Thailand and The World Economy | Vol. 41, No.1, January - April 2023 |1

P-ISSN: 2630-0931

Thailand and The World Economy E-ISSN:2651-0529

Homepage : hittps://www.fci-thaijo.org/index.php/TER

Vol.41, No.1, January - April 2023 Page [1-34]

Trade Liberalization and Industry Level
Productivity in Indian Iron-Steel and Cement

Industries: Evidences from Post-Reform Period

Sanjay Kumar Mangla”
Department of Entrepreneurship Education,
Entrepreneurship Development Institute of India, Ahmedabad, India

Received 14 April 2021, Received in revised form 3 December 2021,
Accepted 13 December 2021, Available online 6 January 2023

Abstract

@he productivity growth has an important linkage with economic growth and
standard of living. It not only increases output but also improves the efficiency level of
firms/industries through better utilization of factors of production, and therefore public
policies aim at improving productivity. This paper focusses on estimating productivity in
iron-steel and cement industries in India and examines the impact of trade liberalization on
productivity. The period of the study is from 1991-92 to 2012-13 which is sub-divided into
two sub-periods; from 1991-92 to 2001-02 and from 2002-03 to 2012-13. Productivity has
been estimated using Malmquist Productivity Index method. The productivity growth in iron-
steel and cement industries are 1.4 percent and negative 0.7 percent respectively during the
entire period of the study. It has been found that productivity growth of iron-steel has declined
in sub period-2 from sub period-1, while that of the cement industry has improved a little
during the same period. As far as the impact of trade liberalization measures on productivity
is concerned, it has been found that declined input-tariff, output-tariff and effective rate of
protection and increase trade openness leads to significant increase in productivity. The paper
also concludes the positive impact of increase in construction growth rate and decline in rate
of interest and inflation rate.
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1.INTRODUCTION

The economic growth of an economy is either driven by higher use of inputs or
improvements in productivity. The economic growth resulted from employing more
inputs is subject to diminishing returns in the long run (Krugman 1994, Young 1995),
while productivity driven growth is emerged from better utilization of available factors
of production. The inputs-driven growth requires a greater number of input units every
time to increase production while productivity driven growth results in higher level of
production with same level of inputs. Therefore, the second one is sustainable in the long
run. Thus, productivity growth has an important linkage with economic growth and
standard of living. It not only increases output but also improves the efficiency level of
firms/industries through better utilization of factors of production. Public policies should
aim at creating a competitive environment, removing hurdles in the availability of
intermediate inputs, creating new markets for the sale of final products, bringing new
advanced technology and capital in the country, making domestic companies
internationally competitive and, above all, they should target to improve productivity.

India’ s economic development model after 1990s is featured by liberalized and
market- oriented development framework. The major market- oriented liberalized
economic policies/reforms undertaken in Indian economy, during the period of 1990s and
thereafter, include (1) industrial reforms in terms of abolition of industrial licensing,
dilution of public sector, free entry to foreign investment and technology, (2) financial
sector reforms in terms of changes related to tax policies, exchange control and
convertibility, banking and credit policy, capital market, interest rate deregulation and
financial repression, structural deregulation, monetary policy and debt markets, and
corporate law and (3) trade liberalization reforms in terms of lowering quantitative and
other restrictions on trade.

Trade liberalization means liberalizing and/ or eliminating the discretionary
controls on international trade and reducing nominal and effective protection provided to
the domestic industry. It includes lowering of various tariff and non- tariff barriers,
opening of economy to international technology import and exposing domestic industry
to the foreign competition. Trade liberalization reforms have provided the domestic
manufacturing companies an easy access to foreign technology, intermediate inputs at
lower prices and created new markets for the sale of manufactured products. In all these
ways, it not only affects the productivity levels of companies/ industries but also
contributes to enhancing rate of economic growth.

Indian iron-steel and cement industries: Iron-steel and cement industries are
considered to be the core of manufacturing sector in any economy and their output plays
amajor role in building a nation’s physical infrastructure and industrial base. The weights
of these two industries together in total industrial production of India has increased to
9.09 at Base 2004-05:100 from 7.12 at Base 1993-94:100 and 6.81 at Base 1980-81:100
[ Handbook of Statistics on Indian Economy (HBSIE), 2013-14]. This shows that the
contribution of these two industries in total industrial production has significantly
increased over the years. The share of these industries has witnessed remarkable increase
in terms of employment, value of output and gross capital formation (GCF) in complete
Indian factory sector during the post-reform period from 1991-92 to 2012-13. “This share
has increased (1) from 6.14 percent in 1991-92 to 6.45 percent in 2012-13 in total
employment, (2) from 11.53 percent in 1991-92 to 12.11 percent in 2011-12 but declined
to 10.89 percent in 2012-13 in total value of output and (3) from 15.67 percent in 1991-
92 to 21.33 percent in 2012-13 in GCF. However, their share in total number of factories
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has declined from 3.46 percent in 1991-92 to 3.34 percent in 2012-13. These two
industries contributed more than 10 percent in total factory sector output and provided
employment to more than 0.80 million people in 2012-13”, [Annual Survey of Industries,
Vol. (1) 1982-83 - 2012-13]. Thus, these two industries occupy a prime place in the
entire manufacturing sector.

Table 1: Primary Performance Indicators and Share in Complete Factory Sector: Iron-
Steel Industry (Factory Sector) in India during the period from 1991-92 to 2012-13

Primary Performance Indicators Share in complete Factory Sector
Total value of Gross Total value of Gross
Year Factories Persons Outout Capital Factories  Persons Outout Capital
Engaged YUt o rmation Engaged utpu Formation
(Numbers) (Rs. Billion) (Percent)
1991-92 3108 416352 275.94 54.86 2.77 5.00 9.22 14.27
1992-93 3388 490150 368.19 58.49 2.84 5.55 9.99 10.36
1993-94 3362 467283 380.23 62.01 2.76 5.29 8.93 18.94
1994-95 3379 454472 453.76 112.04 2.75 4.93 8.76 14.52
1995-96 3519 509971 565.11 85.44 2.61 4.99 8.43 9.43
1996-97 3415 443898 596.27 71.27 2.57 4.65 8.04 7.61
1997-98 3760 464274 748.11 78.63 2.76 4.61 8.95 9.58
1998-99 3703 425433 624.52 140.90 2.81 4.42 7.97 19.52
1999-00 3511 402659 707.35 12.23 2.67 4.93 7.88 1.89
2000-01 3568 379884 685.55 46.82 2.72 4.76 7.40 7.62
2001-02 3523 367066 715.25 41.78 2.74 4.74 7.43 5.66
2002-03 3322 357802 954.22 42.05 2.60 451 8.44 6.57
2003-04 3315 364801  1192.72 102.82 2.57 4.64 9.26 13.86
2004-05 3513 396365  1862.76 101.14 2.58 4.69 11.14 9.19
2005-06 3820 430053  1898.94 221.61 2.73 4.72 9.95 12.92
2006-07 4043 513400  2633.46 237.82 2.79 4.97 10.93 11.93
2007-08 4098 564208  3230.35 65.08 2.80 5.40 11.64 2.48
2008-09 4167 600966  3608.29 451.02 2.68 531 11.03 17.24
2009-10 4575 600029  3969.52 560.13 2.88 5.09 10.63 15.48
2010-11 5771 683351 477554 723.79 2.73 5.38 10.21 16.23
2011-12 5747 714307  6078.46 660.84 2.64 5.32 10.52 16.24
2012-13 6033 679869  5537.53 620.11 2.72 5.25 9.19 17.34
S-
LTRG 2.40 1.90 14.70 11.83 -0.03 0.24 1.10 0.87
CAGR 5.70 4.50 40.30 31.30 - 0.60 2.60 2.10

Note: The value of employment in the year 1999-00 has been imputed using Linear Interpolation method.
Source: Annual Survey of Industries, MOSPI, Various Issues
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Table 2: Primary Performance Indicators and Share in Complete Factory Sector:
Cement Industry (Factory Sector) in India during the period from 1991-92 to 2012-13

Primary Performance Indicators Share in complete Factory Sector
Total value of Gross Total value of Gross
Year Factories  Persons Outout Capital Factories  Persons Outout Capital
Engaged P Formation Engaged P Formation
(Numbers) (Rs. Billion) (percent)
1991-92 779 94741 69.15 5.37 0.69 1.14 2.31 1.40
1992-93 854 105318 73.32 13.30 0.71 1.19 1.99 2.36
1993-94 918 104270 73.66 11.32 0.75 1.18 1.73 3.46
1994-95 915 103421 90.82 18.49 0.74 1.12 1.75 2.40
1995-96 1035 118316 126.72 23.02 0.77 1.16 1.89 2.54
1996-97 1031 118574 163.61 26.66 0.78 1.24 2.21 2.85
1997-98 1034 104901 137.44 2.39 0.76 1.04 1.64 0.29
1998-99 993 105336 165.12 6.78 0.75 1.10 2.11 0.94
1999-00 952 105771 192.80 11.17 0.72 1.29 2.15 1.73
2000-01 916 88190 173.60 11.59 0.70 1.10 1.87 1.89
2001-02 843 86455 190.12 61.87 0.66 1.12 1.98 8.38
2002-03 942 88653 182.29 20.22 0.74 1.12 1.61 3.16
2003-04 884 872535 203.85 13.75 0.68 111 1.58 1.85
2004-05 855 85854 258.57 25.38 0.63 1.02 1.55 2.31
2005-06 896 90116 281.95 28.65 0.64 0.99 1.48 1.67
2006-07 887 97293 409.17 59.98 0.61 0.94 1.70 3.01
2007-08 800 104559 539.67 106.93 0.55 1.00 1.94 4.08
2008-09 970 126930 651.01 163.48 0.62 1.12 1.99 6.25
2009-10 984 118668 661.80 144.42 0.62 1.01 1.77 3.99
2010-11 1372 147898 709.60 129.84 0.65 1.17 1.52 2.91
2011-12 1414 155783 921.10 169.75 0.65 1.16 1.59 4.17
2012-13 1367 155266  1023.13 142.53 0.62 1.20 1.70 3.99
S-
LTRG 1.30 1.27 12.58 15.41 -1.10 -0.38 -1.02 4.44
CAGR 3.00 3.00 33.60 42.60 - — - 10.80

Note: The values of all primary performance indicators in 1998-99 and total persons engaged in 2003-04
have been imputed using Linear Interpolation method.
Source: Annual Survey of Industries, MOSPI, Various Issues

The iron-steel industry accounts for 6.684 percent weightage in the whole
industrial sector of India at Base 2004-05:100. Iron-steel industry presently contributes
about 3 percent to the GDP and provides employment to more than 0.5 million people
(Annual Report 2013-14, Ministry of Steel, Government of India). The semi-log trend
rate of growth (S-LTRG) and compound annual growth rate (CAGR) of index of
industrial production (11P) of steel at Base 2004-05:100 are 7.82 percent and 19.80
percent respectively during the post- reform period from 1991-92 to 2012-13. The
performance of iron-steel industry (factory sector) and its share in complete factory sector
during the post-reform period in terms of number of factories, employment, value of
output and gross capital formation (GCF) is given in Table 1.

e The number of iron-steel factories has increased from 3108 in 1991-92 to 6033 in
2012-13. The S-LTRG and CAGR of the same are 2.40 percent and 5.70 percent
respectively. The share of this industry in total factories has been varying from
2.57 percent to 2.88 percent with negative S-LTRG during the same period.

e The total persons engaged (employment) in iron-steel industry has increased from
0.416 million in 1991-92 to 0.680 million in 2012-13. The S-LTRG and CAGR
of the same are 1.90 percent and 4.50 percent respectively. The share of this
industry in total persons engaged in the complete factory sector has increased
from 5.00 percent in 1991-92 to 5.25 percent in 2012-13 (at S-LTRG and CAGR
of 0.24 percent and 0.60 percent respectively).
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e The value of output of iron-steel industry has increased from Rs. 275.94 billion
in 1991-92 to Rs. 5537.53 billion in 2012-13. The S-LTRG and CAGR of the
same are 14.70 percent and 40.30 percent respectively. The share of this industry
in the value of the output of the complete factory sector has increased from 9.22
percent in 1991-92 to 10.52 percent in 2011-12 but declined to 9.19 percent in
2012-13. The S-LTRG and CAGR of this share are 1.10 percent and 2.60 percent
respectively during the period from 1991-92 to 2012-13.

e The GCF made by iron-steel industry has increased from Rs. 54.86 billion in
1991-92 to Rs. 620.11 billion in 2012-13 (at S-LTRG and CAGR of 11.83 percent
and 31.30 percent respectively). The share of this industry in GCF of the complete
factory sector has increased from 14.27 percent in 1991-92 to 17.34 percent in
2012-13 (at S-LTRG and CAGR of 0.87 percent and 2.10 percent respectively).

Cement is the most essential raw material for any kind of construction activity.
According to the Background Note, Ministry of Commerce and Industry, Government of
India, “Presently, India is the second largest cement producer in the world, next only to
China. India’s share in world’s total cement production is about 6 percent. There are
presently 154 large cement plants with an installed capacity of 230.82 million tonnes.
The industry provides direct employment to 1.35 lakh persons”. The S-LTRG and CAGR
of IIP of cement at Base 2004-05: 100 are 6.10 percent and 15. 10 percent respectively
during the post-reform period from 1991-92 to 2012-13. The performance of cement
industry (factory sector) in India and its share in complete factory sector during the post-
reform period in terms of number of factories, employment, value of output and GCF is
given in Table 2.

e The number of cement factories has increased from 779 in 1991-92 to 1367 in
2012-13. The S-LTRG and CAGR of the same are 1.30 percent and 3.00 percent
respectively. The share of this industry in total factories has been varying from
0.55 percent to 0.78 percent with negative S-LTRG during the same period.

e The total persons engaged in cement industry has increased from 0.095 million in
1991-92 to 0.155 million in 2012-13. The S-LTRG and CAGR of the same are
1.27 percent and 3.00 percent respectively. The share of this industry in total
persons engaged in the complete factory sector has increased from 1.14 percent
in 1991-92 to 1.20 percent in 2012-13 with negative S-LTRG.

e The value of output of cement industry has increased from Rs. 69.15 billion in
1991-92 to Rs. 1023.13 billion in 2012-13. The S-LTRG and CAGR of the same
are 12.58 percent and 33.60 percent respectively. However, the value of the output
of the cement industry has increased, but its share in the value of the output of the
complete factory sector has declined from 2.31 percent to 1.70 percent during the
same period at S-LTRG of -1.02 percent.

e The GCF made by cement industry has increased from Rs. 5.37 billion in 1991-
92 to Rs. 142.53 billion in 2012-13 (at S-LTRG and CAGR of 15.41 percent and
42.60 percent respectively). The share of this industry in GCF of the complete
factory sector has increased from 1.40 percent in 1991-92 to 3.99 percent in 2012-
13 (at S-LTRG and CAGR of 4.44 percent and 10.80 percent respectively).

The Tables 1 and 2 indicate that the share of iron-steel and cement industries in
the complete factory sector has witnessed remarkable increase during the post- reform
period from 1991-92 to 2012-13 in terms of employment, value of output and GCF. The
share of these two industries together in the complete factory sector has increased (1)
from 6.14 percent in 1991-92 to 6.45 percent in 2012-13 in total employment, (2) from
11.53 percent in 1991-92 to 12.11 percent in 2011-12 but declined to 10.89 percent in
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2012-13 in the total value of the output and (3) from 15.67 percent in 1991-92 to 21.33
percent in 2012-13 in GCF. However, their share in total number of factories has declined
from 3.46 percent in 1991-92 to 3.34 percent in 2012-13. These two industries
contributed more than 10 percent in total factory sector output and provided employment
to more than 0.80 million people in 2012-13. Thus, iron-steel and cement industries
occupy a prime place in the entire manufacturing sector. In line with the rationalization
and reduction of tariff rates on various inputs and output items of agriculture and
manufacturing sectors after 1991 economic reforms, tariff rates have also been
considerably rationalized and reduced on inputs and main products of iron-steel and
cement industries. “In iron-steel industry, input-tariffs, output- tariffs and effective rate
of protection (ERP) have declined from 49.12 percent, 94.05 percent and 144.09 percent
in 1991-92 to 3.37 percent, 7.86 percent and 14.39 percent in 2012-13 respectively; and
in cement industry, input- tariffs, output- tariffs and ERP have declined from 26. 96
percent, 77.00 percent and 141.74 percent in 1991-92 to 3.61 percent, 7.20 percent and
10. 18 percent in 2012-13 respectively”, (Authors’ calculations from WITS- Tariff
Database).

Thus, considering the increasing importance and contribution, and substantial
decline in key tariff rates in these two industries, this paper estimates industry level
productivity in these two industries and examines the impact of trade liberalization on
their productivity.

2. REVIEW OF LITERATURE

Estimation of industrial productivity has since long been an issue of prime
importance across the globe. There are mainly two types of productivity viz.; partial
factor productivity (PFP) and total factor productivity (TFP). The earlier measures the
average productivity of a particular input in question, while the latter is a measure of
technical progress and shows the efficiency with which all inputs are used in a production
function. Industrial productivity is generally estimated at either aggregate manufacturing
/industry or firm / plant levels. Several studies pertaining to estimation of industrial
productivity at both the above-mentioned levels have been conducted in India during pre
as well as post reform periods. Since this paper aims at estimating industrial productivity
(total factor productivity, TFP) in the Indian iron-steel and cement industries, important
available studies measuring productivity in iron-steel and cement industries have been
reviewed and summarized as follows in Table 3.
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Table 3: Summarization of Studies Pertaining to Productivity Estimation in Iron-Steel

and Cement Industries conducted in India

Authors Study  Techniques Industry Findings
Period used
Sawhney 1050to  Kendrick Cement TFPG and PFP for capital, labour and
(1967) 1963 Arithmetic industry in materials were estimated at 1.90%,
Index India 1.50%, 7.30%, and 1.2% per annum
on average respectively during the
period of study.
Sinha and 1950to  Kendrick Cement Average annual TFPG and PFP for
Sawhney 1963 Arithmetic industry in capital and labour were 1.70%, 1.91%,
(1970) Index India and 4.70% respectively.
Mahopatra 1949t0  Solow’ Cement Average annual TFPG was 1.8%
(1970) 1964 Growth industry in
Accounting India
Approach
Gupta (1973) 1946to  Kendrick Cement During 1946 to 1965, TFPG and PFP
1965 Arithmetic industry in for both capital and materials were
Index India negative at -1.06%, -0.55%, and -
1.26% per annum on average
respectively.
Mehta (1980)  1953-54  Solow index  Iron-steel and There was some evidence of capital
to in Cobb- cement deepening in the production process
1964-65 Douglas industries in but no clear trend of efficiency
production India improvements. TFPG (semi-log trend)
function was 6.1% per annum in cement
industry while TFPG (semi-log trend)
and PFP for capital and labour were -
6.30%, -22.8% and -5.2% in iron-steel
industry.
Arya (1981) 1956to  Cobb- 15 cement Capital intensity increased at an
1972 Douglas manufacturing  annual average rate of 2.8% for the
production companies in sample of 15 companies. The trend
function India rates of growth had wide variation
across the sample and fall in the range
of 0.8% to 6.8% per annum.
CSO (1981) 1960to  Kendrick Iron-steel and TFPG (compound annual growth rate)
1977 Arithmetic cement and PFP for capital and labour were
Index industries in estimated as 0.07%, -0.81% and
India 0.89% respectively in iron-steel
industry while the same were 1.62%,
1.86% and 1.12% respectively in
cement industry during 1960 to 1977.
Goldar (1986) 1960to  Kbendrick Iron-steel and TFPG and PFP for capital and labour
1970 Arithmetic cement were -1.66%, -3.23% and 0.96% in
Index industries in iron-steel industry while the same for
India cement industry were 0.50%, -0.37%
and 2.66% respectively
Arora (1987) 1973to  Translog Cement TFPG and PFP for capital and labour
1981 index industry in were -1.96%, -1.66% and 2.29% per
India annum respectively.
Ahluwalia 1959-60 Translog Indian iron- TFPG and PFP for capital and labour
(1991) to index steel and are -1.60%, -2.8% and 0.10% for iron-
1984-85 cement steel industry while the same for
industries cement industry are -0.50%, -1.4% and
1.3% respectively.
Kumari (1993) 1971to  Translog Indian iron- TFPG and PFP for capital and labour
1987 index steel industry were -1.2%, -2.54% and -0.74%

respectively.
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Authors Study  Techniques Industry Findings
Period used
Pradhan and 1963to  Translog Indian iron- TFP was -2.09% and 1.71% per
Barik (1998) 1992 index steel and annum in iron-steel and cement
cement industries respectively.
industries
Schumacher 1973-74  Translog, Indian cement  TFPG was -0.03%, 0.16% and -1.66%
and Sathaye to Kendrick sector per annum using Translog, Kendrick
(1999) 1993-94  and Solow and Solow indices respectively during
indices 1973-9. Technical progress was biased
towards the use of capital and energy
while it was labour and material
saving.
Sharma (2007) 1989to  Divisia Cement TFPG declined sharply in cement
2005 Tornquist industry in industry during the period of study.
index India
Mandal and 1989-90 Stochastic Cement TFPG was 5.37% per annum on
Madheswaran  to Frontier industry in average and its main drivers are
(2009) 2006-07  Approach India changes in scale component and
technical progress not technical
efficiency change since it is time
variant in nature.
Ray & Pal 1979-80 Translog Indian iron- Average TFPG in pre-reform period
(2010) to index steel industry (1979-80 to 1991-92) was 0.5650 %
2003-04 and in post reform period (1991-92 to
2003-04) was 0.4761%. Labour and
capital productivity growth rate at an
annual average for the whole period
were 5.81% and 0.80% respectively.
Determinants: export, import,
growing output, tariff, REER, capacity
utilization, trade openness, investment
in fixed machineries.
Ray (2012) 1979-80 Translog Seven selected  Determinants: export-output ratio,
to index manufacturing  import penetration ratio, growth in
2003-04 industries in output, tariff rate, real effective
India with iron-  exchange rate, inflation, terms of
steel and trade, capacity utilization, investment
cement in fixed machinery, and gross make up
Ray (2012a) 1979-80 Translog India’s energy  Average annual TFPG of iron-steel
to index intensive and cement industries were 1.44% and
2003-04 industries with ~ 0.5650% respectively during pre-
iron-steel and reform period (1979-80 to 1991-92)
cement and 1.013% and 0.4761% respectively
during post-reform period (1991-92 to
2003-04).
Mangla (2017) 1991-92 Levinshon Estimates firm-  The firm levels productivity growth in
to Petrin level cement industry in balanced and
2012-13 Method productivity in  unbalanced panels are negative 0.14

cement
industry in
India

per cent and 0.01 per cent respectively.
A significant difference in productivity
growth among large, medium and
small-scale firms was found and
increased trade openness is positively
associated with productivity. Trade
liberalization has led to decline in
input-tariffs, output-tariffs and
effective rate of protection.
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Authors Study  Techniques Industry Findings
Period used
Mangla (2018) 1991-92 Levinshon Estimates total ~ The study found positive productivity
to Petrin factor growth during 1991-1992 to 2012—
2012-13 Method productivity in 2013 but negative productivity growth
Indian iron- during 1991-1992 to 2001-2002 and

steel industry 2002-2003 to 2012-2013.
Productivity growth was only positive
in medium-scale firms, firms
producing ferro-alloys, metal products,
and sponge iron, while steel-producing
firms registered negative productivity
growth, and the productivity of
privately managed/owned firms
increased, while the productivity of
government-owned firms and joint
ventures declined.

Source: Author’s review of the above-mentioned studies

3. OBJECTIVES

Below are the detailed objectives of this paper:

1. To estimate industry level productivity (TFP) in iron-steel and cement industries
in India during the period from 1991-92 to 2012-13. The productivity growth
rates have been calculated in three periods viz.; Period-1 (1991-92 to 2001-02),
Period-2 (2002-03 to 2012-13) and Period-3 (1991-92 to 2012-13).

2. Toexamine the impact of trade liberalization (measured as decline in input-tariffs,
output-tariffs, ERP and increase in trade openness) and other macroeconomic
variables viz.; real effective exchange rate (REER), interest rate, inflation rate
and construction sector growth rate (CSGR) on industry level productivity in iron-
steel and cement industries in India during the period from 1991-92 to 2012-13.

4. DATA MEASUREMENT AND METHODOLOGY
SPECIFICATION

4.1 Definition of industries

This paper has used National Industrial Classification (NIC) codes to define iron-
steel and cement industries in India; NIC-1970, NIC-1987, NIC-1998, NIC-2004 and
NIC-2008 classification. For iron-steel industry, 3-digit data has been used while for
cement industry, 3-digit data during the period from 1982-83 to 1997-98 and 4-digit data
during the period from 1997-98 to 2012-13 has been used. NIC classifications have
frequently changed during the period from 1991-92 to 2012- 13, therefore, a proper
mapping has been done among various NICs, and concordance has been prepared to
maintain the uniformity of data used in both the industries. Here, iron-steel and cement
industries comprise manufacture of basic iron & steel and manufacture of cement, lime
& plaster respectively.

4.2 Construction of Input-Output Variables

This paper has used five inputs viz. labour, capital, energy, raw materials, and
services (LKERMS) model for estimating productivity. The data has been taken from
Annual Survey of Industries (ASI), Volume 1 from 1982-83 to 2012-13. The following
methodology has been adopted to construct output-input variables:
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Output: This paper has used gross output as a measure for the output and the
value of the output as reported in various issues of ASI, published by Central Statistical
Office, Government of India.

Labour: Labour represents the number of people working directly or indirectly
in any industry or firm. Various studies pertaining to productivity estimation in Indian
manufacturing (Goldar & Kumari 2003, Ray 2012b, 2012a, Goldar, Pradhan & Sharma
2013) have used total persons engaged as a measure of labour input. This paper has used
total emoluments paid to total persons engaged as reported in various issues of ASI as a
measure of labour input. In order to make labour input comparable with series of output
and other inputs, total emoluments representing the expenses on account labour input has
been deflated with index of labour price (base 2004-05=100). Price of labour has been
obtained by dividing total emoluments by total persons engaged (Hashim, Kumar &
Virmani, 2009) in both iron-steel and cement industries separately.

Capital: This paper considers stock of capital rather than the service of capital as
a measurement of capital input. Here, net fixed capital stock (NFCS) at constant price
( Base 2004-05) has been constructed as a proxy for capital input for estimating
productivity at industry level in both the iron-steel and cement industries using the
standard perpetual inventory methods (PIM) as follows:

K jt:K jt—l_5(K jt—l) +1 it
K= (1-8)K i+,

Here, K, is the level of capital stock at timet, ¢ is annual rate of depreciation, 1,
is the real investment at timet and jrepresents industry. Rate of depreciation has been

taken as constant 5 percent throughout since (1) the life of machinery is assumed to be
20 years as noted in the Report of Census of Machine Tools, 1986, Central Machine Tools
Institute, Bangalore and (2) the same is taken in recent studies such as Unel (2003) and
Goldar et al. (2013) etc.

Energy: Fuels consumed as reported in various issues of ASI has been taken as a
measure of energy input. In order to make energy input series comparable to other inputs,
it has been deflated with weighted WPI (Base year 2004-05) of energy input where
weights have been obtained from I-O-TM 2004-05 of India.

Raw Materials: ‘Materials consumed’ as reported in various issues of ASI has
been taken as a measure of raw materials input. In order to make raw materials series
comparable to other inputs, it has been deflated with weighted WPI (Base year 2004-05)
of raw materials input where weights have been obtained from I-O-TM 2004-05 of India.

Services: ASI does not provide a separate data series on services as an input used
in the manufacturing process. It provides a data series on total inputs. Banga and Goldar
(2004) and Hashim et al. (2009) have suggested an alternative measure to obtain the
services input series as subtracting materials and fuels consumed from total input.
Considering the ASI definition of total input and following Banga and Goldar (2004) and
Hashim et al. (2009), services input has been obtained by subtracting the value of
materials/raw materials and fuels/power and fuels consumed from total input/total
expenses as reported in various issues of ASI. In order to make services input comparable
with other inputs, it has been deflated with price index ( Base year 2004-05) of services
inputs where weights have been obtained from 1-O-TM 2004-05 of India. Therefore,
since WPI series for services are not available in India, price deflators for services cannot
be constructed. In order to resolve this problem, implicit price deflators for major items
of services have been constructed using the service sector gross domestic product (GDP)
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series at factor cost constant price (Base Year: 2004-05) and current price as obtained
from Central Statistical Office, Government of India as follows:

Service Sector GDP Deflator = /Nominal Service Sector GDP / Real Service Sector
GDPJ *100

Notes on, Item included in Inputs, their WPI and Price Deflator:

1. Items included in capital, raw materials, energy and services inputs cover 99.99%
and 99.97% share of total inputs in iron-steel and cement respectively as derived
from 1-O-TM 2004-05 of India.

2. WPI has been calculated at Base Year 2004-05:100 through splicing of WP1 Base
Year 1981-82:100 and 1993-94:100. Weighted WPI of all the items output and
all inputs have been constructed to deflated the series.

3. Commodities which have been included in each item of output and inputs WPI
for both iron-steel and cement industries have been taken as specified in I-O-TM,
National Accounts Statistics-Sources and Methods, 2007.

4. Output and Inputs series have been deflated on Base Year 2004-05:100 using the
following formula:

WPI at 2004 - 05

Current Year WPI

Deflated Output and Inputs Series = Current Year Value x

4.3 Research Model for Estimating Productivity

This paper has used Malmquist Productivity Index (MPI) method to estimate
productivity as:

1. MPI decomposes productivity changes into technical efficiency change and
technological change. Thus, it also identifies sources of productivity growth. If
the panel data is available, it allows the decomposition of productivity changes
(TFPCH) into two components; first, technical change index (TECHCH) and
second, the technical efficiency change index (EFFCH). Technical efficiency
changes can be further decomposed into pure technical efficiency change
(PEEFCH) and scale technical efficiency change (SCH) using DEA framework
of Fare et al. (1994).

2. It requires data on input and output quantities only and does not require
information on their prices to determine appropriate weights which is necessary
with either econometric or index number approaches (Lambert & Parker, 1998).

3. It does not require pre-specified optimizing criterion i.e., profit maximization or
cost minimization.

4. It reveals the best practice frontier rather central tendency properties of frontier.
MPI was originally propounded by Swedish statistician Malmquist in 1953 using

Data Envelopment Analysis (DEA). The application of DEA based MPI in panel data
was initially introduced by Caves, Christensen and Diewert in 1982. MPI can be
constructed in either output or input-oriented distance functions. “The earlier considers a
maximal proportional expansion of the output vector given an input vector while the later
characterizes the production technology by looking at a minimal proportional contraction
of the input vector given an output vector” (Arora, 2013).

This paper has applied output-oriented MPI because (1) iron-steel and cement
industries more likely aim at increasing their output given input quantities, rather than
decreasing input quantities employed to produce a given output level and (2) most of the
industries too aim at maximizing output in the form of revenue or profit (Jajri 2007,
Manjappa & Manjesha 2008, Ray 1997, Ray 2012, Deb 2011, Sehgal & Sharma, 2011).

This paper has used standard procedure for calculating Malmquist based
productivity index using DEAP 2.1 software prepared by Coelli (1996). Since MPI
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provides change index (technical efficiency change, technological change and TFP
change) in period t+21over periodt, therefore, in order to assess the impact of trade
liberalization and other factors on productivity, TFPCH index has been converted into
total factor productivity index ( TFPI) taking 1991-92=100 (which is finally converted
into Base 2004- 05= 100 which is the base year for the entire study) as:

TFPI, = (TFPCH , ~) +TFPI

4.3.1 Malmquist Productivity Index Method

Productive efficiency of a firm or DMU (decision making unit) takes place when
it combines inputs in such a way that they produce a given level of output at the lowest
possible cost. The modern concept of efficiency measurement originates with the seminal
work of Farrell (1957). He proposed two components of firm’s efficiency: (1) technical
efficiency, which measures the firm’s ability to obtain maximum output from a given set
of inputs and (2) price efficiency, which shows the ability of a firm to employ inputs in
optimum proportions, given their prices. The combination of these two measures
provides a measure of total overall efficiency. In most literature, the terms allocative
efficiency and economic efficiency have been used instead of price efficiency and overall
efficiency respectively (Coelli, 1996). DEA, propounded by Charnes, Cooper and Rhodes
(1978), is a linear programming based non- parametric approach that measures
productivity through frontier estimation. In case of panel data, DEA based MPI has been
widely used to measure productivity change and its decomposition into technical change
and technical efficiency change.

The present study has used MPI to measure industry level TFPG in both iron-steel
and cement industries in India.

Suppose n inputs are used to produce m outputs, then, xe R! and ye R

denote input vector and output vector respectively. In the present study, nstands for
[labour, capital, raw materials, energy and service] inputs and m stands for gross output
for both iron-steel and cement industries. The set of production possibilities at time t can
be written as:

L' = {(xt, y")| x' can produce yt} QD

Fare, Grosskopf and Lovell (1994) followed Shephard (1970) to define the output
distance function at time as:

DE(x',y') =inf {0 (x',y 16) e L'}=(supfo|(x',0 y) e L'})" 2)

The subscript o denotes output-based distance function. Note that D (x',y') <1
if and only if (x',y')e L', and D}(x',y") =1, ifand only if (x',y') is on the frontier of
the technology. Farrell (1957) stated that in the earlier case, firm/industry is technically
inefficient, and in the later case, technically efficient. Thus, following Farrell (1957),
iron-steel and cement industries in India are considered technically efficient if their
output distance function equals to one, and value less than one signify the presence of
technical inefficiency.

Fare at el. (1994) defined following distance functions with respect to time
periods in order to construct MPI:
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D; (XHl, yt+l) — |nf {0| (Xt+l’ yt+1/9) c Lt} (3)
D(x, y') =inf {0] (X, y'16) e L'} (4)

The distance function shown in equation (3) measures the maximal proportional
change in output required to make (x'**, y***) feasible in relation to technology at time t
. Similarly, the distance function in (4) measures the maximal proportional change in
output required to make (x', y") feasible in relation to technology at time t +1.

The change in TFP as measured by MPI, between periods t and t+1, can be
defined as:
t+l, yt+1, Xt, yt) — D(; (XHl’ yHl)

D, (x',y")

o ) ) Dt+l t+l, t+1
Similarly, using period t+1 technology: M ™ (x™*, y**,x', y") =%

Using period t technology: M (x (5)

(6)

In order to avoid the choice of MPI in an arbitrary period, Fare et al. (1994)
defined the output-oriented TFPCH (Malmquist Total Factor Productivity Change Index)
as the geometric mean of equations (5) and (6) as:

1

TEPCH = M (x vt yt vy Do Oy ™) D¢yt Do(xt,yY) |2
= O(X Y ’X’y)_ trot ot t+l f t+41 141 t+l st o, t
D,(x',y') | D7 (x™,y™) Dy (X, y)

(1)

The ratio outside the brackets on R.H.S. of equation (7) measures the changes in
technical efficiency (EFFCH) between the two periods tandt +1as a catching-up to the
frontier effect. While the geometric mean of the two ratios inside the brackets measures
the change in production technology i.e., technological change (TECHCH) between the
two periods tandt +1; usually referred as a shift in production frontier and known as
technological progress. The catching up effects measures the distance that a firm has from
the frontier by capturing extent of diffusion of technology or knowledge of technology
use. On the other hand, frontier effect measures the movement of frontier between two
periods with regards to rate of technology adoption. Thus:

D;+l(xt+l’ yt+l)
D, (x',y")
1
D; (Xt+1’ yt+l) D; (Xt ’ yt) 2
Dt+l(Xt+l yt+l) Dt+l(Xt yt)

Technical Efficiency Change (EFFCH) = (8)

Technological Change (TECHCH) = 9)

The positive value of M in equation (7) reflects a positive TFPG between two
consecutive years. Similarly, in any component of M, shown in equation (8) and (9), a

value greater than one shows positive TFPG and a value less than one indicates negative
TFPG from period t to period t+1. Positive growth shows an improvement and negative
growth shows deteriorations in performance over the periods.

In order to calculate TFPCH for industry j(iron-steel and cement) between
period tandt +1, as specified in equation (7), the four different distance functions that

make the MPI, i.e. D}(x™, y'), Di*(x ™, y"™), D (x**, y**)and DI (x, y'"),
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are calculated using linear programming approach. Thus, four linear programming
problems to estimate above four distance functions can be stated as:

D(t)+k (Xj,t+k’ yj,t+k)—l = max 0] (10)

Subject to
ejyr::],tJrk Sizj,tJrhyj,IJrh’ m=1,....,M;

m
j=1
J
j,t+hy, j.t+h jt+k .
DI < x I n=1....,N;
j=1

2" >0, k=1...,K.

Where (h,k) = (0,0) for solving [D}(x™, y")]™;
(h,k) = (1,2) for solving [DL™(x"**, y ™I ™
(h,k) = (0,1) for solving [D} (x"**, y**)]™; and
(h,k) = (1,0) for solving [DS™(x**, y)]™

In the above four linear programming problems, z'*is and intensity variable
which indicates the intensity at which a particular industry is employed in constructing
the frontier of technology set. Here, non- parametric technology applied assuming
constant returns to scale (CRS) and strong disposability of inputs and outputs. In the
above linear programming formulation, @ is the efficiency score taking value between 0
and 1. Thus, EFFCH can be decomposed into pure technical efficiency change (PECH)
and scale efficiency change (SECH) by estimating distance functions as specified in

equation (10) along with the restriction >z, =1 as:

D(t)+1(xt+l, yt+l /VRS) y S(t)+1(xt+1’ yt+1)

EFFCH = t t t t t t
D,(x,y /VRS) S,(x,y)

(1)

The first ratio on R.H.S. of equation (11) estimates the change in PECH between
the two periods t and t-+1 which measures the improvement in managerial efficiency.
The second ratio measures the change SECH between the two periods tandt +1 which
shows improvement in the scale inefficiencies arising from operating at a super-optimal
(decreasing returns) or at a sub-optimal (increasing returns) scale. The productivity of all
inputs taken together is maximised when operation takes place at CRS (Cooper, Seiford
& Tone, 2007). Thus:

D(t)+1(xt+l, yt+l /VRS)
D! (x',y' /VRS)

t+1 t+1 t+1
Scale Efficiency Change (SECH) = w
S,(x,y)

Pure Technical Efficiency Change (PECH) = (12)

(13)

Here, it should be noted that decomposition of EFFCH shown in equation (11) is
based on CRS and Variable Returns to Scale (VRS) technology. The EFFCH may
confound both PECH and SECH in the absence of CRS assumption. SECH is measured
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as the ratio of two output-oriented distance functions i.e. relative to VRS technology and
relative to CSR technology. The SECH in period t can be specified as:

D (x',y' /CRS)
Di(x',y' /VRS)

S.(x',y") = (14

The values of PECH and SECH greater than 1 show improvement in pure
technical efficiency and scale efficiency respectively, and vice-versa.
The MPI based technological growth rate (TECHG) and TFPG of industry j in time t

can be estimated as:

TECHG (percent) = (TECHCH ; —1)x100 (15)
TFPG;, (percent) = (TFPCH ; —1)x100 (16)

Since MPI provides change index (technical efficiency change, technological
change and TFP change) in period t +1 over period t, therefore, in order to assess the
impact of trade liberalization and other factors on productivity, TFPCH index has been
converted into total factor productivity index ( TFPI) taking 1991-92=100 (which is
finally converted into Base 2004-05=100 which is the base year for the entire study) as
follows:

TFPl, = (TFPCH , -1 +TFPI , (17)

Note: Equation (17) gives consistent results for TFPG as defined in equation (16).
Similarly, TECH index has also been constructed for decomposing the TFPG. In the
present study, MPI has been constructed using DEAP 2.1 software prepared by Coelli
(1996).

4.4 Determinants of Productivity

This paper also examines the impact of trade liberalization and other
macroeconomic variables on productivity of iron-steel and cement industries. Prior to
economic liberalization, India had imposed very high tariff rates on inputs as well as
output of iron-steel and cement industries but since then they have been reduced in a
phased manner. This paper has used weighted (trade based) effectively applied tariff
(EAT) as a measure of trade liberalization in Indian iron-steel and cement industries.
EAT is defined as the lowest available tariff and uses preferential tariff if exists otherwise
Most Favoured Nation applied tariff. The dataset on tariff rates has been obtained from
World Integrated Trade Solution (WITS)-TRAINS database. Here, trade liberalization
has been measured in terms of reduction in tariff rates i.e., input-tariffs, output-tariffs and
effective rate of protection (ERP) for both iron-steel and cement industries separately and
increase in trade openness.

India’s weighted tariff rates of important intermediate inputs for world (trade
based weighted effectively applied tariff) have been prepared on Harmonised System
(HS) nomenclature as a measure of input-tariff. The simple average of trade based
weighted effectively applied tariff of main output products of both iron-steel and cement
industries separately has been taken as a measure output-tariff. ERP captures the net
effect of lowering tariffs on output and intermediate inputs. ERP has been calculated
following Corden (1966) which has been adopted by Topalova and Khandelwal (2011).
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OUTPUTTARI FFS , — INPUTTARIF FS
ERP, = ) !

! 1_25aj5

Here, a is the share of input s in output of industry j, outputtariff , and

input tari ff; are the output and input tariff of industry jin timet.

Trade openness is calculated as the ratio of non-oil export plus import to GDP at
Factor Cost (Constant Price 2004-05=100). Real Effective Exchange Rate (REER ) has
been taken as a measure of exchange rate. REER is an index based on thirty-six country
bilateral trade weights. The data series on REER (Base 2004-05=100) has been taken
from Handbook of Statistics on Indian Economy (HBSIE), 2013-14. The REER indices
are based on wholesale prices. Interest Rate (IR ) is calculated as the average of lending
rate range provided by HBSIE, 2013-14. Inflation Rate ( INFL ) has been constructed as
the rate of change in wholesale price index (WPI), Base 2004-05=100, of manufactured
products taken from HBSIE, 2013-14. Construction Sector Growth Rate ( CSGR) has
been measured as the rate of change in gross domestic product of the construction at
constant price of 2004-05=100 at factor cost taken from HBSIE, 2013-14.

The following function has been considered to examine the impact of above-
mentioned determinants on productivity:

TFPL = f (X1, & B) (18)

Here, TFP1;, is (18) total factor productivity index of industry j (i.e., iron-steel
and cement industry), X, is the vector of determinants (liberalization measures, INFL

and CSGR) and g is the vectors of the parameters to be estimated. The vector of X

includes input-tariffs, output-tariffs, ERP, trade-openness, REER, IR, INFL and CSGR.
The specified equation for measuring the impact of above- mentioned determinants is as
follows:

TFPI, = Bo + Bxj + W)t (19)

Here, TFPI; is the Malmquist total factor productivity index of industry j in

year t, X, is the vector of determinants, g is the parameter to be estimated and 4 is

the error term. The equation (19), for iron-steel and cement industries separately, has
been estimated using Ordinary Least Square (OLS) method while it, for iron-steel and
cement industries together in a panel data (balanced) set, has been estimated using
pooled-OLS/Fixed Effects regression methods.

Further, equation (19) has been estimated for a total of 13 Models. In each case,
Model (1) to (8) presents the impact of each determinant on productivity when regressed
separately, Model (9) to (11) presents the impact of trade-openness when regressed with
input-tariffs, output-tariffs and ERP on productivity, Model (12) presents the impact of
trade liberalization measures i.e. input-tariffs, output-tariffs, ERP and trade-openness on
productivity when regressed together and Model ( 13) presents the impact of all
determinants on productivity when regressed together.
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Model-1: TFPI;, = B, + Byinputtariffsj; + uj
Model-2: TFPI;, = B, + Byoutputtarif fsj: + uj
Model-3: TFPI;; = By + B1ERP; + ¢
Model-4: TFPI;, = B, + Bytrdopenness, + i
Model-5: TFPI;; = By + B1REER; + uj;
Model-6: TFPI;; = Bo + B1IR; + uj¢
Model-7: TFPI;, = o + B1INFL; + pj;
Model-8: TFPI;; = By + f1CSGR: + pj¢
Mode-9: TFPI;; = B, + Biinputtarif fs;, + ptrdopenness, + i
Model-10: TFPI;, = B, + Byoutputtarif f'sj; + f,trdopenness; + uj,
Model-11: TFPI;; = By + B1ERP;; + Bytrdopenness, + uj;
Model-12:
TFPl; = By + Biinputtarif fsj. + Broutputtarif fs;; + f3ERP;;
+ Bstrdopenness, + p;j¢
Model-13:
TFPly; = By + Byinputtarif fs;, + Booutputtarif fs;. + B3sERP;;
+ Bytrdopenness;
+ BsREER, + Be¢IR; + B7INFL; + fgCSGR; + ¢

5. PRODUCTIVITY TRENDS

TFP has been estimated using Malmquist Productivity Index (MPI). The MPI not
only provides the estimates of TFP but it also decomposes TFP into efficiency change
and technological change. Thus, it provides sources of TFP growth. According to MPI,
TFP can increase not only due to technical progress i.e., shift in production frontier but
also due to improvements in technical efficiency. The technical efficiency (EFFCH) is
also known as catching up effects and measures the distance from the frontier by
capturing extent of diffusion of technology or knowledge of technology use. The
technological change (TECHCH) is usually referred to as a shift in the production frontier
and is known as technological progress, thus called “the frontier effect’. TECHCH
measures the movement of the frontier between two time periods with regards to the rate
of technology adoption. Further, MPI decomposes EFFCH into (1) pure technical
efficiency change (PECH) which measures the improvement in managerial efficiency
and (2) scale efficiency change (SECH) which measures the improvement in scale
inefficiencies arising from operating at a super-optimal (decreasing returns) or at a sub-
optimal (increasing returns) scale.

The MPI does not assume all firms/ industries/ sectors to be efficient. Thus, there
can be some firms/ industries/ sectors which may not perform efficiently or a single firm/
industry/ sector may/may not perform efficiently in one or more years. Any change index
i.e., EFFCH, TECHCH, PECH, SECH and total factor productivity change (TFPCH)
having value one or more indicates that the firm/industry/sector is performing efficiently
while value less than one indicates the inefficient operation.

5.1 Productivity Trends in Iron-Steel Industry

The year-wise Malmquist Productivity change index of TFP and its component
in iron-steel industry in India during the period from 1991-92 to 2012-13 is given in table
5.9. The table reveals that the value of EFFCH is one in all the years indicating that the
industry has operated efficiently in terms of technical efficiency or catching up effects.
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Further, value of PECH and SECH are also one in all the years meaning that industry is
efficient in terms of pure technical/ managerial efficiency and scale efficiency. However,
the industry’ s performance on technological change has varied over the years and,
therefore, the change in TFP is attributed to technological change only.

Table 4: Year-wise Malmquist Productivity Change Index of TFP and its Components:
Iron-Steel Industry in India during the period from 1991-92 to 2012-13

YEAR EFFCH TECHCH PECH SECH TFPCH
1991-92 --- --- --- --- ---
1992-93 1.000 1.124 1.000 1.000 1.124
1993-94 1.000 0.953 1.000 1.000 0.953
1994-95 1.000 1.112 1.000 1.000 1.112
1995-96 1.000 1.026 1.000 1.000 1.026
1996-97 1.000 0.835 1.000 1.000 0.835
1997-98 1.000 1.134 1.000 1.000 1.134
1998-99 1.000 0.845 1.000 1.000 0.845
1999-00 1.000 1.543 1.000 1.000 1.543
2000-01 1.000 0.811 1.000 1.000 0.811
2001-02 1.000 1.160 1.000 1.000 1.160
2002-03 1.000 1.150 1.000 1.000 1.150
2003-04 1.000 0.818 1.000 1.000 0.818
2004-05 1.000 1.042 1.000 1.000 1.042
2005-06 1.000 0.848 1.000 1.000 0.848
2006-07 1.000 1.072 1.000 1.000 1.072
2007-08 1.000 1.582 1.000 1.000 1.582
2008-09 1.000 0.585 1.000 1.000 0.585
2009-10 1.000 1.142 1.000 1.000 1.142
2010-11 1.000 0.900 1.000 1.000 0.900
2011-12 1.000 1.241 1.000 1.000 1.241
2012-13 1.000 0.903 1.000 1.000 0.903

Source: Author’s own estimates
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Table 5: Malmquist Technological and TFP Index (Base 2004-05: 100) and their YoY
Growth Rate: Iron-Steel Industry in India during the period from 1991-92 to 2012-13

YEAR TECHI TFPI TECHG TFPG
1991-92 99.450 99.450 --- ---
1992-93 99.573 99.573 12.400 12.400
1993-94 99.527 99.527 -4.700 -4.700
1994-95 99.638 99.638 11.200 11.200
1995-96 99.664 99.664 2.600 2.600
1996-97 99.500 99.500 -16.500 -16.500
1997-98 99.633 99.633 13.400 13.400
1998-99 99.479 99.479 -15.500 -15.500
1999-00 100.019 100.019 54.300 54.300
2000-01 99.831 99.831 -18.900 -18.900
2001-02 99.990 99.990 16.000 16.000
2002-03 100.139 100.139 15.000 15.000
2003-04 99.958 99.958 -18.200 -18.200
2004-05 100 100 4.200 4.200
2005-06 99.849 99.849 -15.200 -15.200
2006-07 99.920 99.920 7.200 7.200
2007-08 100.499 100.499 58.200 58.200
2008-09 100.087 100.087 -41.500 -41.500
2009-10 100.228 100.228 14.200 14.200
2010-11 100.128 100.128 -10.000 -10.000
2011-12 100.368 100.368 24.100 24.100
2012-13 100.271 100.271 -9.700 -9.700

Source: Author’s own estimates

The Tables 4 and 5 show that TECHCH index and, thereby, TFPCH index is
less than one in 1993-94, 1996-97, 1998-99, 2000-01, 2003-04, 2005-06, 2008-09, 2010-
11 and 2012-13 meaning that iron-steel industry has not performed efficiently and TFP
growth is negative in these years. While TFPCH is more than one in 1992-93, 1994-95,
1995-96, 1997-98, 1999-00, 2001-02, 2002-03, 2004-05, 2006-07, 2007-08, 2009- 10
and 2011-12 indicating the efficient operation and positive TFP growth of the industry in
these years. The important observation is that as the value of EFFCH is one in all the
years, therefore, the source of TFP is technological change i.e., the technology adoption.
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Figure 1: Inter-temporal Analysis of Industry Level TFP Growth Rate: Iron-Steel
Industry in India during the period from 1992-93 to 2012-13

Inter-Temporal Analysis-Industry Level TFP Growth Rate
Iron-Steel Industry in India (1992-93 to 2012-13)
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The inter-temporal analysis of industry level TFP growth rate in iron- steel

industry in India during the post-reform period from 1992-93 to 2012-13 has been shown
in Figure 1. The inter-temporal analysis depicts highly fluctuating trends in TFP growth.
The highest TFP growth rate has been observed in 2007-08 (58.20 percent) and 1999-00
(54.30 percent) and the lowest in 2008-09 (-41.50 percent).

Table

6: Period-wise Malmquist Productivity Change Index and Growth Rate of TFP
and its Components: Iron-Steel Industry in India during the period
from 1991-92 to 2012-13

Period-1 Period-2
1991-92 to 2001-02  2002-03 to 2012-13

Period-3
1991-92 to 2012-13

Productivity Change Index

EFFCH 1.000 1.000 1.000
TECHCH 1.036 0.981 1.014
PECH 1.000 1.000 1.000
SECH 1.000 1.000 1.000
TFPCH 1.036 0.981 1.014
Productivity Growth Rate (percent)

EFF 0.000 0.000 0.000
TECH 3.600 -1.900 1.400
PE 0.000 0.000 0.000
SE 0.000 0.000 0.000
TFP 3.600 -1.900 1.400

Source: Author’s own estimates

during
Period-

The period-wise industry level TFP growth rate in iron-steel industry in India
the post-reform period is given in Table 6. The TFP growth rate in Period-1,
2 and Period-3 is 3.60 percent, -1.90 percent and 1.40 percent per annum

respectively. This shows that TFP growth rate is positive during the entire period of the
study from 1991-92 to 2012-13 which has been driven by growth in Period-1 as it has



Thailand and The World Economy | Vol. 41, No.1, January - April 2023 |21

decreased and become negative in Period-2. One of the prominent reasons for negative
TFP growth in Period-2 could be global financial crisis of 2008 which led to a decrease
in global output, and iron-steel industry is one of the highly used inputs directly or
indirectly for producing goods and services. The source of TFP growth in iron-steel
industry is growth in technology adoption as the growth of technical efficiency is zero.
Thus, the important observation is that TFP growth rate in iron-steel industry has declined
during the second decade of trade and other economic reforms.

5.2 Productivity Trends in Cement Industry

TFP in cement industry in India during the post-reform period from 1991-92 to
2012-13 has been estimated using Malmaquist Productivity Index (MPI). The year-wise
Malmquist Productivity change index of TFP and its component in cement industry in
India during the post-reform is given in Table 7. The table reveals that the value of
EFFCH is one in all the years indicating that the industry has operated efficiently in terms
of technical efficiency or catching up effects. Further, the value of PECH and SECH are
also one in all the years meaning that industry is efficient in term of pure technical/
managerial efficiency and scale efficiency.

However, the industry’s performance on technological change has varied over the
years and, therefore, the change in TFP is attributed to technological change only. The
Tables 7 and 8 show that TECHCH index and, thereby, TFPCH index is less than one
in 1992-93, 1993-94, 1995-96, 1997-98, 2000-01, 2001-02, 2005-06, 2006-07, 2007-08,
2008- 09, 2010-11 and 2012- 13 meaning that cement industry has not performed
efficiently and TFP growth is negative in these years. While TFPCH is more than one in
1994-95, 1996-97, 1998-99, 1999-00, 2002-03, 2003-04, 2004-05, 2009-10 and 2011-12
indicating the efficient operation and positive TFP growth of the industry in these years.
The important observation is that as the value of EFFCH is one in all the years, therefore
the source of TFP is technological change i.e., the technology adoption.

Table 7: Year-wise Malmquist Productivity Change Index of TFP and its Components:
Cement Industry in India during the period from 1991-92 to 2012-13

YEAR EFFCH TECHCH PECH SECH TFPCH
1991-92 --- --- --- --- ---
1992-93 1.000 0.788 1.000 1.000 0.788
1993-94 1.000 0.953 1.000 1.000 0.953
1994-95 1.000 1.152 1.000 1.000 1.152
1995-96 1.000 0.992 1.000 1.000 0.992
1996-97 1.000 1.121 1.000 1.000 1.121
1997-98 1.000 0.867 1.000 1.000 0.867
1998-99 1.000 1.024 1.000 1.000 1.024
1999-00 1.000 1.225 1.000 1.000 1.225
2000-01 1.000 0.975 1.000 1.000 0.975
2001-02 1.000 0.880 1.000 1.000 0.880
2002-03 1.000 1.040 1.000 1.000 1.040
2003-04 1.000 1.046 1.000 1.000 1.046
2004-05 1.000 1.041 1.000 1.000 1.041
2005-06 1.000 0.978 1.000 1.000 0.978
2006-07 1.000 0.943 1.000 1.000 0.943
2007-08 1.000 0.944 1.000 1.000 0.944
2008-09 1.000 0.920 1.000 1.000 0.920

2009-10 1.000 1.060 1.000 1.000 1.060
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YEAR EFFCH TECHCH PECH SECH TFPCH
2010-11 1.000 0.954 1.000 1.000 0.954
2011-12 1.000 1.079 1.000 1.000 1.079
2012-13 1.000 0.977 1.000 1.000 0.977

Source: Author’s own estimates

Table 8: Malmquist Technological and TFP Index (Base 2004-05: 100) and their YoY
Growth Rate: Cement Industry in India during the period from 1991-92 to 2012-13

YEAR TECHI TFPI TECHG TFPG
1991-92 99.896 99.896 --- ---
1992-93 99.684 99.684 -21.200 -21.200
1993-94 99.637 99.637 -4.700 -4.700
1994-95 99.789 99.789 15.200 15.200
1995-96 99.781 99.781 -0.800 -0.800
1996-97 99.902 99.902 12.100 12.100
1997-98 99.769 99.769 -13.300 -13.300
1998-99 99.793 99.793 2.400 2.400
1999-00 100.018 100.018 22.500 22.500
2000-01 99.993 99.993 -2.500 -2.500
2001-02 99.873 99.873 -12.000 -12.000
2002-03 99.913 99.913 4.000 4.000
2003-04 99.959 99.959 4.600 4.600
2004-05 100 100 4.100 4.100
2005-06 99.978 99.978 -2.200 -2.200
2006-07 99.921 99.921 -5.700 -5.700
2007-08 99.865 99.865 -5.600 -5.600
2008-09 99.785 99.785 -8.000 -8.000
2009-10 99.845 99.845 6.000 6.000
2010-11 99.799 99.799 -4.600 -4.600
2011-12 99.878 99.878 7.900 7.900
2012-13 99.855 99.855 -2.300 -2.300

Source: Author’s own estimates

The inter-temporal analysis of industry level TFP growth rate in cement industry
in India during the post-reform period from 1992-93 to 2012-13 has been shown in Figure
2. The inter-temporal analysis depicts highly fluctuating trends in TFP growth. The
highest TFP growth rate has been observed in 1999-00 (22.50 percent) and the lowest in
1992-93 (-21.20 percent).
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Figure 2: Inter-temporal Analysis of Industry Level TFP Growth Rate: Cement Industry
in India during the period from 1992-93 to 2012-13

Inter-Temporal Analysis-Industry Level TFP Growth Rate
Cement Industry in India (1992-93 to 2012-13)
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Table 9: Period-wise Malmquist Productivity Change Index and Growth Rate of TFP
and its Components: Cement Industry in India during the period from 1991-92 to 2012-13

Period-1 Period-2 Period-3
1991-92 to 2001-02  2002-03 to 2012-13  1991-92 to 2012-13
Productivity Change Index

EFFCH 1.000 1.000 1.000
TECHCH 0.989 0.993 0.993
PECH 1.000 1.000 1.000
SECH 1.000 1.000 1.000
TFPCH 0.989 0.993 0.993
Productivity Growth Rate (percent)

EFF 0.000 0.000 0.000
TECH -1.100 -0.700 -0.700
PE 0.000 0.000 0.000
SE 0.000 0.000 0.000
TFP -1.100 -0.700 -0.700

Source: Author’s own estimates

The period-wise industry level TFP growth rate in cement industry in India during
the post-reform period is given Table 9. The TFP growth rate in Period-1, Period-2 and
Period-3 is -1.10 percent, -0.70 percent and -0.70 percent per annum respectively. Thus,
TFP growth rate is negative in all three periods, however it has improved a little in Period-
2 as compared to Period-1. The source of TFP growth in cement industry is the growth
in technology adoption as the growth of technical efficiency is zero.

6. IMPACT OF TRADE LIBERALIZATION

The impact of trade liberalization on productivity in Indian manufacturing has
been an issue of prime importance among researchers during the past two decades. The
present study examines the impact of trade liberalization on industry level productivity
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in iron-steel and cement industries in India during the post-reform period from 1991-92
to 2012-13. Input-tariffs, output-tariffs, effective rate of protection (ERP) and trade-
openness (ratio of non-oil export plus import to GDP) have been used to capture the
effect of trade liberalization on productivity. The study also examines the impact of real
effective exchange rate (REER), interest rate (IR), inflation rate (INFL) of manufactured
products and construction sector growth rate (CSGR) on productivity in both industries.
Because (1) REER makes a substantial impact on prices of products imported or
exported, (2) IR affects the cost of money invested, (3) INFL has significant impact on
prices of intermediate inputs/products purchased/sold and (4) construction sector is the
largest consumer of output of iron-steel and cement industries.

It is generally argued that if the extent of quantitative restrictions on imports is
low (high), then the effect of reduction in tariff rates on productivity will be larger
(smaller) (Goldar & Kumari, 2003). It may be argued that lower input-tariffs and output-
tariffs rates are associated with higher productivity because low input-tariffs enable
manufacturers to import foreign technology, capital and intermediate inputs at a lower
price, which reduces their cost of production while low output-tariffs expose domestic
industries to foreign competition and pressurize them to adopt better technology to
produce at a lower cost. The ERP is the net competition effect of input-tariffs and output-
tariffs. The lower ERP has productivity enhancing effect also. The trade-openness is
supposed to have a positive relationship with productivity as it opens new market avenues
for selling final products and provides access to import of various inputs.

ERP is supposed to have a negative relationship with productivity, therefore
REER should show a positive effect as depreciation in exchange rate will counter the
effect of tariff reduction (Goldar & Kumari, 2003). IR and INFL should establish a
negative relationship with productivity as higher IR increases cost of investment and
higher inflation lowers demand for final products. The CSGR is supposed to have positive
relationship with productivity as higher growth of construction sector increases demand
for iron-steel and cement products.

Table 10: Descriptive Statistics of Determinants of Industry Level Productivity in Iron-
Steel and Cement Industries in India during the Post-Reform Period
from 1991-92 to 2012-13

N Min Max Mean  Std. Deviation
INPUTTARIFFS (iron-steel industry) 22 3.21 49.12 15.33 10.46
OUTPUTTARIFFS (iron-steel industry) 22 6.33 94.05 29.42 20.23
ERP (iron-steel industry) 22 5.89 144.09 45.19 32.24
INPUTTARIFFS (cement industry) 22 3.61 26.96 12.05 6.07
OUTPUTTARIFFS (cement industry) 22 6.37 77.00 29.12 19.63
ERP (cement industry) 22 3.10 141.74 48.36 45.99
TRDOPENNESS 22 0.06 0.56 0.23 0.15
REER 22 92.63 108.54 99.57 3.97
IR 22 8.88 19.00 13.00 2.50
INFL 22 1.83 12.30 5.55 3.11
CSGR 22 0.57 16.34 7.05 4.16

Source: Author’s calculation

Trade liberalization and industry level productivity in iron-steel industry:
The decline in input-tariffs, output-tariffs and ERP significantly leads to increase in
productivity when measured separately. However, the magnitude of their impact is
different. The increase in trade openness has significant positive impact on productivity
in all the models. Any significant impact of REER on productivity has not been found.
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The decline in IR and INFL and increase in CSGR significantly leads to increase in
productivity when measured separately, but there is no significant impact when measured
along with other determinants.

Trade liberalization and industry level productivity in cement industry: The
decline in input- tariffs significantly leads to increase in productivity estimated in all the
models. There is no significant impact of output-tariffs and REER on productivity. The
decline in ERP significantly leads to increase in productivity when estimated separately
and with other indicators of trade liberalization; however, its impact is not significant
when estimated with all other variables together. There is no significant impact of trade
openness on productivity except Model (9). The decline in IR and INFL significantly
leads to increase in productivity when measured separately but there is no significant
impact when measured along with other variables. The increase in CSGR significantly
leads to increase in productivity when measured separately and with all the determinants
together.

Trade liberalization and industry level productivity in iron-steel and cement
industries (pooled cross sectional time series data): The decline in input-tariffs and
ERP leads to increase in productivity in all the models except when measured with trade
openness. The decline in output-tariffs leads to increase in productivity only when
measured separately. The increase in trade openness leads to increase in productivity in
all the models except when measured with output-tariffs. There is no significant impact
of REER on productivity. The decline in IR leads to increase in productivity when
measured separately. The decline in INFL and increase in CSGR significantly lead to
increase in productivity when measured separately and with all the determinants together.

There are two important studies (Mangla, 2017 and Mangla, 2018) in literature
pertaining to trade- liberalization and productivity in iron-steel and cement industries in
India during the post- reform period which also used the same measures of trade-
liberalization and reached on the same conclusion as shown in this study. However, the
basic difference between the above-mentioned two studies and the present study is that
the earlier ones estimated productivity at firm-level data using Levinshon Petrin method
while the present study estimates productivity at industry level data using Malmaquist
Productivity Index method. The results of all the three studies in terms of impact of trade
liberalization on productivity of these two industries are almost similar which further
shows that results are robust.
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Table 11: Trade Liberalization and Industry Level Productivity in Iron-Steel Industry in India during the Post-Reform Period from 1991-92 to 2012-13
Estimation Model A @) Q) 4y ©) (Tyesx (8= 9 10y D> A2y 13
Estimation Method: OLS No. of Obs.. 22
100215+ 100.201+ 100.170+ 99,522+ 100.858+ 100.080+ 99.698+ 99.686+ 99.624+ 99,552+ 99.651+ 98.270+
CONSTANT (1160.70)  (122831)  (109801)  (132154) (34601 83015  @®1861) (51181 (50169  (52524) (51308 8535
-0.021+ -0.006 -0.019 -0.012
INPUTTARIFFS 4.42) 091 153 0.64)
-0.010+ -0.002

OUTPUTTARIFFS 411 056) Dropped  Dropped
-0.006+ -0.0004 0.005 0.004
ERP -3.64) «0.17) 123 .79
1637+ 1317+ 1435+ 1578+ 1.398+ 1547
TRDOPENNESS 592 (2.94) 313 353 313 2.80
0.013
REER .07
0.074+« 0.003
IR -3.35 011
-0.033x -0.018
INFL ¢1.78) 098
0.028:+ 0.009
CSGR (1.90) 0.72)
F/Wald-Statistics 1951 16.92 1327 35.04 1124 3.16 359 1779 17.07 16.69 1269 5.85
Adj. R-Squared 0.4685 04312 0.3688 0.6185 0.3278 0.0651 0.1035 0.6152 0.6049 05990 0.6254 0.6180
Standard Error Default Default Default Default Default Bootstrap  Bootstrap Default Default Default Default Default

Note: Figures in parentheses are t or z ratios.
Results of Model-5 have not been shown as this model is found insignificant
Significance: =1 percent, =5 percent and =10 percent

Source: Author's own estimates
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Table 12: Trade Liberalization and Industry Level Productivity in Cement Industry in India during the Post-Reform Period from 199192 to 2012-13
Estimation Model (dy* 3y (6y+r= (Ty* &) Oy A1y A2y 13y
Estimation Method: OLS No. of Obs.: 22

99.783+ 99.909+ 100.071+ 99.942+ 99.768+ 99.533+ 100.034+ 99.722+ 99510+
CONSTANT (2667.97) (3505.16) (924.36) (2460.78) (2375.13) 1269.24) (1382.84) (1064.81) (260.69)
-0.006++ -0.016+ -0.014~ -0.014+
INPUTTARIFFS 234) 424 407, 4.03)
OUTPUTTARIFFS Dropped Dropped
-0.001+= -0.002+ -0.001+ 0.0003
ERP -2.33) 301 -2.87) 0.22)
0.562+ -0.3575 0.166 0433
TRDOPENNESS 359 -1.86) 0.87 1.48)
0.0000
REER ©.01
-0.016x++ -0.003
IR (198, 038)
0.015+ -0.009
INFL (228 0.87)
0.013+ 0.010%++
CSGR 3.03) 1.76)
F/Wald-Statistics 550 541 393 522 920 929 476 11.29 548
Adj. R-Squared 0.1100 01737 01223 01673 0.2988 04413 0.2639 05951 05989
Standard Error Bootstrap Default Default Default Robust Default Default Default Default

Note: Figures in parentheses are t or z ratios.

Results of Models-2, 4, 5 and 10 have not been shown as these models are found insignificant

Significance: =1 percent, =5 percent and =10 percent

Source: Author's own estimates
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Table 13: Trade Liberalization and Industry Level Productivity in Iron-Steel and Cement Industries in India (Pooled Cross-Sectional Time Series datajduring
the Post-Reform Period from 199192 to 2012-13

Estimation Model ()* 2)* 3)* (4)* (6)* (7)x** (8)** (9)* (10)* (11)* (12)* (13)*
Estimation Method P-OLS P-OLS P-OLS P-OLS P-OLS P-OLS P-OLS P-OLS P-OLS P-OLS FE FE
No. of Obs.: 44 No. of Groups: 02
CONSTANT 100.110*  100.073*  100.018* 99.700*  100.483* 100.030* 99.752* 99.850* 99.807* 99.745*  99.693*  99.018*
(1322.01) (1618.29) (1538.45) (1638.28) (599.92)  (1307.52) (1376.46) (581.39) (647.11)  (793.71) (667.10) (155.93)
-0.014* -0.006 -0.146* -0.164*
INPUTTARIFFS (-4.51) (-0.99) (-309)  (-3.99)
-0.006* -0.002 0.155%* 0.178*
OUTPUTTARIFFS (-3.88) (-0.75) 299 (3.91)
ERP -0.003* -0.0005  -0.054* -0.059*
(0.001) (-0.45) (-2.99) (-3.74)
0.860%* 0.609***  -0.647*** 0.763**  0.804%** 1.299*
TRDOPENNESS (4.37) (1.83) (1.87) (2.20) (2.47) (3.65)
0.005
REER (0.72)
IR -0.045* -0.007
(-3.62) (-0.47)
-0.024%** -0.026**
INFL (-2.18) (-2.24)
0.021** 0.018**
CSGR (2.60) (2.52)
F/Wald-Statistics 20.94 7.72 11.16 9.76 6.73 2.53 3.55 21.84 6.63 21.77 8.31 7.74
Adj. R-Squared 0.2372 0.2382 0.1804 0.2896 0.2105 0.0665 0.1062 0.2963 0.2820 0.2751 0.2152 0.3169
Time fixed effect No No No No No No No No No No No No
Industry fixed effect Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No
Error Bootstrap Default  Bootstrap Default Default Default Default  Bootstrap Default Bootstrap  Default Default

Note: Statistical Test Results for the choice of regression model are given in Annexure 1
- Significance: «1 percent, =5 percent and *=<10 percent
- The problem of serial autocorrelation is detected heteroskedasticity is not present) in column (12, using Breusch-Pagan LM test which is solved using STATA command xtregar;.
-Figures in parentheses are t or z ratios.
-The standard tests have been used to decide the estimation method.
-Results of Models-5 have not been shown as this model is found insignificant

Source: Authors own estimates.
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7. CONCLUSION

The results indicate two contrasts in industry level productivity growth viz., positive

productivity growth rate of iron-steel industry and negative productivity growth rate of cement
industry. However, the sub-period analysis indicates that productivity growth of iron-steel
industry has declined in the second decade of trade liberalization and became negative while
productivity growth of cement industry has shown signs of improvements, although still
negative, during the second decade of trade reforms.
The industry level TFP growth in iron-steel and cement industries has been 1.40 percent and -
0.70 percent per annum respectively during the period from 1991-92 to 2012-13. Thus, the
industry level TFP growth in iron-steel industry has been higher than that of the cement
industry.

The empirical analysis has shown that trade liberalization introduced in India has
significant impact on industry as well as firm level TFP in both iron-steel and cement industries
India during the post-reform period. The input-tariffs, output-tariffs and ERP has considerably
declined from 1991-92 to 2012-13. This reduction in tariff rates has significant impact on
productivity in Indian iron-steel and cement industries. The decline in tariff rates leads to a
significant increase in productivity of both industries. The foreign trade sector in India has
been opened up at a fast rate during this period. The trade openness also has positive significant
impact on productivity. Thus, trade liberalization has significant impact on productivity of
these two industries.

The study has also examined the effect of other determinants viz.; REER, IR, INFL
and CSGR on industry as well as firm level productivity in both iron-steel and cement
industries. The empirical analysis shows that REER does not have significant impact on
productivity except of few cases i.e., firm level productivity in iron-steel industry (both
balanced and unbalanced panel) and firm level productivity in cement industry in balanced
panel dataset. The IR and INFL have significant impact on productivity and decline in these
two macroeconomic variables significantly increases productivity of both the industries. The
iron-steel and cement products are highly used in construction activities and the analysis shows
that CSGR has significant positive impact on productivity as increase in CSGR leads to
increase in productivity of both the industries.

The present study presents the empirical analysis of productivity growth in iron-steel
and cement industries in India over two decades of post-reform period i.e., from 1991-92 to
2012-13. The study also shows the impact of trade liberalization measures i.e., decline in tariff
rates and trade openness along with exchange rate, interest rate, inflation rate and growth of
construction sector on productivity of the two industries during the same period.

The results indicate two contrasts in industry level productivity growth viz.; positive
productivity growth rate of iron-steel industry and negative productivity growth rate of cement
industry. However, the sub-period analysis indicates that productivity growth of iron-steel
industry has declined in second decade of trade liberalization and became negative, while
productivity growth of cement industry has shown signs of improvements, although still
negative, during the second decade of trade reforms. The performance of iron-steel industry in
term of IIP and production has also shown declining trends during the Period-2 (from 2002-03
to 2012-13), while cement industry has shown improvement trends in Period-2. Thus, it is a
cause of concern that both performance and productivity of iron- steel industry has
slowed/declined in the second decade of policy reforms.

The study has shown a positive impact of trade liberalization measures i.e., decline in
tariff rates and increase in opening of foreign trade on productivity of iron-steel and cement
industries. Therefore, the study seems to suggest the need for more measures to liberalize trade
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and further decline in quantitative restriction on foreign trade. The study has also shown a
positive impact of reduction in interest rate and inflation rate on productivity of these two
industries. Therefore, government should provide loans at cheaper rate to the industrial units
and steps should be taken to control inflationary pressure in the economy. Further, the study
has revealed a positive impact of higher growth rate of construction sector on productivity of
the two industries, therefore, construction sector should be strengthened, and steps should be
taken for the growth of construction sector.
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Annex

Statistical Test Results for the choice of regression model for examining the impact of
trade liberalization on industry level productivity in iron-steel and cement industries
(pooled cross-sectional time series data)

Followings are the statistical test results for deciding among Fixed Effect (FE), Random
Effect (RE) and Pooled-Ordinary Least Square (P-OLS) methods for estimating effect of
trade liberalization and other determinants on industry level total factor productivity in
iron-steel and cement industries (cross-sectional pooled data) in India.

Total No. of Groups: 02
Total No. of Observations: 44
Model/ Choice FE VS RE Choice RE VS P-OLS Suggested Time fixed effect
Column Hausman test (Chi?) BP-LM test (Chi?) Estimation Method (F Value) *

8 3.82 0.01 P-OLS 1.37 No
(0.0506) (0.9270) (0.2432)

) 0.00 0.63 P-OLS 0.80 No
(0.9661) (0.4280) (0.6967)

3) 0.02 0.82 P-OLS 1.37 No
(0.8945) (0.3647) (24.32)

(4) 0.00 0.64 P-OLS 1.48 No
(1.0000) (0.4250) (0.1887)

5) 0.00 0.75 P-OLS 1.47 No
(1.0000) (0.3876) (0.1951)

(6) 0.00 0.67 P-OLS 0.92 No
(1.0000) (0.4121) (0.5699)

) 0.00 0.72 P-OLS 1.28 No
(1.0000) (0.3946) (0.2878)

(8) 0.00 0.71 P-OLS 1.18 No
(1.0000) (0.3988) (0.3519)

9) 0.88 0.32 P-OLS 1.37 No
(0.6444) (0.5722) (0.2432)

(10) 0.01 0.62 P-OLS 0.80 No
(0.9973) (0.4309) (0.6967)

(11) 0.08 0.67 P-OLS 1.16 No
(0.9632) (0.4141) (0.3710)

(12) 10.03 FE 2.32 Yes*
(0.0399) (0.0383)

(13) 18.39 FE 2.06 No
(0.0185) (0.0684)

Figures in parentheses are Prob. Values.

*However, the test indicates the presence to time fixed effect, but using time fixed effect, trade-openness
explanatory variable is dropped, therefore time fixed effect has not been considered.

Time fixed effect test [testparm]:

Ho: coefficients for all years are jointly equal to zero

If Prob. (F) > 0.05, accept the Ho meaning no time fixed effect

Hausman test (Choice RE VS FE):

Ho: RE is consistent

If Prob. (Chi?) > 0.05, accept Ho meaning RE is consistent, otherwise FE is consistent

Breusch-Pagan Lagrange Multiplier (BP-LM) [Choice RE VS P-OLS, if RE consistent)

Ho: variances across entities is zero meaning no significant difference across units (i.e. no panel effect)
If Prob. (Chi?) > 0.05, accept Ho meaning OLS should be used, otherwise RE should be used



