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Abstract - The immediate cause for this paper is another paper presented for the first
time by Professor de Mesnard at the 14" International Input-Output Conference and
published in the Journal of Regiona Science in 2004. According to him input-output
models derived from supply and use tables by means of the product technology
assumption fail in terms of the economic circuit (the chaining from final demand to total
output in atraditional Leontief input-output system). | have studied his paper(s)
intensively and | have, for several reasons, to make serious considerations to his point
of view. My paper isnot merely areply to de Mesnard but it tries also to give amore
general approach of the SNA input-output framework in terms of the economic circuit.

When considering explicitly make and use tables in the economic circuit make and use

1 The author is a member of the Belgian Federal Planning Bureau. The views expressed in this paper are those of the
author and do not necessarily reflect those of the Federal Planning Bureau.



tables should be considered in every step of the economic circuit. The mathematical
series of this make and use tablesin every step should converge to the “total” make and
use tables as given in the national accounts. When combining technology assumptions
(product technology, industry technology) with output structure assumptions (constant
product-mix, constant market shares) different versions of the economic circuit are
obtained. The make, use and product-by-product tables obtained in every step will differ
according to the chosen assumptions but the make and use tables have to converge to
the tables integrated in national accounts. In this way different consistent versions of the
economic circuit under the assumption of product technology can be obtained. Professor
de Mesnard seems to reduce product technology to the special case of a constant
product-mix but even when one considers this special case his statement raises
guestions. When the output structure assumptions are extended to sales structure
assumptions (fixed industry sales structures and fixed product sales structures) industry-
by industry tables can be obtained in every step of the economic circuit. This has given
me some interesting insights. The industry-by-industry table based on the assumption of
afixed product sales structure does not appear to be invariant of the technology
assumption (what some people claim) when it is used for impact analysis. Some
attention is also given to the practical aspects of input-output compilation. Assumptions
should not only be considered from a theoretical point of view but attention should aso

be paid to the statistical framework in which they are applied.
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Introduction

The choice of which input-output model to derive from underlying supply and use
tablesis usually made on the basis of theoretical and/or practical considerations.

The first choice is that between so-called product by product or industry by industry
tables. Product by product tables describe the input structure of (analytically
constructed) homogeneous branches in terms of product groups and value added and
also the final uses by category of these product groups. Industry by industry tables
describe market relations: the intermediary deliveries between statistical units grouped
in industries according to their principal activity, the value added of these industries and
their deliveries to the categories of final demand.

When product by product tables are chosen the next step is the choice of the technology
assumption. Several modelling assumptions have been proposed over the last decades
but the choice is mostly limited between two assumptions: product technology (a given
product always has the same input structure irrespective in which industry it is
produced) or industry technology (the input-structure of an industry remains invariant
irrespective of its product-mix). Thereis alot of disagreement about which of these two
assumptions is the most preferable. Thereis considerably less controversy, in fact none,
about which assumption is preferable when industry by industry tables are chosen. But
the choice between product by product tables or industry by industry tables as official
tables forming part of national accounts is the subject of an international controversy.
The SNA 68 and its accompanying input-output manual (United Nations, 1968 and
1973) presented different versions of input-output tables but gave no preference to one
of them. The ESA 70 and 79 national accounting systems of the EU (Eurostat, 1979)

included input-output tables based on homogeneous branches (formally product by



product tables) but they did not give any indication of how these tables should be
constructed starting from basic data (these systems did not include supply and use
tables).
Two Dutch academics, Kop Jansen and ten Raa, did put forward four axioms of
desirable properties of input-output tables (Kop Jansen and ten Raa, 1990):

» materia balance (supply = use)

» financial balance (output = costs)

» scaleinvariance (the technical coefficients should be invariant to proportional

variations of the input requirements and outputs of the industries)
» priceinvariance (the constant price estimate of the input-output table should be
invariant to price fluctuations)

Aswe understand these are the axioms on which traditional input-output analysis by
means of Leontief equations is based. When considering input-output tables in a system
of supply and use tables only the product technology fulfils the four desirable
properties, industry technology fulfils only the first one. This means that if one wants to
perform traditional input-output analysis product by product tables based on product
technology should be compiled. It islogical to use amodel that isin conformity with
the axioms on which the analysis is based on, or to make an estimate that approaches
this model as much as possible. An article published in the Economic Systems Research
journal in 2003 treated this matter further but it did not contain any drastic changes
compared with the first paper (ten Raa and Rueda-Cantucha, 2003).
The SNA 93 (United Nations et a., 1993) contains only product by product tables and
showed preference for product technology, referring to the 4 axioms of desirable

proportions put forward by ten Raa and Kop Jansen). The accompanying input-output



manual (United Nations, 1999) presents different kind of input-output tables (like its
predecessor) but also with a preference for product technology. The ESA 95 also only
contains product by product tables. These are in fact the tables that the member states of
the EU are (legally) obliged to transmit to Eurostat. But it showed no preference for
any type of technology assumption. An accompanying input-output manual was written
but unfortunately not published because of disagreements between the member states of
the EU over which kind of input-output table is preferable as part of national accounts

(Beutel, 2005).

At the 14™ International Input-Output Conference anew critique of atheoretical nature
against the product technology was formulated by Professor de Mesnard of the
University of Dijon (the author of this paper did not attend this session). According to
him the interpretation of the product technology fails in terms of the economic circuit
(de Mesnard, 2002). A definitive version of his paper has been published in the Journal
of Regional Science (de Mesnard, 2004b). The use of the term “economic circuit”
should be interpreted as the chaining of intermediate demand caused by an initial impact
on final demand in the traditional Leontief input-output system. He claims that product
technology breaks the economic circuit because of the emergence of negative outputs at
every step of the economic circuit and should be abandoned in favour of industry
technology.

At the same conference more opposition to product technology could be heard from B.

Thage of Statistics Denmark (Thage, 2002a). He claims that his critique of product
technology is more of a pragmatic nature and based on along established practice.
Statistics Denmark has been in fact applying the SNA input-output system for decades

with supply and use tables as the core of the national accounts (Thage, 1986). The



objections of Statistics Canada against product technology are of the same nature (Lal,
1999). Both prefer industry by industry tables as part of national accounts for practical
reasons but B. Thage welcomed de Mesnard’ s critique as an extra argument (Thage,
2002h).

This critique was al'so mentioned in a paper of the US Bureau of economic Analysis
(Guo et a. ,2002) Up to 1992 at least, the US Benckmark input-output tables were
partly calculated by amix of atransfer method being like (but not exactly equal to) the
product technology model and industry technology. The authors of this paper mentioned
de Mesnard critique in a neutral way in agenera overview of the input-output literature
on technology assumptions.

The author did attend the presentation by de Mesnard of the second version of his paper
at the intermediate input-output conference in Brussels in 2004 (de Mesnard, 2004a).
The audience consisted mainly of CGE modellers (input-output and CGE modelling
was the subject of the conference) clearly not acquainted with the methodological and
practical aspects of the compilation of input-output systems and there was hardly any
reaction. Asfar is| know the authors who have studied and defended up to a certain
degree the product technology model in the past have not replied to de Mesnard
critique. His statements seem to be taken automatically for granted or simply ignored,
neither of which we consider being a good attitude.

The author is a member of the Belgian institute charged with the compilation of the
“official” Belgian input-output tables (thisis my principal activity, my secondary
activity consist in using these tables). In this capacity the Belgian “input-output team” is

rather a user and not a developer of methodologies but a user of methodol ogies should



be interested in the theoretical back-ground of these methodologies. From this point of
view | have an undertaken a study of de Mesnard'’s critique because:
» his paper does not contain elaborated examples
» by my knowledge people far more suitable to react have not done this (to my
surprise until now not even one article in the ESR journal has mentioned de
Mesnard statements®).
We have made exercises with different versions of the input-output systems considering
supply, use, product by product and industry and industry tables under different
modelling assumptions. We have only considered the Leontief model and not the Gosh
model (asfar as| know this model has never been used by my institution and it isin
general considered as a curiosity). Before we show these exercises, let usfirst repeat

how traditional Leontief input-output systems function.

1 The article of Ten Raa and Rueda-Cantuche mentioned several papers presented at the Montreal input-output
conference but not that one of de Mesnard.



1. Traditional Leontief input-output models

The representation of the economic circuit in case of the traditional Leontief input-
output model is straightforward.

In the traditional Leontief input-output model, each industry produces only one product
and each product is only produced by one industry. In other words, the usetableis
already an input-output table. The statement “each industry produces only one product
and each product is only produced by one industry” should be toned down in practice.
The pure concept of a product can only be reached by alevel of detail of the underlying
product and industry classifications that is not applicable in reality. The original
statement should therefore be mitigated to: each industry is already a homogeneous
branch; it produces only products that come under the activity corresponding to its label
in the underlying industry classification.

Consider the following simple representationz:

X f q

Vl

ql
* X intermediate table (square matrix)

f : final demand (for simplicity, we take it as a vector)

* v:vaueadded (also taken as a vector for smplicity reasons)

q: total output (vector)

Let us consider the following identity in the economic circuit:

2We ignore imports as in all didactic representations of input-output models.



XO+f=q (1)
The technical coefficients are given by:

A=X0@™" )
These are supposed to be constant provided no price or technological changes.

Let us know consider the so-called economic circuit that should lead from fto X.
Theinitial effect on output is final demand q, = f (step 0). Step 1 isthe direct
intermediate demand q, = A LI , step 2 isthe first phase of indirect demand q, = A[q,,
andsoon ...

Each step of this simple economic circuit has an output vector g, = A" [f (r=0,12...)
From step 1 on it also has an intermediatetable X, = A, , = A EﬁAr‘1 ij(rzl, 2,

o)
The two series of the cumulative result of this chaining are respectively equal to total

output and the intermediate table:

>q, = AT =(1-A)TF =
rgoqr rgo ( ) | 3

Y X, :ElAr EEAH ij:AEﬁ:X ()

r=1

According to de Mesnard, a similar representation of the economic circuit is possible in
the system of supply and use tables under the assumption of industry technology but not
under the assumption of product technology. He claims that in the latter case, the
economic circuit is broken because of the existence of negatives which he seemsto
consider as unavoidable.

Let usfirst consider what product and industry technology do really mean and how de

Mesnard interprets them.



2. Basic meaning of product and industry technology

2.1. The framework
We use the symbols of the UN input-output manual (United Nations, 1999):

1 r

g g
* M : make table (products x industries)

» U : absorption table (products x industries)

f : final demand (by product, vector)
» va: vaue added (by industry, vector)
e ¢:tota output of industries (vector)
e (: total output of products (vector)

We will use the example given in the UN input-output manual to illustrate our

statements throughout this paper:

156 24 0 |180 19 28 10 123|180
M q] |9 8 0|89 U f q] |29 18 8 34|89
{g' }' 0 0 62|62 va' =7 7 3 45|62
165 104 62 | g 110 51 41
165 104 62 |

Three well-known matrices of coefficients derived from these tables are;

« The absorption coefficients matrix B=U [§ ™" (the input-structure of the

industries in terms of products)

+  The market shares matrix D = M’ [~ (the contribution of each industry to the

total output of each product)



« The product-mix matrix C = M [ ~* (the share of each product in the total output

of each industry)

11.5% 26.9% 16.1% 86.7% 10.1% 0.0% 94.5% 23.1% 0.0%
B=|17.6% 17.3% 12.9% D=|13.3% 89.9% 0.0% C=|55% 76.9% 0.0%
42% 6.7% 4.8% 0.0% 0.0% 100.0% 0.0% 0.0% 100.0%

The make and use tables above can be considered as the matrices compiled for the
national accounts. The matrices B ,C and D are not always constant by definition.
Whether or not they are considered to be constant (to remain equal to the values derived
from the national accounts) during each step of the economic circuit, or when
performing impact analysis, depends on the assumptions made to derive symmetric
input-output tables.

Product and industry technology are two different assumptions on the base of which two

different product-by-product tables can be derived from the make and absorption tables.

2.2. Product technology
Product technology assumes that a given product always has the same input structure

irrespective where it is produced. It means that a given product x product matrix of
technical coefficients A is hidden behind the “ observed” make and absorption tables
according to which all industries produce their different (principal and secondary)
products. This means that:

U=AIM (®)
Thismatrix Aisinfact Leontief type matrix which is supposed to lie at the base of the
make and absorption tables. So it isno more logica that the product technology model
meets all the so-called Kop Jansen-ten Raa conditions without any further stipulations,
while the other treatments of secondary products do not.

Equation (5) can also be written as:



B=A[C (6)
This formula seems to have caused alot of confusion since some seem to suppose that

theinvariability of Arestson theinvariability of matrices Band C whileit is assumed
to be constant by nature (Konijn, 1994).

A constant product-mix matrix (which is often erroneously given as the definition of
product technology) is by no means necessary. If C varies A remainsinvariable by
definition, and B adaptsitself to the new product-mix. Richard Stone clearly did not
mention a constant product-mix in part 3 of A Program for Growth (Stone et a., 1963).
Neither the SNA 93, nor the accompanying input-output manual mentions a constant
product-mix explicitly as a condition for product technology (they neither say that

C hasto beinvariable, nor that it can be variable). The SNA 68 and its accompanying
input-output manual (United Nations, 1973) did not either when they defined product
technology. But they declared industry-by-industry tables characterised by a constant
product-mix as “the industry-by-industry variant of product-technology”. Thisisin the
first place not right (see below) and seemed in the second place to have caused alot of
confusion.

Product technology was identified with a constant product-mix in the 1985 edition of
Miller and Blair “Input-output analysis: foundations and extensions’ (Miller and Blair,
1985). This book is considered as a standard work and de Mesnard has taken over their
definition of product technology. Does his critique of product technology still holds if
we accept the more general definition of product technology given by Konijn?

The pure concept of product technology can only be reached by alevel of detail of the
underlying product and industry classifications that is not applicable in reality. The

strict definition is therefore in reality mitigated to: if an industry has a secondary

10



production (it produces products that come under the activity corresponding to the label
of another industry in the underlying industry classification) the input-structure of this
secondary production is equal to the input-structure of the total principal production of
this other industry. This means that strictly speaking not a product x product table but a
homogeneous branch x homogeneous branch table is calculated. Thisis an
approximation of a product x product table but if it is calculated by means of matrix
calculation it continues to satisfy the Kop Janssen-ten Raa conditions.

A can becaculated by U M ™ or BIT ™. Application of product technology requires
the number of products and industries to be equal: mathematically thisis necessary for
the inversion of the matrices C or M, economically this means that the estimation of the
input-structure of a homogeneous branch requires a corresponding industry that is the
principal producer of the products characterising that homogeneous branch. The
technology matrix of the Leontief system is namely homogeneous, symmetrical (this
term is generally used while according to Almon “symphisic” is more appropriate,
Almon, 2000) and square and the assumption of product technology is an attempt to
implement input-output analysis by means of Leontief equationsinto aframework with
supply and use tables. This means that the working format of the make and use tables
has to be aggregated to square matrices with dimension equal to the number of
industries.

In the SNA input-output manual A isequa to:

A=|176% 17.2% 12.9%

41% 75% 4.8%

10.3% 31.9% 16.1%}

11



2.3. Industry technology
Industry technology means that the input-structure of an industry remains invariant

irrespective of its product-mix. Thismeansthat B is matrix of constants given no price
or technological changes. Without any additional condition an invariable matrix of
product-by-product technical coefficients simply does not exist.

According to the assumption of industry technology, the input-structure of a product in
terms of other products is aweighted average of the input-structure of the industries

whereit is produced as a principal or secondary activity:

175% 17.3% 12.9%
46% 6.5% 4.8%

Since B isamatrix of constants by definition, B [D can only beinvariableif D isa

13.6% 25.4% 16.1%
BID =

matrix of constants.

The derivation of a product by-product matrix of invariable technical coefficients under
industry technology needs the additional assumption of constant market shares, while
the assumption of product technology does not need the additional assumption of a
constant product-mix (invariability of C).

The matrix multiplication B [D looks like a Leontief matrix but thisis only apparent
since the technology matrix at the base of the system is the invariable matrix B whichis
clearly not aLeontief matrix. So it is no wonder that the matrix B (D does not meet all
the Kop Jansen-Ten Raa conditions.

The SNA 93 judges the industry technology as highly implausible, as Richard Stone et
al. aready did in 1963 (although they admitted that industry technology can be a better
approximation if some industries are too aggregated in the working format of the supply

and use tables, Stone et a., 1963). Almon did not mince his words and considers the

12



official recommendation by international organizations and use by numerous statistical

offices of industry technology “little short of scandalous” (Almon, 1998).

13



3. The economic circuit of the input-output framework

3.1. General conditions
If we extend the economic circuit of the traditional Leontief input-output model to the

general system with supply and use tables, make and absorption tables should be
considered at every step.

The starting point remains final demand by product f . The make tablein step 0, M, is

derived from this final demand vector according to the used output assumption
(constant market shares or product mix).

Step 1 starts with the direct intermediate demand of the make table M. Thisis given
by an absorption table U, . How U, isderived from M, depends on the technology
assumption. How the production of these inputs U, [0 is distributed over the industries
is given by the make table M, and depends once again on the output assumption.

This M, table causes the intermediate demand in step 2 given by the absorption table
u,.

The mathematical series of the make and absorption table in every step should

convergence to the “total” make and absorption tables as given in the national accounts:

SM, =M )

YU, =U ®)

14



3.2. The economic circuit under the output assumption of constant
market shares

3.2.1. Representation of the economic circuit
Imposing the assumption of constant market shares in the framework of the economic

circuit implies that the contribution of each industry to total output of each product
remains equal to theratio in national accountsin every step of the circuit:

D, =M, @, =D 9)
It is obvious to combine this output assumption with the technology assumption of
industry technology in order to obtain invariant product-by product coefficients but it
can aso be combined with the product technology assumption. How do product and
industry technology behave through the economic circuit when they are combined with

the constant market shares assumption?

product technology industry technology

Theinitial effect on output in step O is equal to final demand:

step O: step O:
123 123
f=|34 f=|34
45 45

This has to be transformed into a make table by means of the market share matrix D :

M, = f D' (10) M, =fD (11)
1066 164 0 |[123 1066 164 0 |[123
Moy Qo] | 34 306 0 |34 My g0 | 34 306 0 |34
do | 00 00 450/ 45 9o | 00 00 450/ 45
1100 47.0 450 1100 47.0 450 |
: N (12) : Nk (13)
CO:MOE@O‘lszD'EéD.f] CO:MOE{]O'l:fED’EED.fJ
96.9% 34.9%  0.0% 96.9% 34.9% 0.0%
Co=| 31% 651% 0.0% Co=| 31% 65.1% 0.0%

0.0% 0.0% 100.0% 0.0% 0.0% 100.0%

15



In step O there is no difference between product and industry technology because only
the output assumption is used.

Step 1 consists of the direct intermediate demand. This differs according to product or
industry technology because the absorption table differs according the technology
assumption. In the case of product technology the direct inputs of the industries are
determined by the input-structure of the products they have delivered to final demand in
step 0. Under the industry technology assumption the direct inputs of the industries are
determined by the level of their total deliveriesto final demand in step 0. From here on,

product and industry technologies differ.

step 1: step 1:
U, =AM, = ACF.D’ (14) UlzBE@o=B-(DA-fJ (15)
121 114 73308 127 126 7.3 (326
[U, a]=|193 81 58333 [U, a]=|193 81 58333
46 30 22|97 47 32 22100

In the case of product technology the absorption coefficients matrix of step 1 can be

calculated as follows:

A -1
B, =U, E@o_l=A.fDD’EéDij (16)

17.6% 17.4% 12.9%
42% 6.3% 4.8%

B, and C, differ from B and C while B, equals A [C, Thisillustrates that the

11.0% 24.4% 16.1%
B, =

invariability of A by itself isthe basic assumption of product technology, and not the
existence of invariable absorption and product-mix coefficients matrices.

Total output by product g, =U, [in step 1 differs according to the technology

assumption. In the case of product technology g, does not depend on the distribution of

16



final demand by (delivering) industry in the make table of step 0, but only on the

distribution of final demand by product. Thisis alogical consequence of the product
technology assumption. Intermediate demand by product is only determined by final
demand by product since each product has a unique input structure regardless of the

industry where it is actually produced: g, = A [f . Under the assumption of industry
technology thisis not the case: q, =B[D [f

The make tables of step 1 are equal to:

M, = §, (D’ :(A.ijD' an  m,=§.p’ :(B.D.ijD’ (18)
282 43 00 |326
26.7 41 001308 M, q] |34 299 00 |333
{Ml ql}: 34 299 00333 0 =l 00 00 100|100
91 0.0 00 97]597 316 343 100 |
30.1 340 97|
ClelE@l'l:(AEijD'D (19) Clel[@[l:(BEDD‘jED’D (20)
A -1 A -1
[DDAE[) [DDBEDET)
88.8% 12.1%  0.0% 89.3% 12.7%  0.0%
C,=|112% 87.9% 0.0% C,=|107% 87.3% 0.0%
0.0% 0.0% 100.0% 0.0% 0.0% 100.0%

Step 2 consists of the first phase of indirect demand. The absorption tables are equal to:

step 2: step 2:
U, =AM, :A[EA.f].D' @)y, =B, =B.(D.fj (22)
38 100 16154 36 92 16145
U, q,]=|53 59 13|124 U, q,]=|56 59 13]|128
13 24 05|42 13 23 05| 41

In the case of product technology the absorption coefficients matrix of step 2 is equal to:

17



B, =U, §, " = A.[A.ijD'D (23)

A -1
[D LA Efj
12.8% 29.3% 16.1%

B, =|17.6% 17.3% 12.9%
44% 71% 4.8%

B, and C, differ not only from B and C but also from B,and C,, whileB, = AI[C, .

Thisillustrates once again that the invariability of A does not depend on the

invariability of absorption and product-mix matrices but that it is given by definition.
Total output by product g, =U, isequal to A* [f under the assumption of product
technology and (B D) [f when assuming industry technology.

The make tables that give the distribution of this output are equal to:

. ; 24 L “ , 25
M2=qzm’:(A2.f]ED' @4 m, =4, =[BD) O0]D 9
125 19 00145
133 2.1 00154 M, a,] |13 115 00128
|:M2 q2:|: 1.3 11.2 0.0|124 gz - 0.0 0.0 4.1 4.1
92 0.0 00 4242 138 134 41|
146 132 42|
" 26 - ; , 27
szMZE@Z'l:[AZEfJED’D (26) C2=M2E@]21:[(B.D)ZHEID]I] @n
Aot [DEQBDD)2 Er]
(sznj
91.4% 155% 0.0% 90.7% 14.4% 0.0%
C,=|86% 845% 0.0% C,=|93% 856% 0.0%
0.0% 0.0% 100.0% 0.0% 0.0% 100.0%

This processis very logically continued. Let us take alook at the formulasin step r of

the circuit;

18



step r: step r:

U, =AM, , :AEﬂA’"AlDf)ID' @9 4, =By, =BD (8 D) ] (29)
B =U, B =Aafa oo @

DA Ef)_l

B, =ALC, -

q =U, 0=A"[f @ g =U,0=(BD) Cf (33)

(34) (35)

c, =M, @ =(arrp @ ¢ =m, 5, =|Bm) d|DO 37
N N -1
D'[ﬁD (A’ [f) [D [{B D) D‘]
Let uslook now at the convergence of the process. In both cases the series of the make

tables of the successive steps adds up to the “general” make table of the national

accounts:

(38) (39)

$M, = (a0 )D =4 = M él\/lr > r%)[(B D) (D =4 = M

r=0 r=0
The convergence of the series of make tables suffices for the series of the absorption

tables of the different stepsto add up to the “general” absorption tables of the national

accounts:

s

YU, =YAM,,; =A
r=1 r=1
=AM =U

M, 40) YU, =YBM,,=B>g, =BH=U: (1)
r=1 r=0

0 r=1

=
i}

3.2.2. Product x product tables
What do the product x product tables in each step of the economic circuit look like

under both assumptions?

¢ > M, = M implies automatically > g, =¢.
r=0 r=0

19



When assuming product technology the product x product table in step r is simply equal
to AL, . Thisisindependent of the output assumption because both A and % are
independent of it.

When assuming industry technology the part of u! (total input of product j inindustry i
in step r of the circuit) that is used for the production of product k is equal to

ul i, / 9., (simple proportiona rule). If we summon over all industriesi we do

r

obtain x* =y u’ Hnri—l/gli‘—l =¥b; On, . In matrix format this does give

X, =BIM,_,. Since M,_, depends on the output assumption X, also does.

step 1: step 1:
X, = A (42) X,=BIM, =B (43)
12.7 108 7.3 (308 16.7 86 7.8326
[X, a]=|216 59 58333 [X, a,]=|216 59 58333
50 26 22097 56 22 22100
step 2: step 2:
X, = AT, = Af{ADY) (44)  x,=BM,=BMDE, =BDIBMDIF) “)
32 106 16154 44 84 16145
[X, q,]=|54 57 13124 [X, q,]=|57 58 13128
12 25 05|42 12 22 05| 41
The general formulasin step r are equal to:
step r: step r:
X, = A, , = AQALT) (46) X, =BM,, =B[DME,, =BDO (47)
6Dy 1]

In both cases the series of the product x product tables of the successive steps adds up to
the “general” product x product tables as directly derived from the make and use tables

in the national accounts;

20



r

el _ 2 _ Sa _ 48 o o ' o .
rz::lxr_z‘lA[ﬁr—l_A%qr_Am_xll (48) >X, =XBMM,, :BDZOMr =B[M
r=1 r=1 r=

(49)

18.6 28.4 10.0 244 226 100
X=|317 153 80 X=|316 154 8.0
73 6.7 3.0 82 58 3.0

3.2.3. Industry x industry tables
Can we derive industry x industry tables at every step of this version of the economic

circuit? An output assumption does not suffice to derive industry x industry tables. In
order to do this we need to expand the handled output assumption to a so-called market
assumption. Of course we need to use a market assumption related to the handled output
assumption. A common market assumption that is an extension of the output
assumption of constant market shares is the assumption of a so-called “fixed product
sales structure”. Under the hypothesis of constant market shares one supposes that the

share of each industry in the total output of a product remains constant: m; =d; [4;.

When assuming a fixed product sales structure one extends this assumption to each

element of the use table: the part of u; supplied by industry i isequal to d;; [i; and the
part of f; supplied by industry j to d;; [f; . The assumption of afixed product sales

structure automatically implies constant market shares but the reverseis not necessarily
true.

Theindustry x industry tables at every step of the circuit are in both cases (product and
industry technology) given by the multiplication of D with the absorption table of each

step. Let uscall thistables E, , in accordance with the symbols used in the previous UN

[ee] 00
4 "M, = M also automatically implies >.¢, =0 .
r=0 r=0
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input-output manual (United Nations, 1973): E, =D [U, . The industry x industry
coefficients are equal toE, [§,_,™ = D [B, . Since the absorption coefficients matrix

remains constant under the assumption of industry technology the industry x industry
coefficients are equal to D [B through the whole economic circuit. Under the hypothesis

of product technology they are different in each step since B, isdifferent in each step.

step 1: step 1:
E, =D, = DIALF D' (50) E, =D, =DBCF (51)
125 107 6.9 |30.1 129 118 6.9 |3L6
[E, g,]=[190 89 62340 [E, 0,=]191 90 62343
46 30 22|97 47 32 22100
- ~ Tt (52) DU, §,*=DIB (53)
DU, [, =DAK D' (D) 10
=D[B,
11.3% 22.9% 15.3% 11.8% 25.1% 15.3%
DB, =[17.3% 18.8% 13.7% DB=|17.3% 19.1% 13.7%
42% 63% 4% 42% 6.7% 4.8%
step 2: step 2:
E, =D U, = DAL{AF)D’ (64) E;=DW,=DIB§, =DIBL (55)
(D®BmDT)
39 9.2 15146 37 86 15|138
[E, g,]=[53 66 1.3|132 [E, g,]=|55 66 1.4|134
13 24 05| 42 13 23 05| 4.1
DW, §,” = DAAT)D' O (86) D, =DB (57)
(bad) =DB,
12.8% 27.1% 15.3% 11.8% 25.1% 15.3%
DB, =|17.5% 19.4% 13.7% DB=|17.3% 19.1% 13.7%
44% 71% 4.8% 42% 6.7% 4.8%

The general formulasin step r are equal to:
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step r: step r:

E D :A[ﬂAr'AlDf)ZD' (58) E =DM, =DB§, , =DBO (59)
[D (B D)™ D‘]
A E(A"Al oo p Tt Df)_1 -pm, O P B DB (D
Let us now look at the convergence of the process. Both product and industry
technology, combined with the assumption of afixed product sales structure, converge

to the same ‘total’ industry x industry table:

SE =>DW, =D}V, =D (62)
r=1 r=1 r=1

Because in both cases the series of the absorption tables of the different steps add up to

the “general” absorption tables of the national accounts: iur =U.

r=1

19.4 26.1 95
DL =286 19.9 85
70 7.0 30

Does this mean that the industry x industry table derived under the assumption of a

fixed product sales structure is independent of the technology assumption?

P. Konijn seems convinced thisis the case in general with industry by industry tables
(Konijn, 1994). From this he draws the conclusion that industry x industry tables
describe only market relations and are consequently unsuitable for input-output
analysis. They should, according to him, not be used for analysis about the technol ogy
of the economy.

B. Thage of Statistics Denmark also thinks that industry by industry tables do not
involve (strong) technology assumptions but only weaker market assumptions. But from

this he draws the opposite conclusion and prefers industry x industry tables, based on
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the assumption of afixed product sales structure as the table which should be published
as part of official statistics together with the supply and use tables.

Isthisindustry by industry table really independent of technology assumptions? Product
and industry technology converge both to the same industry by industry table in the
“base” version, the table derived from the supply and use tables in national accounts.
But the convergence process is different in both cases. Is the table still independent of
the technology assumption when this is used for input-output analysis? Let us trace this
by means of avery simple example of impact analysis.

3.2.4. Impact Analysis
Let us consider adifferent final demand vector as starting point of the economic circuit

(step 0):

150
Go =| 20
60

Under the hypothesis of product technology the output vector gand the product x

product table X that are the outcome of the process engendered by the final demand
vector g, are only a function of the coefficients matrix A which is assumed to be
constant by definition. The resulting make, absorption and industry x industry tables
also depend on the market shares matrix D.

When assuming industry technology all these tables depend upon both the absorption

coefficients matrix B (assumed to be constant by definition) and the matrix D.

q=(1-A)"m, (63) q=(1-BD)™" @ (64)

2043

|2 q=[120.9

q=|1211 6 1
82.2
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M=4D = [(l - AS"l qu]ED'

2

U=AM
24.1
U =364
8.8
X = Alfj=
23.3
X =|39.6
9.1
E=D =
24.6
E=|36.0
8.8

1951 30.0 0.0 |225.2
122 108.8 0.0 |1211
0.0 00 822 822

207.4 1389 82.2 |

n

= Ad(1 - A)* g, D

37.8 133
24.0 106
94 40

Adi-a) )

38.6 133
20.9 10.6
91 40

DA Eﬁ(l - AS'I EqO]ED'

352 126
266 113
94 40

(65)

(67)

(69)

(1)

M=§D = [(l -B EIAD)"l qu][D'

3

1944 299 0.0 | 2243
12.2 108.7 0.0 |120.9
0.0 0.0 821 822

206.7 138.6 82.1]

U=B{§= BEﬁD i —AB DD)‘l]E%

23.8
U =363
8.8

37.3 13.2
24.0 10.6
93 4.0

x:BDDEa:BDD[{U—BEE))‘lmo]

30.4
X=1394
10.3

E=DWU=

24.3
E=|358
8.8

30.7 13.2
21.0 10.6
78 4.0

DB EﬁD i1 - BAEID)_I mo]

34.8 125
265 113
93 4.0

(66)

(68)

(70)

(72)

In the base situation we started from given make and use tables (in national accounts)

and calculated:

Here we look in first instance which make and absorption tables are generated under

both assumptions given a hypothetical final demand. We notice that the make and

the product x product and industry x industry tables belonging to it

respectively under the (technology) assumptions of product and industry

technology and the output assumption of fixed market shares

the industry x industry tables belonging to it respectively under the

(technology) assumptions of product and industry technology and the

market assumption of afixed product sales structure
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absorption tables differ (slightly) according to the technology assumption (the output
assumption is the same in both cases).
The industry by industry tables also differ (sightly) according the technology

assumption. Not only the values but also the coefficients:

g =pad _Ai_l @)D’ (73) E{'=DB (74)

Dt -A)" @)

11.8% 25.4% 15.3%]

EG ' =[173% 19.2% 13.7% EG ' =[173% 19.1% 13.7%

43% 68% 4.8% 42% 6.7% 4.8%
The coefficients of the industry x industry table based on afixed product sales structure

11.8% 25.1% 15.3%]

remain invariant under the industry technology assumption: they are the same asin the
base situation (national accounts). Thisislogical sincein this case one assumes B to be
constant. Under the assumption of product technology the coefficients of the industry x
industry table based on a fixed product sales structure are variable. Thisis aso logical
because the absorption coefficients matrix B isin general not constant under the

assumption of product technology:

poacfi - AS‘l @) o o1 - ,AA)'l ) # DA - AA)'l o' do o —AA)_l ] (75)

On the basis of this simple exercise we cannot agree with P. Konijn and B. Thage when
they claim that the industry x industry table based on afixed product sales structure
does not involve technology assumptions.

D.U istheindustry x industry table based on afixed product sales structure regardless
of product or industry technology in the base situation: as an illustrative appendix of
national accounts (although the supposed convergence process to this table is different

in both cases). But when one assumes the coefficients of this table to remain invariable
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when performing impact analysis (thisis what one usually does during input-output
analysis) one combines implicitly the (weaker) market assumption of afixed product
sales structure with the (strong) assumption of industry technology.

Furthermore because of this we cannot agree with B. Thage when he claims that the (4)
necessary assumptions for carrying out input-output analysis can be assumed to be valid
how matter the input-output table has been constructed (Thage, 2005). Using the
industry x industry table based on afixed product sales structure for input-output
anaysisisimplicitly based on the assumption of industry technology. During input-
output analysis this table is related to the product by product table based on industry
technology and constant market shares and we know that this table isin contradiction
with 3 of the necessary assumptions of input-output analysis:.

We have to mention that B. Thage advocates the industry by industry table which is
directly derived from the rectangular supply and use tables (dimension mxn, m
products, n industries, m>n). Only a product by product table based on industry
technology and constant market shares with dimension m x m can be derived from the
rectangular supply and use tables. Product and industry technology can only considered
as counterparts after the supply and use tables are aggregated to square tables with
dimension nxn.

It is not because the m x m product by product table based on industry technology has
no product technology counterpart that the n x nindustry by industry table based on a
fixed product sales structure does not involve atechnology assumption. The
invariability of its coefficients require the combination of the assumption of afixed

product sales structure and industry technology but now formulated within the

5 In the working paper published in 1986 the Danish input-output tables were presented as industry by industry tables
based on industry technology (Thage, 1986).
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framework of the rectangular make and use tables, not the square ones. Look at the
formulasin the right-hand column in this paper and consider the M, U, B and D
matrices to be rectangular: it is then immediately clear that this industry by industry
tableis related to the mxm product by product table based on industry technology and
constant market shares when performing input —output analysis.

The product x product table with maximum dimension based on industry technology
and constant market shares makes little sense. The input-structure of products belonging
to the same industry differs only to the degree in which they are produced as a
secondary activity by other industries (Konijn, 1994). Under the assumption of product
technology the identification of a homogeneous branch requires a corresponding
industry in the supply and use tables.

At last we would like mention that the SNA 68 was altogether not that very wrong when
it proposed D [U astheindustry by industry variant of industry technology. Thistable
isinvariant of the technology assumption (and thus solely dependent of the market
assumption of afixed product sales structure) only whenit is considered as an
illustrative appendix to the supply and use tables in the national accounts. But when its
coefficients are used for impact analysis (I guess this is the main reason why input-
output tables are constructed) it is based on the combination of industry technology and
afixed product sales structure.

3.2.5. Alternative versions of product technology

Product technology does not need the assumption of constant market sharesto derive
product x product tables with constant coefficients. These coefficients are invariable by

definition. How does product technology perform within the framework of the
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economic circuit when one supposes other market shares matrices than the one derived

from national accounts D =M’ {72

What happens if we use a different matrix T with the characteristics of a market shares
matrix (i' [T =i',t; = 0)) in each step of the circuit?

The product x product tables in each step will remain equal to the onesin the base
version (X, = A E(A“A1 Df)) and consequently the output vector g, too (g, = A" [f ).
Product x product tables based on product technology are well independent of the
output assumption.

The make tables in each step of the circuit areequal toM, =q, 0" = (ArA[f)Er' . The
series of the make tables M, does not converge to the make table of the national

accounts:

f(ArADf)l:r' =g zM= i(AfAEf)D)' =qD' (76)
r=0 r=0

Consequently the series of the absorption tables aso does not converge to the national
accounts absorption table iur = i AM,_ = AD& M, # ALM =U but the product
r=1 r=1 r=0

-1

technology identity remainsvalid: B, = ALT, , = A{A" Of D' D (A" [

Let us go one step further and use a different matrix shares matrix i' [T, =i',t? 20)in
each step. The make tablesin each step are given by M, =4, Err' = (Ar Df)Err' . Inthis

case it isnot impossible that the series M, =q, [T’ =(Ar Df)Er,' converges to the make

table M of national accounts but the author is mathematically not skilled enough to
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tract to which set of conditions the matrices T, should satisfy in order to realize this

convergence.

3.3. The economic circuit under product technology combined with the
output assumption of a constant product-mix

3.3.1. Representation of the economic circuit
Imposing the assumption of constant product-mix in the framework of the economic

circuit implies that the output composition each industry remains equal to the
composition in national accounts in every step of the circuit:

C:I' = Mr E@I'_l :C (77)
Theinitial effect on output in step O is once again equal to final demand by product:

This has to be transformed into a make table by means of the product-mix matrix C . A
difference with the assumption of aconstant D isthat the matrix C cannot transform

f (or g,in general) in a make table with a constant product-mix in one step. This hasto

be done in two steps. Firstly final demand by product has to be transformed into final

demand by producing industry:

e=C ' f (78)
121.4

e=| 356
45.0

C™ has only to be used to calculate the column totals of the make table in each step,

not the individual elements. For thisthe matrix C isused in asecond phase:

My =cE=cc ) (79)
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1148 82 00 |1230

Mo G| | 66 274 00 | 340

{go }‘ 00 00 450|450
1214 356 450 |

In this way the product-mix of M, isequal to the general product-mix C . Doesthe fact

that this transformation has to be done in two steps and in particular that in the first step
not C isused but itsinverse pose conceptua problems to the presentation of the
economic circuit under the assumption of a constant product-mix? De Mesnard thinks it
does (see below).

The market shares matrix D, varies now in each step:
Do = M M, =[c* oo of 2 (80)

93.3% 19.5% 0.0%
Dy =| 6.7% 80.5% 0.0%
0.0% 0.0% 100.0%

The direct intermediate demand of step 1 is given by the product technology identity:

U, =AM, = AT ) (81)

140 96 7.3|308
[U, a]=|213 62 58333
52 24 22|97

Since C, isassumed to be constant, B, isforced to be constant: B, =B . The product

technology identity isreduced to B = A [T in each step of the circuit.
The make table of step 1 iscalculated in two steps. Firstly, total output by industry and

secondly theindividua elements:
g, =C7' g, =C™' [ALS (82)

M, =c 6, =c o tar) (83)
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212 96 00308

M; q] |12 321 00333

9 100 00 97|97
224 417 97|

The corresponding market shares matrix D, clearly differsfrom D, and D':

n N _1
Dle’l[ﬁl‘lz(C_lEADf)I’[ﬂADf) &4)
86.7% 10.1%  0.0%
D, =[13.3% 89.9%  0.0%
00% 0.0% 100.0%

Let us now proceed with step 2:

UZ:AEMI:A[MQC*DAEW) (85
26 112 16154

U, a,]=|39 72 13]124
10 28 05| 42

g, =C7'0, =CA’¥ (86)

M, =C 8, =C e ta? 1) (87)

119 35 00 |15.4

M, g,] |07 117 00124

g, 100 00 42|42
125 152 4.2 |

D, =M i, = (e A2 e At o) )

77.1% 55% 0.0%
D, =1229% 945% 0.0%
0.0% 0.0% 100.0%

The general formulasin step r are equal to:

U, =AM, =Ac e A o) (89)
gr=C7[g, =CT A" (90)

Mr:CE@,:CE(C‘lDAMDf) (92)
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, N N _1 (92)
D, =M, [, = (C‘l A" Df)[@'[{Af Df)
Let uslook now at the convergence of the process:

sM,=ycdctmro)=cdc?m)=cH=M (®3)
r=0 r=0

The series of the make tables of the successive steps adds up to the “general” make table

of the national accounts. This automatically implies that the series of the absorption

tables of the different stepsto add up to the “general” absorption tables of the national

accounts: f}UrziADr\/Ir_1 =AMM=U.

r=1 r=1
Notice that this version of the economic circuit can also be considered as a particular

case of the economic circuit with differing market share matrices

-1

T = (C AT Df)B[:’ E(Ar Df) . The convergence of series of the make tables of the

successive steps adds up to the “general” make table of the national accounts can also

be seen from a different angle:

n . n - n (94)
5 er)Err’:i(ArEf)Eﬁ(C‘lDNDf)I'EﬂAer)l = Scrct AT )=Mm
r=0

r=0 r=0

3.3.2. Product by product and industry by industry tables
Regarding product by product tables, since these are independent of the output

assumption when supposing product technology, the formulas are the same as given in
the left-hand columns of page 20 and 21.

How do we have to derive industry x industry tables in each step of this version of the
economic circuit? Once again we need to expand the handled output assumption to a so
called market assumption. Just like in the case of constant market shares we need to use
amarket assumption related to the handled output assumption. A common market

assumption that is an extension of the output assumption of a constant product-mix is
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the assumption of a so called “fixed industry sales structure”. Under the hypothesis of a
constant product-mix one supposes that the share of each product in the total output of

an industry remains constant: m; =c; [, . When assuming afixed industry sales
structure one extends this assumption to each element of the industry by industry table:
the part of product j in E; isequa to c [E; and the part of e;taken in by product j is
equal to ¢, [&,. The assumption of afixed industry sales structure automatically implies
a constant product-mix but the reverse is not necessarily true.

Thismeansthat: u; =X¢, [E, what isequal toU =C[E or E=C™ [U.

The industry x industry tablesin each step of the circuit are then given by the
multiplication of C™ with the absorption table of each step: E, =C™ [U, . The industry
x industry coefficients are equal toE, [§,_, . Since the absorption coefficients matrix is

forced to remain constant because A (product technology) and C (fixed industry sales

structure) the industry x industry coefficients are equal to C™ [B through the whole

economic circuit.

step 1:

E1:C‘1EUJ1:C‘1DA[<[:E(C‘1H) %)

82 83 59224

[E, a.=|272 74 71|417

52 24 22|97

N N _1

96
E Bt =ctmecdctofcta) =ctm (90)

6.7% 23.4% 13.2%
ClB=|224% 20.8% 15.8%
42% 6.7% 4.8%
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step 2:

E,=Cc? W, =c? e ;A ®7)
15 98 13125

[E, g,]=|50 87 15152
10 28 05|42

A N -1
E @t =clmcict ot ;o) =ctm %)
Let us now look at the convergence of the process. The convergence of the series of the
industry by industry tables of each step to the ‘total’ industry x industry table is self-

evident:

%M, :%c-lm, =ct D%Ur =clw (99)
Thé_SNA Ersé described the:able C™ U astheindustry by industry variant of product
technology. This was exaggerated but not entirely wrong. It is (among o. things, see
below) the combination of product technology and afixed industry sales structure.

We observe this if we perform again the impact analysis described on page 24-28 but
now based on the combined assumptions of product technology and a fixed industry
sales structure.

Thetotal output product remains independent of the output assumption (product

technology):

q=(1-A)" o, (100)

225.2
q=|121.1
82.2

Thetotal output by industry can consequently be derived:

g=Clm=(1-A)"m, (101)
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203.3
g=(143.0
82.2

The make table is calculated on the assumption of a constant product-mix:

M :CE@:CE[C‘ltm -A)*? E%] (102)
1922 330 0.0 |225.2
M g] | 111 1100 00 |1211
g | |00 00 822|822
2033 1430 822 |
Finally the absorption table can be derived by the product technology identity:
U:AIZM:AE(DE[C'l i -A)"* qu] (103)
234 385 133
U=[357 247 106
86 96 40
The industry by industry tables are derived as.
E:C‘lm:C‘lmmE[C‘l qi-A)" qu] (109
13.7 334 108
E=|455 29.8 13.0
86 9.6 40
Theindustry by industry coefficients have remained equal to C™ [B:
- (105)

e =c rare o o - A mo)fe ol - A) )

Thisisvery logical because the two matrices that form the matrix product are assumed
to be constant: C by definition and the invariability of B follows from the combined

invariability of C and A (by definition).
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3.3.3. Industry technology and a constant product-mix
Combining product technology with a constant product-mix forces the absorption

coefficients matrix B to be constant. Industry technology means that the B matrix is
constant by definition. Is there then still any difference between product and industry
technology when they are both combined with the output assumption of a product-mix
or the related market assumption of afixed industry sales structure?

Hardly: all the make, use and industry by tables are equal in every step of the circuit and
consequently the total tables too, as well asin the base situation of the national accounts
as when performing input-output analysis. Only the product by product tables differ and

under the hypothesis of industry technology and they have now variable technical

coefficients:
step 1:
X, =BIM} =BD, f (106)

154 81 73308
[X, q]=|216 59 58333
54 21 22|97

The coefficients are clearly different fromBLD :

BM, f * =BD, (207)

125% 23.9% 16.1%
BD, =({17.6% 17.4% 12.9%
44% 6.2% 4.8%

step 2:

XZ:BEI\/I’lzBliDllidilzBliDlEﬂB[(D"lEf) (108)

50 88 16154
[X, q,]=|54 58 13124
15 22 05| 42
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BOM; [, =BD, (109)

16.3% 26.4% 16.1%
BID, =|17.5% 17.3% 12.9%
50% 6.6% 4.8%

The general formulasin step r are equal to:

N

. Y1 (110)
Xr = B[Mr—l = BEDr—l |:ar—l = BI:Dr—l (BEC 1)’ Df:|

BM;, [i,," =B[D,, (111)
The series of these product by product tables in each step converges to the same total
product by table as under the combined assumptions of product technology and constant

market shares:

$X, =BXM!., =BIM'=BD (112)
r=1 r=1

But when we perform again the same impact analysis we obtain a product by product
table with different technical coefficients. Thisillustrates that this version of industry

technology has no stable product by product coefficients.

n

; (113)
X=BM =B§I[C = BEE(I —ctm) mo]m'
310 309 133
X =|395 210 106
104 79 40
(114)

X@™ =BM G =B EE(I —ctm)t qu][q:' Eﬁc fi-cm) e mo}
138% 255% 161%

BID=|17.5% 17.3% 12.9%
46% 6.5% 4.8%

Finally we like to close this part with the remark that the industry x industry table

C™ U isalso the combination of industry technology and afixed industry sales

structure.
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3.4. An attempt to understand Mesnard’s critique
As a starting-point we would like to repeat that de Mesnard’ s identifies product

technology with the invariability of the B and C matrices. Consequently we can
suppose that his critique is solely directed against this variant of product technology.
According to the de Mesnard the beginning of the economic circuit with the
transformation of final demand by product into final demand by industrial output

e=C™ I (andin genera thetransformationg, =C™ [, ) isanillegal transformation.
Only thetransformation q, =C [, remains true. We try to follow him here but we

cannot follow him anymore when he illustrates his statement with an (although
incomplete) example (at |ast).

If we trandate his example into our exercise he seems to calculate the first make table as

M, = fC™) . Infact C™ is used here as a market shares matrix! Just as i’ (D =1,

i'[C™ =i but C™ (and therefore C™ ) always contains negative elements which
unavoidably leads to negatives in the make table M, . Negative outputs of some

products in some industries are of course impossible. It would mean a negative starting-

point of the economic circuit (step 0).

1324 -94 0.0 |123.0
My Qo] |-11.0 450 0.0 | 34.0
Jo | 00 00 450/ 450

1214 356 450 |
The product-mix matrix C, =M, [§, ™ of step Oisequal to:

109% -26.4% 0.0%
Cy=[-90% 0.0% 0.0%
0.0% 0.0%  100.0%
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Thisisclearly not equal to the product-mix matrix C . The use of C™ asa(wrong)
market shares matrix does not guarantee the invariability of the product-mix coefficient
matrix.

Continuing with step 1:

U, =AM, =AGdc) (115)

102 134 73308
U, a]=|214 61 58333
45 30 22|97

-1

B, =U, (8, = AE ) e o) 1o

8.4% 37.6% 16.1%
B, =17.6% 17.1% 12.9%
3.7% 85% 4.8%

The actual absorption coefficients matrix of step 1 also differs from the general matrix

B. Theidentity B, = A[C, remainsvalid.

Just asM,, the maketable of step 1 M, =4, [{C™ ) = (AAEIf ) ) contains negative

elements, which is not alowed:

332 -24 00308
{Ml ql}_ -10.8 44.1 00 [333

01 00 00 97|97
224 441 97|
C, =M, 6, = (amr)de) de cacr)™ (117)

148.0% -5.6% 0.0%
C,=|-48.0% 1056% 0.0%
0.0% 0.0% 100.0%

C, differs clearly from C but aso from C,.

Let us now continue with step 2.
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U, =AM, :AEﬂAADf)E(C‘l)' (118)

0.0 138 16154
U, q,]=|40 72 13]124
05 32 05|42

-1

~ , ' 119

B, =U, 5, =Adarr)dc ) de tarx) (19)
0.0% 33.1% 16.1%
B, =|17.8% 17.2% 12.9%
24% 17% 4.8%

B, = AT, (120)

M, =8, [65_1)' = (AZADf):(C_l)’ (420
166 -12 0.0]154
{MZ qz}: ~40 164 00124

9 0.0 00 42|42
125 152 42|

. L. (122
C, =M, 6, = (a2 e ) de Ay

1320% -7.7% 0.0%
C, =|-32.0% 107.0% 0.0%
0.0% 0.0% 100.0%

-1

Ingenerdl B, =AA™ or)fc ) de cA™ o) and

=(aT o )e) de oa Df)_lwill differ from B and C in every step of the
circuit. Isthis not contrary to de Mesnard’ s adherence to the assumption of constant
absorption and product-mix coefficients as the definition product-technology? The
make tables M = (ArADf )E(C - ) will always contain negative elements.
Moreover the series of the maketables M, in such aversion of the economic circuit

does not converge to the make table of the national accounts:

41



S e =i = 5 ) =i oz
r=0 r=0

But wereally do not see what the negative elements of M, in the example above have
to do with the negatives that are currently mentioned in association with product
technology. | think | demonstrated a correct version of the economic circuit under
product technology where the make table is non-negative in every step since Dis non-
negative. The negatives that possibly arise, when applying product technology to derive
product x product tables from make and absorption tables, are not thosein C™, which

areinevitable, but theonesin A =B [T ™, which arein theory evitable, since the

absence or presence of negativesin BT ™ isconditional (Konijn 1994, Steenge, 1989
and 1990).

These are negative inputs that arise during the transformation of B into A when an
industry does not register certain inputs in such a measure as it should do according the
product technology assumption. If it does register these inputs (asin our example) these

negatives simply never appear. Moreover | have the impression that the matrices M, in

the exampl e above exhibit negative unconditional outputs. Is this not a complete
different matter?
What surprises us the most is that in the example given by the De Mesnard the product-
mix is obviously not constant while he initially associates product technology with a
constant product-mix.
Asaconclusion we would like to say that we have serious considerations on de
Mesnard’ s critique of product technology:

» hedefines product technology as the exhibition of a constant product-mix. Is his

critique only valid against this special case of product (or industry!) technology
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combined with a constant product-mix? What remains of his critiqueif one
accepts the more general definition of product technology?

if one considers his critique as only directed against the assumption of an
invariable product-mix why is this one not constant in the example he givesto
illustrate his statement? I's he here not in contradiction with his own starting-

point?

43



4. Practical Aspects

4.1. Integration in National Accounts

We know now that input-output tables are never entirely integrated in nationa accounts.
They are aways explicitly (product by product tables) or implicitly (industry by
industry) based on simple but far-reaching modelling assumptions (strong technology
assumptions). They are still closely related to the underlying supply and use tables and
basic data but thereis a“modelling cut”.

When looking superficially at the product by product tables this “modelling cut” is only
more apparent:

ufp)™ f a
va' [{D')™

ql

When looking at the value-added quadrant the link with national accountsis clearly cut.
But the in the final demand part the link with national accounts is more closely
maintained, although it is not perfect. It isdivided by product and valued at basic prices.
In national accounts two variables of final demand are published:
» fixed capital formation by product (but at a very aggregated level, the Pi7 level
of the NACE) at purchaser prices
» final consumption by householdsis published divided by function (the COICOP
classification which is related to the product classification) and valued at
purchaser prices
If onetakes a quick glance at the industry by industry tables:

DU DO¥ 9

va'

gr
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Value added (va'), total output (g) and consequently total intermediate consumption

are published in the nationa accounts by industry. Here the link with the national

accountsis perfectly maintained. But final demand is now given by industry (D [T )

while in the national accountsit is published by product or by function (which isrelated

to products not to industries). Here the link with national accountsis clearly cut.

4.2. The statistical unit and the degree of secondary production
Different types of statistical units are considered in official guidelines: the enterprise,

the local unit, the kind-of-activity unit (KAU) and the local kind-of-activity unit (local
KAU) or establishment asit iscalled in the SNA.

Thislast one is the recommended unit. The present Belgian statistical apparatus has no
experience with this concept because the enterprise is the statistical unitswith the
consequence that the supply and use tables are very heterogeneous.

The definition of the local KAU or establishment given in the SNA or ESA isvery
abstract. The ESA definesit as “the part of aKAU which correspondsto alocal unit.
The KAU groups al parts of an institutional unit in its capacity as producer contributing
to the performance of an activity at class level (4 digits) of the NACE rev. 1 and
corresponds to one or more operational subdivisions of the institutional unit. The
ingtitutional unit’s information system must be capable of indicating or calculating for
each local KAU at least the value of production, intermediate consumption,
compensation of employees, the operating surplus and employment and gross fixed

capital formation” (Eurostat, 1995)

6 Before the introduction of the ESA 95 the local unit was the statistical unit of the industrial branches only. There was
no systematical statistical interrogation of the service industries (Avonds and Gilot, 2002)
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According to me (by intuition) this means that when an enterprise surpasses a certain
Size and its secondary production(s) a certain threshold it has to be split up into severa
KAU’sor loca KAU’s (when it has several local units).

The SNA adds the types of employees and hours worked and the stock of capital and
land used to the minimum data requirements. Notice that intermediate consumption is
not required by product. If only total intermediate consumption is known at the level of
the (local) KAU when intermediate consumption by product is known at the level of the
enterprise how are the latter attributed the to (local) KAU’ s? We suppose that in this
case clearly some modelling at the micro-level should be done. Is this done according to
the industry technology assumption (purely proportional according to the outputs of the
local KAU’s) or closer to the product technology principle when inputs are attributed
according to the generally known input structure of the products corresponding with the
(nearly homogeneous) outputs of the (local) KAU’s?

Some caution is certainly recommended when comparing input-output tables that are
compiled on the basis of different statistical units.

Product by product tables remain in theory perfectly comparable because they are
directed towards the same result: the input structure and output of homogeneous
branches. The type of statistical unit will off coursein practice affect to a certain degree
the outcome.

When comparing industry by industry tables based on different statistical unitsthisis
not the case because these tables reproduce transactions between enterprises, local units,
KAU’sor local KAU’ s according to the type of statistical unit.

Regarding secondary production B. Thage declares “ The observed extent of secondary

production does therefore not posses any observable characteristics of its own. The
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elusive character of the concept of secondary production makesit difficult to justify that
it should be of particular interest statistically just because it is produced in two or more
industries at a certain level of industry or product aggregation” (Thage, 2005).

We have to reply by repeating that input-output analysis is based on homogeneous
branches (homogeneous within the dimensions of the input-output table). Secondary
production remains the essential difference between supply and use tables on the one
hand and homogeneous input-output tables on the other. The degree of secondary
production should be considered at the level of the working format of the supply and
use tables and the input-output table should be compiled at the maximum (square)
dimension because in this case the relation with the statistical datais diminishes|less
and more applications are feasible and accurate.

When the supply and use tables are compiled on the basis of (local) KAU’sthey are
already very homogeneous and the use table approaches the product by product table
(for avery good reason). B. Thage mentions the registration of secondary production
only for manufacturing industry and the assumption of the service industries as being
homogeneous (even at the level of the enterprises) by lack of statistical data. In this case
the use table resembles even more to a product by product table but now for a bad
reason. Further he makes mention of agriculture, trade and construction as aready being
constructed as homogeneous branches in the supply and use tables. Honestly, | really
ask myself if one can still speak of industry by industry tables in such a case. If the
industries in the supply and use tables are already rather (or in many cases aready
completely) homogeneous the "industry by industry” table can be more or less
identified with a Leontief table (Konijn, 1994) but can it still be considered as an

industry by industry table?
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In Belgium we do not have the (local) KAU as statistical unit and trade and construction
are registered as heterogeneous industries in the supply and use tables in order to
maintain the link with the business register. But we do have data on the output
composition of the service industries (at the enterprise level). If we look at the degree of
secondary production of the service industries, the assumption of their homogeneity (at
the enterprise level) does not seem acceptable, at least for the so-called business-

services (NACE 65 up to and including 74).

Table 1: The degree of secondary production presented at the level of the P6 and A6 classifications
for Belgium

These are not the “official” Belgian input-output tables but constant price tables
calculated for the EUKLEMS project with the disaggregations of certain industries and
one product, all corresponding with the national accounts version 2005 (Avondset al.,
2007). The official tables correspond with different versions of the national accounts
and do only exist at current prices. Moreover, the “official” tablesfor 1996 and 1998
have never been calculated'.

The table does not reflect the heterogeneity of 6x6 tables but of the square tables at
maximum levele. The ratio of total secondary output to total output (the ratio of total
off-diagonal elementsto total elements in the make tables) is used as acriterion. This
ratio is very high and fluctuates between 16% and 18%. Regarding the degree of
secondary production at the level of the (mega) industries we observe a break between
1999 and 2000.We do fear that the (official) tables for 1997 and 1999 are (partially)
calculated as an extrapolation of the 1995 table notwithstanding the fact that the

statistical data are yearly available.

7We have to admit that the tables for 1996 and 1998 are a retro- and extrapolation of the tables for 1997.
81995: 159 x 159, 2000: 152 x 152, other years: 137 x 137.
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From 2000 on the degree of heterogeneity of the business servicesis equal to 15% or

16%. Compared to 1995 the pattern of secondary production does not really change

qualitatively (no disappearance of certain secondary production and the appearance of

new ones), the share of the existent secondary production has increased.

Banks do have alarge secondary production of supporting services of financial
institutions. The insurance companies have large secondary activitiesin real
estate services (CPA 70) and business services (CPA 74)

Therea estate services do have a considerable secondary output of construction
activities (CPA 45)°

The set of industries belonging to the NACE Division 74 * Other Business
Services” do form acluster. The largest part of the secondary output is always
secondary output characteristic of other industries belonging to Division 74.
Further there are also secondary activities of computer services (CPA 72)» and
waste collection and treatment (CPA 90). At last thereis an industry of the
“other “category within this division that has a whole series of rather small
secondary productions of manufacturing goods which all counted together are
significant, comparable to the wholesale trade industry (if the statistical unit is
the local KAU this activity is normally moved the manufacturing industries, the
PRODCOM statistic has alow threshold)

The whole of other services (NACE 75 up to and including 95) has a small but
gradually increasing degree of secondary production. The significant secondary

outputs are the incidental sales of government (an ESA 79 concept: Eurostat,

9 Here is taken care of when construction is already a homogeneous branch in the supply and use tables.
10| am talking here of market computer services and not output for own final use.
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1979) and production of market services by the non-market service industries

that are the market variant of their characteristic production.

4.3. The distinction between the use of domestic output and imports
In general the use table for imports is calculated by assuming constant import ratio’s (a

simple proportional distribution of imports over each row of the use table), which is
similar to the assumption of afixed product sales structure. According to B. Thage this
is contradictory with the separation of the input-output table into input-output tables for
domestic output and imports when assuming product technology.

We think thisis only the case when one assumes that the input structure of a product is
the same in every industry whereit is produced but aso that the ratio of
domestic/imported for all the intermediary used goods and services for the making of
this product is the samein al these industries.

The non-published input-output manual of Eurostat (Eurostat, 2002) proposed a method
to avoid this. This method is based on the product technology model, linked to the
hypothesis that inside one industry the ratio use of imports/total use of intermediate
products is the same for the principal and secondary activities. This means that the
technical coefficients are unique for a product no matter in which industry it is produced
as principal or secondary output, but the composition in the technical coefficients of
domestic output and imports can vary according to the industry.

In Belgium about 70% of the imports of goods are exogenoudly attributed on the basis
of foreign trade data (Van den Cruyce, 2002, 2003 and 2004). Thisinformation is

maintained when cal cul ating the input-output table for imports.
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4.4. Negatives and redefinitions
A serious difficulty encountered during the application of product technology are

negatives in the matrix product U M " or BT ™. This means that an industry does not
use enough (or at al) theinputsit is supposed to use for its secondary production. These
negatives can have different reasons: errorsin basic data or in the compilation of make
and use tables (they can be traced and corrected), heterogeneity of the industry
classification, ...

This last phenomenon is often indicated as a possible cause of negatives when applying
the product technology model (Gigantes, 1970, Konijn 1994, Rainer and Richter, 1992,
Stone et al., 1963): when calculating the input structures of products (homogeneous
branches) these are aggregated to the level of the industry classification these
aggregated to the level of the industry classification. At thislevel the principal
production of an industry is an aggregation of different original products for which the
production processes (inputs) may differ in reality. The input structure of a
homogeneous branch islargely determined by the input structure of the primary
producer. This means that the input structure of a homogeneous branch is more or lessa
weighted average of the input structures of the products made by the primary producer.
Another industry can produce, as a secondary activity, only some of these original
products or in another composition than the primary producer. But thisis not taken into
account in the transformation matrix of the product technology model. It is assumed
here that secondary producers have the same composition as the main one. If thisis not
the case negatives can be created in the input-output model. A disaggregation of the
primary industry can be useful to handle this kind of problem.

If the product technology assumption is not (entirely) valid or if it is not possible to

realize the aimed disaggregationsin practice (if the industries would have to broken up
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into an impossible number of activities) “redefinitions’ can be carried out. A
redefinition is the manual transfer of the inputs of a part of the secondary production of
an industry whereby these inputs are estimated exogenously so that that no negatives
appear after the transformation. This does not necessarily mean that one rejects entirely
the product technology model in favour of the industry technology model. If the input-
structure of the manual transformation is similar to the one of the primary producer one
remains much closer to product technology than industry technology. If one takes the
use table after redefinition as the new use table the mathematical properties of the
product technology model remain valid.

During the compilation of the Belgian input-output tables for 1995 and 2000
redefinitions were made under the denomination of “analytical disaggregations’
(Avonds and Gilot, 2002, Avonds, 2002 and 2005). The “activity technology model”
developed by Konijn does start as a redefinition. The inputs of activities for which no
primary producer (industries) exists are estimated exogenously. After that the activity
technology model goes one step further: the outputs of these activities are distinguished
as separate products. This means that extra products are introduced in the input-output
system of which the uses should be distinguished in the use table. In this way, the
conditions of the Leontief input-output model (homogeneous branches) are once again
met (Konijn, 1994). The US Bureau of Economic Analysis (BEA) applied a
“redefinition process’ of which they declared that it is similar to product technology as
afirst step in the transformation of supply and use tables into the “benchmark” input-
output tables. The second step consists of the application of the industry technology
principle (Guo et a., 2002). A more overall type of redefinition is the application of

specific transformation matrices to each row (product) of the absorption table, avoiding
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in thisway the emergence of negatives, instead of one general transformation matrix

(D)™ (Reich et al., 1989, Stahmer, 1985).

Small negatives can be corrected by putting them equal to zero and rebalancing the
input-output table with the RAS method or applying the Almon algorithm to the
absorption table (a mathematical iterative method not entirely equal to but still based on
the product technology assumption, Almon, 1970, 1998 and 2000). After applying such
mechanical procedures the mathematical properties of the product technology model are
not entirely valid anymore and the input-output table does slightly disobeysthe 4
assumptions of input-output analysis. In this case one has made an approach of an input-
output table meeting these 4 assumptions.

B. Thage also mentions redefinitions in the last part of his paper. He considers manual
splitting up of KAU’swhen no information is available and they span more than one
heading at thefirst level of the industrial classification (for example the A6 version of
the NACE)x. Thisis aredefinition that remains within the framework of the supply and
usetables. It isalso modelling at he micro-level, where have to make the same remark
as on page 46. He limits himself to the statement that these redefinitions are “made at
hand based on the best available information and judgement of the national
accountants’. | think one can hardly disagree that when an industry combines
productions belonging to the first level of break-down of an industry classification (for
example manufacturing and wholesale) the implausibility of the industry technology
assumption is obvious. Applying industry technology explicitly or implicitly does not
make sense in such a case. These redefinitions can remain within the framework of the

supply and use tables or executed only during the transformation into the input-output

1 The SNA 93 recommends this for vertically integrated enterprises (United Nations et al., 1993). The vertical
integration of enterprises is a typical cause of negatives during the application of product technology.
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tables. According to him these redefinitions are quit different from the product
technology model because:

» only part of secondary production is redefined

» they are not (pure) mathematical procedures

* N0 negatives appear
Of course we agree that redefinitions are different from the pure mathematical version
of the product technology model but we think that they are still related to it. Large
secondary productions causing large negatives are in general not mathematically
transferred and subsequently mechanically corrected but treated with redefinition type
transfers (where the product technology principle is mitigated) as explained above.
When input-output tables are calculated by a combination of redefinitions and explicit
or implicit application of industry technology (industry by industry tables based on a
fixed product sales structure) one appliesin reality a mixed technology model: a
combination of (amitigated version of) product technology and industry technology as
was declared in the BEA paper.
Moreover if industry by industry tables would be independent of technology why bother
to make them more homogeneous by means of these redefinitions (and even to
introduce less heterogeneous statistical units than the enterprise)? Would it still matter?
If it matters does this not mean that one wants these tables to resemble more to a
Leontief table (atable based on homogeneous branches obeying the axioms of input-
output analysis) than aindustry by industry table without these interventions and that

oneis (maybe implicitly or unconsciously) considering technology assumptions?
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Conclusions

Input-output tables are never fully integrated into national accounts in the sense that
they are always based on far-reaching modelling assumptions, even when these
assumptions are very simple. Product by product tables are based on a combination of
technology assumptions (the input structure of products and consequently of the
industries producing them) and output assumptions (the output composition of
industriesin terms of products). The industry by industry tables are not only based on
market assumptions (the share of deliveries by industriesin the final and intermediate
use of each product) but also on technology assumptions. The only tables that are really
integrated in the national accounts are the supply and use tables from which the input-
output tables are derived as models.

Products by product tables based on the product technology assumption have stable
coefficients by definition. A certain flexibility in the choice of the output assumption
exists here. One simply has to make an output assumption that does not lead to
unconditiona negatives in the make table and guarantees convergence in terms of the
economic circuit. It is on the base of these findings that we have serious considerations
with the critique formulated against the product technology model by de Mesnard.
Firstly his critique does not seem directed against the product technology model in
general but against the output assumption of a constant product-mix (which he identifies
with product technology). Secondly in the example in which he illustrates his statement
the product-mix is variable (and impossible). | cannot dispose myself of the impression

that heis contradicting himself here.
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Because all of this| continue to be inclined to think that product by product tables based
on product technology remain the only tables that obey the axioms on which input-
output analysisis based.

Considering B. Thage' s arguments in favour of the industry by industry table based on
the market assumption of afixed product sales structure thereis only onethat is
completely indisputable. It isindeed (much) easier to derive such atable from the
supply and use tables than to compile homogeneous tables based on product technology.
How much easier thisis depends on the degree of secondary production in the supply
and use tables, which in turn depends on the type of the statistical unit and the degree in
which (simplifying) modelling assumptions are already made when compiling these
supply and use tables. If, for avariety of reasons the degree of secondary production is
low (in general and in all the industries), are the differences between the different types
of input-output tables derived from the supply of use tables not that small that the
discussion about which type of table to select in practice resembles alittle bit to a
“Byzantine” theological dispute? But we cannot agree with his main theoretical
argument, namely that this version of industry by industry tablesisinvariant of the
technology assumption. Wethink it is (implicitly) also based on the industry technology
assumption. Considering his other, more practical arguments, they can be toned down

by counter-arguments.
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Table 1 Degree of secondary production presented at the level of the P6 and A6 classifications

1995 1996 1997 1998 1999 2000 2001 2002

1 Agriculture 1.0% 0.5% 0.5% 0.4% 0.6% 0.6% 0.5% 0.5%
2 Industry, including energy 19.7% 20.3% 21.1% 20.7% 21.3% 18.7% 19.1% 19.3%
3 Construction 25.6% 20.6% 20.4% 20.9% 21.1% 16.8% 16.6% 16.8%
4 Trade, transport and communications 24.3% 26.3% 24.6% 27.7% 27.9% 17.5% 18.3% 19.7%
5 Business services 8.7% 8.8% 8.8% 8.7% 9.9% 16.4% 15.2% 15.6%
6 Other services 2.8% 4.7% 5.0% 5.3% 4.9% 6.0% 5.4% 5.7%

Total 16.1% 16.7% 16.6% 17.4% 17.9% 15.8% 15.9% 16.3%
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