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Abstract

While promoting manufacturing growth is imperative to boost economic growth, potential adverse consequences on
natural resources and ecology have created sustainability-related concerns and challenges. In India, with the reform
processes deepening further and the business environment becoming more market-oriented over the years, the adop-
tion of appropriate measures for sustainable manufacturing growth under such conditions would require a deeper
investigation of the underlying dynamics, particularly to address the impacts of external shocks. This is especially true
when external shocks alter market dynamics and, hence, input is used significantly in the manufacturing sector. Given
this backdrop, the present paper examines how the major external shocks to the Indian economy during in the post-
reform era have altered the resource use patterns in selected manufacturing industries. The paper uses secondary data
collected from the KLEMS database of the Reserve Bank of India for the period from 1980-81 to 2019-20 and applies
descriptive statistics and econometric techniques to address the research objective. It is found that energy intensity,
vertical integration, capital intensity, and rate of growth of total factor productivity decreased over the decades, whereas
labour productivity experienced an increasing trend in most industries. However, the trends are mixed in the case of
material intensity. Further, the regression results indicate significant effects of external shocks on resource use, factor
productivity, and structural changes. There are also industry-specific differences in the nature and extent of such changes.
Hence, a deeper investigation of the underlying factors and impacts at a disaggregate industry level is necessary to draw
more robust insights.
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1 Introduction

While promoting manufacturing growth is imperative to strengthen agriculture-industry linkages and boost overall eco-
nomic growth, potential adverse consequences on natural resources and the ecology have created sustainability-related
concerns and challenges. In particular, rapid technological progress has caused two opposite effects on the manufactur-
ing sector [1]. On the one hand, process innovations have improved production processes and enhanced resource use
efficiency [2]. On the other hand, product innovations have shortened life cycles considerably in many industries [3]. In
India, with the reform processes deepening further and the business environment becoming more market-oriented over
the years, the adoption of appropriate measures for sustainable manufacturing growth under such conditions would
require a deeper investigation of the underlying dynamics, particularly to address the impacts of external shocks and
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maintain the balance between process and product innovations [2, 3]. This is especially true when external shocks alter
market dynamics and, hence, input is used significantly in the manufacturing sector [4].

Such changes in the manufacturing sector through external shocks are imperative as the process of economic reforms
has made a marked departure with a focus on attracting foreign investments, restructuring public sector enterprises,
facilitating international trade, and enhancing market competition [5, 6. For example, the simplification of the trade
policies and removal of quantitative restrictions and tariffs have led to favourable changes in the value, composition,
and direction of Indian exports [7]. Further, there has been an acceleration in factor productivity growth, primarily due
to technical efficiency and progress improvements [8]. In addition, macroeconomic policies have significantly helped
improve productivity [9]. While all such changes are expected to promote the growth of different industries, there are
challenges with respect to enhancing demand, profit margins, product quality, and technological progress vis-a-vis the
global competitors [1, 10] and encountering the adverse impacts of external shocks. In particular, with economic reforms
making the business environment more market-oriented and external shocks potentially affecting the market dynamics,
changes in the use of inputs in manufacturing processes are very likely to occur in the upcoming years.

Besides the effects of external shocks, factors such as rising energy prices [11] can also cause major challenges to
global competitiveness. This is crucial when a weak institutional structure of a developing country impedes the domestic
production system [12]. On the contrary, emerging markets, changing customer choices, global competition, and empha-
sis on the reliability and safety of products cause additional pressures on firms [13]. The issues have been emphasized
widely in recent years, with Indian firms focussing more on sustainable production processes using cleaner technologies,
sustainable raw materials, adoption of renewable energy sources, and other environmental measures.’

The paper has six sections. The next section reviews the related literature, whereas Sect. 3 presents the conceptual
framework used in the study. The data sources used and the tools and techniques applied are discussed in Sect. 4. The
subsequent section presents and analyses the findings. The last section makes the conclusion and policy implications by
summarizing the major findings and their implications, along with the limitations of the study and the scope of further
research.

2 Review of related literature

The literature review has been divided into different sub-sections to focus on the studies which have considered variables
such as labour productivity, energy intensity, material intensity, capital intensity, total factor productivity and vertical
integration (considered in the present study) and to understand the challenges faced by the industries. The literature
review aims to identify the research gaps and emerging issues from the existing studies to proceed with the present
study that can help overcome such gaps.

The performance of the Indian manufacturing industries based on the growth of the value-added, capital intensity,
labour productivity and total factor productivity suggests that the productivity growth and efficiency level have not
progressed in the post-reform period, as per expectations [14]. The differences in nature and fund requirements of the
industries contribute to the differences in their capital structure [15]. Existing studies show that domestic firms are more
export-intensive as compared to foreign firms, whereas private firms are more export-intensive than public firms [16].
Accordingly, the export intensity of firms across industries has increased considerably during the post-reform which
signals improved global competitiveness of Indian manufacturing firms following economic reforms [6]. The Indian
manufacturing industries have observed an increase in the capital-labour ratio due to higher employment of capital
as well as displacement of workers [17]. High emission intensive industries are capital intensive whereas low emission
intensive industries are labour intensive [18]. Although one advantage of the manufacturing sector is the falling capital-
output ratio and labour-capital ratio, however, the falling return on capital can turn out to be a bane for the sector [18-20].

The increasing level of total factor productivity is related to a lower level of energy per unit. Compared to technological
change, technical efficiency can affect the productivity growth of Indian manufacturing industries [21]. The growth path
of total factor productivity growth can vary since it is highly sensitive to the methodology adopted for its estimation [22].
Due to the economic reforms of 1991, manufacturing industries located in most of the Indian states have experienced
faster productivity growth in the post-reform period. However, manufacturing industries located in a few other Indian

T Nevertheless, concerns remain for small and medium enterprises that lack resource use efficiency, innovations, and productivity growth.
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states, such as Puducherry, Delhi, Bihar, Goa, and Madhya Pradesh, have either faced a slowdown in productivity growth
or even a productivity decline in some cases [23].

Moreover, energy efficiency can improve due to better labour productivity and capacity utilization [24]. Energy inten-
sity in Indian manufacturing industries depends upon the transformational shift from a less efficient technology or fuel
to a more efficient one and also the efficiency gains from the newer technology or fuel adopted technology [25]. Energy
efficiency spillover effects from foreign to local firms have been observed during the post-reform period [14]. Results
show that firm size and raw material intensity help to determine labour productivity at the firm level [13]. Vertical inte-
gration is associated with declining marginal costs and rising mark-ups at the product level. High productivity means a
higher level of R&D and investment associated with the manufacturing sector [26].

Consumer goods and intermediate-producing goods firms largely determine the structure of the manufacturing
industry [25]. Moreover, foreign technology has given dynamic productivity gains in the manufacturing sector [27].
There have been diverse industry-based technical changes [8]. Some states have performed better than others in terms
of value-added growth. For instance, the manufacturing sector of Gujarat (due to physical infrastructure development)
has been more efficient, as compared to all India averages in the post-reform period [28].

Inefficient resource use, on the one hand, can lead to resource depletion, which is considered an adverse environmen-
tal consequence, and, on the other hand, can lead to a reduction in the economic efficiency of the Indian manufacturing
industries [1, 29]. These industries should also focus on high-grade resource use which can be more productive in the
long run. Selection of the appropriate resources becomes crucial during the production process of the manufacturing
industries. This can give greater input with lesser energy consumption.

There have been instances of automobile industries being successful due to the adoption of green logistics and green
power [30]. Green manufacturing (based on green and circular economy principles) has become popular over the years
[31]. However, if not properly matched with individual and aggregate perspectives, green manufacturing can result in
challenges such as future legislation, public pressure, peer pressure and top management commitment [32]. India’s
challenge is to achieve low carbon-emitting industrial growth. The already-taken research and development initiatives
are expected to boost industrial growth, especially for the MSMEs in the coming years [33].

The existing studies have not focussed on the changes in resource use patterns and productivity due to the impact of
different external shocks on the Indian manufacturing sector. They have also neglected the impact on macroeconomic
and ecological indicators as a result of external shocks in the economy. In this context, this study examines how the
external shocks to the Indian economy during the post-reform period have altered the trends and patterns of resource
use and productivity in selected manufacturing industries. Here, the changes in resource use are examined in terms of
energy and raw materials use intensity. It is hypothesized that external shocks coupled with structural changes through
vertical integration and higher capital intensity would enhance factor productivity, leading to resource use efficiency with
respect to both raw materials and energies in manufacturing industries. Hence, the findings of the paper are expected
to provide useful insights into encountering the adverse implications of external shocks and making the manufacturing
processes sustainable. The rationale behind this study is to focus on the economic changes in the Indian manufacturing
sector following the fluctuations in resource use patterns and productivity due to the effect of sudden external shocks.
The environmental outcomes as a result of these changes will help to undertake industry-specific policies and regula-
tions in this regard.

3 Conceptual framework for the study

The conceptual framework of the study is based on the structure-conduct-performance paradigm of Bain (1959) and its
subsequent development by [34]. This framework can potentially deal with the complex relationships amongst market
structure, firms' strategic responses, their performance, and the changes in policies and regulations. Since the present
study aims to understand firms’ responses to the changing market dynamics and external shocks, the SCP framework
appears appropriate for analysing the resource use patterns in firms of different industries. Figure 1 shows the interlink-
ages among the different variables used in the study. It is hypothesized that the need for the adoption of a sustainable
and cleaner production system coupled with the changes in market dynamics and external shocks have altered the
production process through resource use patterns and efficiency in the Indian manufacturing industries. Nevertheless,
firms’responses with respect to resource use and technological and production efficiency differ across industries, given
that the competitive business environment and external shocks force the adoption of better and cleaner technologies
and business management systems.
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Here, technical progress (although results in a shorter product life cycle) is assumed to be beneficial for the firms
through changes in factor productivity and resource use efficiency observed by the Indian manufacturing sector. This
is crucial given that economic reforms have led to changes in policies and regulations along with facilitating the adop-
tion of better technologies through FDI inflows and in-house R&D. Further, economic reforms and other external shocks
can also potentially alter the market dynamics and other structural aspects in the long run. The conceptual framework
portrayed above can potentially explore such interrelationships. Given such interrelationships, the present study uses
six indicators to examine the changes following external shocks. Here, the impact on resource use is examined in terms
of energy and material intensity, whereas changes in vertical integration and capital intensity are examined to under-
stand the implications for structural aspects. Further, labour productivity and total factor productivity growth are used
to examine the efficiency-related implications.

4 Data sources and methodology

The study uses secondary data collected from the KLEMS database of the Reserve Bank of India for the period from
1980-81 to 2019-20 and applies descriptive statistics and econometric techniques to address the research objective.
The entire timeframe is divided into pre- (1980-81 to 1990-91) and post-reform period (1992-1993 to 2019-20) for
comparative analysis. Notably, considering the abnormal situations, the years 1991-92 and 2009-10 are dropped from
the dataset. Further, the post-reform period is divided into three sub-periods with breaks in 1999-2000 and 2010-11 to
capture the changes following the South-East Asian crisis? and global economic slowdown respectively. Decadal averages
are calculated to understand the trends, patterns, and fluctuations in resource use and other aspects in major industries
of the Indian manufacturing sector. Eleven major industries are considered here, and all the variables are measured at
constant 2011-12 prices. Table 1 shows the variables along with their measurements. Both correlation and regression
analysis have been carried out to understand the degree of association and statistical significance of the changes. Nota-
bly, the years 1991-92 and 2009-10 are dropped due to adjustment issues for the base intercept in relation to economic
reforms and global economic slowdown respectively.

Panel data models have been estimated separately for material intensity, energy intensity, labour productivity, total
factor productivity growth, vertical integration, and capital intensity as dependent variables. More specifically, least-
squares dummy variable (LSDV) models have been estimated for each of the variables to examine their industry-specific
differences. In addition, the regression models include dummy variables for economic reforms, the South-East Asian
crisis, and the global economic slowdown to examine their impacts. These dummy variables are included to examine
the impact of these external shocks.

The following least-squares dummy variable model (LSDV) has been estimated:

Yi = o + ;D5 + a3D5; + ... + ay1Dqq; + PLER; + PB,SEAC, + B;GFC, + uj

Here, the dummy variable D,;= 1 for Textiles, Textile Products, Leather and Footwear industry, 0 otherwise; D;;=1 for
Wood and Products of wood industry, 0 otherwise; D,;=1 for Pulp, Paper, Paper products, Printing and Publishing industry,

2 Although the South East Asian crisis started in Thailand in 1997-98 and spread to other countries subsequently, here the break is intro-
duced in the year 1999-2000 to capture its aftermath affect as well as the implications of formation of a more stable government in India.
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Table 1 Variables used in the study and their measurements

Variables Measurements (at constant prices)

Material intensity Percentage share of material expenses in value-added

Energy intensity Amount of energy used in manufacturing value-added

Vertical integration Value added in gross output

Labour productivity Output produced given the number of persons employed

Total factor productivity growth The ratio of real output and the weighted geometric average of labour and capital input
Capital intensity The amount of capital required to produce one unit of output (i.e., share of capital in

value of output)
Dummy variables used in the panel data regression model

Economic reforms Years from 1992-93 to 2019-20 as 1, otherwise 0
South-East Asian crisis Years from 1999-00 to 2008-09 as 1, otherwise 0
Global economic slowdown Years from 2010-11 to 2019-20 as 1, otherwise 0

Source: Data Sourced from the KLEMS Database of the Reserve Bank of India

Table 2 Energy intensity in major industries of Indian manufacturing (%)

Industry 1980-81 to 1992-93 to 2000-01 to 2010-11 to 1992-93 to
1990-91 1999-00 2008-09 2019-20 2019-20
Food products, beverages and tobacco 1.96 1.88 1.72 1.39 1.65
Textiles, textile products, leather and footwear 9.55 7.39 4.80 4.51 5.46
Wood and products of wood 1.40 2.66 1.52 1.02 1.67
Pulp, paper, paper products, printing and publishing 9.51 8.87 537 7.83 7.32
Coke, refined petroleum products and nuclear fuel 2.22 2.12 1.68 1.48 1.74
Chemicals and chemical products 12.31 5.67 5.04 393 4.82
Rubber and plastic products 11.90 9.19 443 3.71 5.57
Basic metals and fabricated metal products 18.58 12.78 14.80 13.24 13.63
Machinery 5.68 6.91 2.92 1.49 3.57
Electrical and optical equipment 7.71 6.89 3.46 3.24 439
Transport equipment 6.42 7.48 4.29 6.81 6.17

Source: KLEMS Database, Reserve Bank of India

0 otherwise; Ds;=1 for Coke, Refined Petroleum Products and Nuclear fuel industry, 0 otherwise; Dg;=1 for Chemicals
and Chemical Products industry, 0 otherwise; D,;=1 for Rubber and Plastic Products industry, 0 otherwise; Dg;=1 for
Basic Metals and Fabricated Metal Products industry, 0 otherwise; Dy;= 1 for Machinery industry, 0 otherwise; D,,;=1 for
Electrical and Optical Equipment industry, 0 otherwise; D,;;=1 for Transport Equipment industry, 0 otherwise and so on.
Further, the dummy variables ER, SEAC and GFC stand for the economic reforms, South East Asian crisis and global finan-
cial crisis respectively, with ER=1 for the period from 1992-93 to 2019-20 as 1 and 0 otherwise, SEAC=1 for the period
from 1999-00 to 2008-09 as 1 and 0 otherwise, and GFC=1 for the period from 2010-11 to 2019-20 as 1 and 0 otherwise.

5 Results and discussions

5.1 Trends and patterns in production processes

5.1.1 Changes in energy and material intensities

While manufacturing firms are highly dependent on high-quality and imported intermediate goods in order to

enhance their productivity [35], Table 2 shows a considerable change in energy use in different industries with most
of them experiencing lesser energy intensity during the post-reform period. According to [36], an increase in crude oil
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Table 3 Material intensity in major industries of Indian manufacturing (%)

Industry 1980-81 to 1992-93 to 2000-01 to 2010-11to 1992-93 to
1990-91 1999-00 2008-09 2019-20 2019-20
Food products, beverages and tobacco 55.86 51.98 55.69 58.78 55.74
Textiles, textile products, leather and footwear 38.68 39.17 43.07 52.15 45.28
Wood and products of wood 23.37 3433 40.33 57.00 4473
Pulp, paper, paper products, printing and publishing 32.74 32.68 39.53 51.94 42.10
Coke, refined petroleum products and nuclear fuel 128.85 106.66 132.73 91.96 109.91
Chemicals and chemical products 25.15 27.66 31.73 55.88 39.47
Rubber and plastic products 63.78 52.21 66.70 55.03 58.09
Basic metals and fabricated metal products 46.36 44 .45 41.21 48.16 4474
Machinery 57.26 54.98 56.42 52.69 54.61
Electrical and optical equipment 62.32 64.24 58.88 51.14 57.60
Transport equipment 52.26 50.30 48.40 48.82 49.12

Source: KLEMS Database, Reserve Bank of India

Table 4 Total factor productivity growth in major industries of Indian manufacturing (%)

Industry 1980-81 to 1992-93 to 2000-01 to 2010-11to 1992-93 to
1990-91 1999-00 2008-09 2019-20 2019-20
Food products, beverages and tobacco 3.0 1.0 3.0 0.6 1.5
Textiles, textile products, leather and footwear -0.6 -14 13 5.6 2.1
Wood and products of wood -7.6 -8.5 -48 6.5 -1.7
Pulp, paper, paper products, printing and publishing 0.5 -4.0 32 45 1.6
Coke, refined petroleum products and nuclear fuel -2.1 -10.2 -2.8 -8.9 -7.2
Chemicals and chemical products 6.0 1.9 1.9 -1.3 0.7
Rubber and plastic products -2.0 -43 0.5 1.2 -0.7
Basic metals and fabricated metal products -1.1 -1.2 0.1 0.2 -0.2
Machinery -1.4 -23 3.6 -3.0 -0.6
Electrical and optical equipment 4.1 14 8.6 0.9 3.6
Transport equipment -0.3 -14 -0.8 1.2 -0.2

Source: KLEMS Database, Reserve Bank of India

prices has led to a significant reduction in energy intensity in many industries. Besides, foreign-owned firms appear
to be more technically efficient and, hence, less energy-intensive [37]. It is also argued that firms with higher TFPG
or returns to scale output are likely to be more energy efficient [38, 39]. Although energy intensity has increased
in the food and wood industry, possibly due to growing mechanization [36], the increase has not been substantial.

Table 3 shows a very high material intensity in the fuel-related industry, possibly because a wide range of by-prod-
ucts can be produced therein [40]. Notably, material intensity has increased in some industries depending on their
nature and the type of raw materials used in such industries. In particular, the use of materials has been consistent
over the years in the food, machinery, and transport equipment industries. However, some raw materials are energy
intensive as well indicating their complementarity [37-39]. This is important given that the Indian manufacturing
sector has a significant increase in the import of raw materials [41].

5.1.2 Changes in factor productivities
The TFPG influences overall economic growth, including output productivity, human capital, entrepreneurship, com-
petitiveness, technological development, and innovations [8, 42]. Generally, TFPG depends on the age of firms (negative

but significant relationship), market share (positive relationship), employees’ contribution (U-shaped relationship) and
export intensity (inverted U-shaped relationship) [43]. This is contradictory to the results obtained from Table 4. Table 4
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Table 5 Labour productivity in major industries of Indian manufacturing

Industry 1980-81 to 1992-93 to 2000-01 to 2010-11to 1992-93 to
1990-91 1999-00 2008-09 2019-20 2019-20
Food products, beverages and tobacco 4.60 6.47 10.58 18.53 12.31
Textiles, textile products, leather and footwear 2.72 5.03 6.40 17.43 10.08
Wood and products of wood 7.30 498 3.17 7.95 5.48
Pulp, paper, paper products, printing and publishing 11.07 13.99 13.80 25.87 18.33
Coke, refined petroleum products and nuclear fuel 286.39 508.81 641.20 868.84 686.28
Chemicals and chemical products 21.81 41.69 68.16 103.62 7345
Rubber and plastic products 14.25 22.63 29.90 57.00 37.78
Basic metals and fabricated metal products 19.40 27.82 37.92 56.27 41.72
Machinery 33.81 34.76 37.35 56.17 43.55
Electrical and optical equipment 9.61 12.54 24.54 33.72 24.38
Transport equipment 2491 34.96 52.01 108.68 67.95

Source: KLEMS Database, Reserve Bank of India

shows that TFPG remained positive throughout the period in food products, beverages and tobacco, and electrical and
optical equipment. However, many of the industries recorded a deceleration in TFPG in the post-reform period.

Although the textiles had a high TFPG in the post-recession period, the overall TFPG in the industry is not very high
due to the sluggish growth rate in the past two decades. A similar case is seen in the wood and wood products industry.
The electrical and optical equipment industry recorded a high TFPG during 2000-01 to 2008-09, but it could not be
maintained afterward. From Tables 2 and 4, it has been observed that higher TFPG may not always result in lower energy
efficiency as shown in [38, 39]

Like TFPG, labour productivity has also varied across industries as well as over time (Table 5). Further, except for the
wood industry, the rest of the industries have experienced an increase in labour productivity in the post-reform period,
possibly due to product and process innovations [44]. In spite of the increasing dependence on updated technology in
the global manufacturing sector, the Indian manufacturing sector has equally focussed on labour use due to unskilled
labour. While wood is a natural, renewable as well as biodegradable raw material with legal restrictions and hence little
attention given [45], chemicals and transport equipment industries had a considerably high labour productivity dur-
ing 2010-11 to 2019-20. These industries have emerged as big exporters, possibly because of their improved product
quality [46, 47].

5.1.3 Changes in vertical integration and capital intensities

While vertical integration is influenced by factors such as transaction costs, demand variability and market power
motive [48], and information externalities due to uncertainties [49], it can potentially help the firms in better coordina-
tion and investment decisions [50]. In addition, vertical integration also serves as a strategy for proper management
and customization of production according to consumer needs [48]. However, Table 6 shows that vertical integra-
tion has decreased for all the industries in the post-reform period, except for fuel and chemicals which shows that
most of the manufacturing industries have neglected the process of vertical integration. This is so possibly because
vertical integration reduces flexibility in industrial operations. It is also possible that decreasing externalities have
reduced the extent of vertical integration in several industries. On the contrary, fuel and chemical industries have
greater vertical integration, possibly due to their lower costs and higher economies of scale. Higher vertical integra-
tion indicates better productivity and higher profits.

Besides, capital intensity has also decreased in most of the industries, except food products, chemicals, and fuels
during the post-reform period (Table 7). Although there are fluctuations, the post-reform period has mostly faced
a declining trend due to the aftereffects of the global recession in 2008-09. Further, the capital base of an industry
also depends on the size of firms. For example, large firms are likely to have higher capital intensity as compared
to small and medium enterprises [51]. However, the results obtained from Table 7 do not give a clear picture of the
industry-specific size of the firms. Apart from size, profitability, non-debt tax shield, growth in assets, liquidity and
interest coverage also have a linear relationship with the capital structure of an industry [52].
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Table 6 Vertical integration in major industries of Indian manufacturing (%)

Industry 1980-81 to 1992-93 to 2000-01 to 2010-11to 1992-93 to
1990-91 1999-00 2008-09 2019-20 2019-20
Food products, beverages and tobacco 26.51 25.36 21.49 17.35 21.10
Textiles, textile products, leather and footwear 38.55 34.81 31.50 27.90 31.15
Wood and products of wood 49.67 48.01 38.54 35.77 40.32
Pulp, paper, paper products, printing and publishing 39.77 36.50 33.15 28.44 3240
Coke, refined petroleum products and nuclear fuel 9.61 14.40 12.57 13.75 13.55
Chemicals and chemical products 27.63 31.03 30.97 27.75 29.80
Rubber and plastic products 38.19 30.22 29.60 25.20 28.15
Basic metals and fabricated metal products 36.27 32.04 29.22 20.81 26.94
Machinery 45.87 36.49 35.98 32.15 34.71
Electrical and optical equipment 41.68 30.65 29.25 24.80 28.02
Transport equipment 30.10 23.73 25.17 25.62 2491

Source: KLEMS Database, Reserve Bank of India

Table 7 Capital intensity in major industries of Indian manufacturing (%)

Industry 1980-81 to 1992-93 to 2000-01 to 2010-11to 1992-93 to
1990-91 1999-00 2008-09 2019-20 2019-20
Food products, beverages and tobacco 12.5 14.4 13.2 11.3 12.8
Textiles, textile products, leather and footwear 18.5 20.6 17.6 14.7 174
Wood and products of wood 31.7 346 24.1 22.8 26.7
Pulp, paper, paper products, printing and publishing 19.7 214 17.8 16.9 18.5
Coke, refined petroleum products and nuclear fuel 7.9 13.0 1.5 12.8 12.5
Chemicals and chemical products 15.7 222 23.1 24.2 23.2
Rubber and plastic products 26.9 24.2 23.1 17.3 213
Basic metals and fabricated metal products 21.8 235 21.7 14.8 19.7
Machinery 28.9 26.5 25.6 21.1 24.2
Electrical and optical equipment 21.0 16.6 18.0 15.8 16.8
Transport equipment 189 16.2 184 19.0 18.0

Source: KLEMS Database, Reserve Bank of India

Thus, there have been diverse natures and extent of changes in resource use, factor productivity, and structural
aspects across different industries of the Indian manufacturing sector during the post-reform period [42]. While most
of the industries have recorded decreasing energy and material intensities, showing a shift towards efficient resource
use, lower capital share, and vertical integration may be largely because of changing business environments and
opportunities. On the other hand, both labour as well as total factor productivity growth have increased over the
years, possibly due to the increasing pressure of competition following the economic reforms of 1991.

The pair-wise correlation matrix presented in Table 8 shows the association between resource use (i.e., material inten-
sity and energy intensity) and other aspects of manufacturing (i.e,, vertical integration, labour productivity, total factor
productivity growth, and capital intensity). It is found that the nature and extent of association varies across industries.
Further, in many cases, this association is not statistically significant. Such variations in association across the variables
create the necessity of examining their differences statistically, particularly with experiences of major external shocks.
The next sub-section attempts for the same.

5.2 Econometric investigation of changes in production processes

Table 9 shows the summary statistics of the estimated as well as the dummy variables included in the models. The
regression results are presented in Tables 10, 11 and 12. In the estimated models, the food products are taken as the base
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Table 8 Pair-wise correlation coefficients

Industry Correlation coefficient of MAT with Correlation coefficient of ENG with Correlation coef-

ficient MAT-ENG
Vi LP TFPG al Vi LP TFPG a

Food products, etc -0.52" 028"  -0.17 -0.52" 067" -082" -0.15 0.19 0.07

Textiles and textile products ~ —0.90™ 0.87" 039" -081" 091" -066" -037" 055"  -077"

Wood products -0.83" 0.26 044"  -063" 045" -039" -039” 067"  -0.34"

Paper and paper products -0.91" 0.84" 0.16 -0.60" 048" -0.19 -0.29" 0.20 -0.24

Petroleum products -031" -051" 0.17 -036" -007 -041" -0.10 -0.11 0.34"

Chemicals -0.36" 090"  -0.38" 0577  -029" -075" 035" -080" -057"

Rubber products 0.06 -039"  -0.18 -0.05 075" -075" -0.7 0.62" 0.01

Basic metals -0.33" 0.21 -0.16 -0.64" 056" 058" -0.11 0.24 0.12

Machinery 032" -080" -0.20 0.21 058" -071"  -0.10 0.69” 037"

Electrical equipment 038" -078" 0.1 -0.03 073" -089" -0.04 0.34" 0.73"

Transport equipment -0.17 -0.42" 0.13 -049"  -0.03 0.10 -0.02 -0.19 0.33"

Source: Author’s Own Computation
“significant at 5 percent; “significant at 10 percent

Table 9 Summary statistics of

. Variable Observation Mean Standard deviation Minimum Maximum

the variables
Material intensity 418 0.543 0.232 0.161 1.513
Energy intensity 418 0.059 0.043 0.005 0.198
Vertical integration 418 30.193 9.201 6.371 55.611
Capital intensity 418 0.195 0.059 0.053 0.361
Labour productivity 418 77.440 177.233 2.333 1274.700
Total factor productivity 407 -0.107 12.976 -50.764 53.057
Dummy for reforms 418 0.711 0.454 0 1
Dummy for crisis 418 0.263 0.441 0 1
Dummy for slowdown 418 0.263 0.441 0 1

Source: Author’s compilation

industry (for base intercept). Here, three dummy variables (for economic reforms, South-Asian crisis and global economic
slowdown) are included to specify the panel data for regression models in the econometric analysis. These dummy vari-
ables examine if the respective external shocks have any significant impact. Industry-specific differential intercepts are
also estimated. These differential intercepts are deviations from the base intercept. In the estimated models, the respec-
tive F-statistic confirms their overall significance, except the model on TFPG (which is significant at 14 percent level).

Table 10 shows that external shocks have affected both material and energy intensity. However, while average
energy consumption in Indian industries has reduced following different shocks, material use has decreased fol-
lowing economic reforms only. On the contrary, material intensity is found to be higher after other shocks. External
shocks affect the terms of trade of countries leading to a higher focus on domestic production rather than expen-
sive imports. In addition, the differential intercepts of material intensity for machinery and electrical equipment
industries are not significant, whereas, in the case of energy intensity, it is not significant for textile and petroleum
industries. Importantly, the sign of the differential intercepts differs across industries. This indicates that there are
industry-specific differences in average energy or material intensity vis-a-vis food products.

Here, the number of observations is less for TFPG as compared to labour productivity because the first observa-
tion is used for the computation of the growth rate (Table 11). However, while average labour productivity has been
higher following economic reforms and the global economic slowdown, external shocks have no significant impact
on TFPG. Further, the differential intercepts of labour productivity are significant for petroleum products, chemi-
cals, machinery, and transport equipment, whereas, in the case of TFPG, it is so for wood and petroleum products.
However, while the differential intercepts are negative for TFPG, they are positive in the case of labour productivity.
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Table 10 Regression results Variable

for material intensity and Material intensity Energy use intensity
energy intensity Coefficient t-Statistic Coefficient t-Statistic

Base intercept” 0.5482™ 31.65 0.0375" 11.94

Economic reforms -0.0284" -2.02 -0.0131" -5.13

South-East Asian crisis 0.0509" 3.55 -0.0193" -7.42

Global slowdown 0.0620" 432 -0.0220" -8.43

F-statistic 153.36" 163.94™

R? 0.83 0.84

Adjusted R? 0.83 0.84

Industry-specific differential intercept
Textiles and textile products -0.1240" -5.60 0.0491 12.21
Wood products -0.1723" -7.78 -0.0014" -0.35
Paper and paper products -0.1638" -7.39 0.0622™ 15.46
Petroleum products 0.5962"™ 26.92 0.0014 0.35
Chemicals -0.2044" -9.23 0.0525™ 13.06
Rubber products 0.0396" 1.79 0.0567" 14.10
Basic metals -0.1056"" -4.77 0.1332" 33.14
Machinery -0.0039 -0.18 0.0245™ 6.09
Electrical equipment 0.0320 1.44 0.0362™ 9.00
Transport equipment -0.0574" -2.59 0.0450™ 11.20
Number of observations 418 418

*For food products, beverages, etc.;  significant at 5 percent; " significant at 10 percent

Table 11 Regressic.m. results Variable Labour productivity Total factor productivity
on labour productl\{lty and growth
total factor productivity
growth Coefficient t-Statistic Coefficient t-Statistic
Base intercept” -27.7380" -2.01 1.9025 0.80
Economic reforms 25.4188" 227 -1.9590 -1.02
South-East Asian crisis 17.0147 1.49 2.6014 1.36
Global slowdown 58.0564" 5.08 2.7807 145
F-Statistic 139.02** 1.44@
R? 0.82 0.05
Adjusted R? 0.81 0.01
Industry-specific differential intercept
Textiles and textile products -2.1296 -0.12 -0.5519 -0.18
Wood products -4.0761 -0.23 -5.2170" -1.74
Paper and paper products 6.1480 0.35 -0.6206 -0.21
Petroleum products 560.4466" 31.74 -7.7765" -26
Chemicals 48.4249” 2.74 0.2254 0.08
Rubber products 20.8917 1.18 -2.9718 -0.99
Basic metals 25.1828 1.43 -2.3920 -0.8
Machinery 30.6550" 1.74 -2.7138 -0.91
Electrical equipment 10.0286 0.57 1.8262 0.61
Transport equipment 45.4105" 2.57 —-2.1855 -0.73
Number of observations 418 407

*For food products, beverages, etc.; ™" significant at 5 percent; " significant at 10 percent; @significant at 14
percent
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Table 1? Rt.agressio.n results Variable Vertical integration Capital intensity
on vertical integration and
capital intensity Coefficient t-Statistic Coefficient t-Statistic
Base intercept” 27.3715" 4227 0.1354" 22.94
Economic reforms -3.3979" -6.46 0.0104™ 2.16
South-East Asian crisis -26112" -4.87 -0.0182" -3.71
Global slowdown -6.0864" -11.35 -0.0402" -8.22
F-statistic 177.40%* 73.38**
R? 0.85 0.70
Adjusted R? 0.85 0.69
Industry-specific differential intercept
Textiles and textile products 10.6247" 12.83 0.0498™ 6.60
Wood products 20.3554" 24.58 0.1541™ 20.41
Paper and paper products 11.8657" 14.33 0.0611" 8.09
Petroleum products -10.2574" -12.39 -0.0160" -2.11
Chemicals 6.5011" 7.85 0.0832" 11.02
Rubber products 8.3893" 10.13 0.1018™ 13.49
Basic metals 6.9732" 8.42 0.0756" 10.02
Machinery 1527517 18.45 0.1281" 16.97
Electrical equipment 9.3024" 11.23 0.0526" 6.96
Transport equipment 3.7441" 452 0.0548™ 7.26
Number of observations 418 418

*For food products, beverages, etc.; ™ significant at 5 percent

Table 12 shows the significant impact of external shocks on vertical integration and capital intensity of the manu-
facturing sector. While the impacts of all the shocks are found to be negative on vertical integration, it is positive
for economic reforms in the case of capital intensity (though negative for other shocks). Thus, both vertical integra-
tion and capital intensity have decreased following the global economic slowdown and the Southeast Asian crisis.
However, while vertical integration has been higher during the post-reform period, it is found to be reversed in the
case of capital intensity. Importantly, all the differential intercepts are significant and positive, except for petroleum
products. In the case of petroleum products, the differential intercept is significant but negative.

Table 13 summarizes the regression results. It is evident that while average energy consumption has decreased
and there has been greater vertical disintegration following the external shocks, the impacts vary in the case of
other indicators. For example, material use intensity is found to be lower following economic reforms, but higher
after other shocks. However, the impact is found to be reversed in the case of capital intensity. Further, none of
the shocks has any significant impact on total factor productivity growth. Importantly, statistical significance and
signs of the industry-specific intercepts vary. This indicates that industry-specific resource use, factor productivity
and structural aspects differ vis-a-vis food products.

6 Conclusion and policy implications

The paper finds that there has been a significant impact of external shocks on resource use in Indian industries. It is evi-
dent that while average energy consumption has decreased and there has been greater vertical disintegration following
the external shocks, the impacts vary in the case of other indicators. For example, material use intensity is found to be
lower following economic reforms, but higher after other shocks. However, the impact is found to be reversed in the
case of capital intensity. Further, none of the shocks significantly impact total factor productivity growth. Importantly,
statistical significance and signs of the industry-specific intercepts vary. This indicates that industry-specific resource
use, factor productivity and structural aspects differ vis-a-vis food products.
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Apart from the food products, chemicals and fuel industries, there has been a decrease in the capital intensity in the
post-reform period. On the other hand, the food industry has portrayed a decline in TFPG as compared to other industries
in the post-reform period. Moreover, most of these industries have shown a decrease in energy intensity over the years.
Although, there has been a slight increase in energy intensity in exceptional cases, however, it is negligible as compared
to the pre-reform period. Material intensity has decreased for some industries whereas it has increased for some others
depending upon whether the raw materials are domestically produced or imported. Vertical integration has been reduced
for most of the industries because of its expensive nature. The results also show that, except for the wood industry, every
other industry has shown a significant rise in labour productivity due to product and process innovations. The material
intensity and energy intensity have a positive relationship between them in the case of most of the Indian manufacturing
industries. There has been a high impact of the structural breaks on both material as well as energy intensities.

Itis evident that, except for TFPG, all the indicators show the significant impact of external shocks. Further, the nature
and significance of the indicators also differ across the industries. The results obtained from the present study highlight
the linkage of different macroeconomic factors with the existing literature. However, it has shown contradictory results
in some cases. TFPG does not always follow an inverted U-shape and gives a positive relationship with energy efficiency
[38, 39, 43]. Capital intensity may not only depend on firm size [51]. Such differences may be because of the nature of the
industries, market dynamics, firms’ business strategies, and industry-specific policies and regulations. Therefore, further
analysis of these aspects is necessary for more robust policies and regulations.

The present study has not highlighted the shock-specific impact on resource use patterns and productivity in the
Indian manufacturing sector. The reasons behind the trends and patterns of different macroeconomic variables affecting
the manufacturing industries have been neglected. Further scope of the study includes policies and regulations that can
prioritize individual factors such as labour, capital, land and entrepreneurship rather than total factor productivity of the
Indian manufacturing industries. The policies should also focus on the environmental outcomes as a result of changes
in different industry-specific macroeconomic variables.
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