital stock during a year. The change in stock is the difference between market values of the stocks at the beginning and end of the period. India’s foreign trade data are compiled by the Ministry of Commerce and Industry of the government of India. We have used this database in finding out trade balance in India which is available since 1970-71. All the data used in this study are reproduced in the Handbook of Statistics on Indian Economy (2012), published annually by the RBI. 

This study utilises IO tables for 1993-94 and 2007-08 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 2007-08. 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 2007-08 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. 

3. Structure of input output transactions Tables in India

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. By adding intermediate and final demands for any industry, shown in the row corresponding to that industry, we get a basic input-output identity, called the row identity and it gives the total value of sales for that industry. If we have n industries and m final demand categories, the row identity for the ith industry will be:
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The basic parameters of an IO model are the input-output coefficients and the final demand coefficients. The input output coefficient, denoted by aij, shows the value of input needed from industry i to industry j to produce a rupee’s worth of industry j’s output:
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The final demand coefficients show the product composition of various categories of aggregate expenditures:
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Thus, by substitution equation (1) becomes
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In matrix form,
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Or,
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Here, AX is a vector of intermediate demands and H is a vector of final demands for each industry’s products.
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….(6), Ek is the total demand for category k, k=1,2,…m

The final demand identities show the product distribution of the GNP components. In the Indian input-output Tables the final uses are distinguished into private final consumption expenditure (PFCE), government final consumption expenditure (GFCE), gross fixed capital formation (GFCF), change in stocks (CIS), exports of goods and services (EXP) and imports of goods and services (IMP). If we sum down the final user column PFCE, we will get the total amount of output sold by all the industries to the households for consumption; if we sum down the final demand column GFCF, we will get total value of the machinery and other investment goods sold by all the industries to business firms. Similarly, the total amount of goods and services sold to governments by all the industries is obtained by summing down the column GFCE, and the total of exports and imports by all the industries are obtained by summing down the columns EXP and IMP respectively.
The entries in industry columns show the commodities used as inputs to produce outputs of particular industries. The columns under intermediate demand show the materials purchased by different industries for use in their production processes. The primary factor payments (wages, profits, interest, rent, etc.) by different industries constitute the value added. If we add cost of materials to value added we will get value of output:
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If we sum the value added in all the industries, we will get GNP, the total value of goods and services produced by the economy. Thus, each industry’s contribution to the total GNP:
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The sum of the entries in a column of the absorption matrix shows the output of the industry at ex-factory price. 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 as appeared in the make matrix. 
4. Integration of econometric and input output model

The Leontief type input output model is based on three important assumptions:  the economy is divided meaningfully into a finite number of sectors, each of which produces a single homogeneous product; neither economies nor diseconomies of scale operates in production; and the level of output in each sector uniquely determines the quantity of each input which is purchased (Chenery and Clark, 1959). Under these assumptions the production function for any sector may be expressed in the form of Leontief production function: 
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Here, xij, i=1...n, is the total quantity of output moves from i to j; xn+1j is the total quantity of homogenous labour service purchased by the sector j; xn+2j is the quantity of homogenous public service purchased by the sector j; zij is the imported input of sector i purchased by the sector j; aij is the technical coefficient interpreted as the minimum quantity of output from sector i required to produce one unit of output in sector j; βij trade coefficient interpreted as the minimum quantity of import i required to produce one unit of output in sector j. In this framework all coefficients are purely deterministic. The model has no stochastic properties, and we have no idea about the reliability or probabilistic properties of the estimated parameters (Klein 1974). For this reason a number of alternative methods have been proposed for estimating the technical coefficients. 
In econometric approach equation (5) may be expressed as the following set of n simultaneous equations:
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Here ε is a n×1 vector of random disturbances. If a sufficiently long time series on X and H could be collected, it might be feasible to estimate the n×n parameters in (10). But, structural change and variations in product mix may render these estimates meaningless (Carter 1970).
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 net 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. 
Given the time series of the components of total final demand we have constructed the time series of final demand vectors at the industry level disaggregation of each component by using demand coefficient matrix taken from the base year IO model.
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If we assume that the matrices A and F are reasonably stable over time, we can use the base year matrices in making forecasts of outputs by industry. However, technological and other factors cause changes in the A and F coefficients from year to year. While we do not have sufficient historical data to study the shifts in each n×n and n×m coefficients for A and F matrices, we will take these changes into consideration at least indirectly by utilising the time series properties of the final demand. If the values of total household expenditure for consumption, business investment, government expenditures, and net exports to foreign countries are given, the base year A and F matrices are quite useful in estimating the industry-by-industry requirements of outputs implied in these GNP component projections.
Given the base year (2007-08) A and F matrices and historical time series of the GNP components, a set of output estimates were obtained for the period 1950- 2012 as follows:
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The Leontief inverse at the base period, (I – A0)-1, is the total requirement matrix, the (i,j) element of which represents the amount of output of industry i required directly and indirectly to satisfy one rupee’s worth of final demand for industry j. The total requirements are implicitly calculated as the sum of direct and all indirect effects. The estimated values of output from different industry groups as listed in the appendix Table by taking 2007-08 as base year shows the changing importance of  industry i in the economy with reference to the base year’s technological characteristics. If it exhibits upward trend, it means that the importance of the ith industry is increasing over time. For the industries with declining importance, shows a downward trend in its output.
We have examined the role of final demand in determining GDP in India by testing Keynes’ multiplier hypothesis with panel data derived from historical time series of the components of GDP and input output coefficient and demand coefficient matrices. Relationship between GDP and final demand is estimated by applying fixed effect panel data model. The use of panel data in estimating common relationships across industries is particularly appropriate because it allows the identification of region-specific effects that control for missing or unobserved variables. Panel models make more information available, hence more degrees of freedom and more efficiency. 
5. Empirical findings

Manufacturing industries had stronger growth enhancing effect as compared with other sectors (Das, 2013). A unit increase in final demand in manufacturing enhanced economic growth at a higher proportional rate. Most of the key sectors contributing to economic growth were concentrated in the manufacturing sector. In this study the time series of output from 29 manufacturing industries have been calculated from the historical data on the components of final demand as recorded in NAS with the base year final demand coefficient matrix. The trend in projected output is estimated by applying fixed effect panel data approach by incorporating time and industry wise interactive dummies. The significance of fixed effects has been tested by performing F-test as shown in the last row of Table 1. The estimated coefficients of the following regression equation are shown in Table 1:
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Here, 
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indicates the projected output from industry i in time t, β1 measures the overall trend in output from all sectors together and β2 measures the differential effect in trend across industries, μi measures unobserved heterogeneity across the industry groups in terms of fixed effects, eit is the random error. The estimated coefficients as shown in Table 1 state that the relative importance of beverages, tobacco, jute and fertiliser industries had lost their significance. The relevance of rest of the manufacturing industry groups either improved or remained at the same level. The significance of leather industry increased at the highest rate followed by electrical industries, petroleum and non-ferrous basic metal industries. Another important manufacturing industry with higher proportional impact on overall growth was plastic and rubber products during this period.
Table 1 Differential effect of trend in output from different manufacturing industries
	Variables
	Coef.
	t
	P>t     

	c
	-96.61
	-246.68
	0

	t
	0.05
	176.22
	0

	t_d14
	-0.01
	-5.57
	0

	t_d15
	-0.01
	-6.13
	0

	t_d16
	-0.01
	-3.54
	0

	t_d18
	-0.01
	-3.56
	0

	t_d19
	0.00
	0.17
	0.867

	t_d21
	0.00
	2.68
	0.007

	t_d22
	0.00
	3.07
	0.002

	t_d23
	0.00
	0.17
	0.867

	t_d24
	0.02
	10.29
	0

	t_d25
	0.01
	3.3
	0.001

	t_d26
	0.00
	-0.81
	0.418

	t_d27
	0.01
	6.82
	0

	t_d28
	0.00
	2.51
	0.012

	t_d29
	0.01
	4.49
	0

	t_d30
	-0.01
	-5
	0

	t_d31
	0.00
	2.19
	0.029

	t_d32
	0.00
	1.15
	0.251

	t_d33
	0.01
	6.16
	0

	t_d34
	0.01
	6.04
	0

	t_d35
	0.01
	6.28
	0

	t_d36
	0.01
	7.5
	0

	t_d37
	0.01
	5.62
	0

	t_d38
	0.01
	6.94
	0

	t_d39
	0.00
	3.14
	0.002

	t_d40
	0.01
	6.73
	0

	t_d41
	0.01
	4.56
	0

	t_d42
	0.01
	5.61
	0

	t_d43
	0.01
	4.24
	0

	t_d44
	0.01
	8.58
	0

	σμ
	10.49
	
	

	σe 
	0.22
	
	

	ρ
	1.00
	
	

	H0: μi=0: F(57, 3566) =  2279.20   Prob > F = 0.00


Note: ρ denotes fraction of variance due to μi
Source: Author’s own calculation
This study is a preliminary attempt to test Keynes’ multiplier hypothesis in analysing economic growth in India since the early 1950s. After analysing the stochastic behaviour of the time series of outputs and final demand from 60 different industries, the cross section units in the panel, we have estimated the following relation:
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 Here F denotes the projected final demand vector. The coefficient b1 measures the overall effect of final demand on output and b2 measures the differential effects of it across industry groups. The estimated results are shown in Table 2. The demand for products of cotton textiles had the highest multiplier effect on total output. The other major manufacturing industries exhibiting significant positive effect include beverages, petroleum products, pesticides, textile products, and electrical machinery. Our empirical result fails to reject the role of final demand in determining output. The strong evidence of multiplier effect has been observed in this study. However, the final use of output from some industries had negative impact on output (Table 2).
Table 2 Differential effect of final demand on output
	Variables
	Coef.
	t
	P>t    

	c
	1.21
	120.75
	0

	F
	0.96
	327.36
	0

	F_d14
	0.07
	3.25
	0.001

	F_d15
	0.04
	2.12
	0.034

	F_d16
	0.09
	4.57
	0

	F_d19
	0.04
	2.54
	0.011

	F_d22
	-0.20
	-17.65
	0

	F_d23
	-0.12
	-8.63
	0

	F_d24
	-0.05
	-4.78
	0

	F_d25
	-0.12
	-9.47
	0

	F_d26
	0.07
	4.01
	0

	F_d27
	-0.13
	-11.3
	0

	F_d28
	-0.21
	-18.66
	0

	F_d29
	-0.17
	-14.6
	0

	F_d32
	0.06
	3.71
	0

	F_d33
	-0.15
	-13.21
	0

	F_d34
	-0.16
	-13.64
	0

	F_d35
	-0.10
	-8.19
	0

	F_d36
	-0.10
	-9.13
	0

	F_d37
	-0.07
	-5.28
	0

	F_d38
	0.04
	3.15
	0.002

	F_d39
	-0.05
	-3.78
	0

	F_d40
	-0.01
	-0.82
	0.413

	F_d41
	0.04
	2.76
	0.006

	F_d42
	0.01
	0.89
	0.372

	F_d43
	0.02
	1.65
	0.1

	F_d44
	0.01
	1.08
	0.279

	σμ
	0.95
	
	

	σe 
	0.12
	
	

	ρ
	0.98
	
	

	H0: μi=0:    F(52, 3260) =  1400.17            Prob > F = 0.00


Note: ρ denotes fraction of variance due to μi
Source: Author’s own calculation

6. Conclusions
To incorporate the stochastic behaviour into the input output model we have synthesised econometric approach to input output model. In this study we have applied fixed effect panel data econometric approach with input output model to look into the differential effect of technology as revealed in the input coefficient matrix for the absorption Table of 2007-08 on output from different manufacturing industry groups. We also have tested the multiplier hypothesis a suggested in Keynes (1936) with the panel data of output and final demand across industry groups over time. As the historical time series of the components of final demand at industry level disaggregation are not available, we have constructed the projected series with base year (2007-08) final demand coefficient vector. 

The empirical estimation of this study reveals the significant improvement of the importance of most of the manufacturing industries with respect to the base year technological coefficients. However, the role of final demand of a notable number of manufacturing industries on output was found to be negative, while the overall effect is significantly positive.
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Appendix
	Industry groups
	Dummy variables

	Beverages
	d14

	Tobacco
	d15

	Cotton
	d16

	Wool
	d17

	Jute
	d18

	Textiles products
	d19

	Furniture
	d20

	Wood
	d21

	Paper
	d22

	Printing 
	d23

	Leather
	d24

	Plastic and rubber
	d25

	Petroleum
	d26

	Coal tar products
	d27

	Inorganic chemicals
	d28

	Organic chemicals
	d29

	Fertilizers
	d30

	Paints
	d31

	Pesticides
	d32

	Cement
	d33

	Non metallic mineral
	d34

	Iron and steel 
	d35

	Non ferrous basic metals
	d36

	Metal products
	d37

	Tractors 
	d38

	Industrial machinery
	d39

	Other machinery
	d40

	Electrical equipments
	d41

	Rail equipments
	d42

	Other transport equipments
	d43

	Miscellaneous industry
	d44


�  Computable general equilibrium (CGE) analysis is also an widely used method of regional analysis  


� 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 conceptual framework for input output models was developed more than two and a half century back by Quesnay (1758), and then Walras (1877) and Leontief (1936).


� See Valadkhani (2004) and Ghosh et al (2011) for detail reviews of the general literature on macroeconometric modelling. The macroeconometric modelling for a developing country was constructed first by Narasimham (1956) for India.
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