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ABSTRACT

This thesis is presented to the Faculty of Arts, Department
of Economics, in partial fulfillment for the Degree of Master of
Arts.

The theme is the development of a procedure whereby a relatively
inexpensive, highly aggregated provincial input/output table can be
formed. It is directed toward the Economist, by whom it is
assumed, the table would be compiled. The compiler is also assumed to
have little or no knowledge of computer procedure, and the method by
which the data is transformed to a table format by the computer is L
given in step-by-step layman's terms. f};

Chapter I gives an Introduction to the study and a layman's
perspective of the input/output model. The model actually used is
developed and rationalizedwin Chapter II. The sources and methods
of gathering the raw data for the table are considered in Chapter IV
and is meant as essential reading for the execution of the step-by-
step procedure of Chapter IV. Chapter IV contains the detailed procedure
for registering the data and arranging for and execufing the computer
program., Finally, Chapter V reviews the thesis and considers subsequent
procedures.

There are three appendices connected with the topic. The first
is a note on the historical evolution of the input/output discipline
up to and including the early works of Leontief. The second contains
the two basic programs referred to in Chapter IV and the last appendix
describes the procedure for converting the program from Fortran II to
Fortran IV - a revision“ﬁéCessary for executing the program on the IBM
360 line of computers.
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PREFACE

Understanding the theory of Input/Output Analysis is a
necessary but not sufficient condition of being able to actually
compile such a table., Knowledge must be had not only of data
sources but also of the procedure and variations on the basic
model appropriate to the data available. The purpose of this
paper is to outline an input/output model.appropriate to provincial
availability of data and to present a computerized method of
compiling the required tables.

The author is indebted to the Manitoba Economic Consultative
Board for the opportunity o; working on such a project, and in
particular for the guidance and direction of Dr, M. Cormack, Senior
Economist of the Board. The experimental method of gompiling
the interindustry section of the Manitoba input/output table was
undoubtedly the least expensive approach in the light of the
circumstances althpugh abguideline such as this paper represents
would have made the task considerably easier. The emphasis in the
paper then is on procedure tempered by experience rather than by theory.

The author appreciates the guidance given to him in regard to
this paper by Dr. Cormack, Dr. Chen (Economics Dept, -~ University of
Manitoba) and, not the least, his wife, whose sense of urgency

caused the thesis to be completed,

e,
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SCEA RO 2GS

Input/output analysis is a means whereby the economy can be
looked at as an equilibrium of micro-relationships. Taken purely as
an accounting framework, it is a method of categorizing and delineat- ,

ing the components of the economy; taken as an economic model, it is

F

a means of tracing and quantifying total effects from 3 given effect.

in the first sense, input/output analysis can be termed "descriptive”;

in the second, "predictive' and this distinction will be maintained
throughout this paper.

The input/output accountihg framework is based on two identities
namely that a sector of the economy has its outputs equal to its inputs
(in value terms), and that its output is equal t§ the uses, both in-
dustrial and final, to which it is put. The economy is thus divided
into sectors in such a way as to be convenient for measurement and
subsequent use., The manufacturing industry sectors normally form the
bulk of an input/output table and it is this aspect with which this
papir is concerned. Other sectors such as final demand categories,
primary goods categories and non-manufacturing industries are treated

only in passing.

in an economic sense, the substantive assumpiion whereby pre-

{not vaiue) relationships

T
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<

dictions can be made, is that certain quant

B

hold constant when considered as = proportion of outpui. In particular,
it is assumed that "produced" inputs are a constant proportion of the

using sectors output. In the base year calculations of these input

proportions, or coefficients, it is assumed the value relationships




reflect the quantity relationships. In a strict sense, when a
"prediction'" is made from these calculations, the price effect
should be eliminated in order to maintain the "quantity" relation-
ships(l).

This paper is designed as a "handbook" for compiling a basic
input/output table and in particular in collecting data and arrang-
ing it in the proper forms for the interindustry part of the table.
It is written not only for the compiler but also for anyone concerned

with such a project. To this end, the chapters can be looked at as a

number of papers in themselVes:

I - Introduction
The remainder of this chapter is directed toward the
layman and is concerned with basic concepts. The
compiler himself céuld begin at Chapter II with no

loss in continuity.

II - The Accounting Framework

The model is developed in the light of available informa-
tion on a provincial basis. Aggregation, transportation
and trade margins, and import% are the main points of
consideration, and the model developed is reflected in
the computer program of Chapter IV. The usefullness of
input/output analysis is also considered. The economist
considering an input/output project in the provincial
context might read this to advantage, the compiler might

again omit this chapter although it would probably be

(1) See page 16
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useful in putting "work-flow" of the project, in its
perspective.
III - The Data Sources
The suggested sources of data are considered in detail
and a method of recording data is outlined. This, to-
gether with the next chapter is the compilers "handbook'.
IV - The Computer Program

- In develbping this chapter, the assumption was made

that the compiler is not, and need not be, a computer
programmer. The procedure outlined in for the compiler
in order to set up the data, and the program in such a
way as to allow a computer operator to 'run'" the program
directly. Included are procedure instructions for the
operator as well. Emphasis is on establishing a working
relationship between the compiler and the computer
centre, Once the model and the data sources are accepted,
the need for'developing a program itself is eliminated.
V - Conclusion
A procedure is outlined for developing the'inverse' a.s
given both by direct inversion and by the power series
approximation. Methods for deriving the model of A
Chapter II are considered and the procedure is gone over
once again. Useful references are considered briefly.
The thesis itself is based on the "hindsight" view the author
has had in working on such a project for M.E.C.B. The initial
data (DATA I of Chapter IV) was entered on 10,000 keynole cards

with certain information coded on holes on the perimeter of each card.

The method of sorting and arranging the data ~ by hand - proved inefficient
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in view of the availability of computer péocessing and the low cost
of IBM cards. Again, more than twenty coéputer programs were
developed, on an ad hoc basis, many of which proved redundant and
inefficient., The program outlined in Chapter IV and V are composite
programs designed for simplicify and compactness. Hopefully the
compiler need know nothing more than what is outlined in Chapter IV

in order to arrange the procedures with the computer centre.




The much discussed problems of joint products and secondary
products have not been discussed in the paper because they have been
"assumed' away in the light of the high degree of aggregation of the
square (invertable) matrix,If greater detail is required or if the
above problem is bqthersome, the alternate Industry by Industry table
(see Chapter III - section 3 ) may be desired. The cost of such a
table would probably be considerably higher.

The remainder of this Chapter is taken up with developing the

Model in basic, laymans terms.

THE LAYMAN'S PERSPECTIVE

Interindustry analysis is a relatively new field of economics.
As the name would suggest, a study of this nature inquires into the
interrelationships among the various productive sectors of the economy.
Input/output analysis is a somewhat broader term in that the relation-
ships of the productive with the non-productive sectors of the economy
may be considered. On the model or accounting system used to display
Such information, the sectors (usually industry groupings) are delineated
according to "likeness' of input structure. ‘

Two basic uses of this approach to economic accounting should be
made from the outset; input/output analysis can be used for either
predictive or descriptive purposes, and only the former requires the
traditional homogeneity~substitution assumptions. In a descriptive
sense, an input/output table could be used for:

i) a method of presenting detailed statistics;

ii) a means of checking other sources of statistics;
iii)  a basis for international and interregional comparisons of

economic and technological structures;




iv)
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a data format useful for "Marketing Analysis' information.
"What products in what proportion would be required to
produce a given product and where, if at all, would these

be available?"

In the traditional, predictive usages, an input/output table can be

mathmatically manipulated so as to indicate the direct and "fcedback”

effects of a given change in a parameter. More precisely, such

predictive uses might be:

i)

ii)

iii)

iv)

v)

tracing the total effect on resources, incluling labour, and
on industry output, of a change in final demand (hereafter
referred to as final demand);

tracing the effect of a change in a production coeflficient
of a given industry resulting from a change in technology,

a substitition for certain input(s) (say steel replacing
wood) or a change in the labour-capital content of output;
tracing the effects of taxing certain commodities or resources
or determining change in tax revenues as a result in change
(projected) in final demand via population increase, taste
changes, etc.;

tracing the total effects of impoxrt replacement, of export
campaigns and of resource scarcity;

analyzing price shifts as a result of changes in the various

items mentioned above.

All of the uses outlined above will be considered in detail in the next

chapter,

The remainder of this chapter will be taken up with the make-up

of the accounting framework and with a brief consideration of the

historical development of this type of analysis.




The Accounting Framework

The basic identity on which the input/output accounting frame-
work is based is that the total production of a sector is distributed
to:

i) other sectors which "consume" this output in making their -

own products; and
ii) final demand sectors which include private consumption,

government consumption and exports, business investment.

Iet
xij = Total dollar value of product from sector "i"
used in production by sector "j'";
vy = Final (autgnomous) demand for the production of
sector "i'" measured as a dollar amount;
Xi = Total dollar amount of domestic production of

mL.tr

sector i ;
The identity, then, is:

X, =X, F X ceiesisesX, eocooX, + V.eoeeeeao (Il = 1)
i il i2 ij in i

or

x -+
15 7Y

n
J:

1

tr .1t

Thus, if industry "i" were the Steel Industry, then the identity
states that the total production of steel is exactly equalvto the sum
of its uses. Note that the variable Xij (j=1) is included and represents
the amount of steel the industry uses to produce steel. This may or may
not be a zero amount., The users of steel for further production were
e

divided up into "n" sectors where the magnitude of 'n may vary accord-

ing to convenience,
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A series of such equations can then be laid out:

X = X + X ..., LD SRR X + Y

1 11 12 13 In i
X = X, + X ..., + X see.. X =~ + Y
i il i2 ij in i
X = X + X ceese X L., X + Y
m ml m2 mJ mn m
veoe (I - 2)
where j =1 ., .. n as before
and i=1..... m
<
N-=7 m
-~

Note that no requirement is made that the number of sectors
delineated in columns (the "j's) need be equal to the numbef of
sectors delineated in rows (the "i"s). If n#m then normally the kth
row sector is not the same as the k#h column sector.

These equations can now be looked at in a different way. In the
above layout, they were regarded as a‘;eries of rows. They can now be
looked at as a series of columns where, given a column, the "j"th one,

the vector of X values for that columm represents the dollar value of

. . .th
inputs into that (j ) sector.
X
1j
X, .
2]
X, .
1J
.G
mJ
Where X . represents the amount of input from row sector "i" used by
1]
column sector "j". But these inputs are only the "produced" inputs;
there are other inputs which go into the production process which are
not commonly thought of as being produced, labour being the most obvious

example. Let Vj represent the dollar total amount of these primary

": th
(non-produced) inputs into the j sector. This leads to the second
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identity of an input/output table, namely, that total production

equals the sum of the inputs, for each producing sector.

Let
. .th .
X = total production of the j column sector,
J
Then
X, = X 4 X_ _sesceee * X, eeeseeX TV ieitee.. (I = 3)
J ij 23 ij mj J
or
m
X = ET— x + V
J — 1J J
i=1

Making, now, the usual assumption that the complete domeétic
economy is represented, it follows .that any productive entity will be
represented (in aggregated or disaggregated form) by both a column
and a row. Whereas the steel industry was previously classified as
the ith row sector, it would now also have to be represented either

h”

t
in the same form ("j column = the Steel Industry) or in aggregated

h,,

form ("jt column = the Metal Industry) or in disaggregated form

("jth" column = cold rolling Steel Mills and ”kth" column = other Steel
Industries). As a matter of emperical convenience, most input/output
tables begin as a rectangular table where the row sectors represent
commodity detail and the column sectors representbindustry detail in
which case, in the above notations, m>n. A table in this form is
commonly used for the "'descriptive' uses outlined above; for "predictive"
purposes which require an' inverse' table, a square table must be

built. A square table could be made from a commodity by industry tables
(as outlined above) by:

i) aggregating commodity, row sectors into industry, row sectors;

ii) making*the industry row sectors correspond to the industry
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column sectors ( the kth row industry must correspond
with the kP column industry ).

This now completes the discussion of the table as far as a
descriptive framework is required. Thus for descriptive purposes,

the accounting scheme is built on the following identities:

n
= > xij *Tyj
Xi ioa
Jj=1
m
o .. .
X5 = zi" XlJ Vi
i=]1
>,
n m

The magnitude of n and m vafies according to the degree of
detail desired and the degree of detail available, A convenient

tabular format would be:

Final® total

Industries Demand (é) Output
?lj ..... ""‘?lj ......... :Xln Yl Xl
Commodities %il ......... Xij... el Xin Y; Xy
Kpieeeroooo e Kpigeeeea, coe e Xpn Yo Xn

Primary Inputs
i V. V.

Total Output
X i XJ Xﬁ

!
2
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Another identity is brought into th% model in order to make
it convenient for predictive purposes. Th% individual inputs are
now expressed as a proposition of the outp&t of the column sector.
a. . = X, . o -: o.onlooo'o!!.(I—4)
1J 1J )
X
J

If Xij and Xi were expressed in phy%ical units, aij would
represent the technological coefficient; i% they are measured in
dollar amounts, a  represents the "produc%ion" coefficient. The
stability or consiincy of aij over time is the crucial question in
input/output analysis: all the "questionable" assumptions of homo-
genlety of inputs and outputs, and of non-substitutability, are made
for this purpose,

The identities I-1, I-2 and I-4 and the conditions of corres-
pondence of row and column sectors result in the basic input/output
table as used for predictive purposes. Note that the original balance

~

identity I-1 can now be modified by I-4 such that:

n
X . = >M a‘.X_‘i‘Y_ (i=l..o.on.on) 00.0000.0.'..(1_5)
1 . 1] J 1L
J=1
and
n
X . = > a..X_ +V (j’:l.a.o...on) ooc.oo.'o.o.ﬁ(I_S)
J 1iJ J
i=1
where

m now equals n and the former is dropped.

A convenient tabular format would now ber
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- S
11 13 in Y X,
2 - T U Y, X,
11 15 in i 1
= A - S PP - | Y X
ni nJ nn r n n
\Y V. %
1 J I
7/ ;
X X’ X’
1 J n
where now
X, = X
“1 1
X, = X (i=3)
J
X = X
n n

and the prime is dropped.

The individual aij embody the economic law unique to input/
output analysis. For predictive uses of input/output, the basic
assumption made is that the aij’s are fixed over the time period
considered. Any deviations from this assumption is regarded as a
deviation from the norm; these matters are treated in detail in the
next two chapters.

The basic predictive ability can now be shown with the help

f matrix algebra and the use of superscripts - a "o indicating a

LRI A4

base year measurement and a v indicating prediction year measure-

ment.
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Then 1let
o}
8 cevaneeenn = L a
11 1J in
Ao ‘o o o
= o b8 e e ee.d
ail ij in
o ‘o o
a LN ] L I A ) a ® 5 4 & 0 » 0 @ ..L‘
nl nj nn
X YO = YO
. B -
o ‘o ‘o
X = X. Y.
.1 .1
o o
X Y
n bo
1 0 O ...... 0
0 1 O ...... 0
I = 0 0 1 ..... . O
o n rows and n columns
0 0 0O O 1
By (I -~ 5)
(¢} o 0o o
X = A X + Y ceeee (I - 7)
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o . i
Now if A = A then,
X = AX + Y
y o ,
X = AKX + Y
. _ o, -1 .
. . X = {(I-4a) by oo (I - 8)
o /v . - s 2 PR o ol -+
Equation (I - 8) is no longer an identity; A does not equal

A

A by definition. Thus, given a dérived AO matrix, based on base
year data, and if Y’ and X’ are definitionally equivalent to their
base year counterparts, then given Y or X/, the other can be_solved
for by (I - 8y . ¥

The usual solution required is the prediction of total output
needed (X') to support a bill of final demand Y’. By use of the
inverse, not only are the direct requirements computed but also the
indirect consumptions needed for the direct requirements. This can
be nicely illustrated by assuming a final demand bill of unity and

. O,/ . . .
solving (I - A )’ by the Leontief-Cornfield expansion.

Using
_ o -1 _-
X = (I-4A) Y ceve. (I - 9)
O-—
= (I-4) because Y’ assumed = ( 1)
1)
0
o
¢
(n)
Now
o -1 2 3
(I -A) = 1 + A + A + A& ...
o (3D .
where the right hand side converges if A o which is here

assumed, then for a projected increase in demand

(2) Partial information on each of Y7 and X'will allow remaining
values to be solved for - See Chapter II, p. 35.

{(3) See Chapter V.
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of 1 unit for the production of each sector, the resultant
required increase in production will be the sum of the

above terms.

r
=
o
0
.

N
™
0,
0]
o]
ct
FJ
ok

<
=1

atrix), represents the production suppiied directly

demand.
2 s . . , -
A represents the amounts supplied to the suppdiiers of the
suppliers of final demand and so on.,

A concrete example may make this clear. Assume a three sector

economy:
Food Machines Other
a _ — -

Food 11 = -3 ajz = .6 ajzg = -1
Machines a = .5 a = .1 a = .1

21 22 23
Other a = .1 a = .2 a = .6

31 32 33

where for example for every dollar's worth of food, 30 cents of
Food, 50 cents of Machines and 10 cents of Other is required.
Postulating an increase in final demand of $1.00 for Food, $1.00

for Machines and $1.00 foxr Other, the met requirements would be

2
I -+ A + A
.3 X .3 .
1 0 0 .3 .6 .1 Co .
+.6 X .5 soeecoosses eo
0 1 0 + .5 .1 .1 + +.1x .1 :
0 0 1 .1 .2 .6 . . .
: © e 20000630aes a0 s s o0 + ..
B B |
. +.2 %, .1
. +,6 x .6
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Although for expositary purposes, the power series
(I + A+ A2 + AS;.;)'has been used here, a number of actual
inversion techniques may be used. In some cases, certain properties
of the A matrix may be used for computational simplicity.<4>
The constancy of Ao over other periods is usually assumed
if AO represents technological (physical) coefficients. Since Ao

o
is normally developed from value figures, a deflation of A by a

price index (if available) would strength%n the constancy assumption.
b

: - P
Indeed, in reference ( 11 ), the author slows that a, . = £ (ai,, _i)
J 7P
J
where :
;ij = physical input coefficientf
aij = value input coefficient
Pi = price of "i"
P. = price of "j"
J

Japan has used this type of relationship, weighting P /P
i3
according to a price index and has found that indeed a_ . is more
i
(5) J
stable than a_
iJ
In the next chapter, these accounting relationships are gone
into in some detail and are looked at in view of data availability.
The historical development of input/output amalysis is traced in

Appendix "A",

(4) See Chapter V below.

(55 See Reference ( 27 ).




CHAPTER II

THE BASIC MODEL

This chapter is concerned with the type of model the data
gathered will allow. The possible methods of coefficient determination
are first conéidered, then a number of common problems are analyzed,

and certain models are developed in the light of available information.

Finally, the typical uses of input/output analysis are considered in

some detail.

Data Gathering Methods

The emperical data used in estimating the production coefficients
can be compiled in a number of ways:
1. The coefficients can be formed from a sample of value flows
of inputs and outputs for each industry. To this end, the
Industrial Census Forms on file with the Provincial Government can
be used. Most of these forms will give a commodity break-
down of input and output flows over a given year for each

(1)

SIC industry. An individual form corresponds with an

(2)

Establishment classified to an industry, and these

establishments can be aggregated (by commodity categories)
for an industry sample. The production coefficient can then

be formed for each industry by summing up all outputs and

(1) SIC stands for "gtandard Industrial Classification” a D.B,S.
code for industries - the basic manual 47)

(2) Establishment is defined by D.B.S. although the meaning enjoys
international acceptance, An Establishment is the smallest section

0f a2 firm which keeps its own accounts.
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dividing'this into the sum of input values of each commodity.
Usually only a selection of establishments are available for
each industry and furthermore many entries on the available
forms may be inaccurate or not filled out at all. In any

case, most tables are compiled by this method..

2. Dats on the distribution of the output of the various
commodities (or industries) can be used to fill the cells

of the value table. Here the row vectors are estimated, the

column vectors (cost stfuctures) following as a matter of
definition. Due to lack of detail in regard to destination
of commodities (or industry outputs) this method is only
used as a check on method (1) above, if at all. A case in
point is the use of such a procedure by Irving Stone(s) in
developing his Social Accounting Matrix (SAM). A matrix of
the distribution of outputé'is compiled as well as cost

structure matrix, and the two are mathematiéally averaged

out.

3. Industry experts'caﬂ be ﬁsed to estimate the input coefficients
directly. This would be done on the basis of engineering and
technological studieé and native experience. The feasibility
of such an approach is normally not considered, although it
is used for checking the reasonableness of data as well as
for estimating certain non-manufacturing sectors -- e.g.

mining.

(3) See Irving Stone ( 39 ), Chapter II
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4. Dorfman, Samuelson and Solow(4) present another method
whereby a correlation analysis is run on final demand and
corresponding output vectors from different time periods,
and the inverse coefficients are directly estimated. The
row input coefficients are then estimated by:
A= 1-(a-aht
Unfortunately, the requirements that:

(a) the observed bill of final demands vary significantly

and independently; and

(b) that there are at least more observations than there
are divisions of final demand;

require the almost impossible condition of fine commodity breakdown
and a large number of observations. In that output/demand data sets are
at best available on a quarterly bésis, the latter condition would
require a number of years of observations, yet this would cast doubt on
the constancy of the computed coefficient. The author has been unable
to find reference to a practical use made of this approach.

The argument for using the first procedure as outlined above is
based on the easy availability of the required data although it has the
added advantage that the Hawkins—Simon(s) conditions for resolvability
are satisfied. These conditions require that for any industry, a unit
of its output will not require, as input, a unit of the same output or
more, either directly or indirectly. These conditions can safely be

assumed to hold given that lack of profit would eliminate such industries

(4) See Dorfman, Samuelson and Solow, (6), Chapter 12

(6) See Hawkins and Simon, ( 26 ) and Hawkins (25)
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and that this.would be reflected in the emperical sample. On a
provincial basis then, it would appear that the best procedure would
be to:
i . (6) X
1. Aggregate input data (maintaining 3-digit SCC detail)

and output data (in total), into industry categories.

2. AssUuming that the resulting value figurés represent a true
picture of the proportional breakdown of inputs, forming'
the coefficienté by dividing each input Qalue figure by the
corresponding total output value figure.

This procedure will be treated in detail in Chapter III, Part I.

The Accounting Structure and Aggregation

Let
Y = a column vector of final (autonomous) demand, With n
industry divisions.”
Xij = the value of input from industry (comﬁodity) i to
industry j, or in other terms, the value of output
from industry~(commodity) 1 used by industry j.
Vj = value of labour used by industry Jj.
Wj = value of all non-labour primary factors used by

industry Jj.
Let inputs into an indusfry be shown as a column vector and the

distribution of outputs of an industry as a row vector.

(6) SCC stands for Standard Commodity Classification ~ a D.B.S. code
for commodities ~ the basic manuals are (44, 45, 46) ‘
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Then; the following equations hold:

X + X + ... X+ ..., X+ Y = X
11 iz iJj in i i
.. (II - 1)
and
X  +X 4+ weeas X 4+ ... 4X +V. +W. = X,
1Jd.. 23 iJj mJj J J J
' ceee. (II - 2)
and
a = X, eee. (II - 3
i3 i ( )
X,
J
i = 1, ..... n
J = 1, .....m

The above equations would allowlthe compilation of a commodity
by industry table from the Industrialccénsus Forms. A preliminary step,
however, is required to aggregate thé individual Estgblishment (one
per form) into the corresponding industry category. fhe basic assump-
tion made is that the cost structure of an industry is‘a simple average

of the component Establishment cost structures.

Thus
/ 2 ) k
X, = X  +X + ..... + X,
1J 13 1J 1J
X ..
23
/ 2 k
X ., = X  +X _+ ..... X
ij ij iJ ij
X |
mj
V.
J
° s 2 k
W, = W +W, + ..... + W,
J " J J
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where the superscripts represent an individual establishméht, there
being k of them for this particular jth industry. A given column of
the right hand side above, would represent value data from one form.
The output value figures from the k establishments would be summed and
divided into the composite value input figures in order to calculate
the "average' input coefficients for that industry.

The resultant commodity by industry table of coefficients (or
value) may be of particular interest to market analysts in that it
gives a commodity breakdown of inputs for each industry.

The commodities and industry can be conveniently aggregated
into Major Groups with the result that a number of tables can be
derived from the basic commodity by industry one. These are:

Major Group by Industry

Commodity by Major Group

Major Group by Major Group

The last table is perhaps the most important in thgt it fulfills
the requirement for inversion, of equal rows and columns.

Commodity to Major Groups:(7) Unlike the problem of assigning
Industries to Major Groups, commodities do not by definition belong to
particular Major Groups. It was found that less ambiguity arose if the
SCC commodities were assigned directly to Major Groups rather than being
first assigned to Industries and fhen to Major Groups. Commodity input
coefficients can be conveniently aggregated into Major Group input

coefficients by simple summation. Thus, given a unique assignment of a

(7) Major Group is an SIC defined category by which Industries with
like outputs are grouped
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‘commodity to a Major Group, the following holds:
Let the following commodities be assigned to Major Group 8:
Commodity in row 10
Commodity in row 11
Commodity in row 12
Then

a.=a‘+a‘+a.
8,J 10,5 11,3 12,3

where the coefficients on the left hand side are not correspondingly
subscripted to the ones on the right hand side. This formula can be

expressed in value terms:

. X . X , X .
8,J 10,7 11, + 12,7
X. 8,J X, X, X,
J J R J
which shows that if the inputs were measured in value terms, the

composite X_ = would still equal the simplé sum of X s X . and
8,J H 10,J 11,

%

X .
12,3

Industry to Major Group: The aggregafion 6f Industry columns into
Major Group columns is not as simple as thé above. Although the
Industries by SIC definition belong uniqueiy to a Major Group, the

individual industries must be weighted in érder of their importance.

Thus, if one used simple summation, as above, then:

a, = a, + a, + a, i
i,8 i,10 1,11 1,12 =

but when put in value terms, the X 8 composite would not equal the
l)
individual X, + X + Xi

i, 10 i, 11 ,12°
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Thus,

X, X, X, X,
i,8 1,10 1,11 i,12
X B X " X " X

8 10 11 12

which expresses the last equation only in expanded terms, would dis-

allow

unless X8 = XlO = X11 = Xl2f which is normally not the case.

Before considering the theoretical aspects of aggregation, let
it suffice here that it has been found convenient to weight the co-
efficients by the proportion of Major Group output that the individual
industry's output forms. Thus:

If we make
- X X
a, = a 10 + 11
1,8 1,10 gX Y X+ X 3 ¥ fu Ex T X+ X 3
10 i1 12 10 11 12

then a = i,10 R i,11 - i,12

i,8
X + X + X X + X + X X + X + X
10 11 12 10 11 12 10 11 12

This shows that if the total output of the Major Group equals the simple
sum of the total outputs of the industries, then the composite value of
inputs will equal the corresponding sum of the input values for each
iﬁdustry when calculated from the coefficients.

The aégregation of these Industries into Major Groups has been
done on the assumption that either 1) their input structures are the
same. (By definition their outputs are ‘similar and, therefore, their
input structures are usually similar as well), or 2) that any change in
output is distributed proportionately between the component industries

even though théy may have different input structures.
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>

Any practical input-output table will be expressed in terms of

"ideal" divisions.

rows and columns which represent aggregation of
This ""ideal" which is normally taken to represent unique commodity
divisions, cannot be attained in a practical sense because accounts of
business are not normally available. 1In Canada, for instance, the
D.B.S. Census Form is used for régistering industrial information, there
being one form per Establishment. An Establishment by definition is the
smailest accounting sector of a Tfirm, yet these Establishments
themselves produce more than one commodity as a rule. As far as a
"predictive" input-output table based on such a fine commodity detail
is concerned, the assumption of no input substitution would certainly
not hold. Thus, the criterion on aggregation must be something other
than that it be a reflection of the "ideal" dissaggregated model. The
accepted criterion has become "for all possible variations in final
demand, the total output, when aggregated from the original sectors,
should be equal to the total output of the aggregated sectors".(S)
This "acceptable" requirement can be met if:

1. aggregation is made of sectors having equal input coefficients --

9
the Chenery—Clarke( ) case of horizontal integration; or

2. aggregation is made of sectors whose outputs change in
10
proportion -~ the Chenery—Clarke( ) case of vertical

integration.

(8) See Fei, J. ( 18 )
(9) See Chenery, H. B,, and Clarke, P, H. (5), Chapter 12

(106) op. cit,
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A number of articles have been written on the question of
aggregation, the more interesting of which are —- Ara, K. (13), Theil, H.
(40), and Fei, J. (18) gives a concise, precise account of the potential
error involved in aggregation and disaggregation in regard to the
inverse, and Fei (18) "shows that the conditions of "accept-
ability" can be met if the column sums of the component column of an
aggregated sector are equal -- i.e. if the proportion that primary
(non-produced) commodities form of the total output of each of the
original sectors are equal.

In drawing up a provincial table, it appears convenient to
aggregate both row and column sectors of the basic commodity by industry
table in SIC defined Major Groups because:

1. The grouping is standafd and coincides closely with the

U.N. International Standard Industrial Classification

" (I.8.I.C.);

2. The grouping is defined by D.B.S. in regard to industries
on the basis of similarity of output and consequently

similarity of input structure;

..3.. . The number of sectors involved is convenient, there being

20 manufacturing sectors + any changes;

4. The commodity detail formed on the Census Forms can be
conveniently categorized in Major Groups.
Certain of the Major Groups may be aggregated or'disaggregated; this is
considered below in Chapter III.
In the model developed in the next ?ection, the Industries are
aggregated into the corresponding Major Gr%ups by weighting the co-
efficients according to the proportion of éroup output each Industry

o
N

output is comprised,

o

OO €4 T 1

7
4
.
<
.




26

The conditions of "acceptability' are met by the assumption that
the resultant output levels of a Major Group, by computation of the
"inverse" and a bill of final demand, equal the simple sums of the
Industry output level that would result in inverting an Industry by
Industry table. Granted that tﬁe above assumption is unlikely to hold
very strictly,, a consolation lies in the fact that by definition the
input stfuctures are close to being the same.

The following discussion of common problems of input-output
tables is cursory in that references 5,7,8,11,41 are to the point and
cover them thoroughly. The U.N. handbook ( 41 ) . is the gpst up~

to-date and gives a good account under all headings.

Producers vs. Purchase Prices ‘

Computing input/output coefficients on the basis of census data
requires a decision as to valuation‘of inputs and outputs. The D.B.S.
Census Forms stipulate to fhe reporting firms thét inputs are to be
registered in "purchasers" prices while outputs are to be registered
in "producers" prices.

"Producers' price valuation corresponds with F.O0.B. valuation:
the commodities are valued at factory cost and do not include subsequent
"margins'' (transportationvcosts, wholesale and retail trade margins, and
net indirect taxes).

"Purchasers' price valuation is simply the "producers" price
valuation with these margins added on.

An input/output table measured in purchasers prices would show

inputs inclusive of margins and a row sector to indicate margins added

on to a producers (column) output.
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Thus, if:

, . .th th
X, ., = the input from the i sector to the j sector valued
+J th th
at what the j sector pays (= what the i sector

receives + margins;

: th
M( = the margins added on to the j sectors output to show
J
it at purchasers prices;
, .th . . :
Xj = the output value of the j sector inclusive of margins;
then
o /
S ox o+ v = x/
E;i ij i i .
..... (I1 - 4)
n
/
SOox/ o+ um o+ v o= x
L i
3=1 J J J J
..... (I1I - 5)
x! .
‘ _ iJ
a, = =
ij X,
J
..... (I1 - 6)
o AT+ v = %
..... (I1 - 7)
A table measured in producers prices would show inputs at F.O.B.
prices -~ i.e. exclusive of margins and the margins input row measures

margins paid for each of the inputs by the purchasing industry.

Thus, if:
. .th .th
X ., = the input from the i sector to the sector valued
1J
th
at what the i sector receives;
L . .th : .
M, = the margins paid by the j sector to obtain the required
J

inputs;

SR
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3

th
X. = output of the j sector valued at F.O.B. prices;
J
then
Fol
X, o+ X, = X, (I - 8)
e Wy | i i
J=1
0
2 X .+ M, + V, = X, cive. (11 - 9)
. 1J J J J
i=1
Xi'
a . o= — (I1 - 10)
ij X.
J
. AX+Y = X (I1 - 11)

Note that in the above case (II - 11), if a bill of final demand
is given (normally at purchasers price valuation), then the margins must
be subtracted before multiplying by the inverse for the resultant output

levels. Given Y], one must estimate the margin M in order to use
y

(II - 11).
Thus,
Y = Y - M
y
and from (II - 11)
X = (1- &7 @ - uy . (IT - 12)

y
The differences between a purchasers as compared to a producers

valuation system can be illustrated by the following:
1. Purchasers Prices: Marketing costs are double counted,
first as inputs to a sector from the ﬁarkefing cost sector
and second as part of the value of output of that producing

sector;

Producers Prices: Marketing costs are only singly counted --

as inputs to the purchasing industry.
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2. Purchasers Prices: Marketing costs are distributed along
each row such that if these costs vary from cell to cell in
a given row, and if oufput distribution along a row changea,
the value of production may change even though actual

production does not;

v

Prodlicers Prices: The above effect will be absent because

no marketing costs are distributed along the rows.

3. Purchasers Prices: Marketing costs are assumed to vary with
the output structure of a sector but output structure, over

time, is regarded as relatively unstable;

Producers Prices: Marketing costs are assumed to vary with
the input structure of a sector, which is regarded as a more

stable relationship than the output structure.

4, Purchasers Pricé: A table compiled on this basis of valuation
involves less additional work'in that inputs are already
registered in purchagers prices (re D.B.S. Cénsus Forms),
and only fhe margins in sector aggregate need be computed
to being output valuation from produceys prices (as regis-

tered on Forms) to purchasers, prices;

Producers Prices: Compiling a table under this system of
valuation would require an estimate on margins for each cell
if (as in the case of (Census Forms), the input value figures
are in purchasers prices. |
It would appear then that items 1, 2 and 3 above give the
advantage to producers pricés to such a degree as to overbalance the
disadvantage as outlined in 4. 1Indeed, the United Nations has recom-

(11)

mended standardizing all basic input/output tables in producers prices.

.

(11) See United Nations, (41), Chapter 2, Section V,
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A combination of producers and purchasers prices can be used
which allows compilation direct from the Census Forms. As before, the
prime is used to denote valuation at purchasers prices while unprimed

variables are valued at producers prices. Then:

n
STx o+ oyl - M = X ceee. (II - 13)
Lo~ ij i i i :
Jj=1
n
= /
~\L-Xi' + V.o o= X (II -.14)
U J Jj
X/
,, ij
a’ = —= ... (II - 15
X ( )
J
C. AKX + Y - M = X
’ Vd
X = (1-4A" «¢-m»m . (II - 16)

where

/"

A is defined by (II - 15)

/

Y bill of final demand inclusive of margins

i

M = margins - by row

The drawback to using (II - 16) is that margins are assumed
autonomous yet at the same time are assumed proportional to output
(through A” ). This last problem can be got around if M is measured,

and assumed, as a constant proportion of output. Thus:

M M, . .
If Bi = 1 = i i=3 ..., (ILI - 17)
X X.
1 J
and M, = B.X,
i i'i
M = BX

where B is a diagonal matrix of the form
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B, 0 O ........ O
0 B, ©
0 o . .
: B
. i
0. .;.. e, B
. n
then
A" X + Y - BX = X
A X - BX - X = -y’
Y" = X + BX - A"X
Y’ = (I + B - A")X
CLX o= @AY (II - 18)

Note that in the above model, all the disadvantages (and
advantages) of the purchasers price system are present, with the
exception of the double counting of mdrgins aspect. Also, the
resultant outputs'are measured in producers priceé not}purchasers

prices.

Imports—-Exports

In input/output analysis, it is generally assumed that exports
are‘autonomously determined (by extra-national considerations) and at
least are not a function of domestic output. Normally then, exports
are measured as part of final demand and do not enter in the compilation
of the basic table. Thus: »

A = (a_ ) are formed from X _ and X,
iJ. iJ J

and
X = 1is predicted in other thaﬂhbase year computations from the

parameter A and the exogenous variable Y via

X = (I-mYy




Exports can now be considered as an exogenous variable by
» ol T'}] -
EX = exports of output of i sector
i
then
' -1 _
X = (I - 4A) (Y + EX)
Imports, on the other hand, are normally regarded as a function
of the output of the corresponding sector although a distinction is
made between competitive imports and non-competitive imports., Competitive
imports are those commodities which are also produced domestically wherecas
non-competitive imports are those commodities which do not even have close
substitutes produced domestically -- e.g. mangoes.
As registered on the industrial Census Forms, input items are
inclusive of imports and no ready distinction between domestic and imported
inputs can be made. Output items are, of course, produced domestically

only. An initial compilation then would be of the form

t
%,l s e X/n ?, ‘ ?,
t
X ... creeeeees X Y X
m/ mn m
v, Vh
o o
X ... teeraness X
/ n
t _ )
The row output totals X, i =1, ... n, represent total require-
i
ments -- i.e. domestic production, plus input imports plus imports for

final demand. In order to make these compatible with the column totals
(domestic production), the total values of sector imports must either
be subtracted from the row totals or added to the column totals,

Considering this in model form:
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I
Mi = imports used for inputs i=1, ... n
MZ = imports used by final demand i=1, ... n

t .
Mi = total imports

t . . N
Y, = ,total final demand (domestic and imports)

i

(o) . . .
X = domestic production

t
X = domestic production plus all imports

t o - I
i.e. X = X + M + My

Now if the input coefficients are formed directly from the data found

on the Census Forms, then:

t
X,

A" = =4 ceves (II - 19)
x° '
J

n t t . .

_ X .+t Y, o+ M = X, co.T. (I - 20)

J.=l iJ 1 R 1

m

t t t
> X+ V., + M. = X . . veses (II - 2L)
= i J J J

' I
Taking (II - 20) and adding (-Mi) to both sides then

or
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and combining (II - 19) with (II - 20)

, I D ‘
AT Xg Y -Mo= X cesecesses (II - 22)
) 1J i 1

3

Assuming aggregation based on section I above, then

L - a - A3—1 Y - MI) ceosecasss (II = 23)

But here, as in (II - 16), an item is included in both the autonomous
section as well as the endogenous section (A ) of the balance equations,

This can be got around by forming a coefficient C such that:

I(13)
M I
i
Ci = —B— ~-i, e, M, d1is the input import content of the
i
X
i th |
output of the i industry.
I
or M = CX

I
where M and X are column vectors and C is a diagonal matrix of co-

efficients, then

p t D - D
B S S S
o D o -1 t .
A4 * X = (I'—A + C) (Y _My) o--on.oaoooooooo(II—24‘-)
or
D ” -1 D .
X = (I-A + C) (Y) . ooooooowoooo..ao(II-25)

As for the question of non-competing imports, they are best
distributed along a separate row and are treated as primary commodities
(non-produced), Only if an interregional model was desired (see (1) and
(5) ) would the non-competing imports be possibly included in the
"invertible" part of the table. Pitts and Sawyer consider the overall

question of imports in some detail - see (33).

'(13) This arrangement introduces the assumption that the input imports area
constant proportion of output.
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Overall Model

On the basis of the above considerations then, the suggested

provincial model based on the D.B.S. Census Forms, becomes:

X = (I -4 + B+ oty ceees (II - 26)
where .
’
A = z ij X;J = input from i to. j measured at
J purchasers prices and reflecting
the simple sum of domestic production
and imports of i going to j.
X3 = total domestic production of j,
at producers prices.
X =-(X_ )
J
I = unit matrix - identity matrix
B = a diagonal matrix with the ith element in the diagonal

.th .th . . .
(i row, i column), showing the proportion margins are

of output valuation along a row sector of the total
_th
output of that i row,
th
C = a diagonal matrix with the i element in the diagonal
.th . th . .
(i row, i column), showing the proportion that the
th
input imports into the i row are of the total output of

that row,

D
Y = final demand for domestic output,

D t
Of course, Y is interchangeable with Y - My.
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Survey of Possible Uses

The following is a brief account of common uses to which an
input/output table can be put. These uses are under the headings:
1. Marketing Analysis
2. Resource Base Studies
. Stgtistical Checks
. Import Replacement Studies
5, Taxation Studies
Gf Price Relationships
7. Coefficient Tracing
Reference is made to the information needed in the light of the

suggested model (IL ~ 26).

1. Marketing Analysis

The basic, most detailed, noﬁﬁinverted table could be of
considerable use to market research people, both government and private.
Working directly from the Census Forms, the most detailed table would
be rectangular, listing commodities in three-digit defail (SCC‘classes)
down the columns, and industries with four-digit detail (SIC Industries)
along the rows. From such a table, an idea of the cost structure of a
given industry could be obtained, or, by the same token, the distribution
pattern of a given commodity class over the industries, Again, although
detail would be lost in "squaring up' the table, the inverse would give
an idea of what industries and resources would be "strained" given an-

increase in the production of a given industry.

2. Resource Base Studies

The inverse can be used to obtain resultant production levels
from stipulated bills of final demand by:

’ P k k .

Xk = (I -4) (Y + EX) evess (II = 27)
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where k signifies a "set'" of observations

k th '
Y = predicted, k , set of final demands
& . lieit in Y i -1
= computed production levels implicit in Y. via (I « A)
The computed Xk can then be used to find the different requirements
placed on the primary (non—produceé or base resource) commodities
thfough: , L.
n
k ,
ANT, = v, X ceee. (I - 28)
1 : iJ J :
J=1
where
. ~.th .
Vij is the amount (value) of the i primary commodity used
per dollar of output of sector j.
k .th . .
AMT, = vresultant amount of the i primary commodity
l .

th
required to accommodate the k postulated bill of
final demand.

A direct formulation of (II - 28) would be

k -1 k
AT, = V(=BT (@ s EXY)
n
where V = the row vector ( V, )

J=1

3. Statistical Checks

One of the more common.uses to which national input/output
tables may be put is in revealing ''gaps and redundancies' in national
accounts, foreign trade statistics and embloyment and similar
compilations., The table may serve both as a quantitative check and as
qualitative check on the suitability of existing classificatory échemes.
In that a provincial table may be‘the only source for such statistics

on a regional basis, the checking function is lost.
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4, Import Replacement Studies

In predicting future output levels on fhe basis of postulated
future demands, a‘substantial amount of induced import requirements
may arise, Such information may be of value to provincial governments
in suggesting areas for encouragement o{ industrial development, One
must temper any such results with the fact that import data on a
provincial basis is normally very sparse and often inaccurate due to
lack of proper data, 1In the relatively compact import model developed
above (see (II - 26) ) an additional prqblem arises in the fact that
the model by incorporating the "B" coefficients assumes that the row
distribution of input imports is a fixed proportion of the output for
that sector, In any case the model caﬁ be used to determine input
import requirements (final demand impqrts are assumed exogenous) by:

M - BX .
where ‘

a-mty

>
i

5, Taxation Studies

Direct taxes imposed on factor sérvices are not usually included
directly in an input/output table although they can be predicted from
the model by first determining the requisite amount (value) of factor
services for a given bill of final demand. The incidence of a sales
tax could be usefully analyzed in this sense although if the table
wefe looked at in terms of prices (see‘next section), information
could be found in regard to resultant price changes. In terms of the

model, a total tax bill could be determined by:

BILLL = P X
1
where
gl = row vector of taxes (as a percentage) imposed on each

of the sectors.
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and

X = the column vector of total outputs computed from
X = a-m"1y
BILL = a scalar, value quantity
Personal income taxes could be computed from BILL = Pz-AMT
where .
P2 = the incidénce of personal income tax in terms of a
scalar percentage (average tax as a percent of income),
OR a diagonal matrix of taxes imposed -- as a percentage
of output differentiated by sectors,
AMT = the amount of labour cdmputed via (II - 28) which would

be a scalar and would correspond with the scalar PZ or

sectors:

AMT = V. X ‘ j=l,.... n
J ij j .

In either case, BILL is a scalar quantity. This particular use of an
input/output table may be most useful in a provincial framework where
the interindustry schema represents the only approach for determining

total (direct and indirect) effects.

6. Price Relationships
If the cost structures of industries are looked at as a series
of price-quantity relationships, one can set up a model to determine

relative prices from the input coefficients., Thus, if:

v Vj
A = T
J X,
J
n
V., = P X =~ a P X
J J J i3 1 3
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dividing'through by Xj

. T
J =i 1j
then
t
A" = p - aA'p
R ° t. - v :
° ° P = (I"A)lA . v sce s (II—ZQ)
where '
t
A = transpose of A

P = price vector related to sector outputs

It can be seen from (II - 29) that once the input coefficients
and the value added proportions of output aré given, prices (relative)
are fixed, If the AV (value added as p£bportion of corresponding
outputs) can be assumed constant over different levels of output, then
prices can be determined independentl&cof output levels. If the Av can -
not be assumed fixed over é range of output levels, then the price
\ equation (II - 29) must be "tied-in" with the quantity équation (II - 26).
Yamada(l4) has-done this conveniently by adding two moré sets of
equations, one showihg the demand for a sector's output as a simple
linear function of price and the other showing quantity produced as a
simpie linear function of price.

The crucial variable iﬁ such price equations is the hiddehvone’
of profit levels, a problem assumed away heretofore. Equation (II:— 29)
only holds if the sum of costs indicated ekactly equals the revenue,

On the grounds that most prices are fixed by non-competitive factors
over a considerable range, it would appear doubtful that attempting
price analysis thn)ugh (II - 29) would be worthwhile, In any case, the
model developed above can be used for determining such price variables,

the only additional data needed being the value-added-per-output co-

efficients.

(14) See Yamada, (11), Chapter 1
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7. Coefficient Trace

4

-1
Having once computed the cell members of the inverse (I - A) ~,

it may be useful to trace the effect of a change in one (or more) of

the original A coefficients on the inverse. There may be some doubt

as to a given coefficient -- say, @echnological studies suggest it is
too high -~ in'Which case it would be useful to know how significant

this margin of error might be, Again, the object might be given a

postulated change in technique substitution, labour-capital switch, to

find what the net effect on the inverse, and hence on computed production

levels., Tracing the effects of such c¢hanges requires a re-calculation

of the inverse although the author has outlined and programmed a method

in Chapter IV which calculates the net change itself, to any required

degree of accuracy via the Leontief~Cornfie1d(15) multiplier process.
 Having once determined the net effect on the inverse, the matrix of such

net changes may be used in equations)(II - 26), (I1 - 28) and (II - 29)

to show that net resultant effects on the output levelg, resource

requirements and other computed variables,

2 : -1
(15) Represented by I + A+ A ,.s..., The approximation of (I-A)
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It is helpful to have a good idea of the uses to which an input/
output table can be put before compiling it although, for a provincial
model, one would be hard pressed to accommodate the United Nations'
suggestion that ''the particular applications of input/output analysis
govern the preparation of the statistical table of transactions".(la)
It has been argyed here that the availability of data severely restricts
the type of table formed, and that the more feasible provincial approach
is to build up the table -- rectangular -~ to square -- to including
non-manufacturing sectors —-'keeping‘as much detail as convenient and
adjusting the basic table later, to suit specific purposes,

In passing, it is useful to note that while an "open model"
(autonomous final demand from households) hae been assumed, a "closed
model” may be useful in determining employment changes. If it is
postulated that certain sector(s) are stimulated, then the resultant
effects on employment (via (II - 28) cah be thought of as putting a
further demand for consumption goods and, in turn, further stimulating
employment. This sensitivity of final demand to employment can be
introduced into the model by including the household sector in the
body of the table where the output ts labour (distributed along the
n + 1 row) and the inputs are final demand goods (down the n + 1th
column), Inverting thisvaugmented matrix -- assuming that the
proportional breakdown of consumption goods per unit of income is
fixed -- allows the determination of these consumption multiplier
effects, Given an increase in autonomous final demand -- now restricted
to non-household consumption -- one is able to compute the augmented

an

effect on production levels,

(16) See United Nations, (42)
(17) See Dorfman, Samuelson and Solow (6)
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In the next chapter, the possible sources of information for

compiling the basic table are considered,

-




CHAPTER III
THE BASIC SOURCES OF DATA

In any input/output study bqt those of the most ambitious scale,
industry and cgmmodity classificatory schemas are set by the available
data format. In the case of a provincial tablée using the D.B.S. Census
Forms for base year data, the Standard Industrial Classifiéation (s1c)
is used in the coding of industries, Commodity detail entered on
these forms does not necessarily coincdide with any set classification
although the guideline for setting up the form's entries was the
Standard Commodity Classificatién (SCC). As a consequence, input (and
output) entries on these forms can be conveniently coded to an SCC
- category., In this chaptef, the emphasis will be on these sources of
data and how the proposed model is adépted to availability of such
information. A

Although it is possible to use the Census Forms -- or even
direct data gathering -~ and reclassify the contents aécording %o some
arbitrary scheme, the original SIC framework‘in conjunction with SCC
coding of detail is recommended for the provincial model under consider-
ation because: A

1. Substantial (read costly) effort would be required to keep

the number of divisions down and yet satisfy the homogeneity

constraints of the predictive input/output model,

2, The SIC and SCC is common to other data gathering agencies
both of government and private industry. Thus, the
presentation of input/output information in these standardized

formats can more readily be interpreted by these agencies,




45

3., The SIC is a classificatory system whereby industries with
like outputs and hence like inputs, are grouped together,

satisfying (at least in degree) the homogeneity assumption

of input/output analysis.

_4. A ready-made aggregation of industries into Méjor Groups
is “available, each industry being uniéuély assigned to one
of these Major»GrOups by definition. The SCC commodity
Groups (three-digit) can élso be conveniently assigned to
the SIC Major»Group catégories.

The formation of a basic commodity by industry table within
the above framework, and using the D,B,S, Industrial Census Forms,
requires only tWo basic judgements: the SCC commodity Groups must’be
assigned_to input detail on the basis of the giﬁen description and these
commodity Groups must be assigned to ﬁhe SIC Major Groups.

In the initial compilation of”%he table then, it is suggested
that the columnar divisions be based on: the four-digié'SIC industries
and that in the subsequent, more aggregated table, these industries be
taken into the SIC Major Group divisions., Again, 1t is suggested that
the row divisions be made on the basis of SCC three-digit commodity
Groups and this requires the compiler to assign each input entry to
one {in some cases, more) of these Groups. In the aggregation of these
commodity Groups, it is suggested that these be directly assigned to
SIC Major Groups rather than an attempt being made at assigning them
firsf to SIC Industries and then Major Groups. It was found, in working
with the Manitoba compilation, that three-digit commodity detail could
not be unambiguously aésigned to an industry., Indeed, some commodities
could not even be unambiguously assigned to a Major Group ~- e.g.

packaging,
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If the above classificatory scheme is used together with the
Ceﬁsus Forms, four tables can be compiled, namely:

1. ROWS = SCC COMMODITY GROUPS ‘ 5

COLS., = SIC INDUSTRIES
2. ROWS = SIC MAJOR GROUPS :
col.s, = SIC INDUSTRIES
3. ROWS = SCC COMMODITY GROUPS
COLS, = SIC MAJOR GROUPS
4, ROWS = SIC MAJOR GROUPS
COLS. = SIC MAJOR GROUPS

In that the columns must be compatible with the rows in order that a
table be inverted, the basic ”predictive".input/output table is 4,
above, The initial table, and the one most useful in the "descriptive"
sense is 1. above, A certain aggregétiqn of the Census Form data is

required, however, before Table 1 is obtained, and is:described below.

Aggregation of Establishments:

.The SIC manual(l) describes,or‘rather defines, an Establishment
as the smallest business entity that maintains a set of business
accounts (pfofit/loss, etc,). Each Establishment in the country is
uniquely categorized in an Industry, and as such; is sent a Census Form
to be completed, After the initial coding of the entries to SCC categories,

as described above, the data would take the form.

(1) See D.B,S; (47).
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Industry L 1011 ~ 1013. 1030

Establishment 1 2 3 4 ' 1 2 3 : 1
Commodity T '
7 2 3 4 ’ 2
) X
051 Xy X ¥4 1 %2 ¥y

065.0:.‘0:.-

“a 2 ve o

10).veunn..

. x; x4
. il il

The Establishments have been disfinguished by superscripts. By definition
the'Establishments under a given Industry have similar outputs’and on

this basis it is assumed that the input structures are similar. In order
to form Table 1 ébove, one could compute Establishment coefficients and

then form an average of each for the Industry Input coefficient.

Thus — ' .2 3 4
° X (x’. . x X X))
: 11 3 4 I 11 11
a = — + X o+ X = (— + - + + ) / 4
1L 2 3 4 ¢ x’ <2 L )
1 2 1 T2 s 4

The Industry coefficients are computed.in a slightly different manner in

the computer.program of Chapter IV. v }
Each X?j is entered on the bisic data cards but the Establishment

coefficients are by-passed., Each Xij is sgmmed over k as is the column

. k
totals Xj' The industry coefficient is then computed by:
1 ‘ 1 -

< k ~ i
a =y X % 2. X L = number of Establishments
19 T4y T 75 Ny

under Industry j.

Working in this manner, Establishment identity is not required to
be maintained although the basic deck (DATA I) does so, in order to allow
checking and removal of inaccurate or unreasonable data from selected
Establishments. Actually; the computer program does compute Establish-

ment coefficients but only for checking, and they are not used again in
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the compilation. The revised basic deck of cards (DATA II; which is
simply the original, with unwanted Establishments ''weeded out" is fed
into another program and the basic commodity by industry table is

output in the following form:

Industry .... 1011 1013 1030
Commodity
. 051 B  ceeeeecees B essesences &
° 11 12 13
065 a
2lieiionnses @ escesscoes &
22 23
101 a . .
23 . .
X .
where a . = ij . . .
iJ -i—— J =1, .., n industries
J

i=1, ... m commodities

m > n normally

~

Tables 2, 3 and 4 are derived from Table 1 above with the
additional of the following information:

1. IList of assignments of Commodity Groups to Major Groups.

2. List of assignments of Industries to Major Groups.

3. List of weights to be given to individual Industries for
aggregation into Major Groups.
Of the above, 1) must be formed by the compiler, 2) follows by SIC
definition, and 3) is computed in the program. The next chapter
considers the form and procedure for obtaining this information in

detail._
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The author would like to emphatical@y suggest here fhat great

effort be taken to assign the Cénsus Form %ntries to commodity Groups
carefully. Changing one of these classifiéations after, say, the

Major Group by Major Group has been compiléd is tantamount to redoing

the whole compilation,

Some Relevant Observations

COMECC P, £ ¢

Every Establishment is required, béylaw, to £i111 out the Census
Forms, for return to the Dominion Bureau d% Statistics. These Establish-
ments are requested though not required to'send a form to the Provincial
Government and the latter receives roughly a 60% coverage(2>. Of these,
many will have to be eliminated due to obviously innaccurate content or
in some cases, lack of content. The Forms relating to some Industries
eg, the clothing industry, do not require input detail and as a consequence
are useless for input/output work. In general, of the three types of
Census Forms - Long, Medium and Short, only the latter lacks input detail,

The aspect of "confidentiality' should also be considered in
compilation. The law requires that no statistics arising out of the
Census Forms be published if they are given on an Industry where only
three or fewer Establishments are defined, or again, if one Establishment
accounts for 60% or over of the value of that Industries output, On a
provincial basis, this can create a problem although not in regard to the
"predictive”, Major Group by Major Group table, Concerning any of the
"Industry" tables (Tables 1 and 2 above) diétribution may have to be
limited to government agencies or else the relevent Industries must be
aggregated into other Industries,

It is hoped that in the future, the quality and quantity of such

Industrial information will be improved. Indeed, if the provincial

"compiler" were to have access to the DBS commodity cards, which are

(2) That is, the provincial files have only a 60% coverage of the
potential measured by the output totals of the forms on hand as
compared to the overall output total,
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the amount of data be improved,

distinguishable by province, not only woul

s

but the form entries would already be clas%ified to commodity Groups and
be compatible with the national compilation at that. According to ~
Gigantes and Robb(S), the Bureau is c