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The choice of type of input-output table revisited:
moving towards the use of supply-use tables in
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Abstract

The construction of symmetric input-output tables (SIOTSs) is a controversial issue as regards the
choice of model to construct both product-by-product and industry-by-industry SIOTs, especially
the former ones. However, there has been little attention paid so far by the UN and the Eurostat
Systems of National Accounts on the choice of type of SIOT to carry out impact analyses let alone
other input-output applications. Concerning the price and quantity models in input-output analysis,
this paper identifies severe problems in the correct interpretation of the meaning of their results
and proposes the use of supply and use tables instead of SIOTs to solve these problems.
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1. Introduction

Typical research questions that can be addressed by imppiHanalysis are as follows.
What is the impact on employment of an increase in househotmissumption of

renewable energies? Or what would be the effect on fuel pridean increase in the
labour costs of the electricity industry? Many input-oufpractitioners would claim that
they could easily answer these questions as long as thegt dmgdose of the so-called
symmetric input-output tables (SIOTs). However, very fasthars reflect on the issue
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that in both examples the impact drivers and the resultifegtf are referring to different
issues. On the one hand, households may increase theirmaptisn of bio-fuels (of a
single product or group of products) while the impacts dttuafer to the number
of jobs created in a certain industry. On the other hand,Ualsosts have increased
in the electricity industry while the price effects shouédar to a single product (e.g.
fossil fuel). Thus, we believe that the main unnoticed stwrting underlying the use
of SIOTs to address these types of research questions isglseits symmetry, in the
sense that they are defined either on a product-by-prodwct an industry-by-industry
basis. Moreover, although the choice of type of SIOT is plgyncreasingly a relevant
role in the most recent systems of national accounts, tliegretvide unclear guidelines
on the type of table to be used for what type of analysis. Tten® clear structure or
even clear recommendations. As it will be shown in this paberso-called supply and
use tables solve efficiently this matter since they are deforea product-by-industry
basis rather than on a product or on an industry basis onérefbre, we will eventually
recommend exploring new possibilities in order to find aléasupply-use based input-
output techniques to give a proper answer to the type of sumesstaised at the beginning
of this paragraph.

Accordingly, Section 2 will introduce the input-output fin@work; the next section
will address how the issue of the choice of type of SIOT is fiigently dealt with by
the United Nations and European Systems of National Aceo@gction 4 reviews the
most relevant input-output applications, namely the gtyaand the price models; and
the last Section concludes with some recommendations doethefits of using supply
and use tables rather than SIOTs in impact input-outpulyaizal

2. The input-output framework

Following Rueda-Cantuchet al. (2009), an input-output framework revolves around
the so-called supply and use tables. They can be seen astthég mix of industries
and the industries’ use of inputs, respectively. On the oaedhthe supply table
comprises an intermediate matrix of goods and servicessjrpvoduced by industries
(columns), plus additional column vectors including impodistribution margins (trade
and transport) and net taxes on products, all of which madkéattal supply of products
of an economy. On the other hand, the use table representsstioaily produced and
imported intermediate and final uses. They may be valuedsit bad at purchasers’
prices. There are several additional column vectors thawvshe usual final demand
categories, i.e. final consumption, investment and expartd additional rows, which
eventually represent the different components of the gralse added, e.g. labour costs,
capital use, other net taxes on production and net operstirnmus (see Tables 1 and 2).
Note that the valuation of the supply and use tables is notctaent. The supply
table is measured at basic prices, which means excludidg &ad transport margins and
net taxes on products. To the contrary, the use table is meshal purchasers’ prices,
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Table 1: Simplified overview of a supply table (Rueda-Cantuste, 2009).
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which means at the price producers and/or consumers pays goatiservices for final
use or intermediate inputs (including trade and transpargms and taxes less subsi-
dies on products). As stated by Eurostat (2008), basicpédoethe preferable valuation
concept in the supply and use framework in the sense thabviges a more homo-
geneous valuation. Thus, for analytical purposes a valnas much homogeneous as
possible will be required as the input-output relationstaree interpreted as technical
coefficients.

The construction of SIOTs has suffered from controversa@itigbutions in the
literature. On the one hand, a product-by-product tablerdess the technological
relations between products (Eurostat, 2008). The intelatednatrix describes a kind
of recipe of how to produce commodities in terms of the amewsed of others,
irrespective of the producing industry. On the other handustry-by-industry tables
depict inter-industry relations. The intermediate mawiuld describe on an industry
basis, the use of commodities of the other industries (Eat,c2008).

Independently of the purpose of the analysis, both typed©TS have their own
advantages and disadvantages. On the one hand, the plydpobduct tables are more
homogeneous in their description of the transactions beiegof the most commonly
used tables in input-output analysis (productivity, corigmn of costs structures, em-
ployment effects, energy policy...) and have a clear inputcture in terms of prod-
ucts for intermediate uses and value added for the compensatlabour and capital
for homogenous branches. However, product-by-produtgsakquire labour intensive
compilation tasks; they must be based on analytical assangpthat take final results
away from actual market transactions and observationshance, they make more dif-
ficult the integration of other statistical sources and #qorting on the transformation
procedure. On the other hand, industry-by-industry tablesmuch closer to statisti-
cal sources; they allow for an easier comparability witheotbtatistical databases; they
are less labour intensive to compile, being based on pragasgumptions rather than
on analytical hypotheses. Nevertheless, the larger thengecy activities in the supply
table are the more difficult it becomes to identify homogersecost structures in an
industry-by-industry table.

In practice, most of the countries worldwide compile pradoygproduct tables
although there are some hardly negligible countries likerbark, the Netherlands,
Norway, Canada and Finland that compile industry-by-inguSIOTs. Nevertheless,
one can always shift from one type to another as it is showrablers.

Basically, the choice of the type of SIOT is related to thatmegent of secondary
products (Rueda-Cantuche and ten Raa, 2009). There aredimoapproaches to elim-
inating secondary production from industries in order tbfgemogenous branches of
production in a product-by-product SIOT. Both of them carbaved from combining
the information on input structures depicted by the useetalblbasic prices with the
supply table so that all the secondary production (inclgdire inputs used to produce
them) are re-allocated either to the industry for which thedpct is a primary output
(product technology, Model A) or to the main product of thdustry that actually pro-
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duces it (industry technology, Model B). The transformeel table is what is referred to
as an input-output table (UN, 2009, par. 28.47). It follohettin deriving a product-by-
product matrix in the simplest possible way, the final demaintthe use table remains
unchanged. By contrast, the demand for intermediate usklsbaur and capital inputs
are determined by the nature of the products made (UN, 2@G0928.48).

There are other possible technology assumptions availatie literature, that were
reviewed by Viet (1994) and by ten Raa and Rueda-Cantucld8j2@ho also provided
their advantages and disadvantages from a theoreticabagipi(see also Kop Jansen
and ten Raa, 1990). For more details, the interested readddt check the above re-
ferences.

In deriving an industry-by-industry SIOT in the simplestyahe key issue is
reallocating items between rows rather than between cauasin product-by-product
SIOTs). Contrarily to the product-by-product SIOTSs, fingés will have to change thus
indicating now the intermediate and final demand assoctatdloe industry supplying
the products rather than to the products themselves. Rinallthe use tables have
industries in columns and products in rows and we aim to cocsta SIOT with
industries both in rows and columns. Concerning the valukeddomponents, they
remain unchanged because the level of the industry outpilltaat be altered by the
methods used for the construction of the SIOT.

It is assumed that as the level of the product output chamgeshat of the industry
output, the pattern of sales will however remain the sames. i§italled a sales structure
approach and only two approaches may be identified: the fixdwasiry sales structure
assumption (Model C), where the industry deliveries arepahdent of the products
delivered, and the fixed product sales structure (Model Djere they are instead
independent of the producing industry. Rueda-Cantuchagem&aa (2009) identified
Model C as the most suitable from an axiomatic point of view.

For reading Table 3, let us define a use mattxs (ujj) i,j =1,...,n of products
i consumed by industry, and a supply matri¥T = (vij) i, j = 1,...,n where product
i is produced by industry, which is actually the transposition of the so-called make
matrix V. Models A, B, C and D can be easily formalized on the basis ppsuand
use matrices as it is shown in Table 3, where we provide bsidgatrices that can
be used to shift from one model to another. The matrices imthi diagonal refer
to the mathematical expressions of the technical coeftigigatrices of each model.
Eventually, SIOTs can be calculated by post-multiplying & matrices depicted in
Table 3 with a diagonalised matrix of product outputs (forddts A and B) or of
industry outputs (for Models C and D). Simple matrix algetma be used by the reader
to trace proofs.

Following the Eurostat Manual’s (2008, p.349) notation atehoting as ~ the
diagonalization whether by suppression of the off-diagefements of a square matrix
or by placement of the elements of a vector; we have dergpéastthe column vector of
industry outputg as the column vector of product outp@;= V'g* as the product-
mix matrix with share of each product in industry outputgsly table);D = Vg ! as
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the market shares matrix with contribution of each indusimne product output (supply
table); andZ = U§ ! as the inputs requirements for products per unit of outpurof
industry (use table).

Product-by-product SIOTs (mainly using Model A or a slighthodified version)
are the most common type of SIOT compiled by many EuropeamrJoountries.
Furthermore, Model B implies a mix of input structures thatkes the use of product-
by-product SIOTs inconsistent with technically orientegut-output analysis. Some
European Union countries compile industry-by-industr8$. They usually apply
Model D (fixed product sales structure) for the transfororatf supply and use tables
into input-output tables. Model D is clearly preferred, daghe unrealistic feature of
the alternative assumption of fixed industry sales strectur

3. The choice of type of input-output table in the UN and European
systems of national accounts

The choice of technology assumption in the constructionrofipct-by-product SIOTs
has played a relevant role in the various systems of natamtalunts and handbooks/ma-
nuals published by the United Nations (UN) and Eurostat.HBodontrary, the choice
of type of SIOTs (product-by-product or industry-by-inthy$ has been almost fully
neglected. In this section, we will explore the treatmenthif issue by the two latest
systems of national accounts published by the UN and Eurtsgether with their
respective handbooks or manuals.

3.1. SNA93, UN Handbook of 10 Compilation (1999) and SNAOS8

Essentially, the SNA93 (UN, 1993) states that only produyeproduct tables will be
described in detailed since they are often proved as modgulugear. 15.150) but
however the SNA93 does not provide any justification for #esortment and simply
ignores industry-by-industry tables.

It was not until the publication of the UN Handbook of Inputiput Compilation
and Analysis (UN, 1999) when industry-by-industry tablesaived a more detailed
treatment, although still not too far reaching. After paivg the definitions of product
and industry SIOTs (par. 4.41), the UN Handbook asserts itithtstry-by-industry
SIOTs are much less useful than product-by-product SIOTaume an industry might
represent a group of establishments, part of which may béceaity created by
mathematical methods (e.g. extrapolation) and thereflares not reflect any “realistic”
picture of the economy. Concerning 10 modeling, the UN Hawdb(par. 4.60) also
states that industry-by-industry tables are of almost mer@st to analysts since final
demand is, rarely, in terms of industry outputs.

With an increasing interest for industry-by-industry SK)The new System of
National Accounts-SNAO8 (UN, 2009) now includes one sectipecifically for these



Table 3: Bridge matrices for technical coefficients to switch betweiferent types of SIOTs.

To:
MODEL A MODEL B MODEL C MODEL D
From: Product-by-product Product-by-product Industry-by-industry Industry-by-industry
' Product technology based| Industry technology based| Fixed industry sales structure| Fixed product sales structure
Model A Ap(U,V)=zcCt Ag(U, V)= A, CD Ac(U,V)=CtA,C Ap (U, V) =DALC
Model B Aa(U,V)=AgD1C? Ag(U,V)=ZD Ac(U,V)=C1agD? Ap (U, V) =DAgD
Model C Aa(U,V)=CAcC? Ag (U, V)= CA:D Ac(U,V)=C1z Ap (U, V) = DCA¢
Model D Aa(U,V)=D1ApC? Ag(U,V)=DApD Ac(U,V)=C1DtAp Ap(U,V)=DZ
Legend

A = Technical coefficients matrix

VT = Supply matrix
U = Use matrix

e = Column vector of ones
Z = Inputs requirements for products per unit of output of an indusisg table)

C = Product-mix matrix with share of each product in output of an gtu(supply table)

D = Market shares matrix with contribution of each industry to thigotof a product (supply table)

ayomued-epany |\ 9sor
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kinds of tables (pars. 28.57 to 28.63). As to the choice oétgpSIOTs, the SNAOS
states that both product-by-product and industry-by-stiguS1OTs serve different ana-
lytical functions (price consistency, labour market, w@alogy, inter-industry relations...).
It is also interesting to remark that in one of the annexes @g421), the SNAOS rec-
ognizes a change of emphasis from product-by-product St@iredustry-by-industry
ones.

3.2. ESA95, the Eurostat Manual of Supply, Use and 10 Tables (2008)
and the ESAO08 (draft version)

Unfortunately, to the knowledge of the authors, neitherBB&A95 nor the draft version
of the European System of Accounts —ESA08 (Eurostat, 2008¢rtions explicitly
the issue of the choice of type of SIOTs. The ESA95 just oftefexible approach
to compile industry-by-industry SIOTs or product-by-puctl SIOTs according to the
objective of economic analysis. As in the SNA93, it is recaemaied to compile the
latter tables although industry-by-industry tables aiso accepted if the industries
are close to homogenous units of production (Eurostat, 2033 ). Nevertheless, the
Eurostat Manual (2008) considerably deals with this isautsichapter 11.

Following the Eurostat Manual (2008, p. 301), (. pyéduct-by-product input-output
tables are theoretically more homogeneous in their defioripof the transactions than
industry-by-industry tables, since a single element oflétier can refer to products
that are characteristic in other industries. This suppdlts assumption that in practice
product-by-product tables generally are better suited riwany types of input-output
analysis. For example, it seems more feasible to use prdguproduct input-output
tables for productivity analysis or the analysis of new teabgies in the economy. On
the other hand, industry-by-industry input-output takdes possibly the better option if
the economic impact of a major tax reform is studied on thésbafsinput-output data
(...)". Similarly to the UN Systems of National Accounts (838 and SNA08) , there is
also here only a general remark on the suitability of the yf8IOT, which cannot be
considered as a clear guidance on which types of tables &e used for what type of
analysis.

Broadly speaking, very little secondary output reportedhia supply table would
lead to fade away the distinction between products and tridesSo, a relatively low
level of secondary activities reported in the European brdopply tables may well
suggest, as one can read in the Eurostat Manual (2008, p, B@@)the difference
between product-by-product SIOTs and industry-by-ingusStOTs is relatively small,
and consequently both transformations can be regardedlidsogdions for impact
analysis. However, (...)it'must be noticed that secondary activities vary considra
across sectors even the general level is (awy’ (Eurostat, 2008; p. 309).

The Eurostat Manual (2008, p. 340) eventually argues tthet type of tables that
best fulfils the standard quality criteria is the industry-imdustry table based on the
assumption of fixed product sales structures and the preolqtroduct SIOT based
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on the product technology assumption. These types of tadllest the accumulated

experience and current practice of those countries mosinpeently involved in the

compilation of SIOTs Focusing on the these two models (Models A and D) to coustru
product-by-product tables and industry-by-industry eéablrespectively, the Eurostat
Manual defines a set of quality features of both types of SI(pT840-341):

Transparency

Industry-by-industry SIOTs provide more transparencytpaduct-by-product SIOTs
because the fixed product sales structure assumption caarivedifrom the supply

and use tables without too much effort and in such a way thgeaitivees do not appear.
Conversely, the product technology assumption is usugiyied in a complex context

requiring a balancing procedure to treat the negative attsrtbat may arise and thus,
causing less transparency.

Comparability

Industry-by-industry SIOTs guarantee more comparabilityy national accounts data
since they are closer to statistical sources, survey eanid actual observations. To
the contrary, product-by-product tables have been coahil@n analytical step which

creates less comparability with the sources but at the same guarantees more
comparability across nations.

Inputs

Product-by-product SIOTs have a clear input structurermseof products for interme-
diate use and value added for the compensation of labouraithtfor homogenous
branches. However, in industry-by-industry SIOTs, mixaddies of goods and services
rather than homogeneous products are reported for intéateeghd final uses.

Resources and timeliness

The compilation of product-by-product tables based on thdyrct technology assump-
tion requires more resources and balancing efforts dueadrdatment of the nega-
tives that may appear. Consequently, publication may bayddl However, industry-
by-industry tables can be directly derived from supply ase tables with less resource
intensive efforts.

Analytical potential

The Eurostat Manual (2008, p. 341) states thattistry-by-industry tables are well
suited for specific analytical purposes which are relatedirtdustries (tax reform,
impact analysis, fiscal policy, monetary policy, étevhile product-by-product tables
“are well suited for many other specific analytical purposdsctv are related to
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homogeneous production units (productivity, comparisgfarost structures, employment
effects, energy policy, environmental policy, étdlthough useful, this distinction just
enumerates possible applications without a clear guidameénich types of tables are to
be used for what type of analysis, which will hopefully bepded by this deliverable.

To cut a long story short, the choice of type of SIOT is not aveht issue in the two
most recent ESAs (1995 and 2008) although the Eurostat M&20@8) gives much
more insight into the matter than any of the UN documents. ¢l@w we still think that
a deeper and clearer connection between standard inputt@gplications and the use
of product-by-product and/or industry-by-industry tetie needed.

4. The relevance of the applications: the quantity and the price
models in input-output analysis

4.1. The quantity and price models in input-output analysis

The main purpose of this section is to present briefly therttamal background of the
two most commonly and broadly used models in input-outpatyasis, i.e. the quantity
and the price models. It will follow a discussion on the cleodt type of SIOT for each
type of model together with some guidelines.

Dietzenbacher (1997) considered the following SIOT in nyot@ms (say, euros)
for period O:

Xo fo Xo
T T
vy — vie

Xg eTfo

Xo is then x n matrix of intermediate uses; its typical elemeﬁtdenotes the value
(in euros) of the deliveries from industry (productp industry (product), which will
depend on the type of SIOT used. Dietzenbacher (1997) didawéver distinguish in
his paper between the two types of SIOTs referring implicdl the time to industry-
by-industry tables. The column vectfy can be interpreted as sectoral (product) final
demands including private and government consumptioesiments and net expovts
The row vectorv] gives the value added in each industry (product or homogenou
branch), containing, for instance, payments for the lalama capital primary factors.
The value of each industry (product) output is given by therants of the vectaxg

1. Dietzenbacher (1997) made this assumption without losgeokrality and for the sake of notational
convenience.
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while e denotes th&-dimension column vector of ones. Column-wise, a SIOT dspic
input structures and row-wise, output structures. Sineddhal value of outputs equals
the total value of inputs, for each industry (product), thiofving sets of accounting
equations are obtained:

Xo = Xpe+fp 1)

x5 =€ Xo+ Vg 2

It follows that the input coefficients are defined as the imgu§roduct)i’s input
into industry (product) as a fraction of the purchaser’s outpn?)( They are obtained
asaﬂ = xﬂ /x?, or in matrix terms, af\o = Xo%, > WhereXo denotes a diagonal matrix.
Then, equation (1) may be written as:

Xo = AogXo +fo (3)

In a similar way, the output coefficients denote the indug§prpduct)i's delivery
to industry (product)j as a fraction of the seller's output®j. They are obtained as
b = x3 /x° or, in matrix terms, a8y = X, ' Xo. Subsequently, equation (2) may be
rewritten as

Xg = Xg Bo-+V{§ 4

From the accounting equations (3) and (4), it is usual toinlke so-called.eontief
quantity modetnd theGhosh price modetespectively. However, we must include also
two other types of models that are not so often treated inrthetioutput literature but
that deserve to be mentioned for the sake of comprehensisene

Quantity models

Equation (3) rests on the assumption of fixed technical aoeffis being the new
industry (product) output vectox{) required for an exogenously specified new final
demand vectorf() such that,

X1 = (| —Ao)ilfl (5)

Given a shock in the physical amounts consumed by final usexmduct (or of
the bundle of products produced by a certain industry, bathgrily and secondarily
produced), then the effect on the total output value of tliistry (product) output is
given byx;. Notice that in thideontief quantity modehere is no change in prices.
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Furthermore, equation (5) can also be expressed as a ratimipef output value of
the period 0 &

Rotx1 =Kot (1 — Ag) RoXp 11 = (I —Bo) %o 11 (6)

which gives the variation rate of the quantities producechéet the new final demand.
That is, the new output total valury( results from the multiplication of old pricep()
by the new quantities demandeyi | such as,

X1 = Pody (7)

whilst the old output values result from the amounts conslwadued at prices of period
0, as

Xo" = (Poblo) " = 8o Po (8)

Then, by replacing the right-hand side (RHS) of equatiorb§6gquations (7) and
(8), itis straightforward that,

8o Po ™ Pods =o'y = (I —Bo) "% 'f1 (9)

which is the so-calledGhosh quantity moddgDietzenbacher, 1997). A change in the
final demand shares over the total output value of period Bezhby variations in the
quantities demanded will lead to changes in the quantitiedyced.

Price model€quation (4) is based on the assumption of fixed output cosfiis. For a

new value added vectov)), the new total output values are calculated by,
X =v} (I —Bg)™? (10)

Given a price change in any of the primary factors used (gdyespeaking, capital and
labour), then the effect on the output value of the indugtrpquct) output is given by
X»2. Notice that in thisGhosh price moddhere is no change in quantities consumed of
primary inputs and of goods and services.

Moreover, equation (10) can also be expressed as a ratimpgesfwutput value of
the period O as,

X3 Rot =i R Ro (1 —Bo) 1Rt = Vi Xt (I —Ag) t (11)

2. The relationship between the Leontief and the Ghosh insarae be found in Miller and Blair (2009, p.
548).
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which gives the price variation of products generated byvaréation in the prices of
primary factors. That is, the new output total valug)(results from the multiplication
of old quantities producedy§) by the new pricesg,) such as,

X3 = p3 o (12)

while the old output values result from the amounts consuvaéged at prices of period
0, as
o' = (Polo) " =G Po" (13)
Therefore, by replacing the RHS of equation (11) by equatid?) and (13), it is
easy to obtain that,

P2 8oGo Pyt =PI Pt = ViRt (I —Ap) (14)

which is the so-called.eontief price modebr supply-driven mode(Dietzenbacher,
1997). A change in value added shares over the total outpue vd period O caused
by variations in the prices of primary inputs will lead to dgas in product prices.

4.2. The relationship between the models and the choice of type
of input-output table

Quantity models

The Ghosh and Leontief quantity models are demand driveretao@ihey both measure
the effects on the output (in physical and monetary valesgpactively) of a change in
final demand. To that purpose, the use of product-by-protaldes would imply to
assume a shock in the final demand of a specific product ircésely of the industry
that actually produced it. For instance, for an increasdéénhouseholds’ purchase of
electric cars against fuel based vehicles one would needdupt-by-product table in
order to quantify the effects on the quantities of energyissupplied to meet such
new demand. Furthermore, if greenhouse gas direct emssareravailable on a product
basis, the total effects on the environment can be easibulzded with a product-by-
product table by multiplying the new output vale(from equation 5) by the emission
levels per product output. Nevertheless, emission coeffisiare mostly available on an
industry basis, which then makes product-by-product tabtesuitable. Furthermore, if
one eventually uses an industry-by-industry table theutaled effects would be caused
instead by a change in the final demand of the bundle of goadisenvices produced
by a specific industry, which is not necessarily that of a gjgecommodity. All in all,

in the case of environmental analysis, the kind of data alikéland the objective of the
analysis definitely play a major role in the choice of type Eto be used.
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Input-output analysis is also applied to labour marketyses through the calcula-
tion of employment multipliers under the Leontief quantitpdel. Due to the fact that
employment data are usually recorded by firms and therefarepgd by industries,
industry-by-industry tables may be more appropriate thadyrct-by-product tables. It
is not very likely to find employment data related to produbtsreover, one must bear
in mind that the effects on employment thus calculated usidgstry-by-industry tables
will be caused by a change in the final demand of a mixed buridjeads and services
produced by a certain sector, which does not necessarilginge specific commodity.

The input-output quantity models are used to evaluate tleetsfof introducing a
new product technology as well. Provided that the new teldgyorefers to a single
product and that it can be easily subtracted from its mothandh, the Leontief and
Ghosh quantity models would allow for evaluating the efem the output value (and
physical amounts produced) of the other competing prodédtihis respect, product-
by-product tables seems to be more suitable than indugtigdustry tables, where
each industry produces more than one single product. @léhd new demand for a
new product (e.g. electric cars) will drive a set of diread amdirect effects on the other
product outputs.

The calculation of value added and income (wages and ss)anidtipliers are also a
matter of interest in the input-output literature. It istglintuitive that the compensation
of employees and the value added are clearly linked to inégstather than to products
or homogenous branches. Industry-by-industry tables kedipect link to the original
statistical sources. Bearing this in mind, industry-bgitistry tables are in this case
also preferable to product-by-product tables althoughl@diterature admit several
impact analyses on the basis of value added/income relateahtogenous branches of
activities.

As a summarizing remark, the 10 quantity models are driverclgnges in the
amounts of goods and services consumed or demanded. Théprseoct-by-product
tables is preferable since the shock can be easily assignedingle product and the
output effects can also be related to homogenous branclaesivfies. To the contrary,
the use of industry-by-industry tables in this context vddabd to measure the effects of
a variation in the demanded quantity of a mixed bundle of gaudl services produced
by a certain industry on the industry output values and arnsoof(mixed) goods and
services produced. The choice favours clearly produgniogluct tables almost in all
cases. However, the Leontief quantity model is extensiuslid to account for many
different kinds of multiplier effects, e.g. environmentaimployment, income... that
needs data that are almost solely available on an indussig.bBo some extent, this
justifies the use of industry-by-industry tables in somaatibns. Therefore, it seems
to be a clear trade-off. Either one assumes that the additidata (environmental,
employment, income...) is on a product basis and uses pttgugeroduct tables to
measure the effects on the output value (also in physicaisepf changes in final
demand of single products, or one assumes that the additlate is on an industry
basis and uses industry-by-industry tables, althoughgteivare that the derived effects
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on total output values are referred not to single productsdoa mixed bundle of goods
and services produced by a certain industry.

Price models

The Ghosh and Leontief price models measure the effectsrigiticans in the prices of
primary inputs on the output value and on the prices of goadssarvices, respectively.
The amount of factor inputs used remains unchanged and sortbents of goods and
services produced. These models are seen as supply-side dnodels preferably to
be used in cases of shortage of supply or excess of demaridtidas in salaries and
wages per hour, in profit rates, in fixed capital use rates oeiriax rateson production
will generate changes in prices of goods and services amglibuélue that could be
guantified through the price 10 models. As a result, indubiyindustry tables seems
to be more suitable for these kind of analyses since initianges are referred to the
different components of the value added, which are dirdictked to the surveyed firms
data and/or groups of firms (industries) data. Indeed stitzdi data on labour costs are
referred to workers employed in industries and not in homoge branches of activity.
Environmentally oriented fiscal policies (excluding taxas products) on taxes and
subsidies on production (e.g. environmental tax) are contyn@ferred to the carbon
emissions generated at the level of industries rather thammogenous brancHes
Moreover, profit rates are also related to firms and industagher than to products.

Nevertheless, the price changes obtained through the & prodels using an in-
dustry-by-industry SIOT are not reflecting single produitgvariations but variations
in the prices of a mixed bundle of goods and services prodhgezh industry. Hence,
there is a clear trade-off again at this respect. Either eseraes that changes in primary
inputs occur in homogenous branches and uses productdolyipirtables to calculate
single product price changes or one assumes that the priegioas of primary factors
occur in industries and uses industry-by-industry tabdeshtain mixed product price
changes. The choice is eventually up to the user.

Supply-use tables

Two major trade-offs have been identified concerning theécehof type of SIOT to be
used in impact analysis. The main difficulty underlying th ttrade-offs is referred
to the symmetry of the SIOTs. They are defined as productrbglyet or industry-by-
industry type. Hence, if one is interested in estimating,ifistance, the effects of an
increase in the labour costs of the electricity sector (&g on the prices of fuels

3. Generally speaking, the taxes less subsidies on produotirded in the value added at basic prices are
those that are not payable per unit of some good or service peddurdransacted (ESA95).

4. The ESA95 (4.22) includes taxes on pollution resulting fromdpaobtion activities as “other taxes on
production” (D29); although, they may actually appear to besasn products (e.g. energy products). These
pollution taxes consist of taxes levied on the emission scttrge into the environment of noxious gases, liquids
or other harmful substances.
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(product), then the choice of type of SIOT would lead to pdeviwo different answers
with neither of them being the correct one. On the one handeifuse product-by-
product tables we will be assigning the increase of labostsdm a homogenous branch
of activity and not to the electricity sector and on the othend, if we use industry-by-
industry tables, the price effects will correspond to a mikasket of goods and services
of the fuel producing industry rather than to fuel.

To solve this issue, supply-use tables are clearly the begte since they are defined
on a product-by-industry basis rather than on a product dudtry basis. However,
there has been very little research on the application gblgignd use tables to impact
analysis. To the knowledge of the authors, the single dautions at this respect can
be found in ten Raa and Rueda-Cantuche (2007) and in Ruedagba and Amores
(2010). The former authors proved that employment and outpuitipliers (from
the Leontief quantity model) can be derived from supply ard data by regressing
employment (output) by industries on the net outpayt products. Therefore, a change
in the net output of products (implicitly a change in the fidaimand) will cause a
variation in the employment (output) of industries. Thenested reader may find more
details in the cited paper. The latter contribution relagesnvironmental input-output
impact analysis and applied the same concept to carbonddi@chissions in Denmark.
This line of research can be further extended methodoltigicainclude time series of
multiregional supply-use systems. So far it has been applidy to a single-country for
one year only.

5. Conclusions and recommendations

This section summarizes the main conclusions and recomatiend that can be drawn
from the paper.

The construction of symmetric input-output tables (SIOEs3 controversial issue
in the input-output literature as regard the choice of moolebnstruct both product-by-
product and industry-by-industry SIOTs, especially thefer ones. However, there has
been so far little attention paid on the choice of type of St®@Farry out impact analyses
let alone other input-output applications. The UN and Ewatosystems of national
accounts just simply refer to this issue vaguely and bdgicedommend nothing except
that the purpose of the analysis will determine the choidgé to be used. Moreover,
there are no explicit guidelines for the user to make theembichoice accordingly with
its own purpose.

In empirical research, it depends on the objectives of trayais which type of
table is best suited for economic analysis. Particularlynpact analyses, questions

5. Ten Raa and Rueda-Cantuche (2007) defined net output adférertie between the intermediate parts of
the supply and use matrices, which incidentally makes thédgraand vector if one sums the elements of the net
output matrix over columns.
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like, for example, what fuel price effects would generatéremease in the labour costs
of the electricity industry cannot really be answered byirputput price models as it is
generally thought. Moreover, this is even independent eftyppe of SIOT used. Either
one assumes that changes in primary costs (labour) occusnmg@eneous branches
rather than in industries and therefore uses product-bgmt tables or one assumes
that the price changes of primary factors effectively odaundustries and thus, uses
industry-by-industry tables. Nonetheless, the corredjpgnreported price effects will
be those of the fuel industry rather than those of the fuallpcoitself.

As regard input-output quantity models there is also a t@tim the case of impact
analyses related to environment, employment... or anya@oandimension for which
data is mainly available on an industry basis. Either onerass that the additional data
external to the input-output system (employment, emissigns on a product basis and
uses a product-by-product table to evaluate the total tsfigica change in the amount
of the final demand consumed of a single product (like e.gfléds) or one assumes
that the additional data is on an industry basis and usessindby-industry tables.
Nevertheless, the derived total effects on employmentsgonis... will correspond to
a change in the output of a mixed bundle of goods and servicekiped by a certain
industry rather than to changes in single product outputs.

Two major trade-offs have been identified concerning theécehof type of SIOT to
be used in input-output impact analyses. The main shortopminderlying this issue
is related to the symmetry of SIOTs. They are defined as efihadtuct-by-product
or industry-by-industry type. To solve this matter effidlgnsupply and use tables are
clearly the best choice since they are defined on a produatenstry basis rather than
solely on a product or industry basis. It is therefore adMisdo follow the lines of
the pioneering works of ten Raa and Rueda-Cantuche (20@7Raada-Cantuche and
Amores (2010) and continue exploring the use of supply ardalsles in the calculation
of input-output impact multipliers of any kind. These authourrently propose to use
econometric techniques to estimate unbiased and consispert-output effects of any
kind (emissions, employment, income...) from Model A andtaagular supply and
use tables. This new approach opens up the door to furtheanas with the other
three models (B, C and D) and to provide possibly the firsabdé inference based
results in input-output analysis (including hypotheseassteconfidence intervals...). Of
course, one can always come back to standard input-outplytsismbearing in mind the
methodological trade-offs addressed in this paper.
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