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L1 Introduction

Input—output analysis is the name given to an analytical framework developed by
Professor Wassily Leontief in the late 1930s, in recognition of which he received the
Nobel Prize in Economic Science in 1973 {Leontief, 1936, 1941). One often speaks
of a Leontief model when referring to input—output. The term interindustry analysis is
also used. since the fundamental purpose of the input—ocutput ramework is 1o analvze
the interdependence of industries in an economy. Today the basic concepts set forth by
Leontief are key components of many tvpes ol economic analysis and. indeed, input-
output analysis is one of the most widely applied methods in economics {Baumol,
2040}, This book develops the framework set forth by Leontief and explores the many
extensions that have been developed over the last nearly three quarters of a century.

Inits most basic form. an input-output model consists of a system of linear equations,
each one of which describes the distribution of an industry’s product throughout the
economy. Most of the extensions to the basic input—output framewaork are introduced
to incorporate additional detail of economic activity, such as over time or space, (o
accommeodate limitations of available data or to connect input-output models to other
kinds of economic analysis tools. This book is an updated and considerably expanded
edition of our 1985 textbook (Miller and Blair, 19585).

In this chapter we introduce the basic input—output analysis framework and outline
the topics to be covered in the balance of the téxt. Appendix C provides a historical
account of the work leading up to Leontief’s formulation and its subsequent devel-
opment and refinement. More detailed historical accounts of the early development
of input-output anzlysis and input—outputl accounts are given in Polenske and Skolka
{1976, Chapter 1) and Stone ( 1984). A fairly complete history of applications of input—
output analysis since Leontief's introduction of it is provided in Rose and Miernvk
{198%). In the present text we cover many of the developments in input—output since its
widespread application as an analysis tool began in the early 1950s. Leontief himself
participated in a number of these developments and applications, as will be evident
throughout this text (see also Polenske, 1999, 20014),
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The widespread availability of high-speed digital computers has made Leontief’s
input—output analysis a widely applied and useful tool for economic analysis at many
geographic levels — local, regional, national, and even international, Prior to the appear-
ance of modern computers, the computationz! requirements of input—output models
made them very difficult and even impractical to implemeant. Today, in the USA alone,
input—gutput is routinely applied in national economic analysis by the US Department
of Commerce, and in regional economic planning and analysis by states, industry, and
the research community. The model is widely applied thronghout the world: the United
Nations has promoted inpui—outpui as a practical planning tool for developing coun-
tries and has sponsored a standardized system of economic accounts for constructing
input—cutput tables.

Input—output has been also extended to be part of an integrated framework of employ-
ment and social accounting metrics associated with industrial production and other
economic activity. as well as to accommodate more explicitly such topics as inter-
national and interregional fows of products and services or accounting for energy
consumption and environmental pollution associated with interindustry activity. In this
text, we present the foundations of the input—output model as originally developed
by Leontief, as well as the evolution of many methodological extensions to the basic
framework. In addition. we illustrate many of the applications of input—output and its
usefulness for practical policy questions. Throughout the text, we will review some of
the current research frontiers.

1.2 Input—Output Analysis: The Basic Framework

The basic Leontief input—output model is generally constructed from observed eco-
nomic data for a specific geographic region ( nation, state, county, te.). One is concerned
with the activity of a group of industries that both produce goods (outputs ) and consume
goods from other industries {(inputs) in the process of producing each industry’s own
output. In practice. the number of industries considered may vary from only a few to
hundreds or even thousands. For instance, an industrial sector title might read “man-
ufactured products,” or that same sector might be broken down into many different
specific products.

The fundamental information used in input-output analysis concerns the Hows of
products from each industrial sector. considered as a producer, o each of the sectors,
itself and others, considered as consumers. This basic information from which an input—
output model is developed is contained in an interindustry transactions table, The rows
of such a table describe the distribution of a producer’s output throughout the economy,
The columns describe the composition of inputs required by a particular industry to
produce its output. These interindustry exchanges of goods constitute the shaded portion
of the table depicted in Figure |.1. The additional columns, labeled Final Demand .,
record the sales by each sector to final markets for their production, such as personal
consumption purchases and sales to the federal government. For example, electricity is
sold to businesses in other sectors as an input Lo production (an interindustry transaction )
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Figure 1.1 Inpul—Outpul Transactions Table

and also to residential consumers (a final-demand sale). The additional rows, labeled
Vinlue Added . account for the other (non-industrial ) inputs to production, such as labor,
depreciation of capital, indirect business taxes, and imports.

The formulation of analytical models using the basic inpul-outpul data as just
described 1s the principal purpose of this text. There 1s a considerable literature devoted
to assembling the basic data nsed in input—output medels from surveys or interpretation
of other primary and secondary sources of economic data. Some of this literature is
referenced in Chapter 4, but, for the most part, in this text we focus on the formulation
of models using available data or on methods o compensate for the lack of available
datan

1.3 Outline for this Text

This text is organized into |4 chapters, beginning with the theory and assumptions of
the basic input—output framework, then exploring many of the extensions developed
aver the last half century. The text deals mostly with methodological developments,
but also covers some of the practical issues associated with implementation of input-
output models, including many references to the applied literature. Chapters 2-6
cover the main methodological considerations in input—output analysis. Chaplers 7-13
cover many issues associated with the application of inpul—output analysis to prac-
tical problems. The concluding chapter, Chapter |4, sketches a number of relevant
topics for which available space did not permit a more detailed treatment or that were
beyond the scope of this text. The following describes the main topics covered in each
chapter:

® Chapter 2 introduces Leontief’s conceptual input—output framework and explains
how (o develop the fundamental mathematical relationships from the interindustry
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transactions table. The key assumptions associated with the basic Leontief model
and implications of those assumptions are recounted and the economic interpretation
of the basic framework 15 explored. The basic framework is illustrated with a haghly
aggregated model of the US economy. In addition, the “price model™ formulation
of the input—output framework 15 introduced to explore the role of prices in inpul—
outpul models. Appendices to this chapter include a fundamental set of mathematical
conditions for input—output medels, known as the Hawkins—Simon conditions.
Chapter 2 extends the basic input—outpul framework 1o analysis of regions and the
refationships between regions. First, “single-region” models are presented and the
various assumptions emploved in formulating regional models versus national mod-
els are explored. Next. the structure of an interregional input—output (IR10) model,
designed to expand the basic input-output framework to capture transactions between
industrial sectors in regions, is presented. An important simplification of the IRIO
model designed to deal with the most common of data limitations in constructing
such models is known as the multiregional input—output (MEIO) model. The basic
MEIO formulation is presented and the implications of the simplifying assumplions
explored. Next the balanced regional model is presented. which is mathematically
identical to the IRIO framework. but is designed conceptually to capture the distine-
tion between industrial production for regional versus national markets as opposed
to delivery to specific regions as in the IRIO framework. In the final section a
number of applied studies are cited in order to illustrate the extraordinary range
of geographic scale reflected in real-world studies — from sub-city neighborhoods
to so-called “world” models. Appendices to this chapter provide additional develop-
ment of mathematical tools helpful for conceptualizing and implementing regional
maodels.

Chapter £ deals with the construction of input—output tables from standardized con-
ventions of national economic accounts, such as the widely used System of National
Accounts (SNA)Y promoted by the United Nations. including a basic introduction 1o
the so-called commodity-by-industry or supply-use inpul-output framework devel-
oped in additional detail in Chapter 5. A simplifed SNA is derived from fundamental
economic concepts of the circular Aow of income and expenditure, that, as additional
sectoral details are defined for businesses, households, government. foreign trade,
and capital formation, altimately result in the basic commeodity-by-industry formu-
lation of inpul-outpul accounts. The process is illustrated with the US input-output
model and some of the key traditional conventions widely applied for such consid-
erations as secondary production (multiple products or commodities produced by a
business), competitive impons (commodities that are also produced domestically)
versus non-competitive imports (commodities not produced domestically), trade and
transporiation margins on interindustry transactions, or the treatment of scrap and
secondhand goods. Finally, the chapler concludes with an examination of issues
associated with the level of sectoral and spatial detail in input—output medels, e.g..
the potential bias introduced by the level of aggregation of industries or regions,
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The appendices illustrate the implications of aggregation bias using [R10 and MRIO
models for Japan and the USA.

Chapter > explores variations to the commodity-by-industry input—output frame-
work introduced in Chapter 4, expanding the basic input-oulput framework to
include distinguishing between commodities and industries, ie.. the supply of
specific commodities in the economy and the use of those commodities by col-
lections of businesses defined as indostries. The chapter introduces the fundamental
commodity-by-industry accounting relationships and how they relate 1o the basic
inpui—ouipui framework. Aliernative assumpiions are defined for handiing the com-
man accounting issue of secondary production, and economic interpretations of
those alternative assumptions are presented. The formulations of commodity-driven
and industry-driven models are also presented along with illustrations of vari-
ants on combining alternative assumptions for secondary production: Finally, the
chapter illustrates a variety of special circumstances encountered with commuodity-
by-industry models. such as nonsguare commodity—industry systems or the inter-
pretation of negative elements. Appendices to this chapter provide some alternative
derivations of commodity-by-industry transactions matrices, methods foreliminating
negative entries in specific types of commodity-by-industry models where appear-
ance of such entries 15 most common. and additional observations on nonsquare
commaodity-by-industry systems are provided in an appendix on this text’s website
{www.cambridge.org/millerandblair).

Chapter f examines a number of key summary analytical measures known as multipli-
ers that can be derived from input—output models to estimate the effects of exogenous
changes on (1) new outputs of economic sectors. (2) income earned by households
resulting from new outputs, and {3) emplovment generated from new outputs or (4)
value-added generated by production. The general structure of multiplier analysis
and special considerations associated with regional. IRTO. and MRIO medels are
developed. Extensions to capture the effects of income generation for varous house-
hold groups are explored, as well as additional multiplier variants and decomposition
into meaningful economic components. Chapter appendices expand on a number of
mathematical formulations of household and income multipliers.

Chapter 7 introduces approaches designed to deal with the major challenge in input-
output analysis that the kinds of information-gathering surveys needed to collect
input—outpat data for an economy can be expensive and very time consuming, result-
ing in tables of input—output coefficients that are outdated before they are produced.
These techniques, known as partial survey and nonsurvey approaches (o input—output
table construction. are central to modemn applications of input—output analysis. The
chapter begins by reviewing the basic factors contributing 1o the stability of input—
output data over time. such as changing technology. prices, and the scale and scope
of business enterprises. Several technigues for updating input—output data are devel-
oped and the economic implications of each described. The bulk of the chapter is
concemed with the biproportional scaling {or RAS) technigue and some “hybrid
maodel” variants,
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& Chapter 5 surveys a range of partial survey and nonsurvey estimation approaches
for creating input—output tables at the regional level. Variants of the commonly used
class of estimating procedures using location quotients are reviewed, which presume
aregional estimate of input—output data can be derived using some information about
a target region. The RAS technigue developed in Chapter 7 is applied to developing
regional input—output tables using a base national table or a table for another region
and some available data for the target region, These are illustrated using data from a
three-region model for China, Techniques for partial survey estimation of commaodity
flows between regions are aiso presented along with discussions of several real-world
multinational applications, including the China—Japan Transnational Interregional
Model and Leontief’s Werld Model.

s Chapter 9 explores the extension of the input—output framework to more detailed
analysis of energy consumption associated with industrial production, including
some of the complications that can arise when measuring input—oulput transac-
tions in physical units of production rather than in monetary terms of the value of
production. Early approaches o energy mput—-output analysis are reviewed and com-
pared with contemporary approaches and the strengths and limitations of alternative
approaches are examined. Special methodological considerations such as adjusting
for energy conversion efficiencies are developed and & number of illustrative appli-
cations are presented, including estimation of the energy costs of goods and services,
impacts of new energy technologies, and energy taxes. Finally, the role of structural
change of an input-output economy associated with changing patterns of energy use
is introduced {more general approaches to structural decomposition analysis using
imput—output models are covered in Chapter | 2). The appendix to this chapter devel-
aps more formally the strengths and limitations of alternative energy inpul-output
formulations.

Chapter 10 reviews the extensions of the inpul—output framework o incorporate

activities of environmental pollution and elimination associated with economic activ-

ities as well as the linkages of input—output to models of ecosysiems. The chapter

begins with a “generalized” input—outpul framework which assumes that pollution
generation {as well s other measurable Factors associated with industrial production,
such as energy or materizl consumption measured in physical units or employment
measured in person-years ) simply vary in direct proportion to the level of industrial
production. Applications are presented of the generalized input—output Formulation
to measuring impacts of specified changes to industrial activity and to planning
problems where the objective is to seek an optimal mix of industrial production
subject o input—output relationships between industrial sectors and to constraints
on factors associated with industrial production, such as pollution, energy use and
employment. In exploring the application of the generalized input—output framework
to planning problems, basic concepts of linear and multiobjective programming are
introduced. The chapter also explores augmenting a basic Leontiel inpul-output
model with pollution generation and elimination sectors. Finally, expansion of the
input—output framework to include ecologic sectors to more comprehensively trace

Miller, Ronald E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.
Cambridge, , GBR: Cambridge University Press, 2009. p 6.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=40

Copyright © 2009. Cambridge University Press. All rights reserved.

May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable

copyright law.

http://site.ebrary.convlib/mitlibraries/docPrint.action?encrypted=61c6d3...

04/01/2011 14:38



Input-Output Analysis : Foundations and Extensions

7 of 9

1.3 Outline for this Text 7

economic—ecosystem relationships is presented along with a variety of illustrative
applications.

Chapter | | expands the inpul—output framewaork to a broader class of economic anal-
ysis tools known as social sccounting matrices (SAM) and other so-called “extended”
input—output models to capture activities of income distribution in the economy in
a more comprehensive and integrated way, including especially employment and
socia] welfare features of an economy. The basic concepts of SAMs are explored and
derived from the SNA introduced in Chapters 4 and 3, and the relationships between
S5AMs and input-output accounts are presented. The concept of SAM multpiiers as
waell as the decomposition of SAM multpliers into compoenents with specific eco-
nomic interpretations are introduced and illustrated. Finally, technigues for balancing
SAM accounts for internal accounting consistency are discussed and a number of
illustrative applications of the use of SAMs are presented.

Chapter |2 presents the so-called supply side input—output model. with which the
name Ghosh is most often associated. 1t is discussed both as a quantity model (the
early interpretation) and as a price model (the more modern interpretation}. Rela-
tionships to the standard Leontief quantity and price models are also explored. In
addition, the fast growing literature on quantification of economic linkages and analy-
sis of the overall structure of economies using input—outpat data is examined. Finally,
approaches for identifving key or important coefficients in input—output models and
alternative measures of coefficient importance are presented.

Chapter 13 introduces and illustrates the basic concepts of structural decomposition
analysis (SDA) within an input-output framework. The concept of decomposition
of multipliers introduced in Chapter 6 and in Chapter 10 as applied to SAMs is
revisited as o way to analyze economic structure. The application of SDA w MRIO
is developed o introduce a spatial context. many applications are cited and sum-
maries of their resulls are presented. Next. mixed endogenous—exogenous models are
explored. These models expand upon the standard input—output model by allowing
for exogenous specification of both (some) final demands and (some) outputs. This
chapter also intreduces dynamic input—outpul models that more explicitly capture
the role of capital investment and utilization in the production process. Appen-
dices develop extended presentations of additional decomposition and mixed-model
results.

Chapter |4 briefly describes some additional extensions o input—output analysis
for which space does not permit a detailed treatment. including linkages to econo-
metric models, computable general equilibrium models, and measuring economic
productivity.

# Appendix A is an introductory review of matrix algebra concepts and methods used

throughout this text.

* Appendix B presents a highly aggregated series of the US inpul-outpul tables

referenced and used in end-of-chaptler problems in a number of chapters or in sup-
plementary problems included on the Internet website associated with this book
{www.cambridge.org/millerandblair).
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Table 1.1 lustrative Real Input—Output Data Locations

Dhata Loculion
LS Domestic Direct Requirements Matrix, 2003 Table 2.7
US Domestic Total Requirements Malrix, 2003 Table 2.4
Chinese Interregional and Intraregionsl Trunsactions, 2000 Table 3.7
Diirect Input Coefficients for the Chinese Multiregional Economy, 2000 Table 3 4
Leontiel Inverse Matrix lor the Chinese Multiregional Economy, 2000 Table 5.0
Four-Region, Three-Sector IRIO Mode! for the USA and Asis Prob, 10
Three-Region, Five-Sector IRIO Model for Japan, 1965 Table A4.1.1
Three-Region, Five-Sector MRIO Model for the USA_ 1963 Table A4.1.3
Compeonents of US Total Commodity Final Demand. 20403 Table 5.11
Seven-Sector US Inpul—Outputl Tables for 1997, 2003, and 20035 Prob. 7.1
Seven-Sector Direct Input Coefficients Outputs for Washington State, 1997 Prob. .10
Input-Output Transactions for the US Economy in Hybrid Units, 1967 Table 0.5
Technical Coefficients for the US Economy in Hybnd Units, 1967 Table V.6
Leontiel Inverse for the US Economy in Hybrid Units, 1967 Table 0.7
Nine-Sector Hybrid Unils US Technical Coefficients, 1963 and 1980 Prab. 9,10
Matcro SAM for Sri Lanka, 1970 Prob. 11.5
Macro SAM [or the US Economy, 1988 Prob. 1.8
SAM with Expanded Interindustry Detil for the USA, 1988 Table 11.22
Seleclted US Input—Cutput Tables, 1919-2008 Appendix B

¢ Appendix C provides an historical account of the early development of input-output
analysis. including a “pre-history” of the concepts that led to Leontief's work as well
as the many methodological developments and applications since.

1.4 Internet Wehsite and Text Locations of Heal Datasets

A websie associated with this text, www.cambridge.org/millerandblair, includes sup-
plementary information in three general areas: (1) additional text (appendices) in
selected areas that were nol possible to include in the printed text for a variety of
reasons, (2) solutions to end-of chapter problems as well as supplementary problems,
case studies. and suggested input—output analysis experiments and study projects and
(3} downloadable datasets of many of the examples and problems printed in the text as
well as a library of supplementary real-world datasets and references to additional data
that have come to our attention.

Throughout this text. in various illustrative examples and problems, we employ real
but highly aggregated input—output related data for various regions and nations as
well as illustrative interregional input—output (IRIC) and multiregional input-output
(MRIO) data and social accounting matrices (SAM). For convenience, Table 1. | shows
a kisting of these sets of data and their locations in this text.

Miller, Ronald E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.
Cambridge, , GBR: Cambridge University Press, 2009. p 8.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=42

Copyright © 2009. Cambridge University Press. All rights reserved.

May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable

copyright law.

8 of 9

http://site.ebrary.convlib/mitlibraries/docPrint.action?encrypted=61c6d3...

04/01/2011 14:38



Input-Output Analysis : Foundations and Extensions http://site.ebrary.convlib/mitlibraries/docPrint.action?encrypted=61c6d3...

References q

References

Baumol, William. 2000, “Leonticl”™s Greal Leap Forward.” Ecowenic Systems Research, 12,
141-152.

Leonticl. Wassily, 1936, “Quantitative [nput-Output Relations in the Economic System of the United
States.” Review of Economicy and Statistics, 18, 105-125,

1941, The Struchire aof American Economy T319-1939 New York: Oxford University Press.

Miller, Ronald E. and Peter D. Blair. 1985, faput-Ouipnt Analysis: Foundations and Extensions,
Englewood Cliffs, N1: Prentice-Hall.

FPolenske, Karen K. 1999, “Wassily W, Leontief, 1905-1999." Economic Svstems Research, 11,
341344,

2004, “Leonticl"s *Magnificent Machine” and Other Contributions to Applicd Economics,” in Erik
Dietzenbacher and Michael L. Lahr (eds. ). Wassily Leantief and Input-Output Economics. New
York: Cambridze University Press, pp. 9-29.

Polenske, Karen R. and Jiri V. Skolka (eds.). 1976, Advances in Inpui-Chtpul Analysis. Proceedings
af the Sixth International Conference on Inpul-Oulpu! Technignes. Vienna, April 22-26, 1974,
Cambridge, MA: Ballinger.

Rose, Adam and William Miemyk. 1989, “Input-Output Analysiz: The First Fifty Years” Economic
Systems Research, 1, 229-271.

Stone, Richard, 1984, “Where Are We Now? A Short Account of Input-Output Studics and Their
Present Trends,” in United Nations Industrial Development Organization ( UNIDO), Proceedings
af the Seventh International Conference on Inpui-Output Technigues. Mew York: United Nations,
pp. 439450 [Reprinted in Ira Sohn (ed. ). 1986, Readings in Inpul-Outpat Analysiz. New York:
Oxford University Press, pp. 13-31.]

Miller, Ronald E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.
Cambridge, , GBR: Cambridge University Press, 2009. p 9.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=43

Copyright © 2009. Cambridge University Press. All rights reserved.
May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable
copyright law.

9 of 9 04/01/2011 14:38



