Department for Economic and Socia Affairs
Statistics Division

Studies in Methods
Handbook of National Accounting

HANDBOOK OF
INPUT-OUTPUT TABLE
COMPILATION AND ANALYSIS

United Nations
New York, 1999

ST/ESA/STAT/SER.F/74

Series F, No. 74



NOTE
Symbols of United Nations documents are composed of capital letters combined with figures.

The designations employed and the presentation of material in this publication do not imply the
expression of any opinion whatsoever on the part of the Secretariat of the United Nations concerning the legal
status of any country, territory, city or areaor of its authorities, or concerning the delimitation of its frontiers
or boundaries.

Where the designation “country or area’ appears, it covers countries, territories or areas.

Litho in United Nations, New Y ork
24174—Qctober 1999—2,860

ST/ESA/STAT/SER.F/74

United Nations publication

SalesNo. F.99.XVIl.4

ISBN 92-1-161416-3

Copyright © United Nations 1999

All rights reserved. No part of this publication may be reproduced, stored in a public retrieval system, or
transmitted, in any form or by any means — el ectronic, mechanical, photocopying, recording or otherwise —
without the prior permission of the United Nations.



Preface

The Statistical Commission of the United Nations has been concerned with conceptual or practical
difficultiesin the implementation of the System of Nationa Accounts (SNA) since it was introduced in 1968.
At its 1983 session, the Commission agreed that the SNA should be revised with the specific objectives of
clarifying it and harmonizing it with related statistical systems rather than modifying it. Since 1986, many
expert group meetings have been convened by the United Nationsjointly with other international organizations
including the Internationa Monetary Fund (IMF), the Organization for Economic Cooperation and
Development (OECD), the World Bank and the Statistical Office of the European Communities
(EUROSTAT), to make specific recommendations to revise the 1968 version of the System of National
Accounts, Sudiesin Methods (ST/STAT/SER.F/2/Rev.3.Sales No. E.69.XV11.3). Their recommendations, a
major advance in national accounting, have been incorporated into the System of National Accounts 1993
(ST/ESA/STAT/SER.F/2/Rev.4.Sales No.E.94.XVI1.4). Adoption of the 1993 SNA was unanimously
recommended to the United Nations Economic and Social Council by its Statistical Commission at its twenty-
seventh session, held in New Y ork from 22 February to 3 March 1993. The Council recommends that Member
States consider using the 1993 SNA as the international standard for the compilation of national accounts
statistics to promote the integration of economic and related statistics, as an anaytica tool, and in the
international reporting of comparable national accounting data.

This Handbook isissued as part of a series being developed by the member organizations of the Inter-
Secretariat Working Group on National Accounts (ISWGNA)'. Their general objective is to support the
implementation of the 1993 SNA through further elaboration of concepts with regard to specialized areas of
national accounting, discuss existing and new compilation methodologies to measure the concepts of the
specific field dealt with in each Handbook, and finally present illustrative examples of analytical and policy
uses of the concepts. The relative extent to which each of the three elements is dealt with differs between the
Handbooks: Some focus more on conceptual issues, others detail compilation methodologies, while a third
group may focus on particular analytical and policy uses.

This Handbook is more than arevision of the United Nations publication entitled | nput-output Tables
and Analysis (ST/STAT/SER./14/Rev.1, SalesNo. E.73.XV11.11), which was published by the United Nations
in 1973. It was almost entirely rewritten by Vu Quang Viet, a staff member of the United Nations Statistics
Division (UNSD), in the Department of Economic and Socia Affairs (DESA), under the general guidance of
Jan W. van Tongeren, taking into account more recent developments. A draft of this Handbook had been sent
to international organizations and many 1/0O experts for comments. The draft was then revised taking into
account these comments as far as possible. Vduable comments were received from Erling Flottum of Statitics
Norway; Jean-Etienne Chapron of Institut national de la statistique et des études economiques (INSEE),
France; S.J. Keuning of Statistics Netherlands; Norbert Rainer, Austrian Central Statistical Office; Thijsten
Raa of Tilburg University, the Netherlands; Felizardo Suzara of UNSD and Willem van den Andel. The
Handbook deals with an area of concepts, compilation and analysis which has been developed in great detail
by many economists, who generally were not national accountants. However, it is not the objective of the

! To date the following have been published: Balance of Payments Manual (IMF, 1993); Balance of Payments
Compilation Guide (IMF, 1994); Handbook on Integrated Environmental and Economic Accounting
(ST/STAT/SER.F/61. SalesNo0.E.93.XV11.12); Handbook on Inflation Accounting (OECD, 1996); Handbook on System
of National Accounts for Transition Economies and (ST/STAT/SER.F/66. Sales No.E.96.XV1l.11); A System of
Economic Accounts for Food and Agriculture (FAO, 1996).



Handbook to give an overview of al these developments. Instead, its focus is on the much more recent
conceptual and analytical integration of input-output tables within the national accounting system, which was
largely accomplished in the 1968 SNA, but was further developed and refined in the 1993 SNA.

By integrating input-output tables and analysis with national accounting, an additional use of input-
output in national accounts compilation is added to the many analytical uses that have been developed since
Leontief created the andytica 1/0 model. Thisisthe statistical use of so-called supply and use tables, a specia
non-symmetric format of 1/O tables first developed in the 1968 SNA, which is used to check the interna
consistency of data on production and products.

Part One of the Handbook isdevoted to the analytical foundation of I/O analysis, the SNA accounting
and dtatistical foundation of 1/0 tables, and the methods of converting the supply and use tablesinto asingle
symmetric /O table. In this context, a bridge is made between the terminology used by input-output specialists
and the terminology developed in the 1993 SNA.

Part Two focuses on the compilation aspects of the supply and use tables with further elaborations
on the SNA concepts. Included here are compilation of production accounts (output, intermediate
consumption, value added), of final demand and imports, table balancing and updating. This part tries to be
as comprehensive as possible in presenting SNA concepts within the context of compiling the supply and use
tables so as to lessen the need by compilersto go back and forth checking with the 1993 SNA. However, this
part does not enter into the data resources in much detail; for that aspect the reader is referred to a handbook
of national accounting issued by the United Nations in 1986.

Part Three presents afew applications of input-output tables and models dealing with price deflation
and annual national accounts estimates, impact analysis and pollution study. The scope of this part of the
Handbook is obvioudy not complete in respect of the extensive literaturein thisfield. 1t isgenerally restricted
to the use of input-output in dealing with basic economic issues and does not enter into much detail on I/0
topics such as productivity and price analysis, analysis of energy consumption, use of 1/0O in economic
projections and forecasting, regional, interregional and international 1/0 tables or their use in production and
trade modelling, dynamic input-output analysis, etc. These types of studies normally require highly advanced
mathematical techniques that cannot easily be covered in depth in this Handbook. For information on these
advanced uses of 1/0 techniques the reader is referred to the numerous textbooks, books of readings on input-
output economics and numerous articles published in economic journals.?

The Handbook includes numerous examples which clarify many difficult concepts and methods of
economic compilation. Readers are advised to go through the examples in order to obtain a better
understanding of these concepts and methods. Furthermore, since economic analysis using input-output tables
involves the manipulation of large matrices, readers are encouraged to work through these examples using a

“Handbook of National Accounting, Accounting for Production: Sources and Methods, (ST/STAT/SER.F/39. Sales
No.E.86.XV11.11), is outdated in concepts but it contains valuable discussions on data sources and estimation techniques.

*To look for references of articles published in economic journals and books, readers should consult the Journal of
Economic Literature, classification 222, published by the American Economic Association. Current economic research
using /0O, besides other economic journals, may be found in Economic Systems Research, published by the International
I nput-Output Association.
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computer with the help of APL, LOTUS and EXCEL. Thetwo latter softwares can easily manipul ate matrices
with up to 60 sectors.
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COPP
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Main Abbreviations

Cost, insurance and freight / free on board

Cross-classification between Industries and Sectors

Classification of the Function of Government

Classification of Individual Consumption by Purpose
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Central Product Classification
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Gross Domestic Product
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International Standard Classification of All Economic Activities
Non-profit Institutions serving Households

Perpetual Inventory Method

Research and Development

Socia Accounting Matrix
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System of National Accounts
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PART ONE

ANALYTICAL AND STATISTICAL FOUNDATION OF
INPUT-OUTPUT MODEL






. BASIC INPUT-OUTPUT SYMMETRIC MODEL (SIOT)

A. Historical background

1.1 Input-output (1/0) analysis as a theoretical framework and an applied economic tool in a market
economy was developed by Wassily Leontief with the construction of the first input-output tables for the
United States for the years 1919 and 1929 which were published in 1936. Since then, tables describing the
interrelationships among various producers of an economy have been constructed for over 90 countries. For
the development of input-output methodol ogy and its application to important economic issues, L eontief was
honored with aNobel prizein Economic Sciencein 1973. The integration of an input-output framework into
the system of national accounts was developed and published in 1968 by the United Nations as a System of
National Accounts, Sudiesin Methods. Theintegrated work earned Professor Richard Stone, a Nobel prize
winner in Economic Sciencein 1984 "for having made fundamental contributions to the development of the
systems of national accounts and hence greatly improved the basis for empirical economic analysis'.

B. A simpleinput-output framework

1.2.  The fundamental contribution of input-output in economics is the transformation of Francois
Quesnay's Tableau Economique - a descriptive device showing sales and purchases relationships between
different producers and consumers in an economy - into an analytical framework which facilitates economic
projections and analyses. It assumes that the inputs used in producing a product are related to the industry
output by alinear and fixed coefficient production function (at least in the short run). Under this assumption,
input and output relationships are transformed into technical relationships, with each column in an input-output
coefficient table representing a technique of production.

13. In a smple, refined form based on the open system® originally designed by Professor Leontief, an
input-output coefficient table represents, in each of its columns, atechnique of production by which only one
product is produced.? One may understandably argue against the application of so Simple an assumption as
the assumption of linear and fixed coefficients. However, the use of input-output economics can be justified
on the notion that a technique of production will not change much over a short period and, even if it does
change, the engineering data or statistical data collected by censuses on inputs utilized by an industry, which
represent a new technology in an input-output column, can be obtained to replace the old column. Because
input-output tables in theory can be in monetary units or in both physical and monetary units, the construction
of such tables may be implemented independently of national accounts. In fact many economists have
attempted to combine both physical and monetary units in an input-output table, especialy with respect to

An open system does not internalize every transaction in the economy. It treats part of the economic transactions
in the economy, specifically final demand as exogenous.

Because of the assumption that one industry produces only one product, the inter-industry transaction table, which
isalso called the table of intermediate consumption, must necessarily be not only square but also symmetric. The I/O
model based on this table will be called symmetric I/0 model or SIOT.
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energy and minera products and therefore engineering data are quite useful to them. However, because input-
output tables elaborated as supply-and-use tablesin monetary terms have been found to be powerful tools for
compiling production accounts in national accounts, they have been integrated into the United Nations System
of National Accounts since 1968. This enhances the accuracy of input-output tables through the process of
balancing supply and use of every commodity in agiven economy asit istransacted in the market at different
pricesto different users. Because of the latter reason, the Handbook will focus mainly on the construction of
an input-output table as part of a national accounting system, but the final product should satisfy the basic
requirements of an input-output model.

14.  Thefollowing parts of this chapter will explain the basic input-output economic model and some of
its basic economic implications. For simplicity in presentation, the various elements of net final demand,
which include fina consumption expenditures and gross capital formation of the household sector, the
government sector and the sector of non-profit institutions serving households and exports minus imports® will
be considered as a single column vector and elements of value added, which are also referred to in economic
literature as primary inputs, will be considered as asingle row vector. It is aso assumed that producers do
not engage in any secondary production, i.e., they produce only their characteristic products or, in other words,
one type of producers produces only one type of products. Thus, henceforth, no distinction will be made
between industries and products.

15.  Aninput-output table focuses on the interrel ationships between industries in an economy with respect
to the production and uses® of their products and the products imported from abroad. In atable form (seetable
1.1) the economy is viewed with each industry listed across the top as a consuming sector and down the side
as asupplying sector.

Table1.1. A highly smplified input-output accounting framework

Industries Net final demand Total output
Industries F Y X
Value added Y,
(Primary inputs)
Total input X

3Because imports are netted out, hence the term "net final demand"” is used.

“It is important to note that purchases of goods and services by a producer should not be equated to usages or
consumption since on the one hand part of current purchases may be held as stocks for future uses, and on the other hand,
current consumption may exceed current purchases of input by the quantity or value of stocks which were bought in
previous periods and are brought out for use in the current production period. This distinction between purchases and
consumption is important for the balancing of input-output tables.
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16. Table 1.2 below showsasimplified set of accounts distinguishing three producers and showing the
input-output flow matrix describing their transactions. The values in the square box represent intermediate
consumption, i.e. uses of products as inputs in the production process.

Table 1.2. Input-output flow table and accounts

Industry A Industry B Industry C Fina Total
demand output
Industry A 0 20 45 35 100
Industry B 30 0 30 140 200
Industry C 0 80 0 70 150
Value added 70 100 75
Total input 100 200 150
1.7. Input-output analysis became an economic tool when Leontief introduced an assumption of

fixed-coefficient linear production functions relating inputs used by an industry along each column to its output
flow, i.e., for one unit of every industry's output, afixed amount of input of each kind isrequired. Thisfixed
relationship isintroduced in table 1.3. The entriesin each column of table 1.3 are obtained by dividing the
entries in the column by the total input of the consuming industry.

Table 1.3. Input-output coefficient table
I nputs per unit of output

Industry A Industry B Industry C
Industry A 0.00 0.10 0.30
Industry B 0.30 0.00 0.20
Industry C 0.00 0.40 0.00
Value added 0.70 0.50 0.50
1.8. In the above table, for example, one unit of output of industry B requires 0.10 unit of output of

industry A, 0.40 unit of output of industry C, and generates 0.50 unit of value added. Similarly, one unit of
output of industry C requires 0.30 unit of output of industry A, 0.20 unit of output of industry B and generates
0.50 unit of value added. Thus, in order to produce output X A’ XB and X c the amount of product A (output
of industry A) required as intermediate input is equal to

(L1) 000X, +0.10X, +0.30 X

19 Equation 1.1 calculates the total amount of product A used as intermediate input in the production
process of an economy. If the remaining value of the same product left for net final demand, i.e. 35 in table
1.2 isfurther added to intermediate consumption, the total output of industry A is obtained in equation 1.2.

(12) 0.00X, +0.10X; +0.30X, + 35 = 100



6

It is possible to check the equality property of equation 1.2 by replacing the values of XA' XB and XC intable
1.2 by their actual values. The results are shown in equation 1.3.

(1.3)  0.00x (100) +0.10x (200) +0.30x (150) + 35=100
The utilization of products B and C as intermediate inputs of production may be similarly calculated. In

general, the ratios shown in the box in table 1.2 could be written in more abstract terms, such as thosein table
1.4, so that an input-output model may be formulated.

Table 1.4. Input-output coefficient tablein more general terms

Industry 1 Industry 2 Industry 3 Net final demand
Industry 1 a,; ay, Ay, Y,
Industry 2 3, 3, Qs Y,
Industry 3 3y 3, Qs Y,
Value added V, V, V,

Therelationshipsin equations 1.1, 1.2, 1.3 using general terms of table 1.4 can be written as follows:

ay Xy+tap X, +a Xy +Y, = X,
(1.4) B Xyt a, X, +as Xy +Y, = X,
B Xy +ap X, +ag Xy +Y; = X,

In matrix form, equation 1.4 can be written as follows:

X Y.

a 1

11 X
(1.5) 8y 8y Ayl x X% (Y| T (X
Ay 8 Ayl X Y, X

a

12a'

13 1

1.10. Inamoregenera form with nindustry and n products, Where stands for input i (product of
industry i) used in the production of one unit of output of industry j, syétems of equations 1.4 and 1.5 can
be written as follows:

all Xl +612X2+ ..... + a.ln Xn + Yl = Xl
(1.6) ayX; +a, X+ ... + &, X, + Y, =X,
. + .+ L. + .+ . = .
anlxl +Q]ZX2+ ..... + annxn + Yn = Xn
a, a, - anl x| [V X,
. anl X Y, x| andinmatrix form,
P T M S



The computation of the coefficient matrix can be described in the following mathematical form:

where Fi' stands for an element of the flow table as described in a square box of table 1.1. Equation 1.7 is
usually vélritten in matrix form, as

(1.8) AX +Y = X

1.11. Relationship 1.8 isthe basic input-output system of equations. Matrix A is called the input-output
coefficient matrix, vector X isthe vector of output and vector Y isthe vector of net final demand. The
dimension (size) of matrix A is constrained only by the statistical information on inputs and outputs
available to statisticians since some countries have constructed input-output tables of up to amost 500
industries.

C. Theinverse matrix
1. Solution of an input-output model
1.12. Equationsin the form of equation 1.8 are much more suitable to model-building or analysis. If the
values of the coefficients and of net final demand are known, then it is possible to solve this set of
simultaneous equations in order to find the level of output of various industries necessary to satisfy the

specified level of net final demand.

1.13. Mathematically, the vector of output X in the system of equation 1.8 can be solved asfollows:

X-AX = Y
L9 (-AX = Y
X = (-AYY

where | stands for the identity matrix whichisa sqpiare matrix where all the diagonal elements are equal to
1 and all other elements are equal to zero. (1 - A) ~ isthe Leontief inverse which can be calculated with
difficulty. At present, microcomputers can easily invert amatrix of asize greater than 200. The
availability of microcomputers has facilitated the application of input-output analysisin developing
countries.

1.14. However, as shown in equation 1.9, (I - A)'1 isjust abig black box without much economic
meaning, and it is therefore important to explain the economic meaning of thisinverse.

2. Economic interpretation of theinverse
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1.15. Theinput structures represented by the A-matrix and discussed in previous sections of this chapter
show the type and amount of various inputs each industry requires in order to produce one unit of its
output but tell nothing about indirect effects. For example, the effect of the production of a motor vehicle
does not end with the stedl, tyres and other components required. It generates along chain of interaction in
the production processes since each of the products used as inputs needs to be produced and will, in turn,
require various inputs. The production of tyres, for instance, requires rubber, steel and cloths, etc. which,
in turn, require various products as inputs including the transport service provided by motor vehicles that
necessitates the production of motor vehiclesin thefirst place. One cycle of input requirement requires
another cycle of inputs which in turn requires again another cycle. This chain of interactions goesinto
infinity. However, the sum of all these chained reactions is determined from the value of the L eontief
inverse.

1.16. Thechain of actionsin asimplified form isillustrated in the following chart.

Direct effects Y Direct inputs | Y Indirect inputs

Indirect effects

Direct effectsinitially resultsin the requirement for direct inputs which then require a chain of indirect
inputs. The sum of direct inputs and indirect inputsis normally called indirect effects.

1.17. Inchainreactionsin input-output analysis, the first exogenous shock is assumed to be initiated by
an exogenous increase in net final demand, like an increase in export demand, or an increase in fixed
capital formation. This assumption is made mainly for the sake of simplicity of exposition. Actualy, the
first shock can happen anywhere. It can be an increase in domestic production of intermediate
consumption to replace imports, an increase in indirect taxes, a change in technology represented by
changes in input structures, etc.

1.18. Intable 1.5, aninitial increase in the net final demand of 1,000 units of product B is assumed.



Table 1.5. Direct and indirect inputs

Initial Direct Indirect inputs Total
increasein | input output
net final
demand Round | Round | Round | Round Round
1 2 3 4 n
Formula F AF AF A3F A*F A"F
A 0 100 120 11 16.8 257
B 1,000 0 110 36 12.1 1,171
C 0 400 0 44 14.4 468

1.19. The chain reactions generated by an increase in net final demand include a string of outputs. In
thefirst round, it is the incremental output to meet the increase in net final demand. In the second round, it
isthe incremental output to meet the input requirement of production to meet the increase in net final
demand. In the third round, it is the incremental output to meet the input requirement of the incremental
output of the second round. The number of rounds goes on to infinity. Since the coefficient matrix A
describes the input requirement of any increase in output, the chain reactions can be written as follows:

Exogenous shock Y F = F
First round F Y AxF = AF
Second round AF Y AXAF = AZF
Third round A’F Y AXA’F = ASF
n™ round A F Y AXA™F = A"F
TOTAL Y (I+A+. +A" F
IMPACT
Total impact = gross outputs generated
=F+AF+AZF+A%F+ L+ ATF

(1 +A+A% +A% + +ANE

1.20. Table 1.5 includes the values of each round in the chain reactions to an
exogenous shock on net final demand. The values of these rounds can be
calculated as follows:

F = |1000

0
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0 .10 .30 0 100
AF " |.30 0 .20| x|1000| " | O
0 40 O 0 400

0 .10 .30, |100 120
A%F " [30 0 .20{x| O |"]|110
0 40 O 400 0

Mathematically,

(110° 1+A+A%+AS +A" = g-A)T

as n approaches infinity (or, more formaly, as n 6 4). However, it is not necessary to use the iterative
approach used in equation 1.10 to calculate the Leontief inverse as there are other approaches that can
calculateit directly. The Leontief inverse of the I/O coefficients in the example of table 1.3 isshown in
table 1.6 below.

Table1.6. Theinverse matrix (I —A)'1

Industry A Industry B Industry C
Industry A 1.077 0.257 0.375
Industry B 0.351 1171 0.340
Industry C 0.141 0.468 1.136

1.21. Theinverse matrix (| -A)'1 is fundamental to input-output analysis asit shows the full impact of an
exogenous increase in net final demand on all industries. With such amatrix it is possible to unravel the
technological interdependence of the productive system and to trace the generation of output demand from
final consumption which is part of net final demand throughout the system. It is then possible to calculate
what output levels would be required to meet various postulated levels of net fina demand and

consequently how output levels would be required to change to meet postulated changes in net final
demand.

*This relation holds under certain conditions on the structure of matrix A as discussed in the appendix to this chapter,
para. 1.60.
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D. Measurement unit

1.22.  Inprevious sections, the units used to measure inputs and outputs have not been discussed.
Nevertheless, it is easy to detect that the flow matrix of table 1.2 and the I/O coefficients derived from it in
table 1.3 are all based on monetary values. Henceforth, in an input-output table, the following postul ates
are maintained:

(a) Totd input is equal to total output in each producing unit;
(b) Each 1/0 coefficient is smaller than 1.0; and

(c) Asaresult of (a) the sum of /O coefficients plus value added coefficientsin each column of
the I/O coefficient tableis equal to 1.0.

1.23. Intheinverse matrix describing total direct and indirect input requirements, the diagonal elements
in the Leontief inverse shown in table 1.6 are at least equal to 1.0. This means that to produce one
additional unit for delivery to net final demand, it is hecessary to increase output by at least one unit.

1.24.  Aninput-output model, however, does not have to be measured in monetary values. Infact, each
input and output can be measured in different physical units - steel in tons, petroleum in liters or gallons,
services in money, etc. If so, each 1/0 coefficient would no longer be smaller than 1.0 and the sum of the
coefficients along each column cannot be meaningfully calculated, since it is not possible to add applesto
oranges.

1.25.  Ascommonly done in most countries, an input-output system is compiled in monetary values,
sometimes but rarely supplemented with additional tables of physical units. The main advantage of a
monetary value table isthat errors can be detected by the requirement that the column sum and the row
sum of each producer in the flow table must be equal (of course only if each producer is producing only
one product).

E. Pricesand costs
1. Pricesas costs of production

1.26. It wasnoted earlier that a column of an input-output matrix together with value added accounted
for al the expenditures of a producer. It follows that the price of each product can be built up from the
prices of inputs that are used to produce that product.

1.27. Ascan be seen from matrix A in equation 1.7, in order to produce one unit of product 1, one needs
the set of input (8, ay ... &, ... a,)°. Then, if p; isthe price per unit of product i, the cost of intermediate
inputs to produce a unit of product 1 can be written as follows:

(1.11) p15111+p2a21+...+pi a|1+...+pn a

eaj isnow a"real" technical coefficient.



12

1.28. The difference between the unit price of product 1 and the cost of intermediate inputs for the
production of aunit of product 1 is equal to the value added per unit of product 1.

(12.12) pl-(p1all+p2a21+...+p1a|1+...+pn a,,l):v1
By switching elements of 1.12 around, asimplified system of price equations follows:
p1=p1a11+p2321+ ...+pi a|1+... +pnanl+v1

P,=p,a2+p,a2+..tp.a2+..+t+p az2+v
(1.13) 2. 177" P2 % . v nmneo2

P,=P aN+p,ant..tpant..+p an+v
1.29. Solving for priceiseasier using matrix methods. The price equations are transformed into:

pl all aZl ) anl pl Vl

p. . p. V.
(1.14) ol . [P B anzx 2% 2

pn aln a2n ) a‘nn pn Vn
1.30. Theblock of "a" coefficients in the above equation 1.14 is the coefficient matrix "A" with itsrows
and columns interchanged, i.e., it is matrix A that istransposed and can be written as A'. Aspisdefined

as the price vector and v as the value added vector, the above set of equations can then be simply written
as:

(1.15) p=Ap+v
which, when solved for p gives
(1.16) p=(l - A')_1 v
1.31. It should be noted that the inverse matrix in equation 1.16 is similar to the Leontief inverse

described in the previous section. In fact, it can be proven that the inversein 1.16 is the transpose of the
Leontief inverse. (Proof can be found in most textbooks on linear algebra).

(I&A’)&1 - ([I&A]&l)’
1.32. Asone can see below:

1.077 0.257 0.375
(&A% " (0351 1.171 0.340
0.141 0.468 1.136
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then

1.077 0.351 0.141
(1&A)%) = |0.257 1.171 0.468
0.375 0.340 1.136

each column of the matrix on the left hand becomes arow of the matrix on the right hand, with the column
indexing becoming row indexing.

2. Priceanalysisin input-output

1.33. Inasmplified input-output model with constant coefficients, price andysisis shown in equation 1.16
which alows the calculation of the effects on price levels induced by changesin value added, i.e., given that
v isknown, p can be calculated.

1.34. However, in order to clearly understand price analysisin input-output methodology, particularly when
most input-output tables are in monetary values, it is useful to show price analysis when input-output analyses
are constructed in physical units.

1.35. Equation 1.16 showsthat v isthevector of value added in monetary terms per unit of physical output
if A istheinput-output coefficient matrix constructed in physical output. However, if A ismeasuredin
monetary terms, v isthe vector of value added per monetary unit of output (for example per one dollar of
output). Then every element of the price vector pisequal to 1.0 (seetable 1.7). Thissimply meansthat the
selling price of 1 dollar worth of output is 1 dollar. For the value of v, see table 1.3.

Table1.7. Effectsof valueadded on pricesusing |/O tablein value terms

p = (-A) N

1 1.077 0.351 0.141] [.70
1f = |0.257 1.171 0.468| x |.50
1 0.375 0.340 1.136] |.50

1.36. Theprice of every product in vector pintable 1.7 is equal to 1 when no change is madein coefficient
A or in the vector of value added v. This does not mean that such a calculation is of no useful application.
Infact, it is quite useful to calculate changesin prices as aresult of changesin value added.

1.37. Table 1.8 shows a useful application of price analysis. It attempts to answer a question of the type
"what will be the effect on the product pricesif value added per unit of product B increases by 10 per cent."
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Table 1.8. Effectsof valueadded on pricesusing I/O table
in monetary terms

p'= (LAY v

1.017 1.077 0.351 0.141| (.70
1.058( " [0.257 1.171 0.468| x |.55
1.018 0.375 0.340 1.136| |.50

Changesin relative prices are equa to:

n
P p sincep, " 1
p;
1.38. With the new value of v (denoted by v") for product B at .55 in table 1.8 (that is 10 per cent higher

thantheold v valueintable 1.7), the price of product B increases by amost 6 per cent while prices of other
products increase by almost 2 per cent.

3. Somerulesin price analyses

1.39. Thefollowing rules can be derived in analyses of changesin relative prices due to technical changes
as reflected by changesin the I/O coefficients or value added:

@ Changesin relative prices, given changesin vaue added or technical coefficients, will be the
same whether the /O table is constructed in physical units or monetary units;

(b) Changes in value added or coefficients can be directly introduced into the /O table in
monetary units without any further adjustment as long as the prices of the base period where
each price is equal to 1 is used for comparison; thus, the sum of the coefficients in each
column, including the coefficients with new values need not be equa to 1.

1.40. Theexamplein table 1.9 (see below) will demonstrate that the relative price changes, as shown by
p" in table 1.8, will be the same whether the 1/O coefficients table isin monetary terms or in physical units.
From the same example, if the new price vector is used to update the 1/0 coefficient matrix, by the relationship:

(1.17) p A" p&

then the sum of each column of the new updated 1/0O coefficient will be equal to 1. The following paragraphs
will explain the rules mentioned above through an example in table 1.9. The 1/O table in constant prices
discussed in chapter XI is the table obtained by applying the relationship in 1.17

1.41. The physical tables shown on the left-hand side of table 1.9 present flow and coefficient tables
expressed in physicd units; the va ue tables on the right-hand side are flow and coefficient tables in monetary
terms, similar to what has been shown in tables 1.2 and 1.3.
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1.42. Intheflow table of physical units, value added and price per unit of physical output can be used to
derive the flow table and other information in monetary terms on the opposite side. These are shown in lines
1-6. For example, the first row of the flow table in monetary terms on the right-hand side is calculated by
multiplying the first row of the flow table in physical units on the left-hand side, which refers to the
intermediate consumption of the first product, by the unit price of the first product 0.20 shown as the first
elementinline 6. Coefficient tables and value added coefficients are calculated on the basis of information
provided in lines 1-6 and are shownin lines 7-10. Unit pricesfor the table in monetary terms on the right-hand
side of line 6 are all equal to 1.0, asexplained in para. 1.35.

1.43. Thesecond st of information relating to changesin value added isshown inlines 11-12. New values
of value added per unit of physical output are shown on the |eft-hand side of line 11. Here, only value added
per physical unit of the second producer is assumed to change, increasing it 10 times, from 5.0 (line 10) to 50.
This increase may result from a substantial one in taxes on products due to, for instance, a desire by the
Government to drastically reduce the production and consumption of that product. New value added per unit
value of output of the second producer on the right-hand side of line 11 can be calculated by dividing value
added per unit of physical output on the left-hand side of line 11 by the price per unit of physical output on
theleft-hand side of line 6. It should be recognized here that this calculation is based on the old price system.
In the table in monetary terms, the new value added coefficients on the basis of the old price system can be
calculated directly. In our example, if the new value added coefficient of producer 2 isincreased 10 times, it
should be equal to 0.50 x 10 = 5.0.

1.44. Using the formula and procedure in table 1.8 above, the new price per unit of physical output based
on new vaue added coefficientsis shown in line 12 while changesin relative prices, which are calculated by
dividing valuesin line 12 by corresponding valuesin line 6, are shown in line 13. One could conclude from
this exercise that changesin prices, given changes in value added coefficients, are the same whether one uses
physical or value 1/O tables for analysis.

145. Itisinteresting to note, however, that when changes are introduced in the coefficient tables compiled
in monetary terms, the sum of the new coefficients in each column does not have to be equal to 1.0. For
example, as can be seen from column 2 of the coefficient table on the right-hand side, the sum of intermediate
consumptionin line 7 to 9 and the new value added coefficient in line 11 isnot equal to 1.0. In fact, the value
added coefficient in value terms adone is equal to 5. One may introduce changes in technical coefficients and
consequently in input-output coefficientsin monetary terms and one would also obtain the same results without
having to reduce the column sum of the new matrix termsto 1.0. In this case, the new 1/O coefficient tableis
still measured in the old price system. The conversion of the new 1/0 coefficient table to the new price system
will bring back the standard rule that the sum of each column I/O coefficient table must be equal to 1.0. The
new |/O coefficient matrix in the new price system is obtained by using the following formula:

p" A" (B

where P " isthe diagonal matrix with values of vector p in the diagonal. The new value added coefficient
in the new price system is obtained by dividing each element of v with the corresponding valueinp”. A" and
pn are shown in the lower part of table 1.9 from line 14 to line 17 To summarize then: When changes in
technology areintroduced into coefficients of an input-output table in monetary termsin the same price system,
the sum of each column of the new table does not need to add up to 1.0. However, given these changes, anew
price system is established and if the input-output coefficients are recal culated on the basis of this new price
system, the sum of each column of the new table should add up to 1.0.



16

1.46. Furthermore, theintroduction of an arbitrarily large change in value added per unit of physical output
and the reflection of that change on product prices on the basis of adding up costswere purely for illustrative
purposes. The basis for such an example may be considered economically unsound because the reaction to
an increase in taxes may result in production cut-backs or in changes in demand which cannot be easily be
formulated in a simple input-output model.
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Table1.9. Analysisof price changesusing physical and

Physical tables
Flow table

0 100 225

3 0 3

0 80 0
70 100 75
500 20 150
0.20 10 1.0

Coefficient table

0 5 1.50
0.006 0 0.02
0 4 0
0.14 5.0 0.5
0.14 50 0.5
0.516 62.69 2.528
2.580 6.269 2.528

value /O tables
Lines Valuetables
Flow table
1) 0 20 45
2 30 0 30
(3) 0 80 0
(4) 70 100 75
(5) 100 200 150
(6) 1 1 1
Coefficient table
(7) 0.00 0.10 0.30
(8) 0.30 0.00 0.20
9) 0.00 0.40 0.00
(10) 0.70 0.50 0.50
(12) 0.70 5.0 0.50
(12 2.580 6.269 2.528
(13) 2.580 6.269 2.528

Value added in
monetary terms

Output in
monetary
units

Unit price index

Old value added
per unit value
of output

New vaue
added per unit
value of output

New unit price
index

Changesin
relative prices

New coefficient table in new price system

(14) 0.000 0.041 0.306
(15) 0.729 0.000 0.496
(16) 0.000 0.161 0.000
a7) 0.271 0.798 0.198

Inter-
mediate
consumption

Value added
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Appendix
MATHEMATICAL BACKGROUND

1.47. Following are some of the fundamental definitions and operations in matrix algebra. Readers are
advised to consult textbooks on advanced econometricsif they wish to learn more about matrix algebra.

A. Fundamental matrix definitions

1.48. Matrix: Inagenera form, amatrix isarectangular grid containing elementsin m rows and n columns,
It issaid to have an (m x n) dimension. Below is an example of amatrix with m=3 and n=2:

1.49. Column vector: A column vector is amatrix with only one column and more than one row. Below
is an example of a column vector:

1.50. Row vector: A row vector is a matrix with only one row and more than one colum. Below is an
example of arow vector:

C " [45 6

1.51. Scalar: A scdar isareal number, i.e. amatrix with one row and one column: 4 for instanceisascaar.

152. Squarematrix: In asquare matrix, the number of rowsis equal to the number of columns, i.e. m=n.
Below is an example of a square matrix:

456
D ®" (213
6 38

1.53. Diagonal matrix: A diagonal matrix is asguare matrix with al off-diagonal elements equal to zero.
A diagonal matrix is normally denoted with a hat. Below is an example of a diagonal matrix:
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400
E"010
008

1.54. ldentity matrix: Anidentity matrix isadiagona matrix with al diagona elements equal to 1. Below
is an example of an identity matrix:

100
I 1010
001

1.55. Transpose: A transpose of a matrix is formed by transforming each of the columns of the origina
matrix into arow or vice versa. A transpose of A isnormally written as A'. Below is the transpose of matrix
A:

4 26
513

B. Fundamental matrix operations

1.56. Addition: Matrices may be added together if they have the same dimension. For example, if Alis
added to B1, then each element of the new matrix C1 identified by a row number and a column number (the
row number is aways identified first followed by the column number) isthe sum of the element of matrix Al
and the element of matrix B1 identified in the same position as the element in the resulting matrix. For
exampleelement C,, = Al,, + B1,,. Below is an example for adding the two matrices:

432 121 [ w2

221 0002 [2%0 20 1%2
553

223

1.57. Subtraction: Similarly to addition, one matrix can be subtracted from the other if they have the same
dimension. The process of subtractionis similar to the process of addition. Below is an example of subtraction:

4 3 2 12 1 |4&1 3&2 2&1
221 00 2 280 2&0 1&2
311

2 2 &1
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1.58. Multiplication of arow vector and a column vector: In order for arow vector to be multiplied with
acolumn vector or vice versa, the number of elementsin the two vectors must be equal. The result will be a
scalar which isthe sum of the products of corresponding elements. Below is an example of a multiplication:

1
[4 3 2] x[2] " (4x1)%(3x2)%(2x0) = 10
0

1.59. Multiplication: Two matrices may be multiplied to one another only if the second dimension of the
matrix on the left-hand side is equal to the first dimension of the matrix on the right-hand side. Thus:

K X M = N
(mxn) (nxk) (mx k)

The second dimension of K, i.e nisequal to the first dimension of M, i.en. In multiplication, to obtain the
elements of the first row of N, the first row of K is multiplied respectively by the columns of matrix M
following the procedure in para. 1.58. The elements of other rows of N are also obtained similarly. Below is
an example of the product of two matrices:

In the example above, K has a 2x3 dimension, M has a 3x2 dimension, N must have a 2x2 dimension.
C. Solution of alinear equation system

1.60. Consider the following relationships:

X;+3X, = 8
2X,- X, = 10
then
13 i |8
2 &1’ x| 10

The system can now be written as BX =Y and the solution of X isX = B?Y. B'iscalled theinverse. The
necessary and sufficient conditionsfor B to be invertibleisthat B is asquare matrix and that no row or column
in B is proportional respectively to other rows and columns, or a linear combination of other rows and
columns, i.e. al rows and columns are linearly independent. The system of equations may have asolution only
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if Bisinvertible. Inasimple system where B isascalar, X and Y are one-element variables. The solutionis
quitesimple. Let bx =y, thenx = (1/b)y. If b=2,y =10then x =5. 1/aissimilar in nature to the inverse
of matrix B. If a= 0 then x isindeterminate, i.e. it has no solution. No mathematical technique for matrix
inversion is presented because it is tedious and not economically revealing. Readers can find it in advanced
econometric textbooks.

1.61. The simpleinput-output economic model in which one industry produces only one commodity is a
linear equation system. Then B= (I-A)™* which is called the Leontief inverse. This Leontief inverseis aways
non-negative when:

-A ismeasured in value terms;
-g;, any element of A isnon-negative and smaller than 1, which under normal economic conditions,
is aways satisfied since the value of any input used is smaller than the value of output.
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II. THE SYSTEM OF NATIONAL ACCOUNTS (SNA) FRAMEWORK
OF SUPPLY AND USE TABLES (SUT): OVERVIEW

2.14. Theinput-output (1/0) model built around asymmetric 1/O coefficient matrix and described in chapter
| can be derived from the SNA framework of supply and use tables (SUT) which is an essentid part of the
SNA integrated national accounting structure. In this chapter, the SNA SUT, and the links between SUT and
institutional accounts of the SNA will be discussed. The appendixes will discuss the statistical units and
classification schemes based on which datafor SUT are collected. Methods used in deriving the symmetric
1/O coefficient table (SIOT) from the SUT are discussed in chapter 1V.

2.15. The SNA provides a comprehensive framework in which basic statistical data on transactions among
micro-producing units, i.e., the establishments, may be presented with minimum manipulation of statistical
data. Establishments as statistical units will be discussed in paragraph 2.54 below. Statistical data are
realistically presented in the basic supply and use framework of the SNA in the following senses:

-Any producing unit may engage in more than one activity producing more than one type of product;

-Goods and services as outputs are as far as possible valued at the prices at which they first entered
the market, i.e. basic prices or at equivalent market prices; they are only valued at costs when no
equivalent market prices are available;

-Goods and services as intermediate or final products are valued at the prices which users have to pay
for them.

2.16. Tables2.1, 2.2 (see paragraph 2.24 below) describe fully the SNA SUT. They are the supply-and-use
tablesthat are closdly linked. The supply table which isreferred to in the SNA of 1968 as the commaodity table
describes the sources of supply of products to the economy. The use table which was called the industry table
inthe 1968 SNA describes where the products and other primary factors are used, as well as the derivation of
value added as the difference between output and intermediate consumption of goods and services in
production. The basic principle in deriving these two tablesis that the total supply of a product must equal
the total use of the product.

A. Basic conceptsused in SUT

2.17. Beforethe supply and use tables are described, many concepts used in the SNA SUT are reviewed
below.

2.18. Industry: "Anindustry consists of agroup of establishments engaged in the same, or similar, kinds
of activity. At the most detailed level of classification, an industry consists of all the establishments falling
within asingle Class of 1SIC and which are therefore all engaged on the same activity as defined in the ISIC.
At higher levels of aggregation corresponding to the groups, divisions and, ultimately, sections of the ISIC,
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industries consist of groups of establishments engaged in similar types of activities’. An establishment
“combines both the kind-of-activity dimension and the locality dimension”. An establishment is defined as
an enterprise, or part of an enterprise, that is situated in a single location and in which only a single (non-
ancillary) productive activity is carried out or in which the principal productive activity accounts for most of
the value added®. The ISIC is the United Nations International Sandard Industrial Classification of All
Economic Activities®. The basis of these classificationsis the establishment, i.e. the statistical unit which will
be elaborated on in part D of this chapter and in chapter V. Theterm "producer” is used interchangeably with
the term "industry". Thus a"producer” does not refer to the owner of an enterprise or to the enterprise itself
but to agroup of similar economic activities classified under the same classification unit. Countries and groups
of countries may develop their own industrial classification to meet their specific requirements, but they should
be able to link with 1SIC. European Union countries uses the general Industrial Classification of Economic
Activities within the European Communities (NACE, Rev. 1) for their European System of National Accounts
(ESA 95), which is broadly consistent with the System of National Accounts of the United Nations (1993
SNA) as regards the definitions, accounting rules and classifications but incorporates certain differences,
particularly in its presentation, which is more in line with its use within the European Union. NACE is
harmonized with 1SIC.

2.19. Product: "Products' are used interchangeably with "goods and services' and are classified according
to the United Nations Central Product Classification (CPC), (ST/ESA/STAT/SER.M/77 Version 1.0) (see
appendix B). Similar to industries, countries and groups of countries may develop their own product
classification to meet their specific requirements, but they should be able to link with ISIC.  European Union
countries use the Classification of Product by Activity (CPA) as the standard for their European System of
National Accounts, which is harmonized with the United Nations Central Product Classification.

2.20. Industry output: Industry output is the total value of al products produced by an industry including
both primary and secondary products.

2.21. Product output: Product output is the total value of a product produced by all industries, i.e. all
resident producers in the economy.

2.22. Market, own final useand other non-market producers. Industriesin the SNA are grouped into
three broad categories: Market, own fina use and other non-market producers. "A market producer is an
establishment or enterprise all or most of whose output is marketed. It is perfectly possible for market
producers, both small unincorporated enterprises and large corporations, to have some non-market output in
the form of production for own final consumption or gross fixed capital formation. Own-account producers
consist of establishments engaged in gross fixed capital formation for the enterprises of which they form part
or unincorporated enterprises owned by households all or most of whose output is intended for fina
consumption or gross fixed capital formation by those households: for example, owner-occupiers or
subsistence farmers who sell none, or only asmall fraction, of their output. Other non-market producers consist
of establishments owned by government units or NPISHs [non-profit institutions serving households] that
supply goods or services free, or at prices that are not economically significant, to households or the

gystem of National Accounts, 1993 (United Nations publication, Sale s No.E.94. XV11.4), para. 5.40.
%bid , paragraph 5.21.

3United Nations Publications, Sales No.E.90.XVI1.11.
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community as awhole. These producers may also have some sales of secondary market output whose prices
are intended to cover their costs or earn a surplus: for example, sales of reproductions by non-market
museums.”* Products are also similarly grouped into three broad categories: market, for own final use and
other non-market. The classification of activities and products into the three categoriesis not required to obtain
an 1/0 table SIOT as described in chapter | but it will provide useful information in estimating new 1/0
coefficients if there are changesin the shares of the categories. Thisis becausein an 1/0 model based on an
SIOT table, acolumn representing a production technology used in producing a product is normally aweighted
average of different technologies used in producing that product. To be more useful to 1/0 analysis, market
producers should be classified into two groups: unincorporated and own-use producers of household activities
which may use more primitive technology; and corporate enterprises which are large and may use more
advanced technology. Thislatter distinction is also useful for the purpose of identifying value added generated
by the household sector.

2.23. Valuation of outputs: "Goods and services produced for sale on the market at economically
significant prices may be valued either at basic prices or at producer's prices. The preferred method of
valuation is at basic prices, especialy when a system of VAT, or similar deductible tax, is in operation,
although producer's prices may be used when valuation at basic pricesis not feasible.”® “The basic priceis
the amount receivable by the producer from the purchaser for a unit of a good or service produced as output
minus any tax payable, and plus any subsidy receivable, on that unit as a consequence of its production or sale.
It excludes any transport charges invoiced separately by the producer; the producer's price is the amount
receivable by the producer from the purchaser for a unit of a good or service produced as output minus any
VAT, or similar deductible tax, invoiced to the purchaser. It excludes any transport chargesinvoiced separately
by the producer.”®

211 Valueadded: "Vaue added is the balancing item in the production account for an institutional unit
or sector, or establishment or industry. It measures the value created by production and may be calculated
either before or after deducting the consumption of fixed capital on the fixed assets used....Gross value added
is defined as the value of output less the value of intermediate consumption; net value added is defined as the
value of output less the values of both intermediate consumption and consumption of fixed capital.”” Value
added at basic prices of an industry is the difference between the industry output at basic prices and the
intermediate consumption of the industry at purchasers' prices.

2.12. Operating surplus is a balancing item, which is equa to value added minus compensation of
employees, minus taxes less subsidies on production and imports. Operating surplus that includes
consumption of fixed capital is called gross operating surplus; without consumption of capital, it is called net
operating surplus. Operating surplus is calculated residualy given value added and compensation of
employees, other taxes less subsidies on production and consumption of fixed capital. Vaue added at market
prices (either a producers prices or purchasers prices) for the total economy isthe sum of value added at basic
prices plus taxes less subsidies on products.

49ystem of National Accounts 1993, para.. 6.52.
®Ibid, para. 6.218.
®Ibid, para. 6.222.

"Ibid, para. 6.222.
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2.13. Compensation of employees: "Compensation of employeesis defined as the total remuneration, in
cash or in kind, payable by an enterprise to an employee in return for work done by the latter during the
accounting period.... No compensation of employees is payable in respect of unpaid work undertaken
voluntarily, including the work done by members of a household within an unincorporated enterprise owned
by the same household. Compensation of employees does not include any taxes payable by the employer on
the wage and salary hill - for example, a payroll tax. Such taxes are treated as taxes on production in the same
way as taxes on buildings, land or other assets used in production.”®

2.14. Taxeson production and imports: Taxes on production and imports include taxes on products and
other taxes on production.

- Taxeson products: Taxes on products are “ payable on goods and services when they are produced,
ddivered, sold, transferred or otherwise disposed of by their producers; they include taxes and duties
on imports that become payable when goods enter the economic territory by crossing the frontier or
when services are delivered to resident units by non-resident units; when outputs are valued at basic
prices, taxes on domestically produced products are not recorded in the accounts of the System as
being payable by their producers.”® Taxes on products can consist of: value added type taxes (VAT),
taxes and duties on imports excluding VAT, export taxes, taxes on products except taxes listed above.
These taxes are called commodity taxes in the 1968 SNA. Subsidies on products are defined in a
similar way.

- Other taxeson production: Other taxes on production consist “mainly of taxes on the ownership
or use of land, buildings or other assets used in production or on the labour employed, or
compensation of employees paid. Taxes on the personal use of vehicles, etc. by households are
recorded under current taxes on income, wealth, etc.”*°. Examples of other taxes on production are
taxes payable by producers for business licenses, payroll taxes, stamp duties, etc. These taxes are not
proportional to the value of goods and services produced. In the 1968 SNA, these taxes are called
other indirect taxes.

2.15. Subsidieson production and imports: "Subsidies are current unrequited payments that government
units, including non-resident government units, make to enterprises on the basis of the levels of their
production activities or the quantities or values of the goods or services which they produce, sell or imports."*.
"Subsidies are not payable to final consumers, and current transfers that governments make directly to
households as consumers are treated as socia benefits. Subsidies also do not include grants that governments
may make to enterprisesin order to finance their capital formation, or compensate them for damage to their

8 bid, para. 7.21.
°Ibid, para. 7.49.
O1pid., para. 7.49.

Y bid., para. 7.71.
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capital assets, such grants being treated as capital transfers.”*2. Subsidies on production and imports are
divided into two distinct items:

- Subsidies on products. "A subsidy on a product is a subsidy payable per unit of a good or
service."?

- Other subsidies on production: These“consist of subsidies except subsidies on products which
resident enterprises may receive as a consequence of engaging in production.”** Examples are
subsidies on payroll or workforce, subsidies to reduce pollution.

2.16. Grossmixed income: "Mixed income contains an unknown element of remuneration for work done
by the owner of the enterprise, or other members of the same household, as well as the [operating] surplus
accruing from production.”* Mixed income is the term reserved for the balancing item in the generation of
income account for "unincorporated enterprises owned by members of households either individually or in
partnership with others in which the owners, or other members of their households, may work without
receiving awage or salary. Owners of such enterprises must be self-employed: those with paid employees
are employers, whilethose without paid employees are own-account workers. Inafew casesit may be possible
to estimate the wage or salary element implicitly included within mixed income, but thereis usually not enough
information about the number of hours worked or appropriate rates of remuneration for values to be imputed
systematically.”*® The concept of mixed income is necessary because, practically, satisfactory estimates of
compensation of employees for owners are not possible. Dwelling services for own consumption produced
by owner-occupiers do no generate mixed incomes since “there is no labour input into the production of the
services of owner-occupied dwellings so that any surplus arising is operating surplus.”*’

2.17. Consumption of fixed capital: "Consumption of fixed capital isa cost of production. It may be
defined in general terms as the decline, during the course of the accounting period, in the current value of the
stock of fixed assets owned and used by a producer as aresult of physical deterioration, normal obsolescence
or normal accidental damage. It excludes the value of fixed assets destroyed by acts of war or exceptiona
events such as major natural disasters which occur very infrequently.”*® Consumption of fixed capital is
therefore not the same as depreciation allowed for tax purposes. Consumption of fixed capital is commonly
calculated by the perpetua inventory method (PIM).

B. Structureof SUT

lbid., para. 7.72.
Bpid,, para. 7.73.
“Ibid., para. 7.79.
®bid., para. 7.85.
|bid., para. 7.85.
Ybid., para. 4.150.

8 bid., para. 6.179.
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2.18. The SUT intherevised SNA are presented astables 2.1 and 2.2. A more elaborate framework with
numerical examples can be found in the System of National Accounts 1993 (see footnote 1). These tables are
shown in general form so that they can be used later in the discussion of SUT and production accounts in
constant prices; thisisthe main reason for showing acolumn of price indexesin table 2.1(column 10) which
normally should not be there. The same tables but with numerical examples can be found in tables 3.1 and 3.2
in chapter 111 on valuation. Readers are advised to read tables 2.1 and 2.2 together with tables 3.1 and 3.2 in
chapter 111. The structure of tables 2.1 and 2.2 also differs dightly from table 15.1 on page 350 of the System
of National Accounts where taxes minus subsidies on products, trade and transport margins and total product
supply at purchasers prices are shown on the left hand side of the supply and use tables.

2.19. Inthe SUT, every activity or industry is classified by the way its outputs are used (market, for own
final use or other non-market) and its aggregate industry outputs are similarly classified. The design of tables
2.1and2.2isasimplified version of the SUT in SNA 1993, which does not take into account the identification
of industries by types of uses of the outputs they produce so asto assist the explanation of the double deflation
method in chapter X1 . Activities may be classified into three groupings. Intables 2.1 and 2.2, goods, market
services and other non-market services. The first two groups produce products for sale so they have market
prices or equivalent . These two groups also include producers for own final uses. The last group representing
government services and services provided by non-profit institutions serving households has neither market
prices nor equivalent. Products are similarly classified.

2.20. TheSUT framework hastwo tables. the supply tableand the use table that are closely linked together.
The supply table shows both the value of different products at basic prices produced in every industry and the
total supply of every product in both basic prices and purchasers' prices. The use table shows both the cost
of production in every industry, and the use of every product at purchasers pricesin the economy. In both
tables, products are presented as rows better to illustrate the balancing of their supply and usein the SUT of
the SNA. The supply of every product must be equal to the use of that product when measured in the same
price, and the output of an industry must be equal to its cost of production: these two principles are used in
balancing the supply and use tables.

1. Thesupply table

2.21. Inthesupply table 2.1 (see aso table 3.1), goods and services produced in the economy are measured
at basic prices. Basic prices do not include trade and transport margins and taxes on products. Vauesin basic
prices of products produced are shown in columns 1-3 and rows 1-3. Thefirst row shows the supply of goods
by different industries from column 1-3. Thetotal supply of goods at basic pricesis obtained in column 6 after
imports c.i.f. are added to the supply domestically produced at basic prices. So:

SB1=X11+X12+ X13+M1

2.22. Imports c.i.f. which exclude import duties are treated as equivalent to basic prices. The total supply
of goods at purchasers pricesis obtained by adding to the total supply of goods at basic prices their trade and
transport margins, and taxes minus subsidies on products including imports.

Thus; SP1=SB1+TM + TX1



Table 2.1. Thesupply table

Industries with output at basic prices | Importsc.i.f.| C.i.f./f.o.b| Tota product | Tradeand | Taxesminus | Tota product Price
(Total f.0.b) . supply transport subsides supply indexes*
Goods Market Other adjust- at basic prices margins on at purchasers
services  non-market ment products prices
services
Products: €] (2 ©) 4 ©) (6) U] ©)] ©)] (10)
Goods X11 X12 X13 M1 SB1=(1+.+5) ™ TX1 SP1=(6+.+8) P1
Market services X21 X22 X23 M2 -ADJ SB2=(1+.+5) -T™ TX2 SP2=(6+.+8) P2
Other non-market services X31 X32 X33 SB3=(1+.+5) TX3 SP3=(6+.+8)
C.i.f./f.o.b. adjustment -ADJ +ADJ 0
Purchases of residents abroad R R
Total industry output at basic 11=X11+ 12=X12+ 13=X13+
prices X21+X31  X22+X32 X23+X33
Other column total M 0 SB 0 TX SP

* Priceindexes areirrelevant for this chapter but will be used to describe the double deflation method in chapter XI1.



Table 2.2 Theusetable at purchasers prices

Industries Exports. Household final Government final Gross capital Total product
Intermediate consumption f.o.b. expenditure* expenditure formation** uses
Goods M arket Other nop-market
services services
(€] 2 (©) 4 ©)] (6 () €S)
Goods ull u12 u13 El HC1 K1 Ul=(1+.47)
Products Market services uz21 u22 uz23 E2 HC2 K2 U2=(1+.+7)
Other non-market services HC3 GC U3=(1+.+7)
Purchases of residents abroad R R
Purchases of non-residents at home NR -NR 0
Gross value added at basic prices V1 V2 V3
Compensation of employees w1 w2 w3
Other taxes on production oT1 oT2 oT3
Consumption of fixed capital CcC1 CcC2 cc3
Operating surplus/gross mixed income 0sl 0Ss2
Total industry output at basic prices 11 12 13
Other column total E HC GC K U
Price indexes P3

* In order to reduce the size of the table, household consumption also includes final consumption of non-profit institutions serving households (NPISHSs).
** Gross capital formation includes gross fixed capital formation, change in inventories and acquisition less disposal of valuables,
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2.23.  The supply of market services and non-market services is similarly treated. To obtain the value of
output produced by each industry, we only need to sum the vaues of different products produced by the
industry as shown in the corresponding column. The value of the industry producing goods at basic pricesis
equal to:

11=X11+X21+X31

2.24. Thesupply table needs one adjustment that can be explained immediately: the c.i.f./f.o.b. adjustment.
Other adjustments are taken in both the supply and the use tables or can only be understood in the context of
both tables and will be explained later.

Thec.i.f./f.o.b. adjustment
2.25.  Asweknow M1, the value of imported goods c.i.f. includes the value of:

- Imported goodsf.o.b;
- Transport services rendered by both resident and non-resident transporters;
- Insurance services rendered by both resident and non-resident insurers.

2.26. Thetwo latter services when rendered by non-residents are however aready included in M2 which
shows the total value of imports of market services. In addition, the value of transport and insurance services
rendered by residents is domestic output and thus should not be treated as imports. If no adjustment is
introduced, imports are obviously higher than they should be by the total value of transport and insurance
services rendered by both residents and non-residents. One must be careful in the treatment of the value of
transport and insurance services on imports rendered by residents. |f these services are bought and paid for
by non-resident exporters to resident carriers and insurers, their value will be recorded as export of services
in the balance of payments, and therefore must be excluded from export of services. To sum up, SUT hasto
satisfy two conditions:

- Each imported product must be valued c.i.f. in the supply table since it is equivalent to the
basic value of the same domestic goods;

The total value of imports must be valued f.o.b. since this is the true value of imports as
explained above.

2.27. Toadjust for the above problem, acolumn of adjustment isintroduced and an adjustment value (ADJ)
isintroduced separately for transport services and insurance services though in table 2.1 the two commodities
are aggregated together in the group of market services. This adjustment value should be as follows:

ADJ= Vaue of transport services or insurance services (or both) rendered by both resident and non-
resident producers

By doing thisthe total value of importsis measured f.o.b., i.e.:

Importsf.o.b.=M1c.i.f. + M2- ADJ

The row of c.i.f./f.o.b. adjustment is introduced so that its total row value is equal to 0, like the total value of
the corresponding column.
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2.28. Inthe 1968 SNA, the total value of importsisvalued c.i.f. so ADJ hasto be included in exportsto
keep the balance of trade accurate. However, that treatment obviously distorts the value of both imports and
exports.

2. Theusetable

2.29. The use table shows in a column the cost of production in the corresponding industry. All
intermediate costs are measured in purchasers prices. Thus U1l to U23 are in purchaser's prices. The
purchaser’s priceis the price that the purchaser has to actually pay for the product unit. If the taxes paid on
the purchased products can be deducted by the purchaser when used as inputs in production, the deductible
value added tax (VAT) has to be excluded from the purchasers price. Thisappliesonly to VAT countries.
For every industry, the total industry output at basic prices, i.e from I1 to 13 has to be calculated from the
supply table. Given thisindustry output and intermediate consumption obtained in the use table, it is possible
to measure value added as aresidual. Thus for the goods industry,

V1=11-(Ull+ U21)
and then given other components of value added, operating surplus is measured residualy.

2.30.  Every product isshown as consumed in production, exports, household final expenditure, government
final expenditure and gross capital formation. The sum aong every row is equal to thetotal use of the product
at purchasers prices. So:

Ul=Ul1+U12+U13+E1+HC1+K1
and then U1 in the use table must equal SP1 in the supply table. Thisistrue for every U and SP.

2.31. The use of the product other non-market services as intermediate consumption by businessis also
possible (for example, payment for some government services) but it is very small and assumed to be zero here
just for the sake of highlighting the presentation.

2.32.  GCincolumn 6 of table 2.2 stands for government final consumption expenditure. For the purpose
of deriving detailed inflation indexes, government final expenditure GC should be split into two categories:

- The collective expenditure that benefits society at large; and

- Theindividual expenditure that benefits directly the individuals in the society Households
may pay part of it. This part which isnormally called user charges hasto be included in HC3
of column 5 and not included in GC in column 6.

HC3 in column 5 stands for fina consumption of non-market services of non-profit institutions serving
households (which is aso equal to its output). Thus HC3 includes both the part that is paid by households and
the part that is provided free by the Government or the non-profit institutions.

2.33.  Gross capital formation (column 7) may be broken down by industries and/or institutional sectors:
by industries to calculate gross fixed assets by industry; by institutional sector for the purpose of integrated
ingtitutional accounts. In the SNA, gross fixed capital formation is recommended to be classified by industry
only. Changes in inventories are normally prepared for the economy as a whole since data for changes in
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inventories by industry are more difficult to collect. Acquisition less disposal of valuables cannot be classified
by industry since they are owned by enterprises and do not relate to production.

2.34. Inthe supply and use tables there are three more adjustments to be explained:
(@) Theadjustment for trade and transport margins

2.35. Asseenintheusetable, trade servicesincluded in the market services grouping in row 2 show only
those that are consumed directly by producers and final users. They do not include trade and transport margins
which are instead included in the value of the goods at purchasers prices shown in the first row. Therefore,
trade and transport margins are not included in U2, the total use of market servicesin the use table (column
8). Consequently, in the supply table, trade and transport margins should be deducted from the total supply
of market servicesin row 2. Thisis done by entering trade and transport margins (TM) as a negative number
in column 7, row 2 in order to balance the supply and use of trade and transport services at purchasers' prices.

(b) Theadjustment for purchases of residents abr oad

2.36. Purchases of residents abroad are treated as both imports and household final expenditure by the SNA,
assuming that these purchases are mostly by household residents. Thus avalue of R hasto be entered in the
import column of the supply table and also entered in the column of household final expenditure in the use
table. The European System of National Accounts (ESA) refinesthe SNA treatment further and recommends
that these purchases be classified by product and two categories must be distinguished: R1, expenditure by
business travellers which are treated as intermediate consumption and R2, expenditure by households which
are treated as household final consumption. Inthe ESA, adjustments, if necessary, are introduced directly into
theimport column 4 of the supply table and the household final expenditure (column 5) of the use table. The
ESA treatment will require expensive surveysto obtain detailed information on purchases by households and
business.

(c) Theadjustment for purchases of non-residents at home

2.37. Purchases of non-residents at home should be treated as exports and if they areincluded in the column
of household final expenditure through the process of balancing for which this column is normally treated as
aresidual, these purchases have to be deducted from household final expenditure. Thus a value of NR is
entered in the export column (column 4) and -NR is entered in the column of household final expenditure
(column 5). Similarly to the treatment of purchases abroad by residents, the European System of National
Accounts (ESA) recommends the classification of purchases by non-residents by products with adjustments
made directly on the column of household final expenditure.

3. The advantage of using basic pricesin SUT

2.38. InSUT, one may use either basic prices or producer prices to measure industry outputs. However, as
will be shown below, it is much better to use basic prices. Inthe SNA supply table 2.1 taxes and subsidies on
products including import duties and trade margins are shown for every commodity. The link between taxes
paid and subsidies received and the values of products used in the economy can clearly be seen. In the tables
that have industry outputs measured at producer prices, asis currently done by many countries, there are two
aternative treatments. Thefirst oneisto include in producer prices taxes less subsidies on products only that
are collected directly by the producers for the Government. But in so doing, most of the taxes on products
collected through wholesaling and retailing would appear in the wholesale and retail trade industries. This
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method shows the link between the output of each industry (which is the sum of possibly many products
produced by the industry) and product taxes paid, but the direct link between an individual product and the
taxes paid on it is not shown. The other aternative is to itemize taxes and subsidies paid by each industry by
product, i.e. to obtain a matrix of taxes on industry output classified by product and by industry. This method
which shows the direct link between taxes and products produced by each industry requires much more
information than does the SUT.

4, Balances between value added and final demand in the use table

2.39. Undoubtedly, SUT isan extremely useful device to arrange basic statistics not only for the derivation
of the symmetric 1/0O table (SIOT) that will be used for economic analysis as presented in chapter |, but also
for the compilation of value added by industry, final demand by product and by institutional sector in both
current and constant pricesin a systematic way. In the following paragraphs the basic link between va ue added
and final demand will be further explored.

2.40. Thegrossdomestic product (GDP) isthe net contribution of economic activitiesto incomes (i.e. value
added) which are then used for final demand, therefore total incomes must equal total net final demand. The
relationship of value added and final demand is shown in table 2.3 below.

241. Inthel/O framework, the GDP can be measured as sum of value added or of primary incomes or as
net fina demand.

(a) GDP as sum of value added (the production appr oach)
242. GDP= Total industry output at basic prices

GDP= Total industry output at basic prices - Total industry intermediate consumption in
purchasers' prices + Taxes less subsidies on products.

Intable 2.1. and table 2.2,
GDP=(11-U11-U21) + (12-U12-U22) + (13- U13- U13) + TX =V1+V2+V3+TX

In the supply and use tables 3.1 and 3.2 of chapter 111, value added at basic prices can be found in row 9 of
the use table 3.2 and taxes less subsidies on products can be obtained in row 7, columns 9 and 10 of the supply
table 3.1.

Vaue added at basic prices =108 + 49 + 39 = 196

Taxes less subsidies on products =3 + 17 = 20

GDP =196 + 20 =216
2.43. This approach allows the calculation of value added at basic prices originating from each industry by
subtracting the intermediate consumption of each industry at purchasers prices from its output at basic prices.

Information on industry output and intermediate consumption is available in the use table. Information on
taxes|ess subsidies on productsis available in the supply table when deriving total supply at purchasers prices.
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(b) GDP as sum of primary incomes (the income approach)

2.44. "GDPis aso equal to the sum of primary incomes distributed by resident producer units.”*® Values
added at basic prices are calculated as the sum of compensation of employees, other taxes less subsidies on
production, gross mixed incomes, and gross operating surplus. The gross operating surplus of each
establishment or industry cannot be directly estimated because the operating surplus of each industry is, by
definition, calculated asaresidual. However, the gross operating surplus of incorporated enterprises may be
estimated directly. It is equal to:

)
(2)
3
(4)

(5)
(6)
(7)

Plus
Plus
Plus

Plus
Plus
Minus

Additions to retained earnings
Depreciation and depletion
Bad debts (not yet written off)
Net property incomes payable including:
Net rents on non-produced assets
Net interest payable
Dividends
Net current transfers payable
Net capital transfers payable
Gains (net of loss) on sales on fixed assets and securities

The net concepts in items 2-6 refer to receivables less payables. They are considered costs in business
accounting but part of gross operating surplus in nationa accounts. Therefore, they need to be added to
additions to retained earnings (item 1) in order to obtain gross operating surplus. Item 7 is part of incomesin
business accounting, but it is only capital gains due to changes in prices in national accounts and therefore
must be subtracted.

Ylbid., para. 2.176
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Table2.3 Relationshipsin national accounts aggregates

Gross Domestic Product as net contribution to Gross Domestic Product as net final demand

incomes

Gross value added at basic prices Household final consumption expenditure
Compensation of employees Final consumption expenditure of non-profit institutions
Other taxes less subsidies on production serving households (individual)
Consumption of fixed capital Government final consumption expenditure
Operating surplusMixed incomes Collective

Taxes less subsidies on products Individual

Gross capital formation
Gross fixed capital formation
Changesin inventories
Acquisitions less disposal of valuables
Exportsf.o.b.

Minus importsf.o.b.

2.45. Many countries have adopted this approach to measure GDP without using the full information in
SUT. This means that supplies of goods and services, product by product, need not be balanced with uses.
Only a balance of overall production incomes and final demand is obtained as can be seen in table 2.3. The
approach can provide value added for aggregated industries in a summarized way. However, many income
itemslisted from (1) to (7) such as additions to retained earnings, interest, etc., cannot be split into different
industries. Because of that, the approach does not provide value added by detailed industries and full
information on production accounts. In addition, the income approach does not work for small household
activities whose owners either do not keep full business accounts or are not able to separate income from
production from property income or current transfers. In this case, the production approach is more
appropriate. In conclusion, the income approach is not a pure approach and it is restricted to the measurement
of value added by ingtitutional sectors and total GDP only. Without the supply and use tables, if discrepancies
arise, it will be very difficult to detect their origin and to reduce them. In contrast, using the income approach
jointly with a supply-and-use table would allow the compilation of components of incomes (compensation of
employees, other taxes less subsidies, operating surplus) by industry and the link between value added by
industry with value added by institutional sector discussed in section C.

(c) GDP asnet final demand (the expenditure appr oach)

246. "GDPisalso equal to the sum of the final uses of goods and services (all uses except intermediate
consumption) measured in purchasers' prices, less the value of imports of goods and services.”® Final uses
or final demand are equal to: household final expenditure + final expenditure of non-profit institutions serving
households, the general government sector + gross capital formation + exports f.o.b. When final demand is

“bid, para. 2.173.
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net of imports, it is called net final demand. Final demand is not the terminology used in the SNA but it is
convenient to refer to an analysis of future demand. For accounting purposes, demand and uses are used
interchangeably. Net final demand is a concept necessary for input-output analysis using the Leontief inverse.
It was introduced in chapter | and will be used frequently later in the Handbook.

Intables 2.1 and 2.2,

GDP=HC+GC+K+E-M

In the supply and use tables 3.1 and 3.2 of chapter 111, total imports are obtained from row 7 and column 5 of
the supply table and other components of final demand are obtained from row 7, columns 5-8 of the use table.

GDP=153+10+40+38-25 =216
(d) Thecommaodity flow approach

2.47. TheSNA SUT framework combines all three approachesin estimating national accounts statistics by
balancing the supply and use of every product using the use and supply tables and in this way it has a
consistent way to cross-check information at avery detailed level. This SUT approach is more popularly caled
the commodity flow approach.

5. Final consumption expenditure ver sus actual final consumption

2.48. A new concept of actual final consumption has been introduced in the revised SNA that is very useful
in studying the behaviour of households and in comparing their actual consumption among nations. The
relationship between the concept of final consumption expenditure and actual final consumption is presented
in table 2.4. In table 2.3, final expenditure was broken down by institutional sectors that actually spent for
different purposes. The Government spends for collective purposes such as public administration, defense,
security, general health improvement, etc. that benefit the society as a whole but not specific individuals.
Besides expenditure for collective benefit, the government also spends to benefit specific individuals for
instance health care, education, food aid, etc. The non-profit ingtitutions serving households are defined by the
SNA to spend for the benefit of individuals only. Final consumption expenditure to benefit individuals of the
general government sector and non-profit institutions serving households can be added to household final
consumption expenditure to derive actual individua final consumption. The latter concept measures the actua
final consumption of households whether paid by themselves or by other institutions. Full elaboration of the
concept and compilation of final consumption expenditure and actua final consumption can be found in
chapter VII.



38

2.4 Relationship between two concepts of final consumption

Final consumption expenditure Actual final consumption

Households final consumtion Actual final consumption of households (or actual individual
expenditure consumption)
Government final consumption Households final consumption expenditure
expenditure

Collective Individual government final consumption expenditure

Individual Final consumption expenditure of NPISHs
Non-profit institutions serving Actual final consumption of general government (or actual
households final consumption collective consumption)
expenditure

Collective government final consumption expenditure

C. Link between SUT and production accounts of institutional sectorsin the SNA

2.49. National accounting studies not only value added generated by industries but also value added and
incomes generated and distributed among institutional sectors (see section D of this chapter for definition).
For example, a non-financial enterprise that manages or "owns' an activity classified asan industry in SUT
would have to pay compensation to its workers and taxes to the Government. Even the operating surplus
generated by the industry in question and by other industries that the enterprise manages must also be
distributed to other ingtitutional sectors: interests on itsloans to enterprises in the financial sector, dividends
to other enterprises or to households that own shares of the enterprise, etc. In addition, the same enterprise
may also receive income from its ownership of shares in other enterprises or of deposits at financia
institutions. It isthus not possible to trace the redistribution process on the basis of the industries but only
of the enterprises that manage or "own" them. Distribution and redistribution of incomes belong to another
part of the structure of national accounts, namely the distribution and use of income accounts. To facilitate
the integration of production accounts classified by industry to the distribution and use-of-income accounts
and other sequence of accounts in the SNA, production accounts by industry must be cross-classified by
institutional sectors. The cross-classification schemeis presented in table 2.5. Only aggregate va ues of outputs
and intermediate consumption of industries or establishments are needed. Information on establishmentsis
first to be classified acording their institutional sectors. To obtain industry outputs, intermediate consumption
and value added by institutional sectors, one simply adds up the corresponding information on specific
institutional sectors. For example, in table 2.5, the value added by the non-financial sector is the sum of value
added shown in columns 1-3. This scheme isimplementable only if every establishment covered in production
censuses is identified by the type of institutional sector to which the enterprise that owns the establishment
belongs. Practically, production censuses should be designed to let enterprisesfill in requested information for
al the establishments they own or to let the establishments fill in information under the supervision of the
enterprises.

2.50. Inthe above scheme, industries must be classified into one of five institutiona sectors, or sub-sectors
if each institutional sector is divided further. In the schemein table 2.5
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- The non-financial and financial corporations sectorsinclude (i) al government and privately-
owned corporations and quasi-corporations that produce goods and services principally for
sale on the market but may have activities that produce goods and services for their own final
uses and other non-market usesand (i) al private non-profit institutions serving corporations
and quasi-corporations;

- The household sector includes al unincorporated enterprises that produce for both the market
and their own final uses and household activities that perform mainly for their own final uses;

- The general government sector includes all central, state or local government units performing
other non-market activities, al social security funds, al non-profit institutions controlled and
financed by government units and all unincorporated government enterprises producing
mainly other non-market goods and services;

- The non-profit ingtitutions’ sector serving households includes only private non-profit
institutions that produce mainly non-market goods and services to households.

251. Inthetable 2.5 scheme, gross fixed capital formation, opening stocks of produced fixed assets, and
closing produced fixed assets by industry may also be cross-classified by institutional sector to be used in other
SNA accounts and in the dynamic analysis of the economy. Closing produced fixed assets are equal to
opening produced fixed assets plus changes in assets. Changes in assetsinclude:

- Changesin volume of produced fixed assets due to transactions which are actualy gross fixed
capital formation,;

- Changes in volume of produced fixed assets not due to transactions (such as unanticipated
destruction or disappearances); and

- Changesin produced fixed assets due to changesin prices.
The cross-classification scheme may also be applied to non-produced assets that are used in production.

252. Thecross-classification matrix, if relationships are assumed not to changein the short run, can be used
to link the effects of production on industries to those on institutional sectors.

2.53. It should be pointed out that gross capital formation and fixed produced assets are classified by
ownership; so if owned by government agents and classified as producers of government services but
benefiting mainly other producers, they may need to be reclassified wherever appropriate for production
analyss. For example, roads are classified asthe assets of producers of government services but in fact they
benefit directly producers of transport services.



Table2.5

Cross-classification of value added by industry and institutional sectors

Non-financial corporations sector | Financial corporations sector | General government sector | Household sector (classified Non-profit institutions serving

(classified by ISIC (classified by ISIC (classified by 1SIC by ISIC) households (classified by I1SIC)
Tota Ind. Ind. Tota . . . Tota . . . Tota . . . Tota Ind. 1 Ind.n
1 n

Q1@ ©)]

Industry output at basic prices

Intermediate consumption at
purchasers prices

Value added at basic prices

Compensation of
employees

Other taxes less subsidies
on production

Consumption of fixed
capital

Operating surplus/Mixed
incomes

T ————————— e —
Opening stocks of produced
fixed assets

Gross fixed capital formation

Other changesin volume

Revauation

Closing stocks of produced fixed
assets
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D. Thestatistical units and classifications schemesfor data collection

2.54.  For the purpose of compiling the SNA SUT as shown intables 2.1 and 2.2, it isimportant to decide
on the statistical units and on the schemes to classify them. Table 2.6 shows the elements of SNA and the
classification schemes they need for classification. In addition, items in the first two columns may also be
cross-classified with the classifications of the last column as discussed previoudly.

Table 2.6. Usesof classification schemes

Industrial classification Central product classification Institutional
(1SIC) (CPC) classification
Economic activities Intermediate consumption Enterprises (smallest
legal unit)
Industries Final demand Government units
Industry output Final consumption expenditure Non-profit institutions
serving households
Value added Gross capital formation Households
Exports
Imports
Product output

1. Statistical units and classification schemefor an activity or industry

255. The statistica unit for activities or industries recommended by the SNA is the establishment. An
operational definition of the establishment unit is a production unit consisting of either "an enterprise, or a part
of an enterprise, that is situated in a single location and in which only a single (non-ancillary) productive
activity ... accounts for most of the value added.”# (SNA, para. 5.21). Under this operational definition, an
establishment may engage "in one or more secondary activities, [which] should be on a small scale compared
with the principal activity. If asecondary activity within an enterprise is as important, or nearly as important,
as the principa activity, then that activity should be treated as taking place within a separate establishment
from that in which the principal activity takes places. The definition of an establishment does not permit an
ancillary activity to constitute an establishment on itsown." (SNA, para. 5.22). If an enterprise has more than
one establishment, normally identified with a separate location or book of manufacturing business accounts,
data manipulation is needed to allocate the managing and other costs shared by al establishments in the
enterprise. In many cases, the headquarters and warehouses may be in separate location, but not classified
separately as establishments by the SNA; they are treated only as ancillary activities.

2.56. The categoriesinto which data on activities or industries may be classified are in the United Nations
publication entitled International Standard Industrial Classification. (ST/ESA/STAT/SER.M/41 Rev.3)
These categories are used to classify establishments into various kinds of economic activities. At present, the

?1pid, para. 5.21.
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ISIC contains 17 major sections (with alphabet coding), 60 divisions (with two-digit coding), 169 groups (with
three-digit coding) and 291 classes (with four-digit coding). Thuswith ISIC it is possible to classify activities
into 291 industries. National classification standards may be elaborated from the standards recommended by
the United Nations. If a country prefers to have more details, it may further break down a certain class of
activities into various sub-classes, and on the other hand, if it requires lessinformation it may aggregate many
classesinto one.

2.57. Themain purpose of the ISIC isto provide a hierarchica set of categories of economic activitieswhich
can be utilized when dissecting production statistics according to kinds of activities. The definition of 1SIC
categoriesis strongly linked with the way the economic process is organized, with each unit as homogeneous
as possible. For this reason, the groups and classes of the ISIC are in some cases too detailed to be used in
classifying enterprises or similar institutional units by kind of economic activity since a significant number of
enterprises will own establishments which engage in arange of activities spanning more than one 1SIC class.
Thus, establishments are recommended as the statistical units used in identifying economic activities.

258. In SUT, "industry" refersto the kind of activity into which all units which engage primarily in that
kind of activity are aggregated.

259.  Appendix A to this chapter givesthe full list of divisions (two-digit level) of the ISIC classification
of activities. The detailed definition of each activity at four-digit level can be found in the United Nations
publication referred to in paragraph 2.56 above.

2.60.  Appendix B which givesthe classification of productsis discussed below in paragraphs 2.61-2.62.
Appendix C givesthe Classification of the Functions of Government (COFOG) which isimportant to split
expenditures by producers of government services into various kinds of activities and to identify the items that
can be classified as part of individual final consumption.

2. Statistical unitsand classification scheme for products

2.61. Thestatigtica unit for productsis a unit of homogeneous goods and services and the Central Product
Classification version 1.0? is recommended for the classification of products which are either outputs of
domestic production activities or imports from non-resident sources.

2.62. The product dimension of the SNA input-output framework may be based on Central Product
Classification (CPC) covering both goods and services. It is exhaustive and al products are mutually
exclusive. In principle, CPC is meant to be used for al kinds of statistics which need product detail. It was
developed primarily to include categories for everything that can be the object of a domestic and international
transaction. This means that in CPC, not only are all products which are an output of an economic activity
represented but also the purchase or sale of land are covered or similar transactions as well as those that arise
from legal contracts (such as patents, licenses and copyrights), though some of these assets are not regarded
as goods and services in the SNA.

2.63. Appendix B includes only the aggregated list of CPC by mgjor division (with two-digit coding) with
correspondence with I1SIC, Rev. 3. The detailed classification, however, consists of 10 sections (one-digit
coding), 69 divisions (two-digit coding), 291 groups (three-digit coding), 1,036 classes (four-digit coding) and

2Central Product Classification, version 1.0, Series M, No. 77, United Nations, 1997.
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1,787 sub-classes (five-digit coding). The full classification can be found in the United Nations publication
referred to above. In theory, the classification coding can accommodate 65,610 categories. Thus, the CPC
allows for expanding classification into a more detailed one.

3. Correspondences between 1SIC and CPC

2.64. Inobtaining the symmetrical input-output table (SIOT) of either product-by-product or industry-by-
industry tables from the supply-and-use tables of SUT, the classification of economic activities must be the
same asthe classification of products. Thus a correspondence between ISIC and CPC isnheeded. Theoretically,
these two classifications need not match. The CPC is a system of categories covering both goods and services
in which homogeneity within categories is maximized whereas the |SIC coversindustria activities of similar
types. The principles of classification used by the CPC are as follows:

@ For transportable goods, categories of products should be based on the physical properties and
theintrinsic nature of the products, i.e. the raw materias of which they are made, their stage
of production, the use they are intended for, the prices at which they are sold, whether or not
they can be stored, etc.;

(b) Individual goods and services asfar as possible should contain only goods and services which
are produced by a single industry.

2.65. With thefirst principle asthe main criterion, different products may come out of the same industry.
For example, meat and hides are both produced by a daughterhouse but they are put into entirely separate CPC
categories. unprocessed hides are considered animal materials and are classified in section 0 "Agriculture,
forestry and fishery products’, whereas mest is classified in section 2 among food products. Similar problems
also arise in agriculture, mining, manufacturing, etc. A farm may produce farm products and also provide
farming services. A particular industry may produce a specific product and provide repair, maintenance
services or manufacturing services on afee or contract basis. These goods and services are classified under
different parts of the CPC. These services are given a separate division (86). The CPC provides a
correspondence between itself and I1SIC at the four-digit level but the correspondence is only a general
guideline because there can be no fixed correspondence at an aggregate level. For example, common salt (Na
Cl) can be produced in mining - amining product, and also in food production (sea salt) - afood product. At
the most detailed level, an approximate correspondence is possible given that the most common production
processes used in aparticular country are taken into account. For the member countries of the European Union,
Classification of Products according to Activities (CPA) and the detailed Classification of Products for
Community Surveys on Manufacturing Industries (PRODCOM) have been used as national classifications
since 1993 in order to build a better correspondence between product and activity classifications.
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4, Statistical unitsfor institutional sectors

2.66. Aningtitutiona unit that is used frequently in this chapter can be ahousehold, or alegal, socid entity.
It isdefined as"an economic entity that is capable, inits own right, of owning assets, incurring liabilities and
engaging in economic activities and in transactions with other entities."? The SNA provides five broad
categories of institutional sectors to classify ingtitutional units: the non-financia corporations sector, the
financial corporations sector, the household sector, the non-profit-institutions-serving- househol ds sector and
the general government sector.

2.67. Inthe area of business, an institutional unit is normally alegal entity that is collectively owned by
shareholders with the authority to appoint directors who are responsible for its general management, can enter
into contracts; receive and dispose of its income, maintain an independent, complete set of accounting
records, including profit and loss accounts and balance sheets; at the same time, the unit has its own rights,
privileges and ligbilities as distinct from its owners. All corporate enterprises or corporations are classified into
either the non-financial sector or the financial sector. Quasi-corporate enterprises are unincorporated but
operate as if they are de facto corporations to their owners and therefore keep complete sets of accounts. They
aretreated as corporate enterprisesin the SNA. Cooperatives and limited liability partnerships are also treated
by the SNA as corporations. Non-profit ingtitutions serving business interests are classified in the institutional
sector they serve.

2.68.  Private non-profit ingtitutional units serving households are also legal entities which are organized like
profit-oriented corporations. Their aims are however to produce mainly non-market goods and servicesto serve
households. The non-profit institutional sector serving househol ds excludes the private non-profit institutional
units serving businesses and the units controlled and financed by the Government.

2.69. Inthe government sphere, agovernment institutional unit is a unique kind of legal entity established
by political processes with legidative, judicial or executive authority over other institutional units within a
given region. Its principa function isto assume responsibility for the provision of other non-market goods and
services to the community or to individual households. It has the authority to raise funds by collecting taxes
or compulsory transfers from other institutional units. By this definition, al corporations which produce
mainly market goods and services are classified into either the non-financial or the financial corporations
sectors. The general government sector includes only government units providing other non-market services
and government unincorporated enterprises (i.e. without full sets of accounts) owned by government units that
may produce both market and non-market goods and services. An example of a government unincorporated
enterpriseis a unit within a governmental branch producing government documents. The classification of the
functions of government (COFOG) and the relationship between |SIC and COFOG are helpful in classifying
government activities both in terms of establishment-type units and institutional units and in the preparation
of two types of government final consumption: individual and collective final consumption. It should be noted
that COFOG is being revised to take into account changes in the SNA 1993.

#gystem of National Accounts 1993, para. 4.2.
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Appendix A
INDUSTRY CLASSIFICATION

INTERNATIONAL STANDARD OF INDUSTRIAL CLASSIFICATION
OF ALL ECONOMIC ACTIVITIES

LIST OF TABULATION CATEGORIES AND DIVISIONS
(BROAD STRUCTURE)

Tabulation
categories _ Division

Description

A

AGRICULTURE, HUNTING AND FORESTRY

01 Agriculture, hunting and related service activities

02 Forestry, logging and related service activities

FISHING

05 Fishing, operation of fish hatcheries and fish farms; service activities incidental to fishing

MINING AND QUARRYING

10
11

12
13
14

Mining of coal and lignite; extraction of peat

Extraction of crude petroleum and natural gas; service activitiesincidental to oil and gas
extraction excluding surveying

Mining of uranium and thorium ores

Mining of metal ores

Other mining and quarrying

MANUFACTURING

15
16
17
18
19

20

21
22
23
24
25
26
27
28
29
30

Manufacture of food products and beverages

Manufacture of tobacco products

Manufacture of textiles

Manufacture of wearing apparel; dressing and dyeing of fur

Tanning and dressing of leather; manufacture of luggage, handbags, saddlery, harness and
footwear

Manufacture of wood and of products of wood and cork, except furniture; manufacture of
articles of straw and plaiting materials

Manufacture of paper and paper products

Publishing, printing and reproduction of recorded media

Manufacture of coke, refined petroleum products and nuclear fuel

Manufacture of chemicals and chemical products

Manufacture of rubber and plastics products

Manufacture of other non-metallic mineral products

Manufacture of basic metals

Manufacture of fabricated metal products, except machinery and equipment

Manufacture of machinery and equipment n.e.c.

Manufacture of office, accounting and computing machinery
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31 Manufacture of electrical machinery and apparatus n.e.c.

32 Manufacture of radio, television and communication equipment and apparatus
33 Manufacture of medical, precision and optical instruments, watches and clocks
34 Manufacture of motor vehicles, trailers and semi-trailers

35 Manufacture of other transport equipment

36 Manufacture of furniture; manufacturing n.e.c.

37 Recycling
ELECTRICITY, GASAND WATER SUPPLY

40 Electricity, gas, steam and hot water supply
41 Collection, purification and distribution of water

CONSTRUCTION
45 Construction

WHOLESALE AND RETAIL TRADE; REPAIR OF MOTOR VEHICLES, MOTORCYCLES
AND PERSONAL AND HOUSEHOLD GOODS

50 Sale, maintenance and repair of motor vehicles and motorcycles; retail sale of automotive
fuel

51 Wholesale trade and commission trade, except of motor vehicles and motorcycles

52 Retail trade, except of motor vehicles and motorcycles; repair of personal and household
goods

HOTELSAND RESTAURANTS

55 Hotels and restaurants

TRANSPORT, STORAGE AND COMMUNICATIONS

60 Land transport; transport via pipelines

61 Water transport

62 Air transport

63 Supporting and auxiliary transport activities; activities of travel agencies
64 Post and telecommunications

FINANCIAL INTERMEDIATION

65 Financial intermediation, except insurance and pension funding
66 Insurance and pension funding, except compulsory socia security
67 Activities auxiliary to financial intermediation

REAL ESTATE, RENTING AND BUSINESSACTIVITIES

70 Real estate activities

71 Renting of machinery and equipment without operator and of persona and household goods
72 Computer and related activities

73 Research and development

74 Other business activities

PUBLIC ADMINISTRATION AND DEFENCE; COMPULSORY SOCIAL SECURITY
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75 Public administration and defence; compulsory socia security
EDUCATION
80 Education
HEALTH AND SOCIAL WORK
85 Health and social work
OTHER COMMUNITY, SOCIAL AND PERSONAL SERVICE ACTIVITIES

20 Sewage and refuse disposal, sanitation and similar activities

91 Activities of membership organizations n.e.c.
92 Recreational, cultural and sporting activities
93 Other service activities

PRIVATE HOUSEHOLDSWITH EMPLOYED PERSONS
95 Private househol ds with employed persons
EXTRA-TERRITORIAL ORGANIZATIONS AND BODIES

99 Extracterritorial organizations and bodies
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Appendix B

CENTRAL PRODUCT CLASSIFICATION, VERSION 1.0

THE LIST OF SECTIONS AND DIVISIONS
OF CENTRAL PRODUCT CLASSIFICATION (CPC)

Tabulation
categories  Division Description
0 AGRICULTURE, FORESTRY AND FISHERY PRODUCTS
01 Products of agriculture, horticulture and market gardening
02 Live animals and animal products
03 Forestry and logging products
04 Fish and other fishing products
1 ORESAND MINERALS; ELECTRICITY, GASAND WATER
11 Coa and lignite; peat
12 Crude petroleum and natural gas
13 Uranium and thorium ores
14 Metal ores
15 Stone, sand and clay
16 Other minerals
17 Electricity, town gas, steam and hot water
18 Water
2 FOOD PRODUCTS, BEVERAGES AND TOBACCO; TEXTILES, APPAREL AND LEATHER
PRODUCTS
21 Meat, fish, fruit, vegetables, oils and fats
22 Dairy products
23 Grain mill products, starches and starch products; other food products
24 Beverages
25 Taobacco products
26 Y arn and thread; woven and tufted textile fabrics
27 Textile articles other than apparel
28 Knitted or crocheted fabrics; wearing apparel
29 Leather and leather products; footwear
3 OTHER TRANSPORTABLE GOODS, EXCEPT METAL PRODUCTS, MACHINERY AND
EQUIPMENT
31 Products of wood, cork, straw and plaiting materials
32 Pulp, paper and paper products; printed matter and related articles
33 Coke oven products; refined petroleum products; nuclear fuel
34 Basic chemicals

35 Other chemical products; man-made fibers
36 Rubber and plastic products
37 Glass and glass products and other non-metallic products n.e.c.
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5

6

7

8

9

38
39

49

Furniture; other transportable goods n.e.c.
Wastes or scraps

METAL PRODUCTS, MACHINERY AND EQUIPMENT

41
42
43
a4
45
46
47
48
49

Basic metals

Fabricated metal products, except machinery and equipment

General purpose machinery

Specia purpose machinery

Office, accounting and computing machinery

Electrica machinery and apparatus

Radio, television and communication equipment and apparatus

Medical appliances, precision and optical instruments, watches and clocks
Transport equipment

INTANGIBLE ASSETS; LAND; CONSTRUCTION; CONSTRUCTION SERVICES

51
52
53
54

Intangible assets
Land

Constructions
Construction services

DISTRIBUTIVE TRADE SERVICES; LODGING; FOOD AND BEVERAGE SERVING SERVICES;
TRANSPORT SERVICES; AND UTILITIES SERVICES

61
62
63
64
65
66
67
68
69

Wholesale trade services

Retail trade services

L odging; food and beverage serving services

Land transport services

Water transport services

Air transport services

Supporting and auxiliary transport services

Postal and courier services

Electricity distribution services; gas and water distribution services through mains

FINANCIAL AND RELATED SERVICES; REAL ESTATE SERVICES; AND RENTAL AND
LEASING SERVICES

71
72
73

Financial intermediation services, insurance and auxiliary services
Real estate services
Leasing or rental services without operator

BUSINESS AND PRODUCTION SERVICES

81
82
83
84
85
86
87

Research and development services

Professional, scientific and technical services

Other professional, scientific and technical services
Telecommunications services; information retrieval and supply services
Support services

Production services, on afee or contract basis

Maintenance and repair services

COMMUNITY, SOCIAL AND PERSONAL SERVICES
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91

92
93
94
95
96
97
98
99

Public administration and other services to the community as awhole; compulsory social
security services

Education services

Health and socia services

Sewage and refuse disposal, sanitation and other environmental protection services
Services of membership organizations

Recreational, cultural and sporting services

Other services

Domestic services

Services provided by extraterritorial organizations and bodies



THE CLASSIFICATION OF THE FUNCTIONS OF GOVERNMENT (COFOG)*

Appendix C
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Tabulation
categories _Division

Description

01 GENERAL PUBLIC SERVICES

01.1

01.2
01.3
01.4
01.5
01.6
01.7
01.8

02 DEFENCE

02.1
02.2
02.3
02.4
02.5

Executive and legidative organs, financia and fiscal affairs, external affairs other than

foreign aid

Foreign economic aid
Generd services

Basic research

R&D general public services
General public servicesn.e.c.
Public debt transactions

Transfers of agenera character between different levels of government

Military defence
Civil defence
Foreign military aid
R& D defence
Defence n.e.c.

03 PUBLIC ORDER AND SAFETY AFFAIRS

03.1
03.2
03.3
03.4
03.5
03.6

Police services

Fire protection services

Law courts

Prisons

R& D public order and safety
Public order and safety n.e.c.

04 ECONOMIC AFFAIRS

04.1
04.2
04.3
04.4
04.5
04.6
04.7
04.8
04.9

Genera economic and commercia affairs
Agriculture, forestry, fishing and hunting

Fuel and energy

Mining, manufacturing and construction

Transport
Communication

Other sectors

R& D economic affairs
Economic affairs n.e.c.

#The provisional COFOG was issued by the United Nations as part of the Draft Classifications of

Expenditure According to Purpose, ST/ESA/STAT/SER.M/84, 24 November 1998.
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05

06

07

08

09

ENVIRONMENTAL PROTECTION

05.1  Waste management

05.2  Waste water management

05.3 Pollution abatement

054 Protection of biodiversity and landscape
05.5 R& D environmental protection

05.6 Environmental protection n.e.c.

HOUSING AND COMMUNITY AMENITIES

06.1 Housing devel opment

06.2  Community development

06.3  Water supply

06.4  Street lighting

06.5 R& D housing and community amenities
06.6 Housing and community amenities n.e.c.

HEALTH

07.1 Prescribed medical products, equipment and appliances
07.2  Out-patient services

07.3 Hospital services

07.4 Public health services

07.5 R&D hedth

07.6 Headlth n.e.c.

RECREATIONAL, CULTURE AND RELIGION

08.1 Recreationa services

08.2  Cultura services

08.3 Broadcasting and publishing services
08.4 Religious and other community services
08.5 R& D recreation, culture and religion
08.6 Recreation, culture and religion n.e.c.

EDUCATION

09.1 Pre-primary and primary education
09.2  Secondary education

09.3  Tertiary education

09.4 Education not definable by level
09.5  Subsidiary servicesto education
09.6 R& D education

09.7 Education n.e.c.



10 SOCIAL PROTECTION

101
10.2
10.3
104
105
10.6
10.7
10.8
10.9

Sickness and disability
Old age

Survivors

Family and children
Unemployment
Housing

Social exclusion n.e.c.
R&D socia protection
Social protection n.e.c.
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IIl. VALUATIONIN I/O TABLE

3.1 The symmetric 1/0 model (SIOT) is assumed to measure production relationships on the basis of the
technical structure of the economy. In order to reflect that basic assumption, model builders should try not only
to maximize the homogeneity of establishments classified into the same I SIC, but also to use the same vauation
for both goods and services supplied and used that eliminates the effects of government policies or costs of
transactions on technical relationships. This chapter focuses on how to measure SIOT in the same price system.

A. Concepts of valuation

3.2. Goods and services may be valued in various ways. Following are the three ways in which they may be
measured in the SNA:

Purchasers price "The purchasers' priceisthe amount paid by the purchaser, excluding any deductible VAT
[value added taxes] or similar deductible tax, in order to take delivery of a unit of agood or service at the time
and place required by the purchaser. The purchasers price of a good includes any transport charges paid
separately by the purchaser to take delivery at the required time and place."* It should be noted that in business
accounts, “freight-in costs’ are normally separated from the purchased value of goods if these costs are paid

Separately.

Producers price: "The producer’s price is the amount receivable by the producer from the purchaser for a unit
of a good or service produced as output minus any VAT, or similar deductible tax, invoiced to the purchaser.
It excludes any transport charges invoiced separately by the producer."?

Basic price: "Thebasic priceisthe amount receivable by the producer from the purchaser for a unit of a good
or service produced as output, minus any tax payable, and plus any subsidy receivable, on that unit as a
consequence of its production or sale. It excludes any transport charges invoiced separately by the producer."?

3.3.  Therdationship between different types of prices can be given asfollows:

Ybid., para. 6.215.
%|bid., para. 6.205.

¥bid.



56

Purchasers' price

minus Trade and transport margins

equals Producers’ prices

minus Taxes on products (sales tax, manufacturers excise tax,
and/or non-deductible VAT)

plus Subsidies on products

equals Basic price

3.4. Trade and transport margins are the difference between the purchasers’ price and the producers’ price
of a product. Because of the differences in trade and transport margins and taxes less subsidies on a given
product, a product can be sold at different purchasers’ prices. More concretely, purchasers' prices and producer’s
prices vary non-uniformly for the same product for the following reasons:

@ Trade margins vary from one transaction to another depending on whether the goods are
purchased directly from producers, wholesalers or retailers; they aso vary by "class' of retall
establishments (at high pricesin establishments with higher-quality services and at lower prices
at discount establishments with lower-quality services);

(b) Transport margins vary by mode of transport and the distance the goods have to be shipped;

(© Policies on taxes on products are normally based on the purposes for which products are used
(e.g., no taxes are imposed, or taxes are fully or partly deductible, on products used for
production or export purposes);

(d) Who records the transaction: the seller may record it without transport cost while the buyer may
record it with transport cost.

3.5. For al these reasons, basic prices are more homogeneous than producer’ s prices which in turn are more
homogeneous than purchasers’ prices.

3.6.  Sincethe same goods and services can be measured differently in the market and since homogeneity is
one of the most important underlying assumptions of input-output economics, the SNA recommends products
to be measured as homogeneously or uniformly as possible in the SIOT, preferably in basic prices. When that
isnot possible, they can be valued at producers pricesinstead. In the case of services, purchasers and producers

prices are the same since the services are sold directly by producers to consumers. Basic prices of services are
of course different from producers' prices since product taxes on services also do exist.

3.7. Because taxes are normally levied on products at the point at which they are sold by wholesalers and
retailersfor the convenience of government tax collectors, alarge part of taxes on productsisincluded in the trade
margins. Consequently, some countries, when measuring output at producers’ prices, have treated these taxes
as taxes on the trade margins. This treatment is convenient but not very interesting since it is not possible to
obtain directly taxes collected on each kind of commodity. The SNA recommends linking taxes on products with
product output value as shown in the supply table 3.I. Information on taxes on each group of product aswell
as wholesale and retail trade margins can be obtained from the surveys of wholesale and retail trade.

3.8.  Transport margins are treated as part of trade margins when transport costs are paid for by trade
establishments and therefore are treated as their intermediate consumption. Where transport costs are paid directly
by purchasers, they are treated as services consumed directly by them.



57

3.9. In the SNA supply and use tables (SUT) or in SIOT, it isimportant to note that trade margins can be
presented in one row (representing trade activities as awhole), two rows (representing separate wholesale and
retail activities), or many rows (each row representing a trading activity, either wholesale or retail, in one
particular kind of product). The columns also have to be split accordingly. Thereis an advantage to doing this
as each product may require a different trade margin, especially when products are weighty and have to be
transported over great distances. The detailed breakdown of trade marginsis however rarely done due to the need
for detailed information and the large size of the resulting input-output tables.

B. Valuation and thetax system

3.10. The problem of valuation in the supply and use tables (SUT) is to organize data consistently using the
same price system and finally to arrive at tables in basic prices. Depending on the kind of tax system used,
valuation will be approached dlightly differently. Innon-VAT countries, itis easily to convert all elements of
SUT into one price system: either producers vaues or basic values. In VAT countries, the conversion of SUT
into one price system using basic valuesis as simple asthe non-VAT case. However, the conversion of SUT
from mixed to producers prices is alot more complicated, particularly with regard to the net treatment of
producers' prices. Thus it is important to summarize again the definition of non-VAT and VAT before the
treatment of valuation in SUT is explained.

1. Non-VAT taxes

3.11. A non-VAT systemis one of sales taxes on products which are normally assessed at the final stages of
transactions on final purchasers and, unlike VAT, not deductible. These taxes are mainly imposed on goods and
servicesfor fina consumption. They are usually not imposed on goods and services for intermediate consumption,
capital formation and sometimes exports. Non-deductible taxes on products at the factory gate usually called
manufacturers excise taxes should be treated similarly.

2. Value added taxes (VAT)

3.12. Vaue added taxes areimposed on every stage of transaction but are usually deductible - although a non-
deductible part may occur - when they are used for intermediate consumption, capital formation or exports.
However, VAT are not usually charged on exports.

3.13.  When taxes are deductible, a producer deducts those he paid on the intermediate and capital goods he
purchased, from the VAT he invoices to the purchasers of his products before transferring the difference to the
Government.

3.14. InaVAT country, some form of salestaxes such as excise tax on liquor, gasolines, cigarettes, etc. may
also be applied. These taxes are not deductible. Further discussion of the VAT system is left for part E of this
chapter.
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C. Thederivation of the supply and use tables (SUT) at basic prices, VAT and non-VAT

3.15.  With SUT fully discussed in chapter |1, their presentation will not be repeated here. The emphasisin
this part is on the derivation of the supply and use tables at basic prices universally applicable to either non-VAT,
VAT or mixed systems. Compilers need only read part C and ignore part E if they decide to derive SUT or SIOT
in basic prices which are recommended by this Handbook.

3.16. However, afew comments are needed on the presentation of supply table 3.1 and usetable 3.2:

The total supply of every product at purchasers' pricesin column 11, table 3.1, isequal to its
total use at purchasers' prices of the same product in column 9 of table 3.2.

The industry outputs at basic pricesin row 6 of table 3.1 are the same as shown in row 11 of
table 3.2.

Usesin table 3.2 are at purchasers’ prices excluding deductible VAT but including all other non-
deductible taxes on products so as to make the costs in the use table represent actual coststo
producers or consumers (see exhibit B, para. 3.28 below).

Gross value added at basic pricesin row 9 of table 3.2 (i.e. 196) is the sum of compensation of
employees, other taxes less subsidies on production, consumption of fixed capital and mixed
incomes.

Total grossvalue added or GDP (row 8) is equal to gross value added at basic prices plus total
taxes less subsidies on production and imports. Thus, total gross value added = GDP = 196 +
20 = 216.

Total fina demand isequal to total final household final expenditures + total government final
expenditures + gross capital formation = 153 + 50 + 10 = 203.

The GDP should also be equal to total net final demand. Thus, total net final demand = total
final household final expenditures (which also include final expenditures of NPISHs in the
example) + total government final expenditures + gross capital formation + total exportsf.o.b. -
total importsf.o.b. =153 + 10 + 40 + 38 - 25 = 216.

In the supply table, table 3.1, product 2 includes both goods and all services except trade and
transport services. Thusin the column of c.i.f./f.o0.b. adjustment, -1 isenteredinrow 2 as the
value of insurance services on imported goods rendered by residents and non-residents.

In table 3.1 the total value of row 3 (column 11) is the transport services that are directly
purchased by producers and final consumers because trade and transport margins (-60) are
subtracted from the total supply of trade and transport services. These directly purchased
transport services are shown in the use table, table 3.2, as purchased by the household sector,
mainly passenger transportation but possibly aso for goods transportation. However, they can
also be purchased directly by industries and other sectors.
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- In usetable 3.2, row 4 does not appear so that arow of taxes less subsidies on products can be
inserted at basic prices while keeping the same row index numbersfor all elementsin tables 3.2,
3.4 and, 3.5.

3.17. Thederivation of the usetable at basic pricesisfully shown in table 3.3. Shown there is the breakdown
of the value of every use at purchasers prices, in rows 1 to 3 of table 3.2, into three parts. value at basic prices,
trade and transport margins and taxes less subsidies on products. Intable 3.3, the vaues at basic prices are shown
in rows 1 to 3 in the same position as in table 3.2, with their trade and transport marginsin rows 1' and 2', and
the taxes less subsidies paid on these products in rows 1" to 3".* For example, the value of product 1 at
purchasers' prices used by households as final goods which is 100 in table 3.2 is split into:

- 71, the basic value shown in table 3.3 in row 1, column 6;
- 20, transport and trade margins shown in row 1', column 6 and;
- 9, taxes less subsidies shown in row 1", column 6.

3.18. Tota usesat purchasers pricesin row 7 of table 3.3 are the same as those shown in row 7 of table 3.2.
Thefina result is shown in table 3.4 in which al product uses are measured at basic prices. Row 3intable 3.4
isthe sum of rows 3, 1' and 2' in table 3.3 and row 4 of table 3.4 isthe sum of rows 1", 2" and 3" in table 3.3.

3.19. Thefina use and supply tables in basic prices can be combined to produce the symmetric 1/0O table
(SIOT). Table 3.5 shows imports as part of the use table which is the presentation that is needed to carry out 1/0
modelling. Inthistable, imports are entered as negative values. Because of this, column 11 shows total use of
domestic products only. These are the same values of total domestic production asin column 4 of table 3.1.

3.20. To conclude the discussion on the derivation of SUT at basic prices, it should be pointed out that the
presentation in table 3.3 is only for the purpose of illustration. In practice, atable of trade and transport margins
and atable of taxes less subsidies on products are separately compiled using the same structure as the use table
in purchasers prices. The values in these tables are then deducted from the corresponding valuesin the table at
purchasers prices 3.2. Then, the row of column sums of the table of trade and transport margins (rows 1' and 2'
of table 3.3) is added back to the row of trade and transport services. Similarly, an extra row of taxes less
subsidiesis created in table 3.4 which takes the values of the row of the column sums of the table of taxes less
subsidies showninrow 1" torow 3" in table 3.3.

D. Thederivation of SUT at producers prices

3.21. Thediscussion below presents only the method of deriving SUT without VAT and the implications of
using this system. No discussion on the net system of SUT is presented because, as discussed in part E, this
system serves no purpose unless SUT assumes that every industry produces only one product, which means that
the system is symmetric. If that is the case, the derivation can be easily obtained on the basis of the previous
discussion of VAT.

3.22. Thetablespresenting SUT at producers pricesare 3.6-3.10. These tables are structurally similar to tables
3.1-3.5 of the system at basic prices. They aso contain values that are consistent with those in tables 3.1-3.5.

“Rows with signs, e.g.1', 1", are split from row 1.



60

The derivation of the use table at producers' pricesis similar to the derivation of the use table at basic prices
discussed previoudy so it will not be repeated here. However, there are some important differences that need to
be pointed out:

- Unlike output of industries at basic prices in table 3.1, output of industries at producers’ prices
intable 3.6 includes taxes less subsidies on products. These taxes are, of course, not deductible.

- Since output supplies are measured in producers’ prices, imports must be too. The equivalent
value of importsin producers pricesis the ex-customs value which is the sum of the value of
imports c.i.f. and import duties shown in supply table 3.6. Similarly, trade and transport margins
must include sales taxes less subsidies on goods and services sold by wholesalers and retailers
including those assessed on their margins.

- In table 3.7, taxes less subsidies on products payable by producers are included in row 9 and
columns 1-3. As can be seenin thisexample, alarge amount of taxesless subsidies on products
is paid by wholesaers and retailers shown in row 9, column 3. This amount includes sales taxes
on goods sold by them and taxes assessed on their own outputs, i.e. trade and transport margins.
The taxes less subsidies on products shown in row 9 lose the direct link to specific products. At
row 9 and column 4, the total import duties are entered so that row 9 contains al taxes less
subsidies on production and imports.

- Gross industry value added at basic prices is calculated as residuals by subtracting total
intermediate uses at purchasers prices and taxes less subsidies on products from industry output
at producers prices. If onewantsto get grossindustry value added at producers’ prices, one can
deduct total intermediate uses at purchasers prices from industry output at producers prices, or
simply the sum of gross value added at basic prices and taxes | ess subsidies on products. Gross
value added at producers’ pricesisnot shownintable 3.7 but it is equal to 213.

- Thetotal gross value added or GDP is equa to the total gross value added at basic prices plus
the total taxes less subsidies on production and imports, i.e. GDP =216 = 196 + 20. The GDP
can also be obtained by adding the total gross value added at producers’ pricesto import duties,
i.e. GDP=213+3.

- The GDP should also be equal to total net fina demand (seetable 3.7). Tota net final demand
=total final household final expenditures + total government final expenditures + gross capital
formation + total exportsf.o.b. - total importsf.o.b. = 153 + 10 + 40 + 38 - 25 = 216.

- In table 3.8, the derivation of the use table at producers pricesis similar to that of table 3.3, but
here only atable of trade and transport marginsis needed. Trade and transport marginsin table
3.8 differ from those in table 3.3 because they include taxes assessed on the trade and transport
margins and taxes that are collected on products sold by wholesalers and retailers and then
transferred to the Government.

- Table 3.9 isthefina usetableat producers prices. Table 3.10 istheform of the use table which
after being transformed to become a product-by-product table is the I/0 symmetric model that
is used for modelling. In thistable, imports are entered in negative values. Because of this,
column 11 shows the total use of domestic products only. These values are the same as those
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in column 4 of table 3.6. Column 12 entitled total economy is moved to the extreme right so that
it is easier to show total taxes less subsidies on imports.

3.23.  With the system measured at producers prices, it ismuch harder to analyse the impact of tax policy since
thereis no direct linkage between the output of a product and the tax rates. The system measured at basic prices
is better in this respect.

E. Thesupply and usetableswith VAT
1. Definitions

3.24. Thederivation of SUT in basic prices from SUT in mixed prices with VAT was discussed in part C of
this chapter. The discussion here focuses only on the derivation of SUT with VAT in producers' prices. To that
end, it isimportant to mention the following SNA definitions on VAT terminology:

Invoiced VAT: This VAT is payable on the sales of a producer and it is shown separately on the
invoice from the producer to the purchaser;

Deductible VAT: ThisVAT is payable on purchases of goods or services intended for intermediate
consumption, gross fixed capital formation or for resale which a producer is permitted to deduct from
hisown VAT liability to the Government in respect of VAT invoiced to his customers;

Non-deductible VAT: This VAT is payable by a purchaser and is not deductible from his own VAT
ligbility;

Net VAT on product isthe net total of taxes the Government collects on a product. It isequal to the
VAT invoiced on the product output produced by various industries minus the deductible VAT on the
same product when it is used either as intermediate input, for capital formation, or for export by all
purchasers. Thus the net VAT on a product is the aggregate concept that is derived for a particular
product.

2. Producers prices, grossand net treatment of VAT and basic prices

3.25. Thefoallowing example will explain the difference between gross and net treatment of VAT when one
producer produces one product, i.e. SUT has to be symmetric. The example also assumes:

@ No trade and transport margins and no non-VAT taxes on products so that producers priceswill
equal purchasers prices;

(b) Invoiced VAT isequal to 10% of values at purchasers' prices.

In the example, a producer sold product X for $200 (see exhibit A.1) and spent $50 on intermediate goods and
services to produce the product. When selling, the producer invoiced $20 of VAT on the product he sold to his
customers, deducted $5 of VAT invoiced on the goods and services he purchased for his production operation
and turned over $15 (= 20 - 5) to the Government: $15 is payable VAT. Thus the actual cost of intermediate
inputs, i.e. intermediate consumption valued net of deductible VAT, isonly $45 (50 - 5). The amount of $200
is called producer’s price, gross treatment. The basic price which is equa to the producers’ price -- gross
treatment lessinvoiced VAT on output sold is $180 (= 200 - 20).
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3.26. The production account of the producer in the example with VAT can be presented in producers’ price-
gross treatment, producers’ price-net treatment and basic price.

3.27. Theproducers price-gross trestment is shown in exhibit A.1 and in the form of the use table in exhibit
A.2. This gross treatment, though simple, is impractical because business accounts normally report sales
excluding invoiced VAT, i.e. at basic prices, and also goods and services used in production are recorded
excluding deductible VAT. The gross system was tried in some countries, Norway for example, but had to be
abandoned partly for the reason mentioned and partly to conform with the convention set by the international
community (such as the European Union) for the sake of international comparability.

Exhibit A.1. Producers prices- grosstreatment

Sale value (output at producers’ price - gross treatment 200
Less  Intermediate consumption -50

Equal Value added at producers price - gross treatment 150

Equa Valueadded at basic price 135
Plus  Payable VAT 15
Equal invoiced VAT on output sold 20

Less deductible VAT on intermediate consumption 5

3.28. The basic value of the product sold is equal to the output at producer’s prices-gross treatment less
invoiced VAT. Itis$180 = 200 - 20. The components that make up the output at basic prices are shown in
exhibit B.1 and the presentation of the production and use of product X at basic pricesin the use table is shown
in exhibit B.2. In the use table, the deductible VAT must be excluded from intermediate consumption and final
uses. Findly, in order to equate supply and demand, a column of negative net VAT on product must be added.
The net VAT on product (see definitionin para. 3.24) isequal to the total VAT invoiced on the product less the
VAT paid on product but deductible ($16=20-(1+3)).

3.29. The system of producers prices-net treatment is similar to the case of output measured at basic prices
shown in exhibit B.2. Intermediate consumption of goods and services and final uses are valued at purchasers
prices excluding the deductible VAT, which means that only the non-deductible VAT isincluded. However,
thereis one important difference between the valuation at basic prices and the valuation at producers’ prices-net
treatment. In the former, production and consumption can be looked at from the points of view of both producers
and consumers. In the latter, production is looked at from the point of view of producers, i.e. output at basic
prices, but consumption islooked a from the point of view of consumers. In exhibit C.2 total of 196 is the total
cost to consumer but in exhibit B.2, 180, the total output at basic prices, is the total value received by producers.
The addition of 16, net VAT on product, to output at basic prices is needed to balance total supply and total use.
The totas in the column and the corresponding row now reflect the point of view of consumers. It is aso
important to remind readers that in the exhibit C.2 example, only one type of product is assumed to be produced
by a producer.

Exhibit A.2. Theusetablein producers’ price- grosstreatment

|| Industry X Other Final Gross capital Others Total ||
industries | consumption formation
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At purchasers pricesincluding invoiced VAT
Product X 10 (1)* 160 (16)* 30 (3)* 0 200
Other products 40 (4)*
Value added at basic prices 135
Invoiced VAT 20
Deductible VAT on inputs -5
Output at producers price- 200
gross treatment

* Parenthesized numbers are invoiced VAT which is assumed to be with 10% of purchased values. In this example, only
the invoiced VAT, on intermediate consumption (1 for product X) and capital formation (3 for product X) is deductible.

Exhibit B.1. Basic prices

Intermediate consumption at purchasers' prices excluding deductible VAT 45
Gross value added at basic prices 135
Output at basic price 180
Equal  Output at producers price- grosstreatment (sale value) 200
less VAT invoiced on the output sold -20

3.30. Inexhibit C.2, which describes the recent practice in many European countrieswith VAT, the net system
is used but with symmetric 1/0 tables (SIOT) in which one industry is assumed to produce only one product. If
a producer produces many products as described in SUT, the net VAT on them can only be obtained after
alocating the net VAT for each one. The vaue of net VAT on products obtained in thisway does not even serve
the purpose of balancing the supply-and-use tables as in the case of the symmetric I/O table because the output
of an industry need not be equal to the value of the principal product it produces. Thus, in SUT with VAT, the
system in basic prices should be adopted. The European System of Accounts 1995 (ESA) (Eurostat, Brussels,
Luxembourg, 1996) has decided to use only basic prices for valuation.
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Exhibit B.2. Theusetablein basic prices

Industry X Other Final Grosscapital Others |Net VAT Total
industries | consumption  formation on
products
At purchasers prices At purchasers' prices excluding
excluding deductible VAT deductible VAT
Product X 9 160 27 0 -16 180
Other products 36
Value added at basic prices 135
Output at basic prices 180
Exhibit C.1. Producers price, net treatment in the usetable
Intermediate consumption at purchasers' prices excluding deductible VAT 45
Gross value added at basic price 135
Output at basic price 180
Net VAT on product* 16
Total, net treatment 196
*20-4 (with 4 the deductible VAT on product X).
Exhibit C.2. Theusetableat producers price- net treatment
Industry X Other Final Gross Others| Total
industries | consumption capital
formation
At purchasers' prices At purchasers' prices excluding
excluding deductible VAT deductible VAT
Product X 9 160 27 0 196
Other products 36
Value added at basic prices 135
Net VAT on products 16
Total 196




Table 3.1. Supply of productsat basic prices

Output of industries Total economy Imports C.i.f./ Total product supply | Tradeand | Taxeslesssubsidieson products Total supply at

c.i.f. f.o.b. adj. at basic prices transport purchasers' prices

f(tots\l margins Import duties | Other taxes less

0b) subsidies on

products
@ @] ©) A=()++(+3) ® (©) (M= (A+.+(6) (C)] ©) (10) (D)= (7)+.+(10)
(1) | Product 1 156 24 0 180 15 195 33 2 11 241
(2) | Product 2 9 80 0 89 8 -1 96 27 1 6 130
(3) | Transport services directly purchased 0 0 62 62 1 -1 62 -60 0 0 2
(4) |cC.if./f.0.b. adjustment -2 2 0 0
(5) | Direct purchases abroad by residents 3 3 3
(6) | Total industry output at basic prices 165 104 62 331
D++(5)

(7) | Other column total 25 0 356 0 3 17 376




Table 3.2. Useof productsat purchasers prices

Intermediate consumption Tota Exports Household fina Government final Gross capital Tota use of products
of industries economy f.0.b. expenditures® expenditures formation at purchasers' prices
(@) @) (©) G ® (6) ) ()] 9O=(D)+.+(8)
(1) | Product 1 25 35 13 28 100 40 241
(2) | Product 2 32 20 10 9 49 10 0 130
(3) | Transport services directly purchased 0 2 0 2
(5) | Direct purchases abroad by residents 3 3
(6) | Direct purchases at home by non-residents 1 -1 0
(7) | Total uses at purchasers' prices (11)+.+(6) 57 55 23 38 153 10 40 376
(8) | Tota gross vaue added/GDP 216
9 Gross value added at basic prices (11)-(7) 108 49 39 196
(10) | Taxesless subsidies on production and imports 20
(11) | Industry output at basic prices 165 104 62 331

Other relationshipsin the supply and use tables are shown below with U;; standing for entry in row i and column j in thistable and S; in the supply table 3.1:

GDP=Ug,=Ug, + Uy,

Taxes less subsidies on production and imports=U,,, =S, + S, 4.

* Including final consumption expenditures of NPISHSs.




Table 3.3. Derivation of use of productsat basic prices

Intermediate consumption Tota Exports Household final Government final Gross capital Total use of products at
of industries economy f.0.b. expenditures® expenditures formation basic prices
Product at basic prices (1) (2 (3) (4) (5) (6) (7) (8) (9)=(1)+.+(8)
(1) | Product 1 19 28 10 27 71 40 195
(2) | Product 2 29 18 8 8 23 10 96
(3) | Transport services directly purchased 2 0 2

Trade and transport margins on product 1

Trade and transport margins on product 2

Taxes less subsidies on product 1

Taxes less subsidies on product 2

Taxes less subsidies on product 3

(5) | Direct purchases abroad by residents 3 3
(6) | Direct purchases at home by non-residents 1 -1 0
(7) | Total uses at purchasers prices (1)+.+(6) 57 55 23 38 153 10 40 376
(8) | Total gross value added/GDP 216

9) Gross value added at basic prices (11) - (7) 108 49 39 196

(10) | Taxesless subsidies on production and imports 20

(11) | Total industry output at basic prices 165 104 62 331

Other relationships in the supply and use tables are shown below with U;; standing for entry in row i and column j in thistable and S; in the supply table 3.1.

GDP=Ug,=Ug, + Uy,
Taxes less subsidies on production and imports=U,,,=S;4+ S; ;.

*Including final consumption expenditures of NPISHSs.



Table 3.4. Useof productsat basic prices

Intermediate consumption of Tota Exportsf.o.b Household final Government final Gross capital Tota use of
industries economy expenditures® expenditures formation product_s at basic
prices
@ @) (©) G ©) @) U] €S) ©=(D)+.+(8)

(1) Product 1 19 28 10 27 71 40 195

@) Product 2 29 18 8 8 23 10 96

3 Trade and transport services** 7 7 3 2 43 0 62

(4) Taxes less subsidies on products 2 2 2 0 14 0 20

5) Direct purchases abroad by residents 3 3

(6) Direct purchases at home by non-residents 1 -1 0

(7) Total uses at purchasers' prices (1)+.+(6) 57 55 23 38 153 10 40 376

(8) Tota gross vaue added/GDP 216

9 Gross value added at basic prices (11) - (7) 108 49 39 196

(10 Taxes less subsidies on production and imports 20

(11 Total industry output at basic prices 165 104 62 331

Other relationshipsin the supply and use tables are shown below with U;; standing for entry in row i and column j in thistable and S; in the supply table 3.1:

GDP=Ug,=Ug,+ Uy,
Taxes less subsidies on production and imports=U,,,=S,4+ S, 4.

* Including final consumption expenditures of NPISHSs.

** Trade and transport services are equal to trade and transport margins plus transport services directly purchased.




Table 3.5. Use of products at basic prices: the conventional form of 1/0 model

Intermediate consumption Tota Household final | Government | Gross capita | Exports Imports | c.i.f./f.o.b. Totd
of industries economy expenditures® fina formation f.o.b. c.i.f. adj. use of domestic
expenditures (total products at basic
f.0.b.) prices
@ @) (©) () ©) (6) U] )] C) (109) (1D=(1)+.+(10)
1) Product 1 19 28 10 71 40 27 -15 180
@) Product 2 29 18 8 23 10 8 -8 1 89
(©)] Trade and transport services** 7 7 3 43 0 2 -1 1 62
(4) Taxes less subsidies on products 2 2 2 14 0 0 20
5) Direct purchases abroad by residents 3 -3 0
(6) Direct purchases at home by non-residents -1 1 0
(7) C.i.f./f.0.b. adjustment 2 -2 0
(8) Total uses at purchasers prices (1)+.+(7) 57 55 23 153 10 40 38 -25 0 351
9 Total gross value added/GDP 273
(10 Gross value added at basic prices (12) - (8) 127 77 49 253
(11 Transport services directly purchased 20
(12) Total industry output at basic prices 165 104 62 331

Other relationshipsin the supply and use tables are shown below with U;; standing for entry in row i and column j in thistable and S; in the supply table 3.1:

GDP=Ug,=Ug, + Uy,
Taxes less subsidies on production and imports=U,,,=S;4+ S; 4.

*|ncluding final consumption expenditures of NPISHSs.

**Trade and transport services are equa to trade and transport margins plus transport services directly purchased.



Table 3.6. Supply of productsat producers prices

Output of industries Tota economy Imports at ex-customs value Tota product Trade and Tota product supply at
supply at producer | transport margins purchasers prices
Imports ci.f./ Import prices indl utd| ng sdles
cif. fob. | duties aXES
(total f.0.b.) adj.
€] 2 3 @=D)++@3) ©)] (6 ) (8= @++(7) )] (10)= (8)+(9)

(1) | Product 1 161 25 0 186 15 2 203 38 241

(2) | Product 2 9 82 0 91 8 -1 1 99 31 130

(3) | Transport services directly purchased 0 0 71 71 1 -1 0 71 -69 2

(4) |c.i.f./f.0b. adjustment -2 2 0 0

(5) | Direct purchases abroad by residents 3 3 3

(6) | Total industry output at producer prices (1)+.+(5) 170 107 71 348

(7) | Other column total 25 0 3 376 0 376




Table 3.7. Useof productsat purchasers prices

Intermediate consumption Import Tota Exports Household Government Gross capital Tota use of
of industries duties economy f.o.b. fina fina formation products at
expenditures expenditures purchasers prices
@) @) 3 ) ©) (6) ) €S) C) (10=D)+.+(9)
1) Product 1 25 35 13 28 100 40 241
2 Product 2 32 20 10 9 49 10 0 130
(3 Transport services directly purchased 0 2 0 2
4 Direct purchases abroad by residents 3 3
(5) Direct purchases at home by non-residents 1 -1 0
(6) Total uses at purchasers' prices (1)+.+(5) 57 55 23 38 153 10 40 376
@ Tota gross vaue added/GDP 216
8 Gross value added at basic prices (10)-(6)-(9) 108 49 -32 196
(9) Taxes less subsidies on production and imports 5 3 9 3 20
(10 Industry output at producer prices 170 107 71 348

Other relationships in the supply and use tables are shown below with U;; standing for entry in row i and column j in thistable and S; in the supply table (3.6).

GDP=U;5=Ugs + Ugs
Import duties= Uy, =S,
Taxes less subsidies on production and imports = Uy = Ug; +...+ Ug ,.



Table 3.8. Derivation of theusetableat producers prices

Trade and transport margins on product 1

Trade and transport margins on product 2

Intermediate consumption of Import Total Exports Household final Government Gross capital Total product
industries duties economy f.o.b. expenditures final formation uses at producer
expenditures prices
Product at producers’ prices (1) (2 (3) (4) (5 (6) (7) (8) (9) (10)=(1)+.+(9)
@) Product 1 20 30 11 27 75 40 203
2 Product 2 30 18 9 8 24 10 99
(3) Transport services directly purchased 2 0 2

4 Direct purchases abroad by residents 3 3
(5) Direct purchases at home by non-residents 1 -1 0
(6) Total uses at purchasers prices (1)+.+(5) 57 55 23 38 153 10 40 376
@ Tota gross value added/GDP 216

8 Gross value added at basic prices (10)-(6)-(9) 108 49 39 196

(9) Taxes less subsidies on production and imports 5 3 9 3 20

(10) Total industry output at producers prices 170 107 71 348

Other relationshipsin the supply and use tables are shown below with U;; standing for entry in row i

GDP=U;5=Ugs+ Ugs
Import duties= Uy, =S,

Taxes less subsidies on production and imports = Uy = Ug; +...+ Ug ,.

and column j in thistable and S; in the supply table (3.6).




Table 3.9. Theusetableat producers prices

Intermediate consumption Import Tota Exports Household final Government final Gross capital Tota product uses
of industries duties economy f.o.b expenditures expenditures formation at producer prices
Product at producers prices (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)=(1)+.+(9)
1) Product 1 20 30 11 27 75 40 203
@) Product 2 30 18 9 8 24 10 99
(©)] Trade and transport services* 7 7 3 2 52 0 203
(4 Direct purchases abroad by residents 3 3
(5 Direct purchases at home by non-residents 1 -1 0
(6) Total uses at purchasers prices (1)+.+(5) 57 55 23 38 153 10 40 376
W] Tota gross value added/GDP 216
8 Gross value added at basic prices (10)-(6)-(9) 108 49 39 196
(9) Taxes less subsidies on production and imports 5 3 9 3 20
(10 Total industry output at producer prices 170 107 71 348

Other relationships in the supply and use tables are shown below with U;; standing for entry in row i and column j in thistable and S; in the supply table (3.6).
GDP=U;5=Ugs+ Ugs
Import duties= Uy, =S,
Taxesless subsidies on production and imports = Ugg = Ug; +...+ Ug ,.

*Trade and transport services are equal to trade and transport margins plus transport services directly purchased.



Table 3.10. Theusetableat producers prices: the conventional form of 1/0 model

Intermediate consumption Exports Imports at ex-custom value Household Government | Gross capital Tota use of Tota
of industries f.o.b. final fina formation domestic economy
expenditures | expenditures products at
Imports cif Import | c.i.f./f.o.b. producers
(total f.0.b.) duties adj. prices
Product at producers prices (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)=(1)+.+(10) (12)
(1) | Product1 20 30 11 27 -15 -2 75 40 186
(2) | Product 2 30 18 9 8 -8 -1 1 24 10 91
(3) | Trade and transport services® 7 7 3 2 -1 0 1 52 0 71
(4) |C.i.f./f.0.b. adjustment 2 -2 0
5) Direct purchases abroad by residents -3 3 0
(6) Direct purchases at home by non-residents 1 -1 0
(7) | Tota uses at purchasers' prices (1)+.+(6) 57 55 23 38 -25 -3 0 153 10 40 348
(8) | Tota gross value added/GDP 216
9 Gross value added at basic prices 108 49 39 196
(11)-(7)-(10)
(20) Taxes less subsidies on production and 5 3 9 3 20
imports
(11) | Total industry output at producer prices 170 107 71 348

Other relationships in the supply and use tables are shown below with U;; standing for entry inrow i and column j in this table.

Taxes less subsidies on production and imports = U5, = Uyg; + Ujgo + U + Uy

Total gross value added/GDP = Ug,, = Ug 1, + Uy 1.

*Trade and transport services are equal to trade and transport margins plus transport services directly purchased.
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V. CONVERTING SUPPLY AND USE TABLESINTO A SYMMETRIC
|/O TABLE: TREATMENT OF SECONDARY PRODUCTS

A. Introduction

4.1.  The present chapter takes as a point of departure the supply and use tables that define the SNA input-
output framework that was reviewed in chapter I1. 1t describes what methods could be used to convert the
SNA /O framework of supply and use tables to a symmetric /O table in which each industry produces only
one product, what conditions should be met to facilitate the conversion and/or its use in analysis and what
statistical issues must be faced in the conversion.

4.2.  Theoretically, an I/O coefficient table may be compiled directly, using engineering information,
without first creating an input-output table in monetary values. To do so, one may ask detailed technical
information on all production processes operating in an economy. If aproduct is produced by more than one
process, an average input structure of those production processes would be created by weighing input columns
with output values. As weights change, the average input structures would have to be frequently updated.
With additional information on gross output, value added and final demand, it is possible to recreate a flow
table using the I/O coefficient matrix and output prices and thus check the accuracy and compatibility of the
engineering information with the data on value added and final demand, in the final balancing of the table.
This construction of 1/0O tables in physical terms is not simple, since enterprises may be reluctant to reveal
technical details of their production processes. Thus technical data may have to be collected through special
surveys, independently of censuses, and this may be very expensive. Thisiswhy the compilation of 1/O tables
has relied mainly on data provided by censuses of establishments and specia surveys. Thisinformation could
be supplemented by engineering-type data but thisis rarely done. In view of these difficulties and the existing
practices, the present chapter will not deal with 1/0 tablesin physical units.

4.3. The ided situation for a symmetric 1/O table is to have data that describe the input structure of every
type of activity producing asingle product in the economy. With such an ideal situation, the I/O table is almost
symmetric and homogeneity in production function in the table is guaranteed, except for the cases of by-
products or joint products that are linked technologically in a production activity. If homogeneity is not
guaranteed, a distortion in analysis; particularly when total effects are calculated by the use of the L eontief
inverse may result. For example, in order to assessthe total effects of an increase in demand of electricity on
the economy, reasonabl e estimates may not be obtainable if an 1/0 table only includes one industry producing
electricity. This is because dectricity is produced by different processes: gas, coal, oil, water power or
windmill, etc., whereby each process requires a different set of inputs and consequently generates different
impacts. The column of inputs used for electricity production in this case may possibly be an aggregate of
different processes of electric generation. The assessment of the impact of an increase in electricity demand
using the 1/0 model is meaningful only if that increase is met by the same mix of electric generation
technologies that are shown as market shares of the technologies at the time the table is prepared. If the
technology that is used to meet the increase in demand for eectricity is known in advance, first the inputs
needed for this particular type of technology have to be caculated, and then theindirect effects of the increased
inputs have to be estimated. But even here, the question needs to be asked whether or not the inputs used to
produce indirect demand of electricity are truly represented by the columns of the 1/0O table. Further
exploration of the use of /O table for analysiswill be the focus in later chapters on applications. The above
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smply serves to emphasize the importance of the homogeneity property in input-output economics, i.e., each
industry in an input-output table should be as homogeneous as possible when used as atool for analysis. To
improve the homogeneity property in analysis, it isimportant to maintain origina data that are used in the
construction of an average technology in order to facilitate the construction of a different average technology
when needed. The present availability of computer power at low cost makes it feasible to maintain a huge
database that can be recombined to construct an 1/O for a specific need.

4.4, In contrast to the ideal situation, the SNA use and supply tables as an integrated framework for
production statistics are designed to serve as the best statistical tool to compile national accounts aggregates
and provide information for the compilation of the symmetric I/O table. However, SUT, if taken only as atool
for balancing supply and uses of productsin the compilation of national accounts aggregates or institutional
sector accounts, would not need to apply rigorously the homogeneity assumption, which certainly would
require the identification of product production technologies. To extend this argument even further, SUT as
atool for balancing supply and use products may even be based on enterprises as statistical units. In this case,
the derivation of the symmetric 1/0 table from SUT is purely a mathematical approximation. Even if an
establishment is used as the statistical unit, the resulting supply matrix still contains many secondary products,
though the derivation of the symmetric table isless an exercise in pure mathematical approximation. In order
to eliminate the need to either carry out supplementary surveys or live with the problems of secondary products
and resolve them by mechanical methods, 1/0 dtatiticians should engage in the planning of data collection by
censuses. The strategy is, as much as possible, to define operationally a purer establishment, linking each
product produced to an establishment. It is possible to design production censuses by asking business
accountants using the cost accounting approach to allocate costs to a specific type of product produced by an
establishment. Cost accounting is a common practice used by large enterprises in their pricing and general
management policy. Allocation keys are used to assign costs to every kind of product produced by the
enterprises. Some of the common allocation keys are work hours (for example, those spent by the personnel
of the maintenance department in other departments are used to allocate maintenance costs), surface areafor
allocating rental, kilometres driven, percentage of administrative work done in each establishment to allocate
central administration costs, etc.” In doing this, most secondary products will be eliminated from SUT.
Mathematical methods which are basically mechanical will be used only as a last resort. The approach
proposed above is feasible given the availability of inexpensive means of data processing at present. The
database should make it possible to link a product technology to a specific establishment which, in turn, is
identified with a specific enterprise.

45.  Giventhediscussionsin paragraph 4.4, the current chapter examines first the statistical approach for
eliminating secondary products before mathematical methods are discussed. However, whether statistical or
mathematical methods are usable depends on the types of secondary products produced.

See M. Francis Rousse and Vu Quang Viet, “Use of Business Accounts to Determine the Cost of a Particular Product
in a Multi-product Establishment”, chapter 1l of the Handbook of National Accounting: Links between Business
Accounting and National Accounting (ST/ESA/STAT/SER.F/76).
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B. Typesof secondary products
1. Secondary productsresulting from statistical practices

4.6. Secondary products may result from less refined statistical practices that do not adhere strictly to the
SNA definition of an establishment (see chapter |, para. 2.55). Such practices may originate from a statistical
policy to present production data as redlistically as possible, and adopt the enterprise as the statistical unit.

47. If enterprises are used as statistical units and are multi-establishment, producing more than one
product, the issue of secondary products arises, i.e. in the supply table more than one product will be recorded
for the same industry.

4.8.  Another example is when vertically integrated enterprises (or establishments) are not broken down
into separate establishments, as recommended by the SNA.

4.9.  Alsothe casemay occur of ahorizontally integrated enterprise operating at one location and producing
different products for sale on the market. In this case, though, it may be obvious that each product is produced
through a different technology, but production data may be collected in the aggregate, treating the enterprise
as one establishment only.

4.10. Even when following the SNA recommendations, secondary products would still appear as long as
activities producing them are not identified as separate establishments, though the implementation of the SNA
recommendations will greatly reduce the scope of secondary products in input-output tables that are usually
resolved mechanically later.

2. Secondary productsresulting from production technology

4.11. By-products exist because certain technol ogies produce more than one product simultaneously, and
similar products may also be produced elsewhere by other, quite different techniques of production. Three
types may be distinguished:

@ Exclusive by-products are products that are not produced separately anywhere, eg.,
molasses linked to the production of sugar, new scrap in metal industries.

(b) Ordinary by-products are products that are technologically linked to the production of other
products but are also produced separately elsewhere as main products. An example of this
type is hydrogen produced as a by-product in petroleum refining establishments but also
produced separately by other establishmentsin the chemical industry.

(© Joint products are products that are more loosely linked technologically than ordinary
by-products; the common costs shared by joint products are more significant in value than is
the case for ordinary by-products. One example is milk and meat in the livestock industry
which may be produced on a scale that depends on the demand for each product and the ratio
of the two products may be varied in response to changing conditions of demand. One of the
joint products may be produced separately elsewhere. Joint products cannot be easily
distinguished from by-products.
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C. Partitioning enterprisesinto units of homogeneous production

4.12. Itistheenterprise unit that is able to provide statistics on productive activities, on incomes, profits and
losses, and its assets and liabilities. But as an enterprise may be involved in more than one activity, e.g. an
automobile company might produce airplanes, tanks and ammunition, trading activity or even computer
servicesfor sae, they should not be used as the statistical unit for production accounts of which input-output
tables are a part because production technology of the enterprise is not homogeneous. In this case, the SNA
recommends that the enterprise be partitioned into separate establishments, each of which engagesin only one
productive activity. Anindustry in an 1/O tableis then defined as a group of establishments engaged in the
same kind of productive activities.

4.13. Partitioning enterprises into units of homogeneous production is an important task in the collection
of production data and, as a consequence, the compilation of the symmetric I/O table. The best way to get
inputs and outputs from the units of homogeneous production in an enterprise isto ask it to do so with clear
instructions from data collectors so that there will be no need to use mechanical methods to separate them
afterwards. Below are the SNA rules recommended for partitioning enterprises into units of homogenous
production.

1. General SNA rulesfor creating a separ ate establishment

4.14. An establishment defined as a production unit consists of either an enterprise or apart of one, which
engagesin asingle kind of productive activity at asingle location. To be an establishment, the unit must be
able to provide the outputs produced and inputs used, the number of people employed, the fixed assets and
changes in inventories used, consumed and put in place during the accounting period.? With respect to
outputs, they need not be for sale and can be measured by imputation with the use of market prices for the
same type of products on sale or at cost as in the case of producers of government and non-profit services.

4.15. If an enterprise uses asingle production process at a single location and produces only one product,
it is considered as one establishment. If the enterprise has many establishments, separate units of homogeneous
production should be created for each establishment. The SNA definition of establishments alows for
secondary activity producing secondary products.®> The operationa definition is, therefore, inexact.
Furthermore, for 1/O compilers of the symmetric table, secondary outputs and associated i nputs must somehow
be separated. As a consequence, the 1/0 table would be much more reliable if the separation were done at the
source by business accountant who should be requested, whenever possible, to alocate costs to every product
the establishment produces. Cost allocation for the sake of determining product pricesis not aien to business
accountants.

4.16. Most of the inputs used by each establishment and the outputs it produces can be itemized by the
enterprise accountants. However there are other costs that are shared by all establishments within the
enterprise. These costs are generated by ancillary activities, such as processing and communication of
information, transportation, storage, purchasing, sales promotion, cleaning, maintenance, security which are
needed to support the main productive activities of the enterprise. These activities cannot stand alone; they
are usualy services produced for internal intermediate consumption and normally can be found in ailmost all

2See System of National Accounts 1993, para. 5.26.

®lbid, para. 5.21.
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enterprises of similar type and therefore should be integrated with main activities by alocating the costs of
these activities to each main activity (more on allocation later). They should not be separated as establishments
but the inputs they use should be allocated to the establishments for which they provide services.

4.17. Certain types of activities, however, should never be treated as ancillary but should always be treated
as productive activities and separated as establishments. They include:

@ The production of goodsfor further processing within the same verticaly integrated enterprise
e.g. the production of cloth which isthen manufactured into clothing, the extraction of crude
oil which isthen refined into petroleum, etc.;

(b) Own-account production of goods and own-account construction by households,
Governments or enterprises,

(© Mineral exploration in order to discover new deposits whether undertaken on own account
by enterprises or by other enterprises, which are hired to do the job.

2. Separation of own-account construction and vertically integrated activities

4.18. Theseparation of secondary activitiesfrom main activities, for example the separation of own-account
construction from other activities or of vertically integrated activities, asisthe case of an integrated petroleum
industry combining both crude oil extraction and petroleum refining, is normally done by valuing outputs at
cost. In order to implement this separation in an input-output table, all costs pertaining to the activity have to
be separated out. The operating surplus of the enterprise as awhole has to be distributed proportionally to each
activity on the basis of value added minus operating surplus. Total costs plus operating surplus make up output
values. Despite the practical difficulties involved in partitioning vertical integrated enterprises into
establishments, the SNA recommends that when a vertical enterprise spans two or more headings at the first
level of breakdown of the ISIC (see chapter |1, para. 2.56 of this Handbook) at least one establishment must
be distinguished within each heading.

3. Cost allocation of ancillary activitiesto establishments

4.19. When using establishments as the statistical unitsfor production accounts, one hasto deal with the issue
of cost allocation of ancillary activities in multi-establishment enterprises. A difficult accounting problem
arises within a multi-establishment enterprise when certain ancillary activities are carried out centrally for the
benefit of all individual establishments which make up the enterprise. They may include activities such as
marketing, sales, purchasing, accounting, data processing, computing, transportation, maintenance, and so on.
The central unit, which is often aso the head office, is likely to have its own separate location away from the
establishmentsit serves. The costs of the ancillary activities are recommended by the SNA to be alocated over
all the establishments for which they provide services. If there are cost accounting records showing how much
of the central cost is attributable to the separate establishments, they should be alocated on thisbasis. In many
countries, cost accounting is normally prepared in large enterprises. If the necessary information is not
available, the cost of each type of input consumed by the central unit should be distributed over the
establishments served in proportion to the value of the output of each establishment less the value of its
intermediate costs excluding the costs of the ancillary activities themselves. If this method also proved to be
too difficult to apply, the cost of each central input may be distributed simply in proportion to the value of the
outputs of the establishments served. The approach proposed herein fact is not very different from that adopted
in enterprise cost accounting.
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4. Ancillary activitieswith sales

4.20. Inaddition to the above case which is clear-cut, there are areas that are not so clear-cut. In fact, there
are enterprises that also sell part of the ancillary services to other enterprises. For instance, a computerized
database, an accounting system or storage facilities may first be developed for internal use but later on attract
customers. Should these activities continue to be treated as ancillary?

4.21. The SNA recommends that as ancillary units sell half or more of their outputs, they should be treated
as separate establishments. The outputs used internally will be treated as services consumed with imputed
values from the newly created establishment. When an ancillary unit is not classified as a separate
establishment, though a part of its output is sold on the market in addition to the outputs of the main activity,
secondary production shows up in the supply table. This secondary production reflects the output of the
ancillary unit that issold. Of course, if enterprises are used as statistical units for production accounts, more
secondary products would appear in the supply table of the input-output framework. Thus, with the
recommendation of establishments as statistical units, the SNA attempts to reduce the secondary product
problem. At this point, it isimportant to note that the decision in the SNA to treat market output of ancillary
activities as secondary products actually leaves the difficult question of dealing with secondary products to
input-output statisticians and economists when they want to obtain symmetric input-output tables. The general
practiceisto either sweep it under the rug by aggregation or to use mathematical methods on the basis of some
assumptions to reclassify the secondary outputs and their associated inputs. But thisreclassification is nothing
other than creating a separate establishment of the market output of ancillary units.

4.22. The separation of ancillary units when at least haf of their outputs are sold to other enterprises could
be complicated. If the entire output of an ancillary unit is separated as the output of a separate establishment,
severa statistical difficulties will be encountered. For instance, how should its output be valued? Should the
entire output be valued at the price the output is sold to the market? Furthermore an additional operating
surplus needs to be imputed for the non-market portion of output of the ancillary activity. Secondly, if the
value of the non-market portion is based on costs plus an imputed operating surplus which is a portion of the
operating surplus of the enterprise itself, the SNA recommendation on valuation to treat each product as a
different product if it has a different price, isignored.* Therefore the best approach when compiling input-
output tables is to create only separate establishments for the market ancillary output while leaving the non-
market output with the main activity of the establishment. Though thisis not recommended by the SNA, itis
better to remove secondary products by statistical rather than mathematical methods in the process of obtaining
the symmetric /O table. The alocation of costs is similar to the procedure described above. In this case,
outputs of the same ancillary unit will be treated as different products since they are sold at different prices.

“"1n economic theory it is generally assumed that whenever a difference in price is found between two goods and

services which appear to be physically identical there must be some other factor, such as location, timing, conditions of
sde, etc., which isintroducing adifference in quality...In most cases, therefore, differencesin prices at the same moment
of time must be taken as prima facie evidence that the goods or services concerned, represent different qualities of the
same general kind of good or service." (SNA, para. 16.110).
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5. Theredefinition method

4.23. Thefollowing example shows how the redefinition method operates. Let us take the example given
intable 4.1(a) below where product 3 is, in fact, produced elsewhere but due to reported data, that activity has
been aggregated as part of industry 1. Let us assume that we can find additional information on the input
structure of that activity as follows:

Product 1 1
Product 2 2
Product 3 0
Vaueadded 3
Total output 5

Then the additional information can beinserted as column 3 of table 4.1(a) and deducted from column 1.> This
method is similar to the mathematical method which is based on the commaodity technology assumption, which
will be discussed later except that compilers may be directly involved in deciding which independent inputs
areto be assigned to the secondary products.

4.24. Given that data are collected on an establishment basis and consist of secondary products which are not
by-products or joint products resulting from production processes, it is still beneficial to collect input data
independently for the secondary products of the same kind and use this information to estimate the inputs
associated with the secondary products and transfer them out. For example, bicycle tyres may be a secondary
product of both the bicycle industry and the automobile tyre production, while no bicycle tyre single-activity
enterprises exist. The result is that in SUT no industry produces bicycle tyre. It is possible to use the
mathematical method based on the commaodity technology assumption to transfer out secondary outputs and
their associated inputs, but the method may produce negative results. In this case, it is better to obtain
independent information on bicycle tyre production and use it to estimate inputs of the secondary products and
then transfer them out. In so doing, I/O compilers may be able to pass judgement on the quality of the
information. This is the essence of the redefinition method though it requires additional information.
Construction, which covers al kinds of activities with very different input structures, is also a secondary
product of many industries. It is important to identify it by specific kind and apply the redefinition method.
If the establishment is classified by activity at a detailed level in SUT, there would be more independent
information on the inputs of a specific product that is not tainted by the existence of other secondary products.

D. Treatment of secondary productsresulting from production technology®

4.25. In order to separate by-products as defined previoudly from the main products of an industry, they
should be clearly identified in the product classifications that are used. Up to now there are no satisfactory
solutions for the separation of by-products and joint products in input-output tables, and only second best
solutions are offered here. Some of these solutions may be quite acceptable if the tables are desegregated and

*This method is the same as the one suggested by P.J.A. Konijin in The Make and Use of Commodities by Industries,
on the Compilation of Input-Output Data from the National Accounts, Enschede, The Netherlands, Faculteit
Bestuurskunde, Twente University, 1994.

®Thisis partly based on “Practicesin Input-Output Table Compilation” by Vu Quang Viet in Regional Science and
Urban Economics, The Netherlands Vol. 24, No.1,1994.
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detailed enough, but thisisrarely the case. On the other hand, the issue may be exaggerated somewhat because
by-products and joint products are not pervasive in any economy, and generally low in values as compared to
principal products, and therefore second-best solutions are acceptable.

4.26. There are three types of methods in use to separate outputs and inputs of by-products and joint
products. These are the so-called negative transfer method developed by Richard Stone in which only output
is transferred, the aggregation or positive transfer method in which output and input of by-products remain
included with the main product of the industry in which they are produced, and a third method in which both
output and inputs are transferred to the by-products and joint products characteristically belong.

1. Thenegativetransfer method

4.27. The negative transfer method developed by Stone is generally used for exclusive by-products. Itis
illustrated with fictitious data presented in table 4.1(a) and the solution is given in table 4.1(b).

4.28. Inthe example of table 4.1(b) product 3 isthe by-product of thefirst industry. Itisentered as negative
input, so that the total output of the first industry is reduced from 115 to 110; the latter is equal to the output
of product 1. Asthe by-product is used by the second industry, it is recorded there as intermediate input. As
aresult of this manner of recording, the output of the third industry representing the by-product is zero, and
the input column of the industry of by-products contains only zeros.

Table4.1(a). An example of secondary products

Usetable Intermediate consumption | Final demand Product output
Product 1 10 20 80 110
Product 2 30 10 60 100
Product 3 5 0 0

Value added 75 65

Industry output 115 100

Supply table
Product 1 110 110
Product 2 100 100
Product 3 5 5

Industry output 115 100




83

Table4.1(b) Thenegative transfer method for exclusive by-products

Intermediate consumption Final demand Product output
Product 1 10 20 0 80 110
Product 2 30 10 0 60 100
Product 3 -5 5 0 0 0
Value added 75 65 0
Product output 110 100 0

4.29. The negative transfer method has implications for 1/O analysis, which can be explained with the
following /O coefficient table and Leontief inverse that are derived from table 4.1(b).

The1/O coefficient table resulting from negative transfer method

.0909 .2000 .0000
.2727 .1000 .0000
&.0454 .0500 .0000

The Leontief inverse

11786 .2619 .0000
3571 1.1905 .0000
&.0357 .0476 .1000

4.30. Assumethat fina demand of the second product increases from 60 to 100 while the demand of the
first product remains the same. Since the by-product is required as input by the second industry, more
by-product will need to be produced to satisfy theincrease in final demand of the second product. At the same
time, an additional amount of by-product (shown as negative inputs) would be required by an increase in the
output of the first product. There is no mechanism in the model that will generate a net output of by-products
equal to zero, as was the case in table 4.1(b) corresponding to a benchmark year. In the example, by
multiplying the Leontief inverse by the new final demand vector of (80 100 0), atotal gross output of (120.5
147.6 1.9) would be needed. This implies a 1.9 net increase of by-products which can either be met by
additional imports of the by-product or increasing the production of the first product beyond what is needed
for final demand.

4.31. If aternatively it is assumed that final demand of the first product increases more than the second
product, for example (100 60 0), the required output vector will be (133.57 107.14 -.714). In this case, the
value of the by-product is not zero but negative. Thisis obviously the amount of the by-product produced by
the first producer but left unused.

4.32. When using the negative transfer method for ordinary by-products that are also produced el sewhere,
theinput column of the by-product must be aggregated with the inputs of identical products that are produced
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asprincipa products elsewhere. Assuming that the secondary product isaso produced by the second industry,
the results are shown in table 4.1(c). The negative transfer method applied in this case will result in similar
distortions as were mentioned for exclusive by-products. In this case, changes may occur in the proportion
of market shares between the by-product and the product identical to it which was produced elsewhere and in
the relative weights between the output of the industry that produces the by-product and the outputs of
industries that use the by-products as inputs.

Table4.1(c) Thenegativetransfer method for by-products when by-products are aggr egated with
similar products produced elsewhere

Intermediate consumption Final demand Product output
Product 1 10 20 80 110
Product 2 30-5 10+5 60 100
Value added 75 65
Product output 110 100

4.33. Mathematically, the I/O coefficient matrix A, derived from the negative transfer method when by-
products are aggregated with the same products produced elsewhere is as follows:

A, " (U & W
where V denotes diagonalization by elimination
of the off&diagonal elements of matrix V;

V denotes off&diagonalization by elimination of
the diagonal elements of matrix V
and U the intermediate matrix of the use table.

4.34. Theabove examples show that when using the negative transfer method much care should be taken
ininterpreting the final data after application of the Leontief inverse. They aso show that this method will only
be workable as a basis for analysis, as long as the industry of by-products is not aggregated with other
industries. By identifying by-products and the corresponding industry separately, it will be possible to andyse
changes in market shares more explicitly.

2. The aggregation or positive transfer method
4.35. The positive transfer method is practiced by some I/0O compilers for exclusive by-products (see

definition in para. 4.11). Following this method, exclusive by-products are treated as if they were primary
products of the industry where they are produced. This treatment isillustrated in table 4.2.
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Table4.2 Treatment of exclusive by-products using the positive transfer method

Intermediate consumption Final demand industry output
Product 1 10 20+5 80 115
Product 2 30 10 60 100
Value added 75 65
Industry output 115 100

4.36. Inthiscase, output of the first industry also includes the by-product, and thusis 115 instead of 100.
The third industry disappears in table 4.2 as compared to table 4.1(b) . The by-product is sold by the first
industry to the second industry as though it were the principal product; this results in an increase of inputs of
product 1 into industry 2 from 20 to 25, as compared to table 4.1. Again this method will only provide realistic
outputsin 1/0 analysisif the proportion of product 1 to product 2 remains constant over time. If this method
isused, it will not be possible to detect structural changes in the use of the by-product, as was the case with
the negative transfer method, as the by-product is not separately identified. The method has a major defect,
i.e. the input structure of the industry that produces these products as primary products is distorted by the
inclusion of the fictitious purchase. As aresult, whenever the demand for the product increases, so will the
production of the industry that produces this product as by-products, which certainly is not true. To treat
exclusive by-products, the negative transfer method is preferable.

3. Transfer of outputsand inputs

4.37. For ordinary by-products and joint products, compilers may apply the redefinition method for
transferring out both outputs and inputs, if separate input information on similar products which are produced
elsawhere is available. This method may be arbitrary since the assumption of similarity iswrong but until now
no other method seems to be available to deal with ordinary by-products properly.

4.38. Inthecase of ordinary by-products there is an advantage in applying this procedure especialy when
the product in question is largely produced separately. The use of this procedure could be rightly criticized on
the ground that by-products should not be separated from the principal product, since no additional inputs are
required, as was the case in the examples presented in table 4.1(a). In reality, however, thisisrarely the case,
because at least some inputs specific to secondary products are required. Hydrogen as a by-product of
petroleum refining needs at least to be bottled before delivery to the market. The more specific costs are needed
for processing a by-product, the more reasonable the argument for allocating costs to the by-product.
Furthermore, producers of the principal and by-products, when making production decisions, would always
compare the revenues of the by-product with the corresponding costs.

4.39. There is no alternative to the separation of joint products into separate establishments by cost
alocation. Since there aready are costs that are specific to each product, only the costs that are common to all
products need to be allocated. The allocation is similar to the alocation of ancillary costs or the redefinition
method.



86
E. Transferring secondary outputs and associated inputs by mathematical methods
1. General

4.40. The recommended solution for separating secondary products from the sources by using more
information which was discussed previoudly in paras. 4.4. and 4.24 is also based on the findings that until now
no mathematical methods are able to satisfactorily derive the traditional symmetric input-output coefficient
table that is the core of input-output economics, from both conceptual and practical points of view. These
methods may still be needed as alast resort given that all possible information has been fully utilized. They
will now be reviewed. There are two methods that are used for combining the make and use matrices’ to derive
the traditiona input-output table. Before these methods are reviewed, some explanation is needed about the
traditional symmetric input-output table.

4.41. Itiscommonly known that the supply and use tables do not haveto be square. In fact, the number of
products may be more than the number of industries (producers) and vice versa. In these cases, both the use
and make tables are rectangular. However, a symmetric or square input-output matrix is required for input-
output analysis, as only a square matrix can be inverted to obtain the Leontief inverse. A symmetric table can
be a product-by-product or an industry-by-industry matrix. Both are mentioned in the SNA. In the first
version a column in the intermediate matrix represents a product technology and a row represents the
distribution of a product to intermediate inputs and as final use. In the industry-by-industry version a column
represents an industry technology containing al inputs required by that industry, and a row represents the
distribution of the industry output (which also contains secondary products) to all industries and to fina
consumers. The second type of /O table is much less useful than the first one because an industry might
represent a group of establishments, part of which may be artificially created by mathematical methods, and
therefore does not reflect any "redlistic" picture of the economy. It would be more useful if each industry
represented a group of enterprisesinstead. One should also be careful to use the inverse of the industry-by-
industry matrix when a significant time lag isinvolved because linear and fixed technical assumptions cannot
be applied here. Theinversion of this matrix should be done indirectly through the inversion of the product-
by-product matrix so that whenever there are changes in market shares, a different industry-by-industry matrix
is obtained, even though the product-by-product matrix remains the same.

4.42. There are basicaly two methods to combine the use and supply matrices mathematically to generate
the traditional symmetric input-output matrix. These methods are based on either the industry technology
assumption or the commodity technology assumption.

4.43. Theindustry technology assumption assumes that inputs are consumed in the same proportions by
every product produced by a given industry, which means that principal and secondary products are all
produced using the same technology, i.e. the same input structure. This assumption has been used by many
countries on the basis of a recommendation made by the 1968 SNA mainly for two attractive reasons: first,
the method always generates positive symmetric input-output tables; second, it is also applicable to the case
of rectangular input-output tables. The method has since been found to break the fundamental economic rule
that products with different prices at a given moment must reflect different costs or different technology.
Therefore it cannot be considered acceptable.

"The make matrix refers to the part of the supply table which describes domestic production. The use matrix refers
to the part of the use table which describes intermediate consumption.
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4.44. The commodity technology assumption assumes that the input structure of the technology that
produces a given product is the same no matter where it is produced. This assumption though economically
more reasonable than the industry technology assumption is not widely used because it tends to generate
negative symmetric input-output tables and requires the make and intermediate matrices of the use table to
be squared. 1n order to get rid of these negative coefficients, which are mostly small, additional methods have
been used to adjust data in order to produce positive symmetric tables. The more prevalent methods are (i)
setting all negative values to zero and using the RAS technique (which will be discussed in chapter 1X) to
balance the table and (ii) optimization such as minimization of variances under constraints to generate positive
values. However, the latter is also questioned on other grounds such as an economic justification for a specific
form of the objective function. Economically, the commodity technology assumption makes more sense than
the industry technology assumption.

4.45. Thetwo mathematical methods will be discussed in the following sections, based on the following
notations and definitions.

Notations

m  number of products
n number of industries

U, the intermediate matrix of the use table (product by industry)
B, the use coefficient matrix (product by industry)

M, ., the make matrix (product by industry),
part of the supply matrix describing domestic production

Dsubnxm: the market share matrix (industry by product)
g, the vector of industry output

g, the vector of product output

g the diagonal matrix of industry output

4 the diagonal matrix of product output

4.46. A matrix
witha" " it isadiagonal matrix version of the vector with the same notation; all off-diagona ements are
zeros. For example:

g 00

g-(0g, O

0 0 g,
Basic definitions: (4.1) B+ Uge
4.2) D = MG
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4.47. Thenumerical examples shown in table 4.3 below will be used to clarify the derivations of Leontief
input-output coefficients on the basis of the make and use matrix.

2. Theindustry technology assumption

4.48. Onthe basisof thisassumption, a product j can be produced by various industries k; each industry k
needs b, of input i per unit of industry product j, whereb,,, i =i ... n represents the industry technology of an
industry k; and each industry k has only a part of the market of product j. This market share of industry k in
the production of product j has a notation d,;.. So al inputs i needed to produce one unit of product j by
different producers can be written as follows:

n

43 a; " § by dy

4.49. Thus, formula 4.3 showsthat input i required for one unit of product j is aweighted average of the
input structures of the producers where product j is produced; the weights are the market shares of each
producer in the production of product j. In matrix form, equation 4.3 is written as.

(44 A, =BD
wherei refers to the industry technology and cc refersto the order of matrix A which is product by product.
4.50. As B is a product-by-industry metrix, D is an industry-by-product matrix, and the matrix A, .. isa
product-by-product matrix. Thus A, .. isthe 1/O coefficient matrix that describes products directly required to

produce other products.

451. Thefollowing examplein table 4.3 which is the same example asin tables 3.1 and 3.5 of chapter |11
will show how all various matrices are cal culated:



Product

TX
VA

g

Industry outputs g = 165, 104, 62

Product outputs q = 180, 89, 62

Taxes less subsidies on products (on uses) TX =2, 2, 2
Valueadded VA =108, 49, 39

Product

TX
VA

An example of the use matrix and make matrix

U use matrix
Industry

19 28 10
29 18 8

7 7 3

2 2 2
108 49 39
165 104 62

B=uUu?

Industry
19/165 28/104 10/62
29/165 18/104 8/62
7/165 7/104 3/62
2/165 2/104 2/104
108/165 49/104 39/62

Table4.3

Product

M make matrix
Industry q
156 0 180
9 0 89
0 62 62
165 104 62
D = Mg
Product
156/180 9/89 0/62
Industry 24/180 80/89 0/62
0/180 0/89 62/62

89

4.52. B normally refers to the product coefficient matrix only, i.e. the upper 3 rows and 3 columns. In
equation 4.4, if B also includes the rows of taxes and value added, one can obtain the rows of taxes and value
added by the production of each product. This can be observed in the resulting numerical example of A, ..
shown below. Unless otherwise specified later, B refers to a product-by-industry matrix, excluding the rows
of taxes and value added. With the values of B and D given above,

4.53. Thebasic equation 4.5 can be used to derive different types of symmetric 1/0 models:

l,cc

1357
1754
0457
0131
6301

.2536
1733
.0648
.0185
4897

1613
1290
0484
0323
6290|
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- Product-by-product 1/0 model: this model calculates the impact of afinal demand of
products on the production of products,

- Industry-by-industry I/0 model: this modd calculate theimpact of afinal demand of
industry outputs on the outputs of industries.

- Industry-by-product 1/0 model: this model calculates the impact of afinal demand
of products on the outputs of industries,

4.54. Inorder to show these different models that can be derived from the industry technology assumption,
it is necessary to describe first the basic relationships in the use and supply tables in basic prices as shown in
tables 3.1 and 3.5 of chapter I11.
4.55. Thebasic reationship in the SNA usetable 3.5is:

(45 g=Bg+YC

where

YC: fina demand of products which is the vector of 3 rows from 1-3 summing over
columns 4 to 10 of table 3.5 of chapter I11.

(46) g9g=Dg
47 YI=DYC
(a) Product-by-product I/O model
456. Substituting equation 4.6 for g in equation 4.5 gives
(48 g=BDg+YC
then
(49) (-BD)q=YC

4.57. Equation 4.9 can be used both to calculate the impact of Y C on q and rearrange the [/O table 3.5 in
chapter I11.

4.58.  Using the product-by-product matrix A, .. = BD shown in both equations 4.9 and 4.4, oneis able to
calculate the flow of products, taxes and value added required for the product-by-product 1/0 table. Table 4.4
bel ow presents the symmetric 1/O table based on a product-by-product classification. It is the result of merging
the supply table 3.1 and the use table 3.5 in chapter I11.

(b) Industry-by-industry 1/0O model

4.59. By multiplying both sides of equation 4.5 by D and then replacing DY C and Dq by the relationships
in equations 4.6 and 4.7, one obtains:
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(4100 Dg=DBg+DYC
(4.11) g =DBg+YI
(4.12) (1-DB)g = VI

4.60. Thismodd can be used both to calculate the impact of afina demand for industry outputs on industry
outputs and to rearrange use table 3.5 in chapter 111. The /O model based on equation 4.12 and tables 3.1 and
3.5in chapter Il isshown in table 4.5. This model is however of almost no interest to analysts since fina
demand israrely in terms of industry outputs. In this model, imports continue to be classified by products.

(¢) Industry-by-product I/0O model

4.61. Subdtituting DYC for Y1 in equation 4.12 gives
(413) (1-DB)g=DYC

or
(4.14) g=(1-DB)'DYC

4.62. Thismodel isavariation of the model shown in paragraph 4.59. It can be used to calculate the
impact of afinal demand for products, Y C, on industry outputs. However, it cannot be used to arrange the
flow /O table in a meaningful manner because final demand is now classified by products and outputs
classified by industries.

3. The commaodity technology assumption

4.63. Thebasic premise of the commodity technology assumption is that a given product uses the same
input structure irrespective of the industry whereit is being produced. This can be written as

(4.15) u; " ‘kjl By My

where u; isinput i required by industry j, myis product k produced by industry j and &, istheinput i required
to produce one unit of product k. Since an industry produces a number of products and each product requires
adifferent set of inputs, the amount of inputs required by industry j will be the sum of the inputsi required for
each of its products my,.. Equation 4.15 can be written in the following matrix form:

(416) U=Ac M



Table4.4. 1/0 symmetrictable at basic prices, product by product

industry technology assumption

Intermediate consumption Total Household Government Gross Exports | Imports | c.i.f./f.o.b. Total
of industries economy final final capital f.o.b. ci.f. adjustment | use of domestic
expenditures | expenditures | formation (total products at basic
f.0.b.) prices
©) @ ©) @) ® (6 @ 8 ©) (10) (1D=()+.+(10)
(1) | Product 1 24 23 10 71 40 27 -15 180
(2) | Product 2 32 15 8 23 10 8 -8 1 89
(3) | Tradeand transport services 8 6 3 43 0 2 -1 1 62
(4) | Taxesless subsidies on products 2 2 2 14 0 0 20
(5) | Direct purchases abroad by residents 3 -3 0
(6) | Direct purchases at home by non-residents -1 1 0
(7) |C.i.f./f.0.b. adjustment +2 -2 0
(8) | Tota usesat purchasers prices (1)+.+(7) 66 46 23 153 10 40 38 -25 0 351
(9) |Tota grossvalue added/GDP 216
(20) Gross value added at basic prices 114 43 39 196
(12)-(8
(112) Taxes less subsidies on 20
production and imports
(12) | Totd industry output at basic prices 180 89 62 331




Table4.5. /O symmetrictableat basic prices, industry by industry
industry technology assumption

Intermediate Total Household Government Gross Exports Imports c.i.f./f.ob. Total
consumption economy final final capital f.o.b. cif. adj. use of domestic
of industries expenditures expenditures formation (total products at basic
f.0.b.) prices
©) @ O 4) ©) (6) @) () (C) (19 (1D)=(1)+.+(10)

Q) Industry 1 19 26 10 65 1 35 24 -15 165

2 Industry 2 29 20 8 29 9 5 11 -8 1 104

(©)] Industry 3 7 7 3 43 0 2 -1 1 62

(4) Taxes less subsidies on products 2 2 2 14 0 0 20

(5) Direct purchases abroad by residents 3 -3 0

(6) Direct purchases at home by non- -1 1 0

residents
(7) C.i.f./f.o.b. adjustment +2 -2 0
| ————————— e —
(8) Total uses at purchasers' prices 57 55 23 153 10 40 38 -25 0 351
(D)+.+(7)
9) Total gross value added/GDP 199
(20 Gross value added at basic 108 49 22 179
prices (12) - (8)
(11 Taxesless subsidies on 20
production and imports
(12) Total industry output at basic prices 165 104 45 314




Table4.6. /0O symmetrictableat basic prices, product by product
commodity technology assumption

Intermediate Total Household Government Gross Exports Imports c.i.f/f.o.b. Total
consumption economy final final capital f.o.b. ci.f. adjustment use of domestic
of industries expenditures expenditures formation (total products at basic
f.0.b.) prices
@ &) ©)] @) ©) (6 @ ® ©)] (10) (AD)=(1)+.+(10)

1) Product 1 19 28 10 71 40 27 -15 180

2 Product 2 32 15 8 23 10 8 -8 1 89

?3) Trade and transport services 7 7 3 43 0 2 -1 1 62

(4) Taxes less subsidies on products 2 2 2 14 0 0 20

(5) Direct purchases abroad by residents 3 -3 0

(6) Direct purchases at home by non-residents -1 1 0

(7) C.i.f./f.0.b. adjustment +2 -2 0

T ————————— e —

(8) Total uses at purchasers prices (1)+.+(7) 60 52 23 153 10 40 38 -25 0 351

9 Total gross value added/GDP 216

(20) Gross value added at basic prices 120 37 39 196

(12)-(®
(11 Taxes less subsidies on production 20
and imports
(12) Total industry output at basic prices 180 89 62 331
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then
(417)  Ace =UM?

where C refers to the commaodity technology assumption, cc refers to the order of matrix A whichis
product-by-product. As U is a product-by-industry matrix and M is a product-by-industry matrix then A
must be a product-by-product matrix. The relationship in 4.17 implies a strong restrictiveness of the
commodity technology assumption, i.e. M isinvertible only if M is square or the number of industries must
equal the number of products. This mathematical requirement is unrealistic since the number of industries
needs not equal the number of products unless statisticians make it so by aggregation.

4.64. A, canaso be proved to be the same as BC™* where:

(4.18) C " Mg«

The proof is as follows: insert (g'g), which is an identity matrix, into the middle of the right-hand side of
equation (4.17), then:

(419) As, " U(GHgM
" (UGG M

" BCH

where C& = g M%

4.65. Agantherelationin eguation 4.17 can be used to link directly product outputs and a final demand
for products. Table 4.6 shows the resulting product-by-product symmetric table merging the supply table
3.1 and the use table 3.5 in chapter 1.

4.66. Inorder torelate industry outputs to afinal demand for products, one can replace g in equation 4.5
(para.4.55 above) with Cg (this relation is based on the commodity technology assumption® and obtain the
following relationship:

(420) g=C'Bg+C'YC or
(421) g=(I-C'B)C'YC
Equation 4.21 is an alternative to equation 4.14 in paragraph 4.61.

4.67. Ascan be observed from equation 4.17, the inversion of matrix M requires that the number of
products equal the number of industries. Thus a rectangular matrix is not applicable when the commodity
technology assumption is used. Thisrequirement, which isnot asrestrictive asit sounds, merely means
that for any secondary product to be transferred out, there must be a producer that also produces this
product elsewhere so that its inputs can be used to remove the inputs of the secondary products. Other
products produced only as by-products have to be treated by aggregation as though they were part of the
primary products.

8= Cg may be obtained as follows: g = ti = (C*M)i = C}(Mi) = C'q.
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4.68. Itisinteresting to see the implication of equation 4.17 in the case of atwo-industry economy with
the first industry producing a secondary product:

u, u m, O

where U * and M *
Uy, Uy my my,

u12
u11 & —n]21 u
2 12
mll rnZZ
(4220 A"

U.. & ﬁmz

21 1
Moo Y
my, m,, |

For industry 2, there are the usua coefficientsa,, = u,,/m,, and a,, = u,,/m,, but for industry 1 different
ones apply, i.e.

(423) all - (ull & alZle)

mll

and

- (u21 & a22rnZl)

m

(4.24) a,

11

4.69. Thederived technical coefficientsin 4.23 and 4.24 are net input over net output of an industry
where net output istotal industry output minus secondary products, and net input of an industry is equal to
total input minus the input required by the secondary products produced by that industry. More
importantly, from equations 4.23 and 4.24 one can see that as the inputs required for secondary products
are removed from total input, the derived technical coefficient can be negative if one of the following
ocCurs:

() There is over-specification of the secondary products, i.e. the output of the secondary
product in the make matrix (the supply table), in our example, product 2 produced in
industry 1, is misclassified,

(i) The secondary product is not exactly the same as the product produced as a primary
product elsewhere; it requires lessinputs than assumed;

(iii)  Thereareerrorsin data.
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4.70. The commaodity technology assumption may generate negative coefficients but economically these
can be explained by one of the reasons cited in paragraph 4.69. More often, agiven input is not required by
an industry, but if secondary products require that input, the removal of secondary outputs and associated
inputs will certainly generate negative value for the technical coefficient g;. The solution to the problem of
negative coefficientsis to recheck datathemselves. Significant secondary products and their associated
inputs must be transferred by using the redefinition method on the basis of the information provided by
establishments producing only these kinds of secondary products or collected by specia surveys. Thereisa
need to emphasize again the original suggestion that, as much as possible, data should be processed with
the application of separation rules and cost allocation from the sources.

4.71.  In cases where negative coefficients are very small in comparison to other coefficients in the same
columns, practitioners may set them to zero and bal ance the tables by the RAS method (see chapter 1X).

4.72. The commaodity technology has been practiced in avery few countries of which Germany is one.
Germany applies the commaodity technology assumption and then makes corrections for the coefficients
that are negative’ by transforming or obtaining a specific make matrix M to apply to the industry in
question (thisimplies that the reason for the negative coefficientsis reason (i) mentioned in paragraph
4.69. However, changes in matrix M would automatically change matrix A since A is calculated on the
basis of U and M). The procedure can be explained by writing the flow intermediate matrix as follows:

F . AC,CC q

" UM¥g

- uTe
or F, " UT4
where T " G%M

T isthe transformation, which is nothing more than the matrix of row coefficients of the matrix of product
output. This meansthat a different T, would be used for a different product k. Basically the transformation
relies on available information to change manually the matrix M, that would be used for the specific
product k so that all g would be non-negative and to keep all the value U, to be the same asin the kth row
of matrix U. These relationships to be satisfied are shown in the table below:

Industries Row total
auMyy . oAM= aq
Products . .o .
auMyy . oAM= aq
Columntotal |U,, . . U,

4.73. The United States uses the redefinition method to separate secondary products for which
additional data can be found with the rest of the secondary products treated by the industry technology

°Carsten Stahmer, “ Transformation Matrices in Input-Output Compilation” in Input-Output Modeling, edited by
Smyshlyaev, Berlin, Springer, 1985.
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assumption. Knonijn (see footnote 5) has tried to apply the redefinition method to the data for the
Netherlands, with the rest of the secondary products treated by the commaodity technology assumption.

4.74.  Austria uses the hybrid technology assumption, i.e. some secondary products are treated by the
commodity technology assumption’® and some by the industry technology assumption. Rainer and
Richter™ argued that in the case of joint products, secondary output is produced by the typical technology
of the respective industry and not by any commodity-specific technology. At least three cases can be
found: (@) chemicals of different kinds produced by refineries, (b) pipeline services provided by the
industry extracting natural gas, (c) production of electricity by the industry providing long distance heating.

4. Evaluation of the two assumptions

4.75.  There are strong reasons to support the commaodity technology assumption. The first oneisthat it
is economically plausible. The second oneisthat the assumption fulfills al the criteria mentioned below™*:

@ Material balance: Total output is equal to total intermediate consumption plus final
demand;

(b) Financial balance: For every industry, the price equation will hold when applied to
revenues and costs of producers;

(© Scaleinvariance: The derived symmetric coefficient matrix is also invariant to ascaling
factor, i.e. if inputs and output of an industry in the original use and make matrices are
increased by the same proportion, it is possible to derive the same coefficient matrix;

(d) Priceinvariance: If anew price baseis applied to the data, the same derived symmetric
input-output coefficient matrix A is obtained;

More explicit discussion of these criteriawill be found in the appendix to this chapter.
4.76.  On the other hand, the industry technology assumption has two distinct advantages:

@ Matrix A, is aways positive because matrices B and D are always positive.

1T he mathematics for combining the commodity technology assumption and the industry assumption can be found
in the annex to chapter 111 of A System of National Accounts (ST/STAT/SER.F/2/REV .3, SalesNo. E.69, XV11,3, 1968)
or T. Gigantes, “The Representation of Technology in Input-Output System” in A.P. Carter and A. Brody, Contributions
to Input-Output Analysis, Amsterdam, North Holland, 1970. Sincethe I/0O model is linear and additive, the application
of hybrid technology can be implemented sequentially using the appropriate formulas discussed in this chapter. M is
splitinto M, and M, each representing a given type of secondary products produced by a given technology. When M,
is used, the other type of secondary products istreated asif it were primary.

“Nobert Rainer and Josef Richter, “Some Aspects of the Analytical Use of Descriptive Make and Absorption
Tables’, Economic Systems Research, Vol.4, No.2, 1992.

12 These criteria are formulated in a paper by Pieter K. Jansen and Thijs ten Raa, “The Choice of Model in the
Construction of Input-Output Coefficients Matrices’, International Economic Review, Vol. 31, No. 1, Feb. 1990. The
origina paper in which problems with the technology assumption were first pointed out was, “ An Alternative Approach
of Negatives in Input-Output Analysis’, Review of Economics and Satistics, No. 66 (1984) by T. ten Raa, D
Chakraborty and J. A. Small.
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(b) B and D can be rectangular and the product matrix A, is aways square.

4.77. However, there are some fundamental problems with the industry technology assumption that may
lead economists to reject it out of hand. The assumption that different products are produced with the same
input structures of the industry in which they are produced is economically nonsensical. The reason is that
if any two products having the same costs because they are produced by the same technology in a market
where prices are always set equal to costs (this is the assumption in input-output economicsand in a
perfect competitive market), they cannot have different prices. But thisis exactly what isrequired by this
assumption which cannot be met except by coincidence. Besides that, the industry technology assumption
requires that market shares be constant over time, which is unrealistic. The interaction between this
assumption and the market shares has led to violations of three important criterialisted in para. 4.74,
except the material balance criteria.

4.78. It is suggested that the negative transfer method without aggregation be used to treat exclusive by-
products and the redefinition method be used in combination with the commaodity technology assumption
method to treat ordinary secondary products. The redefinition method should be utilized as far as
additional information permits and especially for products that generate large negatives. Small negatives
may be set to zeros and differences in column and row sums are settled by table balancing. If the industry
technology assumption is used to calculate the symmetric 1/0O matrix, it is suggested that the redefinition
method be used to transfer secondary products of significant value by fully utilizing the basic information
available before it is applied. Some compilers® have argued that the question of whether an industry
technology isvalid or not is an empirical one and therefore cannot be excluded from theoretical
considerations alone.

4.79. Theredefinition method is necessary when the number of productsis larger than the number of
industries and when one wants to apply the commaodity technology assumption which requires that the
number of products equal the number of industries. Another reason for use of this method is the treatment
of the use of own output within an establishment for intermediate consumption in the 1993 SNA. Let us
assume that dairy establishments produce both cheese and milk. The production of cheese requires milk as
an important input but because milk is produced and consumed within the same establishment, milk is not
treated asinput by the SNA, only materials and services that are used to produce the milk that is then used
to produce cheese are shown as inputs. In this case, the dairy industry will produce cheese as secondary
output. If cheeseis also produced elsewhere as a primary product, then the use of the commodity
technology assumption to separate cheese and milk products in the dairy establishments will generate
negative input of milk for the productions of milk. In this specia case, even the redefinition will also
produce a negative input. The only way to prevent thisisto treat milk explicitly as an input in the
production process of the dairy establishment. In thisway, output of milk in the input-output framework
will be higher than in SUT.

Appendix

DESIRABLE PROPERTIESOF SYMMETRIC INPUT-OUTPUT COEFFICIENT MATRICES

BDenmark Statistik, Commodity Flow Systems and Construction of Input-Output Tables in Denmark, 1986.
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4.80. This appendix discusses the criteria formulated by Jansen and ten Raa** to make judgements on
desirable properties of the symmetric input-output coefficient matrix A derived by using various assumptions
on secondary products. Their paper also shows that only the commodity technology assumption fulfils all their
proposed criteria. Readers can see complete proofsin their paper; this appendix however will only present the
criteria and show with examples that the industry technology assumption does not fulfil most of them.
According to their proposal, any derived input-output coefficient matrix should satisfy the following balances:

1. Material balance

4.81. Thematerial balance requiresthat total product output should match total input requirements.
425 g9 = AUM)q+y

where q is the vector of product output, y is the vector of fina demand and A(U,M) is the input-output
coefficient matrix that is derived from the make and use matrices U and M on the basis of a certain assumption.

4.82. Both the commodity technology and the industry technology assumptions satisfy this balance, but
other methods such as the transfer method of output as negative input (the Richard Stone method) and transfer
of output as positive input do not.

2. Financial balance

4.83. Thefinancial balance requires that the value of a product be equal to its costs.
426) p= PpAUM)+V

where p isthe product price vector and v isthe vector of value added by product. The product prices calculated
in 4.26 must aso hold when applied to the balance of revenues and costs of producer k. It is important to
remind readersthat all elements of p will be 1 (see chapter | for explanation). Producer k in producing a share
m,, of product j will receive arevenue g m),. The costs of this share will be the element j*" of the following
vector (p' A + V') multiplied by my,. When all revenues are summed over all productsj produced by k, these
revenues must also be equal to their costs:

@427 p'M, = PPAUM)M, + V'M

where M , stands for column k of matrix M which shows all outputs produced by producer k. In equation 4.27,
the left side shows the revenues earned by producer k; the first term of the right side shows intermediate input
costs and the second term shows value added of producer k. This value added by producer k can also be
calculated straight from the U and M matricesasv'M , = €M, - €U, where e stands for the vector in which
al elements are equal to 1 and U, stands for column k of matrix U. This last calculation is smply the
difference between the sum of outputs produced by producer k and its intermediate costs. Substituting the
new vaue of v'M , into 4.27, the financial balance for producer k is obtained:

145ee footnote 12 for references.
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(4.28) AUM)M, = €U,

4.84. Thusin order to satisfy the financial balance, the derived matrix A has to satisfy equation 4.28. The
balance for all producersiswritten as follows:

(429) €AWUM)M = €U
4.85. Itisinteresting to know that only the commodity technology assumption satisfies this balance.

4.86. Using the examples listed at the end of the appendix, the applicability of the industry technology
assumptions can be tested:

A, = BD
o 1 2 11
4 2 4 8
AT X .
11 g1 11
2 2 2 2 2

The |eft side of 4.29 becomes

10
11

(1 1)x X

2

Nl B[R
Nl |-

Theright side of 4.28 is

1y
2

UM

1 =
2

4.87. Thisexample showsthat the financia balanceis not fulfilled by the industry technology assumption.
Readers could test the commodity technology as an exercise. Values of the A matrix derived from the
commodity technology assumption and other relevant values are given in the example at the end of the

appendix.
3. Scaleinvariance

4.88. This property requires that the derived matrix A remain unchanged when the outputs of a producer
and its associated inputs are increased by the same proportion, i.e.

A(UssM) = A(U,M)
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where diagonal matrix s stands for the scales.

4.89. Thiscriterion isnot fulfilled by the industry technology assumption either, but it is by the commodity
technology assumption.

Let ustake the case in which

20
01

This means that the values of outputs and associated inputs of the first producer are assumed to double and
those of the second producer remain unchanged.

4.90. When thisscae matrix isapplied to the make-and-use matrices, the A matrix derived on the basis of
the technology would not remain the same. The new A matrix would be

Nl N
Nk ol

which is not the same as the value of A shown in 4.86.
4, Priceinvariance

4.91. Thisproperty requires that when the use and make matrices are rebased on a different price base, the
derived A matrix must remain the same, i.e.

A(pU, Mp) = pA(U,M)p*
where p isthe diagonal matrix in which each element corresponds to the new price index, for example:

20
01

p

4.92. Thiscriterion isaso met by the commodity technology assumption but not by the industry technology
assumption. For the industry technology assumption, the derived A, matrix is
different:

1
6
1

wlkr Wik

12
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V. COMPILATION OF PRODUCTION ACCOUNTSOF INDUSTRIES

A. Introduction

5.1.  Outputs, intermediate inputs (or intermediate consumption) and va ue added for each industry or kind
of economic activity are normally compiled together because conceptually they are linked together as parts of
the production function of an establishment or activity, and also because the main sources of information for
most nonfinancial activities are normally the same, particularly for the benchmark years with more detailed
information from the censuses. Annually, information comes from annual surveys, tax returns, business
accounts, and other secondary sources such as trade and producers associations, etc. Outputs, total
intermediate inputs and total value added calculated residually, as arule serve astotal controls for the further
detailing of the components of inputs of goods and services used in production. For these reasons, they will
be discussed together in this chapter. To link production account by industry or establishment to production
account by institutional sector, it is necessary to link every establishment to the institutional sector it originates
from (seetable 2.5 in chapter I1).

5.2. Inputs can be observed from two points of view. From the production point of view, i.e. along the
columns of the use table, information for inputs comes from business accounts and production surveys. From
the marketing or distribution point of view, i.e. dong the rows of the use table, information for inputs comes
from marketing boards, agencies that track the supply and uses of special products. Many products such as
grains, petroleum, other minerals, electricity, microcomputers, etc. are tracked from the distribution point of
view. These pieces of information are broad in scope, covering group of industries, and therefore need to be
broken down and reconciled with information from the production point of view. They are normally valued
in either basic or producers' prices, in contrast to production inputs that are valued in purchasers prices. In
this case, they must be transformed into purchasers' prices for reconciliation. General aspects of outputs,
intermediate inputs, and value added from the production point of view are discussed below before a more
detailed discussion of the compilation of specific activities or industries. Chapter V11 will discussfina demand
from the distribution point of view. However, it isimportant to recognize that the compilation of gross capital
formation, a component of fina demand, should be carried out simultaneously with the compilation of
production outputs because not only are the same sources of information used but gross capital formation needs
to be classified by industry so as to provide information to estimate capital stocks by industry if their time
seriesis of adequate length and available.

5.3.  The discussion of SNA concepts in this chapter may be more extensive than needed by national
accountants. However, thisisjustified in two ways: (a) it freesinput-output compilers from going through the
whole 1993 SNA unless it is really needed; (b) it illustrates more clearly SNA concepts that were newly
introduced in the 1993 SNA.
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B. General remarkson compilation of production accounts
1. Outputs

5.4.  Compilation of industry output and product output is animportant task in the construction of the input-
output framework, i.e. the use and supply tables. Though the number of industries and productsin the final
supply and use tables may be no larger than 100, the initial number of industries for which outputs are prepared
and the number of goods and services (or products) are normally much larger and should be as large as
information alows. The detailed elaboration alows compilers to use more reliable information from censuses
and secondary information as well as "expert" knowledge. With detailed product outputs, which some
countries extend to afew thousand products, the use of the commodity flow approach (which will be discussed
in chapter V1I1) will also make it much easier to distribute outputs to various intermediate and final users. For
instance, in a highly desegregated form in countries like the United States, Canada and those of Western
Europe where coffee beans are entirely supplied from abroad, these imported products are utilized as inputs
to either the industry that makes roasted coffee or to households final consumption. However, if coffees are
aggregated with other agricultural products into one industry, we will not be able to use the above-mentioned
"expert" knowledge. More detailed elaboration also allows compilers a better selection of more appropriate
proxies on the basis of "expert" opinions for input structures of the industries under consideration. For
instance, within a given industry in which there are afew sub-sectors and out of which only one sub-sector is
significant in output value in comparison with outputs of other sub-sectors, we may try our best to obtain
information on the input structure of the most significant sub-sector and be satisfied with some rough
approximation for other insignificant sub-sectors if we do not have financial resources to survey input
structures of all sub-sectors. The distribution of product output in conjunction with input structure surveyed
will fill up the supply and use shown below in table 8.1 of the commaodity flow method in chapter VII1 which
becomes basic information for the SNA input-output framework.

2. Intermediate consumption

5.5. Intermediate consumption includes all non-durable goods and services with an expected life of under
one year which are used up in the process of production by industries. Small tools of low value, though
durable, should also be treated as intermediate goods.

5.6. In input-output tables, we are looking for input structures that best describe technical relationshipsin
production techniques. It is therefore best always to classify activities in as much detail as possible and, if
aggregation is necessary, only activitieswith similar input structures should be aggregated. The main reason
isthat if anindustry in an input-output table is an aggregate of many activities, each with a different set of
inputs, then when the shares of outputs of each type of activities change, the aggregate input structure of the
industry changes, even though the input structures of the component activities remain unchanged.

5.7. In production, we should distinguish between uses and purchases. An establishment may purchase
materials and semi-finished products for use as inputs but what it purchases does not necessarily match the
inputs actually used in production. Part of the purchases may remain in inventories or inputs may be withdrawn
from inventoriesif stock of necessary inputsis available for withdrawals. In input-output statistics, information
on usesis primary data to estimate input coefficients. Information on sales, such as from marketing boards or
associations of producers, must be used with care and adjusted to accommodate changes in stocks. From
business accounts that are made public as legally required, it is possible to obtain the total cost of goods and
services used after adjusting for changes in inventories. Detailed information on goods and services used as
inputs can only be obtained with the cooperation of business accountants of enterprises. From their cost
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accounting, it is possible to assign manufacturing costs to each kind of products they produced. General
administrative costs may be allocated in proportion to product outputs.

5.8. Statistics on outputs and inputs for non-financial activities are collected by many countries through
censuses for the benchmark years and supplemented annually by annual surveys. Censuses have more complete
and detailed information on outputs and inputs and components of value added such as compensation of
employees, capital consumption (or depreciation) and other taxes on production. Annual surveys normally
cover only total output, total input and components of value added. Censuses and particularly industrial
censuses normally follow the recommendations in International Recommendations for Industrial Statistics.
However, intermediate consumption in input-output tables and national accountsis broader in concept than
the same definition used in the publication mentioned above. The latter concept includes only agricultural and
industrial goods and services. Industrial services include only payments for contract, commission, repair and
maintenance work and freight charges. Thus in order to arrive at the SNA concept of intermediate
consumption, it is necessary to add the cost of non-industrial services such as bank and financial charges,
patent and license user fees, insurance charges, storage or warehousing charges, advertising, legal, accounting,
consulting services, printing costs, cost of travelling, entertainment, meetings, motor-vehicle running expenses,
cleaning costs, postal, telephone and telegraph charges, and elements of labour cost that cannot be considered
as compensation of employees such as vocational training, work clothes, workers' transport, cost of cultural,
recreational services to employees, etc. Censuses are normally carried out for mineral and manufacturing
industries, electric, gas and water establishments, construction establishments, wholesale and retail trades,
service industries, government departments, etc. Since information from censuses of industrial activitiesis
not comprehensive, it must be supplemented by additional special surveys and technical knowledge from
experts on specific fields.

5.9.  Another source of information is business accounts of enterprises. Inputs reported in business
accounts that are in the public domain are rarely detailed enough for the purpose of input-output compilation.
Even if amore detailed business account is obtained, it contains only broad categories of inputs since only they
are of interest to business managers. For example, the category of office suppliesis reported instead of the
detailed information such as paper, clips, pens, etc. In these cases, it is necessary to make separate
supplementary surveysto break down these aggregate items. A useful approach isto assume a common content
of goods or services within agiven generic group of goods or services. For example, office supply expenses
may be such a group, which can be assumed to contain the same proportion of content of papers and paper
products, pens, pencils, diskettes, etc. Normally, it is not possible to survey all establishments due to cost
constraints so that only selective surveys of a limited number of establishments which are believed to be
representative of the broad group of industries under study have to be carried out because it is reasonable to
assume that the details of office supplies may be the same by type of activities such as manufacturing, trade
services, banking, business, government services, etc. Other broad groups of expenses that can be approached
inasmilar way are business travel expenses, expenditures on office furniture, utility expenses, maintenance
of fixed assets, purchases of buildings (the last one must be split into the cost of the real estate and other
service costs such as legal services and taxes).

5.10.  Another problem with business accounts, particularly of manufacturing and trade establishments, is
that only purchased materials, fuels and suppliesto be matched with sales are reported after deducting changes
in stocks of materias, fuels and supplies. Compilers must adjust for changesin stocks for each kind of goods
purchased in order to arrive a inputs used to match outputs produced. Unless establishments are asked to do

'United Nations, ST/ESA/STAT/SER.M/48/Rev.1. Sales No. E.83.XV11.8.
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the adjustments themselves, some rough allocation rules may have to be used to assign changesin stocksto
variousinputs. The rule may be as smple as alocating changes in stocks in proportion to values of input. The
balancing of the use and supply tables will contribute to the correction of errors later.

5.11. Inputs may aso be used to check the outputs of the industries that use them. One example is cement
which ismainly connected with the construction industry. The use of cement is auseful indicator to check the
output of the construction industry, which is also an important part of capital formation.

5.12. Because small establishments with few employees are usually not covered by industrial statistics,
supplementary surveys on their inputs are needed; otherwise the input structure of large establishments may
be applied to them.

3. Value added at basic prices

5.13. The SNA recommends the separation of value added at basic pricesinto six categories (ato f below)
which have been defined in chapter 11:

@ Compensation of employees (including members of the armed forces) which includes:

(D) Wages and salaries in cash which include regular payments of wages and salaries,
payments by results and piecework; specia allowances for working overtime, at
night, on weekends, away from home or in hazardous circumstances, expatriation
allowances for working abroad; supplementary allowances for housing or travel to
and from work; wages or salaries payable to employees away from work for short
periods, e.g. on holiday or as a result of a temporary halt in production; ad hoc
bonuses; commissions, gratuities and tips;

2 Wages and salariesin kind which include the following most common types of goods
and services provided without charges or at reduced prices to employees and their
families: remuneration of products such as free meals and drinks including those
consumed when travelling on business; free housing; free uniforms or special
clothing that can be worn outside of the workplace; services of vehicles or other
durable provided for the personal use of employees; goods and services produced as
outputs; sports, recreation or holiday facilities; transportation to and from work, free
parking; creches for the children of employees, the value of interest forgone by
employers when they grant loans at reduced rates;

3 Employers actual social contributions which include their contribution to social
security funds, insurance enterprises or other institutional units responsible for the
administration and management of social insurance schemes,

(@] Employers imputed social contributions which include socia benefits employers
provide directly to employees, former employees, or dependents out of their own
resources without involving asocial scheme or ingtitution such as children's, spousal,
family, education or other allowancesin respect of dependents, payments to workers
absent from work because of illness, injury or maternity leave, severance payments
and unfunded pension payments.
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(b) Other taxes on production which include:

(D] Taxes on payroll or work force;

2 Recurrent taxes on land, buildings and other structures,

3 Business and professional licenses;

(@] Taxes on the use of fixed assets or other activities;

5) Stamp taxes,

(6) Taxes on pollution;

@) Taxes on international transactions.
minus

(© Other subsidies on production which include:

(D] Subsidies on payroll and workforce;
2 Subsidies to reduce pollution.

(d) Consumption of fixed capital;
(e Operating surplus; and
() Mixed incomes.

5.14. Toarrive a the GDP, taxes less subsidies on products must be added to the total value added at basic
prices. Major components of taxes on products and subsidies on products are listed below:

@ Taxes on productsinclude:

(D] Vaue added type taxes (VAT);

()] Taxes and duties on imports excluding VAT which include import duties, general
sales taxes, excise duties, taxes on specific services, profits of import monopolies,
implicit taxes on imports resulting from multiple exchange rates;

3 Export taxes which include export duties, profits of export monopolies, implicit taxes
on exports resulting from multiple exchange rates;

4@ Other taxes on products which include general sales or turnover taxes, taxes on
specific services, taxes on financia and capital transactions, profits of fiscal
monopolies.

(b) Subsidies on productsinclude:
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(D] Import subsidies which include direct subsidies on imports, losses of government
trading organizations involved in imports, implicit subsidies on imports resulting
from multiple exchange rates;

2 Export subsidies which include direct subsidies on exports, losses of government
trading organizationsinvolved in exports, implicit subsidies on exportsresulting from
multiple exchange rates;

3 Other subsidies on products which include subsidies on products used domestically,
losses of government trading organizations involved in domestic trades, subsidies to
public corporations and quasi-corporations.

5.15. Thetotal value added at basic prices of industries should be calculated first to serve astotal control.
The value added at basic prices of an industry is equal to its output at basic prices minus its intermediate
consumption. Sources of information for calculating value added are censuses of production. However, as
pointed out previously, census value added is not the same as national account value added.? Census value
added in anindustry is equal to output minus cost of materials and industrial services consumed. Thusthe costs
of other services such as accounting, advertising and other overhead costs which are paid at the company level
and not allocated to the establishment level are included in census value added. National account value added
isnormally smaller than census value added. Table 5.1 shows the value of national account value added as a
percent of census value added for the United States. The difference between census value added and national
account value added may be much smaller in other countries. But, in order to obtain national account value
added for the use table, it is necessary to cal culate intermediate consumption by adding other service costs to
the cost of materials and industrial services consumed.

Table5.1. National account value added and census value added in the United States®

National account value added as percent of census value added
1982 1987
Manufacturing 77 73
Nondurable goods 74 71
Durable goods 79 75

5.16. Without integrating data collection for both enterprises and establishments, it is not easy to allocate
systematically non-industrial services paid by enterprisesto their constituent establishments. In many countries,
statistics on establishments are collected by censuses independently of enterprise statistics, so that the
allocation of non-industrial services to manufacturing establishmentsis only an approximation. If statistics on
establishments are collected together with statistics of parent companies, it is possible to ask for non-industrial
services paid and consumed by the companies and then to distribute them to component establishments. 1t will

?|bid. For the definition of census value added and its difference from the concept of value added in national account.

3 United States Department of Commerce, Bureau of the Census Bureau, 1987 Census of Manufactures, General
Summary.
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be recalled that national account value added may be calculated only on a consolidated company-industry basis
and then converted to an establishment-industry basis. Value added on a company-industry basisis calculated
either asthe sum of income payments (e.g. wages, profits, and interest) and other cost (e.g. depreciation and
other production taxes) or as the difference between output (value of shipment plus change in inventories) and
cost of all materials and services consumed. Data on components of value added on a company-industry basis
can be obtained from annual surveys and income tax returns. The difference between company-industry
classification and establishment-industry classification can be used as one of the factors for allocating non-
industrial servicesto different I/O industries. Additional surveying of non-industrial service uses may also be
necessary for the alocation purposesif enterprise (e.g. company) statistics are not available.

5.17. Taxes and subsidies: Data on taxes on products and other taxes on production are available from
government sources. Other taxes on production which are classified by kind of activity of the establishments
that pay the taxes are available in production censuses such as the census of manufacturing. Some other taxes
on production may be paid by the enterprise instead of its component establishments. These taxes must be
allocated. Only other taxes on production enter into the calculation of value added of a single establishment-
industry in the usetable. Since output is valued at basic prices, taxes on products are to be allocated by kind
of product in the supply table. Turnover taxes, manufacturers excise taxes, which may vary by kind of product,
are normally paid and reported by establishments so that it is possible to estimate taxes paid by kind of
product. Import and export duties can be easily identified and estimated by kind of products. Other product
taxes (VAT, sales taxes) which are collected by types of producers and mostly by types of wholesaers and
retailers are not easily identifiable with products on which taxes are assessed, and it may be necessary to use
detailed dtatistics and tax rates on products sold in wholesale and retail trade to estimate product taxes by kind
of product. Since taxes on products are by definition proportional to either values or quantities of products,
given that taxes on a product are identified, these taxes are then simply distributed proportionally to products
on the basis of either vaue or quantity as appropriate. Subsidies on products should be distributed in asimilar
way. It should be emphasized again that SUT provides an excellent framework to estimate and all ocate taxes
on products.

5.18. Compensation of employees. Compensation of employees is often available from both production
censuses and annual surveys, frequent labour-force or employment surveys, financia reports of Government
and non-profit organizations. 1N some cases, only employment and hours worked are available so that wages
must be estimated separately through household surveys, which also provide statistics on payments in kind.
Data on compensation of employees should be supplemented by data from tax and socia security reports, and
from reports of pension funds, and insurance companies. Social security records often provide the best current
information on wages and salaries paid since contributions are usually proportional to wages.

5.19. Consumption of fixed capital: “The value of a fixed asset to its owner at any point of time is
determined by the present value of the future rentals (i.e., the sum of the discounted values of the stream of
future rentals) that can be expected over its remaining service life. Consumption of fixed capita istherefore
measured by the decrease, between the beginning and the end of the current accounting period, in the present
value of the remaining sequence of rentals.”* “The calculation of consumption of fixed capital is aforward
looking measure that is determined by future, and not past events....Unlike depreciation as usually calculated
in business accounts, consumption of fixed capital is not, at least in principle, a method of allocating the costs

“gystem of National Accounts 1993, para. 6.182.
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of past expenditures on fixed assets over subsequent accounting periods.”® Because it is not easy to estimate
the stream of future values, the most commonly used method to estimate consumption of fixed capital isto
estimate it together with gross capital stocks by the perpetua inventory method (PIM). Gross capital stocks
were built up by “gross fixed capital formation undertaken in previous years [but] have survived to the current
period. Average servicelives, or survival functions, based on observations or technical studies may be applied
to past investments for this purpose. Fixed assets purchased at different prices in the past have then to be
revalued at the prices of the current period.”® “The value of the capital consumption on a fixed asset may be
estimated by applying either the linear or geometric depreciation formulato the actual or estimated or current
purchaser's price of anew asset of the sametype.”"® To estimate consumption of fixed capitd, it is necessary
to know for every industry its stock of capital assets by type, the historical values of these assets, their dates
of purchase and their expected useful life which can be collected through benchmark surveys. The
replacement cost can be estimated on the basis of price movements on capital goods. With benchmark surveys
and information on annual capital formation and price movements for capital goods, consumption of fixed
capital can be estimated annualy. The perpetual inventory method requires data on capital formation by type
over 30-40 or more years which may not be available in many developing countries. Though the SNA does
not recommend the use of business depreciation in place of consumption of fixed capital, in case of difficulty
in estimating consumption of fixed capital, it suggeststhat "if data on depreciation are used, they must, at the
very least, be adjusted from historic costs to current prices."® Unlike the 1968 SNA, the revised SNA also
recommends the calculation of consumption of fixed capital for roads, bridges and railway tracks. Depletion
of natural assets such as mineral deposits, reserves of oil, gas, etc. is not covered by consumption of fixed
capital; it istreated as "other changesin volume of assets."*°

5.20. Gross operating surplus: This by definition is calculated as residual. It is the difference between
industry output and the sum of intermediate input, compensation of employees and net taxes on products and
production. If consumption of fixed capital is known, then the operating surplus is also calculated residually
as the difference between gross operating surplus and consumption of fixed capital. Consumption of fixed
capital hasto be estimated by the perpetua inventory method. For many developing countries, the calculation
of consumption of fixed capital may be difficult because data are not available. If such acalculation is not
possible, the gross operating surplus which is the sum of the operating surplus and consumption of fixed
capital should be calculated as aresidual.

4. Statistical sources

®Ibid., para. 6.183.

®Ibid., para. 6.189.

Ibid., para. 6.198.

8For the estimation of fixed capital stock and consumption of fixed capital, see Vu Quang Viet, “Measurement of
Fixed Capital Stock and Consumption of Fixed Capital” in the Handbook on Linking Business Accounts to National
Accounts for the Non-financial Corporation Sector, United Nations, ST/ESA/STAT/SER.F/76, or the handbook on The
Measurement of Capital by Michagl Ward, OECD, 1976; Stock of Fixed Assets in Industry in the Community Member
Sates: Toward Greater Comparability, Studies of National Accounts No. 2, Eurostat, 1983.

ystem of National Accounts 1993, para. 6.184.

pid., paras. 12.29 and 12.30.
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5.21. Major sourcesfor input-output and production statistics for non-financia activities come from various
Censuses:

- Census of mineral industries;

- Census of agriculture;

- Census of manufactures;

- Annual surveys of enterprises or establishments;

- Census of trade;

- Census of services;

- Census of transportation;

- Census of construction industries;

- Census of Governments and/or annual administrative records and accounts of government
bodies, either central or local;

- Survey of household expenditures,

- Survey of business capital formation;
- Foreign trade statistics;

- Balance of payments.

5.22.  All these censuses and annua surveys are supplemented by annual statistics from various government
departments and private agencies, professiona associations, business associations on specific areas, financial
reports of major corporations, banks, insurance companies, pension funds, etc. Taxes and incomes, besides
being provided by censuses, can be found in documents of tax authorities and national budgets. The survey
of household incomes and expenditures is useful for the estimation of personal consumption expenditures as
well as outputs and incomes from own-account production that are not covered by any other sources. For more
information on other sources on outputs and inputs, readers are advised to consult the United Nation
publication, Handbook of National Accounting: Accounting for Production: Sources and Methods.™ Sources
of information and specific methods of compilation for all industries cannot be adequately covered in this
publication because of the substantial richness of the subject matter.

5.23.  For financial activities, information comes mainly from the central bank which is set up to regulate
and monitor financial activities. In many countries, insurance companies are also under its supervision, unless

HyUnited Nations, Sales No. E.86.XV11.11, ST/ESA/STAT/SER.F/39. The publication, though obsolete in respect
of recent changesin the 1993 SNA,, is till avaluable source of information on production accounts for compilers.
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an independent agency is set up to regulate them. General information on inputs may be obtained directly from
public business accounts of financial companies. This information must be supplemented by limited surveys
in order to detail some input components reported in business accounts. The number of financial companies
isrelatively small for many countries, so the use of all their business accounts for compilation is possible.

C. SNA production conceptsreviewed
1. Production boundary

5.24. Inthe SNA, output is measured only for production activities within its production boundary. Thus
it is necessary to define the production boundary of the SNA and the output to be measured within it.

5.25. "Economic production may be defined as an activity carried out under the control and responsibility
of an institutional unit that uses inputs of labour, capital, and goods and services to produce outputs of goods
and services... A purely natural process without any human involvement or direction is not production in an
economic sense."*? However, not all human activities are included in the production boundary by the SNA
and the following will clarify the borderline cases:

@ All activities by households that produce goods, whether they are sold in the market or used
for own final consumption or own capital formation, or whether they arelegal or illegal, are
included in the production boundary. Household activities producing goods include the
production of agricultural products, gathering of uncultivated fruit, wood cutting and
firewood collecting, hunting, fishing, mining, water supplying, storing of agricultural goods,
processing of agricultural products,® making of cloth, leather, footwear, pottery, utensils,
furniture, etc. Goods produced by households for intermediate consumption and excluded
from production boundary are, for example, own-produced seeds used in agricultural
cultivation.

(b) All "do-it-yoursalf" activities by households that produce services for own use such as taking
care of children and other members of the family, cooking, cleaning, home repairs, repairs of
personal objects including own vehicles, etc. are excluded from the production boundary.
However, this rule of exclusion does not apply to the own-account production of housing
services.

(© Domestic services by paid domestic servants are within the production boundary and
classified in the unincorporated (or household) sector in which compensation of employees
isthe only cost of production. These services are for own final use.

(d) Only activities of the establishments that produce goods and services that are intended for
exchange with, or sold to, other establishments, even within the same enterprise, are treated
as belonging to the production boundary. Excluded are goods and services produced for own
intermediate consumption within the same establishments.

12gystem of National Accounts 1993, para. 6.15.

Bstoring and processing of agricultural goods are treated within the production boundary as an extension of goods-
producing activities.
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(e Own-capital formation of any sector must always be included in the production boundary.
2. Scope of output

5.26. The output of an establishment or institutiona unit is the result of a production activity within the
production boundary defined by the SNA and may either be a market product or own final use or other
non-market product. A producer may be classified as market, own fina use or other non-market producer
depending on whether his output is mainly for the market, his own final use or other non-market use.

5.27. Market output: Market output is output that is sold or otherwise disposed of on the market or
intended to be disposed of on the market at prices that are economically significant. Market output should
consist of the total value of:

@ Goods and services sold,;
(b) Goods and services bartered;
(© Goods and services used for paymentsin kind, including compensation in kind;

(d) Goods and services supplied by one establishment to another belonging to the same market
enterprise, to be used as intermediate inputs;

(e Changes in inventories of finished goods and work-in-progress intended for one or other of
the above uses.

5.28. Own final use: Own final use output is output that is retained for own fina use by the owners of
enterprises, either as own final consumption by unincorporated enterprises (incorporated enterprises by
definition do not incur final consumption) or own gross capital formation. Examples of own final consumption
output are agricultural goods and services, and owner-occupied housing which are provided and used by
members of the same households. Domestic services provided by paid servants are included. Own capital
formation includes own-constructed housing, machine tools produced for their own use by engineering
enterprises, etc. Own final use output should consist of the total value of:

@ Goods and services produced by household enterprises and consumed by the same
households,

(b) The fixed assets produced by an establishment that are retained within the same enterprises
for usein future production (own-account gross capital formation, for instance the computer
hardware and software that are produced by, and used within, the establishment (products that
are retained within the establishment and used as intermediate inputs are not considered
output by the SNA));

(© Changes in inventories of finished goods and work-in-progress intended for one or another
of the above uses.
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5.29. Other non-market: Other non-market output includes the total value of the following goods and
individual or collective services produced by non-profit institutions serving households (NHISHS) or
Government:

@ Goods and services supplied free, or at prices that are not economically significant, to other
ingtitutional units, either individually or collectively;

(b) Goods and services supplied by one establishment to another belonging to the same non-
market producer, to be used as intermediate inputs;

(© Changes in inventories of finished goods and work-in-progress intended for one or another
of the above uses.

5.30. Ancillary activities such as administration, purchasing, sales, communication, accounting, data
processing, €tc., supporting main activities are not classified as separate establishments and therefore their
costs must be alocated to the production costs of the establishments within the enterprise (see aso chapter IV
for alocation methods). If ancillary activitiesinvolve own-account capita formation such as construction, the
value of own-account capita formation should be allocated to every establishment in the enterprise using the
same dlocation method used in allocating costs of ancillary activities. Intable 5.5 following paragraph 5.52,
own-account capital output of ancillary activities has not been allocated. But if it was, then gross establishment
outputs would be greater than those shown in column 10. In case ancillary activities sell part of their products -
for example, accounting or data processing services - to other enterprises, this market output should also be
allocated to every establishment of the enterprise to be consistent with the SNA valuation of output. If the
market output of ancillary activities makes up more than 50% of their costs, a separate establishment must be
created for the outputs that are sold.

5.31. Establishment output is equal to the sum of products produced for sale, exchanged with other
establishments, put in inventories or used for own capital formation. Industry output is equal to the sum of
outputs of al establishments belonging to the industry.

3. Output and input valuation

5.32. Market output is measured at market prices. The output for own final use should aso be measured
at comparable market prices; for instance agricultural, fishing and forestry products can be measured in prices
at farm or communa markets. When comparable prices are not available, output for own final use may be
measured at production costs. Other non-market outputs are measured at production costs.

5.33. However, market output, except output of financial intermediaries, is often measured indirectly asthe
sum of sales of produced products, other uses (including items b-d in paragraph 5.27 above and ab in
paragraph 5.28 and changes in the stock of products produced.

(D] Output = Sales net of discounts, returns, VAT and salestaxes + other uses + changes
in inventories*

¥Changes in inventories = Ending inventories - beginning inventories.
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5.34. Theabove formulaisthe conventional oneto calculate output because businesses report datain terms
of value of sales and changes in inventories. However, the SNA definition of changes in inventories is
different from the practice in the business world. Thus, changes in inventories of business accounts cannot,
in principle, be used for SNA changes in inventories except when the prices of goods stored are stable (see
appendix A below for a detailed description of various methods used in inventory valuation and output
calculation according to the SNA). In practice, "so many different methods are liable to be used in business
accounts, it isimpossible to suggest algorithms, or rules of thumb, which would be generally applicable for
the purposes of transforming data on inventory changes in business accounts to the data required by the
System. Each case has to be treated individually, depending upon the precise way in which the business
accounts have been drawn up."*®

5.35. Outputs of other non-market goods and services are measured at production costs which include the
following items:

@ The value at market prices of the goods and services consumed as intermediate
inputs,

(b) The value of the compensation of employees payable;
(© The value of consumption of fixed capital;

(d) The vaue of other taxes on production (if any) less other subsidies on production (if

any).
5.36. Inputs or intermediate consumption must also be valued at market prices and specifically at
purchasers' prices in the use table. They are not information that can be collected directly from business
accounts. From business accounts, inputs of materials (or goods) must be derived by the following formula:

2 Materials used in production = Materials purchased net of discounts and returns - changes in
inventories

The valuation of inventoriesisimportant in the calculation of both materials used and outputs.

Blbid., para. 6.71.
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4. Work-in-progress

5.37.  Work-in-progress (sometimes called work put in place) consists of inventories of goods held by an
establishment or enterprise which have been produced as output but require further processing and are not yet
in aformin which they can be suitably delivered or sold to purchasers. Work-in-progress is recorded under
the genera heading of changesin inventories and usually happens to products that take more than one year
or accounting period to complete. Examples are construction of buildings, dams, ships, other large capital
goods, and production of some agricultural products. Output of work-in-progressin an accounting period, like
output of non-market goods and services, is to be measured by the costs actually incurred in its production
during that accounting period.

5.38. However, at the accounting period in which the project is completed and the sale takes place, the
reduction in work-in-progress must be recorded. It is equal to the value of work-in-progress accumulated in
previous periods valued at the prices or costs prevailing at the moment the sale occurred.

Table5.2 (a). Calculation of output of work-in-progress

Basic data
Period 1| Period 2 Period 3] Period 4 Y ear
Sales 0 0 0 2,500
Intermediate consumption 50 83 102 220
Capital consumption 15 22 33 60
Compensation of employees 60 95 130 260
Total production costs 125 200 265 540

Table 5.2 (b). Calculation of output of work-in-progress

At the prices and wage rates of period 4

Period 1| Period 2 Period 3] Period 4 Total
Sales 0 0 0 2,500 2,500
Intermediate consumption 250 260 210 220 940
Capital consumption 75 69 66 60 270
Other taxes less subsidies on production 0 0 0 0 0
Compensation of employees 310 290 255 260 1,115
Total production costs 635 619 531 540 2,325
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Table5.2 (c). Calculation of output of work-in-progress

At the prices and wage rates of period 4

Period 1| Period 2 Period 3] Period 4 Total
Sales 0 0 0 2,500 2,500
Addition to inventories 125 200 265 540 1,130
Withdrawals from inventories 0 0 0 -2,325 -2,325
Change in inventories 125 200 265 -1,785 -1,195
Output 125 200 265 715 1,305
Holding gains realized on work-in- 510 419 266 0 1,195
progressin period 4

5.39. Thework-in-progress should also include the value of the addition to it since it was stored, whichis
due nat to the effects of genera price inflation but to the improvement in the physical quality of the good over
time (such as wines) or to seasona factors affecting supply and demand for the good, such as preserved
summer vegetables sold in winter. When there is a reduction in value not due to general price deflation,
reduction in the work-in-progress must also be introduced. Soin table 5.2(c), period 4, output (715) is equal
to sales (2,500 ) + addition to inventories (540) - withdrawals from inventories (-2,325). In general,

Output = Finished products sold or bartered;
Plus  Addition to inventories,
Less Withdrawals from inventories;
Plus  Finished products used by their producer for his own final use.

5.40. Tables5.2(a), (b) and (c)* show how output of work-in-progress should be calculated. Table 5.2(a)
shows the basic data, table 5.2(b) shows the production costs revalued at the prices of the period 4. The
genera price indexes used for period 1 to period 4 are consecutively equal to 20, 32, 50, 100. Table 5.2(c)
shows how work-in-progress should be treated in the SNA. In the last table, the value of inventories withdrawn
in period 4 (-2,325) when the final product is sold, isequal to the sum of production costs incurred by work-in-
progress during the production process revalued to the prices and wages of period 4 shown in table 5.2(b) i.e.
-(635+619+531+540).

5. Thetreatment of second-hand goods and old scrapsin input-output table

5.41. Theoutput of establishments involving the transaction of second-hand goods is measured in afashion
similar to the treatment of wholesalers and retailers, i.e. it is equal to the difference between revenues received
from sdling the goods and the cost of restocking these goods. The value of second-hand goodsis entered as
apositive value to the industry that buys them and as a negative value to the industry that sellsthem. If capita

18Calculated by the increase in production costs due to the application of prices and wages of period 4 to the basic
data. For example, for period 1, holding gains are 510 = 635 - 125.

Y"The examples are taken from Peter Hill, Handbook on Inflation Accounting.
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goods are sold by enterprises, a negative value must enter the column "gross capital formation™ of enterprises.
If current goods are sold, a negative value may enter either the column change in inventories or the column
final household consumption. The treatment of goods bought is treated similarly but in an opposite way.
Following are examples that will be used to demonstrate the different treatments of second-hand goods
depending on the nature of those goods and where they are utilized.

Revenue for selling the second-hand good 60
Cost of restocking the same good 40
Trade margin 20

(a) Case 1: The second-hand goods are sold by the household sector for household final consumption
uses. Thetreatment isshown intable 5.3. Only the output of trade marginsis created, the sale of second-hand
goods cancels their purchase.

Table5.3. Second-hand goods sold for final consumption

Intermediate consumption Household fi nal Output
consumption
Industries Trade margins Second-hand goods
Industries
Trade margins 20 20
Second-hand goods +40-40 0
Total 20 20 20

(b) Case 2: The second-hand goods are used as intermediate inputs. The treatment is similar to the
first case but apositive value of 40 is entered in row 3, column 1, as intermediate inputs and a negative value
is entered in the household final consumption, row 3, if the goods are sold by the household sector or entered
as negative value in the column "change in inventories' (not shown in table 5.3) if the goods are sold by
enterprises. Alsoin the first column and second row, 20 is entered as intermediate consumption of industries.

(c) Case 3: The second-hand goods are capital goods that are sold from one sector (enterprises,
households or Government) to the same or other sectors. Gross capital formation of the purchasing sector
increases by the value of trade margins. The same treatment appliesin selling old homes but in this case, rea
estate services instead of trade services are provided and include legal services, banking services and taxes
involved in the transaction (one may aso break down real estate services into separate flows and enter them
separately in the column of "gross capital formation"). In case second-hand goods are capital goods sold by
enterprises or government to households (i.e. automobiles or other consumable durable goods such as
refrigerators, air-conditioners, etc.), thereisareduction in gross capital formation of the sellers and an increase
in household final consumption.

Table 5.4. Second-hand goods as capital goods

Intermediate consumption Gross capital Output
formation
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Industries Trade margins Second-hand goods
Industries
Trade margins 20 20
Second-hand goods +40-40 0
Tota 20 20 20

5.42. Old scraps (e.g. waste and scrap and materials for recycling such as paper, glass, cans, bottles) can be
treated the same way as second-hand goods in case 2 since old scraps may often be used as intermediate inputs
into the production of new products. The margins for old scrap collecting units are classified under version
1.0 of the United Nations Central Product Classification (ST/ESA/STAT/SER.M/77) as part of retail trade
services. Besides trade margins that need to be calculated, the value of old scraps used for intermediate
consumption may be balanced by a negative change in inventories (if sold by business) and negative fina
consumption (if sold by households and Governments). Also as in case 2, trade margins are entered as
intermediate consumption of industries that recycle scraps.

5.43. New scraps such as metal scraps produced as secondary products of the steel-making process are
treated as secondary products and not as second-hand goods as discussed above. New scraps can be treated
as a separate product in the supply table (or make matrix). However, given that they are not independently
produced anywhere el se, they later can probably be better aggregated with the main product as, for example,
stedl scraps being aggregated with steel.

6. Operating leasing ver sus financial leasing

5.44. Operating leasing refersto the renting out of machinery or equipment for varying periods of time but
not for the entire expected service life of the equipment during which the owner, or lessor, is responsible for
maintaining and repairing it as part of the service to the lessee and may also have to replace the equipment in
the event of a serious or prolonged breakdown. Rentals paid by the lessee to the lessor are treated as the output
of leasing companies similar to the renting of dwellings.

5.45. “In contrast to operating leasing, financial leasing is not itself a process of production. It is an
alternative to lending as a method of financing the acquisition of machinery and equipment. A financia lease
isacontract between alessor and alessee whereby the lessor purchases machinery or equipment that is put
at the disposal of the lessee and the lessee contracts to pay rentals which enable the lessor, over the period of
the contract, to recover al, or virtualy al, of his costsincluding interest. Financial leases may be distinguished
by the fact that all the risks and rewards of ownership are, de facto, transferred from the legal owner of the
good, the lessor, to the user of the good, the lessee. In order to capture the economic reality of such
arrangements, a change of ownership from the lessor to the lessee is deemed to take place, even though legally
the leased good remains the property of the lessor, at least until the termination of the lease when the legal
ownership is usualy transferred to the lessee. The lessor istreated as making aloan to the lessee which enables
the latter to finance the acquisition of the equipment. The rentals are then treated as covering repayments of
the loan and interest payments.”*® For financial leases, the 1993 SNA treats them as a purchase with aloan
from the lessor. Rentals are divided into two parts: the repayment of principal and interest payment. Both of

18gystem of National Accounts 1993, para. 6.118.
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these payments would not appear as costs in production accounts. In fact, the payment of interest is part of
value added of the lessee and the repayment of principal is part of his financial account. There are some
“incidental services ...provided by the lessor in the process of arranging the lease,... but the value of these
servicesisvery small compared with the total rentals paid.”*® However, the SNA does not specify any method
to estimate the output of these incidenta services. We may try to estimate implicit service charges on interests
which are treated as the output of the lessor and a so as intermediate consumption by the lessee. The estimation
is not easy since an enterprise may have both operating leasing and financial leasing and the interests payable
and receivable which relate directly to financial leasing are not easy to separate out except with detailed
information from financial leasing companies.

5.46. Inpractice, nationa account compilers have to rely on business accounts and therefore can only apply
the SNA principle if business accountants apply the principle of treating financial leasing differently from
operating leasing. In fact, many countries have applied business accounting principles on leasing like those
advocated by the SNA.

7. Treatment of entertainment, literary and artistic originals and copyrights

5.47. “Theproduction of books, recordings, films, software, tapes, disks, etc. isatwo-stage process of which
the first stage is the production of the original and the second stage the production and use of copied of the
original. The output of the first stage is the original itself over which legal or de factor ownership can be
established by copyright, patent or secrecy.”® The output of the first stage is treated as own-account gross
capital formation, an intangible fixed asset, of the originator if the asset is not sold. If the original is sold, its
output ismeasured by the price paid. If itisnot sold, itsvaueismeasured by production costs plus a mark-up.
The vaue of the mark-up is the discounted value of the future expected receipts from licensing itsuse. This
creates uncertainty in assigning avalue to the original. If we are uncertain about future value of the original,
the mark-up may be given no value.

5.48. Thesecond stage isthe use or reproduction of originals. “The owner of the asset may use it directly
or to produce copiesin subsequent periods. Consumption of fixed capital is recorded in respect of the use of
the asset in the same way as for any other fixed asset used in production.”# “The owner may also license other
producers to make use of the origina in production.... In these cases, the owner istreated as providing services
to the licenseesthat are recorded as part of their intermediate consumption. The payments made by the licenses
may be described in various ways, such as fees, commissions or royalties, but however they are described they
are treated as payments for services rendered by the owner.”#

5.49. Thereisaspecid category of originals and patents, which is called scientific originals and patents,
the production of which is treated by the SNA as outside the production boundary. Scientific originas and
patents such as inventions, new drugs, hew processes, etc. must be understood in the context of expenditures
on research and devel opment (R& D) which may yield benefits long after being undertaken and are considered

Ylpid., para. 6.119.
PYpid., para. 6.143.
2bid., para. 6.145.

Z|pid., para. 6.146.
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by most economists as gross capital formation. However, the 1993 SNA treats R& D only as output that is
consumed by the unit that produces it as intermediate consumption. In practice, scientific originals may be
produced which must be assets from an economic point of view but they are not recognized by the SNA.
There is no category of scientific originals’ under intangible fixed assets, though patents may be taken out
which establish legal ownership over non-existent assets. The SNA tries to get around this by recognizing a
category of asset called patented entities’ which are part of non-produced intangible assets. Payments of
royaltiesto patent owners for the use of these patented entities are treated as property income like interest or
dividends. They are not part of the production boundary and therefore not an output.

D. Allocation of production activities of institutional unitsto establishments
1. Production activities of cor porate and quasi-cor porate enterprises
5.50. Output of an enterpriseis usually compiled according to the procedure shown in table 5.5 below.

551. Intable5.5, an example of the statistics for acorporate or quasi-corporate enterprise is given to show
what outputs should be accounted for. In this example, the enterprise consists of two establishments, aresearch
and development activity and ancillary activities serving the two establishments. These two establishments are
classified as market producers since most of their output isintended for sale at economicaly significant prices.
Two additional establishments are imputed: one to research and development activities and the other to own-
account capital formation. Own-capital formation is assumed to be carried out separately by establishments
1 and 2 including ancillary units (see para. 4.15) with research and development treated as carried out outside
these two establishments. Imputed outputs of R& D and own-account capital formation are not counted as part
of the outputs of establishment 1 and 2. R&D activities may be classified as for the market, for own use or
for other non-market use depending on whether a major part of the services are sold in the market, internally
used or provided as free government and non-profit services. A non-market part of the output of R&D isthen
treated as intermediate consumption and not as gross capital formation. In this example, own-account capital
formation is shown as a single establishment, but in actual compilation, this establishment may have to be
subdivided depending on the number of capital products the enterprise produces. Normally, only own-account
construction is produced. The producers identified as establishments may simultaneously produce market
output, output for final use and possibly other non-market output, as defined below. Table 5.5 helps classify
outputs into separate categories. Each product produced by an establishment may be used for different
purposes and therefore must be classified accordingly.

5.52.  Surveysof establishments are the conventional method used to collect production statistics. A separate
establishment is normally identified by a physical production location belonging to an enterprise. If all
activities happen in one location, the enterprise is normally treated as an establishment. Conceptually, each
product produced, assuming there are no by-products, is best identified as an establishment. Surveys may be
designed to ask for outputs as well as associated inputs used in producing each output separately. However,
costs are not always linked directly to a specific establishment producing a specific product within an
enterprise. There are genera costs at the enterprise level that do not apply specificdly to an establishment, such
as general administration, insurance, interests receivable and payable. There should be guidelines to instruct
respondents how to allocate these costs to various establishments. A rule may be as smple as allocation on the
basis of sales or value added.? Thistype of ruleis not alien to business accountants as they have to apply cost

%T0 see how to link business accounting of non-financial enterprises to the SNA, see Vu Quang Viet, “Compilation
of National Accountsfrom Business Accounts: Non-financia Corporations’ in Handbook of National Accounting: Links



accounting methods to prepare production costs associated with each product in order to price their products
in the market. Thisis aso a practice of the Maaysian Department of Statistics in its establishment surveys.
In Malaysia, even bank charges, interest and dividend payments and receipts, and insurance premiums are
assigned to separate establishments. Thisinformation will be useful in calculating bank and insurance service
charges as intermediate inputs of establishments. Thistopic will be covered later in this chapter. The alocation
of costs to separate establishments and to products, if feasible, would avoid the mechanical application of
methods in treating secondary products.

2. Production of government units and non-profit institutions serving households

5.53.  Outputs or products produced by governmental agencies to serve the society at large or by non-profit
institutions serving households supplied without charge or at prices which are not economically significant (see
table 5.6) are normally thefirst three items of the following list, although in many countries the last items are
also included as parts of output of government services:

@ Market goods and services that are sold at economically significant prices and normally
supplied by non-profit schools, colleges, universities, clinics, hospitals, etc. including
publications sold by government offices or reproductions sold by non-market museums (the
part that is sold is treated as market and the residual is treated as non-market);

(b) Non-market goods and services such as health and educational servicesthat are provided free
or amost free;

(© Other non-market services that are collective services such as public administration and
defense, etc.;

(d) Research and devel opment that must be treated as a separate establishment;

(e Own-account construction that also must be treated as a separate establishment.

between Business Accounting and National Accounting, (ST/ESA/STAT/SER.F/76).

#n1/0 analysis, it is preferable that R& D and own-account capital formation, particularly construction be separated
from pure government services. To do this, associated inputs must also be estimated and separated out.



Table5.5. Production statistics of a non-financial or financial enter prise with secondary products
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Products of specified establishments, characteristic and secondary Establishment
and ancillary activities of an enterprise output
Product 1 Product 2 Product 3 Prod. 4
Research and Own-account
Devel opment capital formation
Market output at basic prices Non-market Other non- Total Total
market
©)] 2 ©)] @ Ok (6 U] )" 9" (10
Output Other Total Own final use Other non- (3)+.+(5) (6)+(7)+(8)
sold uses (D+(2) (capital goods) market
Establishment 1 17 17 2 1 20 8 (4) 28
Establishment 2 9 3 12 12 4 (2) 16
Research & Development 2 2
establishment
Ancillary activities X X X X X X (2)
Own-account capital formation (8) 8
Total enterprise 26 3 29 2 1 32 12 2 8 54

* Columns. 2
()

®)
®

©

(10)

Other uses include products that are bartered with other enterprises, used in other establishments within the same enterpriseand  delivered to employees as remuneration.

Own fina use includes only products (i.e durable goods) that are used as capital goods. In the case of unincorporated enterprises which belong to the household sector, these products are classified as final

consumption expenditures.

Other non-market includes output that is distributed free or sold at not economically significant prices to non-profit institutions serving households.
Costs of R&D should be separated from other costs of the establishment that generates R& D and imputed as the output of a separate imputed establishment. This output is then imputed as intermediate consumption

of R&D of the establishment that generates R&D.

Own-account capital formation such as construction, development of software and other originals which can be used for more than ayear should also be separated from other costs of the establishment that produces
them and each activity isimputed as the output of a separate imputed establishment. This output is then imputed as gross capital formation of the establishment that produces it. In fact, there is no such output as
own-account capital formation; column 9 is an aggregate of many capital products for the sake of abbreviation. Ancillary activities may also produce capital products. In this case, these capita products have to
be allocated to other establishments. The values are entered into parentheses to show that they do not enter as establishment output in column 10. Own final use in column 4, which shows the products, such as
microcomputers, produced but internally used as capita goods should be later included with own-account capital formation.
For the grand total for the enterprise, 8 has to be included.

Means that nothing should be included.



Table5.6. Production statistics of a government or non-profit unit serving households
enterprise with secondary products

Products of specified establishments, characteristic and Establishment
secondary and ancillary activities of an enterprise output
Other non-market Non-market Market Research and Own-account
output output output at Development construction
measured at costs measured at basic prices
costs
Output sold
@ 2 (©) @ ®)* (6
Establishment 1 200 (14) 200
Establishment 2 40 17 3 57
Research & Development 10 10
establishment
Ancillary activities 2
X 0
Own-account construction 19
Total enterprise 200 40 17 10 (19) 286
* Columns. 4 Research and Development is treated like own-account constructions (see next note) though in the sample, R&D is separately provided.
(5) Own-account construction must be treated as separate establishments and not as part of the outputs of establishments 1 and 2. They are therefore parenthesized and treated as output of

a separate establishment. Output of own-account construction is measured at costs. Here costs must be transferred out of the costs of establishments 1 and 2.
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5.54. Theoutputs of government units and NPISHs are normally measured by costs as previoudly discussed.
These outputs net of sales make up either collective or individua final consumption, so it isimportant that
they be prepared in conjunction with the compilation of final consumption which will be discussed in detail
in chapter VII where an example is given of how output of government services and government final
consumption are compiled from data on government budget.

3. Production activities of unincor porated enter prises of households

5.55.  Production within the household ingtitutional sector takes place in enterprises that are directly owned
and controlled by members of a household or shared with other households. These production units are called
unincorporated enterprises. In the input-output framework, activities in an unincorporated enterprise are
classified into different 1 SIC categories depending on the nature of its activities and thus may be separated into
different establishment units similar to those shown in table 5.5. Members of households who work as
employees for corporations, quasi-corporations, government or non-profit institutions serving households
contribute to the production activities outside the household sector.

5.56.  Similar to the corporate sector, each activity (or establishment) can be classified into market or own-
use producers and their output can also be classified accordingly.

5.57. Household market producer sinclude al unincorporated enterprises that produce goods and services
for sale. The value of the products for sale must be at least 50% of their total output. Table 5.6 can also be
used to calculate output of the household market producers.

5.58. Household non-market producersinclude:

@ Subsistence farmers, fishermen, woodcutters, etc.;

(b) Households engaged in the construction of dwellings for their own use or in major structural
improvement or extension of their dwellings;

(© Households engaged in communal construction projects such as bridges, roads, schools, water
supplies, irrigation works, etc.;

(d) Households engaged in the production of other goods for their own consumption such as
cloth, clothing, furniture, other household goods, fuel materials for cooking and heating,
foodstuffs (other than meal preparation), etc.;

(e Imputed services of owner-occupied housing;

()] Domestic services produced by paid employees.
5.59. For communal construction projects by household non-market producers, when no comparable market
prices are available to value them, their values as previously discussed can be measured at production costs.

Since amajor part of the work is done by unpaid voluntary labour, wage rates paid for similar kinds of work
on local labour market should be used to estimate labour costs.
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E. Compilation of production accounts of selected industries

5.60. Elaboration of methods, contents of output and inputs, and sources of information for most industries,
particularly non-financial industries can be obtained from the United Nations publication, Handbook of
National Accounting: Accounting for Production: Sources and Methods mentioned previoudly. This part will
mainly elaborate on the calculation of outputs only and only sometimes on inputs of the industries deemed to
be conceptually complicated or whose definitionsin the 1993 SNA are not the same as the 1968 SNA.

1. Agriculture, forestry and fishery

5.61. The SNA recommends that, in order to have a concept of production that is consistent with other
economic activities, the managed growth of crops, standing timber or other trees and fish and livestock reared
for food, under the control of ingtitutional units, have to be treated as a continuous process of production whose
output consists of work-in-progress -- that is, output that is not yet sufficiently processed to be marketed or
used to produce other goods and services. “ Assume the process of production takes several periods (months,
quarters, or years, asthe case may be) to complete. The value of the output produced in each period can then
be measured as work-in-progress by distributing the value of the finished agricultural products (harvested
crops, slaughtered animals, etc.) in proportion to the costs incurred each period.”# The measurement of output
of work-in-progress in each period can be seen in paragraphs 5.37-5.40 of this chapter. The only difference
in application hereisthat work-in-progress of agriculture, forestry and fishing is not a production cost in each
period but the value of finished goods allocated on the basis of production cost.

5.62. The output of agriculture, forestry and fishery is normally not estimated by using sale values but is
based on the quantities and prices that are estimated separately. For crops, for instance, quantity is estimated
by sampled cultivated areas and their corresponding yields, losses and seeds.”® One point that needs
clarification is the definition of agricultural output in the 1993 SNA which excludes from output and inputs
the output that is used asintermediate consumption within the establishment. This means that the products that
are produced by a household and then used as seeds will be excluded from agricultural output and inputs.
Only seedsthat are obtained from the market are included. Conceptually, value added of agricultural activities
does not change whether non-marketed seeds are included or excluded. Thus, if 1/O practitioners wish to
include seeds in both output and inputs in order to see clearly the inputs required, the method should be
footnoted so that no misunderstanding may occur. Agricultural statistics, however, use concepts of output that
are different from that of the SNA. The main reasons given are: (i) the SNA concept does not provide the
information needed to prepare a seed replacement plan; (ii) it is difficult to gather data required for
intermediate uses of harvested output within the same establishments. The relationship of the different
concepts™ is shown below:

#gystem of National Accounts 1993, para. 6.96.

%For detailed instructions on how to compile the output of agriculture, forestry and fishing, see A System of Economic
Accounts for Food and Agriculture, FAO, 1996.

pid., page 75.
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Harvested output

less L osses (wastage) on producing farm between harvest and the use or storage of the
output. In such cases output covers both the principal product and by-products

equals Total output

less Intermediate uses of harvested output, principal product or by-products within the
producing farm (establishment) itself

equals Output (SNA)
2. Wholesalersand retailers

5.63. The output of wholesalers and retailers is "measured by the total value of the trade margins realized
on the goods they purchase for resale. A trade margin is defined as the difference between the actual or
imputed price realized on a good purchased for resale and the price that would have to be paid by the
distributor to replace the good at the time it is sold or otherwise disposed of. The margins realized on some
goods may be negative if their prices have to be marked down. They must be negative on goods that are never
sold because they go to waste or are stolen.”? The reason the output of wholesalers and retailersis measured
by trade marginsis because their productive activity is construed to be the provision of servicesin transporting
and storing goods, displaying the goods in an informative and attractive way and then packaging them
according to the requirement of an individual customer. The goods themselves are not regarded as being
significantly transformed in this process and are therefore not treated as intermediate input into the distributor's
own process of production.

5.64. Theoutput of wholesalers and retailers would include delivery costs if it isincluded in the cost of the
goods sold. If the delivery cost isbilled separately, it will be treated separately as output of transport services.
In the latter case, the trader performs two separate services:. trade and transport.

5.65. Theoutput of wholesale and retail trade, or trade margins, is calculated by the SNA by the following
formula

(3 Trade margins = Sales - value of goods purchased for resale + changes in inventories

5.66. Table5.7 illustrates how trade margins are calculated given three methods of valuing inventories. Its
structure is similar to that of table 5.10 in appendix A, except that production is replaced by purchases for
resale as areason for inventories to increase. Another differenceisthat goods produced are valued at the prices
at which they may be sold in the market. Thus, the unit cost for production and sales are the same in table
5.10. Intable 5.7, additions to inventories are valued at purchasers’ prices of goods bought for resale at the
time goods are entered into inventories, and withdrawals from inventories are valued at purchasers' prices of
good bought for resale at the time goods are withdrawn. By this treatment, trade margins may be calculated
by subtracting cost for purchases from sales at the prices of the accounting period. They reflect trade mark-up
at the time of sdlling.

%gystem of National Accounts 1993, para. 6.110.
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Table5.7. Exampledescribing the calculation of trade mar gins given different methods of inventory
valuation

SNA LIFO FIFO
Period 1 | 2 | Y ear 1 | 2 | Y ear 1 | 2 | Y ear
1. Beginning inventories
Unit 0 60 0 0 50 0 0 50 0
Vaue 0 300 0 0 250 0 0 250 0
2. Purchases
Unit 60 5 65 60 5 65 60 5 65
Unit cost 5 7 5 7 5 7
Vaue 300 35 335 300 35 335 300 35 335
3. Addition to inventories
Unit 60 5 65 60 5 65 60 5 65
Unit cost 5 7 5 7 5 7
Vaue 300 35 335 300 35 335 300 35 335
4. Sales
Unit 10 40 50 10 40 50 10 40 50
Unit cost 6 8 6 8 0 6 8
Vaue 60 320 380 60 320 380 60 320 380
5. Withdrawal from inventories
Unit -10 -40 -50 -10 -40 -50 -10 -40 -50
Unit_cost 5 7 5 785% 5% 5873
Vaue -50 -280 -330 -50 -210 -260 -50 -200 -250
6. Changesin inventories
Unit 50 -35 15 50 -35 15 50 -35 15
Value 250 -245 5 250 -175 75 250 -165 85
7. Ending inventories
Unit 50 15 15 50 15 15 50 15 15
Vaue 250 5 5 250 75 75 250 85 85
8. Output calculated as sales - purchases for resales + changesin inventories
Vaue 10 40 50 10 110 120 10 120 130

#IFO withdraws the last 5 units of incoming inventory first, values them at the unit cost of 7 (i.e. last in, first out).
The other 35 units withdrawn are valued at the unit cost of 5.

%F|FO values the 10 units withdrawn at the unit cost of 5 (i.e. first in, first out).

*'FIFO withdraws the 40 units that enter inventories first. They are valued at the unit cost of 5.
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5.67. Thetrade margin calculated by the SNA method for period 1 is 10, which is equal to the unit sold (10)
multiplied by the market mark-up prevailing at the time the goods are sold (6 - 5 = 1), and for period 2 it is 40,
with a quantity sold of 40 and the market mark-up of 1 (8 - 7). Thisvaluation rule in the SNA applies even
when prices change within the same period. Thus, to approximate trade margins by the SNA method, one may
take the product of quantity sold and average mark-up during the accounting period. Aslong asthereis a
mark-up, the minimum value of output of trade marginsis zero even when no sale takes place.

5.68. Theestimatesof outputs by the LIFO and FIFO methods are higher than the SNA’ s because the former
also contain capital gains on the units sold while they are in inventories because the inventories withdrawn are
not all valued at the prevailing replacement prices. The significant differencesin outputs estimated by the three
methods shown in table 5.7 are due to the large ratio of inventories over sales and the large change in prices
given in the example. In countries with inflation under control and a normal ratio of inventories® the
differences should not be large.

3. Transport services

5.69. Transport services move people and goods, with thelatter called transport margins. Transport margins
can appear in three different forms: (i) margins paid as part of the price of goods, i.e. no bills on transport
services are issued to consumers, (i) margins paid as separate bill to traders who will arrange for the transport,
and (iii) margins provided by purchasers either as own-account transport or as hire from the transport industry.
There are two methods of treating transport services, and depending on which method is adopted in the input-
output framework, the output of the sector could be different.

5.70. Thefirst method aimed at presenting data as they are actually transacted is recommended by the SNA
asfollows:

@ Transport services provided by producers, wholesalers, retailers or third partieswill be treated
separately as transport margins only if they are billed separately from the values of goods to
their customers. If bills are issued separately, customers buy not only the goods, but also
transport services from producers, wholesalers, retailers or third parties. These transport
services are then treated as secondary product of the trade enterprise, producers or third
parties. However, if they are not billed separately, but included in purchasers prices of the
goods bought, they become part of the trade margins or values of the goods (in the case of
producers) and the transport costs become their intermediate consumption;

(b) Own-account transport services consumed within the establishments which, by SNA rule, are
treated as own-account goods consumed.should not be treated as part of the output of the
establishments but as their operating costs, and therefore do not form part of the transport
outputs.

5.71. The second method adopted by some input-output practitioners who want to treat transportation as a
functional concept would always remove transport services billed or not billed to customers from trade margins
and include them into the output of the transport industry. They would aso apply the same method to own-
account transportation. The second method always produces higher output value of transport services than the

#n the United States, inventory-sales ratios for most goods were below 2, except for afew durable goods. In 1995
and 1996, the average ratio for manufacturing goods was below 1.4.
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first one. Outputs of own-account transport services, if based on the second method, are usually estimated by
simple rule, such as by multiplying the total number of trucks with the estimated average output per truck.
When doing this, inputs associated with own-account transport must also be removed from the mother activity
and these costs are replaced by the consumption of transport services equal to the sum of values removed. To
be fully consistent with the SNA, the second method should not be used in the SNA input-output framework.
It could be introduced as a satellite study of the transportation industry like a study of atourist industry that
will be discussed in chapter X. In the SNA, the transport industry contains only services that are billed
separately or consumed outside of the establishments.

5.72. The complicationsin deciding output of transport services involving mobile equipment such as ships,
aircraft, railways, etc. that operate outside the economic territory in which the units are resident will be
discussed in chapter VI on treatment of imports.

4. Owner-occupied housing services and gover nment-subsidized housing

5.73. The SNA assumes that owner-occupied dwellings provide housing services for their owners. These
services are part of the output of the unincorporated enterprises sector. The output of these services can be
approximated by market rents for the same kind of housing, taking into account factors such as location and
amenities as well as the size and quality of the dwelling itself. In countries where no market rents are
available, the output of the services of owner-occupied housing can be measured at least as the value of
depreciation of the dwelling measured at current market value or current replacement cost. Remember that
do-it-yoursdlf repairs are not within the SNA production boundary and thus do not enter as part of the housing
services. Expenses paid for housing repairs are treated as household final consumption.

5.74.  To be compatible with the treatment of owner-occupied housing, the output of government subsidized
housing should aso be measured at equivalent market rents. The difference between market rents and
subsidized rentsis treated as socid benefitsin kind provided by Governments, which is part of the individual
final consumption of government.*® Assuming the market rents are 100, but renters pay only 80, then output
should be 100 of which 80 goes to household final consumption and 20 goes to individual final consumption
of government (see definitions of fina consumption in chapter V11). If the subsidized housing is government-
owned and the output estimated by equivalent market rents is higher than the subsidized rent, then the
difference between output estimate and the subsidized rent should also be imputed as social benefitsin kind.

5. The output of financial intermediaries and itstreatment in theinput-output framework

5.75. Many financia intermediaries like money-market funds, trusts, and stock brokers, charge their
customers for their services. However, others such as banks and the like do so for only avery few services,
while major ones rendered to their customers in channelling funds from depositors and savers to borrowers
are not charged explicitly. Charges for these services are implicit in the difference between interest received
from borrowers and interest paid to depositors. As a consequence, the implicit service charges of financial
intermediaries are measured by the difference between interests received and interests paid. Interests received

*#Thisis based on the interpretation of the Inter-Secretariat Working Group on National Account, “...that payments
by governments to market producers for goods and services should be treated as socia benefitsin kind and not subsidies
on products if those market producers provide those products directly and individually to households in the context of
social risks or needs and to which the households are legally entitled.” SNA News and Notes, No. 3, January 1996,
United Nations Statistics Division (UNSD).
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should exclude those received from lending own funds. The total output of financial intermediariesis equal
to the sum of explicit and implicit service charges. The output of the central bank is measured like that of other
financial institutions. However, if its gross output fluctuates widely, or is negative, a second-best approach of
measuring output by cost may be adopted.* Below isa review of conceptual issues. Measurement issues are
discussed in appendix B since until now there are no internationally agreed standards for treating them.

Conceptual issues

5.76. Inthe 1968 SNA, implicit service charges are not distributed directly among the users of the services
provided by the financia intermediaries but are assumed to be consumed by afictitious industry representing
al industries. Sincethisisafictitiousindustry that is supposed to produce zero output, a negative va ue which
isequd to the vaue of implicit service charges has to be entered as the value added of the fictitious industry
in order to make the output of this section equal to zero. The treatment is aimed at avoiding allocating implicit
service charges to every consumers. It creates two problems:

@ It is not possible to compute the input-output coefficients of the fictitious industry. As a
consequence, this fictitious industry has to be aggregated to the financial intermediary
industries;

(b) Given that dl industries and the household sector as well as the Government use the services
of financial intermediaries, not imputing these implicit service charges to the intermediate
consumption of individua industries or to the final consumption of final consumers will
increase the value added of theindividual consuming industry. Overal, imputing to the value
added of the fictitious industry a negative value which is equal to the total implicit service
charges reduces the GDP since the fina consumption of bank services by the household and
government sectors is treated as intermediate consumption by industries.

5.77. Though not rgjecting the 1968 method, the 1993 SNA recommends an dternative, i.e. the distribution
of implicit service chargesto al consumers, including industries as intermediate input and final consumers as
final consumption. In this case, when measured as final expenditures, the GDP will increase in comparison
to the 1968 SNA treatment by the amount of implicit service charges allocated to final consumption. The
value added of each individua industry will be lower than before but the total value added, i.e. the GDP, will
be higher since less than afull amount of implicit service chargesis alocated as input to industries.

5.78. Table 5.8 shows how banking service charges are treated in the old 1968 SNA and table 5.9 shows
how they may be treated in the 1993 SNA. Thetotd explicit service charges are assumed to be 5 and the total
implicit service charges are assumed to be 15. In the 1968 SNA the full value of implicit service charges are
assumed to be consumed by thefictitious financial industry. In the 1993 SNA, 7 is alocated to be consumed
by industries and 8 allocated to final demand. The GDP in the 1968 SNA is equal to the total value added or
total final demand which is 59 while the GDP in the 1993 SNA is higher and equal to 67. The differencein
GDP isequal to theimplicit banking services allocated to final demand, which is 8 in our example.

¥According to the decision by the Inter-Secretariat Working Group on National Accounts. |bid,
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Table5.8. Thetreatment of imputed bank service chargesin the 1968 SNA

Intermediate consumption Fina demand Output
Other industries Banking industry | Fictitious
industry
Others 35 59 100
Banking 5 15 0 20
Fictitious 0 0 0
Value added 60 -15
Output 100 0
Table5.9. Thetreatment of imputed bank service chargesin the 1993 SNA
Intermediate consumption Final demand Output
Other industries Banking industry
Others 35 6 59 100
Banking 5+7 8 20
Value added 53 14
Output 100 20
5.79. Thedistribution of explicit service charges, in principle, is easy as long as banks and other financial

intermediaries keep records of their revenues supplemented by records of expenditures by industries,
government and the household sector. The distribution of implicit service chargesis quite complicated. The
SNA recommends the use of a proxy to represent pure interest rate, which is called the reference rate. The
estimation of the reference rate will be discussed later. Borrowers will have to pay arate higher than the pure
interest rate. The difference between the rate borrowers pay and the pureinterest isthe implicit service charge.
Depositors also have to pay for service charges, and therefore they receive an interest payment less than the
pure interest. Pure interest may differ from one class of consumers to another. Thisis particularly true for
financial transactionsin foreign financial instruments because of differencesin inflation rates and other factors
such as government control measures among countries.

5.80. Oveadll, for an economy, interest payments by borrowers (i) are equal to pureinterest (i) plusimplicit
service charges to borrowers (S,); and interest receipts by depositors (iy) are equal to pure interest (i) minus
implicit service charges (S,) to depositors, or:

?b:i+so

Id = i = Sd
The difference between interest payments and interest receipts must be equal to total implicit service charges.

p-1a=(1+8)-(-S) = $+S
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From the equations above, implicit outputs of financia intermediaries, which are indirectly measured and
abbreviated as FISIM (Financial intermediation services indirectly measured) equal i, - iy Service charges on
borrowersare S, =i, - i and service charges on depositorsare S; =i - i;. The amount of service chargeson
borrowers and depositors is dependent on where the pure interest rate i islocated between i, and i,

5.81. Thepureinterest rate (i), or reference rate, for borrowers and depositors in the domestic market can
be approximated by the average inter-bank lending rate which has the advantage of not incorporating risk
premiums and intermediation services. Given banks' interest receipts and payments, broken down by
ingtitutional sector, and statistics for outstanding bank deposits and loans in the balance sheet of banks, broken
down by ingtitutional sector, we can easily calculate imputed service charges consumed by each sector. The
charges involve the calculation of pureinterest flows on the basis of the pure interest rate and sectoral bank
deposits and loans.

6. Production accounts of insurance enter prises

5.82. Activitiesof insurance companies are similar to those of financia intermediaries. Insurance companies
collect premiums from units that buy insurance against specified events, manage these funds and pay out
claims to the same units when the specified events occur. Besides receiving premiums, insurance companies
also receive property income from the investment of their technical reserves. Technical reserves are necessary
because there is a time lag between the time when premiums have to be paid, which is at the start of the
insurance period, and the time claims are paid out.

5.83. The output of insurance companies should be the value of services rendered by them for protection
against specified events.

(a) Lifeinsurance

5.84. Thevalue of the output of life insurance establishments is calculated as follows:

Formula 1l
@ Gross premiums earned
(b) + Net income from investment of the insurance technical reserves
(© - Total claims due
(d) - Increase in the actuarial reserve that excludes allocation of capital gains and |osses

to the reserves which are treated as revaluations in the bal ance sheets outside of the
input-output framework.

5.85. Item (b) includes:

() Property incomes receivable less property income payable
(i) Rentals and other incomes

Item (ii) covers secondary products of insurance companies as most of them are normally involved in rea
estate and some other business services. The output calculated by formula 1 should include the primary
product which is insurance services and the secondary products, i.e. rentals and other incomes.
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5.86. Item (a) must relate only to the accounting period the insurance policy covers and must include all
premiums paid in the current or previous periods which cover the risksincurred during the current accounting
period and exclude late payment of premiums for previous periods and prepayment of premiums for the
coming periods. Item (c) must cover claims which become due for payment during the accounting period
though they might not have been paid yet. Net income from investment and capital gain or loss of theinsurance
enterprise’'s own capital are excluded from items (b) and (d). Therefore the following relationships should be
observed when one cal culates the insurance output:

Grosspremiumsearned = Premiums receivable - change in the reserve due to prepayment
Claims due = Claims payable + change in the reserve against outstanding claims.

In fact, there are three types of reserves. reserve due to prepayment, reserve against outstanding claims, and
the actuaria reserve against future claims. Because insurance companies may use different technical terms for
the three reservesit isimportant to understand the nature of each one. Since many insurance companies report
on premiums receivable and claims payable rather than premiums earned and claims due, the following
formula can be used to calculate life insurance output:

Formula 2
@ Gross premiums receivable
(b + Net income from investment of the insurance technical reserves
(© - Total claims payable
(d) - (Increase in the reserve due to prepayment + increase in the reserve against

outstanding claims + increase in the actuarial reserve).

In calculating changesin reserves, it isimportant to exclude capital gaing/losses from the value of total reserves
in the subsequent period. These capital gains/losses are treated as revaluations in the balance sheets outside
of the production framework. In business balance sheets, reserves are revalued mainly for investments in
financial assets and rarely for investmentsin fixed assets.

(b) Non-lifeinsurance

5.87. Either formulal or 2 can also be used to calculate the output of non-lifeinsurance, except that change
inthe actuarial reserveis zero since non-life insurance companies do not have the actuaria reserve. However,
they should have the other two reserves: the reserve due to prepayment and the reserve against outstanding
clams.

5.88. Sometimes, thereisareservethat isnot directed to any of the purposes of the three reserves mentioned
above. A changein thisreserve, which may be called contingency reserve, should be considered part of the
operating surplus that has not been distributed as dividends.

5.89. On the basis of the experiences of some countries, it is likely that the insurance output and
consequently the insurance value added may fluctuate widely from one year to the next It is aso possible that
value added is negative. These problems may happen even if insurance companies are healthy and growing.
The instability of output and value added makes the use of 1/0 analysis useless as the latter hasto rely on the
stability of 1/0 coefficients. There are two solutions to this problem: (a) spread output and value added over
anumber of years so that claims may be spread out, or (b) calculate output from costs. Solution (@) can only
cover the years before the year for which national accounts need to be prepared in order to release national
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accounts statistics on time. Even with that, the resulting output does not necessarily move along with cost of
production. Solution (b) clearly deviates from the SNA but may be needed for the use of the I/O coefficient
matrix in economic modelling.

7. Production accounts of privately funded pension funds

5.90. Pension funds for which output is calculated must be separate funds established for the purpose of
providing income on retirement for specific groups of employees. They are organized and run by private or
public employers or jointly by the employers and their employees. Pension funds that are not independent are
treated as part of the operation of the companies that run them and, payments would be treated as normal
compensation of employees. Pension funds should not include compulsory social security schemes imposed,
controlled or financed by the Government.

5.91. Theoutput of privately funded pension funds is taken to be a service charge to the beneficiaries equal
to:

@ Total actual contributions earned

(b) + Total imputed contribution supplements®

(© - Benefits due

(d) - Increases (plus decreases) in pension reserves.

The new method is different from the 1968 SNA. In the 1968 version, since pension funds are assumed not
to be organized for profit-making purposes, their output is measured by the cost of operating them. This
includes intermediate costs, compensation of employees, other taxes on production and consumption of fixed
capital. If pension funds are also organized for profit making, the measurement of output by costs is not
accurate. However, the new method is more complicated in the sense that an increase in reserves, which is
basically an increase in the funds, must exclude capital gains/lossesin the investments of the funds.

8. Production accounts of research and development

5.92. Sincethe 1993 SNA treats all expenses on research and development (R&D) incurred by enterprises
as part of their outputs they should be classified in separate establishments belonging to the enterprises. The
new ISIC aso allows for this classification. However, asin the 1968 SNA, research and development output
for the enterprise’' sown consumption is treated as intermediate consumption by the establishments within the
enterprises. The alocation of the intermediate consumption of research and development to other
establishmentsin the enterprise may be based on the proportion of value added or output of each establishment
asin thealocation of ancillary activities. The output of research and development services for its own usein
an enterprise may be measured by the total costs of production including the imputed rentals on its own
buildings. In the case of specialized commercial research laboratories and institutes, their output can be
measured by receipts of sales, commissions, fees, etc. After detailed inputs consumed by R&D are singled out,
it isimportant to deduct them from the inputs of the industries that consume them and in their places, only a
single value of expenditures on R&D isincluded as inpuit.

*These are equal to investment income from invested pension reserves.
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9. Production accounts of mineral exploration

5.93. The output of mineral exploration is measured by the total expenditures on mineral exploration.
However, unlike research and devel opment which are treated asintermediate consumption, mineral exploration
istreated as gross fixed capital formation.

10. Production accounts of producers of government services and of non-pr ofit
organizations serving households (other non-mar ket output)

5.94.  Producers of government services and of non-profit organizations services serving households consist
of al agencies providing collective services such as public administration, regul ation, the maintenance of law
and order, defence, non-profit services and also non-collective services that are supplied free or at nominal
prices to individual households. Examples of the latter that are mostly supplied on a non-market basis are
education, health and housing.

5.95. The output of all other non-market producers, whether providing collective services or individua
goods and services should be, according to the SNA, valued on the basis of their total costs of production and
not by prices of similar goods or services charged on the market, because of the difficulty of obtaining suitable
pricesin practice. Thus, the outputs of producers of government services and of non-profit organizations are
measured by the sum of:

- Intermediate consumption

- Compensation of employees

- Other taxes less subsidies on production
- Consumption of fixed capital.

The net operating surplus is zero by convention. As the above value covers the whole of the output of a
non-market producer, receipts from any incidental sales of goods and services are ignored for the calculation
of output, while incidental sales determine which part of the output is consumed (incurred) in other sectors.

5.96. In an input-output table, producers of government services or of non-profit organizations' services
serving households do not appear as only two sectors but as many separate sectors classified by distinctive
economic activities. For example, government services consist of general public administration as well as
education, health, electricity, sewage and refuse disposal, library, radio and television services, etc. These
government activities may be split and grouped with similar ones provided by the private sector and by
non-profit organizations serving households.
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Appendix A
VALUATION OF INVENTORIESIN OUTPUT CALCULATION

5.97. Business accounting does not concern itself with the concept of output. Itsfocusis on sales and the
cost of goods sold in order to measure net income. National accountants need to use business accounts in order
to derive the SNA concept of output. Output of non-financial activities is measured as follows:

Output = Sales net of discounts, returns, VAT and salestaxes + other uses + changesin inventories

Thus the valuation of inventoriesis quite important to the measurement of output, intermediate consumption,
gross capital formation and finally GDP in the SNA. Different values of inventories would produce different
output values. For this reason, this note will discuss in depth why business inventories should be revalued
according to the SNA concept.

5.98. In business accounting, many methods are used in valuing inventories at cost. The most frequently
used onesare: FIFO (firstin, first out), LIFO (last in, first out), average cost method. While LIFO best matches
revenues and cost of goods sold, especially when there has been a prolonged period of inflation or deflation,
itisnot best suited for measuring the current balance sheet: FIFO is better in this regard as the value of ending
inventoriesis closest to current market values. Table 5.10 shows the valuation methods of the SNA, LIFO and
FIFO using the perpetua inventory method of recording (PIM), instead of the periodic method of recording.
The PIM recording method is similar to the method recommended by the SNA and also adopted by some
business firms. Under PIM, sales and purchases of each item are recorded continuously. With the availability
of powerful micro-computers, PIM isincreasingly adopted by business in replacing the periodic recording
method. From theillustration in table 5.10, it is possible to derive some basic ways to approximate the SNA
method in measuring non financial output. Table 5.10 divides the annual accounting period into sub-periods
in order to see the accuracy of the methods used in measuring output. In the table, products produced are
entered immediately into inventories and remain there until they are withdrawn for sale. Differences in
valuation methods lie in the valuation of inventories withdrawn.

5.99  The SNA method values addition to inventories at the basic prices prevailing at the time of entry and
withdrawal at the prices at which they are then sold. The SNA method, however, values ending inventories
(assets) at market prices (which are basic prices) at the time of valuation. This revaluation isnot introduced
in table 5.10.

5.100. TheLIFO method valuesincoming inventories similarly to the SNA but withdrawals at the cost of
the last items entered into inventories.

5.101. TheFIFO method values incoming inventories as do the other methods but values withdrawals at
the cost of the first items acquired.

5.102. The output calculated by the SNA method is 335, which matches the actual output assumed in the
example. The output calculated by L1FO is 345 which is more than the actual output. The output by FIFO is
355 which is farther away from the actual output than LIFO. The difference, or error, is capital gains due to
inflation. When prices are declining, FIFO gives an output value that is closer to the actual one than LIFO.
Changesin inventories calculated according to the SNA include all capital gains (or loss) on the inventories
sold and therefore the output calculated by the SNA eliminates al capital gains from sales.
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Table5.10. Example describing output calculation of goods production activities using different
methods of inventory valuation

SNA LIFO FIFO

Period 1 | 2 | Y ear 1 | 2 | Y ear 1 | 2 | Y ear
1. Beginning inventories

Unit 0 60 0 0 60 0 0 60 0

Value 0 300 0 0 300 0 0 300 0
2. Production

Unit 60 5 65 60 5 65 60 5 65

Unit cost 5 7 5 7 5 7

Value 300 35 355 300 35 335 300 35 335
3. Addition to inventories

Unit 60 5 65 60 5 65 60 5 65

Unit cost 5 7 5 7 5 7

Value 300 35 355 300 35 335 300 35 335
4. Sales

Unit 0 10 10 0 10 10 0 10 10

Unit cost 5 7 5 7 5 7

Value 0 70 70 0 70 70 0 70 70
5. Withdrawal from inventories

Unit 0 -10 -10 0 -10 -10 0 -10 -10

Unit cost 5 7 5 785% 5% 5%

Value 0 -70 -70 0 -60 -60 0 -50 -50
6. Changesin inventories

Unit 60 -5 55 60 -5 55 60 -5 55

Vaue 300 -35 265 300 -25 275 300 -15 285
7. Ending inventories

Unit 60 55 55 60 55 55 60 55 55

Value 300 265 265 300 275 275 300 285 285
8. Output calculated as sales + changes in inventories

Unit 60 5 65 60 5 65 60 5 65

Vaue 300 35 335 300 45 345 300 55 355

*_IFO withdraws the last 5 units of incoming inventory first and values them at the unit cost of 7 (i.e. last in, first
out). The other 5 units withdrawn are valued at the unit cost of 5.

3"FIFO values the 10 units withdrawn at the unit cost of 5 (i.e. first in, first out).

38| dem.
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5.103. Interms of evaluating changes in inventories and ending inventories, which are used in the balance
sheet, the SNA valuesal inventories at current market prices. Therefore changesin inventories and the ending
inventories must be revalued at the unit cost of 7. The ending inventories, after revaluation, are equal to 385
(table 5.11), which is higher than the ending inventoriesin table 5.10 by 120. Thisdifferenceis the capital
gain for goods remaining in inventories. The results in the table also show that, in case of inflation, FIFO
produced a value of ending inventoriesthat is closer to market price than with LIFO.

5.104. Thereisno easy and accurate short-cut to convert LIFO and FIFO values of inventoriesto SNA vaues
without detailed information as shown in table 5.10. The revauation is, in fact, better done by business
accountants than by national accountants at the last stage of data collection. It would be significant for nationa
accounting if business accountants agreed to value inventories as the SNA recommends, but it is highly
unlikely because banks and financial analysts always want to value inventories in the most conservative
manner, i.e. a either cost or market value, whichever islower.

5.105. However, aslong as prices do not change, whatever method used in valuation, output and inventories
would be the same. Errors will be great if pricesincrease or decrease rapidly.

5.106. “This suggeststhat even when prices are changing a good approximation to the PIM may be obtained
by taking the difference between the quantities of goods held in inventory at the beginning and the end of the
accounting period and valuing this difference at the average prices prevailing within the period. This method,
which may be described as the "quantity" measure, is widely used in practice and is sometimes mistakenly
considered to be the theoretically appropriate measure under al circumstances. The quantity measure will be
the same, or virtualy the same, as the perpetua inventory method measure not only when prices are constant
but also when the quantities of goods held in inventory rise or fall at a steady pace throughout the period.
Conversdly, the conditions under which the quantity measure may provide only a poor approximation to the
PIM are when prices are rising or falling and when inventory levels fluctuate within the accounting period.”*

5.107. Change in inventories as an approximation as suggested by the SNA can be split into two parts:
volume (or quantity) changes and nominal holding gains.

Volume changesin inventories at current market prices=VPC = (g, - 9.,) p.
Nominal holding gains=IVA = (p; - P.) Gu1

where g stands for quantity, p stands for price and t stands for time. The above equations are used to calculate
volume changein inventories at current prices and nominal holding gainswhich, given the information in table
5.10, are shown in table 5.11. When the PIM method of recording inventoriesis used, as shown in table 5.11,
the volume changes in inventories at current market prices will approximate SNA value of change in
inventories. Inthisexample, they are exactly the same. Changesin inventoriesin the balance sheet (table 5.11,
row 4) are equal to volume change in inventories at current prices plus nominal holding gains at the end of
every period and of the year (rows 6 and 7).

%gystem of National Accounts 1993, para. 6.68.
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Table5.11. The calculation of output, volume change and holding gains of inventories

Period 0 1 2 Y ear
1. Quantity of inventories 0 60 55 55
2. Prices 5 5 7
3. Baance sheet values 0 300 385 385
4.  Changeininventories (SNA balance sheet 300 85 385
values)
5. Volume changein inventories 60 -5 55
6. Volume changein inventories at current 300 -35 265
prices (VPC)
7.  Nomina holding gains (IVA) 0 120 120
8. Sdes 0 70 70
9.  Volume changein inventories at current 300 -35 265
prices (VPC)
10. Output 300 35 335

5.108. In practice, inventories of many products may not be recorded by using the PIM as shown in tables
5.10 and 5.11 with full information on quantities and prices, but valued only at the beginning and end of the
accounting period and an approximation of the method shown in table 5.12 may have to be used. Practices
may vary among countriesin treating inventories. Below only the Canadian practiceis given as an example.”
The practical calculation in Canada follows eight steps:

D B Book values as reported

2 D Deflators

3 K =B/D Constant dollar book values

(@] DK$=K,- K Constant dollar value of volume change

(5) R Revaluers

(6) VPC = R*DK$ Current dollar value of volume change

@) CB=B,-B, Change in reported book values

(8 IVA=CB-VPC Nomina holding gains (which in Canadais called inventory
valuation adjustment).

5.109. On the basis of the turnover period, the average length of time that a good spends in inventory, an
appropriate price deflator is set which reflects the costs of goods entering inventory during the turnover period
of the reference period. For example, with a 2.3-month turnover period, the fourth quarter deflator would be
the sum of the December price index for November and 0.3 of October, divided by 2.3. For revaluers (R),
monthly reference price series are used reflecting the average costs of the inventories during the period;

“OThis part is based on a paper by Kishori Lal, titled “Recording of Change in Inventoriesin the SNA and in the
Business Accounts - A Case Study of Canadian Practices’ in the United Nations Handbook of National Accounting:
Links between Business Accounting and National Accounting, Series F, No. 76.
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quarterly revaluers are smple averages over the quarter. And VPCis the value of changesin inventories used
as part of gross capital formation. Annual changesin inventories, if calculated directly, in principle are equal
to the sum of quarterly changes. But in practice, they differ because the underlying principles of aggregation
are not met in an inflationary situation. There is no solution to this problem yet.

5.110. The same exampleintable5.11 calculated according to the Canadian method is shown in table 5.12
below:

Table5.12. Thecalculation of volume change and holding gainsin inventories by the Canadian

method

Period 0 1 2 Y ear=sum of Y ear, calculated
Steps 2 periods given yearly data
B 0 300 385 385 385
D 10 10 14
K=B/D 0 300 275 275 275
DK=KK, 0 300 -25 275 275
R 10 10 14
VPC=R*DK 0 300 -35 265 330
CB=B,B,, 0 300 85 385 385
IVA=CB-VPC 0 0 120 120 55

Thelast column shows that holding gains cal culated by using the revaluer as an average priceindex of the year
distorts the true value of holding gains. The method is less distortional with a monthly or at least quarterly
calculation.

“This isthe simple average of price indexesin two periods (=(1+1.4)/2=1.2).
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Appendix B
MEASURING OF OUTPUT OF FINANCIAL INTERMEDIARIES

5.111. Theindirect measurement of financia intermediation services (FISIM), or implicit output of financial
intermediariesis not straightforward. Until now, there are no international ly accepted methods of measurement.
Below are a few alternative methods of measurement that are proposed or attempted by some countries. In
order to show how FISIM are calculated and allocated, an example shown in table 5.13, representing a
realistic set of data, will be used. Table 5.13 shows the balance sheet of al financial intermediaries including,
on one side, assets with the corresponding interest receivable from them and, on the other side, liabilities with
their corresponding interest payable. In this table, securities include bonds, hills, etc. Own funds should be
equal to net worth and shares, and can be calculated asthe difference between total assets and other items other
than own funds on the liability side. In practice, as we can observe from the table, loans are not equal to
deposits because financial intermediaries raise funds not only from deposits but a so their own funds or by
incurring liabilities such as salling securities. They earn revenue not only from making loans but also from
buying securities.

Table5.13. The balance sheet of financial intermediaries and their interest incomes and expenses

Assets Liabilities
Stocks Interest Stocks Interest
receivable payable
A Fixed assets, shares and accounts 6,162 C Own funds (net worth and 3,741
receivable less payable, insurance shares)
technical reserves, shares and other
equity
B1 Securities other than shares 13,349 1,102{| D1 Securities other than shares 10,935 568
B2 Loans 62,004 4,634|| D2 Deposits 69,467 3,453
Interbank 9,288 402 Interbank 7,188 287
Residents 6,188 247 Residents 6,188 247
Non-residents 3,100 155 Non-residents 1,000 40
Others 52,716 4,232 Others 62,279 3,166
Residents 51,975 4,226 Residents 62,279 3,166
Non-residents 741 6 Non-residents 0 0
B3 Others (currency and deposits) 4,298 85| D3 Other liabilities 1,670 36
Total 85,813 5,821 85,813 4,057
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Canada

5.112. Canada® calculates FISIM by taking all interests receivable (from either loans or securities) less all
interests payable (to depositors or other liability holders), lessthe interests generated by the part of own funds
which islent out. The formulasit adopts are as follows:

FISIM =R,B - RD - [C - (A+B3-D3)] x (R,B + RD)/ (B + D)

Where B=B1+B2+B3,D=D1+D2+D3
R, = Actual average interest rate on assets
R, = Actual average interest rate on liabilities

If [C-(A+B3-D3J)) is positive, part of own fundsis lent out
If [C-(A+B3-D3)] is negative, fixed and other similar assets are funded from non-owners funds

5.113. In the formula of FISIM above the third item shows a deduction of the interest on the part of own
funds, C-(A+B3-D3) lent out, which is not supposed to generate FISIM. The interest rate on the own funds
lent out is estimated by the average interest rate on B and D.

R, = (interest on B)/B = 5,821/79,651 = .073
R_= (interest on D)/D = 4,057/82,072 = .049

FISIM = (.073x 79,651) - (.049 x 82,072) - [3,741 - (6,162+4,298-1,670)] x (.073 x 79,651 + .049
x 82,072) /(79,651 + 82,072)
= 1,764 - (-308) = 2,072

5.114. Canadadoes not use a reference rate representing the pure interest rate to allocate FISIM to borrowers
and depositors. It alocates FISIM by the ratio between deposits and loans including securities other than
shares, i.e., with borrowers the ratio B/(B+D) is used and with depositors the ratio D/(B+D) is used. The
advantage of the Canadian approach isthat FISIM allocated to borrowers and lenders are always positive.

5.115. For imports and exports of FISIM, the average domestic FISIM rate FISIM/((B+D) will be applied
to the total of deposit assets abroad plus the loan liabilities of the country.

“Statistics Canada, “ Calculating and Allocating FISIM: Canadian Approach” , a paper submitted to the Working
Party on National Accounts of Eurostat, L uxembourg, 26 June 1996.
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European Union proposal

5.116. Though the final form of the European Union proposal® is not certain at the time of this writing, it
seemsthat it will be close to the one described below. The European Union's proposal calculates FISIM by
taking only interests receivable from loans less interests payable to depositors, and then allocates FISIM to
borrowers and depositors by reference rates. The separate calculations of FISIM on loans and deposits are as
follows:

FISIM on loans to residents = interest receivable on residents - (loan stocks to residents x internal
interbank reference rate)

FISIM on deposits with resident financia institutions = (deposit stocks by residents x internal
interbank reference rate) - interest payable by residents.

5.117. Interest reference rate applied only to loans to residents and deposits with resident financial
ingtitutions is calculated by the ratio of interest receivable on interbank |oans over stock of interbank loans.
Intable 5.14 (seerow 2) thisinternal reference rate is 247/6,188 = .04. Thus,

FISIM onloanstoresidents = (4,226+247) - ((51,975+6,188) x .04)) = 2,146
FISIM on deposits by residents = ((62,279+6,188) x .04)) - (3,166+247) =-675
Tota FISIM on residents = 2,146 + (-675) = 1,471.

5.118. In comparison to the Canadian approach, the European Unions's FISIM proposal is much lower
because it takes only interests on loans and deposits into account.

5.119. Exports and imports of FISIM are calculated for loans granted to non-residents and for deposits of
non-residents. The formulas used are similar to those used for residents, except that "internal reference rate"
isreplaced by "externa reference rate”.

5.120. Theexterna reference rate is calculated as the average rate weighted by the levels of stocksin “loans
to non-resident financia ingtitutions (FIs)" and "deposits by non-resident financial ingtitutions (FIs)”. In table
5.14, these are transactions with interbank non-residents.

External reference rate = (155+40)/(3,100+1,000) = .048. Thus,

FISIM onloansto non-residents = (155+6) - ((3,100+741) x .048) = -23
FISIM on deposits by non-residents = (1,000 x .048) - 40=8
Total exports of FISIM = -23+8=-15.

5.121. Imports of FISIM will use the same formulas as exports with the same external reference rate, except
that one needs to use loans granted by non-resident FIs and deposits with non-resident Fls. Thisinformation
may be obtained from the balance of payments.

“*Eurostat, “ Proposal for a Council Regulation on the Allocation of Financial Intermediation Services Indirectly
Measured (FISIM)”, a paper submitted to the Working Party on National Accounts of Eurostat, L uxembourg, 26 June
1996.
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5.122. Thetota FISIM will be the sum of FISIM on residents plus exports of FISIM = 1,471 + (-15) = 1,456.
Thisvalue is also shown in column (5) bottom row of table 5.14.

5.123. The problem with the European Union’s proposal is that the estimated pure interests payable and
receivable will not be equal because total 1oans are not the same as total deposits. From the cal culation shown
above, the estimated pure interests receivable on loans are equal to interest receivable on loans (4,634) less
FISIM on loans to residents (2,146) shown in paragraph 5.117, less FISIM on loans to non-residents (-23)
shown in paragraph 5.120, and similarly the estimated pure interests payable by residents are 3,453 + (-675+8)
=2,786. Even taking into account other interests receivable and payable shown in table 5.13, rows B1, B2,
D1 and D3, which are pure interests, total pure interests receivable on loans (=2,511+1,102+85=3,698) are
not equal to total pure interests payable by depositors (=2,786+568+36=3,390). To make the pure interests
on both sides equal, some adjustment is necessary. For instance, the difference can be alocated proportionally
to borrowers and depositors on the basis of their shares of estimated reference interests.

5.124. The use of areference rate does not aways yield positive service chargesif it does not lie in between
the deposit rate and the lending rate. In the example above, depositors are "paid” by financial institutionsto
use their services. The reason is that, while the lending average (4,226/51,975)= .0813) is higher than the
average deposit rate (3,166/62,279 = .051), the deposit rate is higher than the "internal reference rate" (=.04).
This prablem happened in many countries, at some particular time.

Malaysia

5.125. The Malaysian method for calculating total FISIM is similar to the Canadian method except in the
allocation of FISIM to borrowers and depositors. The reason for taking in all interests receivable and payable,
except from own funds, isthat many financial companies raise intermediated funds by deposits but invest them
in securities, not loans to generate income, and those securities should generate some output.

5.126. Thedefinition of the referencesrate is similar to the European proposa but the estimation is different.
The reference rate is taken as a simple average interbank rate during the accounting period. It isbased on the
type of loan commonly used, which for Malaysia was a three-month interbank rate. The reason for this
decision isthat the interna calculation of areference rate as proposed by Eurostat may be biased as interests
paid are incurred throughout the accounting period but interbank [oan stocks reflect only the value at the end
of the accounting period, particularly when interbank loans are only a small amount of total loan stocks. In
1987, when the average interbank rate was very low (3%), the internally calculated rate was much higher (6%).
Theinterest rates paid by borrowers and received by depositors are, however, calculated internally as other
loansare larger in value and therefore do not have the bias problem faced by the internally caculated reference
rate. Theinternally calculated interest rates paid and received are calculated as follows:

i, = (4,226/51,975) = .08

iy = (3,166/62,279) = .05

r =.04 (Thisrate in the example is ot based on table 5.14 but supposed to be the simple average of
most commonly used interbank rate)

5.127. FISIM is, however, alocated only to depositors and borrowers as follows:
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Toborrowers:  (i,-N)/(i,-iy)
Todepositors:  (r-ig)/(iy-ig)

Where  i,: actual average interest rate paid by borrowers
iy actual average interest rate received by depositors
r: reference rates
i, 14 are calculated directly from atable similar to table 5.13.

Table5.14. Allocation of FISIM to borrowers and depositors

Allocation of FISIM to borrowers

Stocks Interest Reference Reference interest Estimated
receivable rate (estimated pure interest) FISIM

(€] 2 (©) @=Dx@ | O=(2-(4

Interbank 9,288 402 396 6
Residents 6,188 247 0.04 247 0
Non-residents 3,100 155 0.048 149 6
Others 52,716 4,232 2,115 2,117
Residents 51,975 4,226 0.04 2,079 2,147
Non-residents 741 6 .048 36 -30

Total 1 4,634 2,511 2,123

Allocation of FISIM to depositors

Stocks Interest Reference Reference interest Estimated
payable rate FISIM

(€] 2 (©) @=DxE) | G=4-(2

Interbank 7,188 287 295 8
Residents 6,188 247 0.04 247 0
Non-residents 1,000 40 0.048 48 8
Others 62,279 3,166 2,491 -675
Residents 62,279 3,166 0.04 2,491 -675
Non-residents 0 0 0.048 0

Total 2 3,453 2,786 -667
Total FISIM =Total 1 + 1,456

Total 2

5.128. Thetwo proportions are always added to 1.0. The reason for anegative proportion isthat the reference
rate does not lie between theinterest payable by borrowers and that receivable by depositors. This problem
issimilar to that faced by the European proposal but this method will yield the equality of thetotal of estimated
pure interests receivable and the total of estimated pure interests payable (see the last row of table 5.15).
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Table 5.15. The balance sheet of financial intermediaries and their interest incomes and expenses
by the Malaysian method

Assets Liabilities
Interest FISIM Pure Interest FISM Pure
receivable interest payable interest
A Fixed assets, shares C Own funds
and accounts (net worth
receivable less and shares)
payable, insurance
technical reserves
B1 | Securities other than 1,102 0 1,102 D1 Securities 568 0 568
shares other than
shares
B2 | Loans 4,634 2,756 1,878 D2  Deposits 3,453 -684 2,769
Interbank 402 0 402 Interbank 287 0 287
Others 4,232 2,756 1,476 Others 3,166 -684 2,482
B3 | Others (currency and 85 0 85 D3  Other 36 -684 36
deposits) liabilities
Adjustment for 308*
interest on own
funds
Tota 5,821 2,756 3,373 4,057 -684 3,373

Implication for 1/0O compilers

5.129. The calculation of FISIM as discussed above may not be fully relevant to 1/0 compilers aslong as the
output of financial intermediariesis prepared by national accountants. However, it isimportant to understand
the processin order to alocate the output to intermediate and final consumption correctly. In as much aswe
know stocks of loans and deposits by the institutional sectors (such as non-financia corporations, financial
corporations, government, households, rest of the world), we can easily allocate FISIM to these sectors.

5.130. Thedistribution of FISIM to each industry, i.e. each establishment, is alot more difficult. Similar to
the problem of distributing head-office administration costs of an enterprise to its component establishments,
loans and deposits cannot be linked to a specific establishment. The decision of depositing or borrowing is
made by the enterprise and not by establishments. For this reason, only ad hoc methods can be used to
distribute bank service charges to establishments. Preferably, FISIM should be distributed to each
establishment on the basis of its share of capital stock, but thisinformation may not be available, in which case
FISIM may be distributed on the basis of its share of the enterprise output. Another difficulty in distributing
FISIM to individual establishments is the dataitself. Banks keep information on their loans to and deposits
from their customers but are unlikely to reveal it except in aggregate form that only serves the purpose of
distributing the information among institutional sectors, and broad groups of economic activities such as

44308 is the value of the third item in formula (b).
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agriculture, construction, manufacturing, services, etc. Then, survey of industriesin relation to interest receipts
and payments will be needed to estimate service charges paid by industries.

5.131. For the household sector owning unincorporated establishments and owner-occupied housing, it is
important to divide it into the unincorporated sector and the household sector itself because for the former
service charges are intermediate inputs and for the latter they are final consumption services and therefore will
have a different impact on the GDP.

5.132. For bonds issued by banks, their whole return could be treated as pure interest, that is, no implicit
services are rendered in respect of bonds. For non-domestic lending and borrowing where rates are quite
different from domestic rates, the interbank rates may not be appropriate and a reference rate for each currency
must be found which could be the interbank rates in the country that issues the currency. Service charges on
lending abroad or on deposits from non-residents are exports of services and the charges on borrowing abroad
and on deposits abroad are imports of services.



153

VI. TREATMENT OF IMPORTS

6.1. This chapter will deal with an in-depth treatment of importsin the 1/O model and the usetablein basic
valuesin particular. Valuation is further discussed and the use of input-output for the analysis of importsis
also briefly discussed. For afull discussion of impact analysis on imports, reference is made to chapter XI1I.

A. Compilation of imports

6.2. Imports are goods and services provided by non-residents to residents through sales, barter, gifts or
grants. Imports take effect when transfer of ownership does. To account for imports, it is important that
residents and non-residents and thetimewhen transfer of ownership takes place be clearly identified. Readers
are advised to read the SNA for afull discussion of the above issues. It suffices to note here that:

(@ Residentsinclude all institutional units (individuals, households, corporations, quasi-corporations,
unincorporated enterprises, government units, hon-profit institutions serving households) having a
long-term economic interest in the economy or residing in it for more than one year, students studying
abroad, ingtitutional units working or going abroad for less than one year, ships, aircraft, drilling rigs
and platforms owned by residents but operating in international waters or airspace;

(b) Non-residentsinclude all institutional units that stay or operate for less than ayear or do not have a
long-term economic interest in the economic territory of the economy. Non-residents include students
from foreign countries, embassies, consulates, military establishments and other entities of aforeign
Government that are considered as extraterritorial by the economy and international organizations.

6.3.  Transportation needs special attention in the SNA as a carrier may operate outside the economic
territory in which the corporation isresident, either in international waters, in airspace, or in one or more other
economies. Below are some rules that the SNA applies to transportation:*

(8 A carrier that operates in international waters or airspace should be attributed to the economy of
residence of the operator; the same rule applies if the activity takes place in more than one country
during the course of, but for lessthan ayear;

(b) A carrier who operatesin other economiesisaresident of the country in which the activity occurs, if
accounted for separately by the operator and so recognized by the tax and licensing authorities there;
otherwise the activity may be attributed to the country of residence of the operator;

(c) Inthe particular case of shipsflying flags of convenience, the country of registry in most instancesis
different from the country of residence of the operator but the shipping activity is to be attributed to
the country of residence of the operating unit; if the unit has branches for tax or other considerations,
their activities are attributed to their country of residence;

4"See System of National Accounts 1993, paras. 14.25-27.
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(d) When acorporation is established by special legidation by two or more Governments acting jointly
and is registered in each of the countries concerned, there are two possible treatments: the first one
isto alocate all transactions to each of the countriesin proportion to the amount of financia capital
which they have contributed; the second one is to treat the corporation as resident of the country in
which its headquarters are located and the premises of the corporation in the other countries asforeign
branches (direct foreign investment enterprises) which are residents of the countries where they are
located.

6.4.  Goodsthat areimported and then re-exported or returned unprocessed are omitted from exports and
deducted from imports.

6.5. Direct purchases abroad by residents are included in imports of goods and services. These purchases
abroad by residents have fewer reasons to be identified by product when they are analysed by using input-
output analysis, so, the SNA's treatment is quite satisfactory for this. Residents are assumed to be households
only. If residents include business persons or government officials, their purchases abroad should be treated
asintermediate consumption of enterprises. A modification in the use table must be introduced to handle this
problem. These purchases may be treated as one value of non-competitive imports of either households,
government, enterprises or non-profit organizations, which will be clarified later in the chapter.

6.6. Imports of goods, in addition to regular ones, include:

(& Imports of goods for processing;

(b) Imports of goods which are exported for processing abroad;

(c) Imports of repairsto fixed assets;

(d) Imports of goods under financial leasing;

(e) Imports of non-monetary gold used as valuables and industrial production;

(f) Transfersinkind from therest of the world such as household goods and gifts transferred by migrants,
foreign countries, etc.;

(g) Imports of fuel and stores purchased abroad by ships and aircraft operated primarily in international
waters by resident enterprises, fish and salvage purchased abroad by national fishing vessels;

(h) Direct purchases abroad by residents;

() (-) Transport and insurance services on imports rendered by residents and non-residents.

6.7. Imports of services, in addition to regular ones, include:

(@ Transfersin kind from the rest of the world;

(b) Imports of insurance services;

(c) Imports of financial intermediation services indirectly measured;

(d) Transport and insurance services on imports rendered by non-residents.*

'One must be careful in analysing and accounting for these items. The reason is that if an importer pays upon
delivery at adomestic port, costs of insurance and transport services on imports are included in the value of the goods
and would be paid by the sellers. In that case, payments for insurance and transport services to non-residents are not
registered asimport of serviceswhilein the SNA, they should betreated as such. The payments by non-resident shippers
to resident insurers or carriers are registered as export of services while they will be treated as domestic production in
the SNA.
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6.8. Estimation: Data for imports of merchandise (goods) come mainly from foreign trade statistics. Data
for imports of services come mainly from the balance of payments. Merchandise trade statistics must be
adjusted to exclude goods in transit and goods that are returned. They must also be adjusted to include
transactions that are not covered by foreign trade statistics which are elaborated on in para. 6.6. Other sources
of data are: foreign exchange records, customs, maritime transport statistics, government accounts, accounts
of organizations involved in international business like post offices, telephone and telegraph, insurance
companies and specia surveys on expenditures by tourists.

B. Treatment of importsin the usetable
1. Valuation of imports

6.9. Imports c.i.f. are treated as equivalent to basic values by the SNA. They are the values of imported
products delivered at domestic ports before being subjected to import duties. Imports c.i.f. plusimport duties
aretreated as equivalent to producers values. Inthe SNA, imports are shown as part of the supply table. In
input-output analysis, imports must be incorporated as part of the usetable. To do this, the use table must be
in basic prices and imports must be entered as negative values and become part of net final demand. In this
chapter, imports are shown as part of the use table.

6.10. Inthe SNA, importsareall valued f.0.b., i.e. measured without the transnational costs of transport and
insurance services on imports to bring goods from the border of one country to that of another country. In
input-output tables, however, components of imports must be valued c.i.f. to make them equivalent to basic
valuesthat are used to measure domestic products, but in order to be compatible with the SNA the total value
of imports must be measured f.0.b. through a c.i.f./f.0.b. adjustment.

2. Typesof imports

6.11. Importsareusualy classifiedinto two types. competitive and non-competitive imports, the latter being
also caled complementary imports. Competitive imports include imported products that are also being
produced by the domestic economy. Non-competitive imports include products that are either not producible
or not yet produced in the country. For example, products that can only be grown in tropical climate are treated
as non-competitive imports by countries with cold weather. This distinction isimportant for the modelling of
imports in input-output tables that will be discussed later.

(8 Non-competitiveimports

6.12. Thefirst table (table 6.1.8) showsthe import of goods that are used asinputs by industry A. The same
example will be used to illustrate how non-competitive and competitive imports are treated in the use table in
basic prices. Table 6.1.b shows the treatment of non-competitive imports as a separate row in the use table.
It has no corresponding column since no equivalent products are produced domestically. One can create as
many rows as there are non-competitive imported products instead of only one row in order to show more
detail in the input-output table.

6.13. Theexamplein table 6.1.a shows the change of value of the imported product from aforeign port to
the gate of industry A. The total cost to the producers of product A is 32, which is the purchasers' price paid
by industry A that uses the non-competitive imports. Non-competitive imports are valued c.i.f. at only 24 in
the use table to make them equivalent to basic values. Thetotal value of imported goods must, however, be
valued f.0.b. inthe SNA, so acolumn and arow of c.i.f./f.0.b. adjustment on imports must be introduced in
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the use table. While the principle of adjustment was discussed in chapter I, the examplein table 6.1.b is
intended to clarify all the detail of the treatment of imports.

6.14. Thefollowing will explain how the content of importsc.i.f. in part A of table 6.1. ais entered into the
final demand quadrant in table 6.1.b. The payment of transoceanic margins has already been included in the
c.i.f. vaue of imports. The part of transoceanic margins supplied by resident producers (.6 + .2) istreated as
domestic services, the other part supplied by non-resident producers (1 + .2) istreated asimports of services
in the column of imports of services (negative values). The transport and insurance margins are entered as part
of the column of c.i.f./f.0.b. adjustment (1.6 and .4) so that the differences between total margins and imported
margins become domestic margins. Domestic production of transport services serving imported goodsis equal
to 2.6, which includes .6 as transport services on imports rendered by resident carriers and 2 as internal
trangport margins to bring the goods to users (seetable 6.1.b). The internal transport margins in the example
show the complete picture of the treatment of imports, but compilers of the use table need not worry about
the collection of data on internal transport margins in the industry quadrant because they would be filled up
when compilers prepare intermediate inputs of industries.

6.15. Intable6.1.b, apositive value of imports value c.i.f. (24) is entered asintermediate inputs to industry
A, and anegative value (-24) is entered in the column on imports of goods so that no output of the imported
product is produced in the country. In the column on imports of goods, an adjustment equal to transoceanic
margins (2) is added to make the total value of imports of goods equal to an f.0.b. value of -22. Duties (3) and
sales tax (1) on imports (table 6.1.a ) which are taxes on products are treated as part of the total cost of
production of industry A (table 6.1 b).

(b) Competitiveimports

6.16. Table6.1.c shows the treatment of competitive imports of product B used asinput by industry A. It
uses the same example astable 6.1.a, the only difference being that the whole val ue of non-competitive imports
is now considered as the import of only one product - product B. The imported product is treated in the same
fashion asthe domestic one. Product B in basic prices (24 i.e. imports c.i.f.) is entered as input to industry A,
regardless of whether it isimported or not, then imports of B are entered as negatives (-24) in the column of
imported goods so that no value equal to the value of import of product B is produced inside the economy.
Transoceanic margins, duty and other internal margins are treated as in the case of non-competitive imports.

6.17. With the above method of valuation of imports, it isimportant to remember that transoceanic margins
on importsincluding transport and insurance services provided by resident producers are part of fina demand
and must be estimated exogenoudly in I/0O modelling by using the 1/0O coefficient matrix.



Table6.1.a. An example of imports broken down by components

Imports of products by industry A
Cost element Amount
A Foreign port value (importsf.o.b.) 22.0
Transoceanic margins 20
Transport 1.6
by resident carriers .6
by non-resident carriers 1.0
Insurance 4
by resident carriers 2
by non-resident carriers 2
Imports c.i.f. 24.0
B Duty 3.0
Internal margins 5.0
Transport 2.0
Trade with sales tax 3.0
Trade margins 20
Sales tax 1.0
Purchasers value 32.0

Table 6.1.b. Treatment of non-competitiveimportsin the use matrix

Non-competitive imports in use matrix in basic prices

INDUSTRY NET FINAL DEMAND PRODUCT
OUTPUT
PRODUCTS A C.if/f.ob. Final consumption,
adjust- gross capital

Goods Services ment formation, exports
Trade 2.0 2.0
Transport 2.0 1.6 2.6
Insurance 4 2
Non-competitive imports 24.0 -24.0 0.0
C.i.f./fob adjustment on imports 2.0 -2.0 0.0
Total uses at basic prices 28.0
Taxes on products 4.0
Total uses at purchasers price 32.0 -22.0 0.0

157
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Table6.1.c. Treatment of competitiveimportsin the usetable

Competitive import of product B by industry A in the use matrix in basic prices
INDUSTRY NET FINAL DEMAND PRODUCT
OUTPUT
PRODUCTS A Imports C.i.f./f.ob. Fina
adjust- consumption,
ment gross capital
Goods Services formation,
exports
Product B 24.0 -24.0 0.0
Trade 2.0 2.0
Transport 20 -1.0 1.6 26
Insurance -2 4 2
C.i.f./f.o.b. adjustment on 2.0 -2.0 0.0
imports
Total uses at basic price 28.0
Taxes on products 4.0
Total uses at purchasers 32.0 -22.0 -1.2 0.0
price

3. Alternative presentation of importsin the usetable

6.18. This section will discuss alternative ways to present imports in the use table so as to provide
information for economic analysis by using I/0 models. With regard to non-competitive imports, thereis no
aternative to the treatment mentioned above, i.e. they must be included in the use matrix as either one row,
each of its element representing al non-competitive imports used by an industry, or as a number of rows, each
row representing a non-competitive imported product.

6.19. However, there are two different ways to show competitive importsin the use table, i.e.
uses of domestic and imported goods and services shown together or separated.

6.20. The first way is to show al inputs consumed in the intermediate demand matrix and in fina
expenditures regardless of origins of supply. Thismethod is shownin table 6.2. The sumtotal of consumption
in each row isthe supply of aproduct. The total product output produced by the economy is then obtained by
subtracting imports from total supply. The method has the advantage of showing the technical requirements
of every industry. Intable 6.2, only a simple input-output structure with no secondary products is shown to
obtain the balance between input and output; the table also assumes no c.i.f./f.0.b. adjustment on imports to
simplify the presentation.

6.21. The other method (uses of domestic and imported goods and services separated) shows competitive
goods and services in the same manner as the treatment of non-competitive imports, that isimported inputs
are shown separately from domestic ones. This method is shown in table 6.4. For example, industry 1 uses 18
asthevalue of product 1, of which 8 isimported. Then, table 6.4 will show only the value of 10 of domestic
product. The value of imported 8 is moved down to the row of (all) imports. Product 2 istreated similarly. The
values of competitive imports are moved down to the rows of competitive imports. These rows are treated
similarly to the value added in an 1/0O model.
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Table 6.2. Input-output table with total input presented in the intermediate and final demand

matrices

Intermediate consumption Net final demand Product output
Products 1 2 Final demand Imports
1 18.0 36.0 80.0 -34.0 100.0
2 42.0 36.0 62.0 -38.0 102.0
Non-competitive 5.0 -5.0 0.0
imports
Value added 35.0 30.0
Industry output 100.0 102.0

Table 6.3. Matrix of competitiveimports

6.22.

Intermediate consumption Final demand Total competitive
imports by
Products 1 2 products
1 8.0 16.0 10.0 34.0
2 12.0 20.0 6.0 38.0
Competitive imports by 20.0 36.0 16.0
industry

Table 6.4. Input-output table in which domestic and imported resour ces ar e separ ated

Intermediate consumption of domestic Final demand Product output
products
Products 1 2
1 10.0 20.0 70.0 100.0
2 20.0 16.0 56.0 102.0
Non-competitive 5.0
imports
Import of product 1 8.0 16.0 10.0
Import of product 2 12.0 20.0 6.0
Value added 35.0 30.0
Industry output 100.0 102.0

The second method is used by many countries. It will provide information for the basic I/0O model.

6.23. Importsasshownin matrix formin table 6.3 are usualy not readily available. In fact, they are derived
from special surveys and assumptions. For many products, especially when labels of origins are required, users
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arewell awareif they are imported or domestically produced. Surveys will then serve the purpose of filling
theimport matrix of table 6.3. For other products such as petroleum or gas etc., the users may not be able to
determine their origins. In such cases, we have to assume that the same import share for a particular product
is applied to every user. For example, if a certain percentage of a product is imported by the country in
question, that percentage of import can be assumed for every user of the product. Or if surveys on imports can
only identify import shares for a group of users, the rest of the imports can be distributed proportionally to the
rest of the users on the basis of their total uses. Exports are always from domestic production. So, before
applying proportional distributions for the estimation of import shares per user, it ishelpful to set aside exports.
In order to use assumptions effectively based on the proportionality principle, product classification should
be as detailed as possible. In some countries, the number of products exceeds 2,000.

C. Analysis of importsin an input-output model

6.24. How an input-output modd is used for the analysis of imports is dependent on many factors such as
the influence of changesin prices, exchange rates, incomes and so on but it also depends on how the input-
output table is constructed. This section will emphasize the latter problem more than other economic factors.
The analysis is, therefore, expected to be simple and provide answers mainly to simple questions of a
comparatively static nature.

6.25. Given that the input-output table is organized as recommended in table 6.2, the relationships in
production and final demand can be written in the following genera formula:

(6.1) X = AX +Y
where
X = Vector of output
A = 1/O coefficient matrix
Y = Vector of net final demand whichisequal to final consumption expenditures, gross capital formation

and exports lessimports.

6.26. Matrix A representstotal input coefficients including input from both domestic and foreign sources.
The vector of fina demand representstotal final expenditures minus total imports including imports for both
intermediate and final expenditures. The model in table 6.1 provides a neat way to show the relationshipsin
production, consumption, gross capital formation, exports and importsin the economy, but it is not yet amode
that can be used to calculate, for example, the impact of a changein final demand on imports. The reason is
that in order to get the value of Y so asto find the value of X, it is necessary to know the total import of each
product because net final demand Y is equa to final demand less imports. But imports are, in fact, the
unknown entity that the model aims to estimate. Thus, equation 6.1 isjust a balancing equation and as it
standsit cannot be used to calculateimpactson outputs or imports of achangein final demand. It can be used
for analysis given that one assumes a value for the vector of net exports, a component of net final demand.

6.27. Table6.4 showing domestic input isthe equation that can be directly used to calculate the impact on
outputs and imports of a changein final demand. The relationshipsin table 6.4 can be written as follows:

(62) X =A% +Y¢

6.28. In equation 6.2, Y represents only final demand that is produced domestically. A , which isthe
matrix derived from the intermediate flow matrix in table 6.3, also represents input coefficients that are
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domestically produced. It is possibleto show A¢ asincluding rows of imported products with corresponding
columns of zeros. The other aternative isto show it without these rows and corresponding columns. In the
latter case, the rows of imported products are treated in the same manner as the rows of value added. After
the vector of output is obtained, imports can be calculated by multiplying the matrix of import coefficientsto
the output vector. Equation 6.2 can be derived mathematically as follows:

From equation 6.1, we can write
X=(AY + MOX + (Y +Y™- M)
where

Y ¢isthe vector of domestically-produced final-demand products
Y™ isthe vector of imported final-demand products

M isthe vector of imported products

M'¢is the coefficient matrix of imported intermediate demand

thus,
M= M¢X+Ym
X=AIX+Y%+ (MIX +Y™-M)
then,
X=A*X +Y!
One can solve for X by using the formula:
63 X = (I-A%ry?

6.29. Equation 6.3 needs al the information that is or can be assumed to be, available. Economically,
equations 6.2 and 6.3 show that asthereisan increase in final demand, with part of thisfinal demand lost to
imports. Soonly Y¢, the part that is domestically produced will have an impact on domestic production. And
then, as intermediate input is required to satisfy this increase, only input that is domestically produced will
have an impact on other rounds of domestic production, which is represented by AY, and the other part is
leaked out of the system. In order to use equation 6.3 for analysis, it is necessary to first estimate Y¢, i.e. final
consumption of domestic goods and services, demand of domestic capital goods and exports. In other words,
it is necessary to estimate total final consumption expenditures, gross capital goods and also the imports of
final consumption goods and services, and of capital goods. Only imports of intermediate goods and services
are estimated by model 6.3.

6.30. Itisalso possible to use matrix A directly by introducing the import matrix into the system in a
different way asfollows:

(64 A? = RgA

adij = r;xg fordliandj.
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6.31. The symbol q stands for product multiplication in which each element of A is the product of the
corresponding ementsin R and A, i.e. with the same row and column indexes. For example (using the input
coefficient derived from table 6.2):

18 35 .0
A " |42 35 0
.05 .00 .0

75 .75 .0
R " |71 4 0
.00 .00 .0

6.32. R, isthe domestic ratio of the input-output coefficient g whichistheratio of input @ supplied by
domestic producers. In other words, it is equal to 1 minus the import ratio of coefficient a;.

From the example above

d _
Ay = Iy Xay

or .2982 = 42x .71

6.33. This example of relationship 6.3 is based on the assumption that was discussed previoudly, i.e. the
import of each product used as input by each industry is proportional to the total input used. The matrix of
domestic ratios R assumes that for the first product, the same import proportion is applied to all users since
thereisno information other than theratio of import over total supply. For the second product, the import ratio
varies from one user to ancther; thisinformation should obviously be based on surveys. In the third row and
column corresponding to non-competitive imports zeros are entered as noted previoudly.

6.34.  With thismethod, new assumptions on imports can beintroduced easily into matrix R, while the input-
output matrix A is assumed constant.

6.35. Matrix R allows different import ratios for each element of the A matrix. However, if the same
import ratio is assumed for al users of aproduct, then matrix R becomes diagond,, i.e. only the element in the
diagonal is positive, the elements off diagonal are all zeros. In this case, we will have:

] Ad " RA
rr 0.0

- Or,. O

R * that is
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Thisisthe most commonly used assumption on imports.

6.36. From the calculation above, one can also calculate the import of intermediate goods and services by
type of product necessary to support agiven increasein fina demand.

6.37. Competitive imports are equal to:
(A - ADX + (Y - Y9

or
MiX +Y¢

6.38. The main advantage of the analysis presented in this chapter is its simplicity and the ability to
incorporate vast detailed datain the import matrix without resorting to sophisticated theories. When prices and
technology are stable, the modelling of imports presented above is quite useful and, in fact, has been used by
many input-output practitioners to calculate import requirements and domestic production. Of course,
sophisticated economic theories have been introduced into the analyses using input-output model but this
literature, which is vast, will be found elsewhere since the description of all analytical methods is beyond the
objective of this book.
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VII. COMPILATION OF FINAL DEMAND

A. Introduction

7.1. Final demand is part of the use of goods and services. In the use table, these values are shown along
therows. This chapter will look into the conceptua framework and data sources for preparing final demand
asbroadly discussed in chapter 11. Expenditures on goods and services are either for intermediate consumption
by industries or for fina demand (or fina uses). Intermediate consumption isthe value of goods and services
that are used as inputs in production processes, as discussed in chapter V. Fina demand includes final
consumption expenditures to satisfy individual needs or wants and the collective needs of members of the
community, gross capital formation and exports.

7.2. Theterm final demand is not mentioned in the SNA but is used here for the convenience of discussing
input-output economics. From the point of view of modelling, as presented in table 1.1 of chapter | and YC
in equation 4.8 of chapter 1V, net final demand - final demand less imports - is required. It is the vector
summing:

(@ Final consumption expenditures to satisfy individual needs or wants and the collective needs of
members of the community;

(b) Gross capital formation,;

(c) Exportsf.o.b,;

(d) Minusimportsf.o.b.
Net final demand can be observed in table 4.4 of chapter 1V asthe sum of columns 5-10. Net final demand
isequa to the GDP. In order to arrive a net final demand, components of final demand should all be in basic
values because imports are all in basic values. Thus values of final demand have already gone through a
process converting purchasers' prices into basic prices. The basic data that need to be collected first are final
demand in purchasers prices. The definition of final demand is shown below with more detailsin table 7.1.

7.3. Final consumption expenditures are broken down into:

(8 Fina consumption expenditures of the household sector including the value of goods and servicesthat
are purchased, actually consumed and ultimately paid for by resident households;

(b) Final consumption expenditures by non-profit institutions serving households (NPISHs) which, for
simplicity’s sake, are assumed by the SNA to serve individual needs of resident households even
though some may serve collective needs, for example some research carried out by NPISHS;



Table7.1. Componentsof final demand at purchasers prices

FINAL CONSUMPTION EXPENDITURES GROSS CAPITAL FORMATION | EXPORTS| FINAL
DEMAND
Households| Non-profit | General government Gross | Changes | Acquisition
institutions fixed ininven- | less disposal
serving capital tories | of valuables
households formation
Individual | Individua | Collective | Individual (1)+.+(8)
€] 2 ©) 4 ©) (6) ) (©)] ©)]
Product 1 100 32 6 2 28 168
Product 2 48 1 5 5 9 68
Product 3 2 0 2
Taxes less subsidies on products 0
C.i.f./f.o.b. adjustment. 0
Direct purchases abroad by 3 3
residents
Direct purchases at home by -1 1 0
non-residents
TOTAL 152 1 5 5 32 6 2 38 241




167

(c) Fina consumption expenditures by general government which may include the national Government
and state and local governments. These expenditures are divided into two parts: one part serving the
collective needs of members of the community and the other part serving individual needs of resident
households.

7.4.  Grosscapital formation consists of:
(&) Grossfixed capital formation;

(b) Changes in inventories of finished goods, goods for resale, materials and supplies and work-in-
progress;

(c) Acquisition, lessdisposal, of vauables: valuables are assets that are not used primarily for production,
do not deteriorate over time under normal conditions and are held as stores of values. Examples of
valuables are precious stones and metals, jewelry, works of arts such as paintings, scul ptures, antiques,
etc. These items are not covered in the 1968 SNA.

Gross capital formation should aso beidentified by ingtitutional sectors, i.e. by non-financial, financial, non-
profit institutions serving households (NPISHs), households and general government sectors. It should also
be classified by industries so as to facilitate the estimation of capital stocks by industries.

7.5. Final consumption expenditures and gross capital formation are all measured at purchasers pricesin
table 7.1. To convert them into basic prices, one should consult chapter 111 on valuation. However, whether
components of final demand are measured at purchasers' prices, producers’ prices or basic prices, the total
value of final consumption or gross capital consumption by institutional sectorsis the same.

7.6. Exports are measured f.0.b. at either the detailed or aggregate level. Imports are measured c.i.f. at the
detail level but the total value of importsisvalued f.o.b..

B. Final consumption expenditures and actual final consumption
1. Government final consumption

7.7.  Thefina consumption expenditures of the general government sector are divided into individual final
consumption and collective final consumption expenditures while all NPISHs final consumption expenditures
aretreated asindividual final consumption. So, what is collective final consumption and what isindividual
final consumption?

7.8. Individual final consumption expenditures of government include individual goods and services
that “are essentialy ‘private’, as distinct from ‘public’ goods. They have the following characteristics:

(& It must be possible to observe and record the acquisition of the good or service by an individua
household or member thereof and also the time at which it took place;

(b) The household must have agreed to the provision of the good or service and take whatever action is
necessary to make it possible, for example by attending a school or clinic;
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(c) The good or service must be such that its acquisition by one household or person, or possibly by a
small, restricted group of persons, precludes its acquisition by other households or persons.”*

7.9. Included in individual goods and services are expenditures by general government for the following:
(8 Health servicesincluding public health;
(b) Recreation, culture and religion;
(¢) Education;
(d) Socia security and welfare services,
(e) Housing, refuse collection and sewerage services.

The above items are classified in division 14 of the Classification of Individual Consumption by Purpose
(COICOP) and cross-classified with divisions in the Classification of the Functions of Governments
(COFOG).?2 Alsoincluded in individual goods and services are overhead expenses made by ministries in
connection with the administration and functioning of these ingtitutions (see para.9.86 of the SNA). Thefinal
consumption expenditures by general government for individual goods and services are also called social
transfersin kind by general government in the SNA. The social transfersin kind provided to individuals may
take three different forms whereby government:

(&) buys goods and services on the market and transfers them to individuals;

(b) partly or fully reimburses goods and services bought by individuals;

(c) fully operatesand pays for the facilities that produce non-market goods and services (i.e. government
output) and provides them at prices that are not economically significant to individuals.

Thefirgt twoitemsare caled by the SNA social benefitsin kind (SNA, paras. 8.101 to 8.104) since recipients
have little or no choice; they are not part of the output of government services because the government unit
"does not engage in any further processing of such goods or services."* Thethird item is called transfers of
individual non-market goods and services (SNA, paras. 8.105 to 8.106) and is a part of the output of
government services.

7.10. Thetreatment of social transfersin kind meansthat a given quantity of goods consumed by individuals
or households will be split into two parts: the part funded by government isindividual final consumption of
government and the part eventually paid by householdsisfinal consumption of households. Thus itisaso
important to note that social benefit reimbursement by government is not treated as current transfers to

gystem of National Accounts 1993, para. 9.81.

?International organizations have been working together to produce international standards for identifying itemsin
government expendituresthat may be classified asindividual consumption. A draft linking individual goods and services
and COFOG items has been published by the United Nations, see Draft Classification of Expenditure by Purpose on 24
November 1998. Compilers should consult with the final one when it is ready in order to produce internationally
compatible statistics.

3bid., para. 9.79.
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households. Only government transfers in cash to households for which households have total freedom to
spend are treated as current transfers. These current transfers are not part of a production account.

7.11. Collectivefinal consumption expendituresinclude only services (there are no collective goods) with
the following characteristics:

“(@  Collective services can be delivered simultaneously to every member of the community or of
particular sections of the community;

(b) The use of such services is usually passive and does not require the explicit agreement or active
participation of all the individuals concerned;

(c) The provision of acollective service to oneindividual does not reduce the amount available to others
in the same community or section of the community. Thereis no rivalry in acquisition.”*

7.12. Included in collective services are the provision of security and defence, public administration, public
research and devel opment, maintenance and improvement of law and order, general administration including
the setting and enforcement of policies, standards and regulation of public health, education, etc. In other
words, they should include al current expenditures that are not treated as current transfers or individual final
consumption expenditures.

7.13. Theabove clarification is aso shown in the following simple example:

“lbid., para 9.83.
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Table 7.2. An example of government revenues and expenditures

Government expenditures 183
Government capital expenditures 30
Purchases of capital goods 23
Own-account construction 7
Current expenditures for non-market activities 100
Collective 80
Individual 20
Social benefitsin kind (reimbursements included) 10
Socid benefitsin cash 43
Others* 0
Government revenues 183
Sales to households 5
Taxes 150
Others* 0
Deficit financing 28

*"Others’ denote property income, capital and current transfers and transactions in financia assets and/or liabilities. They normally take
values other than zero assumed here for simplicity’ s sake.

From the example, output, final consumption and capital formation of the government sector are as follows:

Table 7.3. Output, final consumption and capital formation of government sector

Output produced by government activities 107
Output of government services Equa to current expenditures for non-market activities 100
Secondary output Own-account construction 7

Government final consumption 105
Individual final consumption of government Or social transfersin kind equal to current expendituresfor | 25

non-market activities for individuals (20), less sales (5), plus
socia benefitsin kind (10)

Collective final consumption of government Equal to current expenditures for non-market activities for 80
collective needs

Government capital formation 30

7.14. The output of government servicesis equal to current expenditures for non-market activities. In this
example, the output of non-market activities of general government is 100 which may contain both non-market
output such as education, health, defense, etc., and market output produced by secondary activities such as
sales of documents, museum reproductions, etc. Out of 100, 80 are collective non-market services which are
treated as collective final consumption expenditures of general government, and 20 are individual non-market
goods and services which are treated asindividua final consumption expenditures of general government after
deducting asale of 5 paid by households. Sales of outputs produced by government activities to be used as
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the intermediate consumption of industries do exist, but are assumed to be zero in the example for the sake of
simplicity. In addition to the above expenditures, government partly or fully finances through reimbursement
final expenditures of the household sector for market goods and services, which are 10 in the example. These
values, which are commonly called in economic literature consumption subsidies,> must be treated in the 1993
SNA as part of individual final consumption expenditures of general government.

7.15. By the SNA definition, the output of producers of government services, less the value of government
saes of non-capita goods and services, plus socid benefitsin kind is equal to government final consumption
expenditures. Government salesinclude such items as receipts from sales of postcards and reproductions by
museums, firewood sold by the government forestry department, government publications, fees for medical
treatments and school fees, etc. |nformation on government final consumption expenditures comes from reports
on government budget and expenditures. Other government expenditures such as subsidies to industries to
reduce operation costs or costs of capital goods, interest payment, costs of capital good procurement,’® etc. lie
outside the framework for calculating government output and final consumption.

7.16. Thebaancing of the output of government services,” government fina consumption is shown in table
7.4.

Table 7.4. Treatment of general government final consumption expenditur es*

Other Activities of General government’s final consumption expenditures Household fina
activities genera consumption
government Caollective Individual
X X 10
Market goods and 0 80 20-5 5
services
Genera X X
government
services
Value added X 100 80 25 5

*x means that values are not specified in the example.
7.17. It may be worthwhile here to point out the following SNA treatments:

() Subsidies by genera government to enterprises to reduce input costs, prices of imported or exported
goods and services are treated as subsidies on productsin the SNA sense of the word and included as
part of the value added of the recipient sectors; they do not form part of the output of government
services;

®In the SNA, only producers get subsidies from government, not consumers.
®0Own-account capital formation, which is quite important, should be part of government output.

"Secondary output is not included here since it may be treated as output of a separate establishment. For the example
given, it should be included in the construction industry.
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(b) Subsidies by general government to enterprises to reduce prices of capital goods to enterprises are
capital transfers and do not form part of the output of government services either;

(c) Subsidieseffected by government trading activities: when government buys products and resells them
at aloss as a matter of deliberate economic or socia policy, the difference between the purchase and
selling pricesistreated as other subsidies on production to government trading organizations. The
output of trading organizations are part of the general government sector (SNA, para. 7.78);

(d) Qubsidiesto households by government are channelled indirectly to households through subsidizing
enterprises and treated as socia benefitsin kind. They should therefore be part of individual final
consumption of government.®

2. Final consumption expenditures of NPISHs

7.18. Final consumption expenditures of NPISHs are equal to the gross output of producers of NPISHs
services less sales plus socia transfers in kind. If own-capital formation is part of the output, it has to be
deducted from it to obtain final consumption. In short, all output of NPISHs, except for the part that is sold,
is treated as individual final consumption of NPISHs. The treatment of NPISHs is very similar to that of
general government. However, unlike the government sector, there is no collective final consumption of
NPISHs. In most countries, statistics on NPISHs are very weak, sometimes almost nonexistent. Surveys need
to be carried out to cover their activities. Many activities of NPISHs are quite similar to government activities
such as health services, recreation, culture, education and welfare services. But the following activities should
also be included: political parties, civic associations, religion, professional and labour organizations, activities
of environmental protection organizations, and other activities such as trust funds and charitable organizations
that fund research and scientific studies, etc.

3. Household final consumption expenditures
7.19. Household final consumption expenditures should include:

(& All purchases of consumer non-durable and durable goods except dwellings which are treated as
capital goods of unincorporated enterprises of the household sector producing housing services,

(b) Imputed purchases of consumer durables by financial leasing (i.e. households may pay in installment,
but the value of the goods bought through financial leasing must be calculated and imputed as
individual final consumption);

(c) Imputed gross rental for owner-occupied housing (see para. 5.73 in chapter V again for more detail);

(d) Own-account final consumption of goods by owners of unincorporated enterprises;

(e) Bartered consumer goods and services (net);

(f) Domestic services provided by domestic servants;

®Thisis based on afurther interpretation of the SNA by the Inter-Secretarial Working Group on National Accounts,
SNA New and Notes, issue 3, January 1996.
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(g) Goods and servicesin kind provided by enterprises as aform of compensation of employees (see also
paras. 5.15 and 5.27 in chapter V);

(h) Imputed financia intermediary (banking, insurance, pension, etc.) service charges;

(i) Purchases minus sales of second-hand goods by households except dwellings (see chapter V, section
C.5 on the treatment of second-hand goods for further detail);

(i) Purchases by residents abroad;
(K) (Minus) Purchases by non-residents at home.
Estimation and sour ces of final consumption expenditures

7.20. Fina consumption expenditures should be estimated by the commaodity flow approach (the method
will be discussed in the next chapter) which utilizes various sources, the most common and important being
information obtained in the preparation of industry outputs, agricultural and industrial censuses and annual
surveys, annual reports of industrial associations or societies, reports of public utilities, reports from the tourist
industry, trade and balance of payments statistics, household expenditures surveys, censuses on retail sales and
services, central and local government budgets.

7.21. Dataon household expenditures collected in surveys of households are useful for making benchmark
and annual estimates of distribution of household consumption expenditures by broad categories (i.e. objects
of expenditure). To break down these broad expenditures into a more detailed product classification, and to
supplement the gap in the household expenditure surveys which are generally based on small samples, it is
necessary to resort to a census of retail sales or annual retail sale statistics. However, household surveys would
not give any estimate on imputed gross rental, or direct information on imputed service charges of banks,
casualty and lifeinsurance, though interest payments and premium payments may be given, and these SNA-
defined expenditures must be independently estimated. The method has been discussed in section E.5 of
chapter V.

7.22. Information from household surveys has to be cross-checked with information from retail sales and
other sources. Retail sale statistics give a vast source of data on household consumption expenditures.

Household consumption of goods and services can be sometimes identified by the nature of the goods and
services. Care must be taken to exclude from retail sales purchases by government and enterprises and also
second-hand goods. Only trade margins of second-hand goods involving households are treated as household
expenditures -- see again chapter V. Other sources of information on household expenditures are from
censuses of agriculture for estimating own-account production, and from reports of particular establishments
such as public utilities (i.e. telephone companies, gas and electric companies, water and other sanitary
services), schools and hospitals, restaurants and hotels, and financial firms such as banks, stockbrokers, etc.

7.23.  Because no source of information gives the most accurate and complete data, one hasto use the supply
and use tables introduced in chapter 11, also called the commaodity flow technique - to evaluate the data. This
techniqueis discussed in detail in the next chapter.

7.24. One final point that needs to be clarified is that, in the SNA, the concept of final consumption
expenditures of enterprises does not exist so that expenditures by enterprises for the benefit of individualswho
are not their employees must be imputed as current transfers to the household sector which will use the
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transferred income for its final consumption® even though the household sector does not have to pay for it.
These transfers in kind (not the same as social transfers in kind which are made by general government or
NPISHs) must be imputed to household final consumption expenditures in column 1 of table 7.1( para. 7.3
above). Whatever goods and services an enterprise buys for the main benefit of its employees, these
expenditureswould have to be treated as compensation of employeesin terms of paymentsin kind even though
they may be recorded by enterprisesin their books as intermediate consumption. These expenditures would
then be treated as a part of both value added and imputed final household consumption expenditures. Outlays
on goods and services which, in addition to being of some benefit to employees, mainly benefit the employers
for purposes of public relations or employees morale, should be treated as intermediate consumption.
Examples of these outlays are expenditures on sports tournaments, medical examinations, work-related training
or educational programmes. Also important are the cases of proprietors of unincorporated enterprises who may
infuse both expenditures for their business and their own household consumption. In the latter case an
apportioning of expenditures between final and intermediate consumption is needed. On the other hand, if
employees are required to provide certain tools, equipments or uniforms at their own expense, these
expenditures should be treated as intermediate consumption by enterprises and then the compensation of
employees must be accordingly adjusted downward.

4. Final consumption expenditures versusactual final consumption

7.25. Thedigtinction between final consumption expenditures and actua final consumption is an extension
of the distinction between collective and individual final consumption in the SNA. Final consumption
expenditures of an ingtitutional sector are the expenditures incurred freely by the sector. Actual fina
consumption of an ingtitutiona sector refers to either the taking possession of goods and services or the
consuming of goods and services by the sector. Actual final consumption aims at capturing the consumption
of goods and services that are provided in kind by other sectors. The distinction serves international
comparisons of the actual levels of final consumption by households and provides two alternative concepts of
consumption for analysis. Specifically, the actual final consumption of households includes:

(8 Household final consumption expenditures (column 1 of table 7.1);
(b) Final consumption expenditures of NPISHs (column 2 of table 7.1); and

(¢) Individua final consumption expenditures of general government (column 4 of table 7.1): These
expenditures make up social transfersin kind by the general government sector.

Items (b) and (c) above are also called social transfersin kind by the SNA. All of the final consumption of
NPISHsistreated as socia transfersin kind by the SNA, so that the actual final consumption by the NPISHs
is zero. The actual fina consumption of the genera government sector is equal to its collective fina
consumption expenditures.

C. Grosscapital formation

7.26. Gross capital formation includes:

These current transfers appear in the secondary distribution of income account of the SNA and do not appear in the
input-output table.
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(a) Gross fixed capital formation;
(b) Changesin inventories;
(c) Acquisitions less disposal of valuables.

The following paragraphs will discussin detail the components of gross capital formation.
1. Grossfixed capital formation

7.27. Grossfixed capital formation is measured by the total value of a producer's acquisition, less disposal,
of fixed assets during the accounting period plus certain additions to the value of non-produced assets realized
by productive activities of resident producers. Fixed assets are tangible or intangible assets which are outputs
of production processes. They must have a life span of not less than one year, except for small tools of
economically insignificant value. The threshold value under which an expense is considered insignificant is
normally decided by convention or by the business accounting rules of a country. The 1995 European System
of National Accounts (ESA) sets the threshold values for European Union members.

7.28. Forinstitutional sectors, their grossfixed capital formation may include existing or second-hand goods,
but for the total economy as awhole, gross fixed capita formation includes only new expenses on fixed capital
formation and net second-hand capital goods imported from abroad. For second-hand capital goods that
already exist in the economy, a purchase by one institutional sector, say unincorporated enterprises of the
household sector, must be netted out by a sale of the same value by another institutional sector, say the non-
financial sector. The increase to gross capital formation isthe transfer cost only. The second example in the
annex to chapter X of the SNA isrepeated below to show how atransaction in second-hand capital assetsis
treated in input-output tables. In this example, say the first owner who is classified in the non-financial sector
sold second-hand machinery to an unincorporated enterprise which is classified in the household sector. The
transaction costsinvolved are shown intable 7.5. The seller received from the buyer 750, but the actual value
he received after paying the transfer costs was only 670. The buyer had to pay more than the price he paid to
the seller, i.e. 880. Thus 880 is considered gross capital formation of the buyer and 670 is considered the
reduction in gross capital formation of the seller. 1n the process of transaction, an output of trade services of
110 was generated, and an additiona value of 210 (880-670) including taxes was added to gross capital
formation in the total economy. Table 7.6 shows all the transactions in an abbreviated form of the use table.
Here, one may wonder why new capita formation was created for the seller when no real new asset had been
created nor any improvement made. The solution to this problem in the SNA is to write the value of 80
incurred to the seller in the balance sheet as a holding loss. This solution, however, is not covered in the
production account, i.e. the I/O framework.
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Table 7.5. Transaction in second-hand capital goods
Seller (non-financial) Buyer (household)
Acquisition / disposal value (basic value) 750 750
Costs of transfer 80 130
Trade 80 30
Taxes 100
Value received/Value paid 670 880
Table 7.6. Treatment of transaction costsin second-hand capital goods
Intermediate consumption Gross capital formation
Trade Non-financial sector | Household sector
Machinery -750 750
Trade 80 30
Taxes on products 100
Value added
Output/Total 110 -670 880

7.29. Asshown intable 7.6, sales of domestic second-hand capital goods have to be entered as negative
values to net out the purchase value of the same good. For the acquisition value to net out the disposal value
of the same good, both of them must be measured at basic prices, i.e., excluding transfer costs. Net second-

hand capital goods from abroad are netted out by net imports.

7.30. Dwadlings including houseboats, mobile homes and caravans used as principal residences are treated
as capital goods of owners of unincorporated enterprises producing housing services. Other consumer durable
goods such as refrigerators, air-conditioners, etc. are treated as final consumption expenditures, not capital

goods. Included in grossfixed capital formation are:

(8 Acquisitions, less disposal, by enterprises of new and existing tangible fixed assets (dwellings, other

buildings and structures, machinery and equipment) and by households of dwellingsincluding:

Purchases;

Barter transactions;

Own gross fixed capital formation;
Capital transfersin kind;

(b) Acquisitions, less disposal, of intangible fixed assets (mineral exploration, computer software,

entertainment, literary or artistic originals) including:
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Purchases;

Barter transactions;

Own gross fixed capital formation;
Capital transfersin kind;

Transfer costs of existing tangible and intangible fixed assets: the transfer costs cover expenditures
for agents or lawyers fees, dedlers margins or commissions, stamp duties and so on. The vaue of
non-produced fixed assets (i.e. land, mineral deposits, invented patents) themselves should not be
netted out as capital formation for the economy as a whol e because these assets are not an output of
the processes of production for the existing accounting period or, in the case of natural assets, they are
not an output of any production process;

(d) Major improvements to tangible non-produced assets including land and costs associated with the

(€

(f)

7.31.

transfers of ownership of non-produced assets;

Expenses to transform existing capital goods into different kinds of capital goods such as major
renovations and extensions:

(i) Expensesto transform natural assets such as draining, reclamation, clearing and levelling of land
for purposes of agriculture and construction, clearing for planting of forests, etc.;

(if) Changesinanimal stocks which are not reared primarily for purposes of meat production; these
consist of draught animals, animals used for purposes of sport or entertainment, cattle used to
produce dairy products, or wool and breeding stocks;

Acquisitions of produced fixed assets under financial leasing.

It is important to recognize that though (a) and (b) above are valued at purchasers' prices, the

separation of these valuesinto two components (basic values and transfer costs) would allow the value of items
(a) and (b) to be measured at basic prices so that the buyer and seller of a capital good face the same price.
This isimportant for the balancing of gross capital formation from the points of view of both the seller and
buyer. Transfer costs which make the difference between the buyer's price and the seller's are included in (c).

7.32.

@

(b)

(©

Gross capital formation should exclude:

Outlays by government on construction and durable equipments that can only be used for military
purposes (they are treated by SNA as intermediate consumption by the producers of government
services). However, other capital goods that can also be used for civilian purposes like military
airports, roads, troop carrying transport equipment like buses, aircraft, ships, etc. are treated as capital
goods);

Outlaysto acquire non-produced tangible assets such asland, mineral deposits or timber tracts, or non-
produced intangible assets such as patented entities, leases, goodwill, etc. (but the transfer costs that
arise when these goods change hands are included) ;

Other changes in volume of tangible assets owing to new finds of subsoil assets and natural growth
of other natural assets or to losses of tangible assets;
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(d) Outlays on fixed capital formation by non-residents like embassies, consulates, and other
extraterritorial bodies such asinternational organizations.

7.33. Grossfixed capital formation should be prepared separately by industries aswell as for these sections:
(8 Financial sector;
(b) Non-financial sectors;
(c) Government sector;
(d) Household sector;
(e) Non-profit institutions serving househol ds sector.

7.34. Estimation: Data on construction are available from construction surveys or can be estimated from
building permits preferably on completed works. Data on plants, structures, equipment and other capital
expenditures are from production surveys of industries. It isimportant that data on gross capital formation be
classified by type and by industry. Own-capital formation such as housing construction by householdsis very
important in developing countries. It may be covered in household income and expenditure surveys, or else
aspecia survey should be conducted to capture thisimportant output. Capital formation of government and
non-profit institutions comes from government financial accounts supplemented by information from the
government agenciesinvolved in various projects and from financial accounts of non-profit organizations. One
reasonable approach to estimate gross capital formation by product isfirst to set up amatrix of gross capital
formation by industries cross-classified by institutional sectors (similar to table 2.5) and by general types of
goods (dwellings, other buildings and structures, transport equipment, other machinery and equipment). The
next step is to expand the general types of goods into more detailed products using the commodity flow
method. The use of the commoadity approach which will be presented in chapter VIII can also help identify
capital goods from domestic production, imports and exports by the nature of the goods, though it does not
always help identify owners.

2. Changesin inventories

7.35. Changes in inventories held by producers, general government and non-profit institutions serving
households are the second main component of gross capital formation. They cover the following:

(& Inventories (or stocks) of raw materials and stocks of semi-processed or finished products purchased
by producers for use asinput into their production process;

(b) Work-in-progress which refers to goods produced during the accounting period but in need of further
processing to be sellable on the market;

(c) Livestock raised for daughter (but breeding stock, draught animals, dairy cattle and animalsraised for
wool and hair clips should be treated as fixed assets);

(d) Inventories of finished products produced as output but unsold.

7.36. The classification of changesin inventories by type of goodsis shownin table 7.7.
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7.37. Toevauate changesin inventories according to the SNA principles, and the practical experiencein
calculating volume changes in inventories which exclude holding gains as required for table 7.7, see appendix
A of chapter V.

7.38. Estimation: Data on the value of inventories come from production censuses and surveys and also
specid quarterly and annual surveys of inventories. Countries may aso hold inventories of commodities such
as petroleum, grains, etc., that they deem important. Information on these inventories should also be used.
These data may have to be supplemented by data from tax returns, reports of marketing boards and balance
sheets of enterprises. Changesin inventories by products may be estimated by, first, setting up a matrix of
changes in inventories according to the classification intable 7.7 and by industry; the more detailed the | atter
the better since it allows the identification of products. From production surveys, it is possible to identify
inventories of work-in-progressand finished products held by industries. The identification of wholesale and
retail trade establishments by general types of products traded allows the broad identification of the types of
products held in inventories. The next step isto expand the general types of goods into more detailed products
using the commodity flow method.

Table 7.7. Classification of changesin inventories

Changesin inventories, total

Goods producing industries
Materials and supplies

Work-in-progress

1.
2
3
4
5. Livestock, except breeding stocks, dairy cattle, etc.
6 Finished goods

7 Wholesale and retail trade

8 Other, except government inventories

9

Government inventories

D. Exports

7.39. Exports of goods and services consist of sales, barter, gifts or grants of goods and services from
residents to non-residents (see para. 6.2 in chapter V1 for definition of residents and non-residents). Exports
take effect when transfer of ownership from residents to non-residents does.

7.40. IntheSNA, exportsareal valued f.o.b. i.e. measured without the transnational costs of transport and
insurance services to bring goods from the border of one country to that of another country.

7.41. Goodsthat areimported and then re-exported or returned unprocessed are omitted from exports and
deducted from imports. Also included in exports are transport, communication and insurance services in
respect of merchandise imports, which are provided by domestic carriers and domestic insurers as exports of
services.
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7.42. Direct purchases in the domestic market by non-residents are included in exports of goods and
services. Unlike national accounts, direct purchases in the domestic market by non-residents in the use table
have to be broken down by types of goods and services so that it is possible to know the value of every product
consumed by non-residents and residents. This is what the 1995 ESA recommends. However, if exports
cannot be broken down by product or if the details are not needed for economic analysis, as a purchase of a
product by residents or non-residents would have the same effect on the total economy, the SNA's treatment
would be acceptable. For countries with many non-residents (i.e. foreign armed forces, diplomatic and
international extraterritorial bodies, etc.) and alarge tourist sector, the breakdown is quite important.
7.43. Exports of goods, in addition to regular goods, include:

() Exports of goods for processing;

(b) Exports of goods imported for processing;

(c) Exportsof repairsto fixed assets;

(d) Exports of goods under financial leasing;

(e) Exports of non-monetary gold used as valuables and in industrial production;

(f) Transfersinkind to the rest of the world;

(g) Exportsof fuel and stores, fish and salvage sold to non-resident ships and aircraft operated primarily
in international waters by resident enterprises,

(h) Direct purchases at home by non-residents.
7.44. Exports of services, in addition to regular services, include:
(@ Transfersinkind to the rest of the world;
(b) Exports of insurance services;
(c) Exportsof financial intermediation servicesindirectly measured.

7.45. Edimation: Datafor exports of merchandise (goods) come mainly from foreign trade statistics. Data
for exports of services come mainly from balance of payments. Merchandise trade statistics must be adjusted
to exclude goods in transit and goods that are returned. They must also be adjusted to include transactions that
are not covered by foreign trade statistics which are elaborated above. Other sources of data are foreign
exchange records, customs, government accounts, accounts of bodies involved in international business such
as the post office, telephone and telegraph, insurance companies and specia surveys on expenditures by
tourists. Specia surveys must be used to estimate and break down by kind of product direct purchases of non-
residents at home.
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VIII. COMMODITY FLOW METHOD AND TABLE BALANCING

A. Introduction

8.1. The commodity flow method is aterm which is commonly known in national accounting and used by
many developed countries to estimate gross domestic product (GDP). It has been aformal part of the SNA
in theform of the use and supply tables of the input-output framework and isfully described in chapter 1. This
chapter further details the practical aspects of completing the use and supply matrices of the input-output
framework by using various sources of information from censuses, surveys, company and industry reports, and
expert knowledge on either the input structure of an industry or the market consumption of a product.

B. Table construction

8.2. In constructing the use and supply tables of the input-output framework, one normally utilizes
information on the input uses as well as input structure of every industry in the tables that are provided by
censuses, government, business reports. When censuses of most economic activities are available, abenchmark
SUT may be compiled which may then serve as the basis for the compilation of annual tables for subsequent
years. Even though censuses are available, supplementary information is always needed and, in most cases,
specia studies or surveys may be needed. For example, para. 5.9 in chapter V  discussed the need for a specia
survey on the commodity breakdown of office supplies that are always reported in aggregate in business
reports. In addition, other information on various uses of a product either from expert knowledge or from the
very nature of the product, information on product market or sales published by producers marketing
associations and information on the inter-linking within groups of industries are always needed. This chapter
will focus only on the genera aspects of compilation and balancing since the preparation of output,
intermediate consumption, components of final demand and value added have been discussed in detail in
previous chapters. For the compilation of annual SUT on the basis the benchmark SUT, one should refer to
chapter 1X.

1. Industry input

8.3.  Animportant part of the work of input-output compilation isto fill in each column of the use table
with inputs used by the industry identified with the column. Surveying inputs used is the principal method
in estimating intermediate consumption because it is based on the theory of production function with constant
input coefficients. Because of thistheory it islegitimateto use (i) input information on afew establishments
in an industry to generalize for the whole industry, (ii) engineering information to estimate input flows for the
establishments on which only their outputs are known, or (iii) information on different time vintages to
estimate the input coefficients for a certain industry in the period when the input-output tables are prepared.
The last technique sometimes is necessary when the implementation of production censusesis spread out over
anumber of years due to financial and logistical constraints. The information on inputsis at best approximate
and therefore must be cross-checked systematically with information from other sources basically by balancing
the use and supply of each product (e.g. commodity) at the most detailed level. An SUT is recommended by
the SNA for the compilation of annual production accountsin an integrated and consistent manner.



Table8.1. Commadity flow method

Supply of goods and services Total supply Uses Total uses
at purchasers at purchasers' prices
prices

Domestic | Imported | Trade& | Taxesless Intermediate Final Gross capital | Exports
output at | products | transport | subsidieson consumption | consumption| formation**

basic c.i.f. margins products expenditures

prices *

(@) 2 ©)] 4 B=(D)+.+(4) (O] U] €S) © | 10=6)++0)

Products
(CPC)

* Final consumption expenditures should be split into final consumption expenditures of households, NPISHs and Governments.
** Gross capital formation should be split into three columns: gross fixed capital formation, changes in inventories and acquisition less disposal

of valuables.
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2. Commodity uses

8.4.  Theedaboration of industry uses of products provides amajor method to fill in the use table along each
row. Thismethod which is presented in more detail in the use and supply tablesis summarized in table 8.1.
The aim of the method isto trace across each row of the use matrix the consumption of every good and service
by industries as intermediate consumption and by various ingtitutional sectors as final demand. In order to do
this, the total supply of a product must first be compiled, by adding to the domestic output of the product, both
market, own final use and other non-market, the import of that product c.i.f., domestic trade and transport
margins and taxes on products in order to obtain the total supply of the product at purchasers' prices (see
column 5). Thistota supply isthen used asthe control total for the distribution of the product to various uses
along the same row from column 6 to column 9. The total uses of the commodity must be equal to the total
supply, e.g. column 10 must be equal to column 5.

8.5.  The consumption of a product as intermediate inputs is determined by three factors: (i) input
coefficients, (ii) outputs of the industries that consume the product as inputs, (iii) output of the product itself.
Sources and methods for estimating components of final uses have been discussed in chapter VII. Given (i)
and (ii), it is possible to estimate intermediate uses of a product; and given final uses of the product, it is
possible to estimate its total uses. Total supply includes the product output and imports. The total use of a
product in excess of itstotal supply indicatesthat either domestic production is higher or imports are. Whatever
adjustment compilers want to introduce must be judged on the basis of the reliability of data sources or of our
own knowledge of the industry.

8.6.  Commodity flow analysis along the rows requires the output of any establishment to be broken down
by detailed kind of goods and services, following a certain scheme of classification, for instance the United
Nations Central Product Classification (CPC), version 1.0 which has 1,787 separate classes of products. The
classification of products has to be much more detailed than the classification of establishments. At a
minimum, it is normally necessary to identify the product output of 200 to 300 items. In many countries, for
instance Norway and Denmark, the commaodity flow method was applied to 2,000 commodities. Norway
recently reduced the number of commaoditiesfrom 1,750 to 1,000 when the 1993 SNA and the 1995 ESA were
implemented.

8.7. The commodity flow approach gives a clear advantage in identifying many flows. For many products,
by their nature, it is possible to identify whether they are current or capital goods, and even where they are
used. For example, tractors can only be capital goodsthat are used in agricultural sectors. Even with current
goods and services, one may be able to identify whether they are used for intermediate or final consumption,
for instance haircut services should go to personal final consumption. The more detailed the way commodities
are classified, the better it is possible to use expert knowledge to supplement surveysin allocating products
to different uses. For instance, one may not be able to alocate coffee in general, but if it is broken down into
coffee beans and roasted coffee, then, one may allocate a part of the coffee beans to exports (which are known
most of the time), and the residual to industries which process coffee. The allocation is obviously much more
difficult if coffeeis aggregated with tea, coconuts, etc. to form a sector of cash crops. Similarly, machinery
classified by typeis easier to allocate (obvioudy to fixed capital formation) than if it is aggregated to fabricated
metal products some of which can be used for intermediate consumption.
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3. Salesratio

8.8.  Another source of information that might be used to fill in the use matrix is the distribution of goods
and services to various sectors by sale ratios (i.e. sale of a product to a sector over the total output of that
product). This method should only be used as alast resort and always in combination with a careful checking
of thelikelihood of consequent input coefficients. Thereasonisthat (i) sales may not match uses as uses can
be satisfied by a withdrawal from inventories, (ii) the sale ratio of a product to an industry may drastically
change while the same product input coefficient of the industry remains unchanged. For example, a certain
industry may lose its market to aforeign producer, say by one half and as a consequence its output is halved.
Obviously the sale ratios of the output of thisindustry to other industries would be cut dramatically. But if
thereis no change in the production technology of the industry that consumes the product, the input coefficient
of the industry should remain unchanged.

4. Flow and coefficient adjustment

8.9.  When compilers decide to adjust a certain flow, obvioudly the decision will affect other flows that are
closaly associated with it either as suppliers of input or as market consumers. To make the adjustment more
systematic, i.e. to take into account inter-industrial relationships, compilers should set up the most clearly
separable blocks of sectors and assign them to separate groups of input-output statisticians responsible for
balancing. A block should include industries that are closely related in terms of input requirements. For
example, cement would be definitely required in construction, therefore cement supplies can be used to cross-
check estimates of construction, particularly for the household sector in developing countries. The work can
be divided into the following blocks of sectors:

(8 Agriculture, fishing, manufacture of food products and beverages, hotels and restaurants;
(b) Meta and machinery industries, construction, auto repair shops,

(c) Forestry and industries producing wood and wood products, quarrying and non-metallic mineral
products, construction;

(d) Manufacture of textile and textile products, footwear;

(e) Chemical industries, including plastic products;

(f) Energy sectors;

(g) Serviceindustries and producers of government services.

Within each block, there might be technical and behavioral changes that are more discernible by the same
experts. It is always important to adjust flows while taking into account the resulting input coefficients.

8.10. Given input-output coefficients of previous periods, one should also inquire why there are changes
in the coefficients, particularly big changes and whether they are justified. Reasons for coefficient changes
are numerous, but the most important ones are:

(8 Changesin classification where agroup of establishments has been recently added to the industry or
a subgroup has been removed and aggregated in another industry;
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(b) Changesin the composition of the industry in terms of subgroup outputs;

(c) Changes in relative input prices such as the drastic changes in the price of petroleum and
consequently of energy asawholein 1973 and 1979;

(d) Changesin technology: for example in Indonesiafrom 1980 to 1985, there were important changes
in the poultry industry as a result of commercialization of the sector with large increases in input
coefficients of feed, medicines, wages and salaries, while there was a reduction of operating surplus.

8.11. Finaly, an important reason for large changes is error. By analysing changes, it is possible to
understand them in each industry and reduce error to aminimum. Thusit is dways important to list in parallel
new coefficients and coefficients of past periods to help the analysis. To do this, it isimportant to use the same
schemes of classification for both industry and product.

C. Construction of margins

8.12. The construction of the import matrix together with the construction of the trade margin matrix and
that of transport margins are the weakest parts in terms of reliability in the construction of the use table. Itis
clear that for some products users may not know whether they are domestic or imported. It is even much more
difficult to know the actual transport margins and trade margins of many products by specific users. These
margins are estimated more or less as averages given total margins of specific products and margins of some
individual flowsin the use matrix. Margins are assigned to product flows on the basis of the proportionality
principle, i.e. for a given product, a higher flow is assigned proportionally higher margins and vice versa.
Detailed product classification should help in alocating margins.

1. Construction of import margins

8.13. Though imports and the construction of the import matrix are discussed in detail separately in chapter
VI, it isimportant to emphasize again that the detailed classification of products greatly simplifies the task of
distributing an imported product across each row in proportion to the use of the product by each industry and
by final demand. With very detailed classification, it is possible more fully to use expert knowledge on the
product, for example, to know where the imported product is not utilized as input, and, given actual figures
of imports for a number of industries or final demand, compilers only have to distribute the residua
proportionaly to the sectorsthat are believed to use the imported product. The distribution of imports on the
basis of the proportionality principle supplemented by expert knowledge will certainly lead to a more accurate
compilation of the import matrix.

2. Construction of the trade margin matrix

8.14. Detailed product classification also helpsin allocating trade margins. The derivation of trade margins
which include both wholesaling and retailing margins either as one sector or as two separate sectors aso
follows the same principle as the distribution of imported products. The proportionality principleisused in
conjunction with knowledge of wholesale and retail trade margins. There are some rules of thumb that need
to be kept in mind, namely:

(& Most retail margins will be alocated to households final consumption expenditures, with the
exception of the procurement of office supplies, gasoline and probably some other goods that are also
obtained from retailers;
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(b) Industry and government purchases are mostly from wholesalers;
(c) Exportsdo not involve retail trade, with the exception of some minor transactions.

8.15. For developing countries, it may be better as far as possible, to divide each product into six separate
groups:

(& Products which are produced and marketed by major corporations in an organized and modern
fashion;

(b) Productswhich are produced by small manufacturers and craftsmen, and mainly used in local markets;

(c) Products which are produced by small producers like rice or wheat farmers but are procured and
marketed in an organized manner through wholesalers and retailers;

(d) Products which are produced for own consumption;
(e) Products which are produced for own capital formation;
(f) Products which are imported.

Obvioudly, each type of product will require more or lessin the way of trade margins. Cases (d) and (€) may
require no trade margins, cases (a) and (c) may require higher trade margins than case (b). Finaly, case (f)
may require the highest trade margin in developing countries because of import monopolies.

3. Construction of the transport margin matrix

8.16. Transport margins which relate to the movement of goods should be clearly distinguished from
trangport servicesthat are consumed directly as ameans of personal movement. The construction of atransport
margin matrix is similar to the construction of atrade matrix and normally they are prepared together. But it
isimportant to note that in the 1993 SNA only transport costs which are billed separately to purchasers by
suppliers or paid to third parties by wholesalers and retailers are treated as transport margins, not as part of
trade margins (SNA, para. 6.112(c) or paras. 5.64 and 5.65 of chapter V) and will appear in the consumption
of transport services by industries. In this case, these known values assigned to a known destination should
be subtracted from the total output of transport services before the residual is distributed proportionaly. Other
known transport costs that are paid by purchasers of goods directly to transport establishments because these
purchasers hire movers of the goods themselves can be obtained by surveys on input used. By SNA rule, own-
account transport of goods by purchasers will not appear as output of transport services.

D. Final balancing of the tables

8.17. Themainfocusin SUT baancing ison balancing the use and supply tables together. The balancing
may begin after all components shown in table 8.1 have been prepared. One should use al statistical and
engineering information to fill in the intermediate demand matrix of the use table. One should use information
from household expenditure surveys, surveys on retail sales capital formation, inventories, government
expenditures and foreign trade to fill in the final demand part of the use matrix. Only small residuals should
be mechanically distributed. Discrepancy between supply and use by commaodity may be the result of under-
reporting, over-allocation, mis-classification or improper valuation and timing of production, intermediate
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consumption, final uses, gross capital formation, exports and imports. All of these problems must be
thoroughly investigated, which requires the re-examination of basic records and an intimate knowledge of the
industries and commodities concerned.

8.18. Oneof thetoolsfor distributing the residuals in existing flows and to keep industry output (column
sum) and product output (row sum) fixed at predetermined values is the RAS method. The method will be
discussed in chapter IX but here it is sufficient to say that the basic objective of the method is to distribute the
differences between known product outputs and the sums of the rows of the present intermediate matrix
proportionally along the rows and then to distribute the differences between known industry outputs and the
sums of the columns proportionally along the columns. This process is carried out continuoudy until all
discrepancies are reduced to an acceptable minimum. This method is equivalent to minimizing differences
between the flows that have been obtained by using available information and the final calculated flows of the
use table given row and column sums. Itisaso possibleto fix certain flowsto known figureswhileusing RAS
to distribute the discrepancies only in the rest of the flows. The latter method is called the modified RAS
method. Thus, in balancing the usetable, it isimportant to divide the flowsinto two parts: those that are based
on sure information, and those that can be modified. If the use table is a benchmark where most of the
information comes from censuses, then one must keep the flows that one is sure of constant and distribute the
residual proportionally to the rest of the flows both horizontally and vertically. The RAS method is used mostly
to balance the intermediate demand matrix, given known industry output, product output, value added and fina
demand. However, the RAS method can also be used for the entire use matrix, given additional information
on total values for each category of final demand, like total personal consumption expenditures, total gross
capital formation, total exports, total imports, etc.

8.19. Most of the methods used for balancing input-output tables are ad hoc, but they have to be based on
statistical information, and expert knowledge. Only as a last resort, when discrepancies are reduced to the
minimum possible, should an arbitrary method like the proportionality principle be used to alocate the
residuals. If one does not want to distribute flows arbitrarily, one may create a row and a corresponding
column to store discrepancies, though they may look odd in an input-output tables. However, the latter method
may still be preferable to the allocation of discrepancies to changes in inventories as some countries have
attempted.

8.20. Insome countries, there are no clear-cut benchmark tables, and additional information is introduced
every year to arrive at new annual tables. Some use the modified RAS method to update the old table into the
new table by incorporating new information. Because of the nature of the method, it is possible to force the
new table to be close to the old one when even the old one is not based on the fullest possible information.
Thus, it is still preferable to compile a benchmark table using SUT on the basis of the fullest possible
information provided by censuses to check accuracy of the tables derived by other methods. Annual SUT
should also be compiled given the benchmark table and annual information because that is the most reliable
and integrated method to check the consistency of the data and components of national accounts.
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I X. UPDATING INPUT-OUTPUT TABLES: RASMETHODS

9.1.  Thischapter discusses two techniques--i.e. the smple RAS and modified RAS -- that are widely used
to update input-output tables on the basis of the benchmark tables compiled with detailed census and survey
data. Since the techniques are based on the stability over time of input-output coefficients, the chapter starts
with that topic by reviewing studies that confirm this stability (see section A below). The widespread use of
the techniquesis explained because in most countries it takes two to five years after the end of the year before
the input-output tables for that year can be prepared and published. If the tables are to be used in current
analysis, it isimportant to check whether and to what extent the coefficients have changed since the year to
which they relate. By incorporating the most up-to-date information, the two RAS techniques are used to carry
out this check and update those coefficients that are clearly changed in view of the newly available
information. The RAS techniques are used not only to update entire 1/O tables, but, as will be shown below,
to balance supply and use tables at the last stage, which was discussed in chapter VIII. The Lagrangian
multiplier approach has also been tried but it does not seem to provide better results. This approach will be
briefly discussed in paragraph 9.39 at the end of the chapter. It isimportant to emphasize from the beginning
that no purely mechanical method would be able to replace updating SUT on the basis of comprehensive data.
The best approach is always to use all available information to compile annual SUT and then use modified
RAS at the last stage of balancing. In this context, the current Canadian method is worth mentioning. It uses
the following steps:

- Real value added by industries of the current period, to calculate real industry output;

- Real industry output and the intermediate coefficient matrix of the base year, to estimate
intermediate consumption flows,

- Real industry output and the market share matrix, to estimate product output and the supply
table;

- Use price indexes, to transform the real supply table into the supply table and industry output
at current prices,

- Use price indexes, to transform the real intermediate consumption matrix into the matrix at
current prices;

- Compile components of final uses at current prices from available statistics;

- Estimate trade and transport margins by base-year margins, and reflate them to current prices;

- Estimate taxes on products using the benchmark method and then confront them with control
totals;.

- Balance SUT with supplementary data and expert knowledge.

A. Stability of I/0O coefficients
9.2.  Changesintheinput coefficientsin current values may be caused by three major reasons:

@ Changesin technology;

YYusuf Siddigi and Mehrzad Salem, “A Synthetic Approach to Projecting Input-Output Tables” in Economic Systems
Research, Volume 7, No. 4, 1995.
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(b) Changesin relative prices;
(© Imperfect data.

9.3. Themost important changes, in technology, are beyond manipulation by statisticians. These resulted
for instance from the sudden and drastic changesin relative prices, dueto increasesin the price of petroleum
in 1973 and 1979. In current prices, the input coefficients showing the use of petroleum in various industries
increased significantly immediately after petroleum prices increased, while the increases abated and even
declined after awhile when conservation (technical change) took effect. Another cause of changesin input-
output coefficients is inflation also causing changes in relative prices; the effect of these changes can be
eliminated by using input-output tables in constant prices (see chapter XI for a discussion on input-output
tables in constant prices). The changes due to imperfect data might be reduced --but can never be entirely
eliminated-- by the use of statistical classifications developed on the basis of the homogeneity principle. Using
such classifications would avoid adding together products with different technical coefficients, so that changes
in product-mix within a given classification are insignificant. If these conditions are met, changes in input-
output coefficients at constant prices can be treated as caused by technical changes.

94. Many studies have shown that input coefficients are not stable over time but that changes take place
fairly gradually. Vaccare? of the United States showed that during the period 1947-1958, the average annual
rate of change in intermediate output requirements (ignoring signs) for afixed bill of final demand was 2.3 per
cent. Over the 1958-1961 period, the change averaged 1.7% per year. Tilanus® of the Netherlands showed that
the median coefficients for all observed cells indicated a tendency for coefficients to change by about 2 per
cent ayear and he found that over half the coefficients of the time trends were statistically significant. The
fact that changes over time are fairly gradual makes it possible to extend the useful life of any input-output
table. The work of Sevaldson® in Norway showed that 60% of coefficients had either a moderate or clear
(positive or negative) trend, and that trends which changed the coefficients as much as 1% a year were rare.
He aso noted a considerabl e dispersion about the mean value of each coefficient, but when the values were
compared with atime trend the dispersion was reduced but till quite large. It was drastically reduced when
tables were aggregated from 64 industries to 14.

9.5. However, because of atill large dispersion about a linear trend, the method of projecting coefficients
by linear extrapolation does not provide good estimates of future input-output tables. Tilanus showed in the
study mentioned above that such extrapolations generated worse results than simply using the most recent
coefficients. When T.S. Barker® performed the same type of exercise, projecting the 1963 intermediate
demand for Britain using the 1954 tabl e as the benchmark, results showed that trend projection was worse than
using the most recent table of 1960. In all cases, the tables updated by simple RAS method, which will be
described later, performed better.

Beatrice N. Vaccara, “Changes over Timein Input-Output Coefficient for the United States” in Readings in Input-
Output Analysis, edited by Ira Sohn, New Y ork, Oxford University Press, 1986.

3C. B.Tilanus, Input-output Experiments : The Netherlands 1948-1961, Rotterdam University Press, 1966.

“P. Sevaldson, “ The Stability of Input-Output Coefficients’ in Applications of Input-Output Analysis edited by A.P.
Carter and A. Brody, North Holland, 1969, also in Readings in Input-Output Analysis, edited by Ira Sohn, op. cit.

®T.S. Barker, “Some Experiments in Projecting Intermediate Demand” in Estimating and Projecting | nput-Output
Coefficients, edited by R.I.G. Allen and W.F. Gossling, England, Input-Output Publishing Company, 1975.



193

9.6.  Another method of projecting future input-output tablesis the "best practice" firm method proposed
by William Miernyk®. Miernyk suggested the use of the coefficients of the best practice firmsin each industry
as the future technology. He argued that these technologies of "best practice" firms in the present should
gradually become the norm of the future, five to six years ahead. Many objected to the arbitrarinessin selecting
the length of time needed for the present best technology to mature. However, this objection can be met by
figuring out a predicted time schedule for a given technology to be adopted, industry by industry. Until now
no study has been carried out to test the accuracy of this proposal.

B. The mathematics of the RAS method

9.7.  Aschangesin the coefficients are shown to be gradual, it might be possible to use a current input-
output table to project to the near future, with its calculated values adjusted for technological changes.
However, the tables used should be the most up-to-date ones. This raises the question whether there are
methods that are efficient in updating tables that are normally completed five years after the year they refer to.

9.8.  Theproblem of updating, i.e. adjusting an intermediate consumption matrix to fit new column and row
sum constraints was first regarded as a statistical problem and tackled by statisticians working as early as
1940°. New column sums refer to the differences between gross outputs and value added, and the new row
sums refer to the differences between gross outputs and net final demand. The new values are normally
provided by annual surveys. The method used was the so-called RAS method, a well-known technique to
update input-output tables, which was adapted from the work of Deming and Stephen to input-output tables
by Richard Stone in 19612 and remains the simplest and most widely used. Even though variations of this
technique have been developed, practically no other methods seem to perform better.

9.9. The RAS approach assumes that there exists an input-output table estimated from full data for a past
year and that row and column sums for the input-output table of the present year are available. The basis of
the RAS method suggested by Stone consistsin finding a set of multipliersto adjust the rows of the existing
matrix and a set of multipliersto adjust the columns so that the cells in the adjusted matrix will sum up to the
required row and column totals relating to the later current year. In mathematica terms, if A, is the coefficient
matrix corresponding to the benchmark input-output matrix F, table and A, is the updated matrix of input-
output coefficients corresponding to the estimated input-output matrix F,, then

@1) A, " rfAS

SWilliam L. Miernyk, The Elements of Input-Output Analysis. New Y ork, Random House, 1965. See aso “Long-
Range Forecasting with a Regional | nput-Output Model” of the same author in Readings in Input-Output Analysis, edited
by Ira Sohn, op. cit.

W. E. Deming and F.F. Stephen, “On a L east-Squares Adjustment of a Sampled Frequency Table When the Expected
Marginal Totals are Known” in Annals of Mathematical Satistics, 11, 1940.

®Richard Stone, Input-Output and National Accounts, Paris, Organization for European Economic Cooperation, 1961.
Also Richard Stone and A. Brown, A Computable Maodel for Economic Growth, Vol. 1, London, Chapman and Hall,
1962. The full mathematical development of RAS should be read in Michael Bacharach, Bi-proportional Matrices and
Input-Output Change, Cambridge, U.K., Cambridge University Press, 1969. Various variations of the RAS technique
as optimization methods can be found in R.1.G. Allen and W.F. Gossling, Estimating and Projecting | nput-Output
Coefficients, London, Input-Output Publishing Company, 1975.
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wherer and s are row and column multipliers and » stands for a diagonal matrix.

9.10. An€aboration of the above formulafor two industries (1 and 2) illustrates the role of the multipliers
rands.

i Of lay &y |8 O
Al X X
0 1) |3 3 [0S
S &S
A
188, 1855,

The example shows that the row multipliers r; or r, are merely scaling factors to adjust elements of each
respective row equally so that the sum of the new row is equal to the known row total. Inthe above formula,
elements of the first row are multiplied by r; and elements of the second row are multiplied by r,. Similarly,
agiven column multiplier also acts as a scaling factor applied equally to every element of that column so that
the sum of the new column is equal to the known column total. Thus, all elements of the first column are
multiplied by s, and al elements of the second column are multiplied by s,.

9.11.  Aneconomic interpretation of the RAS multipliersr and sis that input-output coefficients g; of the
input-output coefficient matrix A, change over time due to two effects: (@) the effect of substitution, expressed
by r, measuring the extent to which product i has been replaced by, or used as a substitute for, other products
in industrial production; and (b) the effect of fabrication, expressed by s, measuring the extent to which
industry j has cometo absorb a greater or smaller ratio of intermediate to total inputsin its production. The
method further assumes that each effect works uniformly, e.g., that product i isincreasing or decreasing as
aninput into al industries at the same rate and that any change in the ratio of intermediate to total inputs into
an industry hasthe same effect on all products used asinputs. The substitution multipliers which operate along
therows are denoted as vector r and the fabrication multipliers operating on the columns as vector s. Each cell
in the benchmark matrix, A,, will be subject to these two effects. The assumption of uniform effects on inputs
across industries is, however, economically unredlistic.

9.12. Inordertofindr and s, one must introduce the input-output flow matrix to be estimated, together with
the known row and column totals, which will be called u” and v'. Let F, be the input-output flow matrix of
the current year which is unknown, X,° the known output vector of the current year, and A is the new

°If output by industry is not the same as product output because of the existence of secondary products, X stands for
the industry output vector.
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coefficient matrix to be estimated corresponding to F,. If X, is converted into a diagonal matrix*, indicated
by the sign ~ over it , the following identity holds:

=

" AX
(92) 1 17"

" (F A, 9%

Define u* to be the row total™* of intermediate inputs of matrix F,. Then
uC " Fii
" (F A, 9X, i

T (FAX) S

9.3 5
®3) " (AX) s

In the above definition, i isacolumn vector in which each element is equal to 1. Vector i isused to sum the
flow matrix across the rows to obtain the row sums of the flow matrix F,. In the second equation E is
replaced by the expressionsin equations 9.1 and 9.2. Then, in the next equation the order of matrices xX is
switched to X,x, which does not change the value of u’, because the x and X matrices are diagonal. And,
finally in the last equation, x i is replaced by the column vector s. If the column totals of F1 are defined as

v
and V"

Fli
i'F,

then 9.3 can be rewritten as:

(94) VI( " 1) (AX) $

wherer isarow vector.

19A diagonal matrix is amatrix with non-negative values on the diagona and zeros everywhere el se:

peS)

.
0
. 0
Xn

The subscripts 1, 2, ... inu and v (see table 9.1) refer to the year to which the input-output table is intended to be
updated and do not refer to the elements of these matrices.



196

9.13. Thetwo equations 9.3 and 9.4 consist of the two unknown r and s vectors and known information on
the benchmark coefficient matrix A,, the new row and column constraints u” and v* and the new output levels
X;. Thus, if these equations are solved simultaneoudy the values of the r and s vectors will be found and then
the updated matrix A, can be derived on the basis of equation 9.1. The mathematical properties of the RAS
method have been explored by Bacharach® who shows that the iterative method will converge and produce
aunique solution, which does not depend on whether rows or columns are adjusted first. Further, experience
has shown that the method is not too demanding on computing time.

C. Theiterative solution of the ssimple RAS method

9.14. Theestimation process of obtaining F, from F, or aternatively from A, from A, in effect amounts
to nothing more than a proportiona adjustment of the benchmark matrix elements successively along the rows
and columns until convergence is reached between the row and column sums of the new matrix found through
iteration, and the known row and column sums. Due to the nature of the RAS method, it is also called the "bi-
proportional adjustment” method.

9.15. How the RAS method functions will now be illustrated and later its properties will be outlined and
some refinements discussed. The simplified accounting matrix for the benchmark year 0 is given in table
9.1(a) and al known information for the current year 1, is presented in table 9.1(b). From (a) one can calculate
the coefficient matrix A, as presented in (c). If initidly it is assumed that there is no technical change, the
matrix for year 1 would be found by applying these coefficients to the new output levels, resulting in A, X,
shownin (d). Therow and column sums of this matrix, u, and v, , are then calculated and compared with the
known row and column sumsfor year 1, U and v'. Then in table 9.1(€) - (g) the elements of X, calculated in
(d) are adjusted to fit the new constraints by solving for the r and s multipliers. This effectively removes the
assumption of unchanged technical coefficients.

9.16. Thefirs stepintheiteration isto calculate the first set of row multipliersr, at (d) and then to multiply
the values in each of the rows to the multiplier for that row so that the row totals meet the constraints as
reflected in (€). The column totals of the matrix at (€) are then compared with v', the know column sums, and
aset of column multipliers are described which bring the column sums of the matrix to equal v’ in (f). Asa
result of this step in the iteration, the row totals of this matrix are no longer equal to u’. A second set of
multipliers, r,, must now be applied to the rows so that they sum againto u. The column sums will then
require further adjustment and this process will continue until no further adjustment is necessary. The
resulting matrix after many iterations is shown at (g), together with the r and s multipliers. The latter are the
product of the multipliers used at each of the successive rounds of adjustment. Thus, the accumulated row
multiplier for the first row, 0.884, isr, X r, X r; X ... X r,,, which in the case of the example presented is equal
t0 0.873 x 1.010 x 1.002 x 1.001 = 0.884.

2M. O. L. Bacharach, Bi-proportional Matrices and Input-Output Change, Cambridge University Press, 1969.
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Table9.1. Illustration of the RAS method
(@) 1/0 datafor year 0O
Product®® Final Total
A 8 c ot demand output
A 50 100 0 150 50 200
Product B 30 50 20 100 200 300
C 20 50 30 100 100 200
Totd 100 200 50 350 350 700
Value added 100 100 150 350
Total output 200 300 200 700
(b) Available 1/O data for year 1
Product Total Final Total
A 5 c u demand output
A 160 40 200
Product B 150 250 400
C 120 180 300
Total 100 250 80 430 470 900
Value added 100 150 220 470
Total output 200 400 300 900

3 For simplicity, no distinction is made between products and industries in this example.
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(c) Input-output coefficientsfor year 0 (A,)

A B C

A 0250 0.333 0
B| 0150 0.167 0.100
0.100 0.167 0.150

(d) Year O coefficients applied to year 1 outputs (A,X,) and calculation of the first set of row
multipliers(r,)

A B C U, u r,=uu,
A 50 133.3 0 183.3 160 0.873
B 30 66.7 30 126.7 150 1.184
20 66.7 45 131.7 120 0.911
v, 100 266.7 75
V' 100 250 80

(e) Adjustment of matrix along rows based on thefirst set of row multipliers(r,) and calculation of
thefirst set of column multipliers(s)

A B C u=u
A 43.6 116.4 0 160
B 355 79.0 35.5 150
C 18.2 60.8 40.1 120
A 97.3 256.2 76.5
v 100 250 80

s=VIV, 1.027 0.976 1.046
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(f) Adjustment of matrix down columns based on thefirst set of column multipliers(s,), and
calculation of the second set of row multipliers(r,)

A B C U, u r,=u/u,
A 44.8 113.6 0 158.4 160 1.010
B 36.5 77.1 37.1 150.7 150 0.996
C 18.7 59.3 42.9 120.9 120 0.992
V=V 100 250 80

(g) Further adjustment of rows and columns, until both u =u” and v =v" in the final updated matrix

A B C u=u'/u
A 45.3 114.7 0 0.884
B 36.2 76.6 37.2 1177
C 18.5 58.7 42.8 0.902
v=v' 100 250 80
sV'iv 1.025 0.974 1.054

(h) Short-cut method

A B C u=u/u
A 45.3 114.7 0 1.119
B 36.2 76.6 37.2 1.488
C 18.5 58.7 42.8 1.140
V=V, 100 250 80
sV'iv 0.811 1.025 1.201

9.17. Each cell in the benchmark matrix (d) can be multiplied by its summary row and column multipliers
to yield the value of cellsin the fina matrix at (g). Thusthe input of A into B which is 133.3 in the benchmark
matrix must be multiplied by its row multiplier (0.884) and its column multiplier (0.974) to give 114.7, which
isthe value in the updated matrix at (g).

9.18. It can be seen in this example that product B with arow multiplier of 1.177 isreplacing products A
and C as an input into intermediate demands. When reviewing the column multipliers it becomes apparent
that product B is subject to a downward fabrication effect, i.e., it is using fewer product inputs and thus more
primary inputs in its production process, perhaps because the production process has become more
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complicated. On the other hand products A and C are using more intermediate products as inputs and fewer
primary inputs per unit of output, perhaps because their inputs are being purchased in aform which requires
less processing before being transformed into the finished product. Thiswould be the caseif afirm in the
motor industry began to purchase the engines for its vehicles from another supplier, whereas previoudly it had
purchased the various parts and made the engine itself.

9.19. If aparticular cell of the benchmark matrix was zero, the RAS method would not change this. It would
remain zero, since the proportional scaling along both row and column will not affect a zero value. Also no
negative entries will appear in any cellsin the final matrix as the allocation by the RAS method is based on
the base matrix that is non-negative.

9.20. Andternative short-cut to the method shown in tables 9.1(a)-(g) is to start with the benchmark flow
matrix and simply adjust this matrix to the new controls. This omits stages (c) and (d). The resulting matrix
inthis case, shown in table 9.1(h), isidentical to that obtained in (g) but the row and column multipliers are
different. Indeed, the same meaning cannot be attached to the multipliers which are covering changesin output
levels as well as the two effects operating on the coefficients. This so-called short-cut method is defined by
the following mathematical presentations:

95) F, " FF,$

thet is
(9.6) AX, " FAX §

9.7) AX, " FIAXX)H ] $

9.21. Equation 9.7 issimilar to the RAS equation 9.1, however, with output levels X, and X, additionally
included. If oneisinterested in the values of r and s as measures of substitution and fabrication effects, this
method is not suitable; they cannot be derived. If thereis no interest in these effects and the RAS methods are
seen only as mechanical techniques of adjustment, the use of this short-cut method is recommended.

D. Themodified RAS method

9.22. A modified version of the RAS method incorporates some firmly based information about some of
the cdllsin the matrix being estimated. This method isillustrated in table 9.2 below where it is assumed that
information is available on the input of B into A and hence there is no need for this cell to be involved in the
adjustment process. The value of this cell is subtracted from the required row and column constraints, u” and
V', and this cell is set at zero in the benchmark matrix. This forms the starting point for the RAS adjustment
in(c). The RAS adjustment procedureisthen carried out in the normal way aswas explained above, and when
a solution has been reached at (d) the zero for the input of B into A is replaced by the known value 40.

Table9.2. Illustration of modified RAS
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Product Tota Final Total
demand output
A B C
A 50 100 0 150 50 200
Product B 30 50 20 100 200 300
C 20 50 30 100 100 200
Tota 100 200 50 350 350 700
Value added 100 100 150 350
Total output 200 300 200 700
(b) Available 1/O data for year 1
Product Total Find Total
u* demand output
A B C
A 160 40 200
Product B 40 150 250 400
C 120 180 300
Total 100 200 80 430 470 900
Value added 100 150 220 470
Total output 200 400 300 900

It is assumed that the input of B into A is 40, otherwise the table is the same as table 9.1(b).

(c) Year O coefficientsapplied to year 1 outputs

A B C U, u r,=ulu,
A 50 133.3 0 183.3 160 0.873
B 66.7 30 96.7 110 1.138
C 20 66.7 45 131.7 120 0.911
A 70 266.7 75
V' 60 250 80

(d) Final updated matrix
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The RAS adjustment continues as in table 9.1(d)-(g) and when a solution is obtained the exogenous cell
value of 40 is entered in the result.

A B C

A 42.7 114.3 0
B 40 73.7 36.3
17.3 59.0 43.7

E. Evaluation of the simple and modified RAS methods, based on a literature survey

9.23. It isimportant to know how accurate the RAS method of updating input-output tables can be and
various tests have been carried out to compare tables thus updated with tables subsequently estimated for that
year from full statistical data.

9.24. Paelinck and Waelbroeck™ compared an input-output table for 1959 estimated by RAS from the 1953
table with the actual 1959 table, and Schneider™ performed similar tests with United States tables over the
period 1947-1958. These tests showed that amatrix estimated by RAS from a past year gave a somewhat better
estimate of the later year than did the matrix of the past year, i.e., r A, swascloser to A, than A,. The number
of errorsinindividua cells greater than 1 per cent was reduced from 17 to 9 in the Belgian case and from 121
to 103 in the United States case, with alarger table. In amore recent study by R. G. Lynch® using the 1963
and 1968 United Kingdom input-output tables, the improvement of the updated tables versus the tables of the
past years was also confirmed and it was shown that the root mean square error decreases with the level of
aggregation. However, in all these studies, the improvement in terms of mean square error is small unless the
level of aggregation is increased significantly, which reduces the usefulness of the input-output table for
detailed studies of industries.

9.25.  Another recent study by P. Gretton and P. Cotterell of Australia'” showed that errorsin the estimates
of large coefficients tend to be smaller than in those of smaller coefficients and that coefficients aggregated
from those estimated by RAS method using more desegregated tables have smaller errors than coefficients
estimated directly from aggregated tables.

9.26. Thesimple RAS method will normally fail to produce an accurate estimate of A, since the assumption
that the row and column effects work uniformly along rows and columnsis not justified. Thiswill be the case
if product groups are not homogeneous but consist of, say, one product which is replacing a product in another

147, Paglinck. and J. Waelbroeck, “Etude Empirique sur I'évolution de Coefficients Input-Output” in Economie
Appliquée, 1965.

15). Schneider, An Evaluation of Two Alternative Methods for Updating I nput-Output Tables (B.A. Thesis, Harvard,
1965).

R.G. Lynch, “An Assessment of the RAS Method for Updating Input-Output Tables” in Readings in I nput-Output
Analysis, edited by Ira Sohn, New Y ork, Oxford University Press, 1986.

P, Gretton and P. Cotterell, The RAS Method for Compiling Input-Output Tables, Australian Bureau of Statistics,
Canberra, 1979.
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row and one product which is not replacing another or is being replaced by some other product. The net effect
asrecorded by RAS may be, say, an upward substitution effect on the row. However, if the two products are
used in different proportions by consuming industries the substitution effect will not be uniform. A similar
problem arising from lack of homogeneity was observed in the Belgian tests where it was found that the cells
relating to fudl inputs were badly estimated by the simple RAS method. This was because coal, for instance,
isused as araw materia in energy-producing industries but as a source of power in al other industries but in
the latter case coal was being replaced by other fuels at a much faster speed than in the former case. This
markedly different substitution rate seriously affected the results of the RAS updating estimate.

9.27. Theincorporation of exogenous data into the simple RAS method will tend to improve the accuracy
with which other cells can be estimated in the same rows and columns as the known cells. This does not mean
that theoretically theimprovement is always achieved as shown in an example given by R.E. Miller and P.D.
Blair. Theexampleisasmall table of 3 by 3 in which one coefficient isassumed known. The overall accuracy
of updated coefficients using the modified RAS method actually declines when compared with the normal
RAS method.”® This observation is also confirmed by atest by Gretton and Cotterel of Australia mentioned
above when the inclusion of the coefficients of one more industry made overall errorsworse. In general, most
testson real data show an improvement in the use of the modified method over norma RAS. The improvement
is more significant if more exogenous data are incorporated.

9.28. IntheBegiantests, six of the cellswhich the smple RAS method had estimated were treated asif they
were known exogenoudly and the modified RAS method was used. The number of cells with errors of more
than 0.5% was reduced from 20 in the simple RAS method to 8 in the modified method. This conclusion is
also reported in Lynch's study mentioned above.

F. Conclusionsfor application of the RAS methodsin country practices

9.29. From the above it may be concluded that when input-output coefficients only change gradually, the
RAS method and in particular the modified RAS which uses additional information that is available, provides
satisfactory results. Thus, in order to make optimum use of the limited statistical resources available in many
countries, it is acceptable to compile benchmark input-output tables based on a comprehensive database every
5-10 years and to compile annual tablesintegrated with the national accounts using the modified RAS updating
techniques described here. While the annual tables based on a modified RAS method require some data on
inputs, these requirements are nothing compared to the statistical requirements of benchmark input-output
tables. Some data on inputs may be available on an annual basis and should therefore be used. On the other
hand, the annual updating exercise of the input-output table should not involve the additional collection of
statistical information on amajor scale.

9.30. Itisdifficult to generalize asto which cells, rows or columns are well recorded by normally available
statigtics. In many countries fuel industries are well documented and information on the cells relating to fuel
inputs should be available. The same may be true of the major inputs (fertilizers and feed) into agriculture.
In some cases, it may be worthwhile to investigate a particular cell or cellsto be incorporated into an updating
exercise. Alternatively, it may be possible to combine indices of price and volume movements with the
benchmark year value of a cell and obtain a measure of the value in the current year. Where there is no

8Ronald E. Miller and Peter D. Blair, Input-Output Analysis: Foundations and Extensions. New Y ork, Prentice-
Hall, 1985, pp.292-293.
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domestic production of a particular product it may be possible to obtain an estimate of the input of that product
from international trade statistics, e.g. the input of crude oil into the petroleum refining industry.

9.31. In this context it should be noted that exogenous data on certain cells may lead to a greater
improvement in the accuracy of the updating methodsthan data on other cells. Tests on United Kingdom input-
output tables have shown that substantially improved results can be obtained when relatively small amounts
of additional information about preselected major coefficients were incorporated into the updating exercise®.
It seems useful, therefore, to perform some tests of updating exercises to find the most important cells in
particular national tables. When these have been identified, efforts can be made to find exogenous data on
those coefficients which will improve the accuracy of the updating exercise.

9.32. In developing countries, the modified RAS method could be used to cut the cost of frequent full-
fledged surveying. The key coefficients are often determined by large establishments over which the
Government has significant control. In addition, the number of such establishmentsis small, which alowsless
costly supplementary surveys for the purpose of identifying changesin the key coefficients or key industries.®
In general, when using the modified RAS, it isimportant to divide the flowsinto two parts: those that are based
on sure information, and those that can be modified. If the usetable is compiled for a benchmark year, where
most of the information comes from censuses, then only the flows that are based on census and similar data
sources are kept constant with the residual proportionally distributed in the rest of the flows both horizontally
and vertically.

9.33. Inmany countries it should be possible to extract from regularly available statistics some information
oninputsor trendsininput coefficients (if clear trends can be established) since the year of the previous full
table. It should be possible to produce an input-output table by this method quite soon after the full national
accounts are produced. Australiais the country that has adopted the modified RAS method to compile its
annual input-output tables with significant annual supplementary basic datain order to speed up the availability
of more current input-output tables. According to Australian reports more than 28% in 1974-1975, 18% in
1977-1978, and 20% in 1978-1979 of all intermediate inputs (in terms of value) were estimated from basic
data.®

9.34.  Such an updated tablewill obvioudly not be so accurate asatable estimated on full data (although even
these will suffer inevitably from errors of measurement, particularly of smaller inputs), but should be
sufficiently accurate to remove the need for a full table each year, particularly if some exogenous data on
coefficient can be incorporated. Thisis certainly likely to be true if the input-output table is used in any
analysis or model-building. If, on the other hand, the input-output table is used to check the consistency of
datain a statistical framework, there may be some need for an updated table. For instance, if a very high
multiplier is found for a particular product which does not fit in with knowledge of changes in industrial
techniques, this would suggest either that final demand has been underestimated or total output overestimated,

R.I.G. Allen, “The Effects on Intermediate Output Predictions of Incorporating Coefficients with Known Values
into the RAS Updating Method” in Aspects of Input-Output Analysis, edited by 1.G. Stewart, Edinburgh University
Press.

“This point was discussed in Victor Bulmer-Thomas, “ Application of Input-Output Analysis for Less Developed
Countries (LDCs)” in Readingsin Input-Output Analysis, edited by Ira Sohn, New Y ork, Oxford University Press, 1986.

ZAustralian National Accounts: |nput-Output Tables, 1974-1975, 1977-1978, 1978-1979, Canberra.
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resulting in an overestimate of intermediate demand. Similarly, an unusua column multiplier might lead to
suspect over-estimation of primary inputs or total output of the industry.

9.35. It follows from the above observation that the application of the RAS method, either ssimple or
modified, will only produce an accurate estimate of the input-output table if the control totals are accurate.
This requires accurate estimates of industry and product outputs, primary inputs (net input) and final demand.
Any errorsin this area of national accounting data are likely to be transmitted to the input-output table whose
row and column totals are derived as residuas from these other vectors.

9.36. It should be noted that when the short-cut RAS method is used, no economic significance can be
attached to the values of the row and column multipliers. This should not prevent the use of the modified RAS
method. It may be preferable under those circumstances to regard the RAS method simply as a statistical tool
which can be used to adjust two-way tables. The basic method can be applied to many tables other than input-
output tables. In some of these applications some meaning may be attached to the values of the multipliers
as in the simple input-output case but in other cases the values of particular multipliers may have no
significance. In this context it should be mentioned that the use of the RAS method is not necessarily limited
to balancing the intermediate demand matrix, but could also be used to balance the use matrix of a supply and
use table, and in the case of the modified version of RAS, not only additional data on intermediate uses could
be incorporated, but also additional information on total values for each category of final demand like total
household final consumption expenditures, total gross capital formation, total exports, total imports, etc. might
be used.

9.37. In some countries, there are no clear-cut benchmark tables; additiona information isintroduced every
year as new data become available, to arrive at new annual tables. These practices are found in many countries
and some use the modified RAS method to update the old table into the new one by incorporating new
information. Because of the nature of the method, however, one should realize that the data in the new table
have to be close to those in the previous table, even though the latter may be based to alarge extent on less
reliable data. Therefore those practices till require that from time to time a benchmark table be compiled on
the basis of the fullest possible information provided by censuses to check the accuracy of the tables derived
by other methods. In Norway, a country with along tradition of compiling the full SUT annually, the full SUT
benchmark framework is revised every five years, the annual SUT is an updated version of the benchmark on
the basis of as comprehensive data as are available, either by current values or by indices, specialy where only
more aggregated data are available.?

9.38. Finally, itisimportant to redize that all thetests carried out until now were on individua cell accuracy
(i.e. partitive accuracy) rather than on overal accuracy of the estimated input-output table in practical
projection (i.e. holistic accuracy), for example tests on how estimated tables perform on predicting gross
outputs given that final demand isknown. The reason isthat tests will be rendered trivia by the nature of the
RAS method to equate the sum of estimated elements in the intermediate matrix and final demand (which is
known) to total outputs. However, it is still possible to carry out tests on the performance of an updated
coefficient matrix on the most recent set of final demand and gross outputs, e.g. to compare errors in gross
output of time t+1 generated by using the coefficient matrix at timet updated from time t-1 with errorsin gross
output generated by using the more outdated real coefficient matrix based on surveyed data of timet-1.

G. Other alternative methods for updating coefficients

ZCommunication from Mr. Erling Flottum, Statistics Norway.
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9.39. Bacharach® also demonstrated that the RAS method is similar to the minimization of an objective
function of the form:

Minimize J._J X In(X; 1 X;)
subject to row and column sum constraints
where X is the estimated value of X.

The Lagrangean multiplier approach is a further extension of the above formula:

(%8

Minimizeg ——2—
_llJ i

where B, are weights.

If one assumes that the larger elements are less subject to change than the smaller, then weights assigned are
larger, for example by using X?;. A weight of infinity means that the element X is fixed. Similarly, some
elements may be more likely to change, a weight can be X;. Elements may be negative unless they are
constrained to be non-negative. W.I. Morrison and R.G. Thurman? experimented with this method and found
that the RAS method produced better results that the Lagrangian multiplier approach with simple weights and
without additional constraints. The RAS s also computationally much cheaper. Statistics Netherlands® has
tested the Lagrangean multiplier approach and argued that it has some advantages over RAS. However, its
advantages over the modified RAS are not clear.

#M.O.L. Bacharach, op cit.

#W.l.Morrison and R.G. Thurman, “A Lagrangian Multiplier Approach to the Solution of a Specia Constrained
Matrix Problem”, Journal of Regional Science, Vol. 20, No.3, 1980.

#Harthon, R. and J. van Dalen, “ On the Adjustment of Tables with Lagrange Multipliers’, National Accounts
Occasional Paper, No. NA-024, Statistics Netherlands, 1987.
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X. CREATING AN INDUSTRY NOT IDENTIFIED FROM ISIC
CLASSIFICATION: ANALYSISOF THE INTERNATIONAL TOURIST
INDUSTRY

A. Introduction

10.1. Thischapter waswritten to demonstrate an application of input-output modelling in studying a specific
industry. International tourism is selected because, firstly, it is an economic activity that attracts a lot of
attention in many countries but at the sametimeis not separately classified in either national accounts or input-
output tables and, secondly, it is not a very complex issue to deal with. The principles of impact analysis will
be discussed in chapter XIl and this chapter will focus mainly on how to create the international tourist
industry in input-output tables and how to apply the principles discussed in chapter XI1. It should be noted that
the World Tourism Organization may come up with a different way of creating the tourist industry. Its plan
is to aggregate establishments that produce mainly tourist services.

10.2. International tourism is not an industry that can beimmediately identified in input-output tables or in
national accounts which are constructed on the basis of the United Nations International Industrial
Classification of All Economic Activities (ISIC). However, this industry can be formed by aggregating
different economic activities which serve it directly. Procedures for forming the industry will be discussed
in this chapter, together with methods to analyse some of the major roles of the industry in generating
employment and taxes or in creating demand for capital and imports in the economy. These analyses are very
simple but may be used as powerful tools to provide important information on the industry. The procedures
used in analysing international tourism can also be applied to study other industries such as energy and
information that do not appear explicitly in input-output tables and national accounts.

10.3. The chapter will first define the industry and then discuss technical issues relating to its analysis.
B. Definition and classification of the international tourist industry
1. Definition

10.4. The importance of international tourism as a contributor to GDP and as a source of employment is
being increasingly recognized. It is estimated that in 1984 receipts from world international tourism totalled
$100 billion, which isover 5 per cent of total world merchandise exportsin the same year. International tourist
receipts amounted to 8 per cent of GNP and 36 per cent of foreign exchange earningsin 1982 in Austria, 12.3
per cent of GNP in Cyprus, 20 percent of employment in Barbados, and 48 percent of employment in the
Bahamas.*

10.5. Theinternational tourist industry of acountry may be defined as the sum of domestic activities that
directly support the consumption of goods and services of foreign touristsin the country. Therefore, definition

L«World Tourism: an Economic Analysis’ by S. |. Papadopoulos, Braford in Revue de Tourisme, No.1, 1987 and
UNDP/TCDC News, Voal. 3, p.9.
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of theinternational tourist industry is dependent on the definition of international tourists, which in turn can
be based on a narrower definition of non-residents. That is, tourists should include;

@ Persons visiting the country for less than one year, specifically for purposes of recreation
or holiday, medical care, religious observances, family affairs, participation in
international sport and cultural events, conferences and other meetings, study tours and
other student programmes, as well as personsin transit to another country;

(b) Foreign students remaining for more than one year;

(© Crew members of foreign vessels and aircraft docked in the country or on lay-over;

(d) Foreign business travellers who are in a given country for less than one year;

(e Employees of international bodies who are on amission of less than one year;

® Nationals who are residents of other countries who come back for visits of less than one
year.

10.6. Incomparison to the boundary of activities of non-residents in a country, only activities of diplomats
and extra-territorial bodies like members of the armed forces of other countries are excluded as not belonging
to tourists' activities.

10.7. Ingenerd, it isquite difficult to measure directly the domestic activities that support the consumption
of goods and services of foreign tourists in a country. When this happens, the activity may be measured in
terms of the share of goods or services that are consumed by foreign tourists. Those expenditures (e.g. on
meal's, accommodations, purchases of gifts, international aswell aslocal transportation), according to the SNA,
should be treated as the country's exports.

2. Classification

10.8. ISIC recommends the classification of parts of the following activities into the international tourist
industry:

Table 10.1. 1SIC components of the international tourist industry

Class Activities

5510 Hotels; camping sites and other provision of short-stay
accommodation

5520 Restaurants, bars and canteens

6010 Transport viarailways

6021 Other scheduled passenger land transport

6022 Other non-scheduled passenger land transport

6110 Sea and coastal water transport

6120 Inland water transport
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6210

6220

6304

7111

7112

7113

9219

9231

9232

9233

9241

9249

Scheduled air transport
Non-scheduled air transport

Activities of travel agencies and tour operators; tourist
assistance activities n.e.c.

Renting of land transport equipment
Renting of water transport equi pment
Renting of air transport equipment
Other entertainment activities n.e.c.
Library and archives activities

Museum activities and preservation of historical sites and
buildings

Botanical and zoological gardens and nature reserves
activities

Sporting activities
Other recreational activities

Other direct purchases.



Table 10.2. Compilation worksheet for the international tourist industry

ISIC Purchasers value | Trade, transport Taxeson Imports Basic values
margins products
@ @) €) G (©) (6)
(&) 5510
@) 5520
(€)) 6010
@ 6021
(5) 6022
(6) 6110
) 6120
) 6210
9) 6220
(10) 6304
(11) 7111
(12) 7112
(13) 7113
(14) 9219
(15) 9231
(16) 9232
an 9233
(18) 9241
(19) 9249
(20) Trade and *
transport
margins
(21) Taxeson **
products
(22) Other products
purchased by
tourists broken
down by ISIC
(23) Total * *x

Steps to calculate the output of the international tourist industry:
Break down tourist purchasesinto ISIC listed in column (1);

@
(b)
(©
(d)
G

Break down each detailed purchase at purchasers' price into the components listed in col. (3)-(6);
Each component of the output of international tourism in col. (6) is equal to col. (2) minus (3) minus (4) minus (5);
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Move total trade and transport margins and taxes on products (i.e. sum of col. 3 and 4 to asterisked placesin col. (6);
The sum of cal. (6) isthetotal output of international tourism and can be treated as the whole vector of col.(6) or one
single value shown at row (23) of cal. (6).
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10.9. Infact, it isonly possible to survey tourist expenditures by products, not by economic activity. In this
case, using ISIC, one implicitly assumes that the products consumed by tourists are matched with the ISIC
classification in table 10.1. The expenditures by tourists on the outputs of these activities should either be
direct purchases by the tourists themselves or through their purchases of package tours from tourist agencies.
When expenditures are made by buying package tours, they have to be broken down into 1SIC components
aslised in table 10.1. For example, an expenditure on air travel tickets should be split into the payment for
air tickets (1SIC 6210 or 6220) and the payment of feesto travel agents (6304).

10.10. Other direct purchases of goods and services by tourists like souvenirs which are directed exclusively
to tourists, and others such as hairdressing services, etc. listed asthelast item in table 10.1 above are not shown
with a corresponding 1SIC class number because the kinds of goods and services detailed in 1SIC bought by
tourists may only be known by conducting a survey on their expenditures. These other direct expenditures are,
unfortunately, not included by the United Nationsin its recommended |1SIC categories of the international
tourist industry. However, to be compl ete these items should be included since without tourists these purchases
would not be made. All these expenditures are at purchasers prices and have to be broken down into basic
values, trade and transport margins and taxes on products. In the case of tourism, except for the goods directly
purchased by tourists, most of the items listed as parts of the activities of the international tourist industry are
services and therefore do not have trade and transport margins. However, the margins are till shown in table
10.2 so as to make the table compatible with a more general approach.

10.11. After all expenditures by international tourists are classified by 1SIC, the vector of expenditures is
broken down into those supplied by resident producers versus non-resident producers. Only those goods and
services that are domestically supplied will impact the domestic economy. For example, air transport may be
provided by non-resident carriers but services of domestic travel agencies and airport services represented by
airport user fees charged on carriers and tourists are part of exports and should impact the domestic economy.
Similarly, the goods that are bought directly by tourists might be imported but the margins on these goods that
are domestically supplied will impact the economy. The final vector of international tourist purchases of
domestic products in detailed | SIC should be the vector of output of the international tourist industry shown
intable 10.2. It isimportant to know that trade and transport margins on al goods and services consumed by
tourists should also be part of the industry output. When included, the output is at purchasers values.

10.12. By the definition given above, the output of the international tourist industry consists of either direct
expenditures made by the tourists themselves or through tourist agencies that are supplied by resident
producers. The output of the industry, therefore, is not the same asthe total tourist expendituresin the country.
In addition, the output of this industry is also the same as the final consumption by tourists of domestic
products, which is then treated as exports. The treatment of the total output of this industry as exportsis a
specid case since normally only part of the output of an industry is exported. This special characteristic has
to be taken into account in modelling the industry in an I/O table. Before creating an international tourist
industry in input-output table is discussed, a general scheme of creating a new industry by aggregating parts
of other indugtries in an existing input-output table must be first. This general scheme will require techniques
of disaggregation and aggregation of industries.

C. Moddling theinternational tourist industry in 1/O table

10.13. Theoutput of theinternational tourist industry in an input-output table as described in section B above
isavector contained in column 6 of table 10.2 rather than a single value, which consists of parts of the outputs
of many industries. With regards to inputs, there should be an input structure corresponding to every detailed
component output of the international tourist industry contained in column 6 of table 10.2. It ispossibleto
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proceed with the work of creating the international tourist industry by, at first, separating every output and its
associated inputs which are part of the international tourist industry from other industries and then aggregating
these newly separated rows and columns to form the new industry. Fortunately, the international tourist
industry is much simpler in the sense that its output is all consumed by non-residents and therefore must be
treated as exports which are part of final demand. None of its output would be used as intermediate inputsin
other industries. Or in other words, no domestic activities would generate output of international tourism
(remember we focus only on tourism by non-resident tourists). To create the international tourist industry, one
important assumption has to be introduced, i.e. theinput coefficients of the industry that are separated out are
similar to the input coefficients of the industry that remain. This may not be applicable to other industries
since final demand for the output of a particular industry normally generates only part of the total impact of
that industry, with other parts generated by final demand of the outputs of other industries which, in turn,
indirectly generates the output of that particular industry. To create an industry that is not independently
identified by an ISIC classification will be discussed in part D below.

1. Creatingtheinternational tourist industry

10.14. To analysetheinternational tourist industry, it is necessary to assume that the input coefficients of the
industry which are separated out are similar to those of the industry that remain. Thus for the international
tourist industry, only the inputs corresponding to every output which is a component of the industry are
separated out. Itstotal composite output isthen treated as exports. An examplein table 10.3 will be used to
demonstrate how the international tourist industry is created. The results are shown in tables 10.4 and 10.5.
In the example, it is assumed that 10% of the output of industry 1 and 10% of the output of industry 2 make
up the output of the international tourist industry.

10.15. Thefollowing stepswill be used:

@ The components of output that belong to the international tourist industry are separated;

(b) Associated inputs of the output components are separated;

(© An aggregation of inputs of the components of the tourist industry is used to form the
inputs of the tourist industry;

(d) Thefinal demand of the remaining industries from which outputs and inputs are extracted
to form the tourist industry is egual to its remaining outputs less intermediate
consumption.

10.16. Table 10.3 showsthe original table. Table 10.4 shows the separation of industry 1 and industry 2, each
into two parts. From industry 1, 10 is the output of the tourist industry and from industry 2, 20 is also the
output of the tourist industry. Fina demand of industry 1 that remainsis equal to its output (90) less the
intermediate consumption of its output -- [90 - (9+1+13.5+1.5+30)=35]. The fina demand of the part of
industry 2 that remains is calculated in a similar manner. Disaggregation of inputs is simply done by
extracting 10% from the inputs of the corresponding industries. Columns and rows 2 and 4 of table 10.4 show
the inputs and outputs of the tourist industry that are extracted. Industries 2 and 4 in table 10.4 are then
aggregated in table 10.5 into one industry (the third row and column). In both tables, the outputs of the
international tourist industry are entirely consumed as final demand.
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Table 10.3. Matrix without explicit components of international tourist industry aggr egated

Matrix f Fina demand Total output
Industries 1 2 3
1 10 15 30 45 100
2 20 9 7.5 1635 200
3 30 50 22.5 47.5 150
Value added 40 126 90
Output 100 200 150

Table 10.4. Matrix with components of international tourist industry disaggr egated

Matrix f Final demand | Total output
Old industries 1 2 3
New disaggregated 1 2 3 4 5
industries
Row 1intable 1 9 1 135 15 30 35 90
11.3issplit
2 10 10
Row 2intable | 3 18 2 8.1 0.9 75 1435 180
11.3issplit
4 20 20
5 27 3 45 5 22.5 47.5 150
Value added 36 4 1134 12.6 90
Output 90 10 180 20 150

Table 10.5. Matrix with components of international tourist industry aggregated

Matrix f Final demand Total output

New industries 1 2 3 4

Industries of table 11.4 to be aggregated 1 3 2+4 5

1 9 135 25 39 35 90

2 18 8.1 2.9 75 143.5 180

3 30 30

4 27 45 8 22.5 47.5 150
Value added 36 113.4 16.6 90

Output 90 180 30 150
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10.17. Theformin table 10.4 or table 10.5 can be used to analyse the international tourist industry. If the
industry is treated as made up of two separate industries, its final demand would consist of two non-zero
components (010020 0). If itistreated as one industry, then itsfinal demand would consist of only one non-
zero component (0 30 0 0).

10.18. The second method may be preferred if the original input-output table is not very detailed to the extent
of having each industry corresponding to a 4-digit I1SIC, and if analysts want to see the international tourist
industry separately identified. Table 10.5 shows the inputs used in the new industry as well as the value added
generated.

2. Distortion created by aggregation

10.19. The aggregation of the components of the international tourist industry is mainly for the purpose of
presentation rather than for analysis because of the distortion it creates. One can see the distortion if one
applies impact analysis using equation 12.2 in chapter X1l with the final demand vector of international
tourism shown below:

X O O o

inwhich x is both the output and final demand of the international tourist industry. Given that the components
of x change relatively in the next period, the impacts would be distorted when the same output and input
structures of the base-year period are used. In this case, the formulation shown in table 10.4 is preferred.

3. Impact analysis of thetourist industry
10.20. Theanalysis of the tourist industry should follow the procedure described in chapter XII.

D. A general aggregation and disaggregation scheme for the creation of a new industry not
identified by 1SIC

10.21. Many industriesthat are normally referred to in common language are not identified in ISIC, /O tables
or national accounts. For instance, the energy industry includes many diverse activities such as burning of
organic substances (e.g. thatches, wood, etc.), mining and extraction of coal, crude oil, natural gas, uranium
and thorium ores, the production of coke, petroleum products and nuclear fuel, the production and
distribution of electricity, gas, steam and hot water. Another example is the pollution abatement industry
which consists of all abatement activities connected with every industry identified by ISIC. Other industries,
such as the port industry which is composed of the operation of ports and other services serving them such
as transport, financial and administrative services, etc., are made up of segments of many activities. One
important "industry" that one may want to look a asawholein order to anayseits interrel ationships with other
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industries is the food and agriculture industry. According to the recommendation of FAO, the economic
accounts for food and agriculture consist of the following activities:?

(@
(b)
(©
(€)
(f)

(9)

(h)
(i)

()
(k)

()

(m)

Crop and animal husbandry (ISIC division 01);

Forestry, logging and related activities (ISIC division 02);

Fishing (1SIC division 05);

Food manufacturing production (ISIC division 15);?

Environmenta protection activities (desertification control, water resource protection,
marine pollution control, erosion control, flood prevention or control and natural reserves,
Research and development relating to crops, livestock, forestry, fisheries and food
production (part of ISIC class 7310);

Veterinary activities (ISIC class 8520);

Technical and vocational and higher education relating to agriculture (part of 1SIC classes
8022 and 8030);

Agro-industries other than food products (part of 1SIC divisions 16, 17, 19, 20);
Production of inputs for the agricultural sector (ISIC class 2412 - manufacture of
fertilizers and pesticides);

Production of machinery and equipment for the agricultural sector (1SIC class 2921 -
manufacture of agricultural and forestry machinery, ISIC class 2925 - manufacture of
machinery for food, forestry and tobacco processing, and part of I1SIC class 3511 -
building of fishing boats and fish processing factory vessels);

Development of infrastructure for rural areas (part of 1SIC division 45).

Many economic activities cited above are only a part of an ISIC class and therefore must be separated before
they can be re-aggregated into oneindustry. As a consequence, the formation of such industries requires the
application of the procedures described in this part on disaggregation and aggregation.

10.22. Increating anew industry in an /O table from existing information, parts of the new industry have
to be separated from the existing I/O table before they can be aggregated to form the new industry. The
separation technique will now be discussed before the aggregation technique.

1. Disaggregation scheme’

11.23. The general scheme is based on two assumptions:

@

(b)

The input coefficients of the industry as separated out are similar to the input coefficients
of the industry that remain;

The consumption by other industries of the output of the industry that is separated out is
proportional to the consumption pattern of the output of the original industry by other
industries.

’FAO, A System of Economic Accounts for Food and Agriculture, Rome, 1996.

3Food production is defined by FAO as including food manufacturing production and primary food production
included as part of ISIC divisions 01, 05.

* See Alan M. Wolsky, “ Disaggregating Input-Output Models” in Review of Economic Statistics, May 1984.
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10.24. Assumethat there exist two matrices. matrix f isthe original flow matrix and matrix aisthe coefficient
matrix derived from the f matrix. Matrix f includes the row(s) of value added, matrix a includes only the
intermediate coefficients. Corresponding to these matrices are the vectors of industry output x and of final
demand y. Then, let's assume that the n industry is split into the remaining industry and the part that is
separated out. The output of industry nis x,, the remaining industry has the output x,, = w; X,, and the output
of the part that is separated out is X,,,; = W, X, where w, + w, = 1.0. w; isthe share of output that remains to
be the output of industry n and w, is the share of output of the newly separated part of the industry.

10.25. The newly disaggregated flow matrix F is obtained by:
- first, multiplying the n™ column by w; to obtain the column of the remaining industry and
then multiplying the same n column by w, to obtain the column of the newly separated

part;

- second, multiplying the n™ row by w, to obtain the row of the remaining industry and then
multiplying the same n" row by w,, to obtain the row of the newly separated part.

10.26. The new fina demand matrix Y can be easily obtained by multiplying y, aternatively with w, and w,.
Below f is the origina flow matrix, F is the newly disaggregated flow matrix, and Y is the newly
disaggregated final demand matrix.

Table 10.6. The new disaggregated flow and final demand matrices

Ind.1 Ind. 2 Industry n Ind. m
Remain split

fi fi . . fin Wy fin W, . . fim Y1

f fy . . fon Wy fon W, . . fom Y2
w; foy w; fp . . w; fonwy w; fon W, . coowg Wi Yn
W, froy w, . . W, fon Wy W, fon W, . oWy Y = W; Yn

F =
fm 1 fm,z . . fm,n Wl fm,n W2 . . fm m ym

10.27. In amore concise mathematical term, F can be written as;
F=SfS

where Sis adisaggregation matrix and S is the transpose of S. The disaggregation matrix S, which is similar
to an aggregation matrix that will be discussed later, is formed in terms of a (m+1)xm matrix in which the two



220

rows of the new matrix F corresponding to the new n" and (n+1)" rows of matrix F have respectively the
values w, and w, on its n™ column, the column which needs to be split. Other rows of S are assigned values
as follows: the first row has 1 at the first column and zero e sewhere, the second row has 1 at the second
column and zero elsewhere, etc.. The S matrix corresponding to F is shown in table 10.7.

Table 10.7. Thedisaggregation matrix

Ind. 1 Ind. 2 Industry n Ind. m

1 0 . . 0 . . 0

0 1 . . 0 . . 0

The 2 0 0 . . W, . . 0
new

s= | splitup 0 0 L W, . 0
rows

0 0 0 1

10.28. The newly diseggregated output is as follows:

X =(Xgy Xpy wery Wy Xy Wo Xy eeey Xp)
10.29. If the newly disaggregated coefficient matrix that is derived from the original matrix f iscalled A, then
A can be derived either by dividing each column of matrix F in table 10.6 by its corresponding industry output
or directly by using the following form:

Table 10.8. The new disaggregated coefficient matrix

aﬂ.l asz . . ain ain . . alm
a21 a22 . . a2n a2n . . a2m
W1 @y W1 @, . - Wia, Wi ap, . - W dy
A= W, @y W, @ . - Wea,  Wpa, . - Wy a8

am 1 am,z . . am,n am,n . . am m
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10.30. Thefollowing example of a matrix f will be used to show how disaggregation is carried out:

10 15 30 45

20 9 75 1635
(10.1) f -
30 50 225 475

40 126 90 0

The last row of matrix f is the row of value added. The original vector of industry output and the origina
vector of final demand are asfollows

x = (100, 200, 150)
y = (45, 163.5, 47.5)

The coefficient matrix a has the following value:

0.10 0.075 0.200
(10.2) a = |0.20 0.045 0.050
0.30 0.250 0.150

10.31. Now we separate;
- Industry 1 in matricesf and ainto industries 1 and 2 in the new matrix F and A and

- Industry 2 in matrices f and ainto industries 3 and 4 in the new matrices F and A,
assuming that output shares are the same for the two caseswith w; = 0.9 and w, = 0.1.

10.32. The disaggregation matrix Sfor the case mentioned above can be written as follows:

09 0 0 0

01 0 0 O

0 09 0 0
(103) S *

0 01 0 0

0 0 010

0 0 0 1

10.33. Inthe S matrix with the order of 6 x 4, which is the matrix to disaggregate the rows of matrix f, we
seethat the first two rows aim at splitting the first row of matrix f, the next two rows aim at splitting the second
row of matrix f, with the respective weights of 0.9 and 0.1. The last two rows of matrix S correspond to the
rows of the third industry and value added in matrix f and the last two columns correspond respectively to the
third industry and final demand in matrix f. The matrix S’ with the order of 3 x 5, matrix S,' which is the
matrix to disaggregate the columns, should have one column and one row less than the transpose of matrix S
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since there is no column corresponding to the row of value added in matrix f. In this example, S is the
transpose of S but with the last row and the last column eliminated .

0901 0 0 O
(104 9 " |0 0 09 010
0O 0 0 01

10.34. Thefinal Fand A are shown below:

81 09 1215 135 27]
09 01 135 015 3
162 18 7.29 08l 6.75
18 02 081 009 075
27 3 45 5 225
136 4 1134 126 90 |

(105) F -

The final F matrix also includes value added in the |ast row.

.09 .09 .0675 .0675 .180)
01 .01 .0075 .0075 .020
(10.6) A = |.18 .18 .0405 .0405 .045
02 .02 .0045 .0045 .005
.30 .30 2500 .2500 .150

Equivalent X and Y are as follows:

X = (90, 10, 180, 20, 150)
Y = (40.5, 4.5, 147.15, 16.35, 47.5)

10.35. Inmatrix A, the input structures of industries 1 and 2 must be the same. Similarly, those of industries
3 and 4 must also be the same. Assumption (b) can be checked by dividing row 3 by row 4 in the final matrix
F.

2. Aggregation scheme
10.36. Suppose that industries 2 and 4 in the new matrices F and A are parts of the international tourist
industry. The creation of the new industry would require the aggregation of the above industriesin matrices

FandA.

10.37. Call Fand A the matrices to be aggregated and aand f the resulting aggregated matrices. |n matrices
F and A, industry 2 must be aggregated to industry 4 to form industry 3 in matrix a, with w, = 0.207 (=
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4.5/(4.5+17.25) and w, = 0.793 (=17.25/(4.5+17.25)) which are output shares of the industries that are subject
to aggregation. The aggregation scheme of the flow and coefficient matrices are discussed separately below.

Aggregation scheme of the flow matrix

10.38. Aggregating the flow matrix is quite Smple: one needs to add the rows to be aggregated together and
then the columns to be aggregated together or vice versa. Mathematically, the aggregation can be written
neatly by using an aggregation matrix. Call G the aggregation matrix. Say Fisa6 x 5 matrix, the same asthe
matrix in equation 10.5, and assume that industries 2 and 4 are aggregated together and put into the new
industry in the third position of the new matrix f, then the aggregation matrix G can be written as follows:

100000
001000
(107 G " 010100
000010
00000 1

10.39. Inmatrix G, on the third row where the resulting new row is put, 1 is entered in the second and fourth
positions. This means that rows 2 and 4 of the original matrix F are aggregated and then put into the third row
of the new matrix f. Since rows|, 3, 5 and 6 are not aggregated, 1 is entered in the firgt, third, fifth and six
elements respectively of thefirst, second, fourth and sixth row of G. Row 2 isto be aggregated to row 4 and
therefore does not have a corresponding row in the aggregation matrix. The transpose of G, G', is for
aggregating the corresponding columnsin asimilar manner. The new matrix f can then be written as follows:
f=GFG®.

10.40. Theresulting flow and coefficient matrices, after aggregation, are shown in tables 10.9 and 10.10

°|f we need to aggregated only rows together we can apply the formulaf = GF. If we need to aggregate only columns
together we can use the formulaf = FG. Aggregation of rows or columns is useful in some economic analysis. For
instance, if one wants to know the use of electricity in manufacturing industries, one has to aggregate all columns of
manufacturing industries together.
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Table 10.9. The new aggregated flow and final demand matrices

Ind. Ind. Aggregated Ind.
1 3 industry 5
Fuu Fis F,+Fy Fis Y,
Fa Fas Fs + Fsy Fas Y,
f= Fo+ Fy Fps + Fys (Fp+Fy)+(FptFy) Fps + Fas y= Y,+Y,
Fe, Fes Fs, + Fs, Fes Y.

Table 10.10. The newly aggregated coefficient matrix

Ind. Ind. Aggregated Ind.
I S 3 industry 5
Ay Ay Wy Ap +wW, Ay, Fis
Az Ag Wy Ag + W, Ay, Fss
a= Ay +A, A Ay Wy (Fp + Fpp )+ W, (Fyp + Fyy) Esar s
Ag, As; w; Fs, + W, F, Fes

where the new vector of industry outputsis as follows:

X=Xy Xg X+ Xy Xs)

10.41. Ingenera, whenindustries n and n+1 are aggregated, the following formula can be used to calculate
the new coefficients:

g =A; fori,jOn
aﬂj = An] + An+1,j f0r] O n
&n =W, Ain + W, Ai,n+1 fori O n

ann = Wl(Ann + An+1,n) + W2 (An,n+l! +An+1,n+l)

10.42. Looking at column 3 of table 10.10 or the formulas above, one can see that the newly aggregated
industry has anew output which isequal to X, + X ,, with the shares of output equal respectively tow ,and w4,

The new coefficients are, as aresult, the weighted average of the coefficientsin columns 2 and 4 of the origina
matrix A.

10.43. Applying the formulasin table 10.9 to the example matrix of 10.5 (para. 10.34), one can derive the

new matrix f with the third industry as the newly aggregated industry which is composed of industries 2 and
4 of the original matrix Fin 10.1 (para. 10.30) as follows:
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(81 1215 225 27|
162 7.29 2.61 6.75
(108) f * |27 216 054 375
27 45 8 225
136 1134 166 90

10.44. Thelast row of matrix f is the row of value added. The new matrix a corresponding to the f matrix
aboveis:

0.09 0.0675 0.180 0.075
0.18 0.0405 0.045 0.087
0.30 0.2500 0.150 0.267
0.03 0.0120 0.025 0.018

(109) a -

10.45. From matrix f in 10.8, one can observe in column 3 the inputs used for the production of the newly
aggregated industry and in row 3 the uses of the output of the new industry by other industries; 16.6 is the
contribution to value added or GDP by the new industry. The latter figure can easily be obtained without going
through the procedures of disaggregation and aggregation shown above, but the former figures can only be
obtained by using input-output analysis.
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X1. INPUT-OUTPUT TABLESAND PRODUCTION ACCOUNTSIN
CONSTANT PRICES

A. Introduction

11.1. This chapter should be read as a continuation of chapter Il. It discusses first the double deflation
method and the procedures for applying the method for the benchmark years when full information is available
and then on the basis of the relationships in the benchmark year and of incomplete annual information, it
discusses the application of the method to estimate annual quantity and price indices in an integrated manner.

B. Double deflation method for benchmark years
1. Definition

11.2. Before discussing the double deflation method, it is necessary to review the definition of GDP:

GDP = value added at basic prices + taxes minus subsidies on products
Vaue added at basic pricesis defined in turn as:

Value added at basic prices = industry output at basic prices - intermediate consumption at
purchasers prices

11.3. The double deflation method is aimed at deriving real GDP implicitly by deflating current industry
output, intermediate consumption and taxes minus subsidies on products. Though the double deflation method
may be applied as a short cut for each industry, it can only be consistently and systematically applied within
the context of the full SNA supply and use framework (SUT). By using the full SUT framework, it is possible
to derive implicit price indices for all aggregates in it such as: GDP, exports, imports, household fina
expenditure, government final expenditure, gross capital formation (which may be disaggregated by industries
and/or by institutional sectors).

2. Procedures

11.4. The double deflation method when applied in the most comprehensive manner requires:



Table11.1. Theusetableat basic prices

Industries Exports Household Government Gross Total product Deflator
Intermediate consumption f.ob. fina fina capital uses
expenditure expenditure formation
Goods M ar_ket Other nor_1—market
services services
@ @ (©)] (&) ® © U] ® ©
Domestic Goods UB11 uB12 UB13 EB1 HCB1 KB1 UB1=(1+.+7) Basic
products Market services uB21 uB22 uB23 EB2 HCB2 KB2 UB2=(1+.+7) price
Other non-market services HCB3 GC UB3=(1+.+7) indices
Imported Goods M11 M12 M13 MHC1 MK1 M1=(1+.+7) Import
products Market services M21 M22 M33 MHC2 MK2 M2=(1+.4+7) priceindices
Other non-market services
Trade and Goods ™11 ™12 T™13 TME1 TMHC1 TMK1 TM1=(1+.+7) Base year tra?e
transport margin
margins
Taxes Goods TX11 TX12 TX13 TXEL TXHC1 TXK1 TX1=(1+.+7)
on products Market services TX21 TX22 TX23 TXE2 TXHC2 TXK2 TX2=(1+.47) Base year tax
Other non-market services TXHC3 TX3=(1+.+7) rates
Gross value added at basic prices V1 V2 V3
Compensation of employees w1 W2 w3
Other taxes less subsidies on production OTC1 OTC2 oT3
Consumption of fixed capital CC1 cc2 CC3
Operating surplus’Mixed incomes 0OS1 0Ss2
Total industry output 11 12 13
at basic prices
Other column total E HC GC K U

Price indices based on cost
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- The supply and use tables of the benchmark or base year;
- The current supply and use tables at current prices,

- Basic priceindices for al commodities;

- Import price indices;

- Changes in wage rates.

11.5. The proceduresfor applying the double deflation method can best be demonstrated using table 2.1 of
chapter 11 and table 11.1*, both compiled with detailed transactions measured at basic prices. (There is an
alternative way of applying the double deflation method that does not require the conversion of the full system
to basic prices. Itisdiscussed in para. 11.45.) There are two reasons for converting the system into basic
prices, namely:

- Price indices are more consistent when the price survey is carried out for basic prices,
which are not affected by changesin trade margins and in tax rates. Basic pricesin many
countries are more popularly named "producers’ prices' or "wholesale prices’ which are
the first prices offered in the process of transactions, excluding taxes on products;

- Provided there are differential changes in trade margins, import prices or taxes rates, the
separation of intermediate consumption at purchasers prices into domestic components
at basic prices, imported components c.i.f., trade margins and taxes minus subsidies on
products would allow the uses of different price indices with different components and
thus the value added at constant prices would be more accurately derived.

(a) Preparation of theusetablein basic prices

11.6. Table11.1, the usetable at basic pricesis derived by splitting every transaction flow of commodities
at purchasers’ prices, for example U1l intable 2.2 of chapter I into four separate components: the domestic
component at basic prices (i.e. UB11) , the imported component c.i.f. (i.e. M11), the component of trade
margins’ (i.e. TM11) and the component of taxes on products (i.e. TX11). For example:

Ull=UB11+M11+TM11+ TX11

Thus along each row of table 11.1, the total uses at basic prices of every domestic product (i.e. UB1) must
equal the total domestic production of the product (i.e. X1 = X11+X12+X13, seetable 2.1).

Application of proportionality for trade margins

11.7.  Normally the ratios of wholesale trade margin, retail trade margin and taxes on products for each
commodity use are not available. The common procedure used in deriving these ratios is to assume that they
are the same for each kind of use of the commodity whether it is domestic or imported goods and/or services.
Thus, theratio of trade margins for goods 1 is equal to TM1/SP1; the ratio of taxes on product 1 is equal to

The presentation here benefits from Bent Thage's Commodity Flow Systems and Construction of Input-Output
Tablesin Denmark, Danmarks Statistik, 1986.

*Trade margins may be broken down separately into wholesale and retail trade margins but for simplicity of
presentation, they are shown aggregated in this chapter.
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TXV/SP1 with al information available in the supply table 2.1 of chapter I1. With the above assumption, it is
possible to derive for example:

TM11/U11 = TM12/U12 = TM13/U13 = TMHC1/HC1 = TMK1/K1=TM1/SP1 and
TX11/U11 = TX12/U12 = TX13/U13 = TXHCL/HC1 = TXKVK1 = TXV/SP1

11.8. Thecensusor survey of distributive trades and services provides the wholesal e and retail trade ratios.
The ratios when available and applied for a detailed list of commodities would enhance the accuracy of the
method. Thus, it should be applied a the most detailed level of commodities available. In some countries such
as Denmark and Norway the method is applied at the level of over 1,000 commodities. Obviously, when the
use and supply tables are aggregated to a smaller number of commodity groups, the ratios of trade margins will
vary by user due to the variation of detailed commodities used in each grouping. The application of the
proportionality assumption at a more aggregated level will lose alot of information available.

Splitting usesinto domestic and import shares

11.9. The splitting of uses into domestic and imported goods isimportant for the purpose of deflation since
prices of domestic goods and imports may change differently, and thus would affect the real value of value
added differently, particularly at the industry level. The splitting of uses which are aready known into
domestic and imported goods requires estimating imports for each element of uses in the use table. Since the
total import of each commodity is known, splitting is simply the problem of allocating this total to its users.
The allocation of an imported commodity may be based on available surveyed information, expert knowledge
and the proportionality assumption:

- Surveyed information of import shares (ratios). Census of manufacturing industries, if
asked, may provide import shares of products used as inputs by every industry. This
information must be analysed together with information provided by expert knowledge.
The share of a product being imported into a particular industry should not be assumed
to be the same across industries. This means that the share of a product which isimported
and used by a different industry or by final demand is different.

- Expert knowledge. The use of surveyed information is not enough to fill up the import
matrix intable11.1, expert knowledge is also needed. The use of information from import
statistics at the very detailed classification level will help identify whether an imported
commodity is complementary and fully imported. For example, natural rubber whichis
not produced in Europe or the United States must be fully imported. It isalso possibleto
know by expert knowledge whether the imported commodity is used for final or
intermediate consumption or for capital formation. For example, imported machinery
certainly will be allocated to gross capital formation and imported motorcycles could be
allocated to final household expenditures. Also at the detailed leve it is possible to guess
in what industries the imported products are used.

- Proportionality assumption. After having fully utilized the available information as
discussed above, the residua of the import of a commodity can be proportionally
allocated. One may allocate the residual to all appropriate users (namely to the elements
of the row in the use table corresponding to that commodity) if the residual is large and
if oneisuncertain about the consumption of the import by the users that have not received
any alocation. One may aso decide that some flows need no additional allocation if one
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is sure about their consumption of the imported commodity. The criterion for allocation
isthe share of use of a particular user within the group to be distributed. For example, in
table 2.2 of chapter 1, if the imports of goods are al distributed proportionally to all users,
then U11/U1, U12/U1, ..., HCL/U1 and K1/U1 will be used as shares respectively for the
goods industry, the market services industry,..., household final expenditures and gross
capita formation. Even without surveyed information and expert knowledge, the
proportionality assumption is more useful if it is applied a the detailed level of
commodity classification instead of at the more aggregate level. Applying the
proportionality assumption at the detailed level will provide a different import ratio for
each element in the use table when commodities in the use table are aggregated.

(b) Deflation by types of products

11.10. The deflation procedure that is applied to the SUT framework varies by type of products. For the
purpose of demonstration, products are classified into three groups. goods, market services and other non-
market services.

11.11. Goods and market services are normally treated similarly since information on their unit price is
normally obtainable, except of course for some market services for which it is not easy or even possible to
determine their quantities and thus their unit prices. Prices of other non-market services are not available
because other non-market services are by definition not for sale. Intable 11.1, it is easily recognized that only
goods have trade margins and that other non-market services are assumed to be not subject to product taxes.

11.12. The basic deflation procedureis as follows:

Firg, deflate goodsand market servicesin the supply table at basic prices (table 2.1 of chapter I1) in
order to derive industry output at constant prices and implicit industry output price indices;

Second, calculate the priceindicesfor other non-market services based on production cost using the
usetable at basic prices (table 11.1);

Third, deflate intermediate consumption and final uses in the use table using basic price indices,
import price indices and the price indices for non-market services calculated in step two;

Fourth, deflate gross vaue added at basic prices residually by taking the difference between industry
output in constant prices and intermediate consumption in constant prices;

Fifth, deflate taxes on products by multiplying total product supply at basic prices (table 2.1 of
chapter 11) with the base year tax rates, applying different rates to imports and domestic goods,

Sixth, obtain GDP at constant market prices as the sum of real gross value added at basic prices and
real taxes on products. (GDP at constant prices can aso be obtained by summing components of final
demand in constant prices.)

Below isfurther discussion of how goods, market services, other non-market services and taxes on products,
value added at basic prices and other components of value added are deflated in the above procedure.
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Deflation of goods

11.13. Domedtically produced goods should first be deflated by basic price indices in the supply table across
every row from column 1-3. The result of the deflation is the implicit price indices of industry outputs at
constant prices and the implicit indices of industry outputs.

11.14. The application of basic priceindicesis aso carried out for al the uses of productsin usetable 11.1.
Here, obvioudly it is assumed that price affects all users similarly in terms of production costs and the
differential effects on users come from changes in trade margins and taxes on products.

Deflation of goods sold at different pricesto different users

11.15. For some products such as energy products which include electricity, gas, gasolines which are
produced and/or supplied by the public sector but sold at different pricesto different users even when there
are no trade margins involved, the application of the same price index in the use table for all usersis not
logical. Different price indicesto different users should be applied, but then it would not be possible to get
the sameimplicit price index for the supply table and the use table. Thisisthe well-known shift-share problem
in price deflation. The problem created is that output quantity produced may decline while output uses at
constant prices may increase and vice versa. The examplein table 11.2 will make this problem clearer. Say
electricity rates for the household sector are different from those set for to other sectors while their respective
shares of quantity used changed.

11.16. Intheexampleintable11.2, prices set for households increased 10% from the base year to the current
year while prices set for other sectors remained unchanged. Because of the price increase, households
consumed less and with el ectricity cheaper and an increasing scale of production other sectors consumed more.
One can seein the indices that there is no change in quantity index but there is areduction in volume index.
In fact, with a shift in sharesit is quite possible to have an increase in quantity index and areduction in volume
index and vice versa. The above example reflects the situation in many countries where different users of
energy are charged different prices.

Table 11.2. Shift share problem in price and quantity indices

base year = 100

Household Other sectors Total
Base year
Quantity 20 10 30
Unit price 6 5
Value 120 50 170
Current year
Quantity 15 15 30
Unit price 6.6 5
Value 99.00 75.00 174.00
Value at constant prices, quantity and volume indices
Vaue 90 75 165
Quantity index 75.00 150.00 100.00
base year = 100
Volume index 75.00 150.00 97.06
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11.17. Inthissituation, the price index applied in the supply table is the one reflecting the cost of production
and the price indices applied to the use table are users' price indices. In some countries, the implicit price
indices derived from the use table are applied to the supply table to "harmonize" the two tables, but in this case
volume indices in the use or supply tables would not reflect real quantity indices.

Deflation of imported commodities

11.18. Imported commodities used for intermediate and final consumption shown in table 11.1 are deflated,
commodity by commodity, by import price indices.

Deflation of market services

11.19 Market services are produced for sale, therefore it seems natural that there exist quantities of services
sold and their unit prices. In practice, it is not easy to define quantities of services and to collect statistics on
their unit prices. There are normally three alternative methods that statisticians use in dealing with the problem.
The first aternative is to use some proxies for unit price indices. For example, many service outputs are
simply deflated by general consumer priceindex or by specid price indices among consumer price indices that
seem appropriate to the service outputsto be deflated.  The second alternative isto construct price indices for
the services on the basis of their costs of production. The approach is similar to that used to deflate other non-
market services that will be discussed later. When price indices are constructed from the costs of production,
the operating surplusisignored, which meansthat it will be deflated by the constructed price index itself when
output is so deflated. Thethird aternative isto derive quantity indices first and extrapolate base year values
by these quantity indices. For example, the number of patients may be used as proxy for the quantitative index
of hospital output. By the last method, price indices are derived implicitly given output at current and base
year prices. It is not possible to describe in detail, product by product, how volume of a service is
approximated or how current values are deflated in this chapter, therefore only some general common practices
are described below.

Deflation of trade margins

11.20. Trade margins, which normally are separated into wholesale and retail trade margins, are the output
of thetrade industries. There should be quantity and price indices developed. But thisis aimost impossible.
Changesin the ratios of trade margins over purchases are assumed to measure changesin price indices of trade
margins even though changes in the ratios may al so include changes in technology. In order to derive trade
margins in constant prices, the ratios of trade margins of the base year are applied to the uses of goods at basic
pricesshownintable 11.1. Itisimportant to note that the ratios used here are the ratios at basic prices which
are calculated from table 11.1 of the base year, i.e they are equal to TM1/UB1 (UB1 isthe total commodity
uses of goods at basic prices) . Theseratios are different from the those that are used to calculate trade margins
at current prices, TM1/SP1 shown in the supply table 2.1 of chapter I1.

Deflation of other market services

11.21. Other market services may be deflated by one of the methods described in paragraph 11.19. The
practice among countries can be as diverse as one could imagine since no international standards have been
developed in this area.

11.22. For financia intermediary services, some countries deflate imputed charges by obtaining details on
various kinds of loans and deposits and their respective interest rates and deflate interest received and paid by
changing their respective interest rates. Volume of explicit interest chargesis normally extrapolated from the
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base year by avolume index of transactions. Other countries compute volume index by the sum of credits and
debits of financial institutions deflated by the price indices of their final uses.

11.23. For passenger transport, price indices of transport fees are normally used to deflate outputs at current
prices. For goods transport, volume indices based on ton-kilometres are normally used to extrapolate real
outputs from the base year and implicit price indices are obtained as a resullt.

11.24. Hotel and lodging room rates can be used to deflate the output of hotel and lodging services by type
of hotel and lodging.

11.25. Theoutput of restaurants and the like may be deflated by input price indices or consumer priceindices.

11.26. For life and casuaty insurance, it is not easy to deflate their outputs by deflating the components that
are used to calculate them. They are either deflated by general consumer price index or special indices
according to kind of benefits.

11.27. Business services such as accounting, legal services, data-processing, engineering and architectural
services, advertising services, machinery and equipment rental and leasing services, etc. are commonly deflated
by input prices and wage rates. Volume indices are created in some countries to measure real outputs of legal
services. Volume indices are based on the number of court cases and proceedings, property transfers and
mortgage advances. Some legal services may be deflated by hourly rate index for lawyers.

11.28. Rents are deflated by rent indices. Owner-occupied housing services may be deflated either by rent
index or by costs depending on how outputs of the services are estimated.

11.29. Deflators of education services and health services that serve specific individuals may be derived
implicitly by first extrapolating rea outputs from the base year by volume indices respectively by the number
of students or patients. General education and general health services that serve the community at large may
be deflated by general consumer price index. But generally, most countries calculate volume indices using
employment based on persons engaged or hours worked in these areas.

Deflation of other non-market services

11.30. Non-market services are deflated by price indices that are constructed from production costs with
operating surplus assumed to be zero. The cost structures of the use table in basic prices should be used for
this purpose. As can be seen from column 3 of table 11.1, the price index for this column is the weighted price
index of all the elementsin the column including components of gross value added at basic prices.

11.31. Inconstructing a price index, compensation of employees can be deflated by changesin wage rates,
other taxes on production can be similarly deflated as taxes on product and consumption of fixed capital is
obtai ned automatically when the perpetual inventory method is applied. If the perpetual inventory method is
not used, the same ratios used in the base year should be used to cal culate consumption of fixed capital in real
terms.

Deflation of taxes on products

11.32. Tax deflators can be approximated by multiplying the change in tax rate and the price change of the
product taxed if taxes on products like VAT are levied as percentages of the value. A better way to achieve
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the same thing is to equalize the volume index of the tax and of the product taxed. The method is shown in

table 11.3 below.
Table 11.3. Calculation of tax at constant prices
t t+1 Index (previous year = 100)
Quantity 100 200 200
Price 3 4.5 150
Value 300 900
Tax rate 3% 3.6% 120
Tax collected 9 32.4
Tax deflator = Change in tax rate x changein price 180
Tax collected in constant price = 32.4/1.8 18
or = volume index of product x tax collected at base year =2 x 9 18

11.33. Thisapproach however is elaborate and very time consuming. A short-cut method can be used instead,
i.e. taxes on products in real terms are calculated by applying the average tax rates TX/SB of the base year

(showni

n the supply table 2.1 of chapter 1) to both flows of domestic and imported goods and services at basic

prices (shown in the use table 11.1). Taxes on products should be separated into: import duties which are
applied only to imports, and other taxes on products which are applied to both domestic products and imports.
In the revised SNA, taxes on products either imposed directly on producers before sales or on sales are
collected and reorganized by commodities as shown in table 2.1 of chapter 11. Subsidies are similarly treated.

Deflation of other components of value added

11.34. Compensation of employees can be deflated by wage rates. Consumption of fixed capital as said above

can bed

eflated in the process of calculating gross and net capital stocks by the perpetua inventory method.

Operating surplus similar to value added can only be deflated residually, that is:

- Value added at constant price = industry output at constant price minus intermediate
consumption at constant prices;

- Operating surplus at constant price = value added at constant prices minus other components
of value added at constant prices.

(c) Choice of index number formulas

11.35. The two commonly used types of indices are the Laspeyres and the Paasche indices. They are fixed
weighted. The Laspeyresindices are based on the weights of the base year while the Paasche indices are based
on the weights of the current year. The formulas are shown below:



235

Volume indices

Laspeyres volume index

Fisher volume index * y/Laspeyres(Paasche

Paasche volume index
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11.36. “In genera, a Laspeyres index tends to register a larger increase over time than a Paasche index.”?
“The Laspeyresindex provides an upper bound to the theoretic index [and] the Paasche index can be shown
to provide alower bound to the theoretic index”* (see columns 2 and 5 in table 11.4). This means that, over

3gystem of National Accounts 1993., para. 16.20.

“Ibid., para. 16.22.
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time, a Laspeyres tends to produce a higher rate of growth in the GDP. The Fisher index is preferable since
it hasbeen provedthat “if the utility function can be represented by a homogeneous quadratic function (which
is homothetic) Fisher's Ideal Index is equal to the underlying theoretic index.®

Table 11.4. Volume growth rate (t/t-1) of GDP of the Netherlands®

Growth rates Laspeyres Laspeyres Fisher (chain Paasche (chain | Paasche (weights
(weightsof 1986) | (chainindex) index) index) of 1986)
1987 14 14 14 14 14
1988 34 2.6 2.6 2.6 2.7
1989 4.8 4.7 4.6 4.4 4.6
1990 4.2 4.1 4.0 39 35
1991 2.3 2.3 22 22 2.0
1992 2.0 2.0 2.0 2.0 2.0
1993 1.3 0.8 0.8 0.8 0.7

11.37. However, the Fisher index has some drawbacks;

- “[Itis] demanding in its data requirements as both Laspeyres and the Paasches indices
have to be calculated, thereby not only increasing costs but also possibly leading to delays
in calculation and publication;

- “[It] is not so easy to understand as Laspeyres or Paasche indices which can be interpreted
simply as measuring the change in the value of a specified basket of goods and services;

“The particular preference function for which Fisher provides the exact measure of the
underlying theoretic index is only a specia case;

- “The Fisher index is not additively consistent.””

11.38. Theweighted Laspeyres volume index is based on the prices of afixed base period and thus tends to
become progressively less relevant to the economic situations of the later periods to the point that it becomes
unacceptable, i.e. therate of growth is overestimated. It may be necessary to update the base period and then
to link the old seriesto the series of the new base period. When weights are changed every year, theindex is
called chained index. Time seriesresults connecting year t to year O can be obtained by multiplying separately
estimated year-to-year volume indices:

®lbid., para. 16.23.

®Sake de Boer, Jan van Dalen and Piet Verbiest, “The Use of Chain Indexes in the Netherlands” , Department of
National Accounts, Statistics Netherlands, 1997.

"System of National Accounts, para. 16.25.
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Hence the name “chain indices.” The overestimation of growth ratesisaverted. The chain volume Laspeyres
index can serve as an aternative to the Fisher index. The SNA says, “The chain Laspeyres index should
provide a very close approximation to the chain Fisher in situations in which it is too difficult or time
consuming to calculate the Fisher.”® A chain index suffers from the lack of additive consistency, i.e. the
deflated tota is not the sum of the deflated components or the sum of the share is not equal to unity.

11.39. The Paasche price index isrecommended for use together with the Laspeyres volumeindex to satisfy
the factor reversal test under which the product of the volume index and the price index must be equal to the
ratio of valuesin current prices.

3. Someimportant remarks

11.40. The comprehensive double deflation method described above requires full information on industry
and commodity outputs, intermediate consumption by industries, imports, exports, taxes on products and price
indices by detailed commaodities. Uses of commodities have to be broken down into values at basic prices,
trade margins and taxes on products with values at basic prices broken down further into domestic and
imported components. If thelist of commoditiesis 500, then all fields of statistics from censuses of production
to foreign trade, surveys of consumer expenditures, government expenditures, and gross capital formation
must be broken down into 500 commodities. The number of activities or industries, however, need not be that
detailed. Many countries classify activities in no more than 100 industries. Normally, the number of
commodities is much higher than the number of industries. The information required normally is available
only for benchmark years and therefore the method cannot be easily applied annually. In countries where it
isit normally takes three years past the year with changes in rea terms. Thus there is a need for a quicker
method, to provide provisiona annual estimates. Thiswill be discussed in part C below. Final annual estimates
will be prepared when more complete information is available.

11.41. A study of the Austrian table showed that®:

() A highly aggregated table would significantly affect biasin constant price values. Deflating
54 products instead of 1,000 domestically produced products and 3,500 imported products
would let estimates of value added at constant prices deviate from the reference solutions
(based on detailed information) by over 10% in 15 cases out of 54 and over 20% in 8 cases,

(i) A separate deflation of domestically produced and imported products would somewhat reduce
the overestimation or underestimation of value added at constant prices made by deflation
without separation of domestically produced and imported products.

8bid., para. 16.67.

°Josef Richter, “The Role of Import-Matrices in Compiling Constant Price Input-Output Tables’ in Problems of
Compilation of Input-Output Tables, edited by Afred Franz and Norbert Rainer, Orac, Vienna, 1986.
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This confirms the advantages of deflating at the detailed commodity level and of separation of domestically
produced products from imported products.

11.42. |Inaddition, the method shows that the implicit price index for household final expenditures may not
be the same as the consumer price indices (CPI) that are compiled independently. The differences are due to
three factors:

- Basic priceindices, not the CPl, are used to calculate the implicit price index for household
final expenditures;

- Some components of expenditures are covered by the SNA household final expenditures but
not by the CPI, namely owner-occupied housing, production for own final consumption,
financial intermediary service charges,

- Normal statistical errors.

But the CPI provides information to check the implicit price indices of household final consumption
expenditures at purchasers prices at both the aggregate and detailed commodity level. For the commodity level,
implicit indices that combine price indices of goods and services, trade and transport margins, and product
taxes consumed must be used.

11.43. The SNA implicit price index should reflect more accurately cost increasesin the household sector.
Theinformation provided by the SNA and CPI is useful for policy analysis.

11.44. Similarly to the CPI, there might also be deviations of price indices calculated within the SNA
framework from those used elsewhere.  For instance, price indices for imports and exportsin the SNA are dso
more comprehensive since they cover both goods and services, including both expenditures by residents abroad
and expenditures of non-residents at home. Checking and adjusting implicit price indicesfor exportsf.o.b.,
and prices against unit price based on data of external trade statistics should a so be done.

4. Alternative procedures

11.45. Some countries apply the double deflation method with a different procedure. The deflation process
isapplied directly to intermediate consumption and final demand in purchasers pricesin table 2.2 of chapter
I1, without separating imports from domestically produced products and without separating trade and transport
margins as well as taxes from basic values. Appropriate indices of purchasers prices are then used for
deflation, which may include indices of import prices, export prices, consumer prices, prices of investment
goods, etc. This method is simpler since it does not require assumptions for separation. However, it may
generate biased estimates especialy when imports are not separated from domestically produced goods as
noted in paragraph 11.40. The alternative procedures may be applied to calculate industry value added and
GDP at congtant prices, but to calculate the /0 table at constant prices, it is necessary that assumptions be used
to create margins and to separate imports from domestically produced products. Nevertheless, more research
is still needed to study appropriate procedures to apply the double deflation method.

C. Double deflation method for annual national accounts
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11.46. For annual derivation of GDP, gross value added by industries and components of final demand in
constant prices, the above elaborate procedure cannot be applied because, normally, the following information
isnot available:

- Intermediate consumption by kind of commodities (at best the information available is total
intermediate consumption over output for the corporate sector collected by annua surveysin
many countries);

- Household final expenditures (at best only information on retail trade is available by survey
which can be used to estimate household final consumption).

11.47. Theinformation that is normally available in current prices includes.

- Gross output by industries;

- Imports by commodities;

- Exports by commodities;

- Gross capital formation by institutional sectors;
- Government final consumption expenditures.

It is necessary to estimate the supply and use tablesin current prices on the basis of the above information and
the supply and use tables of the benchmark year before one can proceed with the deflation process as discussed
above. The benchmark year can aso be the preceding year, when annual SUT tables are established on afirm
basis.

1. Estimation of main aggregatesin current prices

11.48. Thevalue added coefficients of the base year are needed to estimate current val ue added by industries.
In addition, gross value added at current prices from the corporate sector, the general government sector and
non-profit sectors may be estimated independently by taking the sum of compensation of employees, taxes on
production, consumption of fixed capital and profits plus dividends and interests paid out minus dividends and
interests received, which is operating surplus. The latter estimates may be used to adjust the estimates
previoudy obtained by using the base year value-added coefficients for the corporate sector. With all the total
aggregates available, the next step is to break down final demand aggregates into commodity components.
Here, it is necessary to use both available information and the coefficients available in the base year. The RAS
method which tries to estimate the components of an aggregate given the value of the aggregate, the shares of
the components in the base year and possibly values of some components can also be used here. The RAS
method was fully described in chapter 1X.

2. Estimation of the supply tablein current prices

11.49. The egtimation of the supply table in current pricesisin fact that of the total value of each commaodity
in current prices produced in the year. The application of the product-mix assumption to industry outputs will
produce these estimates. This means that for the goods industry for instance the ratios X11/11 are multiplied
to goods industry output to estimate every commodity produced by the goods industry.

3. Estimation of the inter mediate consumption in current prices
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11.50. The estimation of the matrix of intermediate consumption at current prices for table 11.1 is
implemented by the RAS method given value added by industries and final demand and commodity outputs
obtained from the supply table in current pricesin step 2.

4. Estimation of the usetablein constant prices

11.51. The estimation of the use table in constant prices proceeds as described in section B.
5. Deflation process

11.52. With the supply and use table available in current prices, one is able to proceed with the deflation
process as described in section B.

6. Special problem in the annual method

11.53. The comprehensive benchmark method and the annual method focus on estimating value added by
industries and components of final demand in current prices before deriving these values in constant prices.
Normally, annual surveys on various areas of statistics which national accountants have to rely on to get good
estimates come late, always after the end of the year. But there is always a need to have estimates by the end
of theyear. To respond to this need, national accountants have to use monthly and quarterly statistics and rely
on the relationships of the last quarter to the previous three of the previous year to blow up the values of the
three quarters to the full year.

11.54. Inmany cases, they haveto rely on quantity indices of production for some industries. The procedure
of estimating gross outputs is then applied in the reverse direction as previoudly discussed. In such cases, some
guantity index has to be used to estimate an industry output in constant prices first. The output in current
prices is obtained later. For agricultural production, quantities of products are always estimated first, then
multiplied by current prices to get outputs in current prices. In other cases when industry output is a composite
of many commaodities, quantity indices are applied to previous year values and then inflated by constructed
price indices for theindustry. The constructed price indices of the industry outputs are the weighted price
indices of the commaodities produced by the industries. Product-mix shares of the base year have to be used
asweights.

11.55. Inany case, the appropriate method is to obtain valuesin current prices so that they can be balanced
in the SUT framework with other values which are readily available in current prices.

7. Concluding remarks

11.56. Estimation of annual quantity and price indices should be as detailed as possible. However, the
processis normally time-consuming, particularly with regard to the availability of many annual basic statistics
long after the end of the year. It istherefore advisable to proceed by using the use table at a more aggregated
level for preliminary estimates, possibly a a 30-commodity level or less. Revised estimates will be based on
the detailed supply and use tables in current prices updated from the benchmark year.

11.57. Though the method provides real value added by detailed industries and all components of fina
demand by detailed commodities, it may also produce a negative value added at the detailed level, especially
when the base year istoo far away from the current year during which significant technical changes occurred.
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XIl. IMPACT ANALYSIS

12.1.  Normaly, policy makers want to see how a particular industry will evolve in the future so that they
can plan accordingly. They also want to see the importance of that industry in the economy in terms of how
much employment, income and taxes it generates and also what capital and importsit needsto grow. Thus,
impact analyses are usually focused in both directions; the impact of other activities on the industry under study
or theimpact of that industry on other industries. This chapter will present various ways of modelling impact
analysis using input-output tables, including multipliers, backward and forward linkages as well as the use of
the Social Accounting Matrix (SAM).

A. Full-fledged impact analysis
1. Basicimpact equation

12.2.  An input-output model in its simplest form is a full articulation of inter-activity anaysis; the
development of any single industry isinterrelated to the development of all other industries. Thus, the right
approach to study an industry in both directionsis first to predict the path of growth (or if prediction is not
possible, to look at different probable paths of growth) of the full vector of final demand, i.e. the growth of
final demand of every product in the economy and then use the following basic impact equation to calculate
total impacts on gross outputs:

(12.1) )X " (1&A9E Yy

or

(122) )X = C9yd
where C? = (I-A%?

12.3. It isimportant to further clarify the concepts used in equation 12.1 which have been discussed in
chapter X. The basic input-output relations are as follows:

(12.3) X=(-A)'Y
where
Y=S+E-M

Y: The column vector of final demand

S The column vector of final expenditures (i.e. final consumption expenditures of
households, NPISHs and genera government, gross capital formation)

E: The column vector of exports

M: The column vector of total imports.
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AsAX, the intermediate inputs, can be split into two components: one supplied domestically (A%X) and the
other supplied from abroad (M'), equation 12.3 can be rewritten as

(12.4) X =(A*X +M¢)+Y
or

(125) X =A'X +(S+E-M + M")

When the following are given

Y =S+E-M

Y{=S+E-(M-MY
equation 12.1 is obtained. This equation can be applied to the level of Y? or achangein Y9 (M-M%) is
imports for final expenditures. Y is change in final demand. A® stands for the domestic input coefficients.

Its calculation is explained in chapter V1. Y stands for final demand of domestic goods and services.

2. Preparation of theinitial impact vector

12.4. ay9ijsthe initial impact vector that is used to calculate total impacts on other industries in the
economy. It stands for a change in final demand of domestic goods and services. Final demand of domestic
goods and servicesis understood to befinal consumption expenditures plus exports and minusimportsfor fina
expenditures, i.e.:
Final expenditures (S)
.Household final consumption expenditures
.Final consumption expenditures of NPISHs
.Government final consumption expenditures
.Gross capital formation
(+) Exports (E)
(-) Imports for final expenditures (M - M')

A full 2y has to be prepared because change in the output of a given industry is caused by changein fina
demand not only for its product but also for the outputs of al other industries.

12.5. Theresult obtained by equation 12.2 can then be used to compute total impacts on the total economy.

3. Calculation of total impacts

12.6. Thetota impacts on various economic indicators such as va ue added, employment, capital stocks and
imports are further results of the calculation of total impacts on outpults.

Total impact on outputs
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12.7. aX isthe total impact on outputs caused by the change in final demand of domestic goods and
services. It is calculated by equation 12.1.

Total impacts on value added
(12.6) av=vax
Total impacts on employment
(12.7) aL=12ax
Total impacts on capital formation
(12.8) aK =kaXx

where:

ayV isthe change in value added generated by the changein Y as defined in para. 12.3, v isthe row vector of
value added and coefficients (i.e. value added per unit of output of each industry);

al_ isthe change in employment generated by the changein Y, | isthe row vector of employment coefficients
(i.e. employment -- hours worked -- per unit of output of each industry);

aK isthe changein fixed capita stocks required to satisfy the new level of final demand and k isthe row vector
of total stock of produced and even non-produced assets (such as land) per unit of output of each industry if all
assets are summed together.

Vectorsv, | and k may be replaced by matrices if value added, labour and capital can be split into types. For
example value added includes compensation of employees, operating surplus, consumption of fixed capital
and taxes on products and production (indirect taxes); labour can be divided into managers, skilled technicians
and the unskilled. For studying capital formation, some adjustment to the SNA concept may be needed. In the
SNA, capital stock is linked to the economic activity or industry that owns the capital. For this reason,
investment in roads, ports, airports and irrigation networks constructed and owned by the Government may
be linked to the activities producing government services instead of to the economic activities that benefit
directly from them such asthe transport or agricultura industry. Anaysts may need to reclassify capital stocks
to the appropriate industries which benefit.

12.8. Table 12.3 gives an example of an increase in final expenditures in the economy of Thailand which
islistedin column 1. On the assumption of domestic content listed in column 2, final expenditure of domestic
goods and services (2YY) is calculated and listed in column 3. Column 4 shows the increase in outputs
calculated by equation 12.2. Column 5 shows the increase in intermediate inputs supplied by imports (2M')
calculated by (A - A%2X. @MY which isimports for fina expendituresis the difference between column 1 and
column 3. Total impacts on imports or the sum of @M and @MY are shown in column 6. Column 7 shows the
percentage of imports over outputs, industry by industry. Theinput-output coefficient matrix and the domestic
coefficient matrix shown in tables 12.1 and 12.2 provide information used in the calculation. In table 12.4,
total impacts on value added and its components are shown. No dataon capital stocks by industry are available
so that increases in capital stocks can only be calculated in a manner similar to that of value added. Total
impacts on employment can also be similarly calculated.
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Table12.1. Table of input-output coefficientsin Thailand, 1985
1 2 3 4 5 6
1.. Agr. and mining .0984 .2233 .0276 .0000 .0001 .0213
2. Manufacturing 1676 .3295 4342 .0536 4302 1781
3. Construction .0015 .0013 .0006 .0018 .0009 .0083
4. Trade .0260 .0450 .0545 .0054 .0213 .0339
5. Transport .0132 .0238 1118 .0240 .0483 .0181
6. Others .0227 .0210 .0344 1104 .0395 .0398
Compensation .1150 .0943 1195 2144 1759 .3688
Operating surplus 4939 1747 1717 .5299 1921 2071
Consumption of fixed capital .0387 .0309 .0252 .0464 .0703 .0957
Taxes on production .0230 .0562 .0206 .0141 .0214 .0289
Input multipliers 1.646 2.263 2.402 1.363 2.173 1.608
Table12.2. Table of domestic coefficientsin Thailand, 1985
1 2 3 4 5 6

1. Agr. and mining .0980 .1691 .0265 .0000 .0001 .0207

2. Manufacturing 1250 .2243 .3238 .0487 .2805 .1610

3. Construction .0015 .0013 .0006 .0018 .0009 .0083

4. Trade .0260 .0450 .0545 .0054 .0213 .0339

5. Transport .0132 .0238 1118 .0240 .0242 .0181

6. Others .0153 .0204 .0338 .1087 .0333 .0363

Compensation of employees .1150 .0943 1195 2144 1759 .3688

Operating surplus 4939 1747 1717 5299 1921 2071

Consumption of fixed capital .0387 .0309 .0252 .0464 .0703 .0957

Taxes on production .0230 .0562 .0206 .0141 .0214 .0289

Domestic output multipliers 1.443 1.770 1.912 1.294 1.613 1.457
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Table 12.3. Initial impacts and total impacts

1 2 3 4 5 6 7
ay Domestic ayd ax aMi=(A-AY2X | am=amitamy am/ax
ratio
1Agr. and mining 3,350 95.9% 3,197 13,920 2,797 2,935 21.1%
2 Manufacturing 29,485 82.3% 24,278 51,109 8,501 13,708 26.8%
3.Construction 6,743 |  100.0% 6,743 7,020 0 0 0.0%
4.Trade 6361 |  100.0% 6,361 10,300 0 0 0.0%
5.Transport 6,227 96.7% 6,021 9,230 222 428 4.6%
6.0ther 15,388 95.5% 14,739 18,995 281 929 4.9%
Total 67,554 61,336 | 110574 11,796 17,994 16.3%

Table12.4. Increasesin value added
dueto an initial increasein final expenditures shown in table 12.3.

1 2 3 4 5 6 Total
Compensation 1,600 4,822 839 2,208 1,624 7,005 18,098
Operating surplus 6,876 8,928 1,205 5,458 1,773 3,934 28,174
Consumption of fixed capital 538 1,577 177 478 648 1,817 5,235
Taxes on production 320 2,871 145 145 198 550 4,229
Total value added 9,334 18,198 2,366 8,289 4,243 13,306 55,736

4. Endogenization of household income effects

12.9. The tota impacts shown in sections 1, 2 and 3 require that every component of final demand,
including household final consumption expenditure be estimated exogenoudly. Personal consumption
expenditure and its corresponding counterpart, value added, can be endogenized in the basic equation 12.1.
Table 12.5 will show how the household sector can be endogenized in a simple manner, using value added as
aproxy for household incomes. A more elaborate treatment of the household sector is the focus of the social
accounting matrix (SAM) technique that will be introduced in section C.

12.10. Intable12.5, the norma intermediate matrix has been extended into three rows and three columns,
that is, it includes an additiona row for value added and an additional column of household or personal final
consumption expenditures (PCE). Vaue added becomes the source of revenue to finance final expenditures
of the household sector. Since not only is household disposable income normally smaller than value added
but also itstotal expenditures are normally smaller than its disposable income, the PCE coefficients must be
derived by dividing vauesin the PCE column by 220 (total value added). This derivation implicitly assumes
that (i) household income is a fixed percentage of the part of value added that is subject to distribution and
redistribution to the household sector (wages, dividends, net property income, net transfers), (ii) a fixed
percentage of household income is saved, (iii) the income left for consumption is spent on various goods and
servicesin fixed shares.
Table 12.5. Endogenization of the household sector
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Intermediate consumption PCE Other fina Tota
demand (FD)
1 2 3
Product 1) 10 20 35.1 34.9 100
Product @) 20 30 58.5 915 200
Value added (3) 70 150 0 0 220
Total 100 200 93.6

12.11. Table 12.5 showsthat the intermediate demand matrix includes three rows and three columns, &Y®
used in the basic equation 12.1 is the column “other final demand (FD)” with the last element equal to zero.
Thus, the extended A matrix is equal to

.100 .100 .159
A " |.200 .150 .266
.700 .750 .000

12.12. The endogenization of the household sector produces both advantages and disadvantages. On the
advantage side, it is not necessary to estimate directly household income and consumption for a given impact
study. They are the results of the calculation. On the disadvantage side, in addition to the assumption of
constant technical coefficients, it is necessary to make additional assumptions. the assumption of constant
consumption behaviour, constant income distribution shares and constant saving behaviour which are not
normally true even in the short term at a detailed level of input-output analysis.

12.13.  When the household sector is endogenized, the initial impact vector 2Y“ would not include estimates
of household final consumption expenditures. These values will be automatically generated through the use
of value added that is subject to distribution and redistribution to the household sector. The economy is now
driven mainly by government final consumption expenditures, exports, changes in inventories, and gross
capital formation.

12.14. The above example shows the endogenization of only the household sector in avery simpleway. In
order to endogenize additional sectors, for example the government sector, it is necessary to separate value
added into household incomes and government incomes. This will be discussed in section C.

5. Conclusion

12.15. To summarize the discussion of section A, it isimportant to re-emphasize that a study of any industry
in the economy must beimplemented comprehensively, i.e. together with every other industry because of the
inter-industria linkages.

12.16. Insome studies, some economists enter the output of the industry under study into the vector of final
demand Y and calculate total impacts. The results obtained by using equation 12.2 are obviously much greater
than the total contribution of the industry. For example, if the flow matrix in table 1.2, the coefficient matrix
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in table 1.3 and the inverse in table 1.6 of chapter | are used, and the vector of final demand as (100 0 0) is
entered, total impacts on outputs will be (107.7 35.1 14.1). This is nonsensical because the total output of
sector 1 in the economy is only 100 while the estimated output is 107.7. Thistype of analysisis similar to the
use of output multipliers that will be discussed in section B.

12.17. Inorder to clarify further the point made above, assume that anew level of output of a certain product,
for instance X,, would be obtained in the future and that one would want to see the impact of this output on
the economy. Let us cal the vector of other products X ,; then the basic I/O eguation can be written as follows:

X=AX +Y
or
Xl All A12 xl V;|_
(129 |- %
2 A21 A22 Xz Yz

Equation 12.9 showsthat Y, and X, are known. Thus unknown variablesare X; and Y ,.

(1210) X, " A X, % [AX % Y]
(1211) Y, " X, & [AX, % AX]

In equation 12.10, X, iscomputed given X, and Y,. In equation 12.11, given that X, and X, are known, Y,
is calculated as a residual. This means that if X, is oversupplied, the excess must be exported or kept in
inventory. These two equations can also be used to calculate the impacts of changesin X, and Y, on X, and
YZ-

12.18. Thusitisnot possible to isolate the total impact of a particular industry on the whole economy when
calculating its total impacts. Impact analysis of an economic problem would make sense only if it can be
formulated consistently as changesin the vector of final demand, i.e. changesin final consumption, exports,
fixed capital formation (i.e. investment on capital goods) and inventories.

12.19. The impact analysis described above requires an articulation of the initial impact vector which is
described in equation 12.5. It looks as though the full initial impact vector of the entire economy always has
to be formulated. It is not so, however. For instance, the total impact of a project on the economy can be
consistently formulated since change in final demand is only a vector of changes in capital formation (i.e.
investments). Similarly, effects of changes in exports on the economy can also be calculated.

12.20. Inaddition, for any type of impact anaysdis, it isimportant to differentiate short-term from long-term
effects. Increasein fixed capital investment is mostly short-term, the effects will disappear when production
of goods and servicesfor the investment project stops. The long-term effects would be replacement investment,
maintenance and operation expenses to sustain the new production activities created by the project. How
would that be introduced in the model described in equation 12.2? The answer is that an increase in
replacement investment can be formulated as an increase in capital formation and an increase in maintenance
and operation expenses can be formulated in terms of an increase in final demand that directly and indirectly
requires the incremental level of maintenance and operation expenses.
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B. Other types of impact analysis

12.21. Other types of impact analysis are also used in input-output economics. These techniques are more
ad hoc as compared to the method described in section A. The more prominent ones are multipliers and
backward and forward linkages.

1. Multipliers

12.22. Multipliers measure the total effects on either output, employment or value added, given an increase
in one unit of output of a particular industry. The multiplier of an industry can be calculated by equation 12.2
to obtain @X and then sum it up by using the final demand vector Y®in which only the value of final demand
of that industry product issetto 1 with therest set to zero. But this produces the same result as calculating
the sum of the column corresponding to that industry of the domestic Leontief inverse C*. Thissum is called
the output multiplier. Column sums of the Leontief inverse C summarize total inputs required and thus are
called input multipliers. Input multipliers and output multipliers for each industry for the Thai economy in
1985 are shown at the bottom of tables 12.1 and 12.2. One can see that output multipliers should be smaller
than input multipliers because imported inputs would not have any effects on the economy. Multipliers are
mathematically defined as follows:

n
(12.12) Input multiplier of industry j = N Cij

cd

(12.13) Output multiplier of industry j * i

S

12.23. Multipliersin table 12.2 show that in Thailand in 1985, one unit of output of construction (industry
3) created more total outputs than any other sectors and that the output multiplier of agriculture and mining
(industry 1) issmaller than the output multiplier of "other" industry (industry 6) though potentially it may have
more impact (look at table 12.1 to see that the input multiplier of agriculture and mining is larger than that of
other industry) because of imports of inputs.

12.24  Other types of multipliers such asincome and employment can aso be calculated as follows:

Income multipliers

n
(12.14) Income multiplier of industry J * J Y Cﬁl
Employment multipliers
(12.15) Employment multiplier of industry J * 3 Ii.CS
|

12.25. These multipliers calculated using the domestic Leontief inverse C° are interpreted in the same way
as output multipliers. They show total increases in either income or employment given an increase in one unit
of output of each industry.
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12.26. In an ad hoc sense, multipliers can be used as useful indicators to assess variation in effects for a
particular activity in microanalysis such as at the regional level. However, if multipliers are used as criteriafor
development for the whole economy, thereis atendency to conclude (depending on the objective of the society
for either highest total output, highest total income or highest total employment) that the industry with the
highest multiplier, and that industry alone, will be selected for development. This conclusion tends to lead to
the misuse of multipliers. This type of analysisis similar to the calculation of total economic impacts of an
industry by using its output asfinal demand asanalysed in section A.  Any meaningful long-term analysis will
have to start with the formulation of the vector of final demand.

12.27. Findly, in relation to the use of income multipliers, it is noteworthy that all value-added multipliers
arethesame, i.e. all equal to 1if imports for intermediate goods and services are not eliminated from the 1/0
coefficients. Thisis so because equation 12.14 is the same as the price equation discussed in chapter | (see
equation 1.16, para. 1.30). The "value-added" multipliers can be interpreted as follows: for a one-dollar
increasein value of final demand of any domestic product, the value added will increase by the value of 1 in
order to provide enough income for the final demand. In other words, afinal demand of one dollar of any
domestic product, must be matched by a one-dollar increase in income. Given that only part of value added
ispaid out as labour income with part of thislabour income used for final consumption, and given again that
imports of goods and services are not eliminated from the 1/O coefficients, one may calculate income
multipliers by endogenizing the household sector asin paragraphs 12.9-12.13.* Again, al industries will have
the sameincome multiplier which is greater than 1 by ascalar. For example, the income multipliers of every
industry in matrix A in equation 12.14 are equal to each other and to 1.7405, which are elements of the third
row in the Leontief inverse. Thismeansthat for anincrease in final consumption of one dollar, income must
increase by 1.7405 since only a part of income is spent on final consumer goods and services. Readers may
want to make up some examples of the A matrix and then proceed to calculate income multipliersin order to
check the above conclusion. Thus, the discussion here tries to convey the main idea that without introducing
imports of intermediate inputs into equation 12.14, income multipliers would not be meaningful for industry
anaysis.

2. Backward and forward linkages

12.28. Theterms*“backward and forward linkages® of an industry are meant to measure the inter-industrial
linkages of a particular industry to other industries as suppliers of inputs (backward linkage) and as a provider
of input to other industries. These concepts are developed in the context of studying devel opment strategy.

Many authors” have proposed definitions as well as methods to measure these linkages.

12.29. Thedirect backward linkage of an industry is measured by the sum of the column corresponding to
that industry in the coefficient matrix A. The total backward linkage is measured by the sum of the industry
column in the Leontief inverse.

'Readers can see the proof of this in Thijsten Raa, Linear Analysis of Competitive Economies, Hemel Hempstead,
Harvester Wheatsheaf, 1995.

2 See P.N. Rasmussen, Studiesin Sectoral Relations, Amsterdam, North Holland, 1956; Albert O. Hirshman, The
Strategy of Economic Development, New Haven, Yale University Press, 1958; Hollis B. Chenery and T. Watanabe,
“International Comparisons of the Structure of Production” in Econometrica, Vol. 5, No. 2, October 1958; Pan A.
Y otopoulos and J. B. Nugent, “A Balanced-Growth Version of the Linkage Hypothesis: A Test” in Quarterly Journal
of Economics, Vol. 90, No. 2, May 1973; Leroy P. Jones, “The Measurement of Hirshmanian Linkages”’, ibid.
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12.30. Thedirect forward linkage is measured by the sum of the industry row in the coefficient matrix A.
Thetotal forward linkage is measured by the sum of the industry row in the Leontief inverse.

12.31. Thelinkages also differ in whether A, A%, C, C° are used. The meaning of each concept derived by
using different types of data should be apparent to readers of part A of this chapter. Of course, al these
quantified concepts suffer from the same weakness of the multipliers since total backward linkages are nothing
but output multipliers.

C. The System of National Accounts (SNA) and Social Accounting Matrix (SAM) asan extension
of 1/0 model

12.32. Inpart B, the endogenization of the household sector does not explicitly show household incomes. The
extension of the input-output framework in the SNA would allow us to show how incomes of the household,
government and other sectors are formed.

12.33. Asnoted in chapter |1, household incomes are not the same as compensation of employees. Household
incomes can be obtained only after the process of distribution and redistribution of incomes. For example, the
household sector receives, in addition to compensation of employees, dividends, interest on its deposits and
transfers from other sectors like social security benefits but it also has to pay out income taxes, interest on
loans, social security contributions, fines and penalties and other types of transfers. The net receipts form the
disposableincome. Disposable incomes of other sectors are formed in asimilar way. All these distributions
and redistributions can be modelled by extending the input-output framework to incorporate this type of
distribution and redistribution. The usefulness of this extension has already been discussed in part B. Table
12.6 will show an example of how the process of distribution and redistribution of incomes is modelled.
12.34. Itispossibleto observe from table 12.6 that the full input-output matrix is spelled out, including every
component of value added from column 1 to column 2 and from row 1 to row 5.

12.35. Columns 3-5 show the appropriation of value added shown in rows 3-5 by institutional sectors.
Column 3 shows how compensation of employees (130) generated in the production process in row 3 is
appropriated by the household sector. Column 4 shows taxes on products and production being all appropriated
by the Government. Column 5 shows how consumption of fixed capital and operating surplus are appropriated
by the household sector as mixed incomes and by other financial and non-financial sectors (i.e. other sectors)
before being distributed and redistributed.

12.36. Rows 6-8 show the receipts appropriated by various institutions before being distributed and
redistributed.

12.37. Columns 6-8 show the net distribution and redistribution of receipts appropriated in rows 6-8. Column
6 shows how the receipts received by the household sector (140) are paid to the Government as direct taxes
and contribution to social security (60), and to "other sectors' asinterest payments, current transfers, etc.
(10), with the residual (70) as disposable income. Column 7 shows the government receipts paid out to the
household sector (30) as social security benefits, etc. and to "other sectors' (5) as subsidies, grants. Column
8 shows the net distribution of "other sectors' to the household sector (17) asinterest, dividends, etc., to the
government sector (3) as business income taxes, and to "others' (30) as interest, dividends, or retained
earnings.

Table 12.6 . Endogenization of the household sector
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1 2 3 4 5 6 7 8 9 10 11
PCE Other Total
FD

1. Industry 1 10 20 35.1 34.9 100

2. Industry 2 20 30 58.5 915 200

3. Compensation of employees 40 90 0 130

4. Taxes on products and 10 0 0 30

production 20

5. Other value added 20 40 0 60

6. Household 130 10 0 140

7. Government 30 60 3 0 93

8. Others 50 0 50

9. Household incomes 70 30 17 0 117

10.Government incomes 58

11.0thers incomes 10 5 30

Total 100 | 200 | 130 30 | 60 | 140 93 50 93.6

Note:  PCE = personal final consumption expenditure
FD =fina demand.

12.38. Row 9 shows net incomes received or retained by the household sector. The total disposable income
is equal to 117. Corresponding to this row is column 9 showing the consumption expenditures of the
household sector, which are equal to 93.6 only. Thisamount is smaller than the total disposable income, part
of which is saved.

12.39 The endogenization of the household sector will turn the matrix between columns 1-9 and rows 1-9
into the intermediate flow matrix F. The corresponding output vector that is needed to convert the intermediate
matrix F into the coefficient matrix A is X = (100 200 130 30 60 140 93 50 117), the other final demand matrix
iSY =(34.991.50000000) and the extended A matrix is

10 10 .000 .00 .000 .000 .000 .000 .300]
20 15 .000 .00 .000 .000 .000 .000 .500
40 45 000 .00 .000 .000 .000 .000 .000
10 .10 .000 .00 .000 .000 .000 .000 .000
A" |20 20 000 .00 .000 .000 .000 .000 .000
.00 .00 1.000 .00 .167 .000 .000 .000 .000
00 .00 .000 1.00 .000 .428 .000 .060 .000
00 00 .000 .00 .833 .000 .000 .000 .000
.00 .00 .000 .00 .000 .500 .322 .340 .000]

It is possible to apply equation 12.2 to find X given Y but of course A is needed.
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12.40. Intable 12.6, the government sector is not internalized, becauseif it was, it would be necessary to add
an additional corresponding column of final consumption expenditures for this sector.

12.41. The attempt to trace the formation of ingtitutional incomes presented above is part of the SNA
framework which is actually further extended to trace also the distribution of savings and the uses of these
funds to finance investments in both financial and non-financia instruments, which form the capital and
finance accounts. The Social Accounting Matrix (SAM) is the extension of the SNA system where the
household sector is split into more sectors (high, low incomes, etc.). SAM may be extended further than the
example givenintable 12.6 toinclude all capital accounts and financial accounts. Readers are advised to read
chapter XX of the SNA for afull discussion of SAM.

12.42. One may be tempted to think about the possibility of endogenizing every component of final demand,
but this would in fact lead us to the problem of optimal growth that is beyond the scope of this study.
However, it is already possible to perceive the limitation of this approach since it assumes that everything is
determined in a"fixed" manner, including economic behaviours. The linking of business incomes to capital
formation is more questionable than the linking of household disposable incomes to household fina
consumption expendituresin a"fixed" manner because investment as discovered by Keynesis quite volatile.
Many genera equilibrium models have relaxed this "fixed" relationship by the introduction of prices and other
effects. Other coefficients such asinput-output coefficients and import coefficients that are assumed fixed can
also berelaxed. Thisis particularly true for import coefficients that were discussed in chapter VI.
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X111, AN ANALYTICAL APPROACH TO THE CALCULATION
OF THE "GREEN GDP"*

13.1. Theinput-output model isonewidely used tool in anaysing pollution problems. This chapter isaimed
at showing how 1/0 modelling may be utilized. Infact, there are many alternative waysin modelling pollution,
depending on the abjectives of the model and data availability. The model presented in this chapter aims at
showing how /O can be used to answer a“what if” question on the impact of pollution abatement on GDP.
The chapter does not in any way imply arecommendation since there currently are many models, from the very
simple to the highly sophisticated, that have been experimented with.?  The framework in this chapter
extends the ssimple I/O model to quantify explicitly pollution abatement activities, the information on which
at thistimeislacking in amost every country. If these activities are not explicitly shown, the model would
be similar to many models commonly applied. In this chapter an "analytical concept” of Green GDP is
introduced. It is defined by deducting from GDP the cost of abatement activities projected in a "what if"
scenario, to avoid or eliminate degradation, as well the indirect feedback of these abatement activitiesincluding
the pollution generated by abatement activities themselves and also the additional value added created by the
latter. It differs from the "accounting concept” of Green GDP which is defined in the SNA Handbook on
Integrated Environmental and Economic Accounting (SEEA) (Sales No. E.93.XVII, 1993) and in other
environmental accounts systems, and which is calculated as the difference between GDP and the maintenance
cost value of degradation. For the above reasons, the analytical concept of GDP should be looked at as no
more than an exercise in using the 1/0 mode.

13.2.  The accounting concept of Green GDP is calculated for present accounting periods, the analytical
concept of Green GDP is computed for “what if” scenarios describing the future. Also, the analytical concept
cannot be standardized in the same manner as the accounting concept in SEEA. The value of the analytical
concept of Green GDP would depend on the changes that are modelled to take place in the future as a result
of shiftsin resource uses to abatement activities; and those shifts are different, depending on the modelling
scenarios that are used.

13.3. The analytical concept of Green GDP is developed in this chapter not to replace but rather to
supplement the accounting concept of Green GDP. The differences between the two might be a measure of
the extent to which the economy would have to change in order to adapt to the shift in economic activities
needed to abate pollution in the future. Such adaptation might be considerable where pollution caused by
industries is severe and the resources available for abatement activities are limited. On the other hand, if
pollution is limited and many abatement activities have aready taken place, the analytical and accounting
concepts of Green GDP might converge.

13.4.  When in the remaining part of the chapter the term Green GDP is used, it refers to the analytical
concept of Green GDP. No further references will be made to the accounting concept as defined in the SEEA.

1This chapter is a slight revision of the paper written by Viet Vu and Jan Van Tongeren for the second meeting of
the London Group on National Resources and Environment Accounting, Washington, D.C., 15-17 March 1995.

’Readers can see references to some of the work donein this field at the end of the chapter.



255

13.5. Theanaytica concept used in the chapter is mainly based on |/O relations and restrictions included
in the national accounts. With help of the I/O focus, the implications of the approach areillustrated. The I/O
approach should be considered as afirst step in amore extended modelling exercise which will ultimately also
include income and financial restrictions on abatement activities that are reflected in the institutional sector
accounts of the SNA. The present chapter should therefore be considered as a report on work in progress.

13.6. Thechapter isdivided into four sections. Thefirst section describes an input-output framework that
is adapted to the calculation of the Green GDP. The second section presents asimple I/0 model in which the
Green GDP only alows for pollution generated by production activities, and al pollution is assumed to be
abated. The third section extends the I/0 model to deal with pollution generated by household consumption,
and furthermore allowsfor partia abatement of pollutants generated by production and household consumption
beyond a socidly tolerated level of pollution. Section four is exploratory, in the sense that it goes beyond the
scope of the 1/0 modd and supply and use table (SUT) of the SNA and enters into elements that form part of
the Integrated Economic Accounts (IEA) of the SNA. These deal with payments for pollution abatement
through taxes and subsidies, and with saving and other elements financing investments in pollution abatement
equipment.

A. Adaptation of thel/O framework to the Green GDP

13.7. Below is presented an adapted version of an /0O model in which the Green GDP is defined as the
GDP that takes account of pollution abatement activities needed to reduce pollution generated within the
current accounting period below a socially accepted level. This definition excludes the effects on GDP of
abating pollution accumulated during previous periods. The model also assumes that there exists technology
that can abate all pollutants generated by production and consumption activities in the economy.

13.8. Two types of activities are distinguished in the model: all economic activities except pollution
abatement activities, and pollution abatement activities. Thefirst group isreferred to as economic activities
and the second group is called abatement activities. Inputs and outputs of economic activities are measured
in monetary terms. The output of the abatement activities is the services that result in elimination of the
pollutants generated by production and consumption.

13.9. The two I/O models below are based on n economic activities (excluding pollution abatement
activities), m pollutants and m pollution abatement activities. These define the following vectors and matrices:

A,: then x ndirect input coefficient matrix of economic activities, presenting the inputs of
products from economic activities (monetary units) per unit (monetary unit) of output of
economic activities

X;:  thenx1vector of outputs of economic activities measured in monetary terms

Y,: thenx 1 vector of fina uses of products from economic activities, measured in monetary

terms

the m x 1 vector of outputs of pollution abatement activities (=pollutants abated) measured

in physical units

o : them x n direct pollution coefficient matrix of economic activities, presenting the amount of
pollutants (physical units) generated per unit of output (monetary units) produced by
economic activities

0,: them x m direct pollution coefficient matrix of abatement activities, presenting the amount
of pollutants (physical units) generated per unit (physical unit) of pollutant abated (i.e. per
unit of output of pollution abatement activities)
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0s: them x n direct pollution coefficient matrix of final uses, presenting the amount of pollutants
(physical units) generated per unit of product (monetary units) consumed by households
and/or otherwise used in final demand

H :  then x mdirect input coefficient matrix of pollution abatement activities, presenting the
inputs of products from economic activities (monetary units) per unit (physical unit) of
pollutant abated (i.e. per unit of output of pollution abatement activities)

Y,:  thelxmvector of pollutants unabated.

13.10. In defining above the vectors of pollution generated in economic activities, and the vectors and

matrices of pollution abatement activities, both the pollutants generated as well as the pollution abatement

services are expressed in physical terms, i.e grams, litres, etc. Thistype of mixed monetary-physical valuation,

which has become standard in environmenta input-output analysis (see ref. 2-7), has been applied to the two

I/0 modelsin sections B and Cl. In section D, which deals with value added and incomes in monetary terms,

the physical units are replaced by the maintenance cost valuation of the SEEA.

13.11. Using theterminology defined above, two identities are defined that are closely related to each other:

(13.1) X, = AX, + HX, + Y,

g

(132) Xg glxl + gzxg + gBYl - Yg

13.12. Equation 13.1is based on the conventional 1/0O system, showing the use of the outputs of economic
activities. AX, is theinput used in the production of outputs of economic activities. HX, is theinput used
in pollution abatement activities: X, isthe pollutants abated, or --said differently-- the outputs of abatement
activities, measured in physical units; H being the direct input coefficient matrix of pollution abatement
activities, converts X, to products of economic activities that are needed to abate pollutants generated. Y, is
the product of economic activitiesthat are used in final consumption, assuming there are no other final uses.

13.13. Equation 13.2 shows the total amount of pollutants abated X . It isequal to the pollutants generated
by the output of economic activities X, (i.e. g X ), the pollutants generated by the output of pollution
abatement activities (i.e. the pollution generated by the abatement of pollutants) X, (i.e. g,X), the pollutants
generated by final consumption (i.e. g;Y;), minus the pollutants that are not abated Y, with the latter
determined by the socially accepted level of pollution, which in many countries is set normatively by
government environmental protection agencies.

13.14. Thetwo identities are presented below in amatrix format, that is similar to a conventiona 1/0 model

and may be handled in the same way:

X
X

X
X

Y,

g;V,&Y,

A H
9, 9

1 1

" %

(13.3)

9 9

13.15. Without pollution abatement, the model would be reduced to:

(13.4) X=AX +Y
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inwhich X and Y are not necessarily the same as X,, Y, inidentity 13.3. The extent to which they deviate
depends on two factorsthat reinforce each other. The first one is the quantitative importance of the pollution
coefficient matrices g,, g, 9,which determinesthe pollution to be abated and thus the output of the pollution
abatement industries. The second factor is the input coefficient matrix H of pollution abatement activities,
which determines the amount of output that is diverted for use as inputs of the abatement industries, and is thus
no longer available for final use. The environmental accounts features are thus integrated with the
conventiona input-output coefficient matrix A, without any modifications or adjustments of its coefficients.

B. Green GDP based on asimple /O model

13.16. This section uses a very simple, but somewhat unredlistic, version of the 1/0 model presented in
section A, in order to explain the method adopted in this chapter to calculate the Green GDP. In this example
it isassumed that final use of goods and services does not generate pollution and that all pollutants generated
by industries are fully abated.

13.17. Thus,asg;=0and Y, =0, equations 13.1 and 13.2 are reduced as follows:

(13.5) X, = AX, + HX, + Y,

g

(13.6) Xy 0.X, + %X,

13.18. By rewriting equation 13.6 and expressing X in terms of X, and then substituting this value X into
equation 13.5, the following expressions can be derived:

(13.7) X = (I - g)'eX,

g

(138) X, AX; + H(-g)'aX, + Y,

13.19. Further rewriting 13.8 gives:

(13.9) Xy = [ A + H(l'gz).ng] Xy + Y,
Direct inputs used Direct inputsused in Final use
in economic abatement activities
activities

In13.9 Y, isthe Green GDP. Without pollution abatement, alarger part of output is available for final use,
i.e,

(13.10) Y.= H(-g)"g,X, + Y,

Thus, Green GDP Y, is smaller than the conventional GDP Y ., as some final use of Green GDP is diverted
as direct input in abatement activities.

13.20. A numerica example may further illustrate the above. Init, the first two rows and columns represent
economic activities, the third ones refer to the pollution abatement activity, and there is only one pollutant.
The direct input coefficient matrix is assumed to be as follows:
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1
15 25 | 002
(13.11) i
20 05 | 004
]
| 1 3 I 020 |

13.21. In matrix 13.11, A, isthe 2 x 2 matrix in the top left quarter, g, isthe 1 x 2 vector on the bottom left,
H isthe 2 x 1 vector in the top right, and g, is represented by the bottom right cell. H in the top right describes
the abatement technology that is currently available; thus, in order to eliminate 1 unit of pollutant, .002 of
monetary value of product 1 and .004 of monetary value of product 2 are needed; this also generates .2 unit
of pollutant.

13.22. The point of departure for using coefficient matrix 13.11 is an output vector, i.e.,

(1312) X, -

1,000
2,000

The flow relations derived from this are shown in 13.13 below, using equation 13.9 to calculate the Green
GDP and equation 13.7 to calculate pollution abated X, Thefirst two rows show the outputs of economic
products, intermediate consumption and final usesin monetary terms. The last row of the flow matrix shows
the pollutant in physical units generated by each industry, and fully abated.

Outputs Intermediate consumption Final use
1,000 150 500 14.3 335.7
(13.13) = +
2,000 200 100 28.6 16714
7,142.8 1,000 6,000 142.8 0

13.23. Thus, the Green GDPisequal to thetotal value of fina use, whichis (335.7+1,671.4) = 2,007.1. The
GDP without pollution abatement is equal to the Green GDP plus the values of inputs used in pollution
abatement shown in the first two elements of the third column in the middle part of the equation, i.e. 2,007.1
+(14.3 + 28.6) = 2,050. Full abatement of pollution will thus reduce GDP by 2.1% in this example. Thelast
row shows total output and output of pollution in each industry abated.

C. Green GDP based on amorerealistic 1/0 model

13.24. Inamoreredigtic I/0O modd, two of the assumptions of the simple model have been eliminated, and
al elementsin equations 13.1 and 13.2 are utilized. Thus the realistic model includes pollution caused by
final uses(g,Y, in equation 13.3) and in it not al pollution is abated, but rather a socially acceptable level of
pollution (Y, in equation 13.3) has been introduced.

By rewriting 13.1, Y, isexpressed interms of X, i.e.
(13.14) Y, = (I-A)X, - HX

g

By substituting the above expression for Y, in 13.2, X, can be expressed in terms of X,. Thus:
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(13.15) X, =[1- (- GH)I ™ [g0 + G(I-A)IX - [1 - (G - GH)I™ Y
By subgtituting R=1-(g,- g;H), 13.15issimplified to:
(1316) X, =R [g +g(I-A)]X; - R Y,

13.25. Replacing X, in equation 13.1 by that in equation 13.16, it is possible to write equation 13.1 in terms
of X, and exogenous variables Y, and Y, asfollows:

(13.17) X;= {A + HR™[g, + g(I-A)]} X, -HR'Y, +Y,
Direct inputs Direct inputsused in Minus: Direct inputs  Final use
used to produce pollution abatement of pollutionthat is
output of activities (full not abated
economic abatement of pollution) (socially accepted
activities pollution)

13.26. Therelationship presentedin 13.17 aboveis similar to 13.9 in the case of the smple 1/0O modél. In this
case, polluted GDP (Y.) isequal to polluted GDP (Y ,), plus direct inputs used in pollution abatement activities
if all pollution were abated, minus direct inputs of pollution that is not abated, i.e.,

(13.18) Y. =Y, +{HR"[g, + gs(I-A)]} X, - HR'Y,

13.27. The use of equation 13.18 in the calculation of the Green GDP is similar to what was described in
section B (equation 13.10).

13.28. Below is presented a numerical example similar to that in section B, which includes the following
additional values:

(13.19) 0 (2 15)

1,000

(13.20) Y,
13.29. Assuming again the same output vector asin the example of section B (equation 13.12), while using
theidentity of equation 13.17, the flow matrix of outputs, intermediate consumption, final use and pollutants
to be abated, can be calculated as follows;

Outputs Intermediate consumption Final use
1,000 150 500 20.7 -2.0 3313
(13:21) 2,000 — 200 100 414 - 4.0 ¥ 1,662.6
9,343.4 1,000 6,000 186.9 3,156.5 - 1,000

13.30. Thelast dement in the last column, 3,156.5, represents the total pollutants generated by final usesin
the case of full abatement, minus 1,000, which is the amount of pollutants tolerated in the economy. The
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Green GDP (Y,) in the example is equal to (331.3 + 1,662.4) = 1,993.7, and the GDP without pollution
abatement (Y.) isequal to the sum of the elementsin the vector below:

3313
1,662.6

207 & 2
414 & 4

350
1,700

(1322) Y, -

0
¢ %

D. Adaptation of the /0O model to study the economic impact of pollution abatement policies

13.31. Thel/O models presented above reflect the scope of the discussion of Green GDP until now. In this
discussion only production and final use considerations play arole, while effects on income, redistribution of
income and the (financial) ability of industriesto pay for pollution abatement are not dealt with. These effects
and the redtrictions they pose are, of course, important in the further development of an analytical concept of
Green GDP as presented in this chapter. However, they can only be dealt with effectively if the datain the
ingtitutional sectors of the SNA are included in the discussion and until now no clear conceptual framework
for doing this has been elaborated. In view of the importance of this aspect, however, some preliminary
thoughts have been elaborated below on how to adapt the 1/0 model to study other economic impacts of
pollution abatement policies. Further work on this continues in the Statistics Division.

13.32. Thediscussion below isin two parts. Thefirst one discusses the incorporation into the model of output
of abatement activitiesin monetary terms, partial abatement, environmental taxes and subsidies, and payments
for abatement of pollution generated by final uses. The second part deals mainly with savings of institutional
sectors and forms of financing investments in pollution abatement equipment.

13.33. Thediscussion below does not enter into two other important limitations of the 1/0O model. Oneisthat
neither prices of outputs nor intermediate consumption of industries are affected, even though the pollution
abatement activities affect the resources available for final use. Also, the 1/0 models do not enter into any
optimization of final use and Green GDP, which could only be achieved by applying linear programming
techniques in which input and pollution coefficient matrices of equation 13.3 would play arole, and which
would also take into account the capital stock needs of each industry.

1. Allocation of pollution abatement servicesto industries and final uses

13.34. The I/O models for the derivation of Green GDP discussed above only describe the pollutants
generated by industries and final uses, and do not identify the industries and final-use sectors paying for the
abatement services. Furthermore, Y, shows the pollutants that are tolerated but does not specify in which
industries or final use categories. Thus no information is available on the effects of abatement expenses on
the operating surplus of industries and how final uses are actually affected.

13.35. Toidentify the effects of abatement expenses by industries and final uses, equation 13.2 of the I/O
model istransformed into a pollution abatement equation, presented as 13.2' in the table below. It assumes
that a specified percentage (*) of pollution by typeistolerated for each unit of output. In addition, the output
of abatement activities (X;) must now be measured in monetary terms.



261

g 10Xy + %0, *305Y 4

Abatement costs assumed Abatement costs
to be paid by industries assumed to be paid
by final uses
(principaly fina
consumption by
households)

13.36. Inthetable, *; isam x m diagona matrix in which all off-diagonal elements are zeros and diagonal
elements are equal to the percentages of pollutants abated. Using the percentage of pollutant tolerated in each
industry® to distribute Y ; to intermediate inputs of each industry, the latter is reduced to zero. If X jis measured
in monetary terms, equation 13.3 which incorporates 13.2' becomes a conventiona 1/0O model. Thedirect input
coefficient matrix of the I/0 model measures both inputs to the production of economic activities and inputs
of pollution abatement activities.

13.37. The abatement cost assumed to be distributed to industries and final uses on the basis of a model
incorporating equation 13.2' is presented in table 13.1 below. In addition to the separate line for distributed
abatement cost, the table includes for each industry --i.e. economic and abatement activities- and final use
sector, the output, inputs, value added and fixed capital requirements. The abatement cost corresponds to the
cost of pollution abated in each industry and in final uses, taking into account that pollution is only abated to
aspecified degree. Intheallocation, it is assumed that each industry and final use must pay for the pollution
it generates. The alocation isbased on a maintenance cost valuation of abated pollution. Thus, pollutantsin
physical units have been converted to costs of abatement, assuming linear |/O relationships and direct costs
of abating each unit of pollutant by type.

Table 13.1. Pollution abatement input-output structure
(based on monetary valuations abatement)

Economic Economic Abatement Abatement Final
activities activities activities activities uses
1 n 1 m

Output

Inputs

Abatement cost

Value added

Fixed capital

reguirements

*The assumption made in equation 13.2 is not entirely realistic. Pollution abatement is normally required when the
total level of a pollutant exceeds a specified tolerated level for a particular firm and not when a level of pollutant
generated by each unit of output exceeds a specified level of tolerance. However, this micro and more realistic scenario
cannot be well incorporated into an 1/0O model asthe latter relies on amacro view of an industry in which establishments
involved in similar activities are aggregated into industries.
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13.38. Themode of 13.2' would require further refinement to the extent that payments for abatement services
are often not paid for by the industries causing the pollution. Thusin practice the following scenarios may be
encountered:

@ Private firms, independent of industries produce abatement services and then collect feesfrom
industries and final users who generate pollution;

(b) Industries produce abatement services as ancillary activities within the same establishment;

(© The Government produces abatement services (e.g. garbage collection) and then either
collects pollution taxes on products (i.e. indirect taxes) from industries and direct pollution
taxes from final usersthat generate pollution, or provides implicit subsidies by not charging
any fee.

13.39. To accommodate the three scenarios (a) - (¢) mentioned above, the model needs to be modified. For
cases (a) and (b), in table 13.1, the value added and consequent operating surplus of an industry are reduced
by the abatement cost paid for by each industry. In case (b) abatement is carried out as an ancillary activity
of the establishments themsealves. To deal with this case, ancillary activities mentioned in (b) are treated in the
model as separate establishments.

13.40. If in case (c) the Government carries out the abatement and charges for it through environmental
product taxes (for instance fees for garbage collection paid for by industries), the operating surplusis smilarly
reduced by the abatement cost. On the other hand, if the Government pays for the cost of abatement, but does
not charge afee, the value added of the industries concerned must be modified to include a subsidy equal to
the abatement costs so that their operating surplus will remain unchanged.

13.41. The costs to abate pollution generated by final users are part of final usesif paid for by fina users,
otherwise a subsidy equal to abatement costs has to be entered into the column of final uses.

13.42. Itisnot possible to discuss all possible modifications but suffice it to say that table 13.1 has to be
analysed and modified to reflect government policies on the payment of abatement costs.
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2. Financing investmentsin abatement equipment by sectors

13.43. Indtitutional sectors are the entities that make investment decisions and therefore an impact study of
pollution abatement must pursue the additional capital costs that institutional sectors have to pay in order to
abate pollution. Because of the abatement costs incurred by each sector, operating surplus and therefore
savings needed to pay for fixed capital requirements of abatement equipment are affected. To determine these
effects on the financing capacity of each sector, a“Green Value Added” after deduction of abatement costs,
and fixed capital requirements by industries shown in table 13.1 must be allocated to the institutional sectors
that own the establishments.

13.44. To achievethisredlocation, the cross-classification matrix between industries and sectors (CCIS) --a
new analytical feature in the 1993 SNA-- might be used, asin table 13.2 below. Inthe CCIS matrix, common
elements between the SUT (supply and use table) and IEA (integrated economic accounts), such as value
added and capital formation, are cross-classified by industries and sectors.

13.45. To use the CCISto reallocate industry data on output, inputs and value added to sectors, the CCIS
matrix of value added for the base year may be used and assumed to be a share coefficient matrix that remains
constant over time. Thus, in table 13.2 the shares of each sector are entered instead of levels. The sum of each
column then adds up to 1.0. Some further work needs to be done to determine which sectors are carrying out
each of the abatement activities and to estimate their shares.

Table13.2. Cross-classification of valued added by industries and sectors (CCIS)

Economic Economic Abatement Abatement
activities activities activities activities
1 n 1 m

Non-financial sector

Financial sector

Government sector

Household sector

13.46. If the CCIS share matrix of value added is S, and V4 is the diagonal matrix where the off-diagonal
elements are zero and the diagonal elements represent value added classified by industries, then value added
classified by ingtitutional sectors (V) is:

(13.23) Vi = S Ving

13.47. The CCIS share matrix used to distribute abatement costs may not use the value added shares matrix
but rather the shares of operating surplus. Fixed capital requirements might be linked to output by
capital/output ratios. The allocation to institutional sectors of abatement costs and capital requirements is
otherwise similar to equation 13.23.

13.48. The capital requirement when classified by ingtitutional sectors would show investment capital needed
to abate pollution by each institutional sector. These increased capital requirements are to be confronted for
each institutional sector with the lower value added, operating surplus and net saving, due to the effects of
pollution abatement.
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13.49. Theeffectsareillustrated in tables 13.3 and 13.4 below. Table 13.3 classifies the data by industries
and final usesand table 13.4 isareclassification of the data by ingtitutional sectors. Intable 13.3 it is assumed
that an abatement cost of 10 is caused by economic activities of non-financial corporations and that the
Government carries out the abatement activity and assumes the cost. Thus an environmental subsidy (-10) is
imputed to economic activities, which eliminates the effect of the imputed abatement cost on operating surplus.

13.50. In table 13.4, the effects on the income and capital accounts of the non-financia sector and the
government sector are shown. To convert the data of table 13.3 to a sector classification in table 13.4, the CCIS
matrix is used. In this simple exampleit is easy to trace how the transactions of table 13.3 are reconstituted
in table 13.4. For the non-financial sector, all other things being equal, the operating surplus will remain as
before the introduction of pollution abatement and thus the net savings will remain 15 and the net lending
will too. Asthe government sector carries out the abatement activity, its net borrowing is equal to -40 and
the net savings due to its abatement policy is-10.

13.51. Theabove analysis could be made moreinteresting if the non-financial sector were broken down into
many more sub-sectors with significantly different levels of pollution.

Table 13.3. Pollution abatement input-output structure
(based on monetary valuations of abatement)

Economic Government Fina
activity abatement uses
activity
Inputs 50 4
Abatement cost 10 1
Vaue added 40 6
Compensation of 35 6
employees
Environmental -10
subsidy
Operating 15 0
surplus
Output 100 11
Fixed capital requirement 30
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Table13.4. Economicimpact on institutional accounts

Non-financial Government
corp. sector sector

Output 100 11
Production Intermediate consumption 60 5
account (inputs + abatement cost)

Value added (including 40 6

environmental subsidy)

Operating surplus 15 0
Income accounts Environmental subsidies -10

Net savings 15 -10
Capital account Capital formation 30

Net lending(+)/net borrowing(-) 15 -40
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