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I.INTRODUCTION

          The industrial sector with its forward and backward linkages and its high employment potential holds the key to the economic development of a country. Since independence, India has achieved a reasonably well level of self-sufficiency in manufacturing a variety of basic and capital goods. Growth in the manufacturing sector has the potential to elevate much of the Indian population above poverty line by diverting the majority of the workforce out of low-wage agriculture. This would create a more stable and prosperous India and, in turn, attract more business. It’s no secret that India is an emerging manufacturing power to be reckoned with. Its manufacturing sector grew more than 10 percent in the second quarter of 2005 alone. India is well on its way to becoming the premier manufacturing location for companies around the world. The share of industrial sector in India's GDP is 26.4 per cent (financial year 2006-2007).Liberalization, Privatization  and  Globalization are causing a transition in the world economy and Indian manufacturing is no exception. The last decade following the liberalization has seen  revolutionary changes in the state of manufacturing in India  (Manpreet Kaur and Ravi Kiran, 2008)

         Industrial development is the key factor for the rapid economic development of any country. It is more true in the case of developing countries, since, it would be helpful to combating many economic ills, which they have been facing. Economic reforms introduced in India, particularly since 1991, are aimed at making its economy and industry more competitive. Liberalization and globalization have provided opportunity for the growth and expansion of the industry, and the manufacturing sector in particular.

         Policy regime, in India has undergone a U-turn during the decade of 1990’s. At the time of this mega change, industry was in developing stage, which was to be followed by the matching growth of tertiary sector. The industries earlier nurtured in a protected and subsidized environment have been suddenly opened to face market and the global competitors. The period of nineties, i.e. the period associated with globalisation, liberalisation and privatisation has seen Indian companies developing core competencies in terms of technologies and managing the dynamism and opportunities that have come by over the years. These reforms were aimed at making Indian industry more efficient and technologically modern. This efficiency improvement, technological up-gradation, and enhancement of competitiveness was expected to enable Indian industry to achieve rapid growth, Indian producers implement world-class practices. In the face of intensified global competition and liberalized trade environment, productivity has emerged as a key indicator of successful restructuring and upgrading by firms and industries.

Productivity growth has traditionally been regarded as one of the main sources of income growth, along with capital accumulation and the deepening of human capital development. These factors and the historically established positive relationship between productivity, employment and earnings have made productivity improvement and it is now recognized as an important policy lever for economic development. Advocates of liberalization argue that opening up local markets to foreign competition and foreign direct investment will help to improve the productivity of domestic industry, resulting in more efficient allocation of resources and greater overall output.

      The reforms initiated in 1990s added impetus to enhance the competition, productivity and efficiency. Productivity is a relationship between real output and input, measures the efficiency with which inputs are transformed into outputs in the production process. Increased productivity is related with more output produced with either the same amount of inputs, or with less inputs, or with little increment in inputs. Higher productivity growth is associated with increase in capital intensity, labour productivity and capital productivity. Empirical evidence suggests that productivity in turn reduces unit cost, enhance product quality, increase workers wage, and offers returns on investment. Productivity is the prime determinant of acountry’s level of competitiveness, higher standard of living and sustained growth in the long run. 

           Since the Great Depression of 1930s, a spontaneous upsurge of interest has developed in measuring the performance of an economy by taking into account data on productivity. In case of analysis of productivity to gauge relative performance of individual enterprises a similar interest is discernible in various countries. For maintaining and sustaining a higher level of performance, it is imperative that the productivity process is so geared and organised as to yield an optimum and progressively higher reinvestment potential in future. The surplus that the economy generates depends primarily on the qualitative, quantitative and efficient use of inputs in a system. An appropriate index of efficiency in the resource use is provided by the various productivity measures. Productivity analysis, thus, acquires great significance in the context of the growth of developing economies. In its wide sense, the concept of productivity refers to the relationship between economic resources used in production and the resultant output of goods and services. Productivity is thus, a war on waste and inefficiency; it is a way of life and an attitude of mind; it is a constant and continuous effort at improving things. The drive or movement for higher productivity is the need of the day and the entrepreneurs whether they are in industry, agriculture or tertiary sectors should be conscious and fully aware of making economic use of scarce resources of a nation. An atmosphere of productivity culture should prevail so that the targets of the enterprise and the nation as a whole may be attained. Productivity can be measured conventionally using indices like labour and capital productivity. A single yardstick to measure the productivity of any, manufacturing system, with so many inputs is really an over simplification. One way to overcome this drawback is to compare output to a weighted combination of various inputs such as labour, capital, materials and various other inputs. This is called total factor productivity                         (Manpreet Kaur and Ravi Kiran,2008)

      Also the need for studying productivity growth arises due to the intimate link between

productivity growth and economic growth. Economic growth has implications for resource use in general. Productivity growth is the basis of efficient economic growth. Economic growth has been defined as the process of a sustained increase in the production of goods and services with the aim of making available a progressively diversified basket of consumption goods to population. Scarcity of resources, which includes physical, financial and human resources, has been recognised as a limiting factor on the process of economic growth. While output expansion based on increased use of resources is feasible, it is not sustainable. Therefore, efficiency or productivity of resources becomes a critical factor in economic growth. These terms, which will be defined more precisely in the following section, indicate ability to obtain a given amount of good or service by using a lesser amount of input. Productivity growth, therefore, is critical for ensuring sustained increase in the production of goods and services. Economic growth has traditionally been associated with industrialisation. At least that is what makes the diversity in the basket of consumption goods and services possible, when trading possibilities are limited. But industrialisation in the initial stages has the effect of making resource scarcities more acute, making it all the more necessary that available resources are utilised more productively. Role of productivity growth in the process of economic growth became clear when in the1950's it was found that accumulation of productive factors ( capital and labour) could explain only a fraction of actual expansion of output. Empirical work on the American economy by Tinbergen (1942), Schmookler (1952), Fabricant (1954), Abramovitz (1956), Kendrick (1957),Solow (1957) and Denison (1962) showed that between 80 to 90 percent of observed increase in output per head could not be explained by increase in capital per head and was attributed to productivity growth (Ravi kiran,2008).

	


             In the determination of wages in Indian industries, the wage productivity has been one of the most vexed and indecisive problems.  It has been theoretically agreed by parties that wages should move so as to bear positive relationship with productivity.  The Royal Commission of Labour, the Fair Wages Committee on Sharing the Gains of Productivity, the study group on Productivity and Incentives and the Five-year Plans, have therefore, regarded productivity as one of the criterion in wage determination.  It is also important to remember wages should not go up to the extent of compelling employer to replace labour by capital which will create unemployment problems. The National Commission  on Labour (1969) observed, “Any sustained improvement in wages cannot be brought without increasing productivity.  The urgency of improving productivity level to sustain increase in real wage cannot be over emphasised.  It is therefore, desirable to establish some positive relationship between productivity and wages in the interest of both employers and employees”.

       Production function estimates shows the technological relationship between the maximum output obtainable from a given set of inputs and the relationship between the inputs themselves in the existing state of technological change. The production function measure the efficiency of production technology, returns to scale, the degree of capital intensity of technology and the degree of factor substitution between factors of production. The direct estimation of production function has an advantage as it is necessary to assume competitive equilibrium in order to derive estimates of productive growth. The efficiency term describes the maximum outputs attainable from utilizing the available inputs. A production is efficient if it cannot improve any of its inputs or outputs without worsening some of its other inputs or outputs. Efficiency can be increased by minimizing inputs while holding output constant or by maximizing output while holding inputs constant or a combination of both may increase efficiency ( Alias Radam et al,2010).

 The proposed work is an attempt to analyze the response of manufacturing sector in terms of input and output as well as in terms of productivity of Indian manufacturing at aggregative as well as dissaggregative (rural and urban) at two-digit level with the following objectives of
1. Estimating the partial and total factor productivities 

2. Finding out the determinants of productivity

3. Analyzing wage-productivity relationship

4. Examining the productive efficiency

It is hoped that this study is unique and tries to provide an integrated and holistic view of manufacturing sector in India. Also it would throw light on the policy makers of rural and urban industries to evolve suitable policies condusive to show development in the years to come especially in the competitive world today. 
II. REVIEW OF LITERATURE

              The literature relating to the study is discussed under the following headings;

A. Production and Productivity of Manufacturing Industries

B. Efficiency of Manufacturing Industries

C. Wage - productivity relationship in Manufacturing Industries

D. Other related studies

A. Production function and productivity of manufacturing industries

        Subash .C.Kumar (2000) attempted to estimate the growth of productivity in Indian leather industry and its major sectors tanning and footwear on the basis of Kendrick, Solow and Divisia indices. The study covered the period from 1974-75 to 1992-93. The study showed inter sectoral differences in productivity trend, while TFP in tanning sector have been rising insignificantly.  Footwear sector have been decling significantly according to all three indices. In case of sectors as well as the industry, the partial labour productivity and capital intensity have been rising. Partial capital productivity on the other hand has been declining. A positive and statistically significant relationship was observed between TFP and value  added in both the sectors  and  the industry. It indicated change in scale production which had a positive contribution to the variation of TFP. Anegative and significant relationship between proxy variables for management labour relations with TFP revealed that growth of TFP could have been much with a better management.   

            Tarlok Singh (2000) analyzed total factor productivity in the manufacturing industries in India. The study used annual data from 1973-74 to 1993-94 for a sample set of ten industries in the manufacturing sector. The results showed that the TFP recorded improvements in all sample industries except for the basic metal industries in which the TFP witnessed a declining trend during the period. The highest growth in TFP was observed in the case of food products followed by transport equipment, metallic products, electrical machinery, non-electrical machinery, wool and silk textiles, chemical and jute textiles. 

Susan.J. Linz (2000) estimated industry wise and regional differences in labour productivity in Russian industry at the beginning of the transition from a planned to a market economy for the year 1992. It was found that firms with below industry – average, labour productivity was expected to experience a higher than average reduction in work force size. Spinning, machine –building, forestry, wood, paper and construction materials industries ranked lowest in terms of labour productivity. Labour productivity in the Ural, Western Siberia and Black Earth Regions was significantly below that of firms in the Volga region.

Biswanth Goldar (2001) analyzed econometrically the relationship between technology acquisition and productivity growth in 82 large chemical firms in India for the years 1985-1986 to 1989-90.The results of the study showed that R&D efforts of the firm had a significant favourable effect on productivity growth. On the other hand the results indicated that technology imports did not make a significant growth. Export intensity, firm size and intermediate goods, import intensity were positively related with productivity growth.    

          Sunil Kumar (2001) aimed at explaining the inter-state variations in the TFP in Indian manufacturing sector utilizing various socio economic variables for the period 1969-95.      A significant slow TFP growth had been observed in Indian manufacturing sector. At disaggregated levels, considerable variations in TFP had been noticed. Industrially developed states experienced either a decline or low growth in TFP. The number of states that experienced a negative growth in TFP during intensive liberalization phase stood at seven against the mild liberalization period. TFP growth was positively associated with the degree of urbanization and growth of infrastructural facilities. The higher bureaucratic control and worsening industrial relation due to increase in man-day lost per employee hindered the TFP growth. No evidence had been noticed about a significant positive relationship between output growth and TFP growth in Indian manufacturing sector.      


Soumyendra Kishore Datta (2001-02) analyzed partial productivity as well as wage productivity nexus in the mill sector for the period from 1966-67 to 1990-91. It was found that capital intensity changes had a greater impact on changes in labour productivity ratio where as the rise in per capita emoluments, reflecting increased well being of the employees, although had a positive influence on changes in labour productivity could not make a significant impact with regard to the movement of capital productivity. There was a more or less increasing trend till 1979-80, but gradually declined till 1988-89 with a slight recovery in the remaining two years of the last two decade. Labour productivity in cotton mill industry had out stripped the rise in capital productivity and contributed to the growth of output and total factor efficiency achieved. Factor productivity increases were largely due to increment in labour productivity.  

          Hay (2002) analyzed the degree of change in productivity through changes in the level of production across different sectors. The period chosen for the analysis covered between 1984 and 1991. It was found that labour productivity in the Brazilian manufacturing sector had grown at a rate of 7.35 per cent in the period 1991-95. This period of productivity growth included two different phases. In the first phase, up to 1992 there was a deep recession with output falling, but employment falling ever faster. In the second phase, after 1992 productivity and output grew, but former grew faster to employment at a lesser rate than in 1990-92. There was a marked fall in 1990, followed by rapid growth to 1994. The coefficient suggested a cumulative growth in total productivity of 58 per cent from 1990‑94.

         Rao et al. (2003) study aimed at assessing the  productivity of the industrial sector in Maharashtra. In 11 industries, the share of capital in the total output has showed a tendency to increase after the firms. The study used the total factor productivity method for measuring efficiency; Direct method, the Domer Index, the Kendrick Index, the Solow Index and Translog method. The study found that the transport equipment industry had experienced a negative total factor productivity growth during the period 1980‑89.

           Deb Kusum Das (2004) examined the productivity performance of Indian manufacturing under varying trade regimes for the over all period of 1980-2000. It was found that total factor productivity growth of 0.08 percent per annum averaged over 75 three digit industries for the entire period. The total factor productivity growth rates for individual industries were either negative or in the 0 to 2 percent range. The capital goods sector was the only one to register a positive growth. TFP growth in the 1990’s was found to be lower than in the 1980. In addition, for all three use-based sectors                       (intermediate, consumer and capital goods) TFP growth in the second half of the 1990’s (1996-2000) was lower than in the first half (1991-95). 
       Jayamalathi and Manonmani (2004) undertook a study on productivity in selected Manufacturing Industries in Tamilnadu for the reference period between 1979-80 to     1997-98. The major objectives of the study were to the study the trends, growth rates and magnitude of variability in factor productivity, estimate production function, analyse the returns to factor input including time variable and, estimate certain important ratios. It was found that labour productivity in all the industries (viz., Basic chemical and chemical products, Rubber, Plastic, Petroleum and Coal products and Non-metalicmineral products) had increased. Capital intensity which has increased significantly in all industries seems to be major factor behind the increase in labour productivity. The share of capital in total factor input had been increasing and that of labour was decreasing in all industries. 

Mukherjee (2004) in his paper analysed the growth dynamics of the Informal Manufacturing Sector (IMS) in India over the period 1984-2000 and also made an attempt to identify the plausible factor determining the growth pattern. The informal manufacturing sector had seen a flurry of research activities over the last few years. It was found that the growth pattern of informal manufacturing sector had changed significantly from the pre-reform period to post-reform period. It had provided employment to a substantial number of jobseekers especially in the post-reform period. It had expanded substantially to compensate the slackening employment opportunities in the organized sector. The growth oriented activities (i.e.) non metallic mineral products, basic metal, transport equipment, beverage and rural basic chemicals and metal products sector were also exhibiting positive employment growth in most as well as at the national level in the post-reform period indicating that they are the dynamic sector.

  Bantekas (2008) analyzed multifactor productivity in the Swedish construction industry under imperfect competition. It was found that sustainability between capital and labour and materials, the returns to scale were found to be increasing, while introduction of new technology was found to reduce the total cost of production. Finally on average, the Lerner index amounts to 15.1 percent per annum suggested that the Swedish construction industry possesses some monopoly power in the market for its product. This result also suggested that the results from cost function analysis, not taking the possibility of market power into account, might be biased due to misspecification of the model.

Gayathri and Manonmani (2008) undertook a study on productivity, employment and wages in the aggregate manufacturing sector of India for the reference period between 1990-91 and 2004-05. The major objectives of the study were to analyse the partial and total factor productivity trends, find out the sources of productivity change, examine the relationship existing between wage and productivity and analyse the trends in distribution of productivity gains. The study found that capital productivity had either declined or stagnated to mean that capital requirement per unit of output had increased. The total factor productivity had increased significantly. Increase in total factor productivity implied that over all efficiency of the sector was increasing. Capital intensity had increased significantly in the sector, which implied that more and more capital is required for increasing employment. Growth in value added had significantly and positively related to productivity. The share of labour in total factor input had been declining. The relative factor price of labour had increased in the periods where its share in total input had decreased. The movement of wages was positively related with labour productivity. 

Gomathi and Manonmani., (2008) undertook a study on the performance of manufacturing sector of Tamilnadu in the Pre and Post Liberalization period for the reference period between 1979-1991 (pre-liberalization period) and 1991-2003                    (post- liberalization period). The major objectives of the study were to analyze the partial and factor productivity trends in the pre and post-liberalization period, find out the sources of productivity change in the pre post-liberalization period and examine the relationship existing between wage and productivity in the pre and post-liberalization period and analyze the trends in factors share in the pre and post liberalization period. It was found that labour productivity had increased in the manufacturing sector of Tamilnadu. This implied that labour productivity in an industry can be increased by a host of factors such as capital intensity, economies of scale, growth of industry, and work environment. Capital intensity seems to be major factor behind the increase in labour productivity. The total factor productivity had increased in both the periods, implying over all efficiency of the sector. 

 Manjappa and Mahesha (2008) analyzed productivity performance of selected capital –intensive and labour – intensive industries in India during reform period. The total factor productivity growth was estimated by applying ratio form of Cobb-Douglas (C-D) production function on the panel data of 10 manufacturing industries by classifying them in to capital-intensive and labour –intensive industries for the period 1994 to 2004.The investigation revealed that four out of five industries in capital – intensive segment showed productivity growth during the sample period, while one has recorded no change. A somewhat contrasting picture was observed for labour- intensive sector, where productivity decline was statistically significant in three industries. 

Rajan et.al, (2008) analysed Total factor productivity in selected Indian manufacturing industries, at the 3-digit level NIC classification, over the period 1973-74 to 2004-05. The study examined the productivity growth for two sub-periods, i.e., 1973-74 to 1992-93 (pre-reform period) and 1993-94 to 2004-05 (post-reform period), for possible structural changes due to policy reforms. As far as iron and steel industry was concerned, productivity growth had declined in the second sub-period (post-reform period). Technological progress during the 1990’s was significantly slackened though it remained positive. On the other hand, aluminium and refined petroleum industries have maintained consistency in their productivity growth without much volatility. It was worth noting that the productivity in refined petroleum products has continued to raise consistently inspite of two big oil crises and increasing cost of crude oil. Labour productivity for all the three industries showed a positive and significant trend. 


Upender and Sujan (2008) analyzed the co-integration between labor productivity and wage rates during the period 1980-81 to 2004-05. The empirical results based on unit root tests, co-integration and error correction modelling exemplified that labour productivity and money wage rates were cointegrated showing the existence of long run equilibrium between them. The elasticity of labour productivity with respect to money wage rate was slightly more than unity in the long run revealing that the substitution possibilities of labour for capital in the Indian industries were more in the long run. As the substitution possibilities of labor for capital were more in the long run, the policy decision to enhance the money wage rate by one percentage would improve the labour productivity, on average, by more than one percentage in the Indian industries.

B. Efficiency of manufacturing industries

Shastri (2000) evaluated the influence of output, product wage, and productive efficiency and labour market rigidities on employment in organized Indian manufacturing industry in the period 1950-94. The study found a near unity output elasticity on employment. The output grew by 8 per cent per annum during the period. However the growing output failed to pull employment at the same rate in spite of a near unity output elasticity of employment. The principal reason for the employment growth gap in the period seems to have been declining industrial efficiency. The growth in product wage seems to have contributed only in a minor way to the slow growth of employment with an average contribution of 0.7 per cent per annum. The output elasticity of employment was estimated to be much higher than the product wages elasticity of employment. A low level of elasticity of substitution between inputs with 95 per cent confidence interval ranging between 0.04 and 0.045 was observed. The estimate represented an average for the period and rejected both the Fixed and Cobb-Douglas forms of production function. The hypothesis of constant returns to scale was not ruled out by the study and point estimates of the return to scale parameters ranged between 0.88 and 0.94.

Singh (2000) studied the productivity efficiency of 21 State Road Transport Undertakings (STUs) in India over 1984-85 to 1996-97. It was observed that there were wide disparities among state road transport undertakings according to their productive efficiency levels and growth. On average small-sized state road transport undertakings experienced higher level of productive efficiency than their large counterparts. And by and large Tamil Nadu state road transport undertakings seem to be more productive than their counter parts operating in other states of the country. The average annual growth of productive efficiency ranged from 2.39 per cent to 4.41 per cent. The distribution of ranks of state road transport undertakings with respect to their productive efficiency level had remained broadly unchanged over the year.

Sangho Kim et.al (2002) examined the public sector capital and the production efficiency of U.S regional manufacturing industries applying stochastic frontier production model of time varying technical efficiency to investigate the relationship between public capital and technical efficiency. It was based on the proposition that public capital has an effect on actual output by enhancing technical efficiency there by reducing the gap between maximum potential outputs. Empirical result using panel data form US state manufacturing industries during 1969-86 showed that technical efficiency was significantly explained by variations in public sector capital.

Chidambaram and Muthukrishnan (2003) made an attempt to measure the operating efficiency in terms of productivity of Madras Cements and India Cements, the two major cement companies in Tamil Nadu for the study period 1990-91 to 2001-02. The study used three ratios namely overall productivity, selling, distribution and administration, productivity and labour productivity. The overall productivity indicated that Madras Cements performance was outstanding than India Cements. In the area of selling, distribution and administration and productivity, the Madras Cements performance was commendable. Martly’s F-max applied to determine whether the three areas of productivity had any difference or not showed that difference were found in variance of Madras Cements.

Mitra et al. (2003) examined the effect of in infrastructure on manufacturing industries, Total Factor Productivity (TFP) and Technical Efficiency (TE) in case of Indian states for 15 industries from 1976-92. Consumption goods industries showed constant returns to scale whereas heavy industries showed decreasing returns to scale. Light industries were less capital intensive than heavy industries. The productivity growth differences showed that Indian heavy industry exhibited a higher growth potential in terms of total factor productivity than did light industry. The impact of infrastructure on long run productivity by manufacturing industry showed the greatest impact on industrial total factor productivity growth. The second item of importance was financial development. The impact of financial development on total factor productivity was more significant since the country was long subject to a controlled financial policy regime that hindered the development of savings. There existed significant difference in technical efficiency among states which was partly attributed to differences in physical, economic and social infrastructure.

Golder et al. (2004) analyzed the effect of ownership on efficiency of engineering firms in the 1990s, a decade of major economic reforms. Technical efficiency of firms were estimated with the help of stochastic frontier production function for three groups of firms namely (i) firms with foreign ownership, (ii) domestically owned private sector firms and (iii) public sector firms. The results clearly indicated that foreign firms in Indian engineering industry had higher technical efficiency than domestically owned firms. There were indications of a process of efficiency convergence (i.e.) the domestically owned firms tending to catch up with foreign owned firms in terms of technical efficiency. In the first half of the 1990s there were significant positive productivity spillover effects from foreign owned firms. This effect became relatively less important in the second half of the 1990s when access to imported inputs became an increasingly more important source of efficiency of engineering firms in India.

Ray (2004) examined the changes in competitiveness of Indian manufacturing firms through increased efficiency over the period 1991-01. The firm level efficiencies had been calculated using data from 27 industry groups and using the Data Envelopment Approach (DEA). It was found that ownership of domestic firms by MNE’s clearly helped in enhancing the efficiency of these firms. Developing countries had progressively adopted market friendly reforms during 1980s and 1990s. Productivity spillovers took place when the entry or presence of MNE’s affiliates leads to efficiency benefits for domestic firms. There was clear scope for more reforms that can make the process less dependent on foreign firms.

Sunil Kumar and Arora (2007) in their article analyzed technical and scale efficiency in Indian, manufacturing sector. The mean of overall technical efficiency (OTE) scores had turned out to be 0.603 (with standard deviation of 0.177) and OTE score ranged from a minimum of 0.345 to a maximum of 1.  The major findings of this study was that in manufacturing sector, on an average, 39.7 percent of resources were being wasted in the production process. Only 9 industrial groups attained the status of globally efficient groups with OTE score equal to 1. The decomposition analysis of OTE score into its two mutually exclusive non additive components viz., pure technical efficiency (PTE) and scale efficiency (SE) delineate that 31.2 percentage points of 39.7 percentage of over all technical in efficiency (OTE) was due to inappropriate management practices being adopted by firm’s managers in organizing the inputs in the production process. The remaining part of the OTE was due to the firms not operating at optimal scale size. Further, it was observed that 62 percent of groups were operating at above their optimal size and thus, experiencing decreasing returns-to-scale. The result of Tobit regression analysis revealed that the proxy variables for capital deepening, profitability and degree of skill formation had a positive impact on the OTE of Indian manufacturing sector.

Mukherjee et.,al (2008) analyzed the efficiency, technological progress and regional comparative advantage of organized manufacturing sector in India . It was found that technical efficiency was observed to be low and further decline in the nineties. Substantial disparity existed among regions and product group regarding efficiency, technical progress and efficiency changes. It was also found that increasing capital intensity has been associated with falling productivity, efficiency, and technology deceleration in the nineties.

Ilham Haouas et.al (2008) examined that labour use efficiency in Tunisian manufacturing industries. Employment demands responded demands to output, followed by changes in capital stock and least by wages. Over time, the speed of adjustment in employment and the degree of labour use efficiency showed large variation among the industries.

C. Studies on wage-productivity relationship in industries:

     Verma (1992) showed that wage behaviour in the Indian industry was influenced by such factors as productivity, capital intensity and inflation.  Productivity was the most crucial factor explaining wage variations across states and industries besides increasing influence of capital intensity and inflation.  While productivity and CPI (Consumer Price Index)   showed positive impact, their magnitude was low. When real variables                        (labour productivity and capital intensity) were taken into account, the results showed that real productivity still exercise some influence on real wages although this had admittedly become weak.

Bhattacharya and Mitra (1994) have estimated wage function for public and private manufacturing for the period 1970-71 to 1991-92 for India. The regression analysis showed that labour did not get full compensation for increase in productivity and prices in private manufacturing, whereas in public enterprises wage rate was fully adjusted to prices and only partially adjusted to labour productivity. 

Aggarwal (1998) for Indian public sector enterprises for the period 1974-75 to             1995-96 tested the causal relationship between wages and labour productivity.  The estimates revealed a feedback relationship between two, establishing that the wages were both cause and effect of productivity.

A study by Ghauman and Singh (1998) of nine Public Sector Enterprises (PSEs) of India for the  period between 1977-78 to 1995-96 did not find the feedback relationship between wage rate and labour productivity. The study concluded that causality was clearly one way and that is from wage rate to labour productivity.  They observed that the rise in wage rate has a much larger impact on labour productivity than that of labour productivity on wages.

Alias Radam and Ismail Latiff (2000) evaluated the wage and productivity relationship for 117 Malaysian manufacturing industries over the period 1983 to 1993.  It was found that the annual growth of wage per worker was always increasing over the annual growth of labour productivity. But the wage rate was rising more rapidly than the growth in labour productivity.

Prabhas Kumar Chakrabarti and Juin Choudhury (2000) made an attempt to find out the relationship between wages and average labour productivity in Non-coal sector of India for four sub-period ie., 1976 to 1979, 1980 to 1984, 1985 to 1990 and 1991 to 1999. From the study it was observed that the relationship between average labour productivity and money wage was positive and direct during the period 1976 to 1999. However, the rate of average productivity was higher compared to the rate of changes in money wage. The rate of increase of average labour productivity did not tally with that of real wage because of rapid increase in consumer price index. The relationship between average productivity and wage share was not systematic during 1976 to 1999.  The rate of increase in average productivity was lower than that of money wage.  But for the other sub-period           (ie.1980 - 1984, 1985 – 1990 and 1991 – 1999), the rate of increase in average labour productivity was higher than that of the rate increase in money wage.


Laxmi Narayan (2003) while observing the selected industries such as sugar, paper and paper board, fertilizer and pesticides, motor vehicles and watches and clocks in India for the period 1973-74 to 1995-96, found that growth in value added had significantly and positively related to the productivity in all the industries, which was in agreement with other studies, whereas time had negative and significant association with productivity. Productivity increase during1985-96 had been more than that of 1973-85, except for watches and clocks and sugar industries. Productivity growth across industries had been positively and significantly associated with the growth in wage rate.  This means that increase in the level of wages can increase productivity.


Other related studies:
Nagaraj (2000) analyzed the employment growth in organized manufacturing sector over the period 1973-74 to 1997-98. The relationship existed between employment, wage and value added were found to be statistically significant. On the contrary the jobless growth in 1980s registered manufacturing employment growth annually at about three per cent during 1991-97. The annual growth rate of earning per worker declined from 4.8 per cent in the 1980s to 2.5 percent in the 1990s.

            Dipak Majumdar and Sandipsarkar (2001) analyzed the reforms and employment elasticity in organized Manufacturing. Three periods may be distinguished showing large variations in employment elasticity in Indian manufacturing. The first period (1974-80) with an elasticity close to unity, the second (1980-86) with a negative employment elasticity (‘jobless growth’), and the third (1986-96), the (‘reform period’). When employment started to recover along with an enhanced rate of growth of output, employment elasticity did not reach the levels of the first period. 


Burange (2001-02) attempted to analyse import intensity of manufacturing sector over the periods of 1978-79 to 1997-98. An attempt was also made to identify the industries which have high import intensity, export intensity and their contribution to foreign exchange earning. It was found that the agro-based, chemical based and non-metallic mineral based industries experienced a fall in the import intensity. Only metal-based industries recorded a rise in import intensity during this period.


.

Suresh Chand Agarwal, (2004) in their article analysed labour quality in Indian manufacturing at the State Level. It was found that manufacturing workers were more literate today than they were in 1983. It also presented a labour quality index based on the Jorgenson. Gallop, and Fraumeni methodology for both the rural and urban sectors of the states. The labour quality indices showed that quality changes have been quite slow and there was a lot of variations among states in both the rural and urban sectors. The association of the labour quality index had stronger links with the human development index of the states, urban poverty ratio of the state, number of ITIs and the intensity of industrialization. 

III METHODOLOGY

            The methodology relating to the current study is  discussed under the following  heads ;     

1. Selection of the Topic

2. Selection of the Variables
3. Data Base of the Study 
4. Tools of Analysis
1. Selection of the topic

The economic development of a country depends mainly on industrial development. In manufacturing sector, the scope for internal as well as external economies is greater than in other sectors. It acts as an instrument both for creating capacity to absorb excess labour power and for diversifying the market required to boost economic development. Therefore, the present study is attempted to analyse the productivity efficiency and wages in the manufacturing sector of India-disaggregating in to rural and urban industries. 
2. Selection of the Variables

                    Net Value Added (NVA) was taken as output, since trends are not affected significantly by the use of net value added. Also ambiguity in the calculation of depreciation can be over come if net value added is taken as a measure of output Labour input consisted of both workers directly involved in production and persons other than workers like supervisors, technicians, managers, clerks and similar type of employees.  The invested capital was taken into account as capital. Wages included renumeration paid to workers.

3. Data Base of the Study 

The basic data source of the study was Annual Survey of Industries (ASI) published by  Central Statistical Organisation (CSO), Government of India covering the period from1998-99 to 2007-08.All the referred variables were normalised by applying Gross Domestic Product (GDP) deflator.  The GDP at current and constant prices were obtained by referring to Economic Survey, published by Government of India, Ministry of Finance and Economic Division Delhi,. The data on Consumer Price Index for Industrial Workers (CPIIW) was also drawn from  the same source to fit the functional relationship between wage and productivity, since CPIIW was one of the factors influencing productivity changes.

4. Tools of analysis

a. Partial factor productivity indices

Partial factor productivity measures the ratio of output to one of the inputs setting aside interdependence of use of other output. Labour productivity (NVA/L) is measured as a ratio of value added to total number of persons employed. Capital Productivity (NVA/K) is measured as a ratio of value added to gross fixed capital.
b. Total factor productivity (TFPI)

A broader gauge of productivity, total factor productivity is measured by combining the effects of all the resources used in the production of goods and services                                  (labor, capital, raw material, energy, etc.) and dividing it into the output.  Total factor productivity indices were calculated by applying direct method of √ PFPLX PFPK   .  Where PFPL represents partial factor productivity of labour and PFPK represents partial factor productivity of capital. 

c. Linear regression model 

Taking total factor productivity Index (TFPI), partial factor productivity of labour (NVA/L), partial factor productivity of capital (NVA/K) as dependent variable and LnNVA, LnW, LnFC/L and LnT as independent variables multiple linear regression model was applied to analyse the major determinants of productivity.  The model is as follows.

Y  = 
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Where Y = Dependent variable 


[image: image15.png]


0  =  Constant co –efficient 
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4   = Regression co-efficients of X1, X2, X3, X4


X1, X2, X3, X4 = Independent variables 

d. Step-wise regression model

In order to clearly understand the links between wages and productivity in selected industries, this study has used a simple econometric analysis namely, step-wise regression model (used by Laxmi Narayan, 2003). In the first place, different econometric models, depending upon the number of variables in the exercise were selected, so as to give us relation between wages and productivity. As various measures of productivity may affect wages differently, the models were so designed to include one or more measures of productivity.  The analysis was based on the wage rate (W) as the dependent variable and labour productivity (NVA/L), capital intensity (FC/L), consumer price index for industrial workers (CPIIW), net value added (NVA), total factor productivity index (TFPI) and trend variable (T) as explanatory variables. The variables included and the models estimated for the analysis are given below.

Model I
:  WEr
=
Aeu (LP) α

Model II
:  WEr
=
Aeλt+ u (LP) α

Model III
:  WEr
=
Aeλt+ u (LP) α (V) β

Model IV
:  WEr
=
Aeλt+ u (LP) α (V) β (K/L) δ


Model V
:  WEr
=
Aeλt+ u (LP) α (V) β (K/L) δ (CPIIW) λ

Model VI
:  WEr
=
Aeλt+ u (LP) α (TFPT) β (K/L) δ (CPIIW) λ


Model VII
:  WEr
=
Aeu (LP) α (V) β

Model VIII
:  WEr
=
Aeu (LP) α (V) β (K/L)δ

Model IX
:  WEr
=
Aeu (LP) α (TFPT) β (K/L)δ

e. Stochastic frontier production function : 

A stochastic frontier production function as proposed by Battese and coelli (1992) is defined as : - 
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β) εei
Yi, is the output vector for the ith firm, Xi is a vector of inputs, β is a vector of parameter and [image: image29.png]


 is an error term. In this model, a production frontier defines output as a function of a given set of inputs, together with technical inefficiency effects. Furthermore, this model specifies that these inefficiency effects are modeled by other observable explanatory variables and all parameters are estimated simultaneously. The stochastic element of this model allows some observations to lie above the production function, which makes the model less vulnerable to the influence of outliers than with deterministic frontier models. 

The stochastic frontier is also called composed error model, because it postulates the error term [image: image31.png]


 as two independent error components: 
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When a symmetric component is normally distributed, [image: image37.png]
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), represents any stochastic factors that is beyond the firm’s control affecting the ability to produce on the frontier such as luck or weather. It can also account for measurement error in Y or minor omitted variables. The asymmetric component, in this case distributed as a half- normal  [image: image41.png]
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 > 0 can be interpreted as pure technical inefficiency. This component has also been interpreted as an unobservable or latent variable ; usually representing managerial ability.

The parameters of v and u can estimated  by maximizing the following log-likelihood function : 
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Where,
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I = Y1 – f(Xi, β)
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F = the standard normal distribution function

N = Number of observation

Given the assumptions on the distribution of v and u, Jondrow et al. (982) showed that the conditional mean of u given [image: image77.png]


 is equal to 





E ([image: image79.png]


i \ [image: image81.png]


i ) = [image: image83.png]


 [ [image: image85.png]S lsia)
)




 - [image: image87.png]



Where f and F are the standard normal density and distribution functions evaluated at [image: image89.png]


/[image: image91.png]


. Measures of technical efficiency (TE) for each firm can be calculated

                                TEi  = exp ( -E[[image: image93.png]
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  1 

The Cobb- douglas stochastic frontier production function in logarithm form is as follows:

                                   In VAi = 1n  [image: image99.png]
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I
Where VA represents Net value added per year. Independent variables are  C (capital) and L (number of labour). Parameters [image: image113.png]


0 denotes the technical efficiency level and [image: image115.png]


I is elasticities of the various inputs with respects to output level. 

f. Other tools

      Other tools such as percentages and bar diagrams were used to analyze the data.

IV. RESULTS AND DISCUSSION


The results of the current study is presented and discussed under the following heads: 

1. Growth of number of factories 

2. Trends in productivity 

3. Determinants of productivity 

4. Wage-productivity relationship

5. Productive efficiency

1. Growth of number of factories:


The trends in the growth of number of factories from 1998-99 to 2007-08 along with annual percentage variation, linear growth rates are presented in table-1. 

Table – 1

Growth of Number of rural industries of India

	Year
	Number of Factories
	Annual Percentage variation

	1998-99
	47,498
	-

	1999-00
	46,043
	-3.06

	2000-01
	46,937
	1.94

	2001-02
	46,816
	-0.26

	2002-03
	46,677
	-0.30

	2003-04
	48,183
	3.23

	2004-05
	53,123
	10.25

	2005-06
	55,377
	4.24

	2006-07
	58,877
	6.32

	2007-08
	60,512
	2.78

	x
	51,004
	-

	R2
	0.809
	-

	β1
	3.276*
	-

	t β1
	5.823
	-


Source: Calculations are based on ASI data

Foot Note:*Significant at 1 % level 

It is observed that from the beginning of the period to the end of the period the number of rural industries had grown at the rate of 3.28 percent as an average annual trend rate. This was statistically significant at 1 percent level. The average growth of factories was numbering 51,004 over the reference period. The co-efficient of determination (R2) was recorded as 0.809. It explained the fact that 80.9 percent of the variation in the growth of rural industries was due to time factor and the remaining 19.1 percent was due to other unexplained variables. The figures on annual percentage variation ranged between -0.26 percent and 10.25 percent. Positive variation was observed in 7 years of the total period.

Table-2 below presents facts regarding the growth of number urban factories in India from1998- 99 to 2007-08.

Table - 2

Growth of number of urban industries of India
	Year
	Number of factories
	Annual Percentage variation

	1998-99
	84,208
	-

	1999-00
	85,516
	1.55

	2000-01
	84,331
	-1.39

	2001-02
	81,733
	-3.08

	2002-03
	81,280
	-0.55

	2003-04
	80,890
	-0.48

	2004-05
	83,230
	2.89

	2005-06
	84,783
	1.86

	2006-07
	85,833
	1.24

	2007-08
	85,873
	0.05

	x
	83,767
	-

	R2
	0.051
	-

	β1
	0.170
	-

	t β1
	0.654
	-


     

Source: Calculations are based on ASI data. 

It is observed from the figures that the annual growth rate of number of factories was insignificant. It is also evident from the ‘t’ value. The co-efficient of determination R2 clearly explain the fact that time factor did not influence growth of urban factories. It is surprising to note that only 5 percent of the variation in its growth was influenced by time factor. The remaining 95 percent was explained by other related factors. The average growth of the factories over the reference period was 83,767.The annual percentage variation figures showed that in the initial periods it has grown negatively upto 2003-04. After 2003-04, it had registered positive growth till the end of the period 2007 – 08 with declining trend from 2.89 percent to 0.05 percent.


Table-3 brings out the fact about the growth of aggregate industries consisting  rural and urban industries. 

Table - 3

Growth of Number of Aggregate Industries of India.
	Year
	Number of Factories
	Annual  Percentage Variation

	1998-99
	1,31,706
	-

	1999-00
	1,31,558
	-0.11

	2000-01
	1,31,268
	-0.22

	2001-02
	1,28,549
	-2.07

	2002-03
	1,27,957
	-0.46

	2003-04
	1,29,074
	0.87

	2004-05
	1,36,353
	5.64

	2005-06
	1,40,160
	2.79

	2006-07
	1,44,710
	3.25

	2007-08
	1,46,385
	1.16

	x
	1,34,772
	-

	R2
	0.621
	-

	β1
	1.30 *
	-

	t β1
	3.623
	-


Source: Calculations are based on ASI Data. 

      
Foot Note: *Significant at 1% Level. 


The average growth of number of factories at the aggregate level was 1,34,772. This average growth was attained through resigistering negative annual variation during first half of the reference period from 1998-99 to 2002-03. There after it had positive annual variation ranging between 0.87 percent and to 5.64 percent. The co-efficient of determination R2 explained the fact that 62 percent of the variation in the growth of the number of industries was due to the influence time factor. The annual trend rate was registered at 1.30 percent which was statistically significant at 5 percent level. 




2. Trends in productivity 


In this section an attempt has been made to analyse the partial and total factor productivity indices along with its growth rates industry-wise.


Table-4 gives details regarding the partial as well as total factor productivity indices of rural industries along with the growth rates. 
Table – 4

Productivity trends in Rural Industries of India
	Year
	PFPL
	PFPK
	TFPI
	FC/L
	W/V

	1998-99
	100
	100
	100
	100
	100

	1999-00
	115
	112
	113
	102
	97

	2000-01
	117
	110
	114
	106
	105

	2001-02
	119
	105
	112
	114
	111

	2002-03
	139
	128
	133
	109
	83

	2003-04
	162
	137
	148
	118
	74

	2004-05
	186
	154
	169
	121
	61

	2005-06
	216
	166
	189
	130
	49

	2006-07
	266
	188
	224
	142
	37

	2007-08
	307
	186
	239
	166
	34

	x
	173
	139
	154
	120
	75

	R2
	.959
	.934
	.957
	.888
	.868

	β1
	13.25*
	7.86*
	10.52*
	2.10*
	-5.80*

	t β1
	13.702
	10.674
	13.284
	7.957
	-7.266


Source: Calculations are based on ASI data

Foot Note: * Significant at 1 percent level 

PFPL – Partial factor productivity of labour

PFPL – Partial factor productivity of Capital

TFPI – Total Factor Productivity index

FC/L – Capital Intensity 

W/V – Unit Labour cost 

It is observed from the table that the co-efficient of determination (R2) was high for all measures of productivity. It varied between 93 percent and 96 percent. It means that    93-96 percent of the variation in the growth of all measures of productivity were due to the influence of time factor alone. The remaining variation may be due to other unexplained variables. The estimates showed that labour productivity index had shown an increasing trend upto the period 2007-08 and it was 307. This accounted for more than 3 fold increase. The average annual trend rate of growth of labour productivity was 13.25 percent for the entire period. The index of capital productivity had shown an increasing trend but the increase had not been uniform. The index fluctuated throughout the study period. The capital productivity had shown a positive growth of 7.86 percent annum. The trend rates explained that the indices of total factor productivity had shown a positive growth of 10.52 percent. It is of interest to know how unit – labour cost have behaved. The index had declined to touch a low level of 34 units in 2007-08, the rate of decline being 5.80 percent for the entire period. The index of capital intensity had increased during the study period at the exponential trend rate of 2.10 percent. Thus, the increase in labour productivity seems to have been made possible due to more machine per-worker effect. However, it is important to note that in a situation where capital intensity (FC/L) was increasing overtime, the analysis for partial factor productivity changes would overstate the increase in labour productivity and understate the increase in capital productivity. 

The productivity trends of urban industries of India are shown in table-5

Table - 5

Productivity trends in urban industries of India.
	year
	PFPL
	PFPK
	TFPI
	FC/L
	W/L

	1998-99
	100
	100
	100
	100
	100

	1999-00
	105
	91
	98
	115
	103

	2000-01
	95
	81
	88
	118
	125

	2001-02
	98
	77
	87
	128
	125

	2002-03
	114
	82
	97
	138
	110

	2003-04
	135
	93
	112
	146
	95

	2004-05
	163
	105
	131
	152
	75

	2005-06
	171
	104
	133
	163
	67

	2006-07
	187
	107
	141
	175
	62

	2007-08
	222
	133
	158
	196
	59

	x
	139
	97
	115
	143
	90

	R2    
	.895
	.445
	.987
	.987
	.725

	β1
	10.08
	3.71*
	7.01**
	2.90
	-3.50

	tβ1
	0.654
	8.258
	2.584
	24.588
	-4.591


Source: Calculations are based on ASI data 

       
Foot Note: * Significant at 1 % level 


       **  Significant at 5% level
PFPL – Partial factor productivity of labour

PFPK – Partial factor productivity of Capital

TFPI – Total Factor Productivity index

FC/L – Capital Intensity 
W/V – Unit Labour cost 

The co–efficient of determination R2 was observed high for total factor productivity index (0.987) followed by partial  factor productivity of labour  (0.895) and partial  factor productivity of capital  (0.445) . It explained the fact that the influence of time in bringing about change was more over total factor productivity index. In other words 98.7 percent, 89.5 percent and 44.5 percent change respectively in the growth of total factor productivity, labour productivity and capital productivity were due to the influence of time factor alone.


The analysis of partial factor productivity index of labour (PFPL) showed that though the labour productivity had increased to 222 at the end of the period. There had been fluctuations in the indices throughout the period of analysis. The annual trend rates revealed that labour productivity increased by 10.08 percent during the study period. The index of capital productivity (PFPK) had fluctuated throughout the period and had witnessed a trend  rate of 3.71 percent in the over all period. The annual trend rates of total factor productivity index was positive. It was significant at 5 percent level. The unit – labour cost (W/L) had also shown fluctuating trend and there existed an inverse relationship between labour Productivity and unit –labour cost (W/L). For the entire period, the unit-labour cost had declined at an average exponential rate of 3.50 percent. The capital intensity (FC/L) figures during the entire period were not consistent as revealed by the trend rates of growth. Taking the entire period of study, the capital intensity had grown at the trend rate of 2.90 percent per annum.


Comparison of trend rates of unit –labour cost and labour productivity showed that the trend rate of labour productivity was less than unit –labour cost trend rate during the entire period. There existed inverse relationship between the two. This seems to indicate flexibility in the behaviour of wages. The above analysis indicated that in this industry increasing labour productivity was accompanied by declining capital productivity and rising capital intensity based on absolute figures implying the presence of idle capacities and inefficiency in the use of resources especially capital. 


The productivity trends in urban industries are shown in table-6

Table -6

Productivity trends in Aggregate Industries of India

	Year
	PFPL
	PFPK
	TFPI
	K/L
	W/V

	1998-99
	100
	100
	100
	100
	100

	1999-00
	108
	101
	104
	107
	100

	2000-01
	103
	93
	98
	110
	116

	2001-02
	105
	88
	96
	120
	117

	2002-03
	122
	99
	110
	123
	97

	2003-04
	144
	110
	126
	131
	85

	2004-05
	172
	127
	148
	136
	68

	2005-06
	191
	149
	169
	101
	59

	2006-07
	219
	136
	173
	161
	50

	2007-08
	257
	139
	189
	184
	45

	x
	149
	114
	131
	.127
	84

	R2    
	.929
	.717
	.882
	.587
	.818

	β 1
	11.65*
	5.36**
	8.49*
	2.20
	-4.50

	tβ 1
	10.23
	4.588
	7.717
	3.375
	-5.990


Source: Calculations are based on ASI data

       

Foot Note:  * Significant at 1 % level 

                   ** Significant at 5% level

PFPL    –    Partial factor productivity of labour

PFPK    –    Partial factor productivity of Capital

TFPI      –    Total Factor Productivity Index

K/L       –     Capital Intensity 

W/V      – Unit Labour cost 

It was observed that the co-efficient of determination R2 was high for partial factor productivity of labour (PFPL) followed by total factor productivity index (TFPI) and partial factor productivity of capital (TFPK). The influence of time factor in bringing about growth of labour productivity was 92.9 percent, on labour productivity 88.2 percent on total factor productivity and 71.7 percent on capital productivity. 

The indices of partial factor productivity of labour (PFPL) had increased more than two fold (2.57) while capital productivity (PFPK) had increased by only 1.39 units during the study period. The annual trend rate of growth in labour productivity was 11.65 percent, while the decline in capital productivity  was 5.36 percent during the entire period which was significant at 5 percent level. 


In terms of annual trend rate, the total factor productivity had increased at the rate of 8.49 percent which was significant at one percent level. Taking the entire period of study, the unit – labour cost (W/V) had declined by 4.50 percent. The decline in unit-labour cost along with increase in labour productivity indicated that wage increase had been less than the increase in labour productivity. The increase in labour productivity was due to increase in capital intensity. Capital intensity (K/L) registered a growth 2.20 percent. 

3. Determinants of productivity: 


In this section an attempt is made to find out the determinants of productivity industry – wise taking partial and total factor productivity as dependent variable and net value added, wage rate, capital intensity and time factor as independent  variables.

i. Rural industries

Table-7 below gives details regarding the results of multiple linear regression model applied for rural industries.

Table – 7

Multiple linear regression co- efficient- rural industries

	Dependent

Variable
	Coefficient of

	
	Constant
	LnNVA
	LnW
	Ln K/L
	LnT
	R2
	DW –Statistic
	F-ratio

	LnNVA/L
	88.773* (3.497)
	-.412 *

(7.586)
	-.587

(-1.347)
	-.230*** (2.999)
	8.029* (7.365)
	.998
	1.924
	962.561

	LnNVA/K
	230.604*** (10.050)
	.290 *

(5.907)
	-.456

(-1.158)
	-1.218

(-2.470)
	-9.468 (9.609)
	.995
	2.031
	261.229

	Ln TFPI
	172.555***  (7.103)
	.360***

(6.914.)
	-.357

(-.857)
	-.802***

(-1.836)
	8.908* (8.538)
	.998
	1.924
	517.549


Source: Estimation based on ASI data.

Foot Note: 
(i) Figures in parantheses are 't' values of the estimates;

(ii) *Significant at 1% level;

(iii) ***Significant at 10% level

The results regarding determinants of productivity for rural industries showed that net value added (LnNVA) was positively related to capital productivity (LnNVA/L) and to total factor productivity index (LnTFPI). Thus, this finding supported Verdoon's law.  The increase in net value added (LnNVA) might have increased productivity over the period because of    (i) technical progress and (ii) economies of scale (both internal and external). The negative association between total factor productivity (LnNVA/L)and wage rate (Lnw) indicated that higher wages resulted in lower productivity –disapproving efficiency–wage hypothesis. The significant negative relationship between labour productivity (LnNVA/L) and capital intensity (LnK/L) implied that the presence of too many machines had brought down the productivity. The co-efficient of time (LnT) was negatively related to capital productivity. This implied that labour management relation and other institutional factors have adversely affected capital productivity in these industries. The co-efficient of R2 explained the fact that more than 99 percent of changes were brought about by the factors such as net value added (LnNVA), wage rate (LnW) capital intensity (LnK/L) and time element (T) and the remaining one percentage change was due to other unexplained variables.

ii. Urban industries

The result of multiple linear regression model applied for urban industries are shown in table-8.

Table – 8 

Multiple linear regression co-efficient – Urban industries
	Dependent

Variable
	Coefficient of

	
	constant coefficient
	LnNVA
	LnW
	Ln K/L
	LnT
	R2
	DW –Statistic
	F-ratio

	LnNVA/L

	48.311 (1.134)
	.622*

(6.266)
	-.456

(-.631)
	.323

(.344)
	1.796 (.310)
	.992
	1.632
	149.559

	LnNVA/K

	54.025

(1.158)
	.463*

(4.266)
	-.082

(-.104)
	.082

(-.104)
	-4.776

(-.754)
	.928
	1.716
	16.133

	Ln TFPI

	113.097* (3.187)
	.480*

(5.624)
	.-.609

(-.980)
	-.028

(-.035)
	1.773 (.356)
	.980
	1.5960
	61.527


Source: Estimation based on ASI data.

Foot Note: 
(i) Figures in parantheses are’t’ values of the estimates;

(ii) *Significant at 1% level;

Functions explaining determinants of productivity indicated that all measures of productivity were significantly related to net value added (LnNVA),  thereby it supported verdoon's Law. Wage rate (LnW) and capital intensity (Ln K/L) were negatively related to all forms of productivity. Higher the wage rate lowers the productivity and vice-versa and the influence of capital intensity was (Ln K/L) was insignificant. Time variable (LnT) was showing insignificant trend in explaining changes in all measures of productivity. This implied that institutional factors had adversely affected productivity in urban industries. The co-efficient of determination R2 explained the fact that more than ninety percent of the variation in dependent variables were mainly due to the combined influence of the independent variables. 

iii. Aggregate industries:


Determinants of productivity in the aggregate industries based on multiple linear regression model is shown in table-9. 

TABLE - 9

MULTIPLE LINEAR REGRESSION CO-EFFICIENTS – AGGREGATE INDUSTRIES
	Dependent

Variable
	Coefficient of

	
	constant coefficient
	LnGVA
	LnW
	Ln K/L
	LnT
	R2
	DW –Statistic
	F-ratio

	LnGVA/L

	84.008** (2.356)
	.570*

(10.217) 
	-.838

(-.835)
	-0.048

(-.466)
	5.384* (3.781)
	.996
	1.743
	355.371

	LnGVA/K

	195.433* (4.890) 
	.343*

(5.481)
	-.838*

(-1.835)
	-.500*

(-4.308)
	4.775* (3.992)
	.971
	1.718
	42.152

	LnTFPI

	155.084* (4.070) 
	.431*

(7.225)
	-.713

(-1.637)
	-.323

(-2.913)
	5.711* (3.754)
	.990
	1.689
	126.786


Source: Estimation based on ASI data.

Foot Note:  
(i) Figures in parantheses are’t’ values of the estimates;

(ii) *Significant at 1% level;

(iii) **Significant at 5% level.

            Different regression functions explaining the changes in partial and total factor productivity indices overtime revealed that the co-efficient of net value added (LnNVA) was positive and showed significant relations between the variables such as labour productivity (LnNVA/L), capital productivity (LnNVA/K) and total factor productivity index (LnTFPI). This explained that as the scale of output increases the level of productivity also increases, implying the approvel of verdoorn's law. The productivity change had negative sign, implying insignificant relationship with wage rate (LnW) and capital intensity (LnK/L). The co-efficient of time variable (LnT) was positive and significant indicating that the institutional factors have influenced all forms of productivity indices overtime. The co-efficient of determination R2 revealed that 97 to 99 percent of the variation in the dependent variables of partial as well as total factor productivities was mainly due to the combined effect of independent variables such as net value added (LnNVA), capital intensity (LnK/L), wage rate (LnW) and time factor (LnT). Neglible percentage was due to other unexplained variables. 

4. Wage - Productivity relationship 

In this section an attempt is made to find out the relationship between wage rate and labour productivity (NVA/L), capital productivity (NVA/K), total factor productivity index (TFPI), capital intensity (K/L), consumer price index for industrial workers (LPIIW), net value added (NVA) and time factor (T) by applying an econometric model which is of a step wise regression model.

Selection of variables

In the present study to examine the wage–labour productivity linkages, the following variables were selected. 

a. Labour Productivity

In accordance with the major hypothesis, movement in real wages based on the movement in labour productivity was examined. Therefore, labour productivity was the first variable considered. And, positive relationship between wage rate and labour productivity was expected. 

b. Consumer Price index for industrial workers


The second variable was consumer price index for industrial workers. Since there are certain universally accepted requirement, which must be fulfilled for a human being or a worker to live in a civilized community, like food, clothing and bedding and a shelter for self and family, there must be a standard budget that is sufficient to satisfy the above mentioned minimum need of workers. However, when this standard budget in terms of need based minimum wage is determined, the question of maintaining the same purchasing power arises. The system generally prevailing in India for the adjustment of wages against fluctuation in the value of money is that of paying dearness allowance over and above the basic wage. The cost of living index therefore was taken as measure of workers needs. The justification of this criterion is that the real wages of workers should not be allowed to be whistle down by price increase. The correction method adopted to neutralize the fall in value of money, so as to keep the workers real wages constant at a given level is based on consumer price index. Generally, any increase in price of consumer goods has a tendency to depress real wages. In this context, a negative relationship between consumer price index and change in real earnings can be visualized. 

C. capital intensity 

The capital intensity in another variable, which is theoretically and empirically taken to be a factor determining wages. In the present study, capital-labour ratio was taken as a measure of capital intensity. It is argued that availability of higher per capita requires more skilled manpower and therefore, workers are paid, higher wages. Moreover capital intensity may also affect wages via productivity route, i.e. rising capital intensity which increase labour productivity leads to higher wages. And higher wages may induce a substitution of capital for labour. Therefore, a positive relationship is expected between changes in capital intensity and changes in wages. 

d. Net value added

The capacity to pay is yet another variable or a factor determining wages. It is generally believed that capacity of the industry to pay should be taken into account while fixing the wages, other than minimum wages. The capacity of the industry to pay is one of the essential circumstances, to be taken into consideration except in the cases of bare subsistence for minimum wages which employer is bound to pay irrespective of the capacity to pay. Expansion in output in output (value added) may be taken as the measure of the industry's capacity to pay and a positive relationship between earnings and valued added is expected.

e. other variables


The rate of productivity advances as measured by total factor productivity index and trend variable are taken as other explanatory variables. 

       Table-10 gives statistics regarding the co-efficient of step-wise regression model which explains wage-productivity relationship in rural industries.  

Table - 10

Wage – Productivity relationship in rural industries

	Modal

I

No
	Constant
	LnNVA/L
	LnNVA
	LnK/L
	LnCP II W
	LnTFPI
	LnT
	R2
	DW Statistic
	F-ratio

	I
	85.599*

(16.456)
	.217  
(7.730) *
	-
	-
	-
	-
	-
	.882
	1.369
	59.757

	II
	88.807 * (14.622)
	.132
 (1.500)
	-
	-
	-
	-
	2.085 (1.017)
	.897
	1.449
	30.525

	III
	144.830 (5.874) *
	-.931 ***

(-2.0050)
	.441 * * (2.316)
	-
	-
	-
	2.145 (1.452)
	.946
	2.175
	34.820

	IV
	42.733 (1.162)
	-.454             (-1.347)
	.884 
 (3.077)**
	.132 (.831)
	-
	-
	4.467 (1.761)
	.981
	1.650
	65.348

	V
	64.947 (.312)
	-.462 ***

(-2.000)
	-.141
 (.720)
	.918 *** (2.057)
	-.066

(-.109)
	-
	5.588 (.570)
	.981
	1.663
	41.941

	VI
	31.842 (.211)
	1.332  *** (1.389) 
	-
	.828 (1.768)
	.016 (.032)
	-.208                   (-1.511)
	2.787 (.404)
	.977
	1.709
	53.247

	VII
	85.296* (6.110)
	.222

(.998)
	-.003         
 (-.024)
	-
	-
	-
	-
	.882
	1.371
	26.146

	VIII
	-10..567
 (-.435)
	.108

(.866)
	-.124

(-1.675)
	1.161 * (4.158)
	-
	-
	-
	.970
	1.783
	63.761

	IX
	-100.911
 (-2.650)
	-1.193 *

(-3.401)
	-
	2.045 * (5.437)
	-
	1.183 * (3.270)
	-
	.984
	1.805
	122.61


Source: calculations are based on ASI data
Foot Note:   
* Significant at 1 % level

         
 
** Significant at 5% level

          

*** Significant at 10% level


The outcomes of regression analysis of functions exploring relationship between wages and productivity in rural industries showed a strong association of wage rate (Lnw) and labour productivity (LnNVA/L) in 5 out of 9 functions in these industries. The            co-efficient of labour productivity (LnNVA/L) was positive and statistically significant consistently in all the functions. Model I revealed that, when labour productivity (LnNVA/L) was taken as sole factor to explain the relationship, the co-efficient of labour productivity (LnNVA/L) was positive and significant. Elasticity of real wage rate (Lnw) to labour productivity (LnNVA/L) was equal to 0.217 and explaining power of the relation was 0.882. Introduction of trend co-efficient (LnT) in model II increased the explaining power of the model and slightly reduced numerical value of co-efficient of labour productivity (LnNVA/L). In model III when net value added (LnNVA) was included, the co-efficient of labour productivity (LnNVA/L), trend variable (LnT) and the explanatory power of the function had improved. However, the influence of net value added (LnNVA) on wage rate (Lnw) was negative and statistically significant at 10 percent level. Introduction of capital intensity (LnK/L) in model IV had further improved slightly the explanatory power of the model (R2 = 0.981) as well as labour. Introduction of consumer price index for industrial workers (LnCPIIW) in model V showed that LnCPIIW took negative sign and was statistically insignificant, indicating increase in consumer price had reduced the real earnings of the workers. In model VI, introduction of total factor productivity (LnTFPI) had reduced the explanatory power of the model to 0.977. However, the co-efficients of all the variables including total factor productivity had positive sign. Model VII, VIII and IX excluding trend variable (LnT) showed negative co-efficient for labour productivity (LnGVA/L), but the explaining powers of the model had been increased.  

Table-11 provides details regarding the wage – productivity relationship existing in urban industries of India. 

Table - 11

Wage-Productivity relationship in urban industries

	Modal 

I

No
	Constant
	LnNVA/L
	LnNVA
	LnK/L
	LnCP II W
	LnTFPI
	LnT
	R2
	DW Statistic
	F-ratio

	I
	81.665 (12.212)
	.279* (6.068)
	-
	-
	-
	-
	-
	.821
	.878
	36.817

	II
	91.767 *

(10.883)
	.089 (.746)
	-
	-
	-
	-
	2.979 (1.707)
	.874
	1.040
	24.271

	III
	103.698* (6.749)
	-.302*** (1.930)
	.264 (.933)
	-
	-
	-
	3.645 ** (2.385)
	.890
	1.349
	16.170

	IV
	84.662
	-.178 

(-.633)
	.0.51 (.436)
	.814 (0.157)
	-.043 

(-.107)
	-
	5.211 (.280)
	.894
	1.246
	36.164

	V
	7.998* (.283)
	-.162 

(-.631)
	0.58 (.335)
	1.074* (3.573)
	.409
 (.984)
	-
	4.928*** 

(-1.828)
	.969
	2.722
	39.100

	VI
	92.006* (9.690)
	1.332 (1.389)
	-
	-.228

 (-.384)
	.203 
(.783)
	-.1808 

(-1.553)
	-.3115

 (-.911)
	.988
	2.287
	64.164

	VII
	82.378* (6.546)
	.253 (.655)
	0.21 (.069)
	-
	-
	-
	-
	.822
	.875
	16.121

	VIII
	57.308* (5.842)
	-.356 

(-1.296)
	.210 (1.166)
	.577* (3.836)
	-
	-
	-
	.948
	1.845
	36.704

	IX
	210.380* (5.819)
	2.056* (4.261)
	-
	-.493 

(-2.013)
	-
	-2.665 * (-4.402)
	-
	.985
	2.398
	131.465


Source: Calculations are based on ASI data

Foot Note:    
* Significant at 1 % level 

           

** Significant at 5 % level 

           

*** Significant at 10% level


The results of regression function for different models of  wage – productivity relationship in urban industries revealed a positive and statistically significant association between wage rate (LnW) and labour productivity (LnNVA/L) according to model I, III and IX.  Introduction of trend variable (LnT) in model II had increased R2, but it has reduced the value and significance of labour productivity (LnGVA/L) co-efficient. Inclusion of net value added (LnNVA) in model III showed that net value added (LnNVA)  had taken positive sign and the co-efficient of labour productivity (LnNVA/L) and trend variable (LnT) had increased their numerical value and statistical significance. Introduction of capital intensity (LnK/L) in model IV improved the explanatory power of the model and the co-efficients of all the variables have slightly reduced though  the sign and level of significance continued to be the same. In model V consumer price index for industrial workers (LnCPIIW) took positive sign and was statistically insignificant indicating that increase in consumer price had not reduced real earnings of the workers. In model VI, introduction of total factor productivity index (LnTFPI) showed that while LnTFPI           co-efficient took negative sign, the numerical value of labour productivity (LnNVA/L)     co-efficient improved. Screening of other models showed that co-efficent of labour productivity (LnNVA/L) was showing mixed trend.


Table-12 explains the relationship existing between wage rate and productivity of all forms in the aggregate industries.

Table - 12

Wage - Productivity relationship in aggregate industries

	Model

I

No
	Constant
	LnNVA/L
	LnNVA
	LnK/L
	LnCP II W
	LnTFPI
	LnT
	R2
	DW Statistic
	F-ratio

	I
	83.320* (17.474)
	.242* (8.162)
	-
	-
	-
	-
	-
	.893
	1.236
	66.617

	II
	85.685* (14.552)
	.146 (1.649)
	-
	-
	-
	-
	1.859 (1.148)
	.910 
	1.326
	35.294

	III
	114.032*  (7.531)
	-.504 

(-1.404)
	.354*** (1.852)
	-
	-
	-
	4.354 (2.245)
	.943 
	2.111
	32.846

	IV
	105.173* (4.889)
	-.414 

(-1.020)
	.293 (1.303)
	.063 (.616)
	-
	-
	3.875 (1.769)
	.947
	2.234
	22.180

	V
	-189.001 (-.811)
	-.066 

(-.139)
	-.043 

(-.125)
	-.055 

(-.408)
	.783 (1.267)
	-
	-9.605 

(-.886)
	.962
	1.949
	20.211

	VI
	-133.900 (-1.510)
	.060 (1.046)
	-
	-.081 

(-.638)
	.657** (2.361)
	-.144 

(-1.008)
	-7.362 

(-1.742)
	.963
	1.971
	32.235

	VII
	86.559* (7.726)
	.159 (.622)
	.056 (.324)
	-
	-
	-
	-
	.894
	1.238
	29.635

	VIII
	74.766* (4.965)
	.193 (.765)
	-.001 

(-.006)
	.127 (1.143)
	-
	-
	-
	.913
	1.648
	21.054

	IX
	126.583* (3.273)
	.877 (1.739)
	-
	-.174 

(-.728)
	-
	-.896 

(-1.364)
	-
	.934
	1.301
	28.203


  Source: Calculations are based on ASI data
   Foot Note: 
* Significant at 1 % level 

                 
** Significant at 5% level

              
*** Significant at 10% level


The results of regression functions for different models of  wage–productivity relationship for the aggregate industries revealed a positive and statistically significant association between wage rate (LnW) and labour productivity (LnNVA/L) according to model I. But this model suffered from comparatively low explaining power, indicating that there were other factors other than labour productivity (LnNVA/L) that influenced real wage rate (Lnw). Introduction of trend variable (LnT) in model II had increased R2, but it has reduced the value and significance of labour productivity (LnNVA/L) co-efficient. Inclusion of net value added (LnNVA) in model III showed that net value added (LnNVA)  had taken positive sign and the co-efficient of labour productivity (LnNVA/L) and trend variable (LnT) had increased their numerical value and statistical significance. Introduction of capital intensity (LnK/L) in model IV did not improve the explanatory power of the model and the co-efficients of all the variables have slightly reduced. In model V consumer price index for industrial workers (LnCPIIW) took positive sign and was statistically insignificant indicating that increase in consumer price had not reduced real earnings of the workers. In model VI, introduction of total factor productivity index (LnTFPI) showed that while LnTFPI co-efficient took negative sign, the numerical value of labour productivity (LnNVA/L) co-efficient has not improved. Screening of other models showed that                    co-efficent of labour productivity (LnNVA/L) was positive.

5. Productive efficiency - A Stochastic frontier  production approach


The productive efficiency of the firms were calculated by applying the Stochastic frontier production approach of 4.1c version. The results show the summary statistics of the variables, maximum likelihood estimates and technical efficiency for rural, urban and aggregate industries of India for the reference period under study. 

Technical efficiency 

a) Rural Industries 


As for primary investigation the summary statistics results of the selected variables of rural industries are presented in the following table-13.

Table-13

Summary Statistics of variables Rural Industries
	Variable
	Mean
	Std Deviation
	Minimum
	Maximum
	C.V

	Net Value Added (NVA)
	2.2454
	0.2395
	2.00
	2.67
	10.67

	Invested Capital (K)
	2.1152
	0.1417
	1.99
	2.40
	6.70

	Number of workers (L)
	2.0393
	0.0743
	1.97
	2.18
	3.64


Source:   calculations are based on ASI Data



Foot Note: C.V - co –efficient of variation  

Mean values of input variables indicate that the industry’s main factors of production was both capital and labour since there were not much differences in their mean values. The magnitude of variability (C.V) also substantiated this point since the co-efficients are less for both the inputs. 


Table-14 show the maximum likelihood estimates of rural industries of India in the context of its productive efficiency. 

Table-14

Maximum Likelihood estimated of stochastic frontier production function – Rural Industries

	Variable
	Co-efficient
	Std-error
	t – Ratio

	Intercept
	-1.1175
	1.5383
	-0.7638

	Ln K
	1.3952 ***
	0.7383
	1.890

	LnL
	0.2565
	1.5093
	0.1699

	σ2
	0.0009 ***
	0.0005
	1.8758

	Γ
	0.9999
	0.00002
	.00004

	Μ
	0.0167
	0.0487
	0.3436

	Η
	0.1018**
	0.0350
	2.7879


Source : Calculations are based on ASI Data



Foot Note: 
**   - Significant at 5 % level



         

*** - Significant at 10 % level 


The maximum likelihood estimates for productive efficiency of rural industries show that in single output case, parameters of capital input was positive and statistically significant. Hence capital is main input factor for these industries as its value was higher than labour. The co-efficients of σ2 and γ were statistically significant though the sign of them differs. It reveals that estimated levels of output considerably differ from their potential levels due to factors, which are within the control of the industries. The estimated value of γ indicated the absence of efficiency gap that exists between the actual and potential level of performance which is mainly due to technical efficiency of the industries. The statistically insignificant co-efficient of μ term indicated that it followed a normal distribution and the positive and statistically significant co-efficient of η indicated that efficiency increases in getting production overtime. The summation of the elasticities of factors of production, indicated return to scale of 1.65. The value of return to scale greater than unity suggested that increasing returns to scale prevails. A one percent increase in inputs (labour and capital) resulted in an increase 1.16 percent in output level for the stochastic frontier.


Table-15 presents the year-wise technical efficiency of rural industries during the period 1998-99 to 2007-08. It is diagrammatically shown in figure-1

Table-15

Technical efficiency – Rural Industries
	Year
	Efficiency Score

	1998-99
	0.879

	1999-00
	0.935

	2000-01
	0.922

	2001-02
	0.893

	2002-03
	0.962

	2003-04
	0.980

	2004-05
	0.999

	2005-06
	0.985

	2006-07
	0.989

	2007-08
	0.939

	Mean
	.948

	Average

inefficiency score
	0.065


          Source: calculations are based on ASI data


In terms of technical efficiency, the rural industries recorded an average efficiency of 0.948 (94.8 percent). The table also reveals that the technical efficiency of rural industries have not shown any decline but showed mixed trend. The average technical inefficiency was observed as 0.065, which was negligible. 
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b) Urban Industries:


The following table-16 provides details regarding the summary statistics of variables selected.

Table-16

Summary Statistics of variables – urban industries
	Variables
	Mean
	Std Deviation
	Minimum
	Maximum
	C.V

	Net Value Added (NVA)
	2.1293
	0.1620
	1.96
	2.41
	7.608

	Invested Capital (K)

	2.1525
	0.1153
	2.00
	2.35
	5.357

	Number of workers (L)
	2.0049
	0.0324
	1.97
	2.06
	1.616


Source:  calculations are based on ASI Data


Foot Note : C.V- co –efficient of variation  


It is clear from the table that the mean values of input variable both labour and capital were the main factors of production in urban industries. The co-efficient of variation figures showed that the magnitude or extent of variability in the growth of these variables were 5.35 percent and 1.616 percent respectively. This indicated that labour was the main factor without much variation in its contribution to the growth of net value added. In other words these industries, no doubt can rely on labour force for the growth of its output. 


Table -17 gives details regarding the maximum likelihood estimates for productive efficiency of urban industries. 

Table-17

Maximum Likelihood Estimates of stochastic frontier production function – Urban industries
	Variable
	Co-efficient 
	Std-error
	t – Ratio

	Intercept
	-1.489*
	1.1986
	-1.2423

	Ln K
	0.8443**
	0.3437
	2.456

	LnL
	0.9348
	0.9989
	0.9850

	σ2
	.0002
	.0002
	1.1634

	γ
	0.6599
	0.0192
	1.1356

	μ
	0.0218
	0.01919
	1.1355

	η
	0.228***
	1.1129
	2.0192


Source: Calculations are based on ASI Data




Foot Note: 
* - Significant at 1% level



      


** - Significant at 5 % level



      


*** - Significant at 10 % level 


From the table it is clear that since the co-efficients of both labour and capital were positive, the urban industries can improve its productive efficiency by the combined influence of both labour and capital. In a single output case, parameter of capital input was positive and statistically singnificant. The co-efficient of  σ2  and γ were statistically insignificant. This revealed the fact that the estimated levels output considerably differed from their potential levels due to factors which were not with in the control of the industries. This is evident from the value of γ, which indicated the presence of efficiency gap existed between the actual and potential level of performance.


The co-efficient of η indicated that efficiency increases in getting production over time. The sum of the elasticities of labour and capital is 1.78. It indicated increasing returns to scale of 1.780. One percent change in input would bring about 1.78 percent change in output level for the stochastic frontier. 

Table-18 shows year-wise technical efficiency of urban industries during the period under study Figure-2 illustrate this.

Table-18

Technical efficiency – urban industries
	Year
	Efficiency Score

	1998-99
	.932

	1999-00
	.901

	2000-01
	.865

	2001-02
	.865

	2002-03
	.897

	2003-04
	.949

	2004-05
	.987

	2005-06
	.966

	2006-07
	.962

	2007-08
	.982

	Mean
	0.982

	Average  in efficiency score
	0.018


 Source: calculations are based on ASI data


Based on the efficiency scores it was observed that the average efficiency score was 0.982 (98.2 Percent). The average inefficiency score was estimated as 0.018. Which explains the fact that 0.18 percent of inefficiency prevails in these industries which are negligible.

FIGURE - II
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c) Aggregate Industries :

In this part, the productive efficiency for aggregate industries is presented in      table- 19.  

Table.19

Summary statistics – Aggregate industries
	Variable
	Mean
	Std Deviation
	Minimum
	Maximum
	C.V

	Net Value Added (NVA)
	2.1776
	0.1955
	2.00
	2.52
	8.98

	Invested Capital (K)
	2.1337
	0.1285
	2.00
	2.38
	6.02

	Number of workers (L)
	2.0185
	0.0493
	1.97
	2.11
	0.02


  Source:   calculations are based on ASI Data


  Foot Note:  C.V - co –efficient of variation  


In the aggregate industries no doubt that both capital and labour are significant inputs equally since there was no much gap in the growth of their mean values. The extent of variation was estimated to be 6.02 and 0.02 percent respectively in capital and labour. 


Table-20 below gives details on maximum likelihood estimates of aggregate industries. 

Table.20

Maximum Likelihood Estimates of Stochastic frontier

Production function – Aggregate industries
	Variable
	Co-efficient 
	Std-error
	t – Ratio

	Intercept
	-1.695*
	0.4699
	-3.608

	Ln K
	1.270*
	0.0799
	15.88

	LnL
	0.5797
	0.3619
	1.602

	σ2
	0.0008***
	0.0004
	1.865

	γ
	0.0048
	0.0631
	0.0760

	μ
	0.0009
	0.0261
	0.0339

	η
	0.2217
	0.4688
	0.4729


Source: calculations are based on ASI Data




Foot Note :
* - Significant at 1% level



  


*** - Significant at 10 % level 

The log likelihood estimates of stochastic frontier model show that the  co-efficients of both labour and capital were positive. In a single output case, parameter of capital was statistically significant. Hence capital is the main, input factor for aggregate industries as its co-efficient was higher than labour input. The co-efficients of σ2 and γ were positive revealing the fact that the estimated levels of output differ from their potential level due to factors which are with in the control of industries at the aggregate level. This is evident from the insignificant co-efficinent of μ. Statistically insignificant η indicated that efficiency may decline in getting desired level of output in due course.

          The sum of elasticities of both the inputs was more than one (1.849) indicating increasing returns to scale. Since the co-efficient of capital was more than labour the industries at the aggregate level is capital intensive. 

         The following tables-21 explains the technical efficiency scores for the aggregate industries of India and figure-3 illustrates this. 

Table.21

Technical Efficiency – Aggregate Industries
	Year
	Efficiency Score

	1998-99
	0.987

	1999-00
	0.990

	2000-01
	0.990

	2001-02
	0.991

	2002-03
	0.994

	2003-04
	0.996

	2004-05
	0.997

	2005-06
	0.997

	2006-07
	0.998

	2007-08
	0.998

	Mean
	0.994

	Average  inefficiency score
	.0006


Source:  calculations are based on ASI data. 


It is evident from the table that the mean technical efficiency score was 0.994. It shows the maximum efficiency attained by these industries to the extent of 99.4 percent. The in efficiency score calculated was 0.0006. It explained the fact that the inefficiency present in these industries was nil.
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V.  SUMMARY AND CONCLUSION

           In the post-liberalisation phase marked by virtually jobless growth in India and recessionary trends in the global economy, the studies pertaining productivity, changes in productive efficiency and wage productivity relationship has assumed increasing importance and relevance. Production function estimates shows the technological relationship between the maximum  output obtainable from a given set of inputs and the relationship between the inputs themselves in the existing state of technological change. The production function measure the efficiency of production technology, returns to scale, the degree of capital intensity of technology and the degree of factor substitution between factors of production. The direct estimation of production function has an advantage as it is necessary to assume competitive equilibrium in order to derive estimates of productive growth. The efficiency term describes the maximum outputs attainable from utilizing the available inputs. A production is efficient if it cannot improve any of its inputs or outputs without worsening some of its other inputs or outputs. Efficiency can be increased by minimizing inputs while holding output constant or by maximizing output while holding inputs constant or a combination of both may increase efficiency. 
This led to the need to develop a deeper understanding of the growth of this sector. The proposed work is an attempt to analyze the response of manufacturing sector in terms of inputs and output as well as in terms of productivity of Indian manufacturing at aggregative as well as dissaggregative at two-digit level with the following objectives of
1. Estimating partial and total factor productivities 

2. Finding out the determinants of productivity

3. Analyzing wage-productivity relationship

4. Examining the productive efficiency

Net Value Added (NVA) was taken as output, since trends are not affected significantly by the use of net value added. Also ambiguity in the calculation of depreciation can be over come if net value added is taken as a measure of output.  Labour input consisted of workers directly involved in production.  Invested capital was taken as capital input. Wages included renumeration of workers. The statistical tools such as partial  and total factor productivity indices, linear  regression model, step-wise regression model, stochastic frontier model, percentages and  diagrams were used to analyse the data. The findings of the study are summarized below.

1. From the beginning of the period to the end of the period the number of rural industries had grown at the rate of 3.28 percent as an average annual trend rate. This was statistically significant at 1 percent level. The average growth of factories was numbering 51,004 over the reference period. The co-efficient of determination (R2) was recorded as 0.809. It explained the fact that 80.9 percent of the variation in the growth of rural factories was due to time factor and the remaining 19.1 percent was due to other unexplained variables.The figures on annual percentage variation ranged between -0.26 percent and 10.25 percent. Positive variation was observed in 7 years of the total period.

2. The annual growth rate of number of  urban factories was insignificant. It was also evident from the ‘t’ value. The co-efficient of determination R2 clearly explained the fact that time factor did not influence growth of urban factories. It was surprising to note that only 5 percent of the variation in its growth was influenced by time factor. The remaining 95 percent was explained by other related factors. The average growth of the factories over the reference period was 83,767. The annual percentage variation figures showed that in the initial periods, it had grown negatively upto the period 2003-04. After 2003-04, it had registered positive growth at the end of the period 2007 – 08 with declining trend from 2.89 percent to 0.05 percent.

3. The average growth of number of factories at the aggregate level was 1,34,772. This average growth was attained through resigistering negative annual variation during first half of the reference period from 1998-2000 to 2002-03. There after it had positive annual variation ranging between 0.87 percent and to 5.64 percent. The co-efficient of determination R2 explained the fact that 62 percent of the variation in the growth of the number of industries was due to the influence time factor.  The annual trend rate was registered at 1.30 percent which was statistically significant at 5 percent level. 





4. In rural industries the co-efficient of determination (R2) was high for all measures of productivity. It varied between 93 percent and 96 percent. It meant that 93-96 percent of the variation in the growth of all measures of productivity were due to the influence of time factor alone. The remaining variation might be due to other unexplained variables. The detailed time trend estimates that labour productivity index had shown an increasing trend upto the period 2007-08 and it was 307. This accounted for more than 3 fold increase. The average annual trend rate of growth of labour productivity was 13.25 percent for the entire period. 

5. The index of capital productivity had shown an increasing trend but the increase had not been uniform. The index fluctuated throughout the study period. The capital productivity had shown a positive growth of 7.86 percent annum. The trend rates explained that the indices of total factor productivity had shown a positive growth of 10.52 percent. It was of interest to know how unit – labour cost have behaved. The index had declined to touch a low level of 34 units in 2007-08, the rate of decline being 5.80 percent for the entire period. The index of capital intensity had increased during the study period at the exponential trend rate of 2.10 percent. 

6. Based on the co–efficient of determination R2,in urban industries it was observed high total factor productivity index (0.987) followed by partial  factor productivity of labour  (0.895) and partial  factor productivity of capital (0.445) . The analysis of partial factor productivity index of labour (PFPL) showed that though the labour productivity had increased to 222 at the end of the period there had been fluctuations in the indices throughout the period of analysis. The annual trend rates revealed that labour productivity increased by 10.08 percent during the study period. The index of capital productivity (PFPK) had fluctuated throughout the period and had witnessed a trend rate of 3.71 percent in the over all period. The annual trend rate of total factor productivity index was positive. It was significant at 5 percent level. The unit – labour cost (W/L) had also shown fluctuating trend and there existed an inverse relationship between labour productivity and unit –labour cost (W/L). For the entire period, the unit-labour cost had declined at an average exponential rate of 3.50 percent. The capital intensity (FC/L) figures during the entire period were not consistent as revealed by the trend rates of growth. Taking the entire period of study, the capital intensity had grown at the trend of 2.90 percent per annum.
7. Comparison of trend rates of unit –labour cost and labour productivity for urban industries showed that the trend rate of labour productivity was less than the              unit –labour cost trend rate during the entire period. There existed inverse relationship between the two. The co-efficient of determination R2 was high for partial factor productivity of labour (PFPL) followed by total factor productivity index (TFPI) and partial factor productivity of capital (TFPK). The influence of time factor in bringing about growth of labour productivity was 92.9 percent, 88.2 percent on total factor productivity and 71.7 percent on capital productivity. The indices of partial factor productivity of labour (PFPL) had increased more than two fold (2.57) while capital productivity (PFPK) had increased by only 1.39 units during the study period. The annual trend rate of growth in labour productivity was 11.65 percent, while the decline in capital productivity  was 5.36 percent during the entire period which was  significant at 5 percent level. In terms of annual trend rate, the total factor productivity had increased at the rate of 8.49 percent which was significant at one percent level. Taking the entire period of study, the unit – labour cost (W/V) had declined by 4.50 percent. The decline in unit-labour cost along with increase in labour productivity indicated that wage increase had been less than the increase in labour productivity. The increase in labour productivity was due to increase in capital intensity. Capital intensity (K/L) registered a growth 2.20 percent.

8. The results regarding determinants of productivity for rural industries showed that net value added (LnNVA) was positively related to capital productivity (LnNVA/L) and to total factor productivity index (LnTFPI). Thus, this finding supported Verdoon's law. The negative association between total factor productivity (LnNVA/L) and wage rate (Lnw) indicated that higher wages resulted in lower productivity –disapproving efficiency–wage hypothesis. The significant negative relationship between labour productivity (LnNVA/L) and capital intensity (LnK/L) implied that the presence of too many machines had brought down the productivity. The co-efficient of time (LnT) was negatively related to capital productivity. The co-efficient of R2 explained the fact that more than 99 percent of changes were brought about by the factors such as net value added (LnNVA), wage rate (LnW) capital intensity (LnK/L) and time element (LnT) and the remaining one percentage change was due to other unexplained variables.

9. Functions explaining determinants productivity in urban industries indicated that all measures of productivity were significantly related to net value added (LnNVA).  thereby it supported verdoon's Law. Wage rate (LnW) and capital intensity (LnK/L) were negatively related to all forms of productivity. Higher the wage rate lowers the productivity and vice-versa and the influence of capital intensity was (Ln K/L) was insignificant. Time variable (LnT) was showing insignificant trend in explaining changes in all measures of productivity. This implied that institutional factors had adversely affected productivity in the urban industries. The co-efficient of determination R2 explained the fact that more than ninety percent of the variation in dependent variables were mainly due to the combined influence of the independent variables. 

10. Different regression functions explaining the changes in partial and total factor productivity indices overtime for aggregate industries revealed that the co-efficient of net value Added (LnNVA) was positive and showed significant relations between the variables such as labour productivity (LnNVA/L) capital productivity (LnNVA/K) and total factor productivity Index (LnTFPI). This explained that as the scale of output increases the level of productivity also increases, implying the approvel of verdoorn's law. The productivity change had negative sign, implying insignificant relationship with wage rate (LnW) and capital intensity (LnK/L). The co-efficient of time variable (LnT) was positive and significant indicating that the institutional factors have influenced all forms of productivity indices overtime. The co-efficient of determination R2 revealed that 97 to 99 percent of the variation in the dependent variables of partial as well as total factor productivities were mainly due to the combined effect of independent variables such as net value added (LnNVA), capital intensity (LnK/L), wage rate (LnW) and time factor (LnT). Neglible percentage was due to other unexplained variables. 

11. The functions exploring relationship between wages and productivity in rural industries showed a strong association of wage rate (Lnw) and labour productivity (LnNVA/L) in 5 out of 9 functions in these industries. The co-efficient of labour productivity (LnNVA/L) was positive and statistically significant consistently in all the equations. Model I revealed that, when labour productivity (LnNVA/L) was taken as sole factor to explain the relationship, the co-efficient of labour productivity (LnNVA/L) was positive and significant. Elasticity of real wage rate (Lnw) to labour productivity (LnNVA/L) was equal to 0.217 and explaining power of the relation was 0.882. Introduction of trend co-efficient (LnT) in model II increased the explaining power of the model and slightly reduced numerical value of co-efficient of labour productivity (LnNVA/L). In model III when net value added (LnNVA) was included, the co-efficient of labour productivity (LnNVA/L), trend variable (LnT) and the explanatory power of the function had improved. However, the influence of net value added (LnNVA) on wage rate (Lnw) was negative and statistically significant at 10 percent level. Introduction of capital intensity (LnK/L) in model IV had further improved slightly the explanatory power of the model (R2 = 0.981) as well as labour. Introduction of consumer price index for industrial workers (LnCPIIW) in model V showed that LnCPIIW took negative sign and was statistically insignificant; indicating that increase in consumer price had reduced the real earnings of the workers. In model VI, introduction of total factor productivity (LnTFPK) had reduced the explanatory power of the model to 0.9754. However, the co-efficients of all the variables including total factor productivity had positive sign.         

12. Different models of  wage – productivity relationship in urban industries revealed a positive and statistically significant association between wage rate (LnW) and labour productivity (LnNVA/L) according to model I, III and IX.  Introduction of trend variable (LnT) in model II had increased R2, but it has reduced the value and significance of labour productivity (LnGVA/L) co-efficient. Inclusion of net value added (LnNVA) in model III showed that net value added (LnNVA)  had taken positive sign and the co-efficient of labour productivity (LnNVA/L) and trend variable (LnT) had increased their numerical value and statistical significance. Introduction of capital intensity (LnK/L) in model IV improved the explanatory power of the model and the co-efficients of all the variables have slightly reduced though  the sign and level of significance continued to be the same. In model V consumer price index for industrial workers (LnCPIIW) took positive sign and was statistically insignificant indicating increase in consumer price had not reduced real earnings of the workers. In model VI, introduction of total factor productivity index (LnTFPI) showed that while LnTFPI co-efficient took negative sign, the numerical value of labour productivity (LnNVA/L) co-efficient  improved. Screening of other models showed that co-efficent of labour productivity (LnNVA/L) was showing mixed trend.

13. The wage–productivity relationship in the aggregate industries revealed a positive and statistically significant association between wage rate (LnW) and labour productivity (LnNVA/L) according to model I. But this model suffered from comparatively low explaining power, indicating there were other factors other than labour productivity (LnNVA/L) that influenced real wage rate (Lnw). Introduction of trend variable (LnT) in model II had increased R2, but it has reduced the value and significance of labour productivity (LnNVA/L) co-efficient. Inclusion of net value added (LnNVA) in model III showed that net value added (LnNVA)  had taken positive sign and the co-efficient of labour productivity (LnNVA/L) and trend variable (LnT) had increased their numerical value and statistical significance. Introduction of capital intensity (LnK/L) in model IV did not improve the explanatory power of the model and the co-efficients of all the variables have slightly reduced. In model V consumer price index for industrial workers (LnCPIIW) took positive sign and was statistically insignificant indicating increase in consumer price had not reduced real earnings of the workers. In model VI, introduction of total factor productivity index (LnTFPI) showed that while LnTFPI co-efficient took negative sign, the numerical value of labour productivity (LnNVA/L) co-efficient had not improved. Screening of other models showed that  co-efficent of labour productivity (LnNVA/L) was positive.

14. Mean values of input variables  of rural industries indicated that the industry’s main factor of production were both capital and labour since there were not much differences in their mean values. The magnitude of variability (C.V) also substantiated this point since the co-efficients were less for both the inputs. The maximum likelihood estimates of productive efficiency of rural industries showed that in single output case, parameters of capital input was positive and statistically significant. Hence capital was main input factor for these industries as its value was higher than labour. The co-efficients of σ2 and γ were statistically significant though the sign differs. The estimated value of γ indicated the absence of efficiency gap that existed between the actual and potential level of performance which was mainly due to technical efficiency of the industries. The statistically insignificant co-efficient of μ term indicated that it followed a normal distribution and the positive and statistically significant co-efficient of η indicated that efficiency increases in getting production overtime. The summation of the elasticities of factors of production indicated increasing return to scale of 1.65. In terms of technical efficiency, the rural industries recorded an average efficiency of 0.948 (94.8 percent). The efficiency scores had recorded mixed trend .The average technical inefficiency was observed as 0.065, which was negligible. 

15. The mean values of input variables both labour and capital were the main factors of production in urban industries also. The co-efficient of variation figures showed that the magnitude or the extent of variability in the growth of these variables were 5.35 percent and 1.62 percent respectively. This indicated that labour was the main factor without much variation in its contribution to the growth of net value added. Since the  co-efficients of both labour and capital were positive, the urban industries can improve their productive efficiency by the combined influence of both labour and capital. In a single output case, parameter of capital input was positive and statistically singnificant. The co-efficient of σ2 and γ were statistically insignificant. This revealed the fact that the estimated levels output considerably differed from their potential levels due to factors which were not within the control of the industries. This was evident from the value of γ. The co-efficient of  η indicated  that efficiency increases in getting production over time. The sum of the elasticities of labour and capital was 1.78. It indicated increasing returns to scale of 1.78. The average efficiency score was 0.982 (98.2 percent). The average inefficiency score was estimated as 0.018.  

16. In the aggregate industries, no doubt both capital and labour were the significant inputs equally since there was not much gap in the growth of their mean value. The extent of variation was estimated as 6.02 and 0.02 percent respectively in capital and labour. The log likelihood estimates of stochastic frontier model showed that the     co-efficients of both labour and capital were positive. In a single output case, parameter of capital was statistically significant. Hence capital was the main input factor for aggregate industries as its co-efficient was higher than labour input. The co-efficients of σ2  and γ were positive revealing the fact that the estimated levels of output differed from their potential level due to factors which are with in the control of industries at the aggregate level. This was evident from the insignificant                    co-efficinent of μ. Statistically insignificant η indicated that efficiency may decline in getting desired level of output in due course. The sum of elasticities of both the input was more than one (1.849) indicating increasing returns to scale. Since the                     co-efficient of capital was more than capital, the industries at the aggregate level were capital intensive. The mean technical efficiency scores was 0.994. It showed the maximum efficiency attained by these industries to the extent of 99.4 percent. The inefficiency score calculated was 0.0006. It explained the fact that the inefficiency present in these industries was nil.

Conclusion

 
It is concluded that the performance of rural ,urban and aggregate industries  in terms of growth of number of factories, determinants of productivity trends in partial and total factor productivity indices, wage-productivity relationship and productive efficiency were satisfactory. The following suggestions are made for the future growth of these industries. The nation wide linkage of wages with productivity may be the best option for neutralization of a rise in the cost of living. The productivity of capital and total factor productivity may be taken into account along with labour productivity while granting wage increase so that wage increase is not of inflationary nature. Effective utilization of capital should the correct criterion for a country like India where capital is a scarce factor.
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APPENDIX – I 

NET VALUE ADDED 









     (Rs in Lakhs)
	Year
	Rural
	Urban
	Aggregate

	1998-1999
	53,06,668
	92,39,437
	1,45,46,105

	1999-2000
	58,03,175
	96,94,267
	1,54,97,442

	2000-2001
	58,52,167
	85,09,974
	1,43,62,141

	2001-2002
	59,49,028
	84,81,184
	1,44,30,212

	2002-2003
	73,85,044
	98,48,960
	1,72,34,004

	2003-2004
	86,12,217
	1,16,81,060
	2,02,93,276

	2004-2005
	1,08,98,258
	1,50,92,428
	2,59,90,686

	2005-2006
	1,39,58,461
	1,72,27,958
	31,1,86,419

	2006-2007
	1,99,27,022
	1,96,45,504
	3,95,72,526

	2007-2008
	2,46,04,205
	2,35,55,063
	4,81,59,268


Source :  Annual Survey of Industries 
APPENDIX – II 
INVESTED CAPITAL

  (Rs in Lakhs)
	Year
	Rural
	Urban
	Aggregate

	1998-1999
	28740819
	2,49,65,994
	5,37,06,813

	1999-2000
	2,79,55,438
	2,87,07,992
	5,66,63,430

	2000-2001
	2,86,65,939
	2,85,14,004
	5,71,79,940

	2001-2002
	3,06,10,074
	29,9,81,210
	6,05,91,285

	2002-2003
	3,12,05,685
	3,25,41,623
	6,37,47,308

	2003-2004
	3,40,15,509
	3,39,44,344
	6,79,59,853

	2004-2005
	3,81,76,969
	3,77,64,800
	7,59,41,770

	2005-2006
	4,58,08,345
	4,43,49,516
	9,01,57,861

	2006-2007
	5,74,59,512
	4,96,90,870
	10,71,50,382

	2007-2008
	7,19,07,635
	5,61,04,917
	12,80,12,552


Source:  Annual Survey of Industries 

APPENDIX – III
NUMBER OF WORKERS 

	Year
	Rural
	Urban
	Aggregate

	1998-1999
	24,63,183
	39,01,281
	63,64,464

	1999-2000
	23,50,043
	39,30,616
	62,80,659

	2000-2001
	23,36,144
	37,99,092
	61,35,236

	2001-2002
	23,07,293
	36,50,554
	59,57,848

	2002-2003
	24,75,806
	36,85,688
	61,61,493

	2003-2004
	24,75,567
	36,11,341
	60,86,908

	2004-2005
	27,16,343
	38,82,956
	65,99,298

	2005-2006
	30,07,794
	41,28,303
	71,36,097

	2006-2007
	34,65,754
	44,14,781
	78,80,535

	2007-2008
	37,08,577
	44,89,534
	81,98,110


Source :  Annual Survey of Industries 
APPENDIX – IV

WAGES TO WORKERS 

  (Rs in Lakhs)
	Year
	Rural
	Urban
	Aggregate

	1998-1999
	8,50,627
	18,02,267
	26,52,895

	1999-2000
	8,61,341
	19,49,260
	28,10,600

	2000-2001
	9,19,535
	20,15,258
	29,34,792

	2001-2002
	9,58,675
	19,42,277
	29,00,951

	2002-2003
	9,74,114
	19,94,791
	29,68,905

	2003-2004
	10,21,754
	20,26,023
	30,47,777

	2004-2005
	11,66,375
	21,97,131
	33,63,505

	2005-2006
	13,42,152
	24,24,214
	37,66,366

	2006-2007
	16,83,038
	27,46,097
	44,29,135

	2007-2008
	19,95,433
	31,07,541
	51,03,023


Source :  Annual Survey of Industries 

APPENDIX – V
INDICES OF CPIIW AND GDP

	Year
	CPIIW
	GDP Deflator

	1998-1999
	405
	100

	1999-2000
	424
	104

	2000-2001
	441
	107

	2001-2002
	458
	110

	2002-2003
	477
	119

	2003-2004
	496
	125

	2004-2005
	514
	130

	2005-2006
	536
	137

	2006-2007
	569
	143

	2007-2008
	607
	143


Source:  Calculations are based on ASI data. 

99

