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The present study is an effort to estimate the total factor productivity growth (TFPG) and its 
components for some selected manufacturing industries in India by using a cost function approach 
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us to re-examine the existing facts with a sub-decadal analysis. We have also tried to estimate the 
annual average growth rate of output, factor inputs, and cost to build an attractive and comparative 
analysis among the decades. Against this backdrop, our study shows a declining trend of TFPG 
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1. Introduction

Human development encompasses aspects of life such as self-worth, human rights, 
including chances for creativity and production, and the enjoyment of social, economic, and 
cultural liberty. Human development is a measure of index of health, education, and living 
standards. Total factor productivity (TFP) is an important input in the Solow model that is 
required for growth to occur. It refers to the share of economic growth, is not accounted for 
by labour and capital inputs only (Solow, 1956).
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While India’s economic growth appears to be expanding, it is not keeping pace 
with its human development, implying that economic growth is not the same as human 
development. The HDI value for India in 2019 is 0.645, putting it in the medium human 
development category; a shift toward inclusive growth is critical. The current research 
on remittances attempts to address human development through economic growth; yet, 
growth without development is possible. We conceptualize how remittances effect human 
development through India’s Industrial TFP in this research.

Intuitively, development and its long-term viability are achieved through TFP 
mechanisms like as efficiency, innovation, and access to new and relevant technology. 
These could lead to sustained improvements in living conditions, which could save lives 
for the world’s most vulnerable people, as well as increased productivity and earnings for 
development.

Therefore, productivity estimation is useful to assess the performance of the various 
economic indicators and thus plays a very crucial to assess the progress or regress in 
economic development to any nation. Low or negative growth in the total factor productivity 
growth (TFPG) is a very common phenomenon for most of the developing countries. After 
economic liberalization in India, the industrial development program mainly depends upon 
pulling the TFPG out of such grey state.

The Indian economy underwent a dramatic regime shift in July 1991. The abolition 
of industrial licencing and the reduction of import tariffs, both of which had previously 
posed strong barriers to entry, were at the forefront of this broad economic liberalisation. 
We looked for evidence of the expected outcomes of this liberalisation based on economic 
theory forecasts and a strongly held perspective of global development organisations. 
This study examines whether productivity growth has slowed as a result of economic 
liberalisation in the Indian manufacturing industry since the reforms began in 1991. 
It is plausible to assume that during the first phase of the economic reforms, which 
began in 1991, a key worry was how to promote competition in the industrial sector. 
The abolition of capacity licencing and, at least partial, trade liberalisation was the main 
methods adopted. Beginning in 1991, trade liberalisation took the form of decreased 
tariffs. However, this was a huge step forward in terms of magnitude. The World Bank 
(1998) and Nouroz (2001) both tracked tariff fluctuations by industry group. In this 
paper, we show how the effective rate of protection in manufacturing has decreased 
since 1991. Despite this, India’s economic reforms were a mix of internal and exterior 
liberalisation policies focused largely at increasing competition. This aspect of the policy 
shift is sometimes neglected, with external liberalisation taking precedence over internal 
liberalisation. This could lead to erroneous conclusions. As a result, we should consider 
the period after 1991 to be one of overall economic liberalisation rather than just trade 
liberalisation.

The link between liberalisation and productivity development, on the other hand, 
is not so straightforward. In the welfare space, a more nuanced understanding of the 
logic underpinning the prescription of free trade would be that it is Pareto-improving. 
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Technical advancement isn’t even taken into account because, at least traditionally, 
only movements along the production frontier are regarded. In practise, however, 
the existence of X-inefficiency cannot be ruled out. As a result, while dealing with a 
situation like India’s economic reforms, we should examine the potential impact of 
increasing competition on productivity growth. Is it possible that trade liberalisation 
has effects on productivity growth other than increased competition? It does, at least in 
principle. The availability of superior foreign technology, frequently at a lower cost, is 
an evident result of a freer trading policy. As a result, according to Dornbusch (1992), 
this has the effect of shifting out the production function, resulting in at least a one-shot 
increase in productivity. While this is true, it is worth noting Tybout’s (1992) insight 
that thinking of productivity development as an orderly transition in the production 
function of the representative plant is a mistake. Instead, he claims, what matters are 
progressive technological diffusion processes or the replacement of inefficient factories 
with efficient ones.

Backend by this reason, the aim of the study is to assess the Total Factor Productivity 
Growth (TFPG) through the cost function approach of top ten major Indian manufacturing 
industries. On the basis of the share in the Gross Manufacturing Value Added (GVA), we 
have chosen the industries. The industries, that are taken up in our study can be presented 
as follows: (1) Food products & beverages (7.60%), (2) Chemicals & chemical products 
(9.95%); (3) Basic metals (8.12%); (4) Textile products (4.84%); (5) Coke, petroleum 
products & nuclear fuel (12.87%); (6) Machinery & equipment n.e.c (5.70%); (7), Motor 
vehicles, trailers & semi-trailers (7.68%); (8)) Non-metallic Mineral products (5.02 %);  
(9) Rubber and Plastic products (4.01%). Our selected nine industries contribute 65.79% 
and the remaining industries jointly contributes 34.21% in the total value added of the 
Indian manufacturing sector. We have used panel-time series econometric approach, 
namely, fully modified ordinary least square (FMOLS) technique to estimate the trans-
log cost function so that it gives more consistent parameters and allows us to get rid from 
the problems of serial correlation, endogeneity, measurement error, omitted variable 
bias and also permit us to see the heterogeneity in long-run parameters. This particular 
methodological approach to estimate TFPG for Indian manufacturing industries is 
least explored till the time. Now, the time period considered for our study is 1980-81 
to 2016-17. From the interaction between scale economies and technological change 
we have estimated the TFPG with the help of the trans-log cost function approach. In 
this approach, a downward shift in the process of production where returns to scale 
is represented by the elasticity of cost with respect to output is viewed as technical 
progress.

Productivity growth is connected to key parameters relating to the elasticity of cost 
with respect to output of a specific cost function. When the cost elasticities are known, the 
inter-temporal shifts in the cost function and scale effects can be isolated. We hope that, 
in this way TFP change of selected industries over the years could be measured and the 
sources of TFP growth is identified.
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1.1 Brief Survey on Literature

Though, there have been a limited number of studies on path breaking cost function 
estimation for Indian industries, but we have reviewed most of it. Murty (1986) has 
estimated a cost function for Indian manufacturing at an aggregate level using time series 
data for the period 1960-77. He has used a two-stage approach, estimating an energy and 
aggregate sub-model. In the energy sub-model, unit energy cost is taken as a function of the 
prices of coal, oil, and electricity. In the aggregate sub-model, the cost function is specified 
in terms of output and prices of labour, capital, materials, and energy. Vashist (1984) has 
also used similar techniques as Murty (1986) and used time-series data from 1960-71 for 
Indian industries, but, he has not included materials input in the aggregate sub-model. The 
interesting feature of this study is the use of the Divisia price index for labour input. The 
price index for capital input has been formed by subtracting labour income from value 
added and then dividing the figure by real fixed capital stock. Jha, Murty and Paul (1991) 
have estimated trans-log cost function for four industries, namely cement; electricity and 
gas; cotton textiles; and iron and steel, using time-series data for the period 1960-1 to 
1982-3. The model specification here allows for non-neutral technological change. Their 
results indicate that technological progress has been capital saving in the iron and steel and 
cement industries, labour and materials input (including energy) saving in cotton textiles, 
and biased towards saving both labour and capital in the electricity and gas industries. Jha 
et al. (1991) find the cost flexibility to be less than one, indicating economies of scale. 
Similar results have been reported by Goldar and Mukhopadhyay (1991).

Now, it would be useful to note here some limitations of the cost function studies for 
Indian industries. First, it is known that flexible functional forms, such as trans-log, do 
not satisfy the positivity and concavity conditions globally. Thus, it is very essential to 
verify the model whether it is well-behaved. This has, however, not been done in most 
studies, Secondly, the cost functions used for the analysis involve the assumptions of, (a) 
cost minimization and, (b) full equilibrium at all data points. Both the assumptions can be 
seriously questioned in the context of Indian industries. Thirdly, the models assume that 
the prices of inputs are exogenous and invariant to the input use decisions of the firms. This 
assumption is incorrect when the analysis is undertaken at the aggregate level. Fourthly, 
there are inadequacies in the price indices used for estimating the cost function.

In this backdrop, we have found that most of the studies have estimated the cost 
function and very few have estimated the TFPG from cost function approach. Again, 
majority of these study uses either cross-section or time series data, such as, Goldar has 
used state-wise cross-sectional data for 1971, Kar and Chakraborty time-series data for 
seven energy intensive industries for 1959-71. In the recent year, no significant work has 
been done using panel data. Thus, our study is a very first attempt to find out the TFPG for 
the selected Indian manufacturing industries using cost function approach. To estimate the 
cost function, we have use Fully Modified OLS method in the panel-time series framework 
so that it gives more consistent parameters and allows us to get rid from the problems of 
autocorrelation, endogeneity, measurement error, omitted variable bias and also examine 
the heterogeneity in parameter caused in long-run. So, our work is an attempt to fill the gap 
in the existing literature. 
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Now the paper is organized as follows: Section 1.3 deals with the objectives of our 
study, Section 2 depicts methodology & database. TFPG estimates are presented in section 
3. In Section 4, we present concluding remarks and policy prescription.

1.2 Objectives of the study

The objectives of our study can be presented as follows:

1.	 To estimate the total factor productivity growth (TFPG) and its component for the 
above-mentioned manufacturing industries in India by using cost function approach 
over the year 1980-81 to 2016-17.

2.	 To estimate the annual average growth rate of output, factors of input and cost and also 
make a comparative analysis among the decades.

2. Database and Methodology:

Our study is based on time series data on industries and collected from the several issues of 
Annual Survey of Industries (ASI) & RBI Handbook of statistics on Indian Economy and 
covering a period of 37 years from 1980-81 to 2016-17. 

2.1. Classification of industries

The classification of industries followed in ASI is based on the National Industrial 
Classification 1970 (NIC-1970). The switch to the NIC-1987 since 1973-74 to 1997-98, 
further switch to NIC-1998 from 1998-99 to 2003-04 and also switch to the NIC-2004 
from 2004-05 to 2007-08 and thereafter, it was switched to NIC-2008 from 2008-09 till 
date. We have made the data comparable keeping in mind the composition of the selected 
manufacturing industries for several periods in our study.

2.2. Description of variables:

•  �Capital Stock and Price of Capital: The capital stock measurement is a very tricky 
and most intricate of all input measurement. Actually, there is no universally accepted 
method for the measurement of capital and as a result, several methods have been 
applied to estimate capital stock in several studies. Our study considered the implicit 
deflator for fixed capital stock obtained from the ratio of Gross Fixed Capital Formation 
(GFCF) at current and constant prices. Gross fixed capital formation is calculated by 
considering a single base year (1990-91). The base year is considered as 1990-91 = 100. 
The ratio of interest paid to capital invested gives us Rental price of capital (PK). 

•  �Labour and Price of Labour: Total number of persons engaged as measure of labour 
input includes both workers and persons other than workers. 

	� Price of Labour (PL) is the total emoluments divided by total number of persons 
engaged.

	 PL = total emoluments / total number of persons engaged (L)
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•  �Measurement of Output: In our study, output is measured by real gross value added 
(GVA). To arrive at real value, we have deflated GVA by the ratio of GDP at current to 
constant prices GDP deflator. We measured GDP deflator by considering a single base 
year (1990-91). Gross output is not taken here as measure of output in order to avoid 
the possibility of double counting.

•  �Total Cost: Total cost is the sum of the expenditure on variable inputs such as labour 
(L), capital (K). i.e. TC = PLL + PKK 
Where, PL = price of labour, PK = price of capital.

2.3. Methodology

We have estimated TFP by using the cost function approach and decompose the TFP 
change in to two component parts: one part due to technical change and other returns to 
scale. 

Technical change is reflected through shift in cost function. Returns to scale is 
represented by the cost/output elasticity. Productivity growth is connected to key parameters 
identifying with the elasticities of cost with respect to output of a specific cost function. If, 
cost elasticities with respect to inputs are known then the inter-temporal changes in the cost 
function and scale effects can be secluded.

Now, TFP growth rate can be defined as: ( )TFP Q F Q= −  

Where, Q  and F  is the proportionate change in the output and input variables over 
time. Thus, the inexplicable part of output growth which is not explained by the input 
growths taken together is the TFPG. 

Let us represent the cost function in three explanatory variables, by 
	 C = F (Q, PL, PK, T)� (1)
Where PL is the price of labour, PK is the price of capital, T the index of technology, which 
is a simple time function, and Q is the output. 

The cost function specified in the study is the Trans-log form, which is more flexible, 
compared to the alternative functional forms and Trans-log specification of this generalised 
cost function as given in equation (1) is: 

lnC(Q, PL, PK, T) = a0 + aQ lnQ + aL lnPL + aK lnPK + aT lnT + bQL lnQ lnPL + bQK lnQ 
lnPK + bQT lnQ lnT + bLK lnPL lnPK + bLT lnPL lnT + bKT lnPK lnT + 0.5gQ (lnQ)2 + 0.5gL 
(lnPL)2 + 0.5gK (lnPK)2 + 0.5gT (lnT)2

Now, differentiating (1) totally with respect to T, we get,

	 – (1 )CQTFP Qθ η= + −   

Where, the proportionate change in cost is the sum of proportionate change in aggregate 
inputs (the first term on the right side), the cost/output elasticity (a part of the second term) 
denoted by, ,CQη   and the proportionate shift in the cost function (the third term) due to 
technology denoted by, .θ
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By using Shepherd’s lemma, the equations related to cost share can be deduced from 
equation-1 as:
	 Si = ai + 0.5Sjbij lnPj + bQilnQ + gilnT
For i, j = Labour (L), Capital (K); Where Si is the cost share.

The cost/output elasticity estimates are obtained from the parametric estimates of the 
model, derived from equation 1.
	 hcQ = aQ + aQQlnQ + SibQilnPi + gQlnT
The cost/output elasticity CQη is computed for each year on condition that the parameters 
of the equation are stable over the years. 

Now, the parameters in our trans-log cost function have been estimated through Panel 
Fully Modified OLS method. Before proceeding to the panel FMOLS, we have first 
checked the stationarity of each variable associated with our cost function and then to the 
Panel Co-integration test.

2.4. Panel- Time Series econometric test procedure:

•  �Panel Unit Root Testing: In our study, we have used Common Levin, Lin and Chu and 
Individual Im, Pesaran, and Shin test to check the presence of unit root at level and first 
difference. We have also considered the individual intercept and trend included in the 
test equations as a bench mark. For both the test type, we considered null hypothesis 
(H0): Panel Data has unit root and alternative hypothesis (H1): Panel Data has no unit 
root. Now, if variables are non-stationary integration of order zero [I(0)] but stationary 
after integration of order one [I(1)] then we can proceed to the Panel Co-integration 
Model.

•  �Panel Co-integration & FMOLS Estimation: The analysis of long-run co-integrating 
relationships has received considerable attention in modern time series analysis. To 
find out the panel cointegration we have used the Kao residual testing approach (2000) 
and then proceed to the panel Fully Modified OLS (FMOLS) estimation technique in 
grouped-panel method which produce asymptotically unbiased, normally distributed 
coefficient estimates. Pedroni (1990) argues that in the cointegrating relationship if 
heterogeneity occurs then it will provide consistent estimates of the sample mean.

3. Results & Discussion 

In this section, we have presented the estimates of Total Factor Productivity (TFP) growth 
and its components using trans-log cost function approach for top ten manufacturing 
industries on the basis of its higher share in the Gross Manufacturing Value Added. In this 
regard, results from Panel Unit Root tests are presented in Table-1, Panel Co-integration 
test in Table 2, Panel Fully Modified Ordinary Least Square in Table-3.
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Table 1  Result from Panel Unit Root Test

VARIABLES Common Root
Levin, Lin, Chu

Individual Root
Im, Pesaran, shin

Level [I(0)] 1st Difference [I(1)] Level [I(0)] 1st Difference [I(1)]
LnC 2.6627 -4.9411* 1.3344 -9.1574*
LnPK -0.8706 -7.5404* -0.5285 -9.0416*
(LnPK)2 -0.6832 -6.7002* -0.3668 -8.8170*
LnPK*LnT 0.3143 -4.5987* -1.6819 -8.3212*
LnPL -1.3073 -6.1700* -0.3233 -8.2922*
(LnPL)2 -8.9895 -6.0707* -3.2118 -7.5166*
LnPK* LnPL -1.1173 -8.2581* -1.8257 -10.3883*
LnPL*LnT -3.9916 -4.3263* -6.0553 -10.1368*
LnQ 0.1451 -7.9398* 0.0500 -8.0306*
(LnQ)2 0.2120 -8.0905* -0.0226 -7.9086*
LnQ*LnPK -0.4543 -9.1460* -0.9722 -9.4586*
LnQ*LnPL 0.6581 -4.4312* -0.1339 -8.69441*
LnQ*LnT -0.3532 -6.5586* -5.0597 -13.4742*
LnT -50.6184 -43.0541* -64.8193 -84.4425*
(LnT)2 -173.3860 -295.8581* -169.952 -304.964*
Source: Author’s own estimation using Eviews (* represent the significance level at 1%)

Table 1 presents the results obtained from Panel unit root test on each variable that are 
considered in our cost function estimation. Each variable is tested in their level and 1st 
difference with intercept and trend only. From the unit root test results, we may conclude 
that, at level all the variables are non-stationary. Whereas, at the first difference, all the 
variables are stationary. Therefore, we can proceed to the panel Co-integration testing test.

Having established the time series properties of data, the test for presence of long-run 
relationship between the variables using Kao Residual Co-integration test is conducted. 
The test result is presented in table 2. From the test result as presented in the table, we can 
reject null hypothesis mentioning ‘no cointegration’. 

Therefore, we can conclude that there is a long-run relationship between the variables 
that are taken up to estimate the trans-log cost function in our study.

Table 2  Result from Kao Residual Co-integration Test

 t-Statistics Prob.
ADF -4.660135 0.0000
Source: Author’s own estimation using Eviews

Now, we have the validity to run the long-run model, such as, Fully Modified OLS model. 
Applying FMOLS in our panel data, we have the following results.
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Table 3  Result from FMOLS

Variable Coefficient Std. Error t-Statistic Prob.
LNPK
LNPK2 
LNPK_LNT 
LNPL 
LNPL2 
LNPL_LNPK 
LNPL_LNT 
LNQ
LNQ2 
LNQ_LNPK 
LNQ_LNPL 
LNQ_LNT 
LNT
LNT2

3.853290
-0.269418
0.158905
3.824049
0.403229
0.077446
-0.656361
4.635934
-0.266840
-0.345789
-0.067408
0.872673
-12.35866
0.172262

2.273787
0.099159
0.231681
1.546433
0.080581
0.219740
0.205287
0.776447
0.050120
0.117638
0.100395
0.209120
2.789117
0.115883

1.694658
-2.717030
0.685876
2.472820
5.004004
0.352445
-3.197289
5.970700
-5.324037
-2.939436
-0.671424
4.173070
-4.431030
1.486515

0.0911
0.0070
0.4933
0.0139
0.0000
0.7247
0.0015
0.0000
0.0000
0.0035
0.5025
0.0000
0.0000
0.1382

R-squared
Adjusted R-squared
S.E. of regression 
Long-run variance

0.577988
0.560291
0.885763
0.002445

Mean dependent var
S.D. dependent var 
Sum squared resid

13.01776
1.335780
243.2189

Source: Author’s own estimation using Eviews

From the above FMOLS result, we can formulate the trans-log cost function,

LnC = 3.853290 LnPK – 0.269418(LnPK)2+0.158905 LnPK LnT + 3.824049 LnPL 
+ 0.403229(LnPL)2 + 0.077446 LnPL LnPK – 0.656361 LnPL LnT + 4.635934 LnQ 
-0.266840 (LnQ)2 – 0.345789LnQ LnPK -0.067408LnQ LnPL + 0.872673LnQ LnT – 
12.35866 LnT + 0.172262 (LnT)2

By using the above Trans-log equation, now we can estimate the Total Factor Productivity 
Growth for each and overall manufacturing industry. The results can be presented as in 
Table 4.

Table 4  Industry-wise Total Factor Productivity Growth

ME ONMP TXT FP&B R&PP CRPP 
&NF C&CP MVT& 

ST BM OI AMI

1st  
Decade 0.1860 0.2350 -0.0664 -0.0228 0.4061 0.4799 0.0879 0.3968 0.1396 -0.1166 0.1725

2nd  
Decade 0.0053 -0.0154 -0.0290 -0.0382 -0.0109 0.0049 0.0396 0.0245 0.0087 -0.0479 -0.0059

3rd  
Decade -0.0223 -0.0526 -0.0303 -0.0398 -0.0242 -0.0716 -0.0432 -0.0294 0.0110 -0.0026 -0.0305

4th  
Decade -0.0014 -0.0065 -0.0165 -0.0227 -0.0188 0.0306 -0.0063 -0.0128 -0.0144 -0.0323 -0.0101

Entire 
Time 
Period

0.0454 0.0439 -0.0371 -0.0315 0.0967 0.1174 0.0216 0.1035 0.0403 -0.0513 0.0349

Source: Author’s own estimation
Abbreviations: FP&B = Food Products & Beverages; TXT= Textile Products; CRPP&NF= Coke, Refined Petroleum Prod-
ucts, & Nuclear Fuel; C&CP = Chemicals & Chemicals Products; R&PP= Rubber & Plastic Products; ONMP= Other 
Non-Metallic Mineral Products; BM= Basic Metals; ME = Machinery & Equipments (N.E.C.); MVT&ST =Motor Vehicles, 
Trailers & Semi- Trailers; OI= Other Industries; AMI= Aggregate Manufacturing Industries.
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TFP growth of the Indian manufacturing industries was positive during the entire time 
period (1980-81 to 2016-17). In the first sub-period, TFP grew at the rate of 0.1725 percent 
per annum (Table 4.4, last column) and it is sharply declining in next two decades then it 
increases but negative. This represented a deceleration of the average annual productivity 
growth. So, it can be argued that productivity growth, after liberalisation from the period 
1990-91 to 2016-17, was lower than it was during the 1980-81 to 1989-90. TFPG started 
showing marked improvement in tandem with the buoyancy of industry as well as the 
economy during the recent times. The picture is same for the machinery & equipments, 
other non-metallic mineral products, food products and beverages, Coke, Refined Petroleum 
Products and Nuclear Fuel, Chemicals and Chemical Products, motor vehicles, trailer and 
semi-trailer, and other industry. 

Machinery & equipments, other non-metallic mineral products, Rubber and Plastic 
Products, Coke, Refined Petroleum Products and Nuclear Fuel, Motor vehicles, trailer and 
semi-trailer and basic metal industry did much better than the aggregate manufacturing in 
terms of magnitude of growth. Highest productivity growth (0.1174 per cent) in the entire 
periods compare to another nine industries is registered by the Coke, Refined Petroleum 
Products and Nuclear Fuel industries. The “Other industries” documented negative as well 
as negative growth in productivity throughout the study period that is considered in our 
study. 

Now, for better understanding the TFPG, industry specific trend growth rate of the 
same can be presented in the Figure 1.

From the Figure 1, we have found that there is a declining trend in the TFPG of 
Manufacture of machinery and equipment industry over the two decades, then it increases. 
In this regard, the 2nd decade itself registered highest fall than the other decade. The initial 
jump in productivity may be caused by the access to technology and effectiveness in the use 
of profits that are arising from sustained protection. Subsequently TFPG has deteriorated 
with a deterioration in effective protection to neutral levels.

For “Other Non-Metallic Mineral Product Industry” we have estimated that the TFPG is 
deteriorating for 1st two decades then increasing. The justification for this pattern in TFPG 
may emerges due to labour escalated cycle of production in its sub-sectors subsequently 
the gap in innovation with capital intensive interaction might not have made a difference.

TFPG of the Indian textile industry shows a rising movement over the decades due to 
high export accountability and international competitive market structure.

Labour intensive Indian Food Products and Beverages Industry accounted a declining 
trend in TFPG in the second and third decades and then it recovered but still negative in 
the last decade. 

Labour intensive process of production also affects the TFPG of the Indian rubber 
and plastics products manufacturing industry, and it is diminishing in the 2nd decades and 
thereafter.

In our study, for the Coke, Refined Petroleum Products and Nuclear Fuel industries, 
the trend growth rate of TFP shows it is diminishing up to 3rd decade then increasing. But, 
for the entire time period, TFPG of this industry is higher compared to other industries, as 
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because the Petroleum refinery industry is benefited from sustained high protection, which 
permitted the private sector to take risks in bringing the frontier technologies.

For the chemicals and chemical products industry, we have found a diminishing trend 
growth rate up to third decades and the TFPG became negative in the third decade, there 
after it is increasing (0.0879%, 0.0396%, -0.0432%, and -0.0063%). This type of results 
arises as India have the advantage in semi-skilled labour-intensive chemical production 
which further leads to slower diffusion of technology.

Labour intensiveness of the Indian Motor Vehicles, Trailers and Semi-Trailers industry 
leads to highest gaps in technology adoption and for this reason, there is a sharp declining 
of TFPG is occurred.

Figure 1  Trend Growth Rate of TFPG for the Selected Indian Manufacturing Industries
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Indian basic metals industry shows a sharp declining trend in the growth rate of TFP. 
Thus, we can infer that over the stipulated time, backward technology in the production 
process prevails.

For the ‘others manufacturing industries’, TFPG is increased but negative up to 3re 
decade. Thereafter it diminishing.

Last but not the least, the trend growth rate of TFP at 2digit NIC level of Indian 
manufacturing sector represents a very diverse pattern of productivity growth than at 
aggregate level. It is quite natural ass different reforms in policy measure affect different 
industries to different degrees and all reforms do not occur in one big bang. In the aggregate 
level, we have found a declining trend over the decades. So, there is a negative impact of 
liberalisation policy on the TFPG of the Indian manufacturing sector.

3.1 Comparison between Arvind Virmani and Danish A. Hashim,  
IMF Working Paper and Our Study

Virmani and Hashim’s (2011) has pointed out the J-curve and S-curve productivity theory 
through production function estimation procedure. According to them, Manufacture of 
Textile, Food Products and Beverages, Rubber and Plastic Products and Chemical and 
Chemical Products Industry follow J- Curve effect on TFPG. Machinery and Equipments 
Industry and Coke, Refined Petroleum Products and Nuclear Fuel Industry have S-curve 
effect on TFPG and they also get a hybrid S-J effect on TFPG for Basic Metal, Other 
Non-metallic Mineral Products and Motor Vehicle, Trailers and Semi- trailers industry. 
In our study, from Table-5, we have noted J-curve pattern in TFPG for Machinery and 
Equipments, Other Non-metallic Mineral Products, Food Products and Beverages, Coke, 
Refined Petroleum Products and Nuclear Fuel, Chemical and Chemical Products, Trailers 
and Semi- trailers and Motor Vehicle industries. We have found a declining trend growth 
for Basic Metal industry and also get an increasing trend growth rate for Manufacture 
of Textile industry. Rubber and Plastic Products industry follows L-curve effect on 
productivity. These contradictory results may be arising due to the fact that they do not 
consider the time series properties of the data. As because in our study we have found all 
the data set are non-stationary in nature. Then we have made it stationary and then we use 
the Panel FMOLS test. That’s why we get a declined but positive trend growth rate on TFP 
as we consider the time series properties of the variables.

Table 5  Comparison between two studies

ME ONMP TXT FP&B R&PP
CRPP 
&NF

C&CP
MVT& 

ST
BM

Virmani & 
Hashim S- S=>J J J J S J S=>J S=>J

Our study J J Increased J L J J J Declined
Source: Virmani & Hashim and Authors own estimation
Abbreviations: FP&B = Food Products & Beverages; TXT= Textile Products; CRPP&NF= Coke, Refined Petroleum Prod-
ucts, & Nuclear Fuel; C&CP= Chemicals & Chemicals Products; R&PP= Rubber & Plastic Products; ONMP= Other Non-
Metallic Mineral Products; BM= Basic Metals; ME = Machinery & Equipments (N.E.C.); MVT&ST =Motor Vehicles, 
Trailers & Semi- Trailers
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3.2 Total Factor Productivity (TFP) and its components:

In this section, TFP, cost shift and non-constant returns to scale have been computed from 
the parametric estimates of the trans-log cost function. Thus, the results of TFP and its 
components can be reported in Table 6.

Table 6  Decomposition of Total Factor Productivity (TFP)  
of all Selected Manufacturing Industries

Decades TFP Shift of cost Function 
 ( )θ−   

Non-constant Returns to scale 
(1 )CQ Qη− 

First 0.1725 0.1045 0.0680
Second -0.0059 -0.0314 0.0255
Third -0.0305 -0.0192 -0.0113
Forth -0.0101 -0.0150 0.0049
Overall 0.0315 0.0097 0.0231

Source: Author’s own estimation

From Table-6, we have found that the TFP growth for the industries that are considered 
in our study is positive and it is 0.0315 for the entire period (1980-81 to 2016-17). We 
also examined that TFPG is declining over decades and marginally increase in the last 
decade. This result may be obtained due to technological progress or scale effect within 
the industry.

Technological progress in production is best reflected through a shift down in cost 
function. The negative (positive) sign associated with the parameter implies a shift down 
(up) in the cost of production. From the above table we may conclude that cost function is 
shifted down over the decades and technology is rapidly growing in the last decade (2010-11 
to 2016-17) compare to another three decades. Hence, Technology is progressed over time. 

Returns to scale parameter indicates the proportionate increase in output for a 
proportionate increase in all inputs. When the parameter is numerically less than one, it is 
suggestive of the operation of diminishing returns to scale. We find out there is decreasing 
return to scale in each and every decade and also in the entire period.

The above analysis exhibited that, when diminishing returns to scale operates the 
growth rate of TFP decreases and technological progress is also present over the decades.

Growth rates of real inputs, cost and output of rice across season, size and period are 
presented in Table 7.

Table 7  Average annual growth rates of real Inputs,  
Output and Cost of all Selected Manufacturing Industries

Decade
Output

( )Q  

Total Factor 
Inputs  

( )F

Labour
( )L

First 0.1216 0.0199 0.0129 0.0219 0.0846
Second 0.1035 0.3193 0.0195 0.3998 0.1837
Third 0.0800 0.0456 0.0408 0.0253 0.0905
Forth 0.0391 0.0440 0.0397 0.1014 0.1477
Overall 0.0898 0.1123 0.0273 0.1400 0.1249

Source: Author’s own estimation
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The factors, like, labour force, capital showed a positive growth rate in manufacturing 
sector and the growth rate is high for capital. It is further noted that the growth rate of real 
cost of production almost always remained more than the growth rate in output. It all shows 
that there were severe constraints in the production process that prevented them from using 
more inputs.

4. Summary and conclusion

In the short and long run, demand-side and supply-side factors dictate economic growth 
rates, respectively. When demand exceeds supply capacity in the short-run, welfare rises 
briefly. However, such a rise causes a slew of macroeconomic variables to shift, including 
inflation, currency and interest rates, and unemployment. In this case, an economic 
contraction occurs in order to achieve a equilibrium between production capacity and 
demand. As a result, any attempts to accelerate economic growth through only short-term 
demand extensions rather than a major and dependable increase in production capacity 
create a vicious circle in the economy. 

Thus, in turn, a sustainable economic growth structure cannot be achieved since the 
underlying circle does not give an actual increase in the level of welfare and produces a 
loss in economic growth harmony. On the other hand, in order to sustain long-term growth, 
the factors of economic growth should be established.

Modern efforts to explaining the factors of sustainable economic growth are mainly 
addressed in the context of neoclassical and new endogenous growth theories in the 
economics literature. Capital stocks and population expansion are assumed to be the factors 
of economic growth in the neoclassical growth model.

Because endogenous capital stocks and population have diminishing returns to scale, 
their impact on economic growth is reduced when the economy approaches stable balanced 
growth equilibrium over time. Exogenous total factor productivity (TFP), which also 
implies the amount of technical development, is usually regarded as the key determinant 
of economic growth in the long run (Solow, 1956). TFP is the key endogenous factor of 
economic growth, according to endogenous growth theories, because technical change is 
explicitly characterised by own economic dynamics (Lucas, 1988; Romer, 1986). Both 
neoclassical and endogenous growth theories argue that in the long run, sustainable growth 
may be accomplished if growth performance is primarily based on TFP, which is generally 
estimated within the scope of Solow’s growth-accounting technique (1956). This method 
is based on the assumption that the unexplained growth measure is regarded as technical 
development after fixed capital formation and employment are taken into account (Kolsuz 
& Yeldan, 2014). TFP also considers output productivity, human capital, entrepreneurial 
climate, competitiveness, technical development and innovative capabilities, as well as 
company efficiency (Gürsel, 2011).

Larger part of our research investigations on the effect the liberalization on the 
productivity growth of the Indian manufacturing sector has discovered that the total factor 
productivity growth has declined when contrasted with the pre-reform period. One of the 
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key explanations for this falling trend in TFPG is due to the under-utilization of the existing 
capacity. 

Now, the crucial findings from our study can be summarised as follows:
First, from the panel- time series framework, our study shows a long-run cointegrated 

relationship between the input and output variables exists.
Then the TFPG of the concerned industries are estimated through the cointegration 

equation and the results on aggregate manufacturing sector shows a declining trend of 
TFPG over the decades. Therefore, we may that, liberalisation has its negative impact on 
TFP growth of the Indian industrial sector.

Second, Annual average growth rates of real Inputs, Output and Cost of all Selected 
Manufacturing Industries are positive over the decades.

In this regard, the J curve productivity hypothesis as proposed by Virmani (2005) and 
Virmani (2009) is only supported by the Indian Food products & Beverages industry and 
Chemical & Chemical product industry. On the other hand, for the rest of the industries, 
which are taken up in our study, we have failed to established their analytical endeavours. 
One of the main reasons for this contradictory remark may arises from the view that they 
particularly fail to consider the time-series property of the data.
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