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Abstract 
One of the policy puzzles faced in India during the last two and half decades has been the weak 

association between output and employment growth, particularly in the manufacturing sector. In 

this paper, we investigate the long-run relationship among output (measured in value added), wages 

(measured in real term) and labor productivity in the case of organised sector in Indian 

manufacturing. Using panel data from 17 manufacturing industries at the two-digit level, we find 

that output-real wages-labor productivity series is panel co-integrated. For industry panels, real 

wages have an insignificant negative effect on output, while labor productivity has a significant 

positive effect. Our findings suggest that the implementation of policies particularly in improving 

labor productivity will have a direct effect in generating output and employment in this sector. 
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I. Introduction 

Starting from the ‘Hindu’ growth rate of 3.5 % per annum between 1950 and 1980, the 

Indian economy grew at a remarkable 6.5 % per annum between 1980 and 2006. Till the 

1980s, most industries were highly regulated, subject to licensing and rigid capacity controls. 

The transition to higher growth rates coincided with ‘pro-market’ economic reforms that 

were initiated in the 1980s and gained momentum in the early 1990s. 

Within manufacturing sector, the 1991 liberalisation had a strong unequal effect on 

productivity growth across industries and states as emphasised by Aghion et al. (2003) and 

Hasan et al. (2007). Following Ahluwalia (2002) and Unel (2003), manufacturing 

productivity surged in the 1980s. Other researchers viz. Rodrik and Subramanian (2004), 

Topalova (2004) and Pattnayak and Thangavelu (2005, 2010) noticed increases in 

manufacturing productivity after the economic reforms.  However, Balakrishnan and 

Pushpangadan (1994), Rao (1996) and Hulten and Srinivasan (1999) establish little evidence 

of total factor productivity improvement in manufacturing after the reform period. Golder 

(1986, 2004) establishes a decline in manufacturing growth in India during the post-reform 

period. While the reforms have been primarily focused on increasing manufacturing growth 

and productivity, growth has so far been service-led as emphasised in recent studies (e.g. 

Kochhar et al. 2006; Mitra and Ural 2008).  

What are the reasons behind the rather lacklustre performance of the manufacturing 

sector in India? The labor market is one of the key channels by which the effects of 

globalisation can influence productivity differences amongst various industries. India’s labor 

regulations have been criticised on many accounts and are widely believed to be a primary 

reason in holding back growth of organized manufacturing. The organized manufacturing 

sector, despite its impressive growth in the 1980s and 1990s, failed to expand employment 
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opportunities (see Nagaraj 2000; Kochhar et al. 2006 and Panagariya 2008). This has been 

referred to as ‘jobless growth’ in literature (Nagaraj 1994, Balhotra, 1998).  

To quote from a recent survey on India by the OECD: 

“India has a much smaller proportion of employment in enterprises with ten or more 

employees than any OECD country. The number of workers has also fallen in the 

manufacturing sector where the share of labor income in value added is low compared to 

other countries and the capital intensity is relatively high. Such developments indicate that 

India is not fully exploiting its comparative advantage as a labor-abundant economy.” 

(OECD, 2007). 

In spite of its importance in understanding the links between labor and product 

markets, there has been scant empirical research on the impact of labor market changes on 

output, productivity and labor income, particularly for developing economics. In the case of 

India, most of the literature covers only the initial periods of liberalisation in the 1980s and 

early 1990s (see Nagaraj, 2000 for a review). Besley and Burgess (2004) investigate the 

effects of labor regulations on manufacturing performance for various states over the period 

1958-1992. Their findings show that the states with pro-worker labor laws experienced 

lower manufacturing output, employment, investment and productivity. Das and Kalita 

(2009) analyse the decline in labor intensity in Indian manufacturing using survey data of 22 

export-oriented manufacturing firms. Weak infrastructure, lack of trained skilled workers 

and rigid labor regulations are identified as constraints on employment generation. Kathuria, 

Raj and Sen (2010) depicts that labor productivity has increased for the organised sector over 

time, but has declined in the unorganised sector during 2000-2001.  

There is an established literature on using panel data series (e.g., Pedroni, 1999, 

2000, 2001, Breitung, 2000, Levin et al., 2002b and others) applied in energy, tourism and 
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macro related studies.
2
 A large number of studies have looked at productivity and labor 

market issues in case of Indian manufacturing using aggregated data. To our knowledge, 

only existing study by Bhattacharya et. al. (2011) analyses the effects of wages and 

employment on labor productivity using industry panel data. Our contribution here is to 

extend the empirical literature on labor market outcomes in explaining manufacturing output 

within a panel unit root and panel cointegration framework.  In this respect, we capture both 

short and long-term effects of wages and labor productivity on output using industry two-

digit level data spanning from 1973-74 to 2000-2001. The significance of linking product 

with labor market is important particularly in case of Indian manufacturing from policy point 

of view.
3
  

The remainder of the paper is organised as follows. Section 2 presents an empirical 

specification of our model with related data sources. Section 3 describes our econometric 

methodology and empirical findings. The final section summarizes our major findings with 

some policy implications of our study. 

 

II. Empirical Specification and Data 

 

Background of our Empirical Model 

 

Being a labor abundant economy, production of manufacturing output will be driven by 

labor. Recent improvement in use of capital and technology for labor has happened as India 

opened market in reform period. However, in a labor abundant country like India. long run 

manufacturing production and shifts in the production possibility frontier will primarily led 

                                                 
2
 The empirical literature is vast and we refrain from listing the studies here.  

3
 Most of the reform programs are related to organized (formal) manufacturing. In India, 80 % of employment 

occurs in unorganized (informal) sector while only17 % of manufacturing output is from this sector (NCEUS, 

2007). 
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viachanges in labor productivity and flexible  labor market conditions along with investment 

in capital and technology.
4
 Our empirical data comprises the organised manufacturing. We 

argue the price of labor (Real wage) will determine the level of employment (and hence 

output) in this sector.
5
  

Output-Real Wage 

There has been a long debate in literature establishing the relationship between real wages 

and output (hence employment). Despite the apparent simplicity, the relationship between 

real wages and output has remained deceptive both theoretically and empirically. Any 

increase (decrease) in real wages, will lead to increase (decrease) in cost of production and 

hence less (more) manufacturing output (employment). Employment in organised 

manufacturing witnessed a significant drop due to structural reform in recent years. 

Adjustment of costs in manufacturing production occurred through reduction in employment 

(hence real wages) and casualization of labor force. 

Output-Labor Productivity 

Labor productivity is a key indicator in determining output level particularly after the reform 

period.To incorporate the role of technology and substitution of capital for labor in organised 

manufacturing, we include Labor productivity variable (as Lab productivity).
6
 This variable 

reflects the differences in labor productivity between organised and unorganised 

manufacturing happened due to improvement in technology after the reform and capital 

                                                 
4
 Substitution between capital and labor will allow moving within a same isoquant or shift in isoquants may 

happen due to changes in capital, technical progress, innovation or combination of all factors. 
5
 There is major imbalance of employment and output generation between organized and unorganized 

manufacturing. Per capita real wages has been stagnant for manufacturing production workers. Indian reform 

program did not help in absorbing unskilled workers from unorganized sector. The distortion between product 

and labor market is a major concern in Indian reform program and is a source of ‘jobless’ reform program.  
6
 It was extremely difficult to find a proper estimate of capital consumption from our data set. Increase in 

manufacturing output, due to improvement in capital, technology and innovation related variable will be 

captured within this variable. This is a valid assumption for organized manufacturing in case of India as 

discussed in footnote 4. 
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substitution in the organised sector. Labor productivity has increased in case of organised 

manufacturing.
7
 

We specify a simple linear model relating output and labor in case of organised 

manufacturing for the ‘t
th’ 

period here: 

 

                                                      (1) 

 

The term    is the error term bounded by the classical statistical properties. Equation (1) can 

be written including a subscript ‘i’ depicting industries in our sample. Variables are 

expressed in natural logarithmic form. The panel version of our model is here: 

 

                                                           (2) 

 

Data 

The present study uses annual data from 1973-74 to 2000-2001. The variables considered in 

the above model are real wages, labor productivity, and output. The data are collected from 

Annual Survey of Industries (ASI, published by the Central Statistical Organization). The 

ASI considers only registered manufacturing sectors. The manufacturing industries are 

classified into 17 sectors at the two-digit industrial classification level.
8
 For the period of the 

study, two National Industrial Classification (NIC) codes have been used for data collection. 

                                                 
7
 This has been a cause of wage inequality particularly under imperfect labor market structure -in case of Indian 

manufacturing (see, Banga 2005). 
8
 The ASI consists of 26 sectors at two-digit classification and 19 sectors in manufacturing, i.e., code 20 to 38. 

We have also established that codes 20-21 and 35-36 are the same by definition, which leaves us with 17 

manufacturing sectors. 
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9
The data on the wholesale price index (WPI) has been collected from the Handbook of 

Statistics on the Indian Economy.   

Following Goldar (1986), we consider gross value added as an index of output 

instead of net value added as depreciation charges in Indian industries are known to be 

highly arbitrary, determined by income tax authorities and seldom represent actual 

consumption. To convert nominal gross value added to real the yearly current value has 

been deflated (single deflation) by the WPI. The sector specific WPI has been employed 

for the corresponding manufacturing industries. In the case of textile, machinery and 

equipment, and other manufacturing industries where sector WPIs are not available, the 

WPI for aggregate manufactured products has been used as a proxy.  

 Labor productivity is defined as real gross value added per employee. Employment 

is defined as the total employees of an industry. Similarly, real wage is defined as money 

wage deflated by the consumer price index (CPI) for industrial workers (base 1982-83 = 

100’). The money wage is estimated as the ratio of nominal wages to the number of workers 

in an industry.   

 

III. Econometrics and Empirical Findings 

 

The test of causality for [Output-Realwage-Labproductivity] series will be performed in 

three steps.  

 

Heterogeneous Panel Unit Root Test 

Panel cointegration estimation procedures begin with testing unit roots for [Output-

Realwage-Labproductivity] series. We adopt Im, Pesaran and Shin (IPS) Test (Im, Pesaran 

                                                 
9
 The details of NIC codes (1987 and 1998) of the industries covered in this study can be obtained from the 

authors. 
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and Shin, 2003), which possesses substantially more explanatory power than single-equation 

augmented Dickey Fuller (ADF) test and Levin and Lin (LL, 2002a) approach.
10

  

We begin the search for the integrational properties of the [Output-Real wage-Lab 

productivity] series by applying the conventional ADF unit root test to the output, 

productivity and real wages series for each of the 17 manufacturing industries. We find that 

we are unable to reject the unit root null hypothesis at the conventional levels of significance 

for all industries. However, when we apply the ADF test to the first difference of each of 

these variables, for all industries we are able to reject the unit root null at conventional levels 

of significance. The optimal lag lengths are selected using the Schwarz Bayesian Criteria 

(SBC) and the model includes a time trend. The variables are integrated of order one, I(1). 

This implies that [Output-Real wage-Lab productivity] series are all non-stationary series in 

their level form. The results are not reported here to conserve space but are available from 

the authors upon request. We complete the tests on the integrational properties by applying 

the IPS panel unit root test to each of the three variables for a panel consisting of 17 

manufacturing industries and report the results in Table 1.  

 

***Insert Table 1 near here*** 

 

We are unable to reject the joint unit root null hypothesis when the variables are considered 

in levels. However, we are able to reject the joint unit root null when we apply the Im, 

Pesaran and Shin (IPS) test to the first difference of each of the three variables.
11

 This 

implies that the panels of [Output-Real wage-Lab productivity] series are integrated of order 

one. 

 

                                                 
10

 Maddala and Wu (1999) , Hardi (2000), Breitung (2000) are other panel unit root tests from recent literature. 
11

 Im, Pesaran and Shin, (2003) 
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 Pedroni’s Cointegration Test 

Following panel unit root test, we establish each variable is integrated of order one, in next 

step we use Pedroni’s (2004) cointegration test. The seven test statistics to test for panel 

cointegration in the absence of structural breaks are the panel v-statistic, panel rho-statistic, 

panel Pllilips-Perron (PP)-statistic (non-parametric), panel ADF-statistic (parametric), group 

rho-statistic, group PP-statistic (nonparametric) and group ADF-statistic (parametric). The 

first four test statics are within dimension panel and the remaining are for group tests. 

Following Pedroni (2004), we demeaned the data to remove common time effects in 

performing cointegration test using RAT’s program. 

 

***Insert Table 2 near here*** 

 

Our model regress real wages and labor productivity on output, and the results are 

reported in column 2 of Table 2. We find that for the [Output-Real wage-Lab productivity] 

series all seven test statistics show strong evidence of cointegration. This leads us to 

conclude [Output-Real wage-Lab productivity] series are cointegrated for the panel of 17 

manufacturing industries and share a long-run equilibrium relationship. 

 

Panel Long-Run Estimators 

 

Given that we find a long-run relationship exist among the variables, we proceed to estimate 

the long-run and short-run effects of real wages and labor productivity on output. Following 

Pedroni (2000), the fully modifies OLS (FMOLS) technique for heterogeneous cointegrated 

panels is estimated.  
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We report the long run and short run estimates of elasticities for the model in Table 3 

and 4. The estimates of elasticities of real wages and labor productivity to output are 

reported for each of the 17 industries with t-statistics in two columns of the Table 3 

respectively.  

 

***Insert Tables 3 and 4**** 

 

We also present the findings for the panel of 17 industries in the last row for these two 

series. We find that for 9 out of 17 industries real wages are negatively related to output. 

These are Food, Beverage, Textile, Leather, Chemical, Rubber, Mineral, Transport and 

Other manufacturing.  Except for Textile and Rubber i.e. 7 out of these 9 industries, the 

findings are statistically significant. Amongst these, 4 industries, viz. Mineral, Other 

Manufacturing , Leather and Chemical, our estimates suggest that an increase in real wages 

cause reducing output more than proportionately . For the other 3 industries, viz. Food, 

Beverage and Transport, elasticity values are less than one. Estimates of wage elasticity to 

output vary between 1.17 and 2.75.   

For 8 out of 17 industries output-real wage has positive signs. However, only 5 

industries (viz. Cotton, Basic Metal, Wool, Wood and Paper ) have significant effects for 

real wages on output. Estimates of wage elasticity to output vary between 0.58 and 5.08. 

These are predominantly export-oriented industries in India and increases in real wages play 

a significant role in increasing the level of output. Meanwhile, for the panel of 17 industries 

the real wage variable is found to be statistically insignificant with a negative sign.  

We find that labor productivity is positively related to output for 14 out of 17 

industries, and the findings are statistically significant for 8 industries. These are Jute, Other 

Manufacturing, Rubber, Paper, Transport, Chemical, Mineral, and Food. Estimates of labor 
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productivity elasticity to output vary between 0.47 and 1.26. For the panel as a whole, we 

find that a 1 % increase in labor productivity increases output by 0.56 % and this result is 

statistically significant at the 1 % level. This corroborates that the estimated long-run 

relationship amongst the variables. 

In the short run, real wages have a significant negative effect on output while 

productivity has a significant positive effect on output as presented in Table 4. The one 

period lagged error correction term (ECT) appears with a negative sign and is statistically 

significant at the 1 % level. Moreover, the value of lagged ECT entails that change in labor 

productivity from short run to long run is corrected by almost 12.8% within a year and is 

significant.  This implies the adjustment process will take almost  8 years to reach 

equilibrium level of output in this sector. 

 In summary, our findings from for the industry panel suggest labor 

productivity has a long-run influence in generating manufacturing output and employment. 

Labor income reflected through real wages has no significant effect on output for our panel 

of industries. Rigid labor regulations do not allow workers to move around. They prefer 

secure jobs rather than increased wages and simply work for longer hours. This has been 

emphasised by other researchers, viz. Nagaraj, (2000); Besley and Burgess (2004). As 

Nagaraj (2004) comments “It is widely acknowledged that plethora of labor laws do not 

necessarily improve workers' bargaining position, in the absence of a credible enforcement 

mechanism”. In the era of globalisation, changes in industrial and trade policies did not 

improve this scenario in the case of Indian manufacturing workers.  

   

IV. Conclusion and Policy Implications 
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The Indian government has been undertaking policy reforms since 1980. Enhancing the 

efficiency and international competitiveness of manufacturing industries are amongst the 

primary objectives. Unlike, the East-Asian countries, Indian reform could not shift labor 

from agriculture into manufacturing sector in a significant amount. The process of structural 

adjustment is a slow one. Empirical research on the effects of labor productivity and labor 

income on manufacturing output provides mixed findings. The aim of this paper was to 

investigate the integrational properties of [Output-Real wage-Lab productivity] series for a 

panel of 17 manufacturing industries. Our econometric analysis highlights that the [Output-

Real wage-Lab productivity] series is panel co-integrated.  

Labor productivity is found to be the driving factor in generating output in the long-

run.  In the recent history of manufacturing industry in India various economic reforms 

eased the bottlenecks in the supply of essential inputs, which had been responsible for the 

low utilization of capacity. Indian managers are now able to increase the utilization of 

machines in their plants by increasing the number of hours supplied by a typical worker.  

The speed of adjustment is slow in the labor market, changes in labor regulations and 

effective implementation of these changes is necessary in speeding up the process of 

production. From a policy viewpoint, our findings emphasise the urgency of identifying 

channels to increase labor productivity. Fixing infrastructure bottlenecks, flexible labor 

regulations, improving capacity utilization, improved access to capital market and related 

management would help in improving manufacturing output and employment.   
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 Table 1: IPS (2003) Panel Unit Root Test  

Variables t-statistics Probability value 

Real wages (levels) 5.0677 1.0000 

Real wages (first 

difference) 

-12.8999*** 0.0000 

Lab productivity (levels)  3.9576 1.0000 

Lab productivity (first 

difference) 

-19.0742*** 0.0000 

Output (levels) 3.9713 1.0000 

Output (first difference) -22.0898*** 0.0000 

Note: ***, denotes statistical significance at the 1 % level. 
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Table 2: Pedroni (1999) Panel Cointegration Test  

Test Statistics  Output- real wages- lab 

productivity Series 

Panel v-statistics 
 

4.0985
***

 

Panel rho-statistics  -3.3620
***

 

Panel PP-statistics  -5.2025
***

 

Panel ADF-statistics  -4.7733
***

 

Group rho-statistics  -2.4891
***

 

Group PP-statistics  -4.6139
***

 

Group ADF-statistics  -4.6789
***

 

Note: ***, **, *, indicates 1%, 5% and 10% level of significance respectively. The critical value at 1% level of significance for panel v-stat 

= 2.33; while the 1 % critical value for the rest of the test is -2.33.  
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Table 3: Panel FMOLS Long-run Elasticity Estimates for Individual Industries 

Industries Real wages Lab productivity 

Food -0.16** 0.47*** 

 (2.58) (6.38) 

Beverage -0.38** 

(2.22) 

0.28 

(1.32) 

   

Cotton 5.08*** -0.10 

 (9.86) (0.30) 

Wool 1.66* 0.10 

 (1.91) (0.41) 

Jute 2.35 1.44*** 

 (1.49) (3.76) 

Textile -0.67 1.81 

 (0.46) (1.40) 

Wood 1.45* 0.16 

 (1.83) (0.95) 

Paper 0.58** 0.95*** 

 (2.33) (8.02) 

Leather -1.18** 0.35 

 (2.53) (0.69) 

Chemical -1.17*** 0.84*** 

 (8.94) (8.38) 

Rubber -0.08 1.15*** 

 (0.15) (5.34) 
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Mineral -2.75*** 0.64***  

 (7.77) (5.74) 

Basic metal 0.53*** 0.05 

 (4.12) (0.45) 

Metal 1.88 -0.14 

 (1.56) (0.42) 

Machinery 0.59 -0.72 

 (1.11) (0.91) 

Transport -0.99*** 0.90** 

 (2.74) (2.44) 

Other -2.15*** 

(3.26) 

1.26*** 

(5.22) 

   

Panel estimates -0.27 

(1.56) 

0.56*** 

(11.86) 

    

Notes: *(**)*** denote statistical significance at the 10 %, 5 %, and 1 % levels, 

respectively. The standard errors used to compute the t-statistics are Heteroskedasticity and 

autocorrelation consistent (HAC) estimates. All variables are in natural logarithms.  
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Table 4: Error Correction Model Based On The Mean Group Estimator, Short-run Elasticity 

Estimates 

 

 

Variables  Coefficient t-statistics 

1 tOutput  -0.104*** 2.506 

alwageRe  -0.143** -1.929 

1Re  talwage  -0.189 -1.384 

ivityLabproduct  0.339** 2.206 

1 tivityLabproduct  -0.010 -1.000 

1tECT  -0.128*** -3.500 

Constant  -1.411** -2.369 

Notes: ** (***) denote statistical significance at the 5 % and 1 % levels respectively. 
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