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UN), the commodity-wise data according to Annual Survey of Industries Commodity Code 
(ASICC) of the CSO, the private final consumption expenditure according to the purpose 
classification of the System of National Accounts (COICOP), the government final 
consumption expenditure according to the Classifications of Functions of Government 
(COFOG) and the imports and exports according to the Harmonised System of Description of 
Commodities and Codes (HS).  Concordance tables are required to be developed between 
IOTT sectors and each of these classifications, before the detailed data is processed. 

  
The third major issue in the compilation of IOTT is the availability of detailed 
input-structures in respect of economic activities performed in the unorganised sector, which 
accounts for about 40 per cent of GDP (excluding agriculture and allied activities).  The 
fourth area of concern is the availability of quality data on import flows across industries.  
The data to some extent is available on the intermediate consumption of imported goods from 
the Annual Survey of Industries, but the same is not considered adequate. 
 
Besides the above, some of the other problem areas in the IOTT preparation are: 
 
• Lack of quality data on commodity-wise trade and transport margins 
• absence of a focused trade survey 
• non-availability of detailed commodity-wise taxes collected, in respect of sales tax 
• large amounts shown under “other inputs” and “other outputs”, in the Annual Survey of 

Industries, which makes the compilation difficult, as they need to be earmarked against 
specific commodities; and  

• lack of detailed quality data in inputs of most services sectors 
 
There is also growing demand from the users, for a more detailed (upto 200 industries) and 
rectangular IO Tables (upto 500 commodities), with larger number of services sectors 
included.  The final demand vectors now produced include the PFCE, but this needs to be 
bifurcated into Final Consumption Expenditures of Households and Non-Profit Institutions 
Serving Households (NPISHs).  The final demand vector of Gross Fixed Capital Formation 
(GFCF) needs to be segregated into by type of assets, such as machinery and equipment, 
construction, software, and valuables, although one can read from the respective 
commodity-rows. 

 
Presently, IO table does not give a break-up of value added by industries (compensation of 
employees, operating surplus and consumption of fixed capital), which is one of the 
requirements from the users.  There is also a demand for an industry x industry matrix in the 
IO Tables. 

 
Recently, more and more international agencies and research institutions are preparing 
comparative IO tables databases of various countries.  This necessitates on the part of 
countries to follow comparative classifications, valuation procedures, coverage of industries, 
and similar IO sector classification.  This would require availability of more detailed and 
quality data and additional manpower resources.  India’s IO Tables are available on the 
MoSPI’s website, www.mospi.gov.in; and are also included in the OECD database on IO 
Tables. 
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Compilation Issues in Input-Output Tables of India 
M.R Saluja and Bhupesh Yadav, India Development Foundation, India 

 
This paper consists of two sections. In the first section we discuss the methodology and data 
sources for the compilation of the I-O table. In the second part the issues relating to the 
methodology and data sources are discussed. The required data for the construction of an 
input output table are sector wise values of output produced, Inputs consumed by sectors and 
sector wise consumption of different components of final demand. Also required is the 
detailed item wise production of various sectors is required. The major issues in the 
construction of the I-O tables are converting the purchaser’s price inputs and different 
components of the final demand at factor cost and the issues of classification of commodities 
into various commodity groups. In addition to this the issues regarding lack of availability of 
detailed data in the organized and unorganized manufacturing sectors and sectors like 
construction, trade and other primary sectors are also discussed. 
 
 

Session 2: Intput-Output Tables for Environmental Analysis 

Making Input-Output Tables for Environmental Analysis for Indian Economy 
Kazushige Shimpo, Department of Business and Commerce, Keio University, Japan 
Koichi Hikita, Department of Tourism, School of Tourism, Kobe Shukugawa Gakuin 
University 
Satoshi Nakano, Global Security Research Institute of Keio University, Japan 
Megha Shukla, TERI – Southern Regional Centre, India 
Asako Okamura, Global Security Research Institute of Keio University, Japan 
 
Energy input-output tables expressed in natural and thermal units were estimated to extend 
original Indian I-O tables for the years of 1993/94 and 1998/99. Advantages of these tables 
are the ability to represent structural relationships of industrial energy use and to analyze 
sectoral and national green house gas emissions, such as CO2. Biomass and limestone are 
parts of fuels and sources of CO2 emissions, respectively, to reflect actual pattern of energy 
use in India. 
 
Input-output models are used to analyze alternative scenarios on the future technologies, 
households’ life style and so on; the scenarios on energy consumption are often measured in 
natural units. However I-O tables expressed in natural units are rarely available. The 
International Energy Agency (IEA) regularly prepares energy balances among supply, 
transformation, and final consumption of several energy commodities for OECD and over 
100 non-OECD countries. The energy commodities and sectors adopted in the energy 
balances should be converted into those of I-O tables in order to fit the energy balances into 
economic analysis. 
  
First, we examined the consistency of the IEA’s energy balances---constructing individual 
energy balances with the data obtained from several statistical sources and comparing both of 
balances---and replaced the figures of the IEA when it was deemed necessary. Next, we 
checked the inconsistency between the quantities and monetary values in the I-O tables. The 
unit prices computed from the quantities and the values must be within acceptable range if 
they are compared with those in available statistics. Since the monetary values in the Indian 
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I-O tables are evaluated in basic prices, we calculated the basic prices using the micro data of 
Annual Survey of Industries for certain energy commodities, in addition to seek the price 
figures exclusive of any taxes, subsidies and margins through available resources. This 
resulted in replacing certain monetary values in the original I-O tables into our estimates; 
typical examples are the value of electricity inputs in agriculture and household---the 
effective subsidies to these sectors are extremely high. We performed these examinations 
with aggregated sectors whose consumption of energy are obtained from available statistics. 
Finally, these aggregated figures of individual energy commodities were disaggregated into 
115 industries of the Indian I-O tables. For manufacturing sectors we used the information 
obtained by the micro data of Annual Survey of Industries. 

Applications of the Environmental Input-Output Analysis: Life Cycle Assessment of 
CO2 emission (LCCO2) for the alternative technologies 
Hitoshi Hayami, Department of Business and Commerce, Keio University, Japan 
 
We have developed the environmentally extended input-output tables (EIO) for Japan since 
1991. This paper reports some of our analyses using the Japanese EIO tables for 1985, 1990, 
1995, and 2000. All of our analyses are on technologies reducing the global warming gas, 
such as an energy saving house, paper recycling, gasoline automobile, electric vehicle, 
electric power generation, etc. The single most important technology for CO2 reduction is 
power generation. The electric power without CO2 is the dream technology for the future and 
it actually means growth without resource scarcity. Our research will illustrate which 
technology is most likely for it. 
 
 

Session 3: Application of Input-Output Modeling 

Industrial Structure, Technical Change and Generation of Residual Flows in India: A 
Study in Input-Output Framework 
Prof. K K Saxena1and Aparna Mishra2, Department of Humanities and Social Sciences, 
Indian Institute of Technology, Kanpur 

 
The inter-relations between economic and ecological systems generate flow of inputs and 
outputs in many forms. The economic resources are drawn from the environment and residual 
wastes are discharged back to the environment. In this way there is a physical flow of 
material between these two. This exchange process between economy and environment calls 
for the study of inter-industry analysis of environmental pollution. 

 
Environmental policy in India adopts conventional approach to assess pollution potential of 
industries. Industries are classified as polluting or non-polluting according to their direct 
generation of various pollutants only. The indirect contribution to pollutants by the industries 
is not taken into account. Consequently, in all the policy documents ambient quality of 
environment has always been underestimated. The present study employs static and open 
input-output (IO) models to assess the industrial water pollution in India.  

 

                                                 
1 E-mail: kks@iitk.ac.in 
2 E-mail: aparnam_99@yahoo.com 
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The role of technology on the generation of industrial water pollution has been analyzed, over 
the period 1983-84 to 1993-94.  The input-output (IO) tables for the years 1983-84, 1989-90 
and 1993-94 are employed at 56-sector aggregation for 36 different organic-inorganic and 
toxic water pollutants. The analysis has been performed for the two sub-periods, 1983-84 to 
1989-90 and 1989-90 to 1993-94. It is found in the analysis that over the years input 
technology has generated more pollutants. The results show the technology deterioration, in 
terms of environmental pollution, more evident in the first sub-period than the second one. A 
slight fall in pollution growth is observed in the second period for the highly polluting 
industries. Yet the seventy to ninety percent of pollution in the economy is generated by the 
highly polluting industries. 

 
The most important finding of the present study is that the relative ranking of polluting 
industries changed in two sub-periods when total (direct plus indirect) effects are taken into 
account. Some of the conventionally treated non-polluting industries such as, construction 
and services generate negligible pollution directly, but because of their higher indirect effect 
and large share in total production, these sectors appeared to be most polluting. Other 
industries under the highly polluting industrial category such as, dairy product, livestock 
product, sugar, edible oil, food products, beverages, synthetic textile, jute textile, paper & 
pulp, leather, rubber, plastic, petroleum products, chemicals, fertilizers etc. contributed 
substantially in total pollution. These industries have not shown any improvement in terms of 
input technology except for few instances. But no consistent pattern of improvement has been 
observed.  
 

Energy and GHG modeling in Input -Output framework 
Kakali Mukhopadhyay, Department of Agricultural Economics, McGill University, 
Macdonald Campus, Montreal, Quebec, Canada 
Debesh Chakraborty, Department of Economics, Jadavpur University, Calcutta, India 
 
India is facing formidable challenges in meeting its energy requirements and providing 
adequate energy to users in a sustainable manner. The objective of the current paper is to 
identify the sources of changes in energy consumption and GHG emission in India using 
input-output structural decomposition analysis (SDA) during 1990s. The result shows that 
changes in final demand structure and volume of changes in final demand are the key 
responsible factors for changes in energy requirements and GHG emissions respectively. The 
study further developed three simulation exercises to estimate the energy requirements and 
GHG emissions in 2011-12. 

 
A higher energy demand and GHG emission is expected, if the economy grows at 8.5% p.a. 
The paper finally emphasized the four major policies as mentioned in the recent integrated 
energy policy by the Government of India ---"institutional reforms and system building", 
"secure energy supply", "efficient energy consumption" and enhancement of energy 
security"-----to control energy requirements and to combat GHG emissions. 
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Energy balancing and an energy analysis of Indian input-output accounts: Assessing 
sectoral energy intensities over two decades  
Shonali Pachauri, International Institute for Applied Systems Analysis (IIASA), Austria  
 
The use of input-output analysis for assessing the direct and indirect flows of inputs in the 
production of goods and services to meet final demand is an established methodology. The 
method has also often been employed to analyze the direct and indirect energy inputs and 
associated environmental emissions of production across different sectors within an economy. 
Such an analysis is particularly useful in determining expected changes in energy demand 
and related emissions as a consequence of changes in the composition of industrial output or 
structure of private consumption and final demand.  
 
Existing methodologies and applications of such analysis typically involve combining 
monetary data from input-output tables with physical flows of energy from national energy 
statistics and balances. There are some examples of the application of this methodology for 
India too (for e.g. Parikh and Gokarn 1993; Mukhopadhyay 2002). These studies have 
increased our understanding of relative energy intensities across sectors in India and changes 
in intensities and emissions across time. However, previous work on estimating energy 
intensities in India, are limited in two important aspects. First, most previous estimates of 
energy intensities estimated using input-output data from India are done for a very aggregate 
set of sectors. Energy statistics and energy balances for India are published in highly 
aggregated form. Most authors have therefore opted for aggregating the input-output tables to 
a smaller number of total sectors in order to make them more consistent with the published 
energy balances and statistics. However, a higher level of aggregation clearly comes at the 
price of a loss of detail and accuracy in assessing sector-wise intensities. The second major 
shortcoming of the previous literature in this area for India has been the omission of biomass 
energy from the analysis. While data on biomass energy use is scarce, the importance of 
biomass for the Indian economy is crucial. For the Indian economy, as a whole, about 30% of 
total primary energy needs are still met from biomass, and in the residential sector over 80% 
of final energy consumption is met from unprocessed biomass fuels (Pachauri 2007). 
Excluding biomass energy sources from any analysis of energy consumption in India, can 
therefore only provide an incomplete picture of the energy system and demand.  
 
Following work reported in Pachauri & Spreng (2002) and Pachauri (2007), this paper 
presents estimates of direct and indirect energy intensities for India, at both an aggregate and 
disaggregate level of 100 sectors. The analysis done includes both commercial fossil based 
energy sources and biomass energy consumption, and is based on data from the 1983-84, 
1989-90, 1993-94 and 1998-99 input-output tables for India published by the CSO (1990, 
1997, 2000, 2005), and the 2003-04 SAM published by Saluja & Yadav (2006). In addition, 
the paper also discusses the process of energy balancing of input-output accounts and the 
reasons why it is important to do so. The estimates are analysed to look at trends in sectoral 
energy intensities over the period of 1983-84 to 2003-04, a period of two decades during 
which India has experienced, rapid growth, industrialisation, modernisation and globalisation. 
Results indicate that many of the Indian commodity sectors experienced a decline in total 
primary energy intensity during this period. For most of the primary agricultural sectors, 
however, energy intensities increased as a result of rapid mechanisation and intensification of 
agriculture and fast rate of growth of electricity consumption particularly, for irrigation 
purposes during this period. For many of the most energy intensive manufacturing sectors in 
India, such as cement, non-metallic minerals and miscellaneous manufacturing sectors a large 
decrease in primary energy intensities occurred during this period. For many sectors, the 
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general shift from coal and lignite and non-commercial energy use to greater oil, gas and 
electricity use during this period are responsible, in part, for the observed decreases in 
primary energy intensities. In particular, both technological and structural changes and fuel 
shifts such as the overall shift from non-commercial biomass to commercial energy sources 
throughout the economy lead to large changes in energy intensities for certain sectors during 
this period.  
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Input-Output Modeling for Scenario Analysis of the Indian Household Energy Use 
Kazushige Shimpo, Department of Business and Commerce, Keio University, Japan 
Megha Shukla, TERI – Southern Regional Centre 
Asako Okamura, Global Security Research Institute of Keio University, Japan 
 
We extended the household sector in the energy input-output tables expressed in natural and 
thermal units which were estimated based on original Indian I-O tables for the years of 
1993/94 and 1998/99, in order to implement scenario analysis for consumption patterns of 
households. The main reason for the selection of domestic sector is that it is the largest 
consumer of energy, accounting for 40-50% of the total energy consumption in India. We 
decomposed household sector into several household groups by consumption levels, as well 
as by rural and urban households, using information from household survey for India 
compiled by NSSO (The National Sample Survey Organization), to consider the observed 
diversities of consumption patterns among household groups in India. Rapid urbanization and 
diverse urban growth patterns have led to many structural changes in the economy that have 
more important ramifications for energy use. In this paper we developed scenarios in which 
some of household groups will switch their energy sources from fuel wood to LPG and 
analyzed effects to overall economy in terms of economic and environmental influences. 


