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Preface

We decided to get this book published to help the larger audience make sense of 
the discussion on climate change and its implications for economic growth in In-
dia. Issues linking climate change and economic growth are now at the centre of 
discussions regarding climate friendly development strategies which are increas-
ingly becoming a necessity rather than an option for late-industrialising countries 
like India. This book contributes to this discussion by systematically analysing the 
relationships between economic growth and GHG emissions in India with explicit 
reference to all major economic sectors. Although the science of the impact of cli-
mate change on earth and its inhabitants is moving rapidly in the direction of cer-
tainty and precision, lack of clarity on how emerging economies can manage their 
developmental imperatives in the face of pressing carbon constraints with judicious 
policy interventions persists. Whether a global carbon price will help incentivising 
developmental actors to choose low-carbon growth strategies is still an open and 
debatable issue. Many suggest carbon tax at the border or nationally implemented 
under sovereign national fiscal regimes. Suggestions for benchmarking-monitor-
ing-reporting-verification of all activities by best practices are also on the table. So, 
it is quite a complex issue for anybody to try to resolve without detailed knowledge 
and information on pros and cons of each of the alternative interventions and in-
stitutional arrangements suggested. Moreover, the impact of climate change is all 
pervading. It is not confined to one single activity or sector but extends to each and 
every economic activity and sector and to people of all socioeconomic groups.

Our joint effort in this area began in 2006 when India’s Ministry of Environment 
and Forest, gave a small research grant to National Council of Applied Economic 
Research (NCAER) and Jadavpur University (with the former and latter being then 
the institutions of affiliation for the first three authors and the fourth author respec-
tively), to provide them with knowledge and analytical support on India’s GHG 
emissions profile. The necessity and inevitability of pooling multiple expertises to 
get this empirical investigation accomplished brought all of us together with the 
lead author of the book also availing the opportunity to find an interesting and rel-
evant research topic for his Ph.D. work which he eventually completed by virtue of 
hard labour and patience to our great pleasure.



vi Preface

This book estimates latest Social Accounting Matrix (SAM) for India. It pro-
vides a very important database describing the complete circular flow of income 
and input-output transactions among the sectors of the economy. Striking novelty of 
the book lies in the fact that for the first time to the best of our knowledge, a SAM 
for Indian economy has been prepared with environmental indicators and detailed 
methodology is also presented in the book. The environmental social accounting 
matrix (ESAM) based analysis has been included in the book to show direct and 
indirect linkage between economic growth and GHG emissions.

The work we present here goes beyond SAM and applies computable general 
equilibrium (CGE) modelling to conduct climate change policy analysis and simu-
lations. The analysis is an important contribution in the current debate around car-
bon tax and its possible impacts on macroeconomic growth. Knowledge sharing by 
Dr. Pradipto Ghosh on CGE modelling as applied to climate change issues needs 
special mention.

During the course of this detailed work we received help from a number of ex-
cellent people in various forms. Administrative support from Prof. Binay Kumar 
Pattanayak, Director ISEC, Director General of NCAER, Dr. Shashanka Bhide, se-
nior research councilor, NCAER, Dr. Anushree Sinha, Senior Fellow, NCAER, Mr. 
N. J. Sebastian, Former Secretary and Librarian, NCAER; and Dr. Nandita Bhat-
tacharyya of Faculty of Arts, Staff members of Department of Economics-Jadavpur 
University, made the progress of the work smooth. Comments and academic advice 
received from Prof. Pradeep Biswas, CSIR-NISTADS, Prof. Rajashree Majumder, 
University of Burdwan, Prof. M. R. Naryana, ISEC, Prof. K. V. Raju, ISEC, Prof 
Meenakshi Rajeev, ISEC, and Mrs. B. P. Vani, ISEC needs special acknowledge-
ment. Study material collected by NCAER library staff, from Dr. Maniparna Shyam 
Roy, and Dr. Duke Ghose of Global Change Programme of Jadavpur University 
were immensely useful. Lastly, we thank for never ending family support for each 
one of us.

What has driven us and kept us together until we finished this book is the genu-
ine wish to advance the knowledge on the subject and deep concern for saving our 
planet and ourselves from extinction if global warming remains unchecked.

Last but not least, the results expressed in this book are those of the authors and 
are not attributable to the institute/organization to which they belong.

Barun Deb Pal
Vijay P. Ojha
Sanjib Pohit

Joyashree Roy
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Understanding the impact of climate change on the economy’s performance has 
 become an important issue for all the countries: developed, developing, or emerg-
ing. Some see this problem as more acute in case of developing countries which are 
on high growth trajectories (Aggarwal and Narain 1991). The emissions of green-
house gases (GHGs) have increased over time (Das et al. 2007; Sharma et al. 2006; 
Intergovernmental Panel on Climate Change (IPCC) 2010; Stern 2007; GEA 2012). 
The IPCC in its fourth assessment report mentioned that the changes in atmospheric 
concentration of GHGs and aerosols, land cover, and solar radiation alter the energy 
balance of the climate system and become drivers of climate change. According 
to this report, the annual carbon dioxide (CO2) concentration growth rate has been 
larger during the last 10 years (1995–2005 average 1.9 parts per million (ppm) per 
year) than it has been since the beginning of continuous direct atmospheric mea-
surements (1960–2005 average 1.4 ppm per year). The global atmospheric concen-
tration of methane has increased from a preindustrial value of about 715 parts per 
billion (ppb) to 1732 ppb in the early 1990s, and is 1774 ppb in 2005. The global 
atmospheric nitrous oxide concentration increased from a preindustrial value of 
about 270 ppb to 319 ppb in 2005. The precipitation has become spatially variable 
and the intensity and frequency of extreme events have increased. The sea level 
also has risen at an average annual rate of 1–2 mm during this period. However, the 
continued increase in concentration of GHGs in the atmosphere is likely to lead to 
climate change resulting in large changes in ecosystems, leading to possible cata-
strophic disruptions of livelihoods, economic activity, living conditions, and human 
health (IPCC 2010).

Historically, the industrialized countries have been the primary contributors to 
GHG emissions. Only 25 % of the global population living in Annex I countries emit 
more than 70 % of the total global CO2 emissions and consume 75–80 % of many of 
the other resources of the world (Parikh et al. 1991). But, because of their high popula-
tion and economic growth rates, the fossil fuel use led CO2  emissions from developing 
countries are likely to soon match or exceed those from the  industrialized countries 
(Sathaye et al. 2006). Therefore, if the responsibility for  emissions increase in the past 
lies largely with the industrialized world, then the late-industrializing countries are 
likely to be the source of an increasing proportion of future increase of GHGs.
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1.1  Climate Change and Economic Growth: Global Context

It is now widely accepted in climate change literature that the global economy is 
highly vulnerable to global warming, with sectors most directly and heavily impact-
ed being agriculture, coastal resources, energy, forestry, tourism, and water (Pearce 
et al. 1996 and Bach et al. 2001). But the economies of some countries are more 
vulnerable to climate change than those of others because of varying share of these 
sectors in economic growth (Blackman and Harrington 2000). Late-industrializing 
countries in general have a larger share of their economic activity coming from agri-
culture and forestry (Darwin et al. 1995). They also tend to be in the lower latitudes 
where the impacts of these sectors will be most severe. The low latitudes tend to be 
too hot for reasonably profitable agricultural activities and any further warming will 
further reduce agricultural productivity and thereby agricultural profitability here. 
Up to 80 % of the damages from climate change may be concentrated in low latitude 
countries (Mendelsohn 2006).

It is generally agreed that the countries in Africa will experience declining yields 
in the long run. For example, agricultural production in Guinea-Bissau where 
 agricultural sector adds value of up to 62 % of gross domestic product (GDP) is 
estimated to contribute only 32.7 % of GDP (without carbon fertilization) by 2080. 
The impacts on development and food security, as well as on nutrition, will be enor-
mous (Mendelsohn 2006).

1.2  Climate Change and Economic Growth: Indian Context

Indian economy is highly vulnerable to global warming caused by GHG  emissions. 
The Indian Network for Climate Change Assessment report (INCCA 2010) 
 indicates that the average annual surface air temperature in India is increasing by 
0.40 ̊C with not much variation in absolute rainfall. The sea level has increased at a 
rate of 1.06–1.25 mm/year during the last four decades across the coastal India. The 
same report has predicted that the temperature in India will be increased by 2–40 ̊C 
by 2050s. The climate sensitive sectors such as agriculture, forestry, coastal, and 
 water resources will be adversely affected because of climate change. A devastating 
impact of climate change in India will be the rise in the sea level, resulting in the 
 inundation of coastal areas. Coupled with these, the increase in cyclones accom-
panied by enormous volume of sea water would bring about mass devastation of 
human life as well as the economy. Estimate suggests that due to 1 m increase in the 
sea level, 7 million people would be displaced; about 5764 km2 land and 4200 km 
stretch of roads would be lost (www.adb.org).

Indian economy has historically been an insignificant contributor to the global 
climate change. According to the INCCA (2010) report, India ranks fifth in aggre-
gate GHG emissions in the world, behind USA, China, EU, and Russia in 2007. But 
the emissions of USA and China are almost four times that of India in the same year. 
Also, India’s per capita carbon dioxide equivalent (CO2EQ) emission is 1.5 t/capita 
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in 2007 which is roughly one fourth of the world average per capita emission of 
4.5 t per annum (INCCA 2010). The main cause of CO2 emission in India is the low-
energy efficiency of coal-fired power plants, scarcity of capital, and the long lead 
time required to introduce advanced coal technologies. However, as India is now a 
fast-growing economy, its total emission is bound to grow rapidly. Restricting arise 
in or even lowering the carbon emission intensity can be a good strategy for India 
while it is on its way towards fast economic progress.

India signed the United Nations Framework Convention on Climate Change 
(UNFCCC) on June 10, 1992 and ratified it on November 1, 1993. It ratified the 
Kyoto Protocol on August 26, 2002 and hosted the Eighth Conference of the  Parties 
(COP 8) in October 2002 in Delhi. There are number of projects  underway direct-
ly aimed at reducing GHG emissions funded by the Global Environment  Facility 
(GEF). Most of these projects are on renewable energy sources and biomass 
(Das et al. 2007). On the other hand, government of India has submitted its First 
National Communication (NATCOM I) to the UNFCCC in June 2004 and Second 
National Communication report (NATCOM II) in May 2010. This report, being 
brought out by INCCA, provides updated information on India’s GHG emissions.

In India, policymakers are exploring various policy options that would limit car-
bon emissions. Stronger environmental measures encouraging  use of clean fuel and 
improving energy efficiency are few of them (MoEF 2009). Not surprisingly, clean 
development mechanism (CDM) has generated much enthusiasm in India.

Parikh and Parikh (2002) point to a number of areas where India has reduced 
GHG emissions because of policies aimed at other goals. The gradual removal of 
energy subsidies and move towards free-market pricing for energy sources has been 
important in scaling back demand for coal in response to a 370 % rise in the price 
of coal between 1980 and 1995. Electricity prices have risen even more over this 
period. Increased openness has meant that energy-efficient imported goods from 
white goods to motor vehicles have driven innovation in more energy-efficient In-
dian products.

The notable improvement in energy efficiency in India is well documented. It 
has been driven partly by policy and partly by price-induced incentives to conserve 
energy (Parikh and Parikh 2002). Also, the government of India has long promoted 
renewable energy sources. Other policies aimed at reducing local air pollution in the 
transport sector has also helped in lowering GHG emissions.

Again in the context of global climate change mitigation, the Annex-I countries, 
i.e., countries under Kyoto Protocol, committed to emission reduction targets, either 
voluntarily or by the protocol obligations, are allowed to trade among themselves 
the rights to emit GHGs (Bolin 1998). These rights are known as tradable permits. 
These rights materialize if at least some of the committed countries achieve addi-
tional GHG emissions abatement, over and above their committed abatement level. 
Countries for which the difference between assigned amounts and actual emissions 
is negative can potentially buy rights to emit from those for which the said differ-
ence is positive. It is obvious that tradable permits are market-based instruments 
meant to equalize marginal costs of abatement across countries.
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However, there is considerable debate across the world about what can be the 
optimal policy response to mitigate GHG emissions. Economists, after weighing 
the costs and benefits, advocate a balanced mitigation program that starts with mild 
emission reduction targets which gradually increase in severity over the century. 
Scientists and environmentalists, in contrast, advocate more extreme near-term 
mitigation policies. What implications these two alternative approaches have for 
humankind is a burning research question. The balanced economic approach to the 
problem will address climate change with minimal reductions in economic growth, 
but is likely to impede human welfare in the long run. On the other hand, more 
aggressive near-term mitigation programs, recommended by the ecologists, would 
be harmful for economic growth, but helpful for the crumbling ecosystem on whose 
very existence depends the long-term survival and security of humanity (Stern 
2007; IPCC 2010; Mendelshon 2009).

1.3  Past Studies

In the context of burgeoning GHG emissions and their extremely adverse impact 
on the economy, different national and international institutes as well as individual 
environmental economists are forging together to undertake scientifically rigorous 
impact analysis. One such study has been done by Darwin et al. (1995) which analy-
ses how climate change might affect water supplies and the availability of cultivable 
land, which in turn would impact the total world production of goods and services. 
According to this study, world output of processed food would decline from 0.002 
to 0.58 %. In other words, the new temperature and precipitation patterns under 
climate change are likely to reduce the average productivity of the world’s exist-
ing agricultural lands. Further, land-use changes that accompany climate-induced 
shifts in cropland, and permanent pasture are likely to raise additional social and 
environmental issues. Although water supplies are likely to increase for the world 
as a whole under climate change, shortages could occur in some regions. Finally, 
climate change is likely to affect the structure of agriculture and food processing in 
the USA most unfavorably.

In a similar vein, Pohit (1997) attempted to analyze the impact of climate change 
on India’s agriculture using a 10 sector-10 region global CGE model, with India 
being one of its ten regions. The general conclusion that emanates from this study 
is that there could be substantial welfare implications for the Indian economy in 
general depending on how one accounts for the carbon fertilization effect.

Study by Kumar and Parikh (1996) focuses on assessment of the climate change 
impacts on Indian agriculture. The study is organized under two stages, namely, the 
physical impact assessment and the economic implications of such physical im-
pacts. The future climate change scenarios have been developed using results from 
equilibrium experiments of General Circulation Models (GCMs), along with the 
observed climatic changes. In order to assess the physical impacts of climate change 
on agriculture, the study follows the crop simulation modeling approach and to 
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translate these impacts into socio-economic impacts, the Agriculture, Growth, and 
Redistribution of Income Model (AGRIM) is used. Finally, the welfare implications 
are assessed in terms of equivalent incomes and population proportions in various 
expenditure classes of the economy. The results of the study indicate that wheat 
crop, grown generally in the winter season, is likely to be affected more than rice 
crop following climate change; CO2 fertilization effects seem to reduce the effects 
of climate change dramatically. The study shows that substantial number of people 
move from higher income classes to lower income classes as a result of climate-
change-induced shocks, and social welfare is adversely affected.

Mckinsey and Evenson (1998) estimate the impact of a rise in normal tempera-
tures and of increases in rainfall levels for different regions. The study incorporates 
technology-climate interactions enabling an assessment of the climate friendliness 
of the Green Revolution in Indian agriculture. Technological gains during the pe-
riod of Green Revolution are incorporated in the study by modeling three activities 
as endogenous variables, which are the development and diffusion of high yielding 
variety (HYV), expansion of multiple cropped areas, and the expansion of area 
under irrigation. The results of this study indicate that a 1 °C rise in temperature 
has negative impact on the HYV adoptions. This is most negative in Gujarat and is 
positive in some regions such as Andhra Pradesh, Orissa, etc. While the temperature 
impact on multiple cropping is positive on an average, that on irrigation is uni-
formly negative. Increased rainfall has negative but small effects on HYV adoption, 
irrigation intensity, and multiple cropping.

Ravindranath et al. (2006) assesses the impact of climate change on forests in 
India. This assessment is based on climate projections of regional climate model of 
the Hadley Center (HadRM3) using the A2 (740 ppm CO2) and B2 (575 ppm CO2) 
scenarios of special report on emissions scenarios and the BIOME4 vegetation re-
sponse model. The main conclusion is that under the climate projection for the year 
2085, 77 % and 68 % of the forested grids in India are likely to experience shifts in 
forest types under A2 and B2 scenarios, respectively. There are indications for a shift 
towards wetter forest types in the north-eastern region and drier forest types in the 
north-western region in the absence of human influence. Increasing atmospheric CO2 
concentration and climate warming could also result in a doubling of net primary 
productivity under the A2 scenario and nearly 70 % increase under the B2 scenario.

We turn now to the role of policy in climate change mitigation. To assess the 
impact of carbon taxes for the Indian economy, Gupta and Hall (1997) interweave a 
micro-level analysis of technological alternatives to reduce carbon emissions into a 
macro-econometric model. This interwoven model is especially helpful for assess-
ing the effects of carbon tax financed investments in carbon-abating technologies. 
However, the issue of income distribution remains unaddressed as it is a macro 
model. Alternative policy scenarios built with the help of this model are compared 
mainly in terms of their implied carbon emissions and GDP, not with respect to their 
distributional implications.

Fischer-Vanden et al. (1997) employed a nine-sector computable general equi-
librium (CGE) model of the Indian economy, based on the Indian module of the 
Second Generation Model (SGM) version 0.0. The SGM model is a typically 
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neoclassical price driven CGE model, which is used to evaluate the effects of car-
bon taxes and participation in globally tradable permits regime on carbon emissions 
and economic growth. The SGM model assumes a single representative household 
and, hence, suppresses the income distribution aspect of an economy. However, it 
captures successfully the trade-off between carbon emissions and GDP growth. To 
evaluate the impact of carbon taxes on growth as well as distribution, the concerned 
model must include an endogenous income distribution mechanism. A model which 
does precisely that is that of Murthy, Panda, and Parikh (2007). This is an inte-
grated top-down bottom-up model for the Indian economy which includes specific 
technological options and an income distribution module in an activity analysis 
framework. The model is multi-period and multi-sectoral and is formulated to be a 
programming model which allows for inter-temporal dynamic optimization. While 
the endogenous income distribution mechanism of the model is useful in computing 
the poverty ratios under different scenarios pertaining to carbon taxes and India’s 
participation in an internationally tradable emission permits regime, the model, be-
cause it uses the activity analysis framework, is more like a planning model based 
on supply-side consistency rather than a market driven model which equates de-
mand and supply through endogenous determination of prices. The CGE model of 
Ojha (2009) for India, however, embodies both an endogenous price system which 
balances demand and supply, and an endogenous income distribution module which 
enables the calculation of poverty ratios. It is therefore just appropriate for simu-
lating the effects of carbon taxes and participation in a globally tradable emission 
permits regime on GDP and poverty.

Our review of literature brings forth research gaps. It is observed from the above 
review of literature that most of the studies in the subject of climate change impact 
analysis are for the vulnerable sectors of the economy like agriculture, forestry, 
fisheries, etc. On the other hand, there are some other sectors which may not be 
vulnerable but they may be making significant contributions to GHG emissions 
as well as on economic growth. For example, the manufacturing sector together 
contributes almost 27 % of total GHG emissions in the year 2006 − 2007 (INCCA 
2010) and their share in GDP for that year is almost 18 % (CSO, National Accounts 
Statistics 2009). Therefore, growth in manufacturing sector will have significant 
impact on GHG emissions in India. In the year 2006 − 2007, thermal electricity 
sector alone contributes 37.8 % of total GHG emissions (INCCA 2010). Almost 
86 % of energy in India comes from the thermal electricity sector (CSO, energy 
statistics 2009). So the growth of the Indian economy will depend on the growth of 
the thermal electricity sector, which in turn will lead to increase in GHG emissions 
in  India. Again, as every sector is dependent upon and feeds every other sector 
through input-output linkages, the growth of a sector will have direct and indirect 
impacts on GHG  emissions.

In India, policymakers are trying to provide different policy options for mitigat-
ing climate change impact in India. Energy efficiency improvement is one of them. 
Climate change experts are of the opinion that energy efficient technology will re-
duce future GHG emissions but not economic growth (MoEF 2009). On the other 



71.3  Past Studies

hand, the reduction in CO2EQ emission from economic activities by decoupling 
economic growth and GHG flow has been incorporated into the climate change 
mitigation policy agenda globally since the last two decades. To define appropriate 
policy interventions, a clear understanding of how emissions are generated and the 
economic and technological factors that influence the country’s GHG profile is a 
must. This necessitates an in-depth study of this particular issue. Hence, this is an-
other glaring research gap in this subject.

Apart from the energy efficiency improvement measures, there are three other 
policy measures for emissions abatement: command and control, carbon taxes, 
and participation in emissions trading (Ellis and Tirpak 2006). But the command-
and-control measure has some serious limitations. Firstly, command-and-control 
measures have been shown to be statically and dynamically inefficient as com-
pared to market-based instruments (MBIs) such as carbon taxes (Pearson 2000). 
Secondly, under a command-and-control measure, in order to reduce carbon emis-
sions, it is the output of goods produced that has to contract as there is limited 
scope for substitution across (fuel) inputs. The loss in output in turn translates into 
a deadweight loss in welfare (Harrington and Morgenstern 2004). However, in 
case of MBIs like carbon taxes, the government can plough back the tax revenue 
productively to yield benefits for the economy over and above those resulting 
from lower emissions, thus, reducing the net loss in welfare. The government can 
also substitute the carbon tax for some other more distortionary tax and thus gen-
erate efficiency gains for the economy, i.e., reap double-dividend (Pearson 2000). 
Though the market-based incentive policies seemingly have direct and indirect 
advantages in India, their net impacts on the economy must be precisely evaluated 
and compared through a suitable empirical GHG emissions abatement model, so 
that they can be prioritized.

The role of clean development mechanism (CDM) and other mechanisms of the 
Kyoto Protocol in India’s energy future are unclear (Murthy et al. 2007). The CDM 
allows late-industrializing countries to generate Kyoto permits that can be traded 
in an international market from the projects that otherwise would not have been 
undertaken and thereby reducing emissions below a baseline. A CDM project must 
be voluntary, generate “real, measurable, and long term benefits related to the miti-
gation of climate change,” and generate “reduction in emissions that are additional 
to any that would occur in the absence of the certified project.”1 The main problem 
with the CDM is the problem of determining the baseline emissions that would oth-
erwise have occurred as well as the amount of administrative cost involved in hav-
ing CDM projects evaluated and approved. Probably the most attractive aspect of 
the CDM approach is the application to changes in land-use practice and forestation 
of degraded areas. However, India is already investing a lot of resources on refores-
tation independently of the CDM mechanism and it is difficult to define what is ad-
ditional to baseline. Therefore, it seems that more direct policies aimed at changing 
the future composition of energy generation in India need to be considered.

1 Page 12 of the test of the Kyoto protocol. Please see http://unfccc.int/resource/docs/convkp/
kpeng.pdf.

http://unfccc.int/resource/docs/convkp/kpeng.pdf
http://unfccc.int/resource/docs/convkp/kpeng.pdf
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Though researchers in India have made significant contributions in  domestic 
and international climate policy formulation, there is a huge gap between policy 
 prescription and implementation. Policy guidance in the form of a proper appraisal of 
the likely policy options with regard to their capability to benefit or harm the  economy 
is urgently needed to make the ongoing policy debate conclusive and  purposeful.

1.4  Study Goals

In the backdrop of the above research gaps in the area of climate change mitigation 
analysis, we have set the following objectives for our book:

1. To build an appropriate database and a methodology to assess the impact of 
 economic growth on GHG emissions and that of sectoral output growth on 
energy demand, and employment.

2. To analyze empirically the factors driving changes in GHG emissions in India in 
order to bring out the importance of the emission intensities of different sectors 
in devising a climate change mitigation strategy of India.

3. To formulate an empirical model, such as a computable general equilibrium 
(CGE) model, to analyze the economy-wide impact of  market-based policy 
instruments for mitigation in India.

1.5  Framework for Assessment

Assessments of impact of economic growth on climate change are not easy due to 
the complex relation between environment and economic activities (Jian 1996). 
The economy and environment interact with each other in myriad ways. To produce 
goods for consumption, a production process needs to depend on the environment to 
provide material resources and energy. The material resources and energy provided 
by the environment are transformed in the production and consumption processes 
to satisfy human wants, and the by-products discarded by the humans are then dis-
charged back into the environment. Thus, environment is not only a provider of 
material and energy resources for the benefit of people inhabiting the earth, but also 
provides sink service for wastes generated from production and consumption. The 
environmental services are after all available in finite amounts and can therefore put 
a limit to the economic growth of the global economy.

There is eventually a limit to the environment’s assimilative capacity by which 
it absorbs wastes discharged from the economy (Jian 1996). When the amount of 
wastes discharged into the environment is larger than the environment’s assimila-
tive capacity, environmental degradation occurs. The degradation of environmental 
quality has direct negative effects on both the utility of consumers and the stock 
of resources. The decrease in the quantity and quality of resources in turn has an 
 indirect impact on consumer’s utility or satisfaction by reducing productivity.
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As most of the environmental problems can be directly attributed to the structure 
of production and consumption, it seems urgent and necessary and urgent to find 
ways to make these problems explicit within an accounting framework. In order to 
do this, it is important to develop a consistent accounting framework which will 
incorporate the economic as well as the environmental indicators. This work is an 
attempt to respond to the need to include, explicitly and directly, the two sets of 
indicators (economic and environmental indicators) into a unified and consistent 
framework which accounts for their relations to the economic system as a whole 
and provides the basis for diagnoses and eventually for policy-making.

However, the conventional national accounting system is not  accommodative 
towards environmental indicators. Including environmental indicators in a 
 comprehensive national accounting system, thus, poses an enormous challenge from 
a methodological standpoint. The ensuing analysis is best seen as a modest  beginning 
in meeting this challenge. In order to overcome some of the limitations of the 
 conventional national accounting system, more comprehensive systems have been de-
veloped, among which the traditional and extended input output (IO) tables and their 
generalized form as Social Accounting Matrices (SAMs) are the most  prominent.

A SAM depicts the entire circular flow of income for an economy in a (square) 
matrix format. It shows production leading to the generation of incomes which in 
turn are allocated to institutions—households, enterprises, government, rest of the 
world, etc. The disposable incomes (which is nothing but earned incomes net of 
direct taxes) of these institutions are either spent on products or saved. Expendi-
tures by institutions create demands which are met by domestic production from 
domestic industries as well as from imports. The advantage of incorporating both 
the economic and environmental indicators in a common social accounting matrix 
framework is that their interrelations can become more transparent for policymak-
ers. Therefore, the extension of a conventional SAM to include environmental in-
dicators can be considered as the first logical step in the efforts to simultaneously 
account for the interrelationships between economic and environmental activity.

Another advantage of SAM is its enabling of multiplier analysis. With the help 
of the SAM multiplier, we can analyze the direct, indirect, and induced impact of 
exogenous factors in the economy. Therefore, if we interrelate the economic indica-
tors with the environmental indicator in a SAM framework, then that environmental 
social accounting matrix (ESAM) will help us to analyze the impact of economic 
growth on climate change.

To analyze the factors which are responsible for the GHG emissions, many 
 researchers follow the structural decomposition analysis (SDA) to distinguish the 
 factors and their impacts on GHG emissions (Mukhopadhyay 2001). As suggest-
ed in the literature, we need an integrated database which will provide data on IO 
 coefficients as well as data on GHG emissions. The ESAM will eminently serve that 
purpose.

Finally, we apply the method of CGE model to analyze the impact of carbon 
mitigation policies in India. This CGE model used here is an integrated top-down 
model which assimilates the economy and environment in a single modeling 
framework. Unlike IO type models, CGE models are characterized by nonlinear 
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and price-endogenous features and the inclusion of resource constraints. They thus 
effectively reflect real-world problems. Devarajan (1988) specifically lists three 
reasons why CGE models, rather than other types of economy-wide models, are 
preferred for policy analysis. The first reason is that price matters. CGE models 
are distinguished by their price endogenous features. Prices and quantities are de-
termined simultaneously in simulating the results of an external shock or a policy 
change. The second reason is that interactions matter. CGE models are specifically 
designed to include many markets (such as goods and factor markets), many in-
stitutions (such as firms, households, and government), and their interactions. The 
third reason is that economic structure matters. CGE model focuses on the issue 
of economic structure. In addition to its internalization of market mechanisms, the 
CGE approach leaves room for nonmarket activities. Therefore, due to these ad-
vantages, the CGE approach is more capable of simulating the results of a policy 
change or an external shock than are other previous predecessor models such as 
IO models.

1.6  Scheme and Scope of This Study

Following this introductory chapter, the rest of this book is organized as follows: 
Chapter 2 provides the concepts and construction of the social accounting matrix for 
India. Chapter 3 describes the method of constructing ESAM with the environmen-
tal indicators which are significant for climate change analysis. Chapter 4 describes 
the estimation of SAM multiplier and its application to show the impact of eco-
nomic growth on climate change. Chapter 5 illustrates IO structural decomposition 
analysis to analyze the factors determining change in GHG emissions in India. In 
Chap. 6, we have described the structure of the India CGE model for climate change 
mitigation policy analysis and its underlying assumptions. The results of this CGE 
model are described in Chapter 7, and, thereafter, Chapter 8 summarizes the study 
and provides concluding remarks with hints about future scope of research.
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Chapter 2
Social Accounting Matrix of India: Concepts 
and Construction

Social accounting matrix (SAM) is a technique related to national income 
 accounting, providing a conceptual basis for examining both growth and distribu-
tional issues within a single analytical framework in an economy. It can be seen as a 
means of presenting in a single matrix the interaction between production, income, 
 consumption, and capital accumulation. In this Chapter, we describe the concept 
and methodology for construction of a SAM for India. The novelty of this SAM is 
a detailed  account of disaggregated energy sectors, electricity sectors, energy inten-
sive  sectors, and biomass as an alternative source of fuel. Further, this is one of the 
latest SAMs for India with such a high level of disaggregation.

2.1  Concept and Structure of SAM

A social accounting matrix is simply defined as a single entry accounting system 
whereby each macroeconomic account is represented by a column for outgoings 
(payments) and a row for (receipts) incomings (Round 1981). It is represented in 
the form of a square matrix with rows and columns, which brings together data on 
production and income generation as generated by different institutional groups 
and classes on the one hand and data about expenditure of these incomes by them 
on the other. In a SAM, incomings are indicated as receipts for the row accounts in 
which they are located and outgoings are indicated as expenditure for their column 
accounts. Since all incomings must be, in a SAM, accounted for by total outgoings, 
the total of rows and columns must be equal for a given account.

SAM is essentially a database, including both social and economic data for an econ-
omy for an accounting year. The data sources for a SAM come from input- output (IO) 
tables, national income statistics, and household income and  expenditure  statistics. 
Therefore, a SAM is broader database than an IO table and typical  national account, 
showing more detail about all kinds of transactions within an economy. An IO table 
generally records economic transactions alone irrespective of the social background 
of the transacting actors. A SAM, on the contrary the  national accounts, “…attempts 
to classify various institutions to their socio-economic backgrounds  instead of their 
economic or functional activities” (Chowdhury and Kirkpatrick 1994, p. 58).

B. D. Pal et al., GHG Emissions and Economic Growth,  
India Studies in Business and Economics, DOI 10.1007/978-81-322-1943-9_2,  
© Springer India 2015
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At this point, it would be good to describe the various components of a hypo-
thetical SAM in a schematic diagram (Table 2.1). As this table shows, there are 
four agents in the hypothetical economy, namely, the households, the private corpo-
rate, the pubic nondepartmental enterprises and the government. Here, interindustry 
flows are presented by A11. This table indicates that the factor incomes generated 
through production process (A21) are transferred to institutions according to the 
ownership of their factors of production (A32, A42, A52, and A62). In addition, a 
household gets its income from current transfers from the government as well as 
from interest on public debt (A36) and the net current transfers from the rest of the 
world (ROW; A39). The households spend on consumption of goods and services 
(A13) and pay income taxes (A63) and indirect taxes on purchase (A73) and they 
keep the residual income as savings (A83).

The income of the private corporate sector comes from its operating profit (A42) 
and interest on holding public debt (A46). After payment of corporate tax (A64), 
the residual is savings (A84).

The receipts and expenditures of the other two institutions, public-nondepartmen-
tal enterprises and government administration including departmental  enterprises, 
are specified in this table. The income of the first category is only the operating 
surplus (A52) which is also its saving (A85). The receipts of the  government con-
sists of income from its enterprises (A62), direct taxes paid by the households and 
 private corporations (A63, A64), the total indirect taxes generated within the econ-
omy (A67) and the net capital transfer from ROW (A69). On the other hand, its 
outlay includes its final consumption expenditure on goods and services (A16), 
transfers and interest payments to households (A36) and interest payments to pri-
vate corporate sector (A46).

The receipts of the capital account are from the net savings of the different insti-
tutions (A83, A84, A85, and A86), foreign savings (A89), and depreciation (A82). 
The expenditure is equal to gross domestic capital formation (A18) and indirect 
taxes paid on purchases of the investment goods (A78).

The ROW represents the equality between foreign exchange expenditures on the 
one hand and foreign exchange earnings on the other. Foreign exchange expenditure 
equals imports (A91). On the other hand, foreign exchange earnings equals sum of 
exports (A19), net factor income from abroad (A29), net current transfers (A39), net 
capital transfer (A69), net export taxes (A79), and foreign savings (A89).

2.2  Purpose of Constructing SAM

India has been an early leader in SAM-based model users. To the best of our knowl-
edge, Sarkar and Subbarao (1981) constructed the first SAM for India back in the 
1980s, which provides the consistent database for their computable general equilib-
rium (CGE) model. Subsequently, a number of SAMs are constructed over the years 
by the different researchers. In the following Table 2.2, we have described a brief 
outline of these various SAMs and their salient features.
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Serial no. Name of researchers and 
their SAM-based study

Salient features of SAM

1. Sarkar and Subbarao 
(1981)

Base year: 1979–1980
Sectors (3 in all): agriculture, industry, and services
Agents: nonagricultural wage income class, nonagricul-

tural nonwage income class, agricultural income class, 
and government

2. Sarkar and Panda (1986) Base year: 1983–1984
Sectors (6 in all): agriculture (2), industry (2), infrastruc-

ture, and services
Agents: nonagricultural wage income class, nonagricul-

tural nonwage income class, agricultural income class, 
and government

3. Bhide and Pohit (1993) Base year: 1985–1986
Sectors (6 in all): agriculture (2), livestock and forestry, 

industry (2), infrastructure, and services
Agents: government, nonagricultural wage income earn-

ers, nonagricultural profit income earners, and agricul-
tural income earners

4. Pradhan and Sahoo (1996) Base year: 1989–1990
Sectors (8 in all): agriculture (2), mining and quarrying, 

industry (2), construction, electricity combined with 
water and gas distribution, and services (3)

Agents: government, agricultural self-employed, agricul-
tural labor, and nonagricultural self-employed and other 
labor

5. Pradhan et al. (1999) Base year: 1994–1995
Sectors (60 in all): agriculture (4), livestock products 

(2), forestry sector, mining (4), manufacturing (27), 
machinery and equipment (6), construction, electricity, 
transport (2), gas and water supply, other services (11)

Agents: government, self-employed in agriculture (rural 
and urban), self-employment in nonagriculture (rural 
and urban), agricultural wage earners (rural and urban), 
other households (rural and urban), private corporate, 
and public nondepartmental enterprises

6. Pradhan et al. (2006) Base year: 1997–1998
Sectors (57 in all): agriculture (4), livestock products (2), 

forestry, mining, manufacturing (27), machinery and 
equipment (6), construction, electricity, transport (2), 
gas and water supply, other services (11)

Agents: government, self-employed in agriculture (rural 
and urban), self-employment in nonagriculture (rural 
and urban), agricultural wage earners (rural and urban), 
other households (rural and urban), private corporate, 
and public nondepartmental enterprises

7. Sinha et al. (2007) Base year: 1999–2000
Sectors (13 in all): agriculture (informal), formal manu-

facturing (9), construction (informal), other services 
(formal and informal), and government service

Agents: casual labor (rural and urban), regular wage 
earner (rural and urban), own account worker (rural and 
urban), employer (rural and urban), and government

Table 2.2  Stylized facts of social accounting matrices (SAMs) of India. (Source: Authors’ 
collection)
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As Table 2.2 shows, the SAM constructed by Pal et al. for the year 2003–2004 
provides detailed description about primary energy, biomass, electricity, and trans-
port sector. Prior to this SAM the available SAMs, especially before 1996, were 
highly aggregated in nature and most of them have three household classes. These 
SAMs are old and their socioeconomic classifications are based on data for the 
year 1970. To some extent, SAM constructed in the post 1996 period addresses 
these shortcomings. However, the article published by Pal et al. does not provide 
detail description about the methodology for constructing such detail SAM for In-
dia. Moreover, the base year of this SAM is 2003–2004, whereas the government 
of India had published the IO table for the year 2006–2007 also (Central Statistical 
Organization, CSO 2010).

Since our interest of SAM is for climate change policy analysis, we have planned 
to present a detail methodology of constructing a SAM for India with detail de-
scription of primary energy, biomass, electricity, and transport sectors. Moreover, 
we have decided to construct a SAM for the more recent year 2006–2007 than the 
2003–2004 SAM as available in Pal et al (2012). However, looking at the data 
availability, our need, and time constraint, we have decided to construct a SAM of 
35 sectors of the economy, 3 factors of production, and 9 categories of occupational 
households. The description of the sectors of our SAM and its concordance map 
with 130 sectors of IO flow table is shown in Table 2.3.

As Table 2.3 shows, some of the sectors of this SAM match with the sectors of 
the 130-sector IO table of the year 2006–2007. But the important aspect of our SAM 
is the decomposition of electricity sector into three separate sectors viz. hydro, nu-
clear, and non-hydro. The non-hydro energy sector includes thermal, wind power, 
solar energy, etc.  However, given India’s energy balance, thermal is the main con-
stituent of this group (CSO, Energy Statistics 2007). Another salient feature of this 
SAM is the incorporation of biomass. The biomass is an alternative source of com-
mercial and domestic fuel.

Serial no. Name of researchers and 
their SAM-based study

Salient features of SAM

8. Saluja and Yadav (2006) Base year: 2003–2004
Sectors (73 in all): agriculture (12), livestock products (4), 

forestry, mining (4), manufacturing (28), machinery and 
equipment (7), construction, energy, gas distribution, 
water supply, transport (2), other services (10)

Agents: five rural households’ expenditure classes, five 
urban households’ expenditure classes, private corpora-
tion, public enterprises, and government

9. Pal et al. (2012) Base Year: 2003–2004
Sectors (85 in all): agriculture (19), livestock products (1), 

forestry, mining (9), manufacturing (32), construction, 
electricity (3), biomass, water supply, transport (5), 
other services (12)

Agents: five rural households’ occupation classes, five 
urban households’ occupation classes, private corpora-
tion, public enterprises, and government

Table 2.2 (continued) 
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We have considered four economic agents in our proposed SAM viz. households, 
government, public nondepartmental enterprises, and private corporate. Moreover, 
the households are decomposed into nine occupational households group. This 
household’s classification is based on the household’s classification given by Na-
tional Sample Survey Organization (NSSO 2008). Thus, our SAM consists of 12 
economic agents. The description of these 12 economic agents is given in Table 2.4.

Table 2.3  Mapping between social accounting matrix (SAM) sectors and sectors of input-output 
(IO) table. (Source: Authors’ estimate)
Serial no. Sector code Sectors for SAM Sectors of IO table
1 PAD Paddy rice 1
2 WHT Wheat 2
3 CER Cereal, grains, etc., other crops Part of (3–7,18,19, 20)
4 CAS Cash crops 8,9,10–17
5 ANH Animal husbandry and production Part of (21, 22, 23, 24)
6 FOR Forestry Part of 25
7 FSH Fishing 26
8 COL Coal 27
9 OIL Oil 29
10 GAS Gas 28
11 MIN Minerals not elsewhere classified 30–37
12 FBV Food and beverage Part of (38–45)
13 TEX Textile and leather 46–54, 59, 60
14 WOD Wood 56
15 PET Petroleum and coal production 63,64
16 CHM Chemical, rubber, and plastic 

production
58,61,62,65,66, 69–73

17 PAP Paper and paper production Part of 57
18 FER Fertilizers and pesticides 67,68
19 CEM Cement 75
20 IRS Iron and steel 77,78, 79
21 ALU Aluminum 80
22 OMN Other manufacturing 55, 74, 76, 81, 82, 95–105
23 MCH Machinery 83–94
24 HYD Hydro 107
25 NHY Thermal 107
26 NUC Nuclear 107
27 BIO Biomass Part of (3–7,18,19, 20), part of 

(21, 22, 23, 24), part of 25, part 
of (38–45), part of 57

28 WAT Water 108
29 CON Construction 106
30 LTR Land transport 110, 113
31 RLY Rail transport 109, 113
32 AIR Air transport 112, 113
33 SEA Sea transport 111, 113
34 HLM Health and medical 122
35 SER All other services 114–121, 123, 124–126, 127–130
The description of 130 sectors of IO flow table is given in Appendix 1
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Once we know the sectoral description of our proposed SAM of India, our next 
task is to construct this SAM for the Indian economy. In the following sections, we 
describe in detail the methodology of constructing the 35-sector SAM of India for 
the year 2006–2007.

2.3  Methodology of Construction of SAM

The core of a SAM is an IO table. CSO has prepared 130-sector  commodity X 
industry absorption matrix and 130-sector industry X commodity make matrix and 
sectors commodity X commodity IO flow matrix for the year 2006–2007.1 Since we 
have made an attempt to construct a SAM in a commodity X commodity framework 
for the year 2006–2007, we have considered commodity X commodity IO table for 
India for the year 2006–2007.

However, the concordance map of our sectors with the 130 sectors of IO table 
as shown in Table 2.3 indicates that sectors like biomass, hydroelectricity, nuclear 
electricity, and non-hydroelectricity do not have a one-to-one mapping with 130 
sectors. So to complete our exercise, we need to construct rows and columns for 
these sectors, and the procedure is given below.

2.3.1  Expansion of Electricity Sector (Hydro, Non-hydro,  
and Nuclear)

The Hydro Power Corporation Limited of India (NHPCL) and Nuclear Power 
 Corporation of India Limited (NPCIL) publish their annual accounts every year. The 
information from these reports has been used to construct the columns of hydro- and 

1 www.mospi.nic.in extracted on August 2010.

Table 2.4  Description of economic agents. (Source: NSSO 2008)
Agent code Description
RNASE Rural nonagricultural self-employed
RAL Rural agricultural labor
ROL Rural other labor
RASE Rural agricultural self-employed
ROH Rural other households
USE Urban self-employed
USC Urban salaried class
UCL Urban casual labor
UOH Urban other households
PVT Private corporate
PUB Public nondepartmental enterprises
GOV Government
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nuclear-electricity sectors. Once we get the column of hydro- and nuclear- electricity 
sectors, we subtract them from aggregate electricity sector to obtain the column of 
non-hydroelectricity sector. Thus, we get the total output (i.e., column sum) of each 
electricity sector and their corresponding share with aggregate electricity sector’s 
output. We apply this share to the row of aggregate electricity sector to obtain the 
rows of these electricity sectors separately.

2.3.2  Construction of Biomass Sector

The biomass supplies originate in (1) agricultural residuals, (2) animal husbandry 
residual, (3) firewood, (4) food and beverages industry residuals, and (5) paper and 
paper industry residuals.2 According to the national accounting methods, only the 
5 % of agricultural residuals are taken as biomass and rests of the part are consid-
ered to be consumed by the entire livestock population (CSO 1989).

The use of biomass can be divided into two parts viz. noncommercial purpose 
and commercial purpose (Fritz and Steininger 1998). Noncommercial biomass is 
mainly used as cooking fuels, which comes from agriculture, animal husbandry, 
and forestry sectors. On the other hand, commercial biomass use has two parts viz., 
commercial nonmodern biomass use and modern biomass use. The commercial 
nonmodern biomass use considers the use of charcoal and commercial fuel wood 
and these are available from forestry sector. The paper and sugar industry are the 
main contributors of modern biomass. This modern biomass is used mainly for bio 
fuels. Apart from this, the biomass can also be used for the production of chemicals, 
plastic, as well as reducing agent for steel production (charcoal) and for construc-
tion purpose.

Now the data on agricultural sector residuals, animal husbandry residuals, and 
firewood are available from National Accounts Statistics (NAS) of India. On the 
other hand, Annual Survey of Industries (ASI) gives data on commercial nonmod-
ern biomass use as well as modern biomass use statistics for the year 2000–2001. 
We use ASI data on biomass use to obtain total biomass output originating from 
industries for the year 2000–2001. Again, this industrial biomass is originated from 
paper industry and food and beverages industry. We use their ratio of output of the 
year 2000–2001 to split up this industrial biomass according to their origin. To 
obtain the industrial biomass output for the year 2006–2007, we first estimate the 
share of paper and food and beverages industries in biomass production and apply 
this to their total output of the year 2006–2007. Thus, we get the total biomass out-
put of the year 2006–2007.

Once we have derived total output data on biomass, we need to estimate its row 
and column. But, as data is not available on input structure of biomass sector, it 
is very difficult to make a column of this sector. In this case, we have considered 
these five types of residuals viz., agricultural residual, animal husbandry residual, 

2 See http://edugreen.teri.res.in/explore/renew/biomass.htm.
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firewood, food and beverages industry residuals, and paper industry residuals as 
 by-products of their mother sectors and apply the input structure of their mother 
sector to these by-products (Pradhan et al. 2006).

To make a row of biomass sector, we first make separate rows for the agricul-
tural residuals, animal husbandry residuals, firewood, and industrial residuals. As 
we mentioned earlier, the agricultural and animal husbandry residuals are mainly 
used as cooking fuel. But in the agricultural production process, these residu-
als are also used as organic fertilizer. So, we distribute these residuals into the 
agriculture-related sectors on the basis of the rows of their mother sectors and the 
rest of the part is treated as Private Final Consumption Expenditure (PFCE). Since 
the firewood is mainly used as cooking fuel, we have treated the firewood output 
as PFCE. As the industrial biomass use statistics for the year 2000–2001 is avail-
able from the ASI, we use this ratio to distribute the industrial biomass output 
of the year 2006–2007. The point to be noted is that these residuals are included 
under their corresponding mother sectors described in IO table 2006–2007. So, 
after obtaining the columns and rows of these residuals, we have subtracted them 
from the columns and rows of their corresponding mother sectors to obtain the 
independent rows and columns of these residuals. At last, we add up these col-
umns and rows to get a column and row of biomass sector. In this way, we have 
extended the IO table of the year 2006–2007 with the three electricity sectors and 
one biomass sector.

On the other hand, the IO table of the year 2006–2007 gives accounts for four 
transport activities and one separate account for services incidental to transport 
sectors. But in our SAM, there is no separate account for the services incidental 
to transport activities; rather it has been included in all these transport activities. 
Therefore, to complete the SAM of the year 2006–2007, we have to include the 
row and column of these services incidental on transport sector into four transport 
 sectors and the method is given below.

2.3.3  Disaggregation of “Services Incidental to Transport” 
Sectors

The services incidental on transports described in IO table 2006–2007 comprises 
packing, crating, operations of travel agencies, etc. These services are associated 
with shipping, air, railways, and road transport. In our SAM, there is no separate 
account of this sector; rather it has been merged with sea, air, railways, and road 
transport sectors. Therefore, we are to break-up the row and column of this ser-
vices incidental on transport sector according to transport activities in which these 
services are associated. To do this, we have applied the share of output of each 
transport sector to the row and column of this services incidental on transport  sector. 
The rows and columns thus obtained are added to the row and column of sea, air, 
railways, and road transport sectors, and hence, we get the four transport sectors 
exactly matching with transport sectors described in our SAM.
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2.3.4  Aggregation of IO Table

After expanding the 130-sector IO table 2006–2007, we obtain a 132-sector IO 
table of India for the same year. To be specific, the added three new sectors are 
hydroelectricity, nuclear electricity, and biomass, and the sector describing servic-
es incidental to transport have been merged with road, rail, sea, and air transport. 
According to our sectoral scheme, we aggregate the 132-sector IO table to obtain 
35-sector IO table. The next step is to extend the accounts of 35-sector IO table into 
accounts for the 35-sector SAM. This involves primarily decomposition of gross 
value added into depreciation, wage and nonwage income, and of PFCE and per-
sonal income into economic categories of households. The next section describes 
the methodology of same.

2.3.5  Extension of IO Table to SAM

We describe below the methodology along with the data sources for the decomposi-
tion of gross value added into depreciation, wage, and nonwage income. The other 
relevant accounts for the SAM are also discussed in this section.

Decomposition of Gross Value Added into Depreciation, Wage, and Nonwage 
Income The decomposition of gross value added into wage (including imputed) 
and nonwage income (capital and land income) has been done for 35 sectors of the 
economy for 2006–2007. The sources of data and methods used are given below 
according to the broad sectors of our SAM.

Agriculture and Allied Activities (Sectors 1–7 of SAM) The aggregate net value 
added (NVA) for agriculture, forestry, and fishing sector is available from NAS. 
We first calculate the NVA separately for these sectors by using the depreciation to 
gross value added (GVA) ratio for the entire agricultural sector, as available from 
the NAS. As we have considered four sectors under agriculture and an animal hus-
bandry sector as separate activity in our SAM, we divide the aggregate NVA of agri-
cultural sector into these five sectors on the basis of above-mentioned method. The 
NAS also gives the breakdown of the NVA into compensation to employees (CE) 
and operating surplus/mixed income (OS). The CSO divides the mixed income 
under the unorganized part of agriculture and animal husbandry sectors into the 
income of family labor and operating surplus, for which data are available for the 
period 1980–1981 to 1999–2000 (CSO 2008). We use the proportion of 1999–2000 
to disaggregate the mixed income of 2006–2007 into the above two categories. 
The wage income due to family labor, obtained in this way, has been added to the 
actual wage income from the organized and unorganized components to get the total 
income due to labor. Having obtained the total labor income of the aggregate agri-
culture sector, we distribute this labor income into four agriculture-related sectors 
by using the proportion of NVA as obtained earlier. The remaining part of the net 
domestic product is the operating surplus. We add depreciation with this operating 
surplus to obtain the sector specific capital income.
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Since the relevant data for forestry and fishing is not available, the mixed income 
of unorganized part of this sector is divided into wage income and operating surplus 
by using the same ratio as in agriculture. Finally, the total value added in each of 
these sectors is divided into its components by applying the same method as used 
for agriculture.

Again, as the land is an important part of the capital in crop husbandry, nonwage 
income of this sector is divided into income from land and other capital. This is 
done by using information from the databases available with the Ministry of Agri-
culture, Government of India (http://eands.dacnet.nic.in/).

Mining and Quarrying (Sectors 8–11 of SAM) In our SAM 2006–2007, there 
are four sectors under mining. They are namely coal, crude petroleum, natural 
gas, and minerals not elsewhere classified. The IO table 2006–2007 gives the 
GVAs of these four sectors. We need to decompose these GVAs into deprecia-
tion, wage, and nonwage income. NAS provides data of GVA separately for NVA 
and depreciation of the aggregate mining and quarrying sector and also gives the 
decomposition of NVA into wage and nonwage income of the same sector. We 
first apply the ratio between GVA and depreciation of the aggregate mining and 
quarrying sector to the independent GVA of coal, crude petroleum, and minerals 
sectors to obtain the NVAs of these sectors. Next, we decompose these NVAs into 
wage and nonwage income by using the ratio of wage and nonwage income of the 
aggregate mining and quarrying sector. The depreciation of each of these sectors 
is added with their nonwage income to obtain the gross capital income of these 
sectors, respectively.

Next, we have to estimate the wage and nonwage income of the natural gas 
 sector. As the natural gas sector of the IO table 2006–2007 is merged with gas distri-
bution sector, we have subtracted the GVA of gas distribution sector from the GVA 
of natural gas sector of the IO flow table 2006–2007. Once we have obtained the 
GVA of independent natural gas sector, we apply the same method as applied for the 
coal, crude petroleum, and minerals sectors to obtain the depreciation, wage, and 
nonwage income of the independent natural gas sector. Next, we need to decompose 
the GVA of gas distribution sector into depreciation, wage, and nonwage income. 
The data on depreciation and NVA of the gas distribution sector is directly available 
from the NAS. The NAS also divides the NVA into wage and nonwage income of 
the organized as well as unorganized part of the combined electricity, gas and water 
supply sector. We have subtracted the wage and nonwage income of the electric-
ity and water supply sectors from the same of the organized part of the combined 
 sector to obtain the wage and nonwage income of the organized gas distribution sec-
tor. The wage and nonwage income of unorganized part of the combined sector is 
treated as wage and nonwage income of the gas distribution sector. The unorganized 
part of the combined electricity, gas, and water supply sector mainly deals with gas 
distribution sector. The wage and nonwage income thus obtained for the gas distri-
bution sector is added with the same of independent natural gas sector. Finally, we 
add up the depreciation of independent natural gas and gas distribution sectors with 
the nonwage income of the natural gas sector of IO table 2006–2007 to obtain the 
gross capital income of the gas sector.
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Manufacturing Industries (Sectors 12–23 of SAM) The output of manufacturing 
industries comprises of the outputs of the registered and unregistered sectors. The 
GVA at 2-digit level of National Industrial Classification (NIC) for 2006–2007 
given in NAS is divided into wage and nonwage income on the basis of ASI data as 
available for 2003–2004. For unregistered manufacturing, the NSSO gives estimate 
of GVA, emoluments, number of hired, and total workers for the year 2005–2006 
(NSSO 2008). In case of self-employed workers, the imputed values based on the 
data for hired workers are used. Using the proportion of different components of 
GVA for 2000–2001 for the registered sectors to the 2006–2007 GVA of the unreg-
istered sector, we obtain the components of GVA at the 2-digit level industrial 
classification for the year 2006–2007. Adding these values for registered and unreg-
istered sector, we obtain the components of the GVA for the entire manufacturing 
sector at 2-digit level. Lastly, we use the ratios for each 2-digit level industrial group 
for all the sectors under that group to obtain the wage and nonwage incomes for dif-
ferent sectors under manufacturing. Since output of sectors, like cement, fertilizers, 
mainly come from the organized sector, we have directly used the ASI ratios.

Transport (Sectors 30–33 of SAM) The estimate of wage and nonwage income for 
railway transport is obtained directly from NAS. But the data on wage and non-
wage income for organized part of the other transport sector are available from the 
NAS. Since the organized transport sector contains combined of land transport, 
sea transport, and air transport, the NVA of these sectors are divided by the same 
ratio that is used for entire organized transport sector. To divide the GVA into wage 
and nonwage income of the unorganized transport sector, we use the information 
available from Enterprise Survey of CSO 1993–1994 and add this income to land 
transport sector.

Other Services Sector (Sectors 34 and 35 of SAM) Besides these transport sectors, 
there are another two services sector described in our SAM, i.e., health and medical 
services and other services. The NVA data on different service sectors are available 
from NAS. We add up the wage and nonwage income of different services to obtain 
the value added of these two sectors. We have treated mixed income as nonwage 
income of service sectors.

Electricity (Sectors 24–26) The electricity sector comprises three different 
  electricity sectors (i.e., hydro, non-hydro, and nuclear) in our SAM. The data on 
GVA and depreciation for the hydro- and nuclear-electricity sectors are avail-
able, respectively from the annual accounts of NHPCL and NPCI. On the other 
hand, NVA and depreciation of aggregate electricity sector is available from NAS. 
Since we have estimates of NVA and depreciation of hydro- and nuclear-electricity 
 sectors, we can derive NVA and depreciation of the non-hydroelectricity sector.3 To 
decompose the NVAs of these electricity sectors into wage and nonwage income, 
the following procedure is adopted. NAS gives the decomposition of NVA for the 
aggregate  electricity, gas, and water supply sectors. Using this ratio of wage and 

3 Note: NVA (non-hydro)=NVA (electricity)—NVA (hydro)—NVA (non-hydro), depreciation 
(non-hydro)=depreciation (electricity)—depreciation (hydro)—depreciation (non-hydro).
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nonwage income, we obtain the wage and nonwage income of these three electricity 
sectors. Next, we add the depreciation with the nonwage income of these electric-
ity sectors to obtain the total nonwage income of these separate electricity sectors.

Water Supply (Sector 28 of SAM) The decomposition of GVA into NVA and depre-
ciation is given in NAS for water supply sector. However, NAS does not provide 
the data on wage and nonwage income of the water supply sector separately. To 
decompose the NVA of water supply sector, we have used the ratio of wage and 
nonwage income of the combined electricity, gas, and water supply sector. The non-
wage income of the water supply sector thus obtained is added with the depreciation 
of this sector to obtain the gross nonwage income of this sector.

Biomass (Sector 27 of SAM) In Sect. 2.3.2, we have estimated GVAs of the sec-
tors under biomass sector. To separate out GVA of same into wage and nonwage 
income component, we first decompose the GVA of each sector under biomass 
(like  agriculture residual, firewood, animal husbandry residual, food and bever-
ages industry residual, and paper industry residual) and then we add up their wage 
and nonwage income to obtain the same for biomass sector. This is estimated by 
using the ratio of wage and nonwage income (inclusive of depreciation) of their 
corresponding mother sectors like agriculture, forestry, animal husbandry, food and 
beverages, and paper industry sectors.

Construction (Sector 29 of SAM) The total income which is mixed of all types 
excluding the interest payments under unorganized sector is assumed as wage 
income. For organized sector, the wage and nonwage income are separately avail-
able from NAS.

Distribution of Sectorwise Consumption Expenditure by Occupational Categories of 
Households In the updated IO table, we have obtained the sectorwise ( commodity) 
private final consumption expenditure (PFCE) for the year 2006–2007. Now, we 
have to decompose these PFCEs into the nine household classes. The NSSO in its 
62nd round gives the distribution of monthly per capita household expenditure for 
more detailed level of classification of commodities for 2006–2007 (NSSO 2008). 
A map of concordance between our sectors and NSSO’s item is shown in Table 2.5. 
On the other hand, NSSO also gives the distribution of rural population among the 
five rural occupational household classes and the urban population among the four 
urban occupational household classes for the year 2005–2006 (NSSO 2008). We 
use this ratio to distribute the total number of rural and urban populations into dif-
ferent occupational categories for the year 2006–2007. Once we have the number 
of population belonging to the different occupation classes, we can easily estimate 
the sectorwise monthly consumption expenditure of different household classes for 
the year 2006–2007. Thus, we have obtained the monthly consumption expenditure 
of the nine households group according to 28 sectors (shown in Table 2.5) of our 
SAM for the year 2006–2007. The output of nine sectors (like forestry, crude oil, 
natural gas, minerals, fertilizer, cement, iron and steel, aluminum, and  construction) 
of our SAM 2006–2007 are not consuming by the households. The biomass con-
sumption includes firewood consumption, so forestry output is not appearing in 
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the  consumption flow. In this way, we estimate the itemwise share of consumption 
expenditure for each household group. Hence, we are in a position to derive the 
consumption expenditure of each of the household classes of our SAM using these 
shares to the PFCEs of these sectors of the year 2006–2007.

The total of indirect taxes on PFCE is divided into taxes paid by different house-
holds categories in proportion to the total expenditures of these categories on non-
agricultural commodities. There is no such tax on agricultural commodities. The 
total of the expenditures on different sectors and the taxes paid is equal to the total 
expenditure for each category.

Distribution of Household Income by Source of Income and by Wage and 
Other Components As noted earlier, we have considered nine household classes 
in our SAM. So, we need to estimate the total personal income of each of these 
nine households’ classes. In general, the households receive income from different 
sources like labor income, income from capital owned by households, land income, 

Table 2.5  Mapping between social accounting matrix (SAM) sectors and National Sample Survey 
Organization (NSSO) items. (Source: NSSO 2008)
SAM sectors Item code
Paddy rice 101–106
Wheat 107–114
Cereals, grains, etc., other crops 115–153
Cash crops 234, 250–257, 290, 291–293, 297, 310–330
Animal husbandry and production 160, 162–167, 180, 182–186
Fishing 181
Coal 347
Food and beverages 161, 195–286, 294–326
Textile and Leather 362–394
Wood 494
Petroleum and coal prod. 344, 345, 508, 510, 511
Chemical, rubber, and plastic production 452, 453, 456, 461, 465, 467
Paper and paper production 400, 401, 403,
Other manufacturing 440–451, 454, 455, 457, 458, 460, 462, 

550–557
Machinery 560–568, 590–608, 610–614, 620, 621, 

630–634, 640–643
Hydro 342
Non-hydro 342
Nuclear 342
Biomass 341, 343
Gas manufacture and distribution 348, 353
Water 540
Land transport 502, 503, 505, 506
Rail transport 501
Air transport 500
Sea transport 504
Health and medical 410–424
All other services 430–435, 402, 404–406, 480–494
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and transfer income from government and ROWs. We need to account each of them 
to derive personal income of each of the household class.

The households receive wage income due to supply of their labor force to the 
production sectors of the domestic markets as well as international markets. Earlier 
in this chapter, we have estimated the payment for wage for each of the domes-
tic sectors of our SAM. On the other hand, the net wage income from ROW for 
the year 2006–20 07 is available from NAS. We have added up these wages pay-
ments of the domestic production sectors and the net wage income from ROW to 
estimate households’ total labor income. To distribute this labor income among the 
nine households’ classes, we have used SAM of the year 2002–2003 constructed 
by Pradhan et al. (2006). In that SAM, the total labor income has been distributed 
among the nine households’ classes for the year 2002–2003. Since the household 
classes of that 2002–2003 SAM correspond to our proposed household classes, we 
have used the share of each households labor income of the year 2002–2003 to the 
total labor income of the year 2006–2007.

Earlier in this chapter, we have estimated the payment of the domestic produc-
tion sectors for the capital use for the year 2006–2007. This payment for capital 
along with net capital income from ROW is treated as gross capital income of the 
economy where the data on net capital income from ROW is available from NAS. 
We subtract the depreciation from the gross capital income to obtain the net capital 
income of the economy. Now this net capital income is not only received by the 
household classes but also by the private corporate sector, public nondepartmen-
tal enterprises, and government. The private corporate sectors receives the capital 
income in the form of operating profits, the public nondepartmental enterprises re-
ceives the same in the form of operating surplus, and the government receives capi-
tal income in the form of entrepreneurship income. The data on operating surplus, 
operating profit, and the income from entrepreneurship are available from NAS for 
the year 2006–2007. So the remaining part of the capital income is capital income 
of the households. We have distributed this capital income among the household 
classes by using the share of each households capital income as available from 
SAM of the year 2002–2003.

Next we have to estimate the land income received by the household classes. 
Understandably, only the rural agricultural self-employed class households receives 
the income from land. In this case, we have taken the total payment for land factor 
as the total land income of that class.

The other sources of households’ income are transfer income from government 
and the net current transfer from the ROW. NAS gives data on current transfer from 
government and also the net current transfer from the ROW. Now, the government 
transfer includes direct government transfer to the households and the other is inter-
est payment for debt. A part of this interest payment of the government goes to the 
private corporate sectors due to their holding of public shares, bonds, etc. We esti-
mate the interest income received by the private corporate sector using information 
from SAM 2002–2003. The remaining part of the government transfer is distributed 
among the household classes by using the ratios given in SAM 2002–2003 (Pradhan 
et al. 2006).
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Thus, we obtain the households’ personal income from different sources, i.e., 
row total of each household class in our SAM. The households’ personal income 
obtained in the above way did not match with the column total of each of the house-
hold classes of our SAM. A pro-rata adjustment has been made to obtain the control 
total, i.e., row total of each household class in our SAM (Pradhan et al. 2006).

2.3.6  Construction of Tax Account (Direct and Indirect Taxes)

Though indirect taxes are part of the government activities, we have made it a sepa-
rate account in order to simplify the presentation of the detail structure of taxes. 
The indirect taxes reported in the SAM are net of subsidies (net indirect taxes). 
The net indirect taxes on household consumption and government consumption are 
inclusive of sale taxes and excise for domestic production, and taxes on imported 
commodities (custom) used for consumption. The decomposition of net indirect 
taxes across production sectors is done with the help of the IO table of the year 
2006–2007.

Total direct taxes as obtained from the NAS are distributed among different 
categories of households in the following manner. Land revenue is paid by self-
employed agricultural households. The other direct taxes are distributed among dif-
ferent categories of households in proportion to their personal income, assuming 
no direct tax to be paid by agricultural and nonagricultural labor households and 
self-employed rural agricultural households.

2.3.7  Construction of Capital Account

This account represents the macro balancing of savings and investments. Net sav-
ings include those by the households, the private corporate sector, the public non-
departmental enterprises, the government, and the ROW. Net saving along with the 
depreciation equals gross domestic capital formation. In the case of households, the 
savings of different categories are derived by subtracting their consumption and 
direct taxes from their total personal income.

Retained earnings of the private corporate sector and the nondepartmental public 
enterprises are treated as their savings. The difference between the revenue and 
current expenditure of the government is its saving. Foreign savings meet the differ-
ence between gross domestic capital formation and gross domestic saving.

2.3.8  Treatment of Foreign Trade

The record of foreign trade is given under the row and column head of ROW in our 
SAM. As Table 2.1 indicates, the column of ROW describes the exports of goods 
and services, net factor income from abroad, net capital transfer to the government, 
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other current transfer to the households, and private corporate and foreign savings. 
The data on exports are directly available from IO table 2006–2007 and the data oth-
er than exports are available from NAS and the published statistics of Reserve Bank 
of India (RBI 2006). We put these data under the column of ROW in such a manner 
that the column total of ROW must be equal to the total imports. In the IO table 
2006–2007, the imports are recorded in the column of imports with negative entries. 
But in our SAM, we put this data under the row head of ROW with positive entry.

2.4  The SAM for India 2006–2007

The SAM computed for India consists of 35 producing sectors, 3 factors of produc-
tion, and 4 economic institutions including household sector, which are classified 
into 9 broad categories according to their occupation. The IO table for 2006–2007 
has been first expanded to match with sectors of our SAM and then we extend the 
various accounts (viz., GVA, PFCE, personal income, etc.) of IO table to make 
these as accounts of a SAM. This constructed SAM is given in Appendix 2.

The commodity X commodity part of this matrix gives the interindustry flow of 
intermediate inputs. The rows with heads Labor, Capital, and Land give the primary 
input into each sector. Only the agricultural sectors are using these three as primary 
inputs, and the rest of the sectors are using only labor and capital as primary inputs 
in their production process. Interestingly, the net factor income from abroad (under 
column head ROW and rows Labor and Capital) are seen to be substantially nega-
tive. This shows that there is a net repatriation outside the country.

The factors of production receive their factor payments, which in turn go to 
the different household categories as their income. The values can be read from 
the rows for rural and urban households and the columns under Labor, Capital, 
and Land. The households also receive transfer payments from the government and 
from ROW.

The private and public enterprises earn gross profits on account of capital and the 
private firms also receive net transfers from the government. The row under Capital 
A/C gives the savings. These are calculated as residuals and hence are balancing 
entries. The government is seen to be a net dissaver.

The imports of various commodities are given by the entries in the row corre-
sponding to the ROW. Under the column ROW, we have exports of the commodi-
ties, net factor income from abroad, transfers to the rural and urban households, net 
indirect taxes, and foreign savings.

In summary, this chapter contributes to existing literature by constructing SAM 
of India for the year 2006–2007. This is the most updated macro database for India 
with detail of energy sectors. Meanwhile, it must be noted that the SAM itself is 
not a model but merely a database. Once the closure rule is specified, SAM be-
comes a model. With the help of multiplier model, one can compute income and 
employment effects at the sectoral level of various policies shocks. Although SAM 
has significantly extended the multisectoral framework of the IO table, it still falls 
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short in representing elements such as pollutants, environmental quality, natural 
resources, and most of their interactions with economic activities in the real world. 
Neither the impact of economic activities on the environment nor the constraints of 
the environmental quality on production and welfare have been reflected directly 
in a SAM framework. In the next chapter, we will extend the SAM framework to 
account for pollution-related activities and which will be a unique addition to the 
existing literature on macro database for India.
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Chapter 3
Environmentally Extended Social Accounting 
Matrix of India: Definition and Construction 
Methodology

The accounting for pollution-related activities within a social accounting matrix 
(SAM) framework is useful for analysis of environment-related issues. In this 
chapter, we describe the methodology one uses for accounting the same in a SAM 
framework. In other words, how to construct an environmentally extended SAM 
(ESAM), is spelt out in detail here. We have used this methodology to convert our 
constructed SAM into an ESAM. Basically, the ESAM presented in this chapter 
provides an integrated account for both economic transactions in monetary unit 
and flow of environmental substances in physical unit. Such integrated account in 
a consistent framework helps us to understand and quantify the linkages between 
economic activities and the flow of environmental substances.

3.1  The Framework and Methodology

Theoretically speaking, the extension of a SAM can be presented either in additional 
rows and columns, or in satellite tables (Keuning 1992). An example of an extension 
by means of satellite tables is the National Accounting Matrix including Environmen-
tal Accounts (NAMEA) for the Netherlands for the year 1992 (Keuning 1992). In 
NAMEA, the national accounting matrix of Netherlands is extended with three ac-
counts on the environment. A substances account, an account for global environmen-
tal themes and an account for national environmental themes. These accounts do not 
express the transaction in money terms but include the information in physical unit.

In this study we have followed this NAMEA approach to construct the ESAM 
for India for the year 2006−2007. In the Table 3.1 given below, we have described 
the framework of ESAM for India.

As Table 3.1 shows, the first six accounts are the accounts for a SAM and details 
of these accounts are described in the previous chapter. The remaining accounts of 
Table 3.1 describe the information related to environment. The accounts that are 
related to environment are the substances account (account 7, 8 and 9 in Table 3.1) 
and the account for environmental themes (account 10 in Table 3.1). The descrip-
tion of these accounts is given in the following paragraphs.

B. D. Pal et al., GHG Emissions and Economic Growth,  
India Studies in Business and Economics, DOI 10.1007/978-81-322-1943-9_3,  
© Springer India 2015
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Table 3.1  Schematic structure of environmentally extended social accounting matrix.  
(Source: National accounting matrix for environmental accounting (NAMEA) by Keuning 1992)
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The “substances account” of the ESAM provides flow data on the supply and use 
of a number of substances that affect in one way or the other the natural assets like 
air, water, etc., and create pollution (Keuning 1992). The term “substances” refers 
not only the matter which is of damaging in nature (e.g., emissions of chemicals, 
wastes, etc.) but also includes valuable matter in the form of depletable natural 
resources. In case of damaging substances, the columns of the substances account 
describe only the supply of these substances from different source and the rows 
describe the absorption of these substances into different sectors. But in case of 
depletable substances, the column shows the renewal of the natural capital and this 
comes from the new discoveries of exhaustive natural assets like coal, crude oil, 
etc. On the other hand, the row of this depletable substances account shows the 
use of these substances in the form of intermediate input in the production process. 
Finally, the account for environmental themes is an inventory account which takes 
into account the net emission (i.e., emission minus absorption) in India. In this way, 
we have described all the accounts of our proposed ESAM for India. Of course, we 
have to collate the relevant data for the construction of ESAM, which is described 
in the following sections.

3.2  Estimation of Environmental Data

The substances accounts and the account for environmental themes are generally 
expressed in physical unit in an ESAM. So, we have to estimate the environmental 
data in physical unit. Since our ESAM is an extension of our SAM, we have to es-
timate the environmental data for 35 production and consumption activity of nine 
household groups for the year 2006−2007.

3.2.1  Estimation of Generation of Damaging Substances

There are different types of damaging substances that exist in the environment 
which causes damage to natural resources in the form of air pollution, water 
pollution, etc. But, our concern in this study is about the substances which are 
responsible for climate change. Therefore, we have to estimate the supply and 
absorption of the greenhouse gases (GHGs) such as CO2, CH4, and N2O in India 
to construct the column and row for the damaging substances for this ESAM for 
2006−2007.

The GHG emissions in India are observed from the domestic production  process, 
import, and from consumption activities (TEDDY 2009). But in India the data on 
GHG emissions through import are not available. So we have taken only the pro-
duction and consumption-based supply of these damaging substances in India.

India has published its second communication on greenhouse gas emission, 
(Indian Network on Climate Change Assessment, INCCA 2010) which provides 
updated information on India’s GHG emissions from different sectors for the year 

3 Environmentally Extended Social Accounting Matrix of India
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2007 (INCCA 2010). In this study, we have taken this report as base to estimate 
sector-specific GHG emissions of India for the year 2007. However, the sector de-
scribed in INCCA report does not exactly match with the sectors of our SAM of the 
year 2006−2007. So to estimate sectorwise GHG emissions, we have made a map 
of concordance between our SAM sectors and the sectors given in INCCA report 
which is given below (Table 3.2).

Table 3.2  Mapping between environmentally extended social accounting matrix (ESAM) sector 
and sector of Indian Network on Climate Change Assessment (INCCA) report. (Source: authors’ 
estimate)
Sector of ESAM INCCA sectors
Paddy rice Agriculture, rice cultivation, soils
Wheat Agriculture, soils
Cereals Agriculture, soils
Cash crops Agriculture, soils
Animal husbandry Agriculture, enteric fermentation, manure 

management
Forestry No emission
Fishing Agriculture
Coal Fugitive emission
Oil Fugitive emission
Gas Fugitive emission
Food and beverages Food processing, industrial wastewater
Textiles and leather Textile and leather, industrial wastewater
Wood Nonspecific industries
Minerals not elsewhere classified Mining and quarrying
Petroleum and coal tar product Other energy industry, industrial wastewater
Chemical, rubber, and plastic products Chemicals, industrial wastewater
Paper and paper products Pulp and paper, industrial wastewater
Fertilizer and pesticides Nonspecific industries, industrial wastewater
Cement Cement
Iron and steel Iron and steel
Aluminum Aluminum
Other manufacturing Ferroalloys, lead, zinc, copper, glass and 

ceramic, soda ash, nonspecific industries
Machinery Nonspecific industries, industrial wastewater
Thermal Electricity, industrial wastewater
Hydro No emission
Nuclear No emission
Biomass No emission
Water No emission
Construction Nonspecific industries
Land transport Road transport
Railway transport Railways
Air transport Aviation
Water transport Navigation
Health and medical No emission
Other services Commercial/institutional
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As this table shows, most of sectors of our ESAM do not have one-to-one cor-
respondence with the INCCA sectors. So, we have to disaggregate the GHG emis-
sions for the INCCA sectors for which there is no one-to-one correspondence with 
our ESAM sectors. The method of desegregation is described below.

3.2.1.1  Decomposition of Agricultural Sector’s GHG Emissions

According to INCCA report, the GHG emissions from agriculture sector arises 
from energy use and production process. The GHGs emitted from energy use in 
agriculture sector are CO2, CH4, and N2O, whereas CH4 and N2O are emitted from 
production process. Except forestry, all the agricultural sectors use energy for their 
energy requirement and so the energy-based GHG emissions will be observed for 
these sectors. By and large, the rice cultivation sector and animal husbandry sector 
emit CH4 through their production process. On the other hand, N2O emission from 
agricultural production process is observed due to fertilizer use into the soils and it 
is also observed for all agricultural sectors except forestry.

In our SAM, there are six agricultural sectors barring forestry among which rice 
cultivation and animal husbandry sector have separate account. So, CH4 emissions 
from the production process of rice cultivation and animal husbandry are directly 
obtained from the INCCA report. But to obtain the energy-based emission from 
the agricultural sectors of our ESAM, we have to disaggregate the energy-based 
GHG emissions from agricultural sector into these six agricultural sectors of our 
ESAM. In this case, we have estimated share of energy use of these six sectors 
from our ESAM and apply this to obtain their energy-based GHG emissions for 
these sectors.

Next, we have disaggregated the N2O emission from soils into the six agricul-
tural sectors of our SAM and this is done on the basis of the share of fertilizer use 
of these sectors. The share of fertilizer use for these sectors is obtained from our 
SAM of the year 2006−2007. Thus we have obtained GHG emissions from all the 
agricultural sectors of our SAM.

3.2.1.2  Desegregation of Fugitive Emissions

CH4 emission from this source is only observed during extraction, production, 
process, and transportation of fossil fuels such as coal, crude oil, and natural gas 
(INCCA 2010). CH4 emission from this source is 730,000 tons from coal mining 
and 779,400 tons from combined crude oil and natural gas sector. Therefore, we 
have to estimate emission from this source separately for crude oil and natural gas 
sector and this is done on the basis of INCCA report. INCCA report provides us the 
emission coefficients of CH4 from this source separately for crude oil and natural 
gas sector. To apply these coefficients, we have taken production data of crude oil 
and natural gas sector from energy statistics of India (CSO 2007). Thus, we have 
estimated CH4 emission from this source for coal, crude oil, and natural gas sector 
separately for India for the year 2007.

3 Environmentally Extended Social Accounting Matrix of India
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3.2.1.3  Desegregation of Nonspecific Industries GHG Emissions

In this case, we have first estimated the energy-based emission for the sectors of 
our SAM with nonspecific industries mentioned in INCCA report. We have primar-
ily used energy use data from annual survey of industries (ASI; CSO 2006−2007) 
for the estimation exercise. The data obtained from ASI gives energy use in value 
terms. To convert these into physical unit, we have estimated general price level 
(value of energy/quantity of energy) on the basis of energy statistics of India (CSO 
2007). We have also applied energy-specific emission coefficients given in Inter-
governmental Panel on Climate Change (IPCC) guidelines (www.ipcc.ch) to obtain 
GHG emissions from these sectors. The GHGs emissions obtained in this way do 
not match with the GHG emissions given in INCCA for this sector. So, we have 
considered the INCCA estimate as control total and a pro rata adjustment method 
has been applied to get this control total.

3.2.1.4  Desegregation of Industrial Wastewater

The INCCA reports CH4 emission from industrial wastewater also. Since there is 
no separate account of this sector in our ESAM, we have added this emission to the 
CH4 emission of the industries-generated wastewater. In the following table, we 
have provided the industrywise generation of wastewater (Table 3.3).

Now to estimate CH4 emission from these sectors, we have disaggregated the 
total emission from industrial wastewater into these sectors. To disaggregate this 
emission, we have used share of the above industries in total industrial wastewater 
generation.

3.2.1.5  Estimation of GHG Emissions from Household Activity

Households are categorized into nine types of household classes in our SAM. So, 
we have to estimate GHG emissions from household activities for these nine types 
of households. To estimate the GHG emissions from household activities, we have 
used the following estimates of INCCA:

Table 3.3  Wastewater generation in Indian industry. (Source: INCCA report 2010)
Sector Wastewater (million L/day
PAP (Paper and paper products) 1881
PET (Petroleum and coal tar products) 143
FER (Fertilizer) 168
IRS (Iron and steel) 1087
NHY (Thermal electricity) 72,219
FBV (Food and beverages) 424
TXL (Textiles and leather) 1930
CHM (Chemicals) 213



38

1. Estimated GHG emissions from residential source
2. Estimated GHG emissions from burning of crop residue
3. Estimated GHG emissions from fuel wood use
4. Estimated GHG from municipal solid waste
5. Estimated GHG emissions from domestic wastewater

The above estimates give aggregate GHG emissions for all households. To 
 disaggregate these into five household classes, we have adopted the following 
approach.

Among the above five estimates, the emissions from residential source is 
based on emissions from cooking coal, liquid petroleum gas (LPG), and kerosene 
(INCCA 2010). To disaggregate GHG emissions from this source, we have used 
share of energy consumption (excluding biomass) of each household class as ob-
tained from our SAM. Thus, we have estimated GHG emissions from residential 
sources for each household classes of our SAM.

The GHG emissions from burning of crop residue and fuel wood use are high-
est for the rural households in India (INCCA 2010). We have to disaggregate GHG 
emissions from these two sources among the rural household classes, and this is 
done on the basis of share of biomass consumption of the rural households.

On the other hand, the urban households are the sources of emissions from mu-
nicipal solid waste and domestic wastewater (INCCA 2010). Logically, we need to 
disaggregate these emissions into the urban household classes of our SAM. INCCA 
reports that the urban households generate 0.55 kg/capita/day of municipal solid 
waste in India. We have used this data to estimate solid waste generation for each of 
these household classes of urban area. Once we obtained the solid waste generation 
for each of the urban household classes, we can estimate the share of waste genera-
tion for each household classes of urban area. Using this share, we have estimated 
the household-classwise GHG emissions from municipal solid waste in India for 
the year 2006−2007.

We also need to estimate the GHG emissions from domestic wastewater for 
each of the urban household classes for the year 2006−2007. The share of con-
sumption expenditure on water for the urban household classes of our SAM has 
been used to estimate the household-classwise GHG emissions from this source 
for urban area.

3.2.1.6  Emission Due to Land Use Change

The changes in grassland resulted in the emission of 10.49 million tons of CO2 
due to decrease in grassland area by 3.4 million hectare between 2006 and 2007 
(INCCA 2010).

Hence, in the abovementioned way, we have estimated generation of GHGs from 
production as well as consumption activities for India for the year 2006−2007.
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3.2.2  Estimation of Abatement or Absorption

In India, the data on GHG abatement are not available for production and consump-
tion activities. It is observed from the INCCA report that the Land Use Change and 
Forestry (LULUCF) play major role in CO2 removals in India. The gross CO2 re-
moval from LULUCF is 27.53 million tons in the year 2006−2007 (INCCA 2010). 
In this study, we have used this data to construct the row of damaging substances of 
our proposed ESAM for India.

3.2.3  Estimation for Depletable Natural Resources

Here we consider crude oil, coal, and land as the depletable natural resources in our 
ESAM. The production data in physical unit on crude oil and coal have been taken as 
measures of the quantities of depletion of these two types of resources. The source of 
data is various issues of energy statistics by CSO (CSO 2006, 2007). The data obtained 
in this way can be interpreted as “free” intermediate consumption (without direct cost) 
used in the production process of the crude oil and natural gas sector. To construct the 
row of this depletable substances account, we have put the data in the row of this de-
pletable substances account corresponding to the column of crude oil and coal sectors.

To construct the column of this depletable substances account, we have ob-
tained the data on new discoveries of crude oil and coal reserve in India in the year 
2006 −20 07. The source of our data is TERI (2009).

In this way, we have constructed the row and the column of the depletable sub-
stances account of our ESAM for India for the year 2006−2007.

We have used data from INCCA report to construct the row of land use change. 
INCCA report gives change in different types of land use data for the year 2006 and 
2007. The difference between these 2 years’ data is used as land use change in the 
year 2007. The same report also gives the data on land conservation in India during 
2006 and 2007. We have used this data to get the column of the land use change 
under the item head of “renewal of natural resources” in our proposed ESAM. Thus, 
we have obtained the row and column for each of the substances to construct our 
ESAM for India for the year 2006−2007.

Apart from this substances account, there is also another account, i.e., account 
for environmental themes which is also important for our ESAM for India. Below, 
we have described the method of estimating environmental themes for India for the 
base year of our ESAM.

3.2.4  Estimation for Environmental Themes

In this case, we have to estimate the inventory of the GHGs in the Indian economy for 
the year 2006−2007 to show greenhouse effect. To estimate this greenhouse effect, 
we have to estimate the net generation of GHGs in terms of carbon dioxide equiva-
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lent (CO2EQ) for the same year. To estimate generation in terms of CO2EQ, we have 
to multiply CH4 emission by 21 and N2O emission by 310 (INCCA 2010). Thus, we 
have estimated environmental themes for Indian economy for the year 2006−2007.

Hence, with the abovementioned way, we have estimated ESAM for India for 
the year 2006−2007. This complete ESAM is given in the Appendix 3. To our best 
knowledge, this is the first ESAM for India which integrates the economic as well 
as environmental indicators in a single accounting framework. It would be interest-
ing to analyze the relationship between the environment and economic activities for 
India using the structure of our ESAM. As a first step, we have estimated the direct 
pollution coefficient directly from the ESAM data (Table 3.4). The direct pollution 

Table 3.4  Direct pollution coefficient matrix 2006−2007 (unit tons/lakh of output). (Source: 
authors’ estimate)
Sector of ESAM CO2 CH4 N2O
PAD  0.77 0.22 0.00
WHT 0.84 0.00 0.00
CER 0.55 0.00 0.00
CAS 0.28 0.00 0.00
ANH 2.31 0.48 0.00
FRS 0.00 0.00 0.00
FSH 0.00 0.00 0.00
COL 0.00 0.13 0.00
OIL 0.00 0.00 0.00
GAS 0.00 0.40 0.00
FBV(Food and beverages) 0.74 0.00 0.00
TEX 0.07 0.00 0.00
WOD 0.30 0.00 0.00
MIN 0.12 0.00 0.00
PET (Petroleum and coal tar products) 1.03 0.00 0.00
CHM (Chemicals) 0.53 0.00 0.00
PAP (Paper and paper products) 1.31 0.01 0.00
FER (Fertilizer) 4.85 0.00 0.00
CEM 34.67 0.00 0.00
IRS (Iron and steel) 4.00 0.00 0.00
ALU 0.21 0.00 0.00
OMN 0.54 0.00 0.00
MCH 0.26 0.00 0.00
NHY (Thermal electricity) 47.83 0.07 0.00
HYD 0.00 0.00 0.00
NUC 0.00 0.00 0.00
BIO 0.00 0.00 0.00
WAT 0.00 0.00 0.00
CON 0.00 0.00 0.00
LTR 2.37 0.00 0.00
RLY 0.70 0.00 0.00
AIR 9.61 0.00 0.00
SEA 0.83 0.00 0.00
HLM 0.00 0.00 0.00
SER 0.01 0.00 0.00
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coefficient is nothing but the amount of pollution generated for each level of output 
produced by the production activity. This direct pollution coefficient also measures 
the direct effect of economic activities on the environmental pollution.

The data in Table 3.4 indicates that the direct pollution coefficients are higher 
for the sectors like Thermal electricity (NHY), CEM, and iron and steel (IRS) sec-
tor. It implies that these three sectors have large direct impact on the environmen-
tal pollution in comparison to the other production sectors of the Indian economy. 
 According to this table, NHY sector has the highest direct pollution coefficient for 
each type of pollutants compared to the other sectors. In other words, NHY sector 
has the highest direct effect on CO2 emission in India. To clarify, NHY sector gen-
erates 47.83 tons of CO2 to produce INR 1 lakh value of its output. Thus, we can 
understand the direct effect of the economic activities on the environmental pollu-
tion with the help of direct pollution coefficients.

In summary, the ESAM of the year 2006−2007 prepared and presented in this 
chapter shows the interaction between all the economic agents and their contri-
bution in GHG emissions in India. Since the basis of an ESAM is SAM and IO 
table, the assumption of excess capacity assumption of IO analysis holds true 
for ESAM also (Pradhan et al. 2006). Therefore, if output of a sector increases 
due to any exogenous reason, the output of the other sector will increase. Given 
the technological condition, this increase in output will increase GHG emissions 
of the economy and this can be observed from the positive value of the direct 
emission coefficients as described in the Table 3.4. Apart from this direct impact, 
there are indirect and induced impacts on the economy whenever there are any 
exogenous changes in the economy. The indirect effects are the secondary effects 
or production changes in industries with backward linkage caused when inputs 
needs change due to the impact of directly affected industry. The induced effects 
represent the response by all industries caused by increased expenditures of new 
household income and interinstitutional transfers generated from the direct and 
indirect effects of the change in final demand for a specific industry. Therefore, 
any exogenous changes cause direct, indirect, and induced impact on GHG emis-
sions. Hence, it is clear that any economic activity will have impact on the GHG 
emissions of the economy.

However, at what extent the GHG emissions will increase and which sector is 
more responsible for this is a policy-relevant question for the Indian economy. To 
answer this question, we assess empirically the impact of economic growth on GHG 
emissions for India and this is described in the following chapter.
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Chapter 4
Impact of Economic Growth on Greenhouse  
Gas (GHG) Emissions—Social Accounting 
Matrix (SAM) Multiplier Analysis

In general, direct pollution effect is only a small part of the total effect of pollution 
when production/consumption activities take place in an economy. To estimate the 
same, we have to undertake multiplier analysis. In this chapter, we have followed 
the social accounting matrix (SAM) multiplier method to estimate empirically the 
multiplier impact of economic activity on greenhouse gas (GHG) emissions in In-
dia. To be specific, this chapter explains the linkage of output growth with energy 
demand and GHG emissions. Finally, the issue of green employment opportunity 
has been analyzed with the help of SAM multiplier.

4.1  Approach to Link Economic Growth with GHG 
Emissions

Achieving economic growth, alleviating poverty by creating employment opportu-
nity, and reducing GHG emissions are key policy issues for the late-industrializing 
economy like India. In this context, since energy demand is crucial for GHG emis-
sions, the Government of India has taken various policy measures in its 12th 5-year 
plan (2012−2017) to improve energy efficiency in the industries (Planning Com-
mission 2011). Again the SAM of the year 2006−2007 presented in Chap. 2 shows 
that the energy demand pattern is different for different sectors. Hence, the impact 
of growth in economic activities will have different impact on energy demand and 
hence GHG emissions.

Since then, a SAM multiplier describes growth in economic activity due to exog-
enous policy shock into the economy, linking SAM multiplier with the sector-spe-
cific energy and GHG emissions intensities; one can estimate the multiplier impact 
of economic growth on energy use and GHG emissions. Like a SAM multiplier, 
this multiplier impact will also include the direct, indirect, and induced impact of 
economic growth on GHG emissions while there is any exogenous change in the 
economy (Robert 1975).

B. D. Pal et al., GHG Emissions and Economic Growth,  
India Studies in Business and Economics, DOI 10.1007/978-81-322-1943-9_4,  
© Springer India 2015



44 4 Impact of Economic Growth on Greenhouse Gas (GHG) …

In this study, we have assumed Government Account, Account of Net Indirect 
taxes, and Foreign Trade accounts of our SAM as exogenous. Keeping these ac-
counts as exogenous, we have done the following impact analysis:

1. The impact on energy use due to growth in sectoral output resulting from any 
exogenous changes in the economy

2. The impact on GHG emissions due to growth in sectoral output resulting from 
any exogenous changes in the economy

Apart from these linkages between output growth, energy consumption, and GHG 
emissions, linking GHG emissions with employment generation is also crucial from 
the point of view of green growth. Recently, the concept of green employment is 
emerging across the globe and researchers are trying to find out option for green em-
ployment creation as an outcome of global climate change mitigation action (United 
Nations Environment Program, http://www.unep.org/civil-society/Implementation/
GreenJobs/tabid/104810/Default.aspx). Since unemployment is like a chronic dis-
ease in the late-industrializing economies, policy thrust may go towards more em-
ployment generation. In this context, identifying sectors which have large impact on 
employment and less impact on GHG emissions would be a crucial policy challenge 
for the late-industrializing country like India. Therefore, understanding linkages be-
tween employment and GHG emissions is prerequisite for this analysis.

Now the changes in the above-mentioned exogenous variable may increase the 
employment opportunities within the domestic economy. Expectedly, pattern the 
employment opportunity will not increase uniformly across the sectors due to dif-
ferences in labor intensity. To what extent the sectorwise employment will change 
is an important policy-relevant question. To answer this question, we have also 
derived employment multiplier from our SAM. The employment multiplier will 
show how the sectorwise employment changes due to any exogenous changes into 
the economy. So if we link this employment multiplier with the GHG emissions, we 
can show the impact of employment change on GHG emissions.

4.2  Method of Estimating SAM Multiplier

Before we estimate SAM multiplier, let us describe a SAM in a simple form for the 
understanding of multiplier analysis (Table 4.1).

The four main sets of accounts, viz., factors, institutions, activities, and capital 
accounts are endogenous. All other accounts are collected together as fifth block in 
the schematic presentation in Table 4.1 and this is also exogenous account. They 
include the accounts for government account, indirect taxes, and combined current 
and capital accounts for rest of the world. In Table 4.1, T13 is a matrix of value added 
generated by the various production sectors, T33 gives the input–output transac-
tion matrix. T21 maps the factor income distribution into the households income 
distribution and T32 reflects the expenditure pattern of the various institutions. 

http://www.unep.org/civil-society/Implementation/GreenJobs/tabid/104810/Default.aspx
http://www.unep.org/civil-society/Implementation/GreenJobs/tabid/104810/Default.aspx
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Finally, T34 displays the investment demand for production activity while T42 shows 
the savings of the institutions. The later is also referred as leakages from the system.

The first step is to obtain matrices of coefficients of expenditure Aij by dividing 
each element in the ij by corresponding sum of the column vector Yj.

 (4.1)

Doing so implies that the accounting constraints across rows can be expressed as

 

(4.2)

Where Xi is the row sums of sub-matrix Ti.5 for each i = 1, 2, 3, 4, 5. This is just an-
other way of representing Table 4.1.

Subsequently, analysis assumes that each of the Xi’s is an exogenous set of num-
bers and that each of the Aij matrices in equation has constant elements. Combining 
these two sets of assumptions implies that the values of Y1 to Y4 can always be ob-
tained from any assumed values of X1 to X4 and can be expressed as

 

(4.3)
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Table 4.1  Schematic structure of social accounting matrix (SAM). (Source: Pradhan et al. (2006), 
concept and construction of SAM)

Expenditure
Factors Institutions Activities Capital Other A/C Total

Receipts Factors T13 T15 Y1
Institutions T21 T25 Y2
Activities T32 T33 T34 T35 Y3
Capital T42 T45 Y4
Other A/C T52 T53 Y5
Total Y1 Y2 Y3 Y4 Y5
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The fifth set of accounts can be derived once Y2 and Y3 are known. That is, once the 
first three of accounts are balanced. The residual balance equation is not of further 
interest to us. Hence, our main analysis will be Eq. 4.3. This can be written as

 (4.5)

 (4.6)

This shows that Y (i.e., Y1, Y2, Y3, and Y4) can be derived from X (i.e., X1, X2, X3, and 
X4) through a generalized inverse ( I − A)−1. This is analogous to that of conventional 
input–output analysis, which is concerned with the determination of Y3, the produc-
tion activity accounts only. It is apparent that

 (4.7)

Equation 4.7 is a part of our system and, therefore, completely consistent with it. 
It is also the end of the story in the simplest form of input–output analysis since 
the latter assumes that A32Y2 and A34Y4 are exogenous. Thus, in this approach, Y3 
(the level and structure of output) is derived through the inverse ( I − A33)

−1 of direct 
and indirect commodity requirements on the basis of assumed demand on activi-
ties from other accounts. In Eq. 4.7, an obvious extension is to decompose these 
assumed demands and to allow for parts of them, A32Y2 and A34Y4 to be determined 
simultaneously with Y3. The later depends on Y2, i.e., on the level and distribution of 
income across institutions and on Y4, the saving investment balance.

Sometimes, the generalized inverse ( I − A)−1 is broken down into three matrices to 
reflect the different mechanism at work within it, resulting from the interconnections 
within the system. That is, the total multiplier of SAM is written as

 (4.8)

Where, the notation M is used to indicate a multiplier matrix. Note that M has rows 
and columns as factors (labor, capital), institutions (private, households, etc.), ac-
tivities, and capital account. In this study, we have computed the M matrix on the 
basis of our 35 sector SAM of the year 2006−2007. This computed M matrix is 
shown in the Appendix 4.

The aggregate multiplier matrix, M, shows how an increase in any element of Xi 
will increase the corresponding element of Yi by at least the same amount, and may 
have also indirect effects on other elements. The right-hand side of the equation 
shows that these aggregate multipliers can be decomposed into three separate mul-
tipliers. M1 and M2 are called as “own effects multipliers,” as opposed to M3 which 
collects together cross effects. The differences between M1 and M2 are as follows. A 
change in an element in the vector Xi of X will influence Yi for two sets of reasons. 

Y AY X= +

Y I A X= − −( ) 1

Y I A A Y A Y X3 33
1

32 2 34 4= − + +−( ) ( )

( )I A M M M M− = =−1
3 2 1
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One is that there may be transfers within the ith set of accounts so that, for example, 
an increase in demand on a production sector will cause it to increase its demand on 
another production sector. A second example is that increased income of companies 
from an exogenous source will result in increased income for government through 
profit taxation. Such multiplier processes which operate within a set of accounts can 
be referred to as “own direct effects” or “own transfer effects.” These contrast with 
M2 which collects together “own indirect effects” which arise from the fact that an 
increase in the elements of Xi will affect Yi via other accounts. Thus, an increase in 
demand on a production activity will cause it to hire more factors. This will raise 
incomes in the factor accounts which in turn raise incomes in the institution ac-
counts. These latter accounts will spend some of the increased income and in doing 
so will raise demand on the production account beyond the level of the initial in-
crease which came from an exogenous source. Finally, multipliers M3 record cross 
effects, i.e., the impact of an increase in elements of Xi on Yj for j ≠ i.

Though one can disaggregate the effects into three separate components, one 
needs for all practical purposes the total impact which can be obtained straightfor-
ward by working with M matrix. Thus, if our focus is on the impact on production 
activities due to increased spending by the household, one needs to look at the com-
ponents of the matrix Mactivity × households.

So far, our discussion has said nothing about the consequence on environment 
of change through changes in exogenous sectors to the economy. This can be easily 
remedied by making assumption about the links between gross output and pollution 
generation in each production activity. The standard practice in this regard is to esti-
mate direct pollution generation coefficients for each sector. These direct pollution 
generation coefficients are obtained from our ESAM by dividing column of each 
type of pollutants with the column of gross output (Table 3.4 of Chap. 3). The pol-
lution generation coefficients thus obtained are expressed in terms of tons of pollu-
tion per lakhs of rupees of output. Once we have these coefficients, we can perform 
environmental impact analysis by estimating the pollution trade-off multipliers.

4.3  Pollution Trade-Off Multiplier

To estimate pollution trade-off multiplier, we have used method described by 
Robert (1975). The pollution trade-off multiplier measures the direct, indirect, and 
induced impact on pollution generation level due to exogenous change in sectoral 
output, households income, etc. The mathematical expression of the pollution trade-
off multiplier is given as follows:

 (4.9)

where E is matrix of sectorwise emission, P is the sectorwise emission coefficient 
matrix.

Replacing Eq. 4.6 into Eq. 4.9,

E P Y= ⋅
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(4.10)

 
(4.11)

T is the pollution trade-off multiplier matrix which indicates impact on emission 
due to any exogenous changes into the economy. T matrix has different blocks like 
pollutant × activity block, pollutant × households block, etc. and these can be used 
for different types of impact analysis. For example, if we want to analyze impact 
of output growth on emission we have to use pollutants × activity block of the T 
matrix.

We have illustrated the methodology for estimating SAM multiplier as well as 
pollution trade-off multiplier. In what follows, we have used our ESAM to derive 
quantitative estimates which are relevant in the context of the objectives of this 
chapter.

4.4  Impact of Sectoral Output Growth Resulting  
from any Exogenous Changes in the Economy  
on Energy Use

Any production process consumes energy. So, any output increase would lead to 
incremental energy consumption unless there is any innovation in energy efficient 
technology. But, the innovation of energy efficient technology is not a quicker pro-
cess. So, our objective in this study is to analyze the sectoral growth impact on 
energy use under the existing technological condition. Now this SAM multiplier 
model is a fixed technology static model. Therefore, the SAM multiplier model 
does not consider any technological improvement in the economy. Rather, it takes 
into account the direct, indirect, and induced effect on energy use under constant 
technological condition.

To analyze the total effect (i.e., direct, indirect-induced) on energy use, we have 
considered the energy × activity part of the SAM multiplier matrix. Our SAM takes 
into account seven types of energy commodities. However, we are concerned here 
mainly with the commercial energy available from primary conventional sources. 
The commercial energy commodities available from primary conventional sources 
are coal, crude oil, natural gas, hydro, and nuclear. Table 4.2 shows the impact of 
sectoral growth on this primary energy use due to any exogenous changes in the 
economy.

In this table, we have shown the direct and indirect-induced effect on energy use 
for all sectors except the above four types of primary energy sectors. We have also 
decomposed the total effect, i.e., direct, indirect-induced effect into two parts, viz., 
direct and indirect-induced effects. The direct effect on energy use is nothing but 
the direct energy coefficient, i.e., amount of energy to be used to produce one unit 

E P I A X= ⋅ − ⋅−( ) 1

∂
∂

= ⋅ − =−E

X
P I A T( ) 1
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of output and this can be obtained directly from our SAM of the year 2006−2007. 
This is also called energy intensity with response to gross output of the sector. To 
estimate the indirect-induced effect, we have subtracted this direct effect from the 
total effects.

If we look at the impact on coal energy use for thermal electricity sector (NHY), 
we can see that the total effect on coal energy use is higher for the NHY sector (see 
Table 4.2). The total effect of NHY sector on coal is 0.2098 out of which 0.1131 is 
the direct and 0.0967 is the indirect-induced effect on coal energy use. This implies 
that if due to any exogenous changes the output of the NHY sector increases by one 
unit, the total coal energy requirement of the NHY sector will rise directly by the 
amount 0.1131 units and indirectly by the amount 0.0967 units.

Apart from the thermal electricity sector, the total impact on coal is observed 
higher for the iron and steel sector and the cement sector in comparison to other 
sectors of the economy (see Table 4.2). The total impacts on coal for these two 
sectors are 0.13 and 0.11, respectively, out of which the direct impacts are 0.07 and 
0.06, respectively. Therefore, if the output of the iron and steel sector increases by 
one unit due to any exogenous changes, the economy wide demand for coal will be 
increased by 0.13 unit. The same logic is also valid for the cement sector.

By contrast, Table 4.2 shows that the direct and indirect-induced impact on coal 
is significantly low for agriculture and other services sector. The direct uses of coal 
in these sectors are negligible. Therefore, whatever increase in coal demand is ob-
served for these sectors is due to indirect-induced effect.

In case of crude oil, we can observe from Table 4.2 that only the petroleum 
sector has significant direct impact on crude oil. This direct effect is negligible 
for some sectors and for most of the sectors this is almost zero. But when we take 
into account indirect-induced effect, the total impact on crude oil demand in the 
economy will increase significantly. For the thermal electricity sector and for most 
of the manufacturing sectors, we have observed significant impact on crude oil 
demand (see Table 4.2). We can say that though there are negligible direct impacts 
in some sectors but due to indirect-induced effect, their output growth will increase 
the economy wide demand for energy.

If we compare the direct and indirect-induced impact on different energy types, 
we can see this impact is higher for crude oil relative to other commercial energy 
type available from primary conventional sources (see Table 4.2). This impact is 
much lower in case of energy like hydro, natural gas, and nuclear. So, we can say 
that crude oil is the key source of primary energy in India.

However, the direct and indirect-induced impact on energy use and GHG emis-
sions are observed due to the backward and forward linkage of the production sec-
tors of the economy. The economic activity in a sector with high backward linkage 
provides stimulus to other sectors by requiring more inputs, whereas activity in a 
sector with high forward linkage stimulates higher outputs in other sectors by pro-
viding more inputs to them (Pradhan et al. 2006).

For illustration purpose, let us analyze the forward and backward linkage effect 
with an example of thermal electricity sector. The thermal electricity sector is a 
key source of the electric supply in case of Indian economy. The share of thermal 
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electricity sector in total electric supply is about 86 % in the year 2006−2007.1 So, 
the other production sectors of the economy are strongly dependent on the thermal 
electricity sector for their electricity requirement and hence the thermal electricity 
sector has a high forward linkage. Since there is high forward linkage, the expan-
sion of thermal electricity sector will lead to expansion of the output of other sec-
tors in the economy. Again the thermal electricity sector requires both energy and 
non-energy inputs for its production process and these are supplied by the other pro-
duction sectors of the economy. If we look at the column of the thermal electricity 
sector from our environmentally extended SAM (ESAM), we can see that most of 
the nonenergy inputs of this sector are supplied from the energy-intensive sectors. 
Hence, total energy use in the energy-intensive sectors will increase due to expan-
sion of thermal electricity sector.

Thus, we have demonstrated how the energy use will be increased if there is 
growth in sectoral output. Of course, this energy use causes GHG emissions in the 
atmosphere. According to Indian Network on Climate Change Assessment (INCCA) 
report, the energy-based GHG emissions is most in India. Almost 58 % of total car-
bon dioxide equivalent (CO2EQ) emission is due to energy use (INCCA 2010). So 
our next objective is to analyze the impact on GHG emissions if the sectoral output 
grows due to any exogenous injection, and this is described in the following section.

4.5  Impact on GHG Emissions due to Sectoral Growth 
Resulting from any Exogenous Changes in the 
Economy

In this case, we have used the pollutant × activity block of pollution trade-off mul-
tiplier to analyze the impact of sectoral growth on the pollution emission, and this 
is given in Table 4.3. Each cell entry of Table 4.3 shows the direct and indirect-
induced effect on generation of the pollutants due to change in the output of the pro-
duction sectors. The higher value of multiplier in Table 4.3 implies higher impact on 
pollution generation. Therefore, the analysis would help us to find out the leading 
sectors of the economy, which have highest impact on the environment.

As Table 4.3 shows, the direct, indirect-induced impact on CO2EQ emission is 
highest (i.e., 86.88 t) for thermal electricity sector. Out of this total impact, the di-
rect impact of thermal electricity sector is about 49.22 t (Table 4.3). Therefore, if 
the output of the thermal electricity sector is increased by one unit, the total CO2EQ 
generation in India will rise by 86.88 t. Hence, the thermal electricity sector of India 
is the leading sector in terms of GHG emissions and the same thing is also evi-
dent from INCCA report (INCCA 2010). INCCA report also says that the CO2EQ 
emission from thermal electricity sector is high due to coal use in its production 
process.w The coal constitutes about 90 % of the total fuel mix used in the thermal 
electricity sector. So, the increase in output in thermal electricity sector will have 

1 Source: Our SAM.
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significant direct effect on total CO2EQ emission in India. In the above section, we 
have discussed about the backward and forward linkage of thermal electricity sec-
tor. Here also, we have seen that backward and forward linkage affect significantly 
GHG emissions for thermal electricity sector.

After thermal electricity sector, the total impact on CO2EQ emission is observed 
high for cement sector. As Table 4.3 shows, if the output of the cement sector in-
creases by ₹ 1 lakh, the total CO2EQ emission in India will increase by 53.88 t. The 
energy-based emission from the cement sector is almost 44 %, whereas production-
process-based CO2EQ emission is 56 % (INCCA 2010). Therefore, an increase in 
output of the cement sector will increase directly due to both energy use and pro-
duction process. On the other hand, we have observed significant impact on coal 
use due to backward and forward linkage effect (see Table 4.2). Therefore, we have 
observed for the cement sector significant direct and indirect-induced impact on 
CO2EQ emission.

On the other hand, the values of the direct pollution coefficients are very small for 
the agricultural sectors and other services sectors of the Indian economy (Table 4.3). 
If we look at the direct effect of paddy sector, we find that the CO2EQ emission per 
unit of paddy output is about 6.29 t per ₹ 1 lakh of output. However, it is observed 
from Table 4.3 that the total effect on CO2EQ emission generation is significant 
(i.e., 32.17) in paddy sector. In case of service sector, Table 4.3 indicates that the 
direct effect is negligible. But due to indirect-induced effect, the CO2EQ emission 
in India will increase by 19.67 t resulting from an increase in service sector output 
by ₹ 1 lakh. Hence, we can conclude that those sectors that have small direct impact 
may have significant indirect and induced effect on the GHG emissions.

The above discussion indicates that the energy-intensive sector has the signifi-
cant impact on energy use and GHG emissions. But it will be wrong to say that the 
growth in non energy-intensive sector will not have significant impact on energy 
use as well as on GHG emissions. This could happens because there are backward 
and forward linkage effects between the sector and the rest of the economy due to 
which there coould be significant impact on energy use and GHG emissions.

Till now, we have described the impact of output growth on GHG emissions 
in India. But this growth in output will increase the sectorwise employment in the 
economy. In the context of economic growth analysis in India, the analysis of em-
ployment change is essential. On the other hand, it will be interesting to see whether 
this increase in employment have adverse impact on GHG emissions in India or not. 
This issue is addressed in the following section.

4.6  Impact of Change in Employment on GHG Emissions

To analyze the impact of sector-specific employment change on GHG emissions, we 
have used method of employment multiplier. Before we estimate this employment 
multiplier, let us see the pattern of sectorwise employment for the year 2006−2007, 
and this is given in following Table 4.4.
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As this table shows, the share in total employment and labor intensity is high 
in the agriculture sector and other services sector. It is interesting to note that the 
share of employment as well as labor intensity is higher in other services sector in 
comparison to the manufacturing sector. Therefore, if sectoral output changes due 
to unitary changes in the exogenous account of SAM, the employment opportunity 
will increase more in agriculture and other services sector relative to manufacturing 
and other sectors of the economy. If we link GHG emissions with this employment 
growth, we can find the sector for which the impact of increase in GHG emissions 
is less as compared to other sector. To do this, we have first estimated sectorwise 
employment multiplier and then we relate that with the GHG emissions. The meth-
odology and analysis is described below.

4.6.1  Employment Multiplier

Employment multiplier shows the direct and indirect changes in employment if the 
output of a sector changes due to any exogenous changes in the economy. Below, 
we have estimated the employment multiplier to show the direct and indirect-in-
duced impact on employment due to any exogenous changes in the economy.

Let Li be the employment in sector i and Ei be fixed employment coefficient.
Therefore,

 (4.12)

Reorganizing this equation with Eq. 4.6 by substituting MX for Y, we may rewrite 
it as

 (4.13)

Where e is the diagonal matrix formed with elements Ei and the element of “e” cor-
responding to nonproduction account are zero.

Differentiating the above equation we get,

E L Yi i i= /

L eMX=

Table 4.4  Sectorwise share of employment and labor intensity (2006−2007). (Source: www.india-
stat.com and author’s estimation)
Activity sector Share of employment Labor intensity (number of 

persons per lakh of rupees of 
output)

Agriculture 0.685 2.623
Energy 0.018 0.088
Manufacturing 0.114 0.105
Transport 0.039 0.243
Other services 0.145 0.245
Total 1.000
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 (4.14)

Therefore, Ri gives us the employment multiplier for sector i which indicates the 
direct, indirect, and induced employment created in the whole economy when the 
exogenous variable changes by one unit.

4.6.2  Impact of Employment Creation on GHG Emissions

To investigate the impact of employment creation on GHG emissions, we have to 
link this employment multiplier with the GHG emissions. To link GHG emissions 
with employment multiplier, we have followed the same method as we have applied 
for pollution trade-off multiplier. Here, we have estimated sectorwise emission em-
ployment ratio by dividing sectorwise total emission from their corresponding level 
of employment (i.e., number of labor engaged in that particular sector). Premul-
tiplying this with the employment multiplier, we have obtained the employment-
emission multiplier and this is shown in the following equation.

 (4.15)

where ep is the employment emission ratio.
Thus, we have estimated the impact on sectoral GHG emissions due to increase 

in sectoral employment resulting from unitary changes in the exogenous account in 
our SAM. The result obtained in this way is given in Table 4.5.

From the above table, we can see that the value of employment multiplier is sig-
nificant for agriculture and service sector relative to other sectors of the economy. 
This is due to their labor intensity as shown in Table 4.4. If we look at the impact on 
GHG emissions, we find that the increase in GHG emissions is not significant for 
service sector in comparison to the manufacturing and other sectors of the economy. 
In case of manufacturing sector, though its value of employment multiplier is less, 
it has significant impact on GHG emissions.

Thus, we have seen that the sectorwise employment will change at a different 
rate due to unitary changes in exogenous variable for all sectors. Also, we have 
seen that the impacts of employment change on GHG emissions are different for 
different sectors. This difference in impact is due to the sectorwise difference in 
energy consumption. In this case, it will be interesting to see the difference in en-
ergy consumption per unit of labor in the production sector. Here it is assumed that 
the energy consumption per unit of labor for the group of sectors will be followed 
by their counterpart. In Table 4.6, we have estimated energy consumption per unit 
of labor for broad group of sector in India for the year 2006−2007.

It is clear from Table 4.6 that the payment for energy use per unit of labor is 
highest for energy production sector itself. In case of manufacturing sector, the pay-
ment for electricity use per unit of labor is almost 13 times higher than the other 
services sector. The payment for thermal electricity consumption is almost negli-

∂ ∂ = =L X eM R/

E e RP p= ⋅
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Table 4.5  Impact of employment change on GHG emissions. (Source: Author’s estimation)
Production 
sector

Employment 
multiplier

CO2 (t) CH4 (t) N2O (’t) CO2EQ (t)

PAD 3.718   1.466 0.421 0.005  11.897
WHT 4.225   2.002 0.000 0.008   4.587
CER 5.601   1.024 0.000 0.002   1.723
CAS 4.637   0.435 0.000 0.003   1.361
ANH 4.031   3.669 0.758 0.000  19.618
FRS 2.745  0.000 0.000 0.000   0.000
FSH 4.222   0.000 0.000 0.000   0.000
COL 0.912   0.000 0.331 0.000   6.948
OIL 1.824   0.000 0.071 0.000   1.497
GAS 1.179   0.000 0.944 0.000  19.822
FBV 0.603   2.150 0.001 0.000   2.167
TEX 0.694   0.222 0.003 0.000   0.287
WOD 0.723   0.467 0.000 0.000   0.470
MIN 1.125   0.964 0.000 0.000   0.967
PET 1.803 328.319 0.035 0.001 329.273
CHM 2.032  16.023 0.008 0.010  19.278
PAP 0.288   6.343 0.031 0.000   7.020
FER 1.821  40.496 0.004 0.001  40.819
CEM 0.138 105.931 0.000 0.000 105.931
IRS 0.439  64.020 0.008 0.001  64.382
ALU 0.257  10.158 0.000 0.000  10.159
OMN 1.144  15.463 0.000 0.000  15.563
MCH 0.856   4.440 0.000 0.000   4.469
NHY 0.281 965.130 1.321 0.014 997.319
HYD 1.291   0.000 0.000 0.000   0.000
NUC 0.178   0.000 0.000 0.000   0.000
BIO 4.184   0.000 0.000 0.000   0.000
WAT 0.661   0.000 0.000 0.000   0.000
CON 1.039   0.006 0.000 0.000   0.006
LTR 1.700  16.978 0.003 0.001  17.306
RLY 0.712   2.020 0.000 0.001   2.263
AIR 0.524   9.679 0.000 0.000   9.764
SEA 0.414   1.330 0.000 0.000   1.344
HLM 0.437   0.000 0.000 0.000   0.000
SER 4.523   0.132 0.000 0.000   0.133

Table 4.6  Energy cost per unit of labor employed (energy in rupee value/labor). (Source: Author’s 
estimation with the help of SAM of the year 2006−2007)
Production sector Rupees of primary 

energy use/labor
Rupees of petroleum 
energy use/labor

Rupees of thermal 
electricity use/labor

Agriculture 1.36 544.01 298.17
Energy 306,828.51 41,186.32 68,904.85
Manufacturing 11,922.10 19,506.07 13,074.87
Transport 27.33 82,546.33 4787.66
Services 71.87 1796.37 1164.83
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Table 4.7  Sector-specific share in gross domestic product at factor cost. (Source: Author’s estima-
tion with the help of national account statistics 2009)
Year Agricul-

ture
Mining Manufactur-

ing
Electricity Construction Transport Other 

service
1999−2000 24.99 2.33 14.78 2.49 5.71  7.47 42.23
2000−2001 23.89 2.28 15.26 2.44 5.81  7.96 42.35
2001−2002 23.99 2.20 14.79 2.34 5.71  8.15 42.81
2002−2003 21.43 2.30 15.22 2.36 5.94  8.96 43.79
2003−2004 21.72 2.19 14.95 2.28 6.13  9.52 43.21
2004−2005 20.20 2.20 15.12 2.29 6.62 10.25 43.32
2005−2006 19.56 2.11 15.06 2.19 7.05 10.74 43.29
2006−2007 18.51 2.04 15.39 2.12 7.20 11.42 43.32
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Fig. 4.1  Sector-specific shares in gross domestic product. (Source: CSO (2009), National 
Accounts Statistics)

 

gible for  agriculture sector. Again in case of other forms of energy, the payment 
for energy use per unit of labor is significantly less than the manufacturing sector. 
As a result, despite the low employment multiplier the impact on GHG emissions 
is high for manufacturing sector as compared to the other services sector in India.

Furthermore, it can be observed from Table 4.7 and Fig. 4.1 that the share of 
other services sector in gross domestic product (GDP) is highest in India. In the 
year 2006−2007, the share of service sector is about 43 %, whereas the same for 
agriculture sector is 18 % and manufacturing sector is 15.59 %. On the other hand, 
the share of service sector is gradually increasing over the years, whereas this is 
declining for agricultural sector. In case of manufacturing, the share in GDP is al-
most constant during the period 1999−2000 to 2006−2007. Therefore, it is evident 
from Table 4.7 that Indian economy is structurally biased towards service sector. 
Hence, we can say that if the Indian economy follows this structure in future, the 
growth in service sector will boost economic growth, create significant employment 
opportunities with less impact on GHG emissions.

4.6  Impact of Change in Employment on GHG Emissions 
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Hence, this study shows that the impact on GHG emissions of the economy is not 
only dependent on the sector-specific energy intensity but also due to the backward 
and forward linkages between the activities. As a consequence of the linkage effect, 
the growth in output of low-energy-intensive sectors or low-emission-intensive sec-
tors may have significant indirect-induced impact on total GHG emissions. On the 
other hand, if the objective is to create green employment in India, service sector 
growth will be the key as it has higher labor intensity with less GHG emissions 
intensity.

However, if backward and forward linkages between the sectors change, the 
indirect-induced impact may change, resulting in differential impact on GHG emis-
sions. On the other hand, if any technological improvement changes the emission 
intensity, then direct impact on the GHG emissions may change. Now, this change 
in backward and forward linkage between the sectors will change if there is change 
in input–output coefficients. But the SAM multiplier model in this chapter is based 
on the fixed input–output coefficient of the production process. With this fixed in-
put–output coefficient, it is not possible to do such kind of analysis. This needs 
further analysis, and we have taken into account this in the next chapter.
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Chapter 5
Greenhouse Gas (GHG) Emissions in India—A 
Structural Decomposition Analysis

This chapter describes the historical trend of greenhouse gas (GHG) emissions and 
analyzes the factors influencing this historical trend. Since every economy passes 
through various structural change processes over time, their implications must be 
assessed for future policy implementation. Therefore, in this chapter, we have de-
scribed the methodology of input-output (IO) structure decomposition analysis to 
assess and determine the factors for historical GHG emissions trend in the Indian 
economy.

5.1  Concept of Structural Decomposition Analysis

The structure and level of both production and consumer demand of a country de-
termine the amount of GHG emissions released back into the atmosphere. In the 
last two decades, reduction in carbon dioxide equivalent (CO2EQ) emission from 
economic activities for decoupling economic growth and GHG flow has been incor-
porated into the climate mitigation policy agenda globally (Dell et al. 2008). To de-
fine appropriate policy intervention, understanding of how emissions are generated 
and the economic and technological factors drive and delineate the country’s GHG 
profile is pertinent. This necessitates in-depth study in this particular issue. There-
fore, in this chapter, our objective is to analyze the driving factors in India’s GHG 
emissions by decomposing overall emissions into four key determinants: intensity 
effect, effect of technical coefficient change, final demand mix effect, and final de-
mand level effect over a time gap of 12 years, from 1994−1995 to 2006−2007. By 
intensity effect, we mean change in emission intensity during this time period. The 
effect of technical coefficient change implies the change in intermediate use pattern 
or change in IO coefficients in the production process during this time period. The 
final demand mix change is nothing but change in sector-wise share in total final 
demand of the economy over the time gap of 12 years. Finally, the final demand-
level effects describe the effect of real change in aggregate level of final demand in 
the economy during the year 1994−1995 to 2006−2007.
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However, in the SAM multiplier analysis of Chap. 4, the household final demand 
is endogenously determined due to any exogenous change into the economy. But 
in this chapter, we consider this as the exogenous driving force into the economy. 
Therefore, to do this decomposition analysis, we have applied the IO structural de-
composition analysis (SDA) to the emission data constructed in previous chapters 
through environmentally extended social accounting matrix (ESAM) for India for 
the year 2006−2007.

5.2  Decomposition Method

Recently, a number of studies have concentrated on energy and environment (GHG 
emissions) by applying IO SDA. Work in this area has been done by Lin and Chang 
(1996). They used Divisia Index to classify emission changes of SO2, NOx, and 
CO2 from major economic sector in Taiwan during 1980–1992. Very few works 
have been done in India especially using IO method. Roy (2007) has done decom-
position analysis using Laspeyers method. Gupta and Hall (1997) estimated GHG 
emissions for 3 reference years 1980−1981, 1985−1986, and 1987−1988 using 
simple spreadsheet model. In the context of Indian economy using IO data, the 
latest study is done by Mukhopadhyay (2001). This study applied IO structural 
decomposition analysis to decompose total change in CO2 emission into nine fac-
tors—real added value, the level of CO2 intensity, CO2 substitution to energy mix, 
the rate of domestic production to intermediate input, the mix of intermediate input, 
the level of domestic final demand, and domestic final demand mix. This study 
estimates CO2 emission change for the years 1973−1974, 1983−1984, 1991−1992, 
and 1996−1997. In this study, we have followed this method with the help of mon-
etary IO table for India to analyze the change in GHG emissions between the year 
1994−1995 and 2006−2007. The method is given below.

Mathematically, the structure of IO model can be expressed as,

 (5.1)

The solution of Eq. 5.1 gives

 (5.2)

where,

Y Gross output
X Volume of aggregate final demand
s Consumption structure
I Identity matrix

and

(I−A) The matrix of total input requirements.

Y AY sX= +

Y I A sX= −( )−1
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The above IO model is used to compute the amount of CO2 emission that takes 
place in the production of various activity levels. The amount of CO2 can be ob-
tained in the following way.

 (5.3)

where, p is the emission intensity, i.e., emission per unit of output and E is the level 
of GHG emissions.

Next, the model develops a structural decomposition analysis. It is an ideal tech-
nique to study changes over a period of time. It has become a major tool for dis-
entangling the growth in some variables over time, separating the changes in the 
variable into its constituent parts. SDA seeks to distinguish major tool for disentan-
gling the growth in some variables over time, separating the changes in the variable 
into its constituent parts. SDA seeks to distinguish major sources of change in the 
structure of the economy broadly defined by means of a set of comparative static 
changes in key parameters of an IO table.

So, the change in total GHG (CO2 plus CO2EQ N2O and CH4) emission between 
any 2 years, i.e., initial year (denoted by “0”) and the terminal year (denoted by “1”) 
can be identified as:

 (5.4)

Substituting Eq. 5.3 in Eq. 5.4,

 (5.5)

Substituting Eq. 5.1 in Eq. 5.5,

 

(5.6)

 

(5.7)
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 (5.7a)

 (5.7b)

 (5.7c)

 (5.7d)

 
(5.7e)

Mathematical expression (5.7a) shows the CO2 emission changes due to changes 
of CO2 intensity. Expression (5.7b) reflects the CO2 emission changes due to the 
changes in technical coefficient matrix. Expression (5.7c) refers CO2 emission 
changes due to changes in share of final demand of various sectors. Expression 
(5.7d) defines CO2 emission changes due to changes in the volume of demand. 
Finally expression (5.7e) represents the total joint effects when two or more of the 
above factors occurred simultaneously.

5.2.1  Data and Empirical Estimation

To conduct the structural decomposition analyses, following data are required:

a. The IO table with same sectoral classification for the year 1994−1995 to 
2006−2007. The purpose of this two IO table is to solve Eq. 5.7.

b. The data on prices indices are required to convert the volume of final demand at 
current prices into constant prices. As our analysis is restricted for 1994−1995 
and 2006−2007, therefore, we need prices indices for these 2 years with same 
base year.

c. Data on sector-wise CO2 emission between 1994−1995 and 2006−2007 are 
required for this analysis.

We have 35-sector IO table for the year 2006−2007 used at the time of constructing 
35 sectors SAM for India for the year 2006−2007. So we have to get the IO table for 
the year 1994−1995 with same sectoral classification of the year 2006−2007. In this 
study, we have obtained a 60-sector IO table for Indian from the study by Pradhan 
et al. (1999). This IO table is based on the IO table published by the Central Statisti-
cal Office (CSO). But the sectoral classification of this IO table does not matched 
with the 35 sectors of our SAM. So, we have to aggregate the 60-sector IO table to 
get the 35-sector IO table for India for the year 1994−1995. The method of aggrega-
tion is described below.
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5.2.2   Aggregation of 60-Sector IO Table of the Year 1994−95

The steps involved in aggregating the 60 sectors IO table of the year 1994−1995 
are as follows:

Step 1 In the first step, we have made a map of concordance between the 35 sectors 
of the 2006−2007 IO table and the 60 sectors of the 1994−1995 IO table. The map 
of concordance is given in the following Table 5.1.

As Table 5.1 shows, there are some sectors in the 2006−2007 IO table which are 
partly matched with the sectors of 1994−1995 IO table. Also there are some new 
sectors in the 2006−2007 IO table. So to obtain the 35-sectors IO table of the year 
1994−1995, we have to construct separate rows and columns of these sectors for the 
year 1994−1995. Now the methods are described in the following steps.

Step 2 In this step, we have first obtained the separate rows and columns for the sec-
tors which are partly matched (except the new sectors introduced in the 2006−2007 
IO table) with the sectors of 1994−1995 IO table. Now to do this, we have referred 
the 115-sectors IO table of the year 1993−1994 as published by CSO. Thus, we have 
obtained a 30-sectors IO table of the year 1994−1995.

Step 3 Now in the third step, we have extended the 30-sectors IO table of the year 
1994−1995 by extending the electricity and transport sector. In this case, we have 
used the relevant data from the following sources:

a. To obtain separate row and column of the hydro electricity sector, non-hydro 
electricity sector, and the nuclear electricity sector, the data for the year 1994-95 
are obtained from the annual reports of the Hydro Electric Corporation of India 
(www.nhpcindia.com), the Thermal electricity corporation of India (www.ntpc.
co.in) and the Nuclear power Corporation of India (www.npcl.co.in).

b. The row and column of the sea transport sector and air sector are obtained on 
the basis of data available from the annual reports of different official transport 
authorities of India.

Step 4 In the last step, we have constructed the row and column of the biomass sec-
tor. Now to construct the row and column of the biomass sector, we have followed 
the same method as we have followed in case of 2006−2007 SAM (see Chap. 3). 
But in this case, we did not get data on biomass originated from industries. So we 
have used share of paper and food and beverages industries in biomass production 
of the year 2006−2007 to get the biomass output of the year 1994−1995. But in 
case of firewood and agricultural residual the data are obtained from the National 
Accounts Statistics (NAS) data. Hence in this way, we have obtained the 35-sector 
IO table for the year 1994−1995 and this is given in Appendix 6.

Next, we have to convert the aggregate volume of final demand at current prices 
into constant prices. To do this, data are obtained from NAS published by CSO.

Finally, we have to estimate the sector-wise emission coefficients for the year 
1994−1995 for the sector described in 35-sector IO table. In this case, we have ob-
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tained the data on sector-wise GHG emissions from the National Communications 
Corporation Limited (NATCOM)-I report. The sectors given in this report are same 
as it is given in Indian Network on Climate Change Assessment (INCCA) report of 
the year 2010. Therefore, we have followed the same method as it was adopted in 
estimating sector-wise emission for the year 2006−2007 for ESAM (see Chap. 3). 
Thus, we have obtained required data for the decomposition analysis purpose. The 
data on GHG emissions obtained in the above-mentioned way can be used to see 
the observed changes in GHG emissions in India between the year 1994−1995 and 
2006−2007 and this is shown in the following section.

Table 5.1  Mapping between 2006−2007 IO sectors and the 1994−1995 IO sectors
2006−2007 IO sectors 1994−1995 IO sectors

1 PAD Paddy rice Part of S1
2 WHT Wheat Part of S1
3 CER Cereal, grains, etc, other crops Part of S1 and S4
4 CAS Cash crops S2,S3
5 ANH Animal husbandry and production S5
6 FRS Forestry S6
7 FSH Fishing S7
8 COL Coal S8
9 OIL Oil Part of S9
10 GAS Gas Part of S9, part of S47
11 FBV Food and beverage S12, S13, S14, S15
12 TEX Textile and leather S16, S17, S18, S19, S24
13 WOD Wood S20
14 MIN Minerals n.e.c. S10, S11
15 PET Petroleum and coal production S26, S27
16 CHM Chemical, rubber, and plastic S23, S25, S28, S29, S31, S32
17 PAP Paper and paper production S22
18 FER Fertilizers and pesticides S30, Part of S32
19 CEM Cement S33
20 IRS Iron and steel S35
21 ALU Aluminum S36
22 OMN Other manufacturing S21, S34, S37, S43, S44
23 MCH Machinery S38, S39, S40, S41, S42
24 HYD Hydro Part of S46
25 NHY Thermal Part of S46
26 NUC Nuclear Part of S46
27 BIO Biomass
28 WAT Water Part of S47
29 CON Construction S45
30 LTR Road transport Part of S49
31 RLY Rail transport S48
32 AIR Air transport Part of S49
33 SEA Sea transport Part of S49
34 HLM Health and medical S58
35 SER All other services S50, S51, S52, S53, S54, S55, 

S56, S57, S59, S60
Note: The description of 60 sectors is given in Appendix 5
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5.3  Observed Changes in GHG Emissions in India

Change in GHG emissions observed between the years 1994−1995 and 2006−2007 
is shown in following Table 5.2 and Fig. 5.1.

It is observed from Table 5.2 and Fig. 5.1 that the total GHG emissions in India 
has increased by almost 544 million tons during this 12-years gap. The rising trend 
of GHG emissions are observed from the manufacturing, transport, and thermal 
electricity sector. For thermal electricity sector, it has increased at an annual rate 
of 4.33 % and for transport sector average annual increase in GHG emissions is 
3.60 %. The average annual increase in GHG emissions for manufacturing sector is 
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Fig. 5.1  Observed changes in GHG emissions. (Source: Authors’ Estimate)

 

Table 5.2  Observed changes in GHG emissions (thousand tons)
Broad sector of 
economy

1994−1995 2006−2007 Absolute change Average annual 
change

Agriculture 344,482 334,411 − 10,071 − 0.25 %
Mining 33,923 33,162 − 761 − 0.19 %
Thermal electricity 355,033 739,704 384,671 4.33 %
Manufacturing 322,892 445,726 122,834 2.30 %
Transport 80,280 142,041 61,760 3.62 %
Other services 15,958 1,583 − 14,375 − 75.66 %
All Sector 1,152,569 1,696,628 544,059 2.67 %
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slightly lower (i.e., 2.30) than these two sectors. Between the year 1994−1995 and 
2006−2007, the GHG emissions from agriculture sector has declined at an average 
rate of (−) 0.25 % annually. Again in case of service sector, the fall in GHG emis-
sions is the highest (−) 75 %).

Now, let us see what are the factors for which we have this change in GHG emis-
sions in India between the year 1994−1995 and 2006−2007, and this is described in 
the following section.

5.4  Findings from Structural Decomposition Analysis

To discuss empirical results of SDA, factors for which total changes in GHG emis-
sions is observed have been decomposed into four components following the math-
ematical expressions (5.7a–d) given in Sect. 5.2. These are:

First, we have analyzed the GHG emissions changes due to change in GHG 
emissions intensity. This GHG emissions intensity may change due to autonomous 
energy efficiency improvement or due to change in technological pattern (i.e., IO 
structure of production activity) in the economy. The autonomous energy efficiency 
improvement is not due to price-induced technology effect; rather it occurs through 
practice, experience, and skill development within the production process. By con-
trast, the change in technology pattern is price-induced effect, which results change 
in input consumption pattern in the production process. To see the impact of GHG 
emissions intensity, we have considered expression (5.7a) where we have kept other 
factors fixed and only the GHG emissions intensity changes.

Secondly, we have analyzed the changes in GHG emissions due to changes in 
production structure in the economy, in other word, the change in technical coef-
ficient matrix. This is done from the expression (5.7b). Here all other factors remain 
fixed only the ( I−A)−1 matrices changes.

Thirdly, with the help of expression (5.7c), we have analyzed the impact of 
change in consumption structure on GHG emissions change. In this case, only the 
sector-wise share in final demand has been changed but there is no change in the 
other factors. This, in other way, shows the effect of commodity substitution/change 
in households’ behavior over the years. Fourthly, we have analyzed the impact of 
change in aggregate volume of final demand on GHG emissions change with the 
help of expression (5.7d). In this case, the aggregate level of final demand for the 
year 1994−1995 has been changed to 2006−2007 level. Here, we have taken these 
two final demands at constant 1994−1995 prices.

Now, the point to be noted here is that the volume of final consumption expen-
diture, in the national income accounting system, considers as proxy of total house-
holds income. So, considering volume of consumption expenditure at constant price 
for 2 different years shows the change in real households’ income in the economy. 
Hence, the change in GHG emissions due to change in consumption volume can 
be treated as income effect on GHG emissions. On the other hand, the unit-free 
consumption share, when it changes over time, shows the commodity substitution 
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effect on GHG emissions. Thus, this analysis helps us to understand the price effect 
through both the channel of substitution and income effect.

Now the sector-specific result of structural decomposition analysis is given in 
the following Table 5.3 and Fig. 5.2. In Table 5.2, we have shown this result for the 
broad group of sectors in India.

It is observed from the above Table 5.3 that the change in emission intensity 
has negative impact on GHG emissions for almost every sector of the economy. 
This implies that there is an improvement in autonomous energy efficiency over the 
years. However, the positive impact of energy intensity corresponding to thermal 
electricity sector ensures that energy efficiency has not been improved much in this 
sector over the years, causing increases in GHG emissions inventory. The impact 
of change in technical coefficients is positive for all the sectors. This happens due 
to interdependency/linkages among the sectors. Due to these linkages, even if one 

-1000000
0

1000000
2000000
3000000
4000000
5000000
6000000
7000000

Em
is

si
on

 (i
n 

'0
0 

to
ns

)

Sector

Emission Intensity Change Technical Coefficient change
Consump�on structure Change Volume of consump�on

Fig. 5.2  Factor-wise GHG emissions change. (Source: Authors’Estimate)

 

Table 5.3  Factor for which GHG emissions changes in India (unit thousand tons). (Source: 
Authors’Estimate)

Emission 
intensity 
change

Techni-
cal coef-
ficient 
change

Con-
sumption 
structure 
change

Volume of 
consump-
tion

Mixed 
effect

Total effect 
(GHG 
emissions of 
2006−2007)

Observed 
change 
over 
1994−1995 
level

Agriculture − 19,1902 2,910 − 117,730 634,663 6,471 334,412 − 10,071
Mining − 18,163 11,728 − 5,832 85,468 − 40,040 33,161 − 761
Thermal 

electricity
90,373 644,287 − 66,857 3,392,022 − 33,20122 739,703 384,671

Manufactur-
ing

− 13,8942 23,839 321 1,331,282 − 77,0773 445,727 122,834

Transport − 5,670 15,727 31,896 396,477 − 29,6389 142,041 61,760
Other 

services
− 15,153 831 2,985 64,552 − 51,632 1,583 − 14,375

All sector − 279,456 699,322 − 155,217 5,904,464 − 4,472,484 1,696,629 544,059
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sector improves technology led energy efficiency, its linkages with other sectors 
(which may be energy intensive) ensures the positive impact as we have explained 
in Chap. 4 of this book. It is also ensured from the above table that the substitution 
among the commodities has negative impact on some commodities although it is 
positive for some commodities. Subsequently, the income effect on GHG emissions 
is positive due to the demand-driven growth in the sector by increasing real income 
of the households over the years. Finally, the mixed effect shows the residual effects 
of GHG emissions detail of which cannot be captured in this study.

However, to know about the reason behind this positive and negative impact, we 
have to look at the changes in these factors between the year 1994−1995 and this is 
given in the Table 5.4.

It is observed from the above table that the GHG emissions intensity for ther-
mal electricity sector is positive. It implies the GHG emissions per unit of output 
production has increased during this period. This makes the impact of emission 
intensity positive for thermal electricity sector.

It is observed from Table 5.4 that the use of primary energy per unit of output 
has increased for thermal electricity, other energy production, and manufacturing 
sector. Again, these sectors constitute almost 50 % of total GHG emissions in India 
(INCCA 2010). Therefore, we have observed positive impact of technical coeffi-
cient change on GHG emissions.

Table 5.4 shows that the share of agriculture, manufacturing, and primary energy 
in households consumption basket has declined in the year 2006−2007 as compared 
to 1994−1995. As the consumption share decreases for these sectors, the gross out-
put production of these sectors will be decreased. As a result, we have observed 
negative impact on GHG emissions. Due to this decrease in consumption share in 
these sectors, we have observed negative impact.

Finally, if we take into account only these first four factors as described from 
Eqs. 5.7a–d, their total impact will not match with the observed total impact be-
tween the years because there are some other factors which might have significant 
impact on GHG emissions. But this needs further study which is outside the pre-
view of this study.

Table 5.4  Change in emission intensity, technical coefficients, and consumption share between 
1994−1995 and 2006−2007

Primary 
energy

Thermal 
electricity

Other 
commercial 
energy

Nonenergy 
input

Final con-
sumption 
share

Real change in 
GHG intensity 
(tons/Rs. lakh of 
output)

Agriculture − 0.0008 0.0032 0.0084 0.0262 − 0.1177 − 0.0054
Mining − 0.0007 − 0.0180 − 0.0200 − 0.0805 − 0.0314 − 0.0078
Thermal 

electricity
0.5476 − 0.1566 − 0.0646 − 0.5299 − 0.0037 0.0212

other energy 0.0767 0.0348 0.0457 − 0.4577 0.0127 − 0.0229
Manufactur-

ing
0.0044 − 0.0109 0.0044 − 0.0203 0.0019 − 0.0004

Transport − 0.0005 − 0.0013 0.0724 − 0.0926 0.0274 − 0.0005
Services − 0.0026 − 0.0081 − 0.0007 − 0.0732 0.0786 − 0.0003
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Results obtained in this chapter give valuable insights for the Indian economy in 
the context of driver analysis in climate change impact study. The Indian economy 
could improve emission intensity between 1994−1995 to 2006−2007 except for 
thermal electricity sector. During this same period, we have also seen that the manu-
facturing sector in India has reduced its electricity requirement per unit of output, 
and further improvement of this will help to reduce total GHG emissions in India. 
Indian economy with large population (around 50 % without access to electricity 
(MoEF 2009) is expected to have increase in level of consumption of electricity. 
So, it is important to understand impact of policy measures towards GHG emissions 
reduction. This needs further research and we have analyzed selected policies it in 
the next chapter.
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Chapter 6
An Environmental Computable General 
Equilibrium (CGE) Model for India

The input–output model and social accounting matrix (SAM) models have been 
widely used in building multisectoral, economy-wide models for development plan-
ning and policy analysis (Miller 1985). Models of this type assume an economy that 
is linear in costs with exogenous demands and fixed prices. These models might 
be appropriate for short-run policy analysis, but their assumptions do not appear 
to apply to most real-world economies, which are either pure market economies 
or market-based economies with an overarching governmental presence. Even in 
the latter type of mixed economies, for example, India, a great deal of economic 
activity is not under direct control of the government, but is governed by price 
signals of the market. In such a decentralized system, myriad intersectoral and in-
trasectoral substitutions, mostly nonlinear, take place in production, consumption, 
and distribution in response to price changes. Moreover, there are important feed-
backs arising out of interactions among the various commodity and factor markets. 
A computable general equilibrium (CGE) model is especially designed to capture 
these essential features of the market. CGE analysis, in comparison to other avail-
able techniques, thus captures a wider set of economic impacts from a shock or 
the implementation of a policy reform, typically, by building and then comparing 
alternative policy scenarios. Therefore, in this study, we have used a CGE model 
to evaluate the greenhouse gas (GHG) emissions abatement policies. This model is 
a single-country model interacting with the rest-of-the-world (ROW). We use this 
to address the primary concern of our policy makers to formulate national climate 
change mitigation policies which protect national interest without harming global 
concerns on climate-related issues.

B. D. Pal et al., GHG Emissions and Economic Growth,  
India Studies in Business and Economics, DOI 10.1007/978-81-322-1943-9_6,  
© Springer India 2015
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6.1  Model Structure

The basic structure of the CGE model adopted here is the one which was prepared 
jointly by National Council of Applied Economic Research (NCAER) and Jadavpur 
University (JU) in the year 2009.1 This CGE model is based on a neoclassical frame-
work that includes institutional features peculiar to the Indian economy. Figure 6.1 
depicts the building blocks of CGE model. It is multisectoral and recursively dy-
namic. The production structure of our model is similar to the one presented by 
Ghosh (1990) who allows for varying substitution possibilities between different 
pairs of inputs, which is a crucial feature of the real-world production functions. 
However, in formulating other elements of the model, such as the linkages between 
inter-fossil-fuel substitutions, CO2 emissions, and gross domestic product (GDP), 
the factor markets and the macroeconomic closure, we follow an eclectic approach 
taking pieces selectively from Mitra (1994), Fisher-Vanden et al. (1997), and Ojha 
(2009) and interweave them in an overall consistent framework.

The model includes the interactions of producers, households, the government, 
and the ROW in response to relative prices given certain initial conditions and ex-
ogenously given set of parameters. Producers are guided by profit maximization in 
perfectly competitive markets, that is, they take factor and output prices (inclusive 

1 NCAER (2009) This study was sponsored by Ministry of Environment and Forests, and it was 
conducted jointly by NCAER and JU. Dr. Sanjib Pohit, Dr. Vijay P Ojha, and Mr. Barun Deb Pal 
of NCAER and Prof. Joyashree Roy of JU were the core research team members. The report of this 
project is available at NCAER library on request.

Fig. 6.1  Flow of conventional commodities, factors, payments, and transfer in the economy
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of any taxes) as given and generate demands for factors so as to minimize per unit 
costs of output. The factors of production include intermediates, energy inputs, and 
the primary inputs—labor, capital, and land. Production is organized through a mul-
tilevel nested production function which has Cobb–Douglas, constant elasticity of 
substitution (CES), and translog functions at different levels in the production nest. 
For households, the initial factor endowments are fixed. They, therefore, supply 
factors inelastically. Households are classified into five rural and four urban socio-
economic groups. Their disposable incomes are defined as their earned incomes 
net of their savings and the direct taxes paid by them to the government. Their 
commodity-wise demands are expressed, for given disposable incomes and mar-
ket prices, through the Stone–Geary linear expenditure system (LES). Government 
consumption transfers and direct and indirect tax rates are exogenous policy instru-
ments. The total GHG (carbon dioxide equivalent, CO2EQ emission of CO2, N2O, 
and CH4) emissions in the economy are determined on the basis of the inputs of fos-
sil fuels in the production process, the gross outputs produced, and the consumption 
demands of the households and the government, using fixed emission coefficients. 
The ROW supplies goods to the economy which are imperfect substitutes for do-
mestic output, makes transfer payments, and demands exports. The standard small-
country assumption is made implying that India is a price-taker in import markets 
and can import as much as it wants without affecting the world price of imports. 
However, because the imported goods are differentiated from the domestically pro-
duced goods, the two varieties are aggregated using a CES function, based on the 
Armington assumption. For exports, a downward-sloping world demand curve is 
assumed. On the supply side, a constant elasticity of transformation (CET) function 
is used to define the output of a given sector as a revenue-maximizing aggregate 
of goods for the domestic market and goods for the foreign markets. Capital stocks 
are fixed and intersectorally immobile. Rental price of capital is therefore sector 
specific, depending upon a sector’s demand for capital. Supply–demand balances 
for all commodities and nonfixed factors clear through adjustment in prices in fric-
tionless markets. The model is Walrasian in character, and hence, it determines only 
relative prices. The overall price index is chosen to be the numéraire and is, there-
fore, normalized to unity. With the (domestic) price level and the foreign savings 
fixed exogenously, the model determines endogenously the nominal exchange rate 
in the external closure and the level of investment in the domestic macro closure 
(Robinson 1999). In other words, because the foreign savings is exogenously fixed, 
the model follows a saving-driven macro closure in which the investment level ad-
justs to satisfy the saving-investment balance.

6.1.1  Sectoral Disaggregation and SAM

Our CGE model is based on a 35-sector disaggregation of the Indian economy. The 
foundation of a CGE model is its underlying SAM. A multisectoral CGE model 
derives its validation from replication of the base-year SAM values. Hence, the sec-
toral classification of the SAM ought to reflect the nuances of the issue under focus 
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in the CGE model—which in this study is carbon emissions abatement—without 
the number of sectors being so large as to make it practically too cumbersome for 
any meaningful interpretation. In this matter, our 35-sector SAM developed in 
Chap. 2 classifying sectors broadly on the basis of their energy and emission inten-
sities serves well as the bedrock of our CGE model.

6.1.2  The Production Structure

Each production sector has a nested production function, with the structure of nest-
ing being the same across sectors. Each sector produces its gross output, employing 
capital, labor, and an aggregation of its own and other sectors’ inputs known as 
intermediate inputs. The intermediate inputs are broadly of two kinds—energy and 
non-energy. The different types of inputs, however, combine through differently 
specified production functions at the various levels in the production nest whose 
diagram is shown below (Fig. 6.2).

Aggregate of energy inputs (AEN) is formed through a translog (TL) function 
which combines the five sources of energy, namely, electricity (AGELEC), coal, 
natural gas (gas), refined oil (pet), and biomass where AGELEC itself is a linear 
aggregation of the three main sources of electricity—thermal, hydropower, and nu-
clear (not shown in the Fig. 6.2). The TL function is used because it allows variable 
(Allen–Uzawa) elasticity of substitution between different pairs of the aforesaid 
five sources of energy (Roy 2000). The remaining non-factor inputs are referred to 
as the aggregate materials, MAT, which represents a fixed-coefficients bundle of 
inputs from the non-energy sectors. The AEN and the MAT combine into aggregate 
non-factor inputs, QF, through a CES function for which only one substitution elas-
ticity is required. Further up, the QF, labor, capital, and land (in the case of agricul-
tural sectors only) are coalesced into the domestic gross output using a TL function 
having different substitution elasticities for different pairs of inputs. It may be noted 
that, the TL function reduces to the much simpler Cobb–Douglas form in case of 
unit substitution elasticities between the various input pairs and this is actually the 
case for a subset of the 35 sectors.

Gross domestic output, QX, itself is an aggregate of its two constituents—
domestic sales (QD) and exports (QE) —obtained through a CET function. Finally, 
at the top end of the production nest, QD, and final imports (QM) into a sector are 
aggregated into a composite output (QQ) for that sector by making use of a CES 
Armington aggregation function.

6.1.3  Greenhouse Gas Emissions

GHGs are emitted from the burning of fossil fuel inputs in the production pro-
cess or in the final consumption of households. Also the GHGs are emitted due 
to wastewater and municipal solid waste generation by the urban households (see 
INCCA 2010). In addition to GHG emitted by fuel combustion, there may be GHG 
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emanating from the very process of output generation. For example, the cement 
sector releases CO2 in the limestone calcination process. Finally, GHG emissions 
also result from the change in land-use pattern (INCCA 2010). But fossil fuel-based 
GHG emissions is the highest in India (MoEF 2009). On the other hand, the incor-
poration of the non-fossil-fuel sources of GHG emissions in our CGE model is a 
tedious job and also it would make our model more complex. So, to manage within 
the time-bound program of this study, we have only taken into account fossil fuel-
led GHG emissions in India. As a result of this, the total GHG emissions obtained 
for the base year of our CGE model (2006−2007) is somewhat less than that in 
INCCA report of the year 2010.

We use fixed CO2, N2O, and CH4 emission coefficients to calculate the sector-
specific GHG emissions from each of the three sources of carbon emissions. For 
the total GHG emissions generated in the economy, we first aggregate each type of 
emissions over the 35 sectors and subsequently convert them into CO2 equivalent 
emission (INCCA 2010). Then we aggregate CO2EQ emission of each type to ob-
tain total GHG emissions of the economy.

Fig. 6.2  The production nesting. QQ composite output, CES constant elasticity of substitution, 
QD domestic sales, QM final imports, QX gross domestic output, QE domestic exports, AEN 
aggregate of energy inputs, MAT aggregate materials, CET constant elasticity of transformation
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6.1.4  Carbon taxes

Our assumption is that carbon taxes are applicable only on the CO2EQ emitted in 
the production process (i.e., on the first two sources of carbon emissions), not on 
the CO2EQ emitted in the final consumption of households and the government 
(the third source of carbon emissions). Carbon taxes are based on the proportion of 
each fuel’s carbon content, i.e., rupees per ton of carbon emitted. The carbon tax 
rate multiplied by a sector’s carbon emissions gives the carbon emission tax pay-
ments by that sector. Summing across sectors, we get the total carbon tax payments, 
which is then recycled to the household sector as additional transfer payments by 
the government. Finally, the producer’s cost function is modified to include the car-
bon taxes so that they induce a substitution in favor of lower carbon-emitting fossil 
fuels. However, in the baseline (reference) scenario, the carbon tax rate is kept fixed 
at zero and there are, therefore, neither carbon tax payments nor any incentive for 
producers to substitute in favor of less carbon-intensive fossil fuels.

6.1.5  Savings

Household savings are determined residually from their respective budget con-
straints, which state that household income is either allocated to household con-
sumption or to household savings. Government savings is obtained as sum of the 
tax and tariff revenues, less the value of its consumption and transfers. Government 
revenue originates from the following five sources: taxes on domestic intermedi-
ates, tariffs on imported intermediates, taxes on consumption and investment, taxes 
on final imports, and income taxes—i.e., taxes on wage, self-employed, and capital 
(profit) incomes. All taxes (excluding carbon tax) are of the proportional and ad 
valorem type, and all the tax rates are exogenously given. Government expenditure 
takes place on account of government consumption and transfers to households, 
both of which are exogenously fixed. The carbon emission tax revenues augment 
government savings which get channelized into additional investment as the model 
follows a savings-driven closure rule. Foreign savings in the model is expressed as 
the excess of payments for intermediate and final imports over the sum of exports 
earnings, net current transfers, and net factor income from abroad. The latter two are 
exogenously given values in the model.

6.1.6  Capital Stocks

Sectoral capital stocks are exogenously given at the beginning of a particular pe-
riod, and are immobile across sectors within that period. Return on capital are thus 
variable across sectors. However, our model is recursively dynamic, which means 
that it is run for many periods as a sequence of equilibria. Between two periods 
there will be additions to capital stocks in each sector because of the investment 
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undertaken in that sector in the previous period. More precisely, sectoral capital 
stocks for any year t are arrived at by adding the investments by sectors of destina-
tion, net of depreciation, in year t − 1 to the sectoral capital stocks at the beginning 
of the year t − 1.

6.1.7  Land and Labor

Total land supply is fixed, but its use can be allocated across the agricultural sectors. 
Land rental rates are, therefore, uniform across the sectors. Total labor supply is 
fixed but is sectorally mobile. Market clearing wage rate is determined by equating 
the sum of sectoral labor demands to the given total labor supply. However, institu-
tional factors cause the sectoral wage rates to deviate from the market clearing wage 
rate. A sector-specific wage distortion parameter is used to obtain the sectoral wage 
rates from the economy-wide market-clearing wage rate.

6.1.8  Commodity Market Clearing, Market Closure  
and Dynamics

Market clearing equilibrium in the commodity markets is ensured by the condition 
that sectoral supply of composite commodity must equal demand faced by that sec-
tor. In the production structure of the model, the domestic gross output of a sector is 
split into two components—domestic sales and exports—using a CET function. In 
turn, domestic sales and final imports are amalgamated through an Armington-type 
CES function to arrive at the sectoral composite commodity supply. On the other 
hand, the demand for composite commodity consists of intermediate demand, final 
demand—which in turn is a sum of consumption, investment, and government de-
mands—and change in stocks.

The model is Walrasian in spirit with the sectoral prices being the equilibrating 
variables for the market-clearing equations. The Walras law holds, and the model is, 
therefore, homogeneous of degree zero in prices, determining only relative prices. 
The price index—defined to be a weighted average of sectoral prices—serves, as 
the numéraire, and is, therefore, fixed at one.

Finally, the model being typically neoclassical in nature follows a savings-driven 
closure, in which foreign saving is exogenously fixed and investment is endog-
enous. The model is multiperiod in nature, where the unit of period is 1 year. How-
ever, it is not an intertemporal dynamic optimization model; it is only recursively 
dynamic. That is, it is solved as a sequence of static single-year CGE models where 
investment in the current year enhances the available capital stock, and depreciation 
depletes that stock, amounting to net additions (reductions) to sectoral capital stocks 
between two periods. Hence, prior to solving the CGE model for any given year—
other than the base-year—an interim-period sub-model is worked out to update the 
sectoral capital stocks.
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6.1.9  Technological Change

Total factor productivity (TFP) is exogenous in our model. We examined almost all 
the available empirical evidence, solicited expert opinion, and made reasoned judg-
ments of different baseline GDP scenarios generated for annual TFP growth rates of 
2, 3, and 4 % (coupled with different energy efficiency growth rates) before decid-
ing to assume an annual TFP growth of 3 % for our reference scenario.

Energy-saving technological progress is incorporated in our model by making 
the autonomous energy-efficiency improvement (AEEI) assumption used in other 
carbon emission abatement models, such as GREEN (Burniaux et al. 1992) and 
EPPA (Babiker et al. 2001). As in the EPPA and GREEN, we also assume that AEEI 
occurs in all sectors except the primary energy sectors (coal, crude petroleum, and 
natural gas) and the refined oil sector. India has embarked on the path towards en-
ergy efficiency since 1980, and its record in energy-efficiency improvement in the 
last two decades is very encouraging. We made reasoned judgments of trial runs 
of the model for annual AEEI growth rates of 1, 1.2, 1.4, 1.5, and 2.0 (paired with 
different annual TFP growth rates) found an annual AEEI growth rate of 1.5 % per 
annum to be most realistic.

Thus, our reference scenario is based on the assumption of 3.0 and 1.5 % annual 
growth rates of TFP and AEEI, respectively.

6.2  Mathematical Description of the Model

The CGE model is a system of simultaneous, nonlinear equations. The model is 
square in the sense that the number of equations is equal to the number of variables. 
In this class of models, this is a necessary (but not sufficient) condition for the ex-
istence of a unique solution. In our case also, we have developed a set of equations 
in such a way that the number of equations is equal to the number of endogenous 
variables of our model. The set of sectors (industries), parameters, and variables 
appearing in the equations of the model are described below.

Sets

AS All sectors (all 35 sectors of 2006−2007 SAM)
DOMS Sectors with domestic sales (all 35 sectors of 2006−2007 SAM)
FMAT  Factors of production (k-capital, l-labor, la-land, q–aggregated commod-

ity inputs bundle)
GHGS Greenhouse gases (CO2-carbon dioxide, N2O-nitrogen dioxide)
HHSC Households classes (rh1, rh2, rh3, rh4, rh5, uh1, uh2, uh3, uh4)
PFAC Primary factors of production (k, l, la)
SIMP  Sectors with imports (pad, wht, cer, cas, anh, frs, fsh, col, oil, gas, fbv, 

txl,wod, min, pet, chm, pap, fer, irs, alu, omn, mch, rtm, rnm, air, sea, ser)
SNIMP Sectors without import (cem, hyd, nhy, nuc, bio, gmn, wat, con, rly, hlm)
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SEXP  Sectors with exports (pad, wht, cer, cas, anh, frs, fsh, col, gas, fbv, txl, 
wod, min, pet, chm, pap, fer, irs, alu, cem, omn, mch, rtm, rnm, rly, air, 
sea, ser)

SNEXP  Sectors without export (oil, hyd, nhy, nuc, bio, gmn, wat, con, hlm)
SMANU  Manufacturing sectors (txl, wod, min, pet, chm, pap, fer, irs, alu, 

cem,omn, mch, con, gmn, oil)
SNMAN  Non-manufacturing sectors (pad, wht, cer, cas, anh, frs, fsh, fbv, col, 

gas, bio, hyd, nhy, nuc, wat, rtm, rnm, rly, air, sea, hlm, ser)
SEN Conventional energy sectors (col, gas, pet, hyd, nhy, nuc, bio)
SMAT  Material input supply sectors (pad, wht, cer, cas, anh, frs, fsh, oil, fbv, 

txl, wod, min, chm, pap, fer, irs, alu, cem, con, wat, gmn, omn, mch, 
rly, rtm, rnm, air, sea, hlm, ser)

Endogenous Variables of the Model

AENi Aggregate energy inputs bundle
AENCi Aggregate energy costs
CDj Consumer demand for Armington commodity
CO2Ci Cost for carbon emission
CO2Ei GHG emissions in CO2 equivalent
CO2Fi Quantity of CO2 offsets generated in each industry
CO2Ni Net CO2 emission by each industry
CO2Qi Quantity of domestic CO2 quota and offsets purchased by industries
CO2PUB Quantity of CO2 emission due to public energy use
CO2PVT Quantity of CO2 emission due to private energy use
CHSTKj Change in stocks
DENei Quantity of domestic energy used by each industry
DHICh Disposable household income
ECi CO2 emission cost
EXR Exchange rate
EPNe,i Effective price of composite energy inputs
FINVi Quantity of fixed investment demand for each Armington commodity
GOVI Government income
GDP Gross domestic product
HI Household income
HICh Class-wise households income
HCDh,j Households consumption demand
HCEh Hoseholds consumption expenditure
INTj,i Intermediate input demand
INV Total investment of the economy
INVDi Investment demand by each industry (sector)
INTei Intermediate use of Armington energy commodity by industries
MATi Aggregate material inputs bundle
NATCO2 Net national CO2 emission
PWEj World price of exports
PMj Domestic price of imports
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PEj Price of export commodities in domestic market
PDDj Price of domestically produced j sold domestically
PQj Price of Armington composite of commodity j in domestic market
PXj Producer’s price of domestically produced commodity j
PFf,i Return from primary factors
PENi Aggregate energy price
PMAi Aggregate material price
PWC World trade price of CO2
PC Price of CO2
PUBDj Public consumption demand
PUBE Total public consumption expenditure
QMj Total quantity of commodity j imported
QDj Quantity of commodity j sold domestically
QQj  Quantity of Armington composite of domestic and imported commod-

ity j
QDCj Demand for composite commodity j
QXj Quantity of domestically produced commodity j
QEj Quantity of domestic commodity j exported
QFf,i Quantity of factors used in each industry
RMDj Ratio of imported variety to domestic variety of commodity j
RQDj Ratio of domestic commodity to composite commodity
RUW Rural wage
REN Rental rate of land
TCi Total cost for production

Parameters of the Model:

αj
ex Scaling parameter for CET equation

αj
m Scaling parameter for Armington CES function

α0i Scaling parameter of translog energy aggregation function
αe,i Translog energy aggregation parameter
αmat,i Fraction of materials input in total material input of each industry
αq,i Scale parameter of input aggregation function
bi

e, ep  Translog Armington energy aggregation parameter

bi,f and γi
f,f’   Translog cost function parameter and bi f

f
,∑ = 0  and 

b bff
i

f
ff
i

f
′ ′

′
∑ ∑= = 0

βh,j Beta parameter of LES function
capital0 Initial quantity of capital
cfor Foreign exchange inflow in the CO2 account
δj

m Share parameter for j in Armington function
δj

ex Share parameter of CET composition function
δq,i Share parameter of commodity input aggregation function
dth Households direct tax
endh,f Endowment of primary factors by households classes
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expj Quantity of exports when supply price equals to world price
fdempub

j Post-tax structure of public demand
gsav Government savings
γh,j Gamma parameter of LES function
κi CO2 emission permit allocated to industry i
kapi,j Capital composition parameter
λi Depreciation rate
labor0 Initial quantity of labor
μ  Average annual inflation rate
natnlco20 National CO2 emission
pwmj World price of imports
pwc World trade price of CO2
poph Population of each households class
prcl Price level
φe,g Coefficient of GHG emissions by each energy types
r Interest rate
rewi Real wage
ρj

ex Elasticity of transformation for exports and domestics
ρq,i Commodity input aggregation function
ρj

m Elasticity of substitution for j in Armington function
strh Share of households in total transfer
sub Subsidy rate
srh Households savings rate
sctk Share of total change in stocks in total investment
σi Elasticity between material and energy inputs
σex

j Export demand price elasticity
tmj Tariff rate
tej Export tax rate
tai Taxes on gross output except export and import tax
tai Taxes on gross output except export and import tax
θg CO2 equivalent of GHG emissions
tc Carbon tax
τ Price level
ϑi Investment share by industry of destination
xchj Share of sectoral change in stocks in total change in stocks

Equations of the Model:

1. Domestic price of import commodities

2. World price of export commodity

PM tm pwm EXRj j j= +( ). .1 j SIMPε

PWE PE tej j j= +( )1 j SEXPε
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 3. Ratio of import to domestic demand

 4. Demand for imports

 5. Armington equation for composite commodity

 6. Price of composite of imported variety and domestic variety of commodity j

 7. Composite commodity equation for the case of no imports

 8. CET equation for exports and domestic

 9. Ratio of exports and domestic demands

10. Price of composite of exports and domestic commodity

11. CET equation for no exports

12. Commodity market balance

13. Average cost pricing rule for industries
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14. Production costs for industries

15. Quantities of factor inputs (translog production function)

16. Commodity inputs aggregation equation for industries (Cobb-Douglas aggre-
gation function)

17. Ratio of materials and energy inputs in aggregate commodity inputs

18. Price of aggregate commodity inputs bundle purchased by the user industry

19. Effective cost of aggregate energy inputs bundle

20. Quantity of aggregate energy input bundle

21. Quantity of each type of energy used in an industry
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22. Aggregation of non-energy commodities as industry intermediate inputs

23. Price of aggregate material input bundle purchased by industry i.

24. Ratio of domestic commodity to composite commodity

25. Quantities of domestic and imported energy of each type used as input by an 
industry.

26. GHG emissions by each industry in CO2EQ

27. Quantity of CO2 offsets generated in each industry/sector

28. Net taxable or saleable CO2 emission by each industry/sector

29. Penalty due to positive net CO2 emission by each industry/sector

30. Effective price of energy input for industry i
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31. Effective price of capital for industry i in GE model

32. Effective price of labor for industry i in GE model

33. Effective land rental rate in each industry in GE model

34. Gross domestic product at factor costs

35. Households income by households class
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40. Net public consumption expenditure

41. Consumer LES demand equations by households class

42. Consumer demand equation

43. Public demand equation

44. Value of gross investment in the economy

45. Investment demand by each industry

46. Quantity of fixed investment demand for each Armington commodity in the 
economy

47. Quantity of change in stock demand for each composite commodity

48. Total demand of composite commodity j in the domestic market
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49. Export demands for domestic commodities

50. Labor market balance

51. CO2 emission due to final consumer demands for energy commodities

52. CO2 emission due to final public demands for energy

53. Net national CO2 emission

54. Domestic CO2 balance in the economy

55. External CO2 balance of the national economy

56. Price normalization equation
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Updating Equations of the Interim-period Submodel:

6.3  Data Sources of the Model

The principal data source for estimating the parameters of our CGE model is the 
35-sector SAM of the Indian economy for the year 2006–2007, which is the base 
year for our model. This SAM helps us to estimate the entire shift and the share 
parameters of our CGE model. These estimates are based on the assumption that 
the base-year SAM represents a set of “equilibrium” values for that particular year. 
This assumption of benchmark equilibrium reflected in the SAM is very helpful as 
it provides a great deal of prior information for parameter estimation by calibration. 
But the SAM does not provide us with the data for estimating all the parameters of 
our CGE model. To estimate the parameters not obtainable from the SAM, we have 
used data from National Accounts Statistics (NAS), Annual Survey of Industries 
(ASI), Public Finance Statistics of India, and various rounds of National Sample 
Survey Organization (NSSO). As the required time series and/or cross-sectional 
data for econometrically estimating the full set of parameters for a CGE model rare-
ly exist, for some parameters such as the elasticity of substitutions, some recourse 
to drawing independent but relevant econometric estimates from other sources is 
inevitable. We resorted to this practice only when there was no other option.

We present below a summary account of the exogenous variables and the param-
eters of the model, and how their estimates were obtained.

Behavioral Parameters

1. Savings rates
2. Demand system parameters
3. Share of aggregate investment earmarked for inventory investment
4. Shares for allocation of total inventory investment into sectoral “Change in 

Stocks”
5. Share of fixed investment by sector of origin

Fiscal Policy Parameters

1. Tax and tariff rates
2. Subsidy rates
3. Share of public consumption demand by sector of origin

Exogenous Factor Endowments

1. Land endowment in the economy
2. Sectoral capital stocks

K K dpi t it i i( ) ( )+ ∗1 1= − + INVDT

LS LS dh n Pt t l t( ) ( )+ = − + ∗1 1 ∆
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The behavioral and fiscal parameters obtained from our 2006−2007 SAM. Total 
land endowment and the sectoral capital stocks are also available from the SAM.

Exogenous Prices

1. World prices of commodities

The world prices are assumed to be at unity as they serve as the anchor price against 
which all prices are measured.

Technological Parameters

1. Substitution elasticities in the production functions
2. Shift parameters in the production functions
3. Share parameters in the production functions
4. Emission coefficients

The elasticity parameters describe the curvature of various structural functions. The 
structural functions used in our CGE model are: TL production functions, Cobb-
Douglas production functions, LES demand functions for households, CES import 
demand functions, and CET export supply functions. We do not estimate elasticity 
parameters here. Rather, they are taken from Alan et al. (2006). Given the base-year 
“equilibrium” dataset contained in the SAM, elasticity coefficients of the produc-
tion, and aggregation functions, their shift and share parameters are calibrated in 
such a manner that the base-year CGE model solution replicates the SAM values. 
The emission coefficients are estimated as already explained in Chap. 3.

Time Series of Exogenous Variables
In a recursively dynamic model, the model is run for multiple periods as a se-

quence of static equilibria. This necessitates estimation of those exogenous vari-
ables which change over time. To be specific, they are the following:

1. Foreign savings
2. Population
3. Total labor supply in the economy

To obtain the time series data on foreign savings, we have used the projected 
growth rate from the macro-econometric model for the Indian economy prepared by 
NCAER (2006). This study reveals that the capital inflow other than foreign direct 
investment (FDI) and net invisible will grow by 18 % per year between 10 years, 
i.e., 2005–2006 to 2015–2016. But during 2015–2016 to 2025–2026, this growth 
rate will fall down to 15 % only for net invisible. The FDI growth rate will move 
around 5–15 % in different sectors for the time span 2005–2006 to 2015–2016. Dur-
ing 2015–2016 to 2025–2026, it will fall down to 3–5 % for different sectors. After 
getting the series of these variables, we have computed the series of foreign saving 
with the help of following relations for the years 2006–2007 to 2030–2031.

Foreign savings ( i.e., current account balance, C.A.B) = ( Trade balance + Net 
invisibles).

C.A.B = ( Capital account + Monetary movement).
Capital account = ( FDI + Capital inflow other than FDI).



92 6 An Environmental Computable General Equilibrium (CGE) Model for India

The time series data on population for the time period 2006–2007 to 2025–2026 
is available from CENSUS (2006) of India. We have made a projection on the popu-
lation growth rate to obtain the population data for the time period 2006–2007 to 
2030–2031. In Table 6.1, we have shown the time series data on population for the 
time period 2006–2007 to 2030–2031. This data reveals that the population in India 
is increasing throughout the time period 2006–2007 to 2030–2031.

To estimate the labor supply for India, we have used the data on Labour Force 
Participation Rate (LFPR) of India. The National sample Survey Organization 
(NSSO), in its 61st round report, gives the same for last five years, i.e., 2000–2005. 
This report says that the usual status LFPR increased by nearly 2 percentage points 
for males and about 3 percentage points for female during this 5-year time span. We 
have taken this growth rate as constant throughout the time period 2006−2007 to 
2029−2030 to estimate the labor supply of India for that time period. The estimated 
data on labor supply is also given in the Table 6.1.

Year Population Labor supply Foreign savings
2006−2007 1.1091 0.4739 64.9050
2007−2008 1.1264 0.4834 82.6673
2008−2009 1.1439 0.4932 101.5202
2009−2010 1.1617 0.5030 123.5338
2010−2011 1.1770 0.5115 149.2539
2011−2012 1.1944 0.5214 179.3221
2012−2013 1.2121 0.5315 214.4927
2013−2014 1.2300 0.5419 255.6534
2014−2015 1.2482 0.5523 303.8481
2015−2016 1.2640 0.5616 360.3056
2016−2017 1.2800 0.5713 415.3726
2017−2018 1.2962 0.5812 478.8987
2018−2019 1.3126 0.5913 552.2272
2019−2020 1.3292 0.6014 636.9174
2020−2021 1.3440 0.6107 734.7805
2021−2022 1.3578 0.6198 847.9200
2022−2023 1.3717 0.6291 978.7800
2023−2024 1.3858 0.6385 1,130.1999
2024−2025 1.4001 0.6479 1,305.4802
2025−2026 1.4130 0.6567 1,508.4567
2026−2027 1.4250 0.6654 1,743.5894
2027−2028 1.4371 0.6742 2,016.0641
2028−2029 1.4493 0.6832 2,331.9118
2029−2030 1.4616 0.6921 2,698.1481

Table 6.1  Time Series of 
Exogenous Variables (Sources: 
NCAER 2006; CENSUS 2006; 
NSSO 2006; Author’s estimate)
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Chapter 7
Reference and Policy Scenarios of CGE Model

Typically, a computable general equilibrium (CGE) model is employed to devel-
op, first and foremost, what could be called the “no-policy” or “benchmark” sce-
nario, but is conventionally alluded to as the baseline or business-as-usual (BAU) 
scenario, or simply reference scenario. Subsequently, it is usually run to generate 
counterfactual policy scenarios, which are then compared with respect to the refer-
ence scenario to derive policy lessons. In accordance with this convention in CGE 
analysis, we have set a twofold objective for this chapter:

1. To build a reference scenario in the absence of a market-based climate change 
mitigation policy such as carbon tax

2. To develop policy scenarios when carbon tax is instituted to motivate producers 
to switch to less carbon-intensive fuel inputs

It needs to be stressed that confining the second objective to an analysis of carbon 
tax only is not because of any limitation of the model. Our CGE model is generic 
enough to simulate the impact of a variety of market-based climate policy instru-
ments. A fuller utilization of the potential of our model which would include an 
investigation of many more market-based climate policy instruments could not be 
achieved in this study, but is part of our larger comprehensive plan already under-
way. At this point, therefore, it is pertinent to remind the reader that the present study 
is best perceived as work in progress rather than a conclusive piece of research. Fi-
nally, it may be noted that the reasonable assumptions of annual growth rates of 3 % 
and 1.5 % for total-factor productivity (TFP) and American Environmental Energy 
Inc. autonomous energy efficiency improvement (AEEI), respectively mentioned in 
the previous chapter apply to both the reference and policy scenarios developed in 
this chapter.

7.1  Reference Scenario

To develop the abovementioned scenarios, our CGE model has been solved using 
the General Equilibrium Modeling Systems (GAMS) software. Given the bench-
mark equilibrium dataset of the 2006–2007 social accounting matrix (SAM), the 

B. D. Pal et al., GHG Emissions and Economic Growth,  
India Studies in Business and Economics, DOI 10.1007/978-81-322-1943-9_7,  
© Springer India 2015
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 model is calibrated in such a manner that the model-generated solution replicates 
the base-year data inputs of that year. Thereafter, using the time series of the exoge-
nous variables of the model (given in the previous chapter), we generate a sequence 
of equilibria for the 24-year period from 2006–2007 to 2030–2031. From the se-
quence of equilibria, the growth paths of selected (macro) variables of the economy 
are outlined to describe the reference scenario.

For validation purposes, we have regarded the historical period as the 3-year pe-
riod from 2006–2007 to 2009–2010 as firm macroeconomic data is available from 
Central Statistical Organization (CSO) only up to 2009–2010. Since our model runs 
replicate reasonably well, the actual macroeconomic magnitudes for this period, the 
model, may be treated as satisfactorily validated.

7.1.1  Gross Domestic Product in the Reference Scenario

In the reference scenario, real gross domestic product (GDP) grows by 9.02 % in 
2010–2011, after which it grows even faster, i.e., by almost 9 % in the following 2 
years—2011–2012 and 2012–2013. Thereafter, the real GDP growth rate declines 
marginally but steadily all through till 2030–2031, reaching therein the level of 
8.46 % (Fig. 7.1 and Table 7.1). The driving force of GDP growth in our model 
comes from growth in two main exogenous variables—foreign savings and labor 
supply—with the former growing faster than the latter. Growth in foreign savings 
enables an augmentation of investment or capital accumulation. As the capital stock 
grows faster than labor supply, the relative return on capital declines, inducing a 
substitution away from labor to capital. This results in an increase in labor produc-
tivity (measured as GDP per unit of labor). Hence, growth in labor productivity 
coupled with the simultaneous growth in labor supply is what provides the main 
impetus to GDP growth. Furthermore, with there being a constant growth rate in 
foreign savings, it is evident that the drop in the GDP growth rate follows the de-
cline in the labor force growth rate.
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Fig. 7.1  Growth rate of GDP, labor force, and foreign savings. (Source: Author’s estimates)
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7.1.2  Energy Use in the Reference Scenario

Energy usage grows much less rapidly than GDP in the Indian economy over the 
20-year period, 2010–2011 to 2030–2031. The average annual growth rate of pri-
mary energy use is 4.66 % while that of GDP is 8.75 % (Fig. 7.2 and Table 7.2). 

Table 7.2  Primary energy use under the assumption of Total Factor Productivity Growth 
(TFPG) = 3 and AEEI = 3. (Source: Author’s estimate)
Year GDP in PPP 

(US$ billion)
GDP 
growth rate 
(Percentage)

Primary energy 
use (Billion tons 
of oil equivalent)

Energy growth 
rate (Percentage)

Energy intensity 
(KgOE/US$ of 
GDP in PPP)

2010–2011 5173.79 9.02 0.4783 5.50 0.0924
2011–2012 5638.15 8.98 0.5038 5.34 0.0894
2012–2013 6141.31 8.92 0.5303 5.26 0.0863
2013–2014 6687.09 8.89 0.5575 5.12 0.0834
2014–2015 7279.02 8.85 0.5857 5.06 0.0805
2015–2016 7921.81 8.83 0.6144 4.91 0.0776
2016–2017 8619.46 8.81 0.6433 4.71 0.0746
2017–2018 9376.47 8.78 0.6730 4.62 0.0718
2018–2019 10,197.88 8.76 0.7029 4.43 0.0689
2019–2020 11,087.74 8.73 0.7336 4.37 0.0662
2020–2021 12,051.93 8.70 0.7649 4.26 0.0635
2021–2022 13,096.62 8.67 0.7965 4.14 0.0608
2022–2023 14,228.80 8.64 0.8279 3.94 0.0582
2023–2024 15,457.19 8.63 0.8600 3.87 0.0556
2024–2025 16,785.13 8.59 0.8926 3.80 0.0532
2025–2026 18,220.16 8.55 0.9249 3.62 0.0508
2026–2027 19,770.65 8.51 0.9569 3.46 0.0484
2027–2028 21,446.23 8.48 0.9894 3.40 0.0461
2028–2029 23,263.22 8.47 1.0215 3.24 0.0439
2029–2030 25,233.35 8.47 1.0541 3.19 0.0418
2030–2031 27,368.53 8.46 1.0869 3.12 0.0397
Average Growth Rate 8.75 4.66

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

10.00

20
10

-1
1

20
11

-1
2

20
12

-1
3

20
13

-1
4

20
14

-1
5

20
15

-1
6

20
16

-1
7

20
17

-1
8

20
18

-1
9

20
19

-2
0

20
20

-2
1

20
21

-2
2

20
22

-2
3

20
23

-2
4

20
24

-2
5

20
25

-2
6

20
26

-2
7

20
27

-2
8

20
28

-2
9

20
29

-3
0

20
30

-3
1

G
ro

w
th

 R
at

e 
(%

)

Year

GDP Growth Rate Energy Growth Rate

Fig. 7.2  Growth rate of energy use (percentage). (Source: Author’s estimate)
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Naturally then, the energy intensity—measured as kg of oil equivalent (KgOE) per 
US$ of GDP in purchasing power parity (PPP) terms—declines sharply in the 20-
year period. From 0.0924 KgOE per US$ of GDP in PPP (KgOE/US$ of GDP 
in PPP) in 2010–2011, it comes down to 0.0397 (KgOE/US$ of GDP in PPP) in 
2030–2031, which is a 65 % drop in energy intensity (Fig. 7.3 and Table 7.2). This 
happens because of the increased substitution of capital in the production process, 
and the autonomous energy efficiency improvement of 1.5 % per annum built into 
the model.

7.1.3  Carbon Emissions in the Reference Scenario

The fossil-fuel-based carbon dioxide equivalent (CO2EQ) emissions (i.e., 
CO2 plus CO2EQ of NO2 and CO2EQ CH4) in the period 2011–2030 rise from 
1553.46 million tons to 4000.05 million tons at an average rate of 5.25 % per 
year. However, what is significant is that the average annual growth rate of emis-
sions is 3.49% less than the average annual growth rate of GDP. This is explained 
principally by the sharp decline in the CO2EQ emissions intensity, which drops 
from 300.26 grams of CO2 per US$ of GDP in PPP (grams/US$ of GDP in PPP) 
in 2010−2011 to 146.16 grams/US$ of GDP in PPP in 2030–2031 (Fig. 7.4 and 
Table 7.3). The primary cause of the steep descent in carbon emissions inten-
sity is the aforementioned decline in the energy intensity. Fuel switching plays a 
minimal role.

In assessing India’s contribution to global carbon emissions, it is important 
to look at the per capita carbon dioxide emissions. India’s per capita emission 
(PCE) in 2010–2011 is 1.32 tons. It increases rapidly over the 20-year period and 
goes up to 2.77 tons by the year 2030 (see Fig. 7.5). However, this level of per 
capita emissions is considerably less than the global per capita emissions (See 
MoEF (2009)).
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Fig. 7.3  Energy intensity (KgOE/US$ of GDP in PPP). (Source: Author’s estimate)
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Table 7.3  Total CO2EQ emissions in the reference scenario (Million tons). (Source: Author’s 
estimate)
Year GDP in 

PPP (US$ 
billion)

GDP 
growth rate 
(Percentage)

CO2EQ 
emission 
(Million 
tons)

CO2EQ 
emission 
growth rate 
(Percentage)

CO2EQ emis-
sion intensity 
(grams per US$ 
of GDP in PPP)

Per capita 
CO2EQ emis-
sion (Tons per 
capita)

2010–2011 5173.79 9.02 1553.46 6.04 300.26 1.32
2011–2012 5638.15 8.98 1645.66 5.94 291.88 1.38
2012–2013 6141.31 8.92 1741.83 5.84 283.62 1.44
2013–2014 6687.09 8.89 1842.67 5.79 275.56 1.51
2014–2015 7279.02 8.85 1947.29 5.68 267.52 1.57
2015–2016 7921.81 8.83 2054.73 5.52 259.38 1.64
2016–2017 8619.46 8.81 2166.64 5.45 251.37 1.71
2017–2018 9376.47 8.78 2282.20 5.33 243.40 1.78
2018–2019 10,197.88 8.76 2399.59 5.14 235.30 1.85
2019–2020 11,087.74 8.73 2521.74 5.09 227.43 1.92
2020–2021 12,051.93 8.70 2648.36 5.02 219.75 2.00
2021–2022 13,096.62 8.67 2775.32 4.79 211.91 2.07
2022–2023 14,228.80 8.64 2905.83 4.70 204.22 2.15
2023–2024 15,457.19 8.63 3037.64 4.54 196.52 2.22
2024–2025 16,785.13 8.59 3171.88 4.42 188.97 2.30
2025–2026 18,220.16 8.55 3309.25 4.33 181.63 2.38
2026–2027 19,770.65 8.51 3446.03 4.13 174.30 2.46
2027–2028 21,446.23 8.48 3582.12 3.95 167.03 2.54
2028–2029 23,263.22 8.47 3720.03 3.85 159.91 2.62
2029–2030 25,233.35 8.47 3858.87 3.73 152.93 2.69
2030–2031 27,368.53 8.46 4000.05 3.66 146.16 2.77
Average growth rate 8.75 5.25
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Fig. 7.4  CO2EQ emission intensity (grams/US$ of GDP in PPP). (Source: Author’s estimate)
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7.2  Policy Scenarios

Here we have developed eight alternative policy scenarios for two basic types of 
domestic carbon tax policy for greenhouse gas (GHG) emissions mitigation: (a) 
domestic carbon tax enforced with revenue positivity in such a manner that the ad-
ditional revenue contributes towards an expansion of investment, and (b) domestic 
carbon tax implemented with revenue neutrality such that there is no additional 
revenue as the gain in revenue from the carbon taxes is neutralized by a reduction 
in direct taxes.

For the domestic carbon tax policy with revenue positivity, we have four pol-
icy scenarios: scenarios 1a, 1b, 1c, and 1d, dealing with a carbon tax of US$ 10, 
US$ 20, US$ 40, and US$ 80 per ton of CO2EQ emitted, respectively. Likewise, 
for the domestic carbon tax policy with revenue neutrality, we have four policy 
scenarios: scenarios 2a, 2b, 2c, and 2d, concerned with US$ 10, US$ 20, US$ 40, 
and US$ 80 per ton of CO2EQ emitted, respectively. So, in effect, there are eight 
scenarios for the domestic carbon tax policy. The eight policy scenarios are de-
scribed in Table 7.4.

The adjustment mechanism at work in the policy scenarios needs to be dis-
cussed. A carbon tax leads to price increases for each of the fossil fuels—coal, 
refined oil, and natural gas, but the degree of price increases across these fuels var-
ies because of their differing carbon contents. The price increase is utmost for coal, 
because coal has the highest carbon content, and least for natural gas which has the 
lowest carbon content. Producers, motivated by cost minimization, react by sub-
stituting refined oil and natural gas for coal as a source of energy. Simultaneously, 
increased energy prices induce a reduction in overall energy use. Carbon emissions 
are reduced owing to both fuel switching and overall reduction in fuel input usage. 
Inter-fossil-fuel substitutions elasticities being low, the fuel reducing impact usu-
ally overwhelms the fuel switching impact, causing a deceleration in GDP growth. 
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Fig. 7.5  Per capita CO2EQ emission (tons per capita). (Source: Author’s estimate)
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Typically, the adverse impact of reduced energy use on GDP dwindles over time as 
energy efficiency improvement together with higher capital intensity in the produc-
tion process results in a falling energy use per unit of GDP.

For carbon tax with revenue positivity scenario, there is additionally an im-
portant impact on domestic investment. The net revenue gains by the government 
lead to extra government savings in our savings-driven model which, result in 
the expansion of domestic investment. The latter expectedly has an augment-
ing impact on the GDP, which, however, only mitigates but does not reverse 
the depressing effect of the carbon taxes on GDP. Thus, the diminishing impact 
of carbon taxes on the GDP remains predominant, and the net result is that of a 
decline in GDP.

In case of carbon tax with revenue neutrality, there are no revenue gains (or 
losses) for the government, but the reduction in direct taxes brought about results in 
higher disposable incomes for the households, which (depending upon the marginal 
propensity to consume) is partly consumed and partly saved. Both of these have a 

Table 7.4  The policy scenarios
Policy instrument Revenue neutral/

revenue positive
Revenue adjustments

Policy scenario 
1a (SIM 1a)

US$ 10 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue positive Extra revenue ends up augment-
ing investment (as it is a saving 
driven model)

Policy scenario 
1b (SIM 1b)

US$ 20 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue positive Extra revenue ends up augment-
ing investment

Policy scenario 
1c (SIM 1c)

US$ 40 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue positive Extra revenue ends up augment-
ing investment

Policy scenario 
1d (SIM 1d)

US$ 80 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue positive Extra revenue ends up augment-
ing investment

Policy scenario 
2a (SIM 2a)

US$ 10 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue neutral The direct taxes are reduced to 
neutralize the additional rev-
enue garnered through carbon 
taxes

Policy scenario 
2b (SIM 2b)

US$ 20 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue neutral The direct taxes are reduced to 
neutralize the additional rev-
enue garnered through carbon 
taxes

Policy scenario 
2c (SIM 2c)

US$ 40 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue neutral The direct taxes are reduced to 
neutralize the additional rev-
enue garnered through carbon 
taxes

Policy scenario 
2d (SIM 2d)

US$ 80 carbon tax 
imposed per ton of 
CO2EQ emitted

Revenue neutral The direct taxes are reduced to 
neutralize the additional rev-
enue garnered through carbon 
taxes
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favorable impact on GDP. The additional consumption has a demand generating 
effect, and the extra savings have a supply augmenting effect. The overwhelming 
impact, however, still comes from the carbon taxes, and it is detrimental to GDP. 
The net result is, therefore, again a fall in GDP.

7.2.1  Analysis of Results: Revenue Positive Carbon Tax

Below we summarize the findings of our results of important variables related to 
climate change policy analysis.

GDP in Policy Scenarios 1a, 1b, 1c, 1d In policy scenario 1a, a revenue-positive 
carbon tax of US$ 10 per ton of CO2EQ emitted is imposed on the producers, 2010–
2011 onwards. As a consequence, the following Table 7.5 shows that the GDP, as 
compared to the baseline scenario, falls by 1.41 % in 2010–2011. The magnitude of 
the decline in GDP, however, diminishes progressively in the later years, and it is 
only 1.01 % in 2030–2031.

In scenario 1b, a revenue-positive carbon tax of US$ 20 per ton of CO2EQ emit-
ted is enforced, 2010–2011 onwards. Consequently, GDP falls by 2.55 % in 2010–
2011. The extent of the decline in GDP again decreases progressively, and reaches 
the level of 1.79 % in 2030–2031 (See Table 7.5).

In scenario 1c, revenue-positive carbon tax of US$ 40 per ton of CO2EQ emit-
ted is enforced, again 2010–2011 onwards the result is that GDP falls by 4.56 % in 
2010–2011. However, in the later years, the decline becomes increasingly smaller 
and ends at only 3.30 % in 2030–2031 (See Table 7.5).

Finally, in scenario 1d, a revenue-positive carbon tax of US$ 80 per ton of CO2EQ 
emitted is imposed. The impact is that GDP declines by 8.26 % in  2010–2011. The 
fall in GDP increasingly reduces till it is only 6.20 % in 2030–2031 (Fig. 7.6 and 
Table 7.5). It follows that the detrimental impact of a carbon tax on the GDP is sig-
nificantly adverse an increases, though not commensurately, with the magnitude of 
the tax. Moreover, the adverse impact of the carbon tax on the GDP alleviates over 
time as GDP grows.

Energy Use in Policy Scenarios 1a, 1b, 1c, 1d Total primary energy use, relative 
to the baseline scenario, declines for almost all the years in all the policy scenarios, 
1a, 1b, 1c, and 1d. And the order of magnitude of the decreases in energy use is 
linked to that of the declines in the GDP (Table 7.6). Energy intensity, however, 
is only marginally impacted. What is interesting is that, for all scenarios in almost 
all the years, the energy intensity has risen even though by a miniscule amount 
(Table 7.7).

Carbon Emissions in Policy Scenarios 1a, 1b, 1c, 1d CO2EQ emissions declined 
significantly in all the policy scenarios 1a, 1b, 1c, and 1d as compared to the refer-
ence scenario (Fig. 7.7 and Table 7.8). But the decline in CO2EQ emissions in per-
centage terms in each of the years for all the policy scenarios is smaller compared 
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to the decrease in real GDP (Table 7.9). It follows that the carbon emission intensity 
falls, even though marginally, for all the years for all the four policy simulations, 1a, 
1b, 1c, and 1d (Table 7.10).

As we have seen above in the reference scenario, per capita CO2EQ emissions 
are already very low in the Indian economy. The PCE are brought down further by 
the imposition of a revenue-positive carbon tax, 2010 onwards. In the reference 
scenario, the PCE in 2020 is 1.32 tons, but it goes up to 2.77 tons in 2030–2031. For 
a US$ 10 carbon tax (simulation 1a), the PCE is 1.31 tons in 2010, and 2.75 tons in 
2030–2031. However, for a US$ 80 carbon tax (simulation 1d), the declines in PCE 
are of a much higher order of magnitude. For scenario 1d, the PCE is 1.22 in 2010, 
and 2.60 in 2030–2031 (Fig. 7.8 and Table 7.11).

7.2.2  Analysis of Results: Revenue Neutral Carbon Tax

Below, we illustrate the findings of policy simulations of carbon tax with revenue 
neutrality. Here, we consider only the major variables related to climate change 
policy analysis.

GDP in Policy Scenarios 2a, 2b, 2c, 2d In policy scenario 2a, a revenue-neutral 
carbon tax of US$ 10 per ton of CO2EQ emitted is imposed on the producers, 
2010–2011 onwards. As a consequence, GDP, as compared to the baseline scenario, 
reduces by 1.36 % in 2010–2011. The extent of the decline in GDP, however, dimin-
ishes progressively in the later years, and it is only 0.94 % in 2030–2031.

In scenario 2b, a revenue-neutral carbon tax of US$ 20 per ton of CO2 emitted is 
enforced, 2010–2011 onwards. As a result, GDP falls by 2.44 % in 2010–2011. The 
extent of the decline in GDP again decreases progressively, and reaches the level of 
1.62 % in 2030–2031.
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Fig. 7.6  GDP in policy scenarios (US$ billion of GDP in PPP). (Source: Author’s estimate)
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Table 7.7  Energy intensity in policy scenarios 1a, 1b, 1c, 1d (KgOE/US$ of GDP in PPP). 
(Source: Author’s estimate)
Year Reference scenario SIM1a SIM1b SIM1c SIM1d
2010–2011 0.0924 0.0934 0.0936 0.0936 0.0940
2011–2012 0.0894 0.0896 0.0902 0.0906 0.0908
2012–2013 0.0863 0.0863 0.0866 0.0864 0.0872
2013–2014 0.0834 0.0846 0.0833 0.0839 0.0848
2014–2015 0.0805 0.0814 0.0804 0.0808 0.0813
2015–2016 0.0776 0.0783 0.0776 0.0784 0.0782
2016–2017 0.0746 0.0747 0.0750 0.0756 0.0756
2017–2018 0.0718 0.0727 0.0725 0.0723 0.0722
2018–2019 0.0689 0.0691 0.0689 0.0690 0.0694
2019–2020 0.0662 0.0664 0.0668 0.0669 0.0667
2020–2021 0.0635 0.0636 0.0637 0.0641 0.0637
2021–2022 0.0608 0.0615 0.0610 0.0612 0.0609
2022–2023 0.0582 0.0585 0.0585 0.0587 0.0589
2023–2024 0.0556 0.0559 0.0558 0.0558 0.0556
2024–2025 0.0532 0.0536 0.0532 0.0535 0.0532
2025–2026 0.0508 0.0509 0.0510 0.0512 0.0510
2026–2027 0.0484 0.0485 0.0488 0.0485 0.0488
2027–2028 0.0461 0.0462 0.0463 0.0461 0.0462
2028–2029 0.0439 0.0440 0.0441 0.0443 0.0439
2029–2030 0.0418 0.0419 0.0419 0.0418 0.0418
2030–2031 0.0397 0.0400 0.0398 0.0400 0.0399
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Fig. 7.7  CO2EQ emission in policy scenarios 1a, 1b, 1c, 1d (million tons). (Source: Author’s 
estimate)
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In scenario 2c, a revenue-neutral carbon tax of US$ 40 per ton of CO2EQ emit-
ted is enforced; again 2010–2011 onwards, the result is that GDP falls by 4.48 % 
in 2010–2011. However, in the subsequent years, the decline becomes increasingly 
smaller and ends at only 2.98 % in 2030–2031.

Finally, in scenario 2d, a revenue-neutral carbon tax of US$ 80 per ton of CO2EQ 
emitted is imposed. The impact is that GDP declines by 7.67 % in 2010–2011. The 
fall in GDP increasingly reduces till it is only 5.31 % in 2030–2031 (Fig. 7.9 and 
Table 7.12).

It is obvious that the impact of a revenue-neutral carbon tax on the GDP is only 
marginally less adverse than that of a revenue-positive carbon tax. Furthermore, 
like in the case of a revenue-positive carbon tax, the detrimental impact of a reve-
nue-neutral carbon tax on the GDP diminishes over time as GDP grows.

Energy Use in Policy Scenarios 2a, 2b, 2c, 2d Energy use in the policy scenarios 
2a, 2b, 2c, and 2d has changed almost in the same manner as in the policy sce-
narios 1a, 1b, 1c, and 1d. Total primary energy use, relative to the baseline scenario, 
declines for almost all the years in the policy scenarios 2a, 2b, 2c, and 2d. And the 
order of magnitude of the decreases in energy use is linked to that of the declines in 
the GDP (Table 7.13). For all scenarios in almost all the years, the energy intensity 
has risen but insignificantly (Table 7.14).

Table 7.8  CO2EQ emission in policy scenarios 1a, 1b, 1c, 1d. (Million tons) (Source: Author’s 
estimate)
Year Reference scenario SIM1a SIM1b SIM1c SIM1d
2010–2011 1553.46 1536.02 1523.99 1484.85 1432.60
2011–2012 1645.66 1627.51 1602.36 1570.36 1512.45
2012–2013 1741.83 1719.33 1706.74 1674.86 1606.53
2013–2014 1842.67 1816.05 1800.82 1768.50 1700.92
2014–2015 1947.29 1930.36 1909.13 1867.25 1793.41
2015–2016 2054.73 2027.35 2002.99 1978.24 1894.57
2016–2017 2166.64 2146.50 2122.46 2083.22 2004.57
2017–2018 2282.20 2251.24 2239.48 2195.20 2110.00
2018–2019 2399.59 2374.72 2342.45 2308.66 2228.81
2019–2020 2521.74 2501.12 2464.36 2430.22 2341.77
2020–2021 2648.36 2617.66 2596.36 2544.70 2463.24
2021–2022 2775.32 2742.08 2717.29 2673.82 2575.81
2022–2023 2905.83 2877.79 2845.03 2804.68 2698.87
2023–2024 3037.64 3010.10 2979.24 2924.10 2837.26
2024–2025 3171.88 3145.67 3107.81 3064.96 2955.50
2025–2026 3309.25 3273.32 3244.29 3192.74 3084.54
2026–2027 3446.03 3410.87 3381.29 3326.46 3217.19
2027–2028 3582.12 3541.94 3514.67 3459.40 3352.24
2028–2029 3720.03 3684.37 3647.94 3587.28 3478.07
2029–2030 3858.87 3826.59 3784.89 3723.94 3616.87
2030–2031 4000.05 3965.49 3931.48 3876.23 3756.20
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Carbon Emissions in Policy Scenarios 2a, 2b, 2c, 2d CO2EQ emissions decline sig-
nificantly in all the policy scenarios, 2a, 2b, 2c, and 2d as compared to the reference 
scenario (Fig. 7.10 and Table 7.15). But the decline in CO2EQ emissions in percent-
age terms in each of the years for all the policy scenarios is smaller compared to 

Table 7.10  CO2EQ emission intensity policy scenarios 1a, 1b, 1c, 1d (grams/US$ GDP in PPP). 
(Source: Author’s estimate)
Year Reference scenario SIM1a SIM1b SIM1c SIM1d
2010–2011 300.26 301.14 302.27 300.71 301.83
2011–2012 291.88 292.74 291.53 291.64 292.08
2012–2013 283.62 283.86 284.97 285.38 284.51
2013–2014 275.56 275.30 276.03 276.56 276.33
2014–2015 267.52 268.78 268.72 268.08 267.36
2015–2016 259.38 259.32 258.96 260.79 259.23
2016–2017 251.37 252.29 252.10 252.24 251.80
2017–2018 243.40 243.19 244.43 244.18 243.37
2018–2019 235.30 235.82 234.98 235.97 236.10
2019–2020 227.43 228.39 227.28 228.31 227.91
2020–2021 219.75 219.86 220.21 219.79 220.31
2021–2022 211.91 211.90 212.00 212.38 211.76
2022–2023 204.22 204.65 204.23 204.92 204.00
2023–2024 196.52 197.01 196.79 196.54 197.20
2024–2025 188.97 189.55 188.97 189.58 188.95
2025–2026 181.63 181.67 181.66 181.81 181.47
2026–2027 174.30 174.43 174.42 174.46 174.24
2027–2028 167.03 166.95 167.07 167.15 167.18
2028–2029 159.91 160.06 159.80 159.68 159.73
2029–2030 152.93 153.23 152.79 152.72 152.97
2030–2031 146.16 146.37 146.27 146.47 146.31
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Fig. 7.8  Per capita CO2EQ emission in policy scenarios 1a, 1b, 1c, 1d (tons/person). (Source: 
Author’s estimate)
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the decrease in real GDP (Table 7.16). It follows that the carbon emission intensity 
declines somewhat for all the years for all the four policy simulations, 2a, 2b, 2c, 
and 2d (Table 7.17).

Table 7.11  Per capita CO2EQ emission in policy scenarios 1a, 1b, 1c, 1d. (Million tons per capita) 
(Source: Author’s estimate)
Year Reference scenario SIM1a SIM1b SIM1c SIM1d
2010–2011 1.32 1.31 1.30 1.26 1.22
2011–2012 1.38 1.36 1.34 1.32 1.27
2012–2013 1.44 1.42 1.41 1.39 1.33
2013–2014 1.51 1.48 1.47 1.45 1.39
2014–2015 1.57 1.56 1.54 1.51 1.45
2015–2016 1.64 1.62 1.60 1.58 1.51
2016–2017 1.71 1.69 1.67 1.64 1.58
2017–2018 1.78 1.75 1.74 1.71 1.64
2018–2019 1.85 1.83 1.80 1.78 1.72
2019–2020 1.92 1.91 1.88 1.85 1.78
2020–2021 2.00 1.97 1.96 1.92 1.86
2021–2022 2.07 2.05 2.03 2.00 1.92
2022–2023 2.15 2.13 2.10 2.07 2.00
2023–2024 2.22 2.20 2.18 2.14 2.08
2024–2025 2.30 2.28 2.26 2.23 2.15
2025–2026 2.38 2.36 2.34 2.30 2.22
2026–2027 2.46 2.44 2.42 2.38 2.30
2027–2028 2.54 2.51 2.49 2.45 2.38
2028–2029 2.62 2.59 2.57 2.52 2.45
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Fig. 7.9  GDP in policy scenarios 2a, 2b, 2c, 2d (US$ billion of GDP in PPP). (Source: Author’s 
estimates)
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Table 7.14  Energy intensity in policy scenarios 2a, 2b, 2c, 2d. (KgOE/US $ of GDP in PPP) 
(Source: Author’s estimates)
Year Reference 

scenario
SIM2a SIM2b SIM2c SIM2d

2010–2011 0.0924 0.0937 0.0929 0.0938 0.0927
2011–2012 0.0894 0.0897 0.0898 0.0900 0.0905
2012–2013 0.0863 0.0867 0.0865 0.0876 0.0869
2013–2014 0.0834 0.0840 0.0833 0.0839 0.0847
2014–2015 0.0805 0.0808 0.0808 0.0815 0.0810
2015–2016 0.0776 0.0785 0.0786 0.0776 0.0785
2016–2017 0.0746 0.0749 0.0750 0.0746 0.0750
2017–2018 0.0718 0.0725 0.0722 0.0722 0.0727
2018–2019 0.0689 0.0689 0.0695 0.0693 0.0694
2019–2020 0.0662 0.0664 0.0665 0.0670 0.0668
2020–2021 0.0635 0.0641 0.0636 0.0638 0.0637
2021–2022 0.0608 0.0609 0.0614 0.0611 0.0613
2022–2023 0.0582 0.0588 0.0582 0.0584 0.0587
2023–2024 0.0556 0.0558 0.0557 0.0559 0.0560
2024–2025 0.0532 0.0537 0.0533 0.0534 0.0532
2025–2026 0.0508 0.0509 0.0511 0.0511 0.0511
2026–2027 0.0484 0.0484 0.0488 0.0484 0.0487
2027–2028 0.0461 0.0464 0.0465 0.0462 0.0463
2028–2029 0.0439 0.0440 0.0441 0.0440 0.0441
2029–2030 0.0418 0.0418 0.0420 0.0420 0.0418
2030–2031 0.0397 0.0399 0.0399 0.0397 0.0397

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2010-11 2011-12 2012-13 2013-14 2014-15

Em
is

si
on

s

Year

Reference Scenario SIM2a SIM2b SIM2c SIM2d

Fig. 7.10  CO2EQ emission in policy scenarios 2a, 2b, 2c, 2d (million tons). (Source: Author’s 
estimates)
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In the reference scenario, per capita CO2 emissions are already very low in 
the Indian economy. The PCE are brought down further by the imposition of a 
 revenue-neutral carbon tax, 2010 onwards. In the reference scenario, the PCE in 
2020 is 1.32 tons, but it goes up to 2.77 tons in 2030–2031. For a US$ 10 carbon 
tax (simulation 2a), the PCE is 1.31 tons in 2010 and 2.75 tons in 2030–2031. How-
ever, for a US$ 80 carbon tax (simulation 1d), the declines in PCE are of a much 
higher order of magnitude. For scenario 2d, the PCE is 1.22 in 2010, and 2.60 in 
2030–2031 (Fig. 7.11 and Table 7.18). In other words, the per capita CO2 emissions 
attained under the revenue-neutral carbon tax are nearly the same as those reached 
in the case of revenue-positive carbon taxes.

In summary, we can say that the India’s GHG emissions profile is typically of a 
low emitter. Even when it traverses on a high GDP growth path of 8 %–9 % for the 
next two decades, it ends up with PCE which is substantially lower than the current 
global average PCE. Also, we can say that a carbon tax—whether it is the revenue-
positive type or the revenue-neutral kind—is not an attractive policy option for 
reducing carbon emissions in India. A carbon tax of whichever kind has a signifi-
cantly adverse impact on GDP. Moreover, a revenue-neutral carbon tax, in which 
direct taxes are reduced alongside to maintain the pre-carbon-tax level of revenue, 
does not appreciably mitigate the GDP loss suffered by the economy in case of the 
revenue-positive carbon tax.

Table 7.15  CO2EQ emission in policy scenarios 2a, 2b, 2c, 2d (million tons). (Source: Author’s 
estimates)
Year Reference 

scenario
SIM2a SIM2b SIM2c SIM2d

2010–2011 1553.46 1536.02 1523.99 1484.85 1432.60
2011–2012 1645.66 1627.51 1602.36 1570.36 1512.45
2012–2013 1741.83 1719.33 1706.74 1674.86 1606.53
2013–2014 1842.67 1816.05 1800.82 1768.50 1700.92
2014–2015 1947.29 1930.36 1909.13 1867.25 1793.41
2015–2016 2054.73 2027.35 2002.99 1978.24 1894.57
2016–2017 2166.64 2146.50 2122.46 2083.22 2004.57
2017–2018 2282.20 2251.24 2239.48 2195.20 2110.00
2018–2019 2399.59 2374.72 2342.45 2308.66 2228.81
2019–2020 2521.74 2501.12 2464.36 2430.22 2341.77
2020–2021 2648.36 2617.66 2596.36 2544.70 2463.24
2021–2022 2775.32 2742.08 2717.29 2673.82 2575.81
2022–2023 2905.83 2877.79 2845.03 2804.68 2698.87
2023–2024 3037.64 3010.10 2979.24 2924.10 2837.26
2024–2025 3171.88 3145.67 3107.81 3064.96 2955.50
2025–2026 3309.25 3273.32 3244.29 3192.74 3084.54
2026–2027 3446.03 3410.87 3381.29 3326.46 3217.19
2027–2028 3582.12 3541.94 3514.67 3459.40 3352.24
2028–2029 3720.03 3684.37 3647.94 3587.28 3478.07
2029–2030 3858.87 3826.59 3784.89 3723.94 3616.87
2030–2031 4000.05 3965.49 3931.48 3876.23 3756.20
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Table 7.17  CO2EQ emission intensity in policy scenarios 2a, 2b, 2c, 2d (grams/US$ GDP in PPP). 
(Source: Author’s estimates)
Year Reference scenario SIM2a SIM2b SIM2c SIM2d
2010–2011 300.26 301.14 302.27 300.71 301.83
2011–2012 291.88 292.74 291.53 291.64 292.08
2012–2013 283.62 283.86 284.97 285.38 284.51
2013–2014 275.56 275.30 276.03 276.56 276.33
2014–2015 267.52 268.78 268.72 268.08 267.36
2015–2016 259.38 259.32 258.96 260.79 259.23
2016–2017 251.37 252.29 252.10 252.24 251.80
2017–2018 243.40 243.19 244.43 244.18 243.37
2018–2019 235.30 235.82 234.98 235.97 236.10
2019–2020 227.43 228.39 227.28 228.31 227.91
2020–2021 219.75 219.86 220.21 219.79 220.31
2021–2022 211.91 211.90 212.00 212.38 211.76
2022–2023 204.22 204.65 204.23 204.92 204.00
2023–2024 196.52 197.01 196.79 196.54 197.20
2024–2025 188.97 189.55 188.97 189.58 188.95
2025–2026 181.63 181.67 181.66 181.81 181.47
2026–2027 174.30 174.43 174.42 174.46 174.24
2027–2028 167.03 166.95 167.07 167.15 167.18
2028–2029 159.91 160.06 159.80 159.68 159.73
2029–2030 152.93 153.23 152.79 152.72 152.97
2030–2031 146.16 146.37 146.27 146.47 146.31

0

0.5

1

1.5

2

2.5

3

2010-11 2011-12 2012-13 2013-14 2014-15

Em
is

si
on

s

Year

Reference Scenario SIM2a SIM2b SIM2c SIM2d

Fig. 7.11  Per capita CO2EQ emission in policy scenarios 2a, 2b, 2c, 2d (tons/person). (Source: 
Author’s estimates)

 

7.2  Policy Scenarios 
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Reference

MoEF (2009), India’s Greenhouse Gas emission Inventory—A report of Five Modeling studies, 
Ministry of Environment and Forests, Government of India (www.moef.nic.in)

Table 7.18  Per capita CO2EQ emission in policy scenarios 2a, 2b, 2c, 2d (tons per capita). 
(Source: Author’s estimates)
Year Reference 

scenario
SIM2a SIM2b SIM2c SIM2d

2010–2011 1.32 1.31 1.30 1.26 1.22
2011–2012 1.38 1.36 1.34 1.32 1.27
2012–2013 1.44 1.42 1.41 1.39 1.33
2013–2014 1.51 1.48 1.47 1.45 1.39
2014–2015 1.57 1.56 1.54 1.51 1.45
2015–2016 1.64 1.62 1.60 1.58 1.51
2016–2017 1.71 1.69 1.67 1.64 1.58
2017–2018 1.78 1.75 1.74 1.71 1.64
2018–2019 1.85 1.83 1.80 1.78 1.72
2019–2020 1.92 1.91 1.88 1.85 1.78
2020–2021 2.00 1.97 1.96 1.92 1.86
2021–2022 2.07 2.05 2.03 2.00 1.92
2022–2023 2.15 2.13 2.10 2.07 2.00
2023–2024 2.22 2.20 2.18 2.14 2.08
2024–2025 2.30 2.28 2.26 2.23 2.15
2025–2026 2.38 2.36 2.34 2.30 2.22
2026–2027 2.46 2.44 2.42 2.38 2.30
2027–2028 2.54 2.51 2.49 2.45 2.38
2028–2029 2.62 2.59 2.57 2.52 2.45
2029–2030 2.69 2.67 2.64 2.60 2.53
2030–2031 2.77 2.75 2.72 2.69 2.60

7 Reference and Policy Scenarios of CGE Model
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Chapter 8
Policy Message for Mitigating India’s 
Greenhouse Gas (GHG) Emissions

Between the developed and developing countries, it is the latter which are more 
vulnerable to climate change even though the developed countries have been the 
primary contributors to greenhouse gas (GHG) emissions till date. Further, it is 
ironical that the ones who are the most vulnerable to climate change are the least ca-
pable to mitigate it, while those who are responsible for causing it in the first place 
are most unwilling to do their part in resolving it. There is therefore much consensus 
in the climate change literature on problem statement but none in finding solutions

Among the developing or the late-industrializing economies, Indian economy is 
a prime example of one which has been an insignificant contributor to the global 
GHG emissions, but remains highly susceptible to global warming as per Indian 
Network on Climate Change Assessment (INCCA) report of the year 2010. Notable 
sectors likely to be affected by climate change are agriculture, forestry, coastal and 
water resources, and costal land resources due to inundation by a rise in the sea 
level.

Of late, Indian economy has made significant efforts to reduce its domestic lev-
el of GHG emissions. A number of projects have been initiated to reduce GHG 
emissions, with funding from Global Environment Facility. Most of these projects 
are on renewable energy sources. In addition to this, policymakers in India are ex-
ploring various policy options that would limit carbon emissions. Stronger envi-
ronmental measures including use of clean fuel and encouraging energy efficiency 
are a few of them. However, the formulation of appropriate and effective climate 
change mitigation policies can only follow a rigorous assessment of climate change 
impact on the economy. Extensive research on climate change impact assessment 
by different national and international institutes as well as individual environmental 
economists is ongoing. However, consensus on a comprehensive framework for 
climate change impact analysis is still emerging.

In the context of climate change impact analysis, most of the studies so far focus 
on the vulnerable sectors of the economy. However, there are some other sectors 
which may not be vulnerable sectors but they may be making significant contribu-
tions to GHG emissions as well as on economic growth. For example, the manufac-
turing sector together contributes almost 27 % of total GHG emissions while their 
share in total gross domestic product (GDP) is almost 18 %. Therefore, growth in 

B. D. Pal et al., GHG Emissions and Economic Growth,  
India Studies in Business and Economics, DOI 10.1007/978-81-322-1943-9_8,  
© Springer India 2015
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manufacturing sector is likely to have a significantly positive impact on GHG emis-
sions in India.

The reduction in GHG emissions in the Indian economy through decoupling 
of economic growth and GHG flow is being incorporated in the climate mitiga-
tion policy agenda. Capacity to define appropriate policy interventions depends on 
the economic and technological forces that determine the country’s GHG profile. 
Therefore, we have analyzed in this book the factors that drive India’s GHG emis-
sions by decomposing overall emissions into four key determinants namely, in-
tensity effect, intermediate input change effect, final demand mix effect, and final 
demand level effect.

Indian official statistics, unlike other sectors, do not provide disaggregated time 
series data on environmental indicators or emissions profile. As a result, Indian re-
searchers are handicapped by data limitation in conducting any quantitative analysis 
on the linkages between environment and economy. To some extent, this book at-
tempts to reduce this disability by enriching the database by constructing a multi-
sector environmentally extended social accounting matrix (SAM) of India. Unlike 
earlier SAMs of India, energy sources are disaggregated here. Also, biomass sector, 
principal source of energy in rural India is segregated in our SAM. Moreover, incor-
poration of environmental accounts within a SAM is a novel concept in the Indian 
context although similar accounts for some of the other major countries exist. The 
methodology for this inclusion is spelt out in detail which would help researchers in 
this area to construct similar databases for future years.

We have used our environmentally extended SAM to analyze the impact of out-
put growth (and thereby employment growth) on energy use as well as on GHG 
emissions. It was found that under the fixed technology assumption, the GHG emis-
sions in the economy will increase in the economy if there is expansion in output. 
Given the technological pattern, the expansion of output requires energy input in the 
production process, so the demand for energy will increase. Again, due to interde-
pendence between the sectors, there will be direct, indirect, and induced impacts on 
energy use and GHG emissions, and these are captured with the help of the SAM 
multipliers.

Expectedly, the aggregate of direct, indirect, and induced impacts of growth in 
thermal electricity sector on GHG emissions is found to be high. It is also observed 
that the agricultural sectors and some other sectors having negligible direct impact 
have significant indirect and induced impact on GHG emissions. This is due to 
backward and forward linkages between the sectors.

We find that the employment multiplier is high for agriculture and service sec-
tor relative to manufacturing sectors. However, the economywide impact on GHG 
emissions is high for manufacturing sector. On the other hand, the services sector 
with a significant impact on employment growth does not lead to significant impact 
on GHG emissions in India.

What are the factors responsible for change in GHG emissions during the period 
1994−1995 and 2006−2007? We find from our structural decomposition exercise 
that changes in emission intensity between the years 1994−1995 and 2006−2007 
have negative impacts on GHG emissions. The change in consumption mix during 
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this period also has a negative impact on GHG emissions. But the change in inter-
mediate use per unit of output and the change in level of final demand have a posi-
tive impact on GHG emissions.

The use of computable general equilibrium (CGE) model for climate change 
mitigation policy analysis is widely prevalent in the developed countries. Indian 
researchers have also employed CGE models for various other policy assessments, 
but few attempts have been made to use this tool for climate change mitigation 
analysis. In this book, we have also used a top-down, sequentially dynamic multi-
sectoral Indian environmental CGE model for policy analysis. Our model consists 
of 35 sectors, with energy-intensive sectors and various types of energy sectors 
being modeled as separate entities so as to throw light on plausible sector-specific 
policy interventions. The base year of our model is 2006−2007, same year as the 
base year of our environmentally extended social accounting matrix (ESAM). In 
fact, most of the data parameters of the model are drawn from our ESAM. Fur-
thermore, unlike other models which have indiscriminately used parameters drawn 
from countries other than India, we have used/estimated India-specific parameters 
for our CGE model.

Our model indicates an average real GDP growth of 8.75 % per annum during 
the 24-year period, 2006−2007 to 2030−2031 in the business as usual scenario. The 
model replicates reasonably well the actual annual real GDP growth rates in the so-
called historical period 2006−2007 to 2009−2010. Thereafter, the real GDP growth 
rate declines marginally but steadily all through till 2030−2031 reaching therein the 
level of 8.46 %.

Energy usage grows much less rapidly than GDP in the Indian economy during 
the period 2006−2007 to 2030−2031, leading to a sharp decline of 65 % in the en-
ergy intensity. The prime driver for this change is the autonomous energy efficiency 
improvement of 1.5 % per annum built into the model.

Total CO2 emissions (i.e., CO2 plus CO2EQ of N2O) rose from 1004.66 million t 
in 2006–2007 to 4000.05 million t in 2030−2031 at an average rate of 5.25 % per 
year. The striking point is the sharp fall in the CO2 emissions intensity, which drops 
from 361.54 g of CO2 per US $ of GDP in PPP (grams/US $ of GDP in purchasing 
power parity) in 2006−2007 to 146.16 g/US $ of GDP in PPP in 2030−2031. The 
primary factor for this change is the aforementioned decline in the energy intensity. 
Fuel switching also plays a significant role.

In assessing India’s contribution to global carbon emissions, it is important to look 
at the per capita CO2 emissions. India’s per capita emission (PCE) in 2006−2007 is 
0.95 t. It goes up to 2.77 t by the year 2030. However, this is considerably less than 
the global PCEs, which is approximately 4.10 t in 2006−2007.

Our CGE model has been used for understanding the impact of economic in-
struments such as carbon tax on the Indian economy. We have considered in our 
analysis two types of carbon tax, namely (1) domestic carbon tax enforced with 
revenue positivity in such a manner that the additional revenue contributes towards 
an expansion of investment, and (2) domestic carbon tax implemented with revenue 
neutrality such that there is no additional revenue as the gain in revenue from the 
carbon taxes is neutralized by a reduction in direct taxes. In each case, the scenarios 
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were done for a range of carbon tax namely, US$ 10, 20, 40, and 80 per tonne of 
CO2 emitted.

The principal policy message that emanates from these scenarios is that the det-
rimental impact of a carbon tax on GDP is significant and increases, though not 
commensurately, with the magnitude of the tax. Over time, the adverse impact on 
GDP alleviates. The energy intensity is not significantly affected, nor is the carbon 
emission intensity much impacted. The decline in carbon emissions, however, is 
significant but mainly arises due to a marked fall in GDP. This is true, indepen-
dently of whether one imposes a revenue-positive or a revenue-neutral carbon tax. 
Thus, the expectations of a double dividend from a revenue-neutral carbon tax are 
completely belied.

This book presents a modest beginning towards development of detailed Indian 
database for analysis of environment-related issues. Our CGE analysis is restricted 
to an investigation of carbon tax only. This is not because of any limitation of the 
model or the underlying database. Our model is generic enough to simulate the im-
pact a variety of other climate policy instruments. A fuller realization of the poten-
tial of the model and the supporting database presented here could not be achieved 
in one single study. We hope, future research would carry forward our work.
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Appendix

Appendix A: Description of 130 Sectors of 2006–2007 IO 
Tables

1 Paddy 45 Tobacco products  89 Electrical wires and 
cables

2 Wheat 46 Khadi, cotton 
textiles(handlooms)

 90 Batteries

3 Jowar 47 Cotton textiles  91 Electrical appliances
4 Bajra 48 Woolen textiles  92 Communication 

equipments
5 Maize 49 Silk textiles  93 Other electrical 

machinery
6 Gram 50 Art silk, synthetic fibre 

textiles
 94 Electronic 

equipments(including 
TV)

7 Pulses 51 Jute, hemp, mesta 
textiles

 95 Ships and boats

8 Sugarcane 52 Carpet weaving  96 Rail equipments
9 Groundnut 53 Readymade garments  97 Motor vehicles
10 Coconut 54 Miscellaneous textile 

products
 98 Motor cycles and 

scooters
11 Other oilseeds 55 Furniture and 

fixtures-wooden
 99 Bicycles, cycle-rickshaw

12 Jute 56 Wood and wood 
products

100 Other transport 
equipments

13 Cotton 57 Paper, paper products 
and newsprint

101 Watches and clocks

14 Tea 58 Printing and 
publishing

102 Medical, precision and 
optical instruments

15 Coffee 59 Leather footwear 103 Jems and jewelry
16 Rubber 60 Leather and leather 

products
104 Aircraft and spacecraft

17 Tobacco 61 Rubber products 105 Miscellaneous 
manufacturing

18 Fruits 62 Plastic products 106 Construction
19 Vegetables 63 Petroleum products 107 Electricity

B. D. Pal et al., GHG Emissions and Economic Growth,  
India Studies in Business and Economics, DOI 10.1007/978-81-322-1943-9,  
© Springer India 2015
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20 Other crops 64 Coal tar products 108 Water supply
21 Milk and milk products 65 Inorganic heavy 

chemicals
109 Railway transport 

services
22 Animal 

services(agricultural)
66 Organic heavy 

chemicals
110 Land transport including 

via pipeline
23 Poultry and eggs 67 Fertilizers 111 Water transport
24 Other livestock prod-

ucts and gobar gas
68 Pesticides 112 Air transport

25 Forestry and logging 69 Paints, varnishes and 
lacquers

113 Supporting and auxiliary 
transport activities

26 Fishing 70 Drugs and medicines 114 Storage and warehousing
27 Coal and lignite 71 Soaps, cosmetics and 

glycerin
115 Communication

28 Natural gas 72 Synthetic fibres, resin 116 Trade
29 Crude petroleum 73 Other chemicals 117 Hotels and restaurants
30 Iron ore 74 Structural clay 

products
118 Banking

31 Manganese ore 75 Cement 119 Insurance
32 Bauxite 76 Other non-metallic 

mineral prods.
120 Ownership of dwellings

33 Copper ore 77 Iron, steel and ferro 
alloys

121 Education and research

34 Other metallic minerals 78 Iron and steel casting 
and forging

122 Medical and health

35 Lime stone 79 Iron and steel 
foundries

123 Business services

36 Mica 80 Non-ferrous basic 
metals

124 Computer and related 
activities

37 Other non-metallic 
minerals

81 Hand tools, hardware 125 Legal services

38 Sugar 82 Miscellaneous metal 
products

126 Real estate activities

39 Khandsari, boora 83 Tractors and agricul-
tural implements

127 Renting of machinery 
and equipment

40 Hydrogenated oil 
(vanaspati)

84 Industrial machinery(F 
& T)

128 O.com, social and per-
sonal services

41 Edible oils other than 
vanaspati

85 Industrial 
machinery(others)

129 Other services

42 Tea and coffee 
processing

86 Machine tools 130 Public administration

43 Miscellaneous food 
products

87 Other non-electrical 
machinery

44 Beverages 88 Electrical industrial 
machinery
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Appendix E: The description of 60 sectors of 1994–1995 IO 
Tables

Code Sectoral description Code Sectoral description
S1 Food crops S31 Paints, varnishes and lacquers
S2 Cash crops S32 Pesticides, drugs and other chemicals
S3 Plantation crops S33 Cement
S4 Other crops S34 Non-metallic mineral products
S5 Animal husbandry S35 Iron and steel industries and 

foundries
S6 Forestry and logging S36 Other basic metal industry
S7 Fishing S37 Metal products except machinery
S8 Coal and lignite S38 Agricultural machinery
S9 Crude petroleum and natural gas S39 Machinery for food and textiles
S10 Irone ore S40 Other machinery
S11 Other minerals S41 Electrical, electronic, machinery and 

appliances
S12 Sugar S42 Railway transport equipment
S13 Food products excluding sugar S43 Other transport equipment
S14 Beverages S44 Miscellaneous manufacturing 

industries
S15 Tobacco products S45 Construction
S16 Cotton textiles S46 Electricity
S17 Wool, silk, and synthetic fibre 

textiles
S47 Gas and water supply

S18 Jute, hemp and mesta textiles S48 Railway transport services
S19 Textiles products including wearing 

apparel
S49 Other transport services

S20 Wood and wood products except 
furniture

S50 Storage and warehousing

S21 Furniture and fixture S51 Communication
S22 Paper and paper products S52 Trade
S23 Printing, publishing and allied 

activities
S53 Hotels and restaurants

S24 Leather and leather products S54 Banking
S25 Plastic and rubber products S55 Insurance
S26 Petroleum products S56 Ownership of dwellings
S27 Coal tar products S57 Education and research
S28 Inorganic heavy chemicals S58 Medical and health
S29 Organic heavy chemicals S59 Other services
S30 Fertilisers S60 Public administration and defence
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