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Nobel Laureate Leontief enriched every branch of economics. His theory, method and empirics influenced economic thinking across the globe. This put him among the greatest economists of the century. India did not escape his influence. Mathur, Ghosh and Bharadwaj have been the main proponents of Leontief’s economics in India. Mathur and Bhardwaj were associated with his ‘Harvard Research Project’, V.G. Bhatia completed Ph.D. under him and A.P. Ghosh was greatly influenced by him. Mathur himself is known as ‘Leontief of India’. Mathur attracted scholars from India, UK, Latin America, Middle East, South and South East Asia. Pervasive Indian contribution to input output economics has been i) theoretical; ii) methodological; iii) pedagogic; and iv) empirical, widening scope, enriching theoretically and deepening knowledge base. This makes it practically impossible to evaluate individual contributions. This paper, therefore, undertakes thematic review of Indian contribution. 
Leontief’s Model as Theory and Methodology of Economic Analysis

Mathur (1969) unrevelled multiple theoretical and methodological dimensions of Leontief’s model with reference to Quesnay, Russian Economists, Veblen, German historical school, Pareto-Walras and post first war empirical reality. He observes ‘how the input output analysis provides with a framework which while being very well grounded in theory is also amenable to systematic and meaningful empirical work’. This is how Carter (1996) supports Mathur ‘In the late fifties, ….Mathur saw the potential of IO, not as a simplistic linear system but as Leontief’s ingenious reformulation of general equilibrium theory to open the door to empirical implementation, to the essential step of testing economic theory’. Prakash (2006) later showed Leontief’s economics as a ‘confluence of all major streams and strands of economic theory’ through the conversion of Quesnay-Pareto-Walras-Hicks Marxian–Keynesian models into General Equilibrium Model in Leontief’s framework. Roots of input output economics in linear algebra might have made it appear unapproachable to non-mathematical economists. So Marshallian tradition of presenting economic theory through geometry has been imported by Mathur into input output analysis. He developed graphics for two/ three sector models and for self-sufficient closed economy and a surplus producing economy. 
In certain areas of research, Mathur preceded not only Carter’s contribution to technological transformation and Stone-Brown’s maximal growth analysis but even Leontief’s contribution to pricing, growth analysis and regional economics. Rendering of Philip’s curve in I-O framework to analyze inflation-unemployment trade off has been another area of Mathur’s contribution.

Demand V/s Supply Side Input Output Economics
Input output economics was approached both from demand and supply sides. Leontief developed demand side input output economics, assuming input coefficients to be technologically fixed from outside. Single matrix equation with one degree of freedom determines gross output in terms of given final demand and input coefficient matrix, A. Ghosh approached input output from supply side and assumed allocation coefficients and demand to be given exogenously to determine output.

Construction of National Input Output Tables
I-O table is the elementary instrument of Leontief’s economics. Initially, individual researchers constructed national tables. A. K. Chakravarti’s 4X4 table for 1954 appeared first. Incidentally, the table appeared at a time when Mahalanobis 2/4 sector model was in an experimental stage. It was followed by 36X36 (ISI) table for 1962 and 32X32 table (Gokhale Institute) for 1963. Saluja made a more detailed table for 1965, the upgraded versions of which had appeared from time to time in the garb of new tables. Saluja’s tables suffer from ambiguity of method, errors of specification, in-appropriate prices and up-gradation procedure.

States’ Input Output Tables 

Planning was decentralized in 1971, necessitating construction of state tables. M.P. (Prakash). Karnataka (V.R. Panchamukhi), Panjab (D.K. Rangnekar), Maharastra (Koti & Somayajulu), Gujarat (Alagh-Kashyap), West Bengal (Bhanwar Singh), Mizoram (K. K. Upadhyaya), Assam (Atul Sarma-M. Saluja), Rajasthan (Mehta) constructed state tables. Later, Venkatramaiha constructed tables (1965) of uniform size by application of one single method of compilation for all major states of India. Saluja has reviewed most of these tables in his book ‘State Input Output Tables in India’.

Aggregation

Prasad (1969) analysed two aspects of sectoral aggregation: change in relative prices under the limitation of product homogeneity assumption and the effect of aggregation of elements of Leontief inverse. Prasad tested basic assumptions of aggregation. Aggregation is justified by Hicks-Leontief Theorem, which states that if prices/ quantities of two commodities move together, these can be treated as one for analytical purpose. Prasad used disaggregated data of India’s international trade from 1920 to 1956 for evaluating suitability of alternative aggregation schemes. His results were not very encouraging.

Choice of Technology and Changing Coefficients Matrix
Choice of techniques and transition from old to new technology have been important problems of growth. Even before the problem was addressed by Carter (1963) for US economy, Mathur (1962) used a linear programming-IO model to simulate the transformation from less to more advance US technology in Indian economy in the shortest possible time. Subsequently, V.G. Bhatia (1968) used the same model to define the development distance between India and US.

Technological change and its incorporation in analysis is an important issue. Sarkar (1976) approximates unknown input coefficients by a new method. The method strikes a compromise between Stone-Brown method of coefficients correction for changes in accordance with an acceptable hypothesis and the method of correcting computed totals of output of inter-mediate demand, the impact of changes in coefficients of all sectors being aggregated. The method uses the hypothesis that quite a bit of “so called technological changes in a sector over years consist of changes in the product mix within each sector”. The method is tested by using the Taiwan Table. In our opinion, change in product-mix, unless it is overlooked through aggregation, may generally involve a change in technology. Ghosh, Sarkar and Chakraborty (1976) tested nine models with known changes of input- output coefficients. Shanmukham and Shanthanam, using Chenery’s technique, delineated technological change that occurred in almost all sectors in Indian economy from 1953-56 to 1964-65. But thereafter no technical change from 1960-61 to 1964-65 occurred. Their use of Saluja’s table of 1964-65, based on 1960-61 data, adjusted somehow by Saluja, accounts for this result. Inconsequential adjustment by Saluja was brought out by the study.

Rohit D. Desai decomposed the economy into clusters on the structural basis and suggests the incorporation of universal intermediaries into every cluster for successful decomposition.               

Dual Price Model
Mathur (1965) used classical theory to develop the price model as a dual of Leontief’s quantity model. The model determines price vector in terms of value added that comprises of wages and interest. Classicals recognized labor and capital as the only factors of production. Prakash-Sharma (2005) modified Mathur–Morishima models to incorporate wages, interest and other cost of loan and equity capital, overall cost of equity capital to redefine value added as the sum of wages, overall cost of capital and profits (economic value-added). They used this model to determine i) unknown price vector, and ii) values of product and company brands. Later, Mathur (1973) used Hicksian flex-fix price theory to analyse the coexistence of recession in the midst of inflation. He also demarcated the flex and fix price sectors of Indian economy on the one hand, and determined price movements in British economy on the other.

R. Radhakrishna formulated an input output model in general equilibrium framework for the analysis of cost based edible oil prices. Comparison of estimated cost-prices with the observed prices enabled him to draw inferences about market conditions in different phases of cycles. 

Prakash modified the open into quasi open I-O model in order to work out interrelations between prices of flex and fix price sectors with a view to evaluate his twin theses of the convergence of demand pull into cost push inflation due to configuration of action-reaction chain of two sets of prices and convergence of flex (foodgrain) prices towards the publicly administered prices within the broadly defined ceilings and floors. In this context, he developed the concepts of Pipe-line, Buffer and Reserve Stocks of foodgrains. Prakash-Chowdhury-Sengupta endogenised the margins into I-O model to work out margins’ interaction effect on prices. Prakash-Goel (1985) developed quasi-IO econometric model to empirically study the behaviour of 156 agro-based commodities over a period of 3 decades in flex-fix price framework. Prakash (1986) has also developed mathematical IO model of flex prices (1984). Shalini Sharma used a quasi econometric-input-output flex price model for empirically analyzing foodgrain prices in Indian economy with public and private stocks of foodgrains as the main determinants. She used procurement price as a floor with the ceiling being provided by market demand in excess of public distribution to examine the probable convergence of flex to fix price behaviour under the impact of public policy.  Keya Sengupta (1993) used flex-fixprice I-O model to analyse the behaviour of prices of agro-linked industries, whereas Sumitra Chowdhury (1995) examined prices of manufactures in I-O model of fix-prices. 

Samit Sharma examined the inter-relations between distributive margins and sectoral prices. Mohanty studied this problem for Jute and Mesta industries.

Regional Economics
Regional Input Output Economics deals with inter-regional- inter-sectoral-inter-dependence and balanced regional development which require both i) region wise commodity balances; and ii) region wise development balance. It analyses industrial location, transport cost, and the pattern of trade and production, specially the terms, volume and number of goods involved in regional trade, relative to static comparative advantage. Regional Development is assessed relative to national/most/ least developed regional economy. Development depends upon the level of investment and allocation of resources–natural and financial, and capital-physical and human. However, state tables were not the base of regional analysis in India. 
Ranjit Dhar (1968) was probably the first Indian to have worked out regional development in input output framework (ISI table). Mathur-Hashim analysed level and pattern of allocation of resources as balancing factors of regional development. Mathur-Hashim also developed a multi-regional-multi-sectoral programming-input output model of optimum location and demonstrated its empirical efficacy. It was an improvement over Ghosh’s programming model to evaluate i) efficiency of location and inter-regional flows of cement industry; ii) multi-sector-multi-regional model of commodity production and transportation. V. G. Bhatia-Narain Das (1968) and Hashim (1969) estimated transport coefficients for different sectors of Indian economy. 

Mathur has developed a detailed input output and inter-regional dynamic model for planning, which embodied the methodology of inter-regional resource allocation. The methodology is different from that of resource allocation based on static comparative advantage. Leontief-Strout Gravity model was modified by Mathur for analyzing Regional Trade and Cooperation which  Deepa Saran  also used for empirical study of SAARC.
Income Distribution Theory

Ghosh (1969) developed multi-sector input output models of income distribution on the basis of one sector models/ theories of Keynes, Kaldor, Passiniti and Ozawa. Ghosh extended Kaldor-Passinitti one production-consumption sector Keynsian model into two production and one consumption sector model and multiple production consumption sector model in Leontief framework. Like Kaldor-Pasinitti, Ghosh related wages and profits to capital and investment and sectoral prices and wages are relatable either to sectoral final demand or sectoral investment. A new functional relation for determining the shares of consumers and producers in income has been evolved. Impact of sectoral output decisions on income distribution among groups, which is concealed in aggregative single sector models, has also been highlighted. 

Leontief Dynamic Model
Leontief (1968) dynamised static model through the introduction of stock matrix, which is an essential element of both the economic dynamics and analysis of growth. India is one of the few countries, which constructed more than one complete capital coefficient matrix. Koti (1968) used company data for the first capital matrix of 1960. It was followed by a) Mathur-Hashim’s 65X65 (1969) matrix for 1963, b) Mathur-Kulkarni – Baldota-Parkhi (1969) table for 1963, c) Hashim-Dadi (1976) table for 1965 and Datt-Majumdar table for 1973. This is what Carter (1996) says about Mathur’s tables “World Bank experts prepared a report on India only to find that Mathur had already constructed a capital coefficients matrix that was far more reliable than the one they used”. Besides Leontief, ‘Mathur may well be the only economist of this period with the courage and energy to construct a capital coefficients matrix rather than borrow the tired old one we improvised at Harvard in the early 1950s’. 
Dynamic Inverse of Leontief’s dynamic model is an extremely powerful instrument of economic analysis as well as capital theory. Mathur distinguished between two concepts of capital in terms of Leontief’s dynamic inverse. He also highlighted the trade and growth gains of international trade. Bharadwaj (1969) resolved various problems of capital theory by the use of input output technique. He further demonstrated input output to be a convergence of theory and empiricism. Koti used capital coefficients to articulate the Leontief’s model and its dynamic inverse. Koti’s contribution to capital theory is both theoretical and methodological and he differentiated the roles of various industries as raw material or capital goods suppliers. Hashim-Dadi computed capital-output ratios for Indian industries according to Leontief-Mathur conceptualization, taking into account both direct and indirect requirements of capital. They highlighted different results furnished by I-O and conventional methods of computation. Alagh-Shah (1976) estimated detailed row of capital co-efficient matrix of machine-tool industry to provide the building blocks of a comprehensive capital matrix. Koti-Somayajulu (1969) analysed the problems of estimation of replacement value of capital at sectoral level.  

Planning and Growth
Mathur highlighted three uses of input output analysis for planning: i) ensuring mutual consistencency of targets for avoiding bottlenecks/ surpluses; ii) delineating dynamic inter-industry balance by combining it with linear-programming (Mathur,1968), ii) derivation of Von-Neuman trajectory and Ponrgagin principle (Snirnov, 1969, Brody, 1969); and iii) inter-regional analysis, including location and transport cost. Prakash-Buragohain (1993) worked out a balanced growth input output model for deriving empirical estimates of growth potential of Indian economy. 
Growth Effect of Linkages has been an extensively studied phenomenon in India. Krishna Bharadwaj (1966) was first to estimate the linkage effect of growth for Indian economy. Alagh-Kashyap estimated linkages for Gujarat economy. Prasad used Yatasomulous method for linkages to compare it with the Rasmussen’s method. Prakash (1992) used both Leontief’s inverse and dynamic inverse for i) formulating and empirically illustrating the concept of Residentiary Linkages, ii) developing formulae to estimate both direct and indirect linkage effects, and iii) endogenising Multiplier-Acceleration processes into IO framework to show convergence of unbalanced towards balanced growth. His estimation method provides a better alternative to Rasmussen’s linkage calculus to approximate real linkages in an economy. Superiority of his concept and method has been empirically illustrated by results of another scholar (Artha Vijnana, 2003). Kashyap-Pathak-Shah (1976) studied linkages of industrial estates of Gujarat both with neighboring industrial centres and national economy. They showed that the smaller estates were not integrated properly. Hashim-Satyanarayan (2000) estimated sectoral input intensities of output and final demand in Indian economy over a period of time and changes that have taken place. 

Economics of Under-development

One view considers Dadabhai Naoroji as the founder of economics of under-development, who envisaged draining of resources of India under British rule as the prime cause of her poverty and under-development. He hypothesized under-development of developing countries and its perpetuation through time to be embodied in international economic order (1986). The developing economies have to pay for their technological inferiority in terms of low real wage rates, ranging from 2.9 per cent for Bangladesh, 4.5 per cent for India to 30.5 per cent for Israel, relative to US rate, in order to earn enough foreign exchange to pay for imports, since the developed countries transfer obsolete technology to the developing world.  He (1992) validated the thesis empirically by applying the same to the data of numerous developing economies.       
External Trade
Bharadwaj evaluated Leontief Paradox and showed that India’s pattern of trade conformed to her factor endowments. Bharadwaj-Bhagwati also analysed human capital component in Indian exports and found the trade pattern in conformance to India’s factor endowments. Prasad extended Bhardwaj’s model further by incorporating natural resources as a part of resource endowments to evaluate Leontief Paradox. His results also conformed to the prediction of traditional theory. Panchamukhi (1968) developed a import substitution model for Indian economy for (1962, 1965), distinguishing technology matrix A into imported and domestically produced input coefficients matrix for 8 sectors. B. Hazari (1990) and Vidya Pitre (2000) analyzed import dependence of the Indian economy as a whole. Atul Sarma estimated import dependence of Indian exports for a later period.

S. P. Gupta developed an experimental model synthesizing cost-benefit approach into inter industry programming model for planning foreign trade on the basis of foreign aid. His results suggested top priority to agro-based industries and reduction of cost of tied aid through rational planning. He also concluded that sourcing time has greater influence than project time.

Debesh Chakravarti with Thijs Ten Raa (2005) investigated the pattern of production and trade of India and Bangladesh. They have come out with interesting results. Sastry estimated direct and indirect income benefits accruing to the economy from automobile industry as an import substitute in India and inferred that income accruing to the economy far exceeded the resource cost.  

Human Capital and Manpower Planning 
Rabindranath (1968) estimated labour coefficients for 32 sectors of Indian economy to bring manpower planning within the domain of input-output economics. Prakash worked out education-occupation wise labour coefficients for HMT, Hindustan Steel Ltd., Bharat Heavy Electrical Ltd. for i) forecasting manpower requirements at the industry/firm level, and ii) examining stability of labour coefficients under constant technology but changing a) output levels, and b) product-mix. 
Prakash imported input output modeling into demography for forecasting human resource development as a fully blown up and nicely integrated area of input-output modeling. He (1971a, 1971b, 1976) pioneered input output modeling of human resource development in India. He endogenised demographic forecasting in input output models to predict age and gender wise population, which he fused into education processes to work out class-wise enrollments, dropouts, repetition and passouts. For this, he developed three specialized matrices. He combined input output model into econometrics for determining inter-temporal variations of human capital formation in an innovative way. Reviewers classified his work in the same category as that of Smith, Blaugh, Tinbergen, Stone and Dalvi (ICSSR, First Survey of Research in Economics). Prakash-Dutta (1994) developed a supply side human resource allocation model, endogenising household sector into IO model to determine education-employment trade off. Besides, he developed social accounting matrix to workout flows of men, money and materials into different activities, including education and sectoral employment. Prakash-Nain and Praksh-Inderjit Singh also endogenised education-employment vectors into a dynamic model of balanced growth. Human development index has been endogenised in IO model by Prakash (2005). This paper also offers an alternative to Kendall’s method of principal component analysis on the basis of variables measured in ordinal terms.     
A Parikh used an input output model to estimate employment and import requirements per unit of final demand from Leontief Inverse. But the Leontief inverse was modified to distinguish technology matrix A from domestic input coefficients matrix A. 

Government Expenditure 

R.G. Paithankar (1969, 1978) estimated commodity composition of government expenditure. He used input output model to analyse the growth of commodity expenditure of government, an element of final demand, by a sort of partial approach to widen the scope of multiplier analysis. He developed and used a functional regional input output coefficient table (not full table) for Marathwada Region of Maharastra to derive significant conclusions about the disaggregative regional multiplier. Atul Sarma subsequently worked it out at the regional level for Assam.

Distributive Margins and Sectoral Studies
Venkatramaiha studied the implications of choice of Purchasers’ (Market) and Producers’ prices to estimate input coefficients matrix. He also highlighted the sector wise effect of distributive margins on prices. As regards sectoral input coefficients, there is an interesting study to compare inter firm input structure of some dye industry groups. Naik brings out an important point that there is a limit to a meaningful disaggregation. Beyond that point, disaggregation becomes counter-productive

Policy and other Impact Analysis
Policy Impact has also been an area of research in input-output framework. Jayant Kumar Malik (2000) has developed an IO model to analyse the impact of import liberalization on output growth. Sharma-Saxena and Latika Argade also analysed the impact of trade liberalization on growth, economic structure and employment.
Miscellaneous 
G.S. Bhalla used IO model to estimate Income –Employment Multipliers for Panjab. Mathur developed input output models for studying i) resource mobilization for defense, and ii) environmental effects of economic operations. Prakash-Chowdhury developed an I-O model of deforestation. Debesh Chakravarti also studied environmental problems in IO framework. 
P. N. Mathur, Shri Prakash, and H. S. Sarkar developed macro-models of Indian economy in input output framework. S. Prakash- S. Chowdhary and Prakash-I. Singh also used IO models to analyse inventory investment. R. Subramanian (2005) mixed company level data into national table to examine micro effects of macro operations and macro effects of micro (Company) operations. Bharadwaj (2005) analyzed Dabba business in Bangalore in I-O framework. R. G. Parkar has based his study of factor productivity in Indian economy on IO framework not only to take into account factor inputs but also intermediate inputs. Prakash-Balakrishnan developed decomposition model of growth of a) employment and b) productivity, which they fused into input output model to examine technology-human capital effect on productivity. Prakash-Singh (1985) used an I-O model for estimating electricity intensity of Indian economy. Dash- Saxena (2000) used an I-O model to estimate sectoral energy intensity. Prakash-Inderjeet Singh, Prakash-Chowduri developed programming-input-output models for determining optimum inventory holdings, showing i) private sector to pay for public policy inefficiency, and ii) lower growth rate. Financial sector modeling has attracted research efforts of R. S. Ramchandra Rao (2000) and D. K. Bhatia (1973). Prakash (1986) used an IO model to estimate impact of indirect taxation.
Conclusion
The above review, focused as it is on studies that I am familiar with, amply demonstrates the range, reach, quality and vivacity of Indian contribution to I-O analysis. To the best of my knowledge, the Indian contribution to input output economics is comparable to that of American and Dutch scholars’ contribution to this branch of knowledge. 
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The study attempts a succinct review of Indian contribution to Leontief’s input output economics. The review has been organized along the thematic lines, since review of individual contributions would have made it difficult to take a holistic view. The review highlights the enormity of Indian contribution to theory, methodology and empirical applications of input output models to practically every branch of economic analysis. It may safely be concluded that Indian contributions to this area of economics are comparable to the American and Dutch contributions.
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