


SLACK IN INPUT-OUTFUT MODELS

I Introduction

In studies of input-output relationships it has been found that
there are considerable variations in the coefficients from year to year
even {hen the basic input-output data are given in constant price
values.l) Apparently, only a minor fraction of the variations may be
explained by gradual technological change. There are a number of pos-
sible explanations for the remaining variability: random changes in
product mix within the sectors, changes in market shares for establish-
ments with different techniques, random variations in quality and utili-
sation of raw materials and errors in statistical measurement as well as
purposeful adjustments of the precduction techniques or product mix with-
in sectors, e.g. in response to changing relative prices. Whereas random
variations in the coefficients will lead to random errcrs in the analy-
tical results of input-ocutput cemputations, and thus are of importance
for precision, they do not (necessarily) introduce systematic biases.
This is different with coefficient variations caused by systematic
adjustments to relative prices. Such adjustments will introduce syste-
matic errors in the results of an analysis.

Assume e.g. that a change in final demand is considered, which,
with base year coefficients, will increase the demand for labour by 10
per cent. Let us further assume that the needed 10 per cent extra
labour is not available. The conclusion from an ordinary input-output
analysis must be that the change in final demand cannct be realized,
unless the extra labour can somehow be supplied. On the other hand, we
may reason that what actually will happen if the change in final demand
is put into effect, will be that a scarcity of labour is felt, and,
possibly, wages and the prices of labour intensive products will
rise. Even if this fails to increase the supply of labour, entrepre-
neurs may be able to, and induced to, change their techniques in such ways
that they use less direct and indirect labour, and the changed final
demand may be satisfied with the new techniques, without cver-exhausting '
the available supply of labour. In this case the use of input-output

analysis will be of very limited value.

1) See Per Sevaldson: "The Stability of Input-Output Coefficients" in
"Applications of Input-Output Analysis" Eds. A.P. Carter and A. Brody
Amsterdam/London 1969. Alsc as "Artikler™ No. 32 from the Central
Bureau of Statistics of Norway.



We have cutlined twe extreme pessibilities. Reality is probably
scmewhere in between, and it is important tc know as much as possible
about where.

Empirical studies of the errors committed by using fixed coef-
ficient input-output matrices to compute production and input levels for
historical years can tell something about the sceope of errors, but they
cannot in themselves indicate whether the errors are systematic or random.

In the present study we go another way in trying to evaluate the
importance of variability in input-output proportions: We start with the
table of empirical input-output cofficients for a given base year. Then
we assume that some of the ccefficients in this input-output coefficient
table can be systewatically changed from their base year values. We
suppose that entrepreneurs are induced to reduce their labour costs, and
for that purpose change the input-output coefficients in such a way
as tc achieve the maximum possible saving in direct and indirect labour
at the cost of increased requirements for other primary inputs. (The
cause of the change may be a relative increase in the price of labour
compared to prices for other resources.) A saving in direct labour can
be achieved, if the coefficient for direct labour input can be reduced
at the cost of compensating increases in other inputs. A saving in in-
direct labour input can be achieved if the coefficients for the most
labour intensive inputs in a sector can be reduced at the cost of com-
pensating increases in some of the less labour intensive inputs. We
want then to investigate the changes in requirements for direct and in-
direct input, both of labour and other means of production, which are
associated with alternative assumptions about variability in input-
output proportions. In stipulating the rules for systematic changes in
input-cutput proportions we take account of the variability actually
observed in annual Norwegian input-output tables in fixed prices for the
periode 1949-1960.

If we assume that some of our alternatives are to some extent
representative of the scope for systematic variaticns in input-output
proportions in reality, then we may draw conclusions about the margins
of error which may occur in varicus types of estimates made on the
basis of an input-output model. By comparing hypothetical errors with
observed errcrs in estimates we may even get some indication about the
extent to which the cbserved changes in coefficients are due to syste-

matic cost adjustments or are of a more random nature.



One cculd say that the purposc of this test was threefold:

a) Tc obtain some indication whether the cbserved variability in
input-output coefficients was mainly the result of systematic adjustments
to changing relative prices, or if they could be ascribed to random or
temporal changes.

b) To obtain indications of the margins of error which must be taken
into account for the results of input-output estimates, if systematic
changes in accordance with scme of our alternative assumptions must be

counted on.

0

) To get an impression cf the pattern of changes in intermediate
deliveries from domestic sectors which we might obtain if systematic

changes must be assumed.

ITI The data

The basis for our study was the input-output table for the Nor-
wegian econcmy for the year 1959 in 1955-producers’ pricesl). The table
had 92 preoduction sectors, and 5 final delivery columns for exports,
government consumption, private consumption, gross fixed asset formation
and inventories. There was also a cclumn for toctal fimal deliveries,
which had no entries from indivudual production sectors, but received
its input from exports, government consumption, private consumption,
gross fixed asset formation and inventories. Each of these was entered
with its column sum cn a separate row as a delivery to total final deli-
veries.

The table also had a row for total imports into each sector (of
prcducticn or final delivery) and rows for gress national product, wages,
depreciation charges and owner income.Q) (See Diagram 1.)

The table could be lecoked upcn as a 98 sector input-output table
and direct coefficients and the Leontief inverse could be computed for

3)

the entire matrix.

1) Figures in 1955-prices were chosen in order to maintain compara-
bility with measurements of ccefficient variability over the pericd
1949-1960. See below and alsc Sevaldson: Op.cit. 1969.

2) Indirect taxes and subsidies were not specified so that there was
not a complete specificatior >f the components of value added.

?) Let us write A for the 92°by 92 matrix cof production sectors in the
base year, B for the 32 by 5 matrix of "final delivery proportions”
i.e. the fracticns of the total of each of the 5 final delivery
categories originating in each production sector in the base year,
and finally, C for the 5 by 1 vector of total deliveries to each of



Note 3) page 4 (cont.)

the 5 final delivery categories as fractions of the total of all fimal
deliveries in the base year. The comprehensive matrix corresponding to
the A-matrix in diagram 1 is then

; A\

. A B 0 i
G = 0 0 c
0 0 0
and i :
' (I-A) -B o\
(1-8) =° o0 I -C }
0 0 I

I3

The Leontief inverse of this is:

(1-0)"Y (1-n)"1B (z-a)"tBe
= 0 I c |
v 0 0 I

\
where I are unit matrices and 0 zero-matrices of appropriate dimensions.
The effects of partial changes in total final deliveries from any one of
the 92 production sectors is now given by (I-A)~1 (assuming A constant B
changed and no assumption about C compared to base year proportions).

The effects of partial changes in total deliveries to one of the final
delivery categories, when the change is distributed on delivering sectors
in the_same proporticns as deliveries in the base year, is given by
(1-A)"1B (assuming A and B constant and C changed from the base year).

The effects of a change in total final deliveries, when this change is
distributed on final delivery categories in the same proportions as de-
liveries in the base year, and changes in deliveries to each of the fimal
delivery categories are distributed on delivering sectors in the same
proportions as base year deliveries, is given by (I-A)71BC (assuming 4,

B and C unchanged from the base year).

Denoting now by V the 5 by 92 matrix of imports, gross product and the three
specified elements, wages, depreciation and owner incomes, all per unit
of output in the respective production sectors, and by W the corres-
pending 5 by 98 matrix cbtained by supplementing the V matrix by a matrix,
U, of dimension 5x5, with imperts as fractions of each final delivery
category in the first line and zeros elsewhere, and a zero matrix of
dimension 5x1:

W= (V, U, 0), then we also find the effects on gross product and its
elements as _ -1

W (1-6)"1 = (v(I-a)"t, v(I-a)"tB + U, V(I-a)"TRC + UC).



Diagram 1. Outline of the basic data-table

G-matrix Row
. sums
Production sectors
To Gvt. Pvt. In Total
Ex- con- con- Fixed ven- final
From ports sump- sump- assets . . deli-
tion tion very
12......92|093 94 95 96 97 98
[Production sectors
1
2
E X X 0 X
2 :
H 92
s
©
E inal delivery sectors
Exports 93
Gvt. consumption 94 o 0 X X
Pvt. consumption 95
Fixed assets 96
Inventories 97
Total final delivery 98 0 0 0 0
-
1 W-matrix
Total. import X X 0 X
: Gross product
%
1'5 of this:
!? wages X 0 0 X
R depreciation
j owner incomes
[
| Column sums X X X X
L

Areas marked X have figures, areas marked O are empty.
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The inverse table could give the following information:
Effects on production in Norwegian sectors, on sum imports, gross
national product, total wages, depreciation and owner income of

a) 1 unit increase in total final deliveries distributed over exports,
government consumption, private consumption, gross fixed asset for-
mation, and inventories in the same proportions as actual deliveries
in the base year. ((I-A)"'BC and V(I-A) *BC + UC)

b) 1 unit increase in any one of the separate categories of final deli-
veries distributed over Norwegian production sectors and imports in
the same proportions as actual deliveries in the base year.
((1-8)"'B and v(1-8)" 2 + U)

c) 1 unit increase in finzl deliveries from any one production sector.
((1-8)"" ana v(z-a)1)

III The test computations

The purpose of the experiment was to find the effects of systematic
changes in the coefficients on the essential .characteristics of the
Leontief inverse described above. It was assumed that a relative in-
crease occured in labour costs compared to other costs of primary inputs.
It was further assumed that this relative cost increase affected the
prices for outputs of production sectors in proportion to their total
(direct plus indirect) content of wages, as computed from the basic
input-output table. Accordingly, output from sectors with higher than
average total wage input per unit of output increased in price compared
to outputs from sectors with lower than average wage input per unit of
output. It was then assumed that producers adjusted to this change in
relative prices by changing their input propcortions in such a way as to
achieve a maximum saving of wages.

The changes in input proportions were restricted by a specifi-
cation of which types of input-output coefficients could be changed, by
how much each coefficien: could be changed, and by certain rules app-
lying to the changes in sums of coefficients.

There were fouralternative specifications of which types cof

1)

input-output coefficients could be changed:

1) The computations were actually carried out with alternatives 1) to 3)
and an additional alternative 4), which was equal to alternative 2, with
the modification that all coefficients for inputs into a given sector
from Norwegian production sectors must be changed in the same proportion
and in the same direction. Alternative 0) was formed by taking the dif-
ference between alternatives 2) and 4). As a consequence, the "basic
table' for alternative 0 is not the original 1959 table, but the table
corresponding to the coefficients after the changes under alternative 4
have been put intc effect.



Alternativz 0). Cnly the coefficients for input intc a sector
from Nerwegian production sectcrs can be changed (decreased or

increased)

Alternative 1). Only the coefficients for imports and for inputs

frem production sectors can be changed.

Alternative 2). The coefficient for direct labour input (wages)
can be changed in addition to the coefficients for imports and

inputs from production sectors.

Alternative 3). The above coefficients can be changed, and alsc

the coefficient for owner income.
The first of these alternatives (0) corresponds to a very restrictive
cesumption about the scope for changes. Only the coefficients inside the
square matrix of intersector deliveries can be adjusted. In alternative
1 we allcw substitution between all intermediate inputs, including sub-
stitution between domestic products and inputs, but no substitution bet-
ween intermediate and primary inputs. This is a production model which
may be reasonably realistic when the sector specification is relatively
detailed, and when the dividing live between intermediate and primary
prcducts is consistently drawn. The latter condition means that essen-
tially the same types of inputs should not be treated partly as primary
inputs (say wages and salaries, use of real capital) and partly as inter-
mediate inputs in the form of payments for semiprocessed raw materials,
for "consultations' from the service sectors and rentals for the use of
real capital). In alternative 2 we allow substitution between inter-
mediate inputs and direct labour input. Apart from the cases of an un-
clear dividing live between intermediate and primary inputs, this simple
type of interchangeability between primary inputs and labour inputs does
nct seem to be realistic. While it seems reasonable to assume that
changes in labour input and intermediate input proportions may be made
in order toc reduce costs, it seems unlikely that they should be of the
simple nature assumed here: i.e. that the coefficients of direct labour
input are reduced, and to some extent alsc the coefficients for inputs
with high indirect labour ccntent, while there are compensating increases”
in the coefficients for inputs with low or zerc indirect labour ccntent.
(See below). Since the assumptions used here give the maximum reduction
in labour inputs possible, with the given limitations on variability,
they may be considered as upwards limit values for the possible changes

with these limitations. In alternative 3 we also allow changes in the



. .

owner income coefficients, assuming such changes to reflect the exchange

of work by cwners and owners' family members for other inputs, parti-

cularly for hired labour.

The restricticns on the extent of changes in the ccefficients
were, apart from what follows from the general description above, the same
for all alternatives. They were specified in the following way:

1) The column sum of coefficients changes for each sector must be zerc.
(The balance requirement).

2) For each type of coefficient, and for the sum coefficient for inputs
tc 2 producticn sector from 21l production sectors, there was given a
maximum numerical change, depending on the size of the coefficient.

3) No coefficient could be more than doubled cr reduced to less than zero.

The limits set are shown in table 1. Roughly they correspond to
twice the standard deviation abcut the trend for the corresponding types
of coefficients observed cver the pericd 1949-19601).

Since the balancing requirements generally prevented the changing
of all coefficients up to the given maxima, certain pricrities had to be
established. Since the purpose of the adjustments was to save labour in-
puts, this also gave the basis for the priorities which were established:
a) The highest pricrity was given to reducing the direct labour coeffici-
ent with as near to its maximum change as possible. (Alternatives 2, 3
and 4).

b) If there was still rocm inside the balance requirement, the next prio-

rity was to reduce the sum coefficient for inputs from production, thus

saving in indirect labour. (Alternatives 1, 2, 3 and 4).

¢) The ccefficient of owner income was never reduced, but was, when it

could be changed (Alternative 3), left unchanged unless the permitted

increase in the import coefficientwas not sufficient to compensate for

the maximum reducticns in the direct labour ccefficient and in the sum

coefficient for inputs from production. In that case the coefficient

for owner income was increased in crder to allow for the biggest

possible savings in direct labour and intermediate input.

d) Increase in the import cosfficientwas the preferred compensation for

reductions in other coefficients.

e) If maximum reducticn in the direct labour coefficient more than offeet

the sum of maximum allowable increases in import and owner income coef-

ficients, as much of the remainder of the allowable maximum reduction in

the labour coefficient as possible was realized against a compensating

1) See Sevaldscon, Op.cit. 1969.
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increase in the sum coefficient for inmputs from production up to the
maximum change for this sum ccefficient. This sum coefficient could
thus either decrease or increase. (Compare b) above.)

f) Within the limits set by the required change in the sum coefficient
for inputs from production according te b) or e) above, the individual
coefficient for inputs from production to a sector were changed in such
a way that inputs with a high indirect labour content in the base year

were reduced and inputs with a low indirect labour content were increased.

Table 1. Limits for changes in ccefficients compared to observed stan-

dard deviations in coefficients 1949—1960.1)

If the original coefficient was
0.0200 0.0201- 0.0501« 0.1001- 0.2501- 0.5001 and
and less 0.0500 0.1000 0.2500 0.5000 above

the change in

coefficients

for inputs

from individu-

al producticn

sectors, laho-

ur (wages) and

owner income

must not ex-

ceed ececsesees 00,0120 0.0140 0.0240 0.041 0.0860 0.0880

the change in

ccefficients

for imports

and sum of

inputs from

production

sectors must

not exceed ,,., 0.0120 0.,0180 0.0280 0.0440 0.0620 0.1220

Standard de-
viation abo-
ut trend ac-
cording to
observations
1948-1960
wasl)

for interme-
diate input
coefficients
for total
import coef-
ficients ,.... 0.006 0.009 0.014 0.022 0.031 0.061
for gross

value added

coefficients . .o . 0.033 0.048 0.036 0.016

0.006 0.007 0.012 0.021 0.043 0.044

1) See Per Sevaldson, Op. cit. 1969.
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The fact that some coefficients could not be changed under some of the
alternatives should nct complicate the interpretation of this procedure.
On the basis of the given rules, four alternative labour saving
coefficient matrices cculd be derived from the given base year coeffici-
ent matrix.
The following procedures were used for changing the input coef-
ficients for each sector in turn:
1. Under alternatives 2 and 3 the coefficient for labour was reduced as
much as possible, the limitations given by the limits according to table
1 or by the balance requirement.
2. Under alternatives 1,2 and 3 the coefficient for imports was increased
as much as possible, the limitations given by the limits according to
table 1 or by the balance requirement.
3. Under alternative 3 the coefficient for cwner income was increased as
much as possible, the limitations given by the limits according to table
1 or by the balance requirements.
4. When steps 1, 2 and 3 had been carried cut, the sum ccefficient for
intermediate inputs would have to be::
a) unchanged (always for alternative 0)
b) reduced, when the maximum allowable increase in the import coefficient
and the owner income coefficient together exceeded the maximum allowable
reduction in the labour ccefficient.
c) increased, when the maximum allowable reduction in the labour coef-
ficient exceeded the maximum allowable increase in the import coefficient
and the cwner income coefficient.
5. The individual coefficients of inputs from production sectors were
then changed in the following way:
a) All production sectors were ranked according to the size of the coef-
ficient for total (direct plus indirect) labour input, as found from the
Leontief inverse of the base year matrix.
b) All coefficients four inputs from production into a sector were ordered
in accordance with the above ranking of the sectors of origin. Coeffici-
ents for inputs from the sectors with the lowest total labour input coef-
ficients were increased as much as possible according to the established
limits (from table 1), and those for inputs from the sectors with the
highest total labour input ccefficients were reduced as much as possible.
The dividing line between those coefficients which were increased and

those which were decreased in a given sector was drawn in such a way that
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the sum of all the changes equalled the already prescribed (positive,
negative or zero) change in the sum c¢f the coefficients for inputs from
production. In order to secure equality, one of the coefficients might
not get the full chapge stipulated by the limit.

As an illustration, appendix table 1 gives basic and adjusted
coefficient vectors for a sectocr where the sum coefficient of inputs
from production is reduced for some alternatives (1 and 3) and increased
for others (2 and 4).1)

It is now a fundamental question if, and in what ways our alter-
natives reflect the empirically ocbserved variability in coefficients.

We have no empirical cbservations of variations in coefficients for labour
input and owner incomes, or other elements of value added. We have given
them the same variability as individual input coefficients.

But our empirical observations give more or less continuous distri-
butions of coefficients about their averases. How can we make deductions
about the maximal adjustability from these observations? We have no basis
for assuming that all coefficients in a given size group are equally
adjustable. We would like to find an estimate of the typical, or repre-
sentative, adjustability. Thus the maximum of observed changes is almost
certainly not representative of the changes that producers can systema-
tically undertake from one year to the next, but would exaggerate the
flexibility in the system. Since it may be reascnably maintained that
there is no reason to belieVe that all coefficients are changed maxi-
mally between all years, an average, like the root-mean-square may be
assumed to underestimates the pessibilities for changes.

It must be admitted that the choice of twice the obserwed root-
mean-square standard deviation from trend as the limit is a rather arbit-
rary compromise, and all our results must be evaluated in the light of
this arbitrary basic chcice.

The limitation that no coefficient can be reduced below zero
seems quite obvious, whereas the corresponding rule that no coefficient
can be more than doubled has nothing except symmetry to speak for it.
Probably this particular restriction, which only is effective for small
ccefficients does not have important consequences for our results.

The crucial assumption seems to be the choice of twice the standard
deviation as the numerical limit to coefficient changes. It seems to be
a fair guess that the choice of other multipla of the standard deviaticn
would have changed our results close to proportionately, but this has not

been tested.

1) See footnote 1) p. 7.



IV  The results

The effects of the alternative changes in coefficients can now

be studied on the basis of the Lecntief inverses of the adjusted coef-

ficient matrices, compared to the original Leontief inverse for the base

year.
From our Leontief inverses we get coefficients which may be inter-
preted in the feollowing ways:

- for each domestic production sector we find total, direct plus indirect,
production in each of 92 domestic producticon sectors associated with each
unit cf final delivery from the given producticn sector.

- for each domestic production sector we also find totel, direct plus
indirect (in the given and all other sectors) imports, gross product,
wages, depreciation and owner income associated with each unit of pro-
duction in the given sector.

- for each category of final deliveries: exports, govermment consumption,
private consumption, fixed asset formation and inventory changes, we
find total, direct plus indirect production in each of 92 domestic
production sectors associated with each unit of final delivery of the
given category, when this unit is assumed to consist of base year
proporticns of direct deliveries from domestic producticn sectors and
imports.

- for each of the same categories of final deliveries we alsc find total,
direct plus indirect imperts and gross product, wages, depreciation and
owner income associated with each unit of final delivery of the given
category, again assuming base year proporticns.

- for total final deliveries we find total, direct plus indirect production
in each of 92 domestic production sectors associated with each unit of
total final delivery, when this unit is assumed to consist of base year
proportions of direct deliveries from domestic production'sectors and
imperts.

- for total final deliveries we also find total, direct plus indirect
imports and gross prcduct, wages, depreciation and owner income associ-
ated with each unit of delivery, again assuming base year proportions.

The units of measurement will be in constant price value units, and when

we consider value units in kroner, here per unit figures are most conveni-

ently given as percentages, i.e. per 100 kroner. When we consider changes
in such per unit of final delivery figures, we may then either consider
the absolute changes in kroner per 100 kroner of fipal deliveries, or we

may consider the changes in per cent of the per unit figures of a basis
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table, i.e. the per cent saving or dissaving in the production in a
given supporting sector, or in the use of imports, in gross product, wages,
depreciation or owner income implied by the change in coefficients.

In most of the following analysis we look at both these measures

of changes in inverse coefficients.

a. Total labour saving.

The assumed purpose of the coefficient adjustments was to save
labour, and cur assumptions turn ocut to give scope for sizeable labour
saving.

With a composition of final deliveries corresponding to total
final deliveries in the base year (1959) a reduction of the iabour input
by 1.4 krcner per 100 kroner final deliveries (table 2) or 4.6 per cent
of total labour input (table 3) is possible with adjustments only in the
coefficients for domestic intermediate inputs. The labour saving is in-
creased by more than one krcone per 100 kroner final deliveries, to 2.46,
when also import coefficients are adjusted as substitutions for reductions
in domestic inputs. This gives 8 per cent saving in labour. If we allow
alsc the coefficient for direct labour inputs to be adjusted, the saving
is drastically increased, to 6.6 kroner per 100 kroner final delivery, or
a saving of 21.4 per cent of the labour input required according to the
basis matrix. This is an increase of 4.1 kroner per 100 krcner final
delivery or an increase by 13.4 per cent of the required labour input.

It is possible to compute the total labour saving that would have resulted
if direct labour coefficients could have been reduced without any compen-
sating increases in the coefficient sums for inputs from production.

Such reducticns would have given a saving in total labour input of 5.4
kroner per 100 kroner final delivery, or 17.9 per cent of labour input
requirements. This is more than the increase in labour saving from al-
ternative 1 to alternative 2. The difference is explained by the increase
in indirect labour requirements caused by the increases in the sum coef-
ficients for inputs from production, which were necessary in order to
compensate for the reduced direct labour input coefficients. These
increases were in total 1.4 kroner per 100 kroner total final delivery

or 4.5 per cent of labour input requirements according to the basis

matrix.
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Table 2. Effects of changes in input-output ccefficients on direct plus indirect
ccefficients for tctal final deliveries (1959-composition). Kroner per
100 kroner total final delivery

Bagic coefficients Possible changesi/
Alter- Alter~ Alter- Alter-
native native native native
0 1 2 3
I Changes on~ Changes Changes Changes
. n- . . N .
Direct . Total 1y in coef- alsc in also in also in
direct AN . i
ficients import direct owner
for inputs coeffi- labour income
from pro- cients coeffi- coeffi-
duction cients cients

Effects on
Production in

1. Agriculture, foresty,
hunting and fishing . 3.52 9.47 12.99 +1.94 +1.07 +2.10 + .91

2. Extraction and pro-
duction of mineral
and metal goods ..... 11.02 5.60 16.62 - .73 - .86 - .11 - .73

3. Production of food
and beverages, oils,
fats and chemicals .. 11.25 5.09 16.34 + .58 - .21 + .56 - .28

4, Products of wood,
pulp and paper, prin-
ting, textiles, clot-
hing, leather and

rubber products ..... 38.33 6.67 15.00 - .41 -1.93 + 14 - .97
5. Construction ........ 11.40 .01 11.41 - .01 - .01 - ,01 - .01
6. Trade and transport-

ation ...eeveeennes.. 26,78  7.68 34,46 ~-1.48 -2.,12 - .72 -1.51
7. All cother activities

(services) .......... 14,49  6.29  20.78 -1.01 -2.10 - .32 ~-1.80

Sum domestic deliver- ‘

iﬁi Ceteseresaaeeann . 86.79 40.81 127.50 -1.12 -6.16 +1.64  -4.,39
Imports .eecevececea.aa.. 13.32 16.89 30,21 + .16 +2.66  +4.38  +3.47
Gross national product .. - 69.48 69.48 - .07 -2.54 -4.,30 -3.36
of this:
Wages (labour input) .... - 30.77 30.77 -1.40 -2.46  -6.57 -7.77
Owner inCome v.veeeesesns - 17.18 17.18 + .95 - .03 +1.35 +3.64
Depreciation seeeececeens - 15.20 15.20 + .14 - 11+ .41 - .04

1) Changes from basis for each alternative.
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Table 3. Effects of changes in input-output coefficients on direct plus
indirect coefficients for total final deliveries (1959-compo-
siticn. Changes in per cent of basic total coefficients.

Possible changesl
Alter- Alter- Alter- Alter-
native native native native
0 1 2 3
Changes Changes Changes Changes
only in also in aslo in also in
coeffi- import direct owner
cients coeffi- labour income
for cients coeffi- coeffi-
inputs cients cients
from
produc-
ticn
Effects on
Production in
1. Agriculture, foresty, hunting
and fishing v.oieiiieenneeenceanans +14.9 + 8.2 +16.2 + 7.0
2. Extraction and production of
mineral and metal goods ..veeveves - 4.4 -5,2 - .7 -4.4
3. Production of food and beverages,
oils, fats and chemicals .iivvenns +3.5 =-1.3 + 3.4 -1.7
4. Products of wood, pulp and paper,
printing, textiles, clothing,
leather and rubber products ...... - 2.7 -12.9 + .9 - 6.5
5. Construction .s..eveiereicncecenenns -1 - .1 - .1 - .1
6. Trade and transportation ......... - 4,3 =-6.2 ~-2.1 - 4.4
7. All other activities (services) .. - 4,9 -10.1 -~ 1.5 - 8.7
Sum domestic deliveriesS ....eeees - .9 ~-4,8 + 1.3 - 3.4
IMPOrE veeveerereneerecenaeennnnannans + 5 + 8.8 +14.5 +11.5
Gross national product seveceeesscesns - .1 -38.7 - 6.2 - 4.8
of this:
Wages (labour input) ..eieveenecveeecns - 4,6 =-8.0 =-21.4 =-25.3
OWNEr INCOME tievveeervonveennsaonanns + 5.5 - .2 + 7.9 +21.2
Depreciation ceeeeerececeseecseenanens + .9 - .7 + 2.7 - .3

1) Per cent changes from basis for each alterna

tive
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We can make the following summary:

Labour savings

Kroner per 100 krcner Per cent of basis
final deliveries labour inputs
Total saving under alter-
nativeg 2 00000000000 656 2134
Total saving under alter-
native 1 vovviiererenceannns 2,5 8,0

Increase in saving as a net

effect of letting labour

coefficients change

(Alt. 2 - Alt. 1) «ovenenn. 4.1 13.4

Of this due to:

Reductions in direct labour
ceefficients cvvevveeenaees 5,4 17.9

Compensating increases in
intermediate inputs ....... 1.4 -4.5

If we now allow even the coefficients for owner income tc be ad-
justed, it turns out that this gives scope for some additional reductions
in the direct labour coefficients, but only to the extent of an additio-
nal # krone saving, l.e. 6 kroner per 100 krcner final delivery or 19.6
per cent labour saving altogether through reducticns in direct labour
coefficients. The greater part of the additional slack is taken up by
additional saving on indirect labour - since the saving in direct labour
now can be compensated by increases in owner income coefficients instead
of in intermediate inputs - and this gives a labour saving which amounts
to 1 3/4 kroner per 100 kroner final delivery, so that total labour
saving under this alternative is as high as 7.77 kroner per 100 kroner
final delivery or 25.3 per cent of the labour input implied by the base
year coefficients.

It is of some interest to know to what extent the potential labour
saving is dependent on the specific composition of final deliveries in the
base year. In addition to the possible labour saving with a final delivery
composition corresponding to the total in the base year, we have also com-
puted the possible saving when the final delivery composition corresponds
to respectively deliveries to private consumpticn, to govermment consump-
tion, to gross fixed asset formation, to exports and to inventory changes.
(The latter is, of course, somewhat peculiar, since it consists of positive
and negative items, and it will not be commented on.) (Tables 4 and 5).
Generally, the composition of final deliveries to gross fixed asset for-
mation gives the greatest scope for labour saving on a given amount of final
deliveries, for most alternatives 30-50 per cent more than the others (ig-
noring inventory changes). The differences between the other final delivery

compositions are quite small for all alternatives, except in the case where
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only coefficients for domestic intermediate deliveries are adjusted
(alternative 0). Here Government consumption gives scope for the grea-

test labour saving, and even greater than gross fixed asset formation.

Table 4. Labour savings from changes in input-output coefficients for
different compositions of final deliveries. Kroner per 100
kroner final deliveries of each categcry

Possible changes

Alter- Alter- Alter- Alter-
native native mnative native
0 1 2 3
Basic Changes Changes Changes Changes
coeffi- only in also in also in also in
cients. coeffi~- import direct owner

In- cients coeffi- labour income
direct= for cients coeffi- coeffi-
Total  inputs cients cients

from

produc-

tion

Final delivery composition:

Total final delivery 1959 .... 30.77 -1.40 -2.46 =6.57 =7.77
Private consumption 1959 ..... 25.75 -1.37 -2.28 -5.68 -7.05
Government consumpticn 1959 .. 54.78 -1.87 -2,45 ~5.76 -7.37

Gross fixed asset formation
1950 1ttt vt ettt eerneennannen 31.08 -1.80 -3.14 -8.55 -9.72

Exports 1859 tiveerennnennnnns 22.60 - .85 ~2.10 -6.26 -7.13

Inventory changesl) Ceereaeens 28.34 .13 -1.18 -3.12 -7.16

1) Total inventory change was small and negative, but was a sum of ne-
gative and positive figures. The results for inventories are conse-
quently not very interesting.

Exports gives room for very limited savings ccmpared to the others for
this alternative. The total labour content in each of the final deliv-
ery categories vary from 22.6 to 54.8 per cent according to
the basic coefficients, but there does not appear to be any close con-
nection between labour content and potentialities for labcur saving, so
labour input saved under each alternative tend to vary much more bet-
ween the final demand categories when taken as percentages of basic
labour inputs (table 5) than when the savings are measured in kroner
per 100 kroner of final deliveries.

We must conclude that our assumptions, which might be considered
to set relatively liberal limits for coefficient adjustments, give scope

for relatively sizeable changes in labour input through substituticns cf
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intermediate inputs zlone (including imports) under the alternative
(Alternative 1) which gives the maximum saving of this type, namely 8

per cent, but with considerably lower figures for the remaining alternative.
But when labour can be saved through reductions in direct labour input
coefficients in the production sectors, the potential savings are at once
impressive. This is, however, only a reflection of the adjustments that
we have directly allowed through our hypotheses and, as already mentioned,
these potential savings should be considered as an upward limit, rather
than as estimates according to a plausible model. The compensating in-
creases in requirements for intermediate inputs when direct labour inputs
are reduced counteract the effects of substitution among such inputs on
the need for labour, so that when direct labour inputs can be adjusted,
the net effect of compensating increases in intermediate input sums and

of substitutions among intermediate inputs is comparatively small.

Table 5. Labour savings from changes in input-output coefficients for
different compositions of final deliveries. Percentages cf
basic (indirect) labour coefficient

Possible changes
Alter- Alter-  Alter-  Alter-
native native native native
0 1 2 3

Changes Changes Changes Changes
only in also in also in alsc in
coeffi- import direct  owner
cients coeffi- labour  income

for cients coeffi- coeffi-

inputs cients cients

from

produc-

tion
Final delivery compositiocn:
Total final delivery 1959 ......... -4.6 -8.0 -21.4 -25.3
Private consumption 1959 .......... -5.3 ~-8.9 -22.0 -27.4
Government consumption 1959 ....... -3.4 -4.5 -10.5 -13.5
Gross fixed asset formation 1859 .. ~-6.0 -10.1 -27.5 -31.2
Exports 1959 .iiiiierreroncncncnsns -3.8 -9.7 -29.0 -33.0
Inventory changesl) Cecereearensens .5 -4.1 -11.0 -25.4

1) See note 1) table 4.

b. Labour saving for individual sectors.

From the basic matrix and its Leontief inverse we obtain the

direct and total, direct plus indirect, labour content per unit cf final
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Labour coefficients and possible changes for individual sectors, grouped according to the size
of indirect and direct labour coefficients. Kroner per 100 kromer final deliveries
Basic coefficients Possible changes
Alter- Alter-
native mnative
0 1 Alternative 2 Alternative 3
Chang?s Chang?s Changes also in Changes also in
only in élso in direct labour owner income coeffi-
Sectors Direct In- Total c9eff1- import coefficients cients
direct cients coeffi-
for in- cients . In- . In-
puts ohoge diTect Lo e direct
from g change change
produc-
tion
High direct labour coef-
ficient (25.0 and above)
High indirect labour coef-
~ficient (10.0 and above)
40 Publishing etc. ...... 27.7 34.6 62.3 1.9 3.3 (8.6) (3.7) 12.3 (8.6) (7.6) 16.2
60 Construction .veeees. 27.4  20.7 48.1 3.1 5.1 (8.6) (5.0) 13.6 (8.6) (6.9) 15,5
80 Services related to
transport and storage 47.3 17.6 64.9 3.3 4.5 (8.6 (1.5) 10.1 (8.6) (5.7) 14.3
41 Printing, bookbinding .
EEC: ettt rerirnanann 39.2 16.1 55.3 1.8 3.0 (8.0) (3.0) 11.0 (8.6) (4.5) 13.1
20 Canning of fish and
MEAt +uvvvesncnsncnsas 26.2 15.1 41.3 3.0 5.1 (8.6) (5.7) 14.3 (8.6) (6.6) 15.2
35 Other wood and cork
Products .seeeeeiaenns . 26.7 14.0 40.7 1.8 3.7  (8.6) (2.4) 11.0 (8.6) (4.6) 13.2
74 Coastal water transport 38.4 13.4 51.8 1.9 3.7 (8.6) (2.0) 10.6 (8.6) (3.8) 12.4
58 Shipbuilding indus-
tries siviieieeinannes 36.7 12.4 49.1 1.8 3.9 (8.6) (2.8) 11.4 (8.6) (4.6) 13.2
32 Footwear and repair,
fur goods etc. .uivinne 25.4 12.4 37.8 1.6 3.5 (8.6) (2.7) 11.3 (8.6) (3.8) 12.4
49 Non-metallic mineral
Products ..evecscncnns 29.1 11.9 41.0 1.2 2.5 (8.6) (1.6) 10.2 (8.6) (3.7) 12.3
67 Commercial, savings '
banks etc. «ee.ca. . 47.3 10.3 57.6 2.7 2.7 (4.4) (2.0) 6.4 (8.6) (3.9) 12.5
68 Life insurance ...... 42.9 10.2 53.1 2.0 2.7 (6.2) (1.6) 7.8 (8.6) (4.1) 12.7
57 Electrical machinery,
apparatus, applian-
CeS @LCu sevrvrnansns 26.1 10.2 36.3 1.5 3.4 (8.6) (2.4) 11.0 (8.6) (3.4) 12.0
56 1Iron and metal pro-
dUuCtS seervreenonnns . 32.3  10.0 42.3 1. (8.6) (2.2) 10.8 (8.6) (3.3) 11.9
AvVerage ..evesvnccons 33.8 14.9 48.7 2,1 .6 (8.1) (2.8) 10.8 (8.6) (4.8) 13.4
Medium direct labour coef-
ficient (10.0 - 24.9)
High indirect labour coef-
ficient (10.0 and above)
34 Sawmills, planing
mills etc. cuervecenn 21.7 26.1 47.8 1.2 1.6 (4.1) (2.0) 6.1 (4.1) (6.5) 10.6
36 Wood pulp cevevennnns 12.2  19.3 31.5 1.2 1.8 (4.1) (1.9) 6.0 (4.1) (5.2) 9.3
37 Paper, paperboard and
cardboard ...eeeeeeen 15.1 18.5 33.6 1.2 3.0 (4.1) (4.2) 8.3 (4.1) (6.3) 10.4
40 Herring oil and fish
meal sieeiinneinnens 13.0 17.5 30.5 2.1 3.7 (4.1) (5.7) 9.8 (4.1) (7.3) 11l.4
39 Paper and paperboard
products ........ s 16.0 17.1 33.1 1.1 2.8 (4.1) (4.1) 8.2 (4.1) (6.1) 10.2
21 Fish processing .... 13.3 14.6 27.9 1.8 2.9 (4.1) (4.7) 8.8 (4.1) (6.3) 10.4
25 Other food prepara-
tiONS sevencnonnanns 15.8 14.4 30.2 3.6 5.8 (4.1) (6.9) 11.0 (4.1) (8.1) 12.2
51 1Iron and steel works
and rolling ..coeuee 19.7 11.7 31.4 1.5 2.7 (4.1) (3.0) 7.1 (4.1) (4.7) 8.8
38 Wallboards etc. .... 20.4 10.7 31.1 1.0 1.9 (4.1) (1.7) 5.8 (4.1) (4.0) 8.1
45 Chemicals and pro-
ducts of chemicals . 18.4 10.7 29.1 2.0 3.9  (4.1) (4.2) 8.3 (4.1) (5.5) 9.6
64 Trade svveeeeeeesons 22.8 10.5 33.3 2.7 2.8 (4.1) (3.3) 7.4 (4.1) (4.9) 9.0
30 Knitting mills ..... 22.0 10.5 32.5 .9 3.3  (4.1) (3.5 7.6 (4.1) (4.7) 8.8
33 Clothing «vevveenses 21.9 10.4 32.3 .8 2.7  (4.1) (2.9) 7.0 (4.1) (4.1) 8.2
Average 17.9 14.8 32,6 1.6 3.0 (4.1) (3.7) 7.8 (4.1) (5.6) 9.7



Table 6 (cont.). Labour coefficients and possible changes for individual sectors, grouped according to

the size of indirect and direct labour coefficients.

deliveries

Kroner per 100 kroner final

Basic coefficients

Possible changes

Alter-
native
1 Alternative 2 Alternative 3
Changgs Changes also in Changes also in
?150 in direct labour owner income coeffi-
Sectors Direct 117 import coefficients cients
direct coeffi-
clents nirect Total Direct i?;ect Total
change change change change change
Low direct labour coef-
ficient (9.9 and below)
High indirect labour co-
efficient (10.0 and above)
4 Unspecified transport . - 44,7 7.4 8.1 =) ) (15.3) 15.3
3 Unspecified services . - 42.3 5.5 8.7 ) (=)  (14.3) 14.3
1 Unspecified office
supplies vivvvvnnennnnns - 41.4 4.2 7.7 =) (=) (15.1) 15.1
48 Other oil refineries .. 6.3 20.2 1.8 4.7 (2.4) (2.4) (8.2) 10.6
19 Margarine ....evne e 7.2 18.5 2.4 4.8 (2.4) (2.4) (8.8) 11.2
18 Dairy products ........ 8.0 18.2 5.1 6.9 (2.4) (2.4) (10.9) 13.3
2 Unspecified energy
supplies vevvvenenennn. - 11.5 3.1 ) ) (5.0) 5.0
17 Slaughtering and prepa-
ration of meat ........ 6.5 10.5 4.2 (2.4) (2.4) (6.8) 9.2
AVErage cseoieececccnconn 3.5 25.9 6.0 (1.2) (1.2) (10.6) 11.8
High direct labour coeffi-
cient (25.0 and above)
Medium indirect labour co-
efficient (4.1 - 9.9)
65 Bank of Norway ........ 57.3 8.6 2.1 (4.4) (8.8) (3.4) 12.2
66 State banks and loan
associations .......... 64.1 8.5 2.5 (6.2) (8.8) (3.7) 12.5
62 Gas supply ...eeeveeee. 35.5 7.8 2.7 (8.6) (8.6) (2.8) 11.4
43 Rubber products ....... 26.0 7.3 2.5 (8.6) (8.6) (2.6) 11.2
55 Non-ferrous metal
foundries ......c0c.... 25.8 6.5 2.8 (8.6) (8.6) (3.2) 11.8
81 Communications ........ 70.5 6.4 2.7 (6.2) (8.8) (2.1) 10.9
52 Iron and steel
foundries ......0e..... 38.7 6.1 2.9 (8.6) (8.6) (2.6) 11.2
75 Services related to
water transport ....... 44.0 5.4 2.4 (6.2) (8.6) (1.7) 10.3
85 Medical and veterinary
Services +.ieeeeeesen.. 55.0 5.1 1.9 (4.4) (8.8) (2.5) 11.3
69 Non-life insurance .... 31.2 4.4 2.2 (8.6) (8.6) (2.6) 11.2
87 Non-business organisat-
ions and institutions . 125.3 4.3 1.6 (4.5) (6.9) (1.0) 7.9
92 Laundry, cleaning and
other personal servi-
CES teenennsnsnnne veees 45.3 4.2 1.0 2.2 (6.2) 2 (8.6) (2.8) 11.4
78 Land transport n.e.c. . 26.7 4.2 .9 2.2 (8.6) 1 (8.6) (2.6) 11.2
Average ....c.eeeeveee. 49,6 6.1 1.3 (6.9) 1 (8.5) (2.6) 11.1
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Labour coefficients and possible changes for individual sectors, grouped according to

Kroner per 100 kroner final

Basic coefficients

Possible changes

Alter- Alter-
native native
0 L Alternative 2 Alternative 3
Changgs Changgs Changes also in Changes also in
In- onlzf}n glso in direct labour owner income coeffi-
Sectors Direct .- Total SOffi~ import coefficients cients
direct cients coeffi-
for in cients Direct I?— Total Direct In- Total
puts change direct change change irect hange
from change change
produc-
tion
Medium direct labour coef-
ficient (10.0 - 24.9)
Medium indirect labour co-
efficient (4.1 - 9.9)
42 Leather and leather
products ..eeeeens . 21.5 9.6 31.1 2.2 4.1 (4.1) (4.2) 8.3  (4.1) (5.1) 9.2
44 Distilling, recti- ‘ ’
fying and blending ‘
of Spirits cveeeeeveas 18.5 9.3 27.8 1.1 2.7 (4.1) (2.9) 7.0 (4.1) (4.2) 8.3
89 Recreation services .. 22.3 8.8 31.1 1.6 3.1 (4.1) (2.6) 6.7 (4.1) (4.2) 8.3
23 Bakery products ...... 21.7 8.4 30.1 2.1 3.7 (4.1) (4.1) 8.2 (4.1) (4.9) 9.0
59 Other manufacturing .. 24.6 8.2 32.8 1.2 3.0 (4.1) (2.8) 6.9 (4.1) (4.1) 8.2
29 Spinning and weaving . 21.5 8.1 29.6 1.4 3.5 (4.1) (3.5) 7.6 (4.1) (4.2) 8.3
31 Cordage rope and
EWINE tiveveennnnnnnns 19.4 7.8 27.2 .8 2.5 (4.1) (2.8) 6.9 (4.1) (3.5) 7.6
50 Ferro-alloys ..... e 15.8 6.2 22.0 1.0 2.5 4.1) (2.7) 6.8 (4.1) (3.4) 7.5
61 Electricity supply ... 16.6 5.8 22.4 .5 8 (4.1) ( .8) 4.9 (4.1) (2.0) 6.1
27 Breweries and soft
drink production ..... 15.1 4.4 19. 8 1.8 (4.1) (1.1) 5.2 (4.1) (2.4) 6.5
Average ....ieieiennnn 19.7 7.7 27. 1.3 2.8 (4.1) (2.8) 6.9 (4.1) (3.8) 7.9
Low direct labour coeffi-
cient (9.9 and below)
Medium indirect labour co-
efficient (4.1 - 9.9)
54 Other non-ferrous
metals sieeeerennnnnes 7.8 6.3 14.1 1.0 2.4 (2.4) (3.1) 5.5 (2.4) (3.3) 5.7
22 Grain mill products
and livestock feed ... 5.0 6.2 11.2 1.7 3.0 (1.4) (4.0) 5.4 (1.4) (4.2) 5.6
7 Agriculture ..cveeeens 3.8 6.2 10.0 2.5 3.3 (1.4) (4.3) 5.7 (1.4) (4.7) 6.1
24 Cocoa, chocolate and
sugar confectionary .. 9.6 5.4 15.0 1.2 3.0 (2.4) (2.9) 5.3 (2.4) (3.5) 5.9
26 Distilling, rectifying
and blending of spirits 1.3 4.6 5.9 1.7 2.7  (1.2) (3.3) 4.5 (1.2) (3.5) 4.7
28 TobaCCO +evvvsennnanns 6.7 4.1 10.8 4 2.0  (2.4) (1.7) 4.1 (2.4) (2.2) 4.6
Average ..ieievennenas 5.7 5 11.2 1.4 2.7 (1.9) (3.2) 5.1 (1.9) (3.5)
High direct labour coeffi-
cient (25.0 and above)
Low indirect labour coef-
ficient (4.0 and below)
77 Tramways and suburban
railway transport .. 64.8 4.0 68.8 7 1.1 (4.6) ( .4) 5.0 (8.7) ( (6) 9.3
14 Coal mining .e.evveen. 80.2 3.9 84.1 9 1.6 (4.6) ( .1) 4.7 (7.0) ( .3) 7.3
76 Railway transport . 77.0 3.6 80.6 8 1.5 (4.6) ( .5) 5.1 (8.8) (1.9) 10.7
91 Hotel and restaurant
SErviCes seeeeecennnan 52.3 3.5 55.8 1.5 2.4 (4.4) (1.4) 5.8 (8.5 (1.7) 10.2
15 Metal mining «eevevens 31.8 2.9 34.7 - .4 1.1 (4.6) ( .3) 4.9 (8.6) ( .5) 9.1
9 FOTeStTY «veveeenevann 35.1 2.8 37.9 .2 6 (2.9 (-.1) 2.8 (8.6) (1.2) 9.8
16 Quarrying and mining
Me€eCo tovvsnnsnncnnas 29.4 2.8 32.2 .5 1.1 (4.6) ( .2) 4.8 (8.6) (1.5) 10.1
13 Whaling .eeveeeeeecans 34.5 2.5 37.0 .5 1.5 (7.2) (.1) 7.3 (8.6) ( .3) 8.9
88 Legal, technical and
business services . 34.7 2.0 36.7 8 1.3 (1.9) ( .9) 2.8 (8.6) (1.5) 10.1
86 Religious and wellfare
activities ceeeeeennnn 102.3 1.0 103.3 .5 .8 (2.8) ( .5) 3.3 (3.9) ( .6) 4.5
84 Educational services . 103.8 .1 103.9 .1 .1 ( .8) (=) .8 (2.2) (=) 2.2
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Table 6 (cont.). Labour coefficients and possible changes for individual sectors, grouped according to
Kroner per 100 kroner final

the size of indirect and direct labour coefficients.

deliveries

Basic coefficients

Possible changes

Alter- Alter-
native native
0 1
Changes Changes
only in also in

Alternative 2
Changes also in
direct labour

Alternative 3
Changes also in
owner income coeffi-

Sectors Direct 17 Total ¢0¢ffi- import coefficients cients
direct cients coeffi-
for in- cients Direct ;?- Total Direct ig;ect Total
g:z; change C;Zﬁ;z change change change change
produc-
tion
High direct labour coeffi-
cient (25.0 and above)
(cont.)
Low indirect labour coef-
ficient (4.0 and below)
(cont.)
70 Social insurance ..... 120.8 - 120.8 - - (-) ) - ) ) -
82 Government administ-
ration ....eeeeeeee... 117.0 - 117.0 - - ) ) - =) (-) -
63 Water supply ......... 113.1 - 113.1 - - ) ) - 4.1 () 4.1
83 Military defence
services .......e..... 103.8 - 103.8 - . ) ) - ) ) -
90 Domestic services .... 101.1 - 101.1 - - -) ) - (= ) -
Average ......0000.... 75.1 1.8 76.9 A .8 (2.7) ( .3) 3.0 (5.4) ( .6) 6.0
Medium direct labour coef-
ficient (10.0 - 24.9)
Low indirect labour coef-
ficient (4.0 and below)
47 Vegetable oil mills .. 10.8 3.9 14.7 .7 2.2 (4.1) (2.5) 6.6 (4.1) (2.6) 6.7
79 Air transport ........ 15.7 3.4 19.1 A 1.5 (4.1) (1.6) 5.7 (4.1) (1.9) 6.0
12 Fishing c.veeeeconnnns 14.3 3.4 17.7 .6 1.7 4.1y (.9 5.0 (4.1) (2.4) 6.5
53 Refining of aluminium 15.8 3.2 19.0 4 1.6 (4.1) (1.5) 5.6 (4.1) (2.0) 6.1
73 Ocean water transport 15.7 2.0 17.7 .3 1.4  (4.1) (1.3) 5.4 (4.1) (1.5) 5.6
Average .viiecenainans 14.5 3.2 17.7 .5 1.7 (4.1) (1.6) 5.7 (4.1) (2.1) 6.2
Low direct labour coeffi-
cient (9.9 and below)
Low indirect labour coef-
ficient (4.0 and below)
72 Dwellings ..eeeveecons .8 1.2 2.0 A A (¢ .8) ( .3) 1.1 ( .8) (1.1) 1.9
71 Commercial buildings . .8 1.1 1.9 .2 .2 (.8 (.2) 1.0 (.8) (.9 1.7
11 Hunting etc. v..oeeevss - 1.1 1.1 .1 .8 ) .9 .9 -y .9 .9
8 Agricultural capital
- formation ............ - - - - - ) ) - ) ) =
10 Standing forests ..... - - - - - ) ) - ) ) -
5 Central government
capital consumption .. - - - - - ) ) - ) ) -
6 Local government ’
capital consumption .. - - - - - ) ) - ) (&) -
Average ....ecienienens .2 .5 .7 .1 20 (.2) (.2) 4 (.2 (.4 .6
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Table 7. Possible changes in labour inputs for individual sectors. Characteristics
of the distributions. Kroner per 100 kroner final deliveries

Alternative 2 Alternative 3
Direct Indirect Total Direct Indirect Total
changes changes changes changes changes changes

Alterna~ Alterna-
tive 0 tive 1

Highest possible
change (for 92

SECtOrS) cvveevess T4 8.7 (8.6) (13.3) 14.3 (8.8) (15.3) 16.2.
83 items are below
(first decile). 2.8 4.6 (8.7) (5.8) 11.1 (8.7) (7.0) 13.3
69 items are below
(first quartile) 1.9 3.4 (6.3) (3.4) 9.8 (8.7) (u4.8) 11.5
46 items are below
(median) ...... 1.3 2.6 (4.2) (1.8) 7.0 (4.2) (3.5) 9.3
23 items are below
(third quartile) .6 1.6 (2.5) ( .8) 5.0 (2.5) (1.6) 6.2
9 items are below
(ninth decile). Nl 1 ( .1) (.1) d (.1 ¢ .1) 1.0
Number of zero
items cvveeen.. 9 10 (1y) (11) 9 (13) (11) 8
Average ....uv.. 1.40 2.56 (4.16) (2.56) 6.73 (4.94) (3.71) 8.64
tandard devi- :
ation ceeveeen. 1.24 1.74 (2.78) (2.70) 3.61 ,(3.2#) (3.09) 4.15
! i J
Coefficient of : —~ J ~
correlation

between direct
and indirect
changes ....... -.36 =45

Possible change
in labour input
in total final
delivery (from
table 4) ...... 1.40 2.46 6.57 7.77

delivery (or production) for each production sector. Correspondingly, we have com-
puted the potential savings in direct and indirect labour inputs per unit of final
delivery from each sector under our alternative assumptions about coefficient adjust-
ments. The results for individual sectors are given in table 6, and the frequency
distributions of potential changes are given in table 7.

The averages over all sectors of possible changes under the varicus alterna-
tives (table 7) correspond quite well tc the potential changes in labour input into
total final deliveries under the corresponding alternatives. However the variations
in possible changes between the sectors are quite wide. When labour input coeffici-
ents can be changed, there is a slight tendency for large potential changes in direct
labour coefficients to be offset by a more limited scope for savings in indirect

labour inputs.

-
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In tahle 6 the ccctave hove beon grouped according to the size of
indirect and direct labcur input. There are marked differences between
the nine groups. These differences can be studied in table 8, where the
averages for the groups are given.

There are greater possibilities for labour saving on deliveries
from sectors with high than from sectors with low indirect labour cceffi-
cient, and also greater potentiality for labour saving on deliveries from
sectors with high than from sectors with low direct labour input coeffi-
cient when the direct labour coefficient can be changed (Alternative 2 and
3). However, our basic assumptions about coefficient adjustments imply
that when direct labour is the only or almost the only input, and the
direct coefficient is clese to or above 100, there is no possibility for
labour saving. The size of the direct labour input coefficient is, in
accordance with our basic assumptions, decisive for the potential savings
in direct labour input. However, since big direct labour saving general-
ly has to be offset through reduced indirect labour saving, the result is
that it is the size of the indirect labour input ccefficient which is the
dominating determinant of the total potential for labour saving for most
of the sectors under all our alternatives.

It is of interest tc know to what extent the differences between
the groups of sectcrs in regard to the average of possible changes in
labour inputs for each alternative may be taken to be systematic or the
results of random causes. In crder to investigate this we have computed
the standard deviation for each group average of changes under each alter-
native under the assumption that the sector observations in each group
is a random sample of the 92 sector observations in table 6. Then the
difference between the average for the group and the corresponding aver-
age for all the 92 sectors is measured in terms of this standard devia-
tion.l) The results are given in table 9. When we consider conly the
marginal distributions, i.e. either according to the size of the direct
labour coefficient alone or according to the size of the indirect lahour
coefficient alone, we find that only the size of the indirect coefficient
appears to be important for the possibilities for change in total labour
input tc a sector. The distribution according to the size of the direct
labour input coefficient give small differences between the various group
averages and the overall average for all sectors, when these differences
are measured in terms of the computed standard deviations for the group
averages.

1) If A is the average and o the standard deviation about the average for
all 92 sectors for a given alternative and further, if A, is the average

and nj the number of sectors for group no. i, then the f%gures in table
S give 0 (A;-A)/0.
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Averages of labour coefficients and possible changes for groups of sectors classified
according to the size of indirect and direct labour coefficients.

Kroner per 100 kroner

Basic coefficients

Possible changes

Alter- Alter-
native native
0 1 Alternative 2 Alternative 3
Num- Chang?s Changgs Changes also in Changes also in
ber only i ?150 in direct labour owner income coeffi-
Sector groups of Direct IP— Total C?Effl_ import coefficients cients
sec— direct cients c?effl— o
tors for in= cients Direct é?_ ¢ Total Direct d?rect Total
E?E; change C;ZEZe change change change change
produc-
tion
High indirect
labour coef-
. ficient (10.0
and above)
High direct la-
bour coeffi-
cient (25.0
and above) ..... 14 33.8 14.9 48.7 2,1 3.6 (8.1) (2.8) 10.8- (8.6) (4.8) 13.4
Medium direct la-
bour coefficient
(10.0 -24.9) ... 13 17.9 14.8 32.6 1.6 3.0 (4.1) (3.7) 7.8 (4.1) (5.6) 9.7
Low direct labour
coefficient (9.9
and below) ..... 8 3.5 25.9 29.4 3.8 6.0 (1.2) (9.2) 10.4 (1.2) (10.6) 11.8
Total, high in-
direct .vveeeens 35 20.9 17.4 38.3 2.3 3.9 (5.0) (4.6) 9.6 (5.2) (6.4) 11.7
Medium indirect
labour coeffici-
ent (4.1 - 9.9)
High direct labour
coefficient (25.0
and above) ..... 13 49.6 6.1 55.7 1.3 2.3 (6.9) (1.2) 8.1 (8.5) (2.6) 11.1
Medium direct la-
bour coefficient
(10.0 - 24.9) .. 10 19.7 7.7 27.4 1.3 2.8 (4.1) (2.8) 6.9 (4.1) (3.8) 7.9
Low direct labour
coefficient (9.9
and below) ..... 6 5.7 5.5 11.2 1.4 2.7 (1.9) (3.2) 5.1 (1.9) (3.5) 5.4
Total, medium in-
direct voveeven. 29 30.2 6.5 36.7 1.3 2.6 (4.9) (2.1) 7.0 (5.6) (3.2) 8.8
Low indirect labo-
ur coefficient
(4.0 and below). 16 75.1 1.8 76.9 4 .8 (2.7) ( .3) 3.0 (5.4) ( .6) 6.0
Medium direct la-
bour coefficient
(10.0 - 24.9) .. 5 14.5 3.2 17.6 .5 1.7 (4.1) (1.6) 5.7 (4.1) (2.1) 6.2
Low direct labour
coefficient (9.9
and below) ..... 7 .2 .5 .7 .1 .2 (.2) (.2 A0 (.2) ( .4) .6
Total, low indi-
TeCt ceevenvnnnn 28 45.6 1.7 47.3 .3 .8 (2.3) ( .5 2.8 (3.9) ( .8) 4.7
Total, high direct
labour coeffici-
ent seeavenenans 43  53.9 7.4 61.3 1.2 2.2 (5.7) (1.3) 7.1 (7.4) (2.6) 9.9
Total, medium di-
rect labour co-
efficient ... 28 17.9 10.2 28.1 1.3 2.7 (4.1) (3.0) 7.1 (4.1) (4.4) 8.5
Total, low direct
labour coeffici-
ent ..ecivcennes 21 3.0 11.6 14.6 1.9 3.1 (1.1) (4.5) 5.6 (1.1) (5.2) 6.2
All sectors ...... 92 31.4 9.2 40.5 1.4 2.6 (4.2) (2.6) 6.7 (4.9) (3.7) 8.6
Standard deviations 1.2 ... 1.7 (2.8) (2.7) 3.6 (3.2) (3.1) 4.1
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Table 9. Deviations of group averages of possible changes in labour coefficients from over a}l averages.
Measurements in terms of standard deviations for group averages computed on the basis of standard
deviations for total distributioms.l)

Possible changes

Alter- Alter-

native native
0 1

Changes Changes

Alternative 2

Alternative 3

Num- - : Changes also in Changes also in
ber only in ?150 in direct labour owner income coeffi-
Sector groups of coeffi- import coefficients cients
sec= £ clents - - .
- irect . Total Direct . Tota
tors puts E;ane direct change change direct change
from change change
produc-
tion
High indirect labour coefficient
(10.0 and above)
High direct labour coefficient
(25.0 and aboVe) cevveverenrenenns 14 2,11 2.15  (5.25) ( .28) 4.25 (4.27) (1.33) 4.33
Medium direct labour coefficient
(1000 = 24.9) tiivnirnnrnneannnnnnn 13 .58 .83 (-.13) (1.47) 1.10 (-.89) (2.22) .96
Low direct labour coefficient (9.9
" and DeloW) severeenernreenernennns 8 5.47 5.53 (-3.05) (6.91) 2.90 (-3.23) (6.32) 3.08
Total, high indirect coefficient ... 35 4,29 4.42 (1.70) (4.38) 4,75 ( .55) (5.17) 4.42
Medium indirect labour coefficient
(4.1 -9.9)
High direct labour coefficient (25.0
and above) ..i.iiiiiiiiieniencennann 13 -.29 -.62 (3.50) (-1.87) 1.40 (4.01) (-1.28) 2.17
Medium direct labour coefficient
(10,0 = 24.9) tiveerrneennnnnnnnes 10 -.26 .36 (-.11) ( .23) .18 (-.78) ( .10) -.53
Low direct labour coefficient (9.9
and below) .eiereincrirrcncernnnnnnn 6 - .14 (-2.03) ( .54) =-1.09 (-2.27) (-.16) -1.89
Total, medium indirect coefficient . 29 -.43 - (1.36) (-1.00) 45 (1.16) (-.87) .26
Low indirect labour coefficient (4.0
and below)
High direct labour coefficient (25.0
and aboVe) tiiviviecretenecnnaonen 16 -3.23 -4.,14 (-2.16) (-3.41) -4.10 ( .62) (-4.01) -2.51
Medium direct labour coefficient
(10.0 = 24.9) teiinrnnnnanennennen 5 -1.62 -1.16 (-.08) (-.83) -.62 (-.55) (-1.16) -1.29
Low direct labour coefficient (9.9
and below) sieeeeererceneanenncnnn 7 -2.77 -3.19 (-3.81) (-2.35) -4.62 (-3.83) (-2.83) -5.10
Total, low indirect coefficient .... 28 -4.69 -5.47 (-5.52) (-4.12) =5.72 (-1.63) (-4.97) -4.97
Total, high direct labour coeffici-
L3 0 43 -1.06 -1.51 (3.54) (-3.16) .73 (5.06) (-2.33) 2.05
Total, medium direct labour coeffi-
CLENE tevirieenneersescesensnannnss 28 -.43 .30 (-.19) (-.78) .59 (-1.31) (1.20) -.13
Total, low direct labour coeffici-
ENL siriereecsrtertcrcetrstrceasnnans 21 1.91 1.32 (=5.11) (3.22) -1.40 (-5.37) (2.22) -2.65

1) See footnote p. 25.
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Whén‘the simultanecus classification according to size both of direct and
of indirect labour coefficient is sonsidered we get a more variéd'piéture.'
Still the indirect coefficient appears to be decisive for the direction
and signifianée of the deviation, but for all the classes with medium
direct coefficient the deviations from the average are less than for

other classes. But the general conclusién must be that the possibiiifies
for labour‘saving thbough chénges in coefficients are largest on final
deliveries from sectors with a rélati&ely high content of indirect labour,
whereas the direct labour content of the deliVering sector is not that

important.

c. Changes in total intermediate deliveries, in imports and in owner

incomes.

The way our experiments have been designed, any saving in labour
inputs must be compensated by corresponding net increases in other ele-
ments of value added and imports.l, In all our alternatives at least
part of these changes are brought about by changes caused by substitutions
between intermediate delivery inputs in the production sectors. In alter-
native 0 this is the only scurce of changes. The gubstitutions between
intermediate deliveries may lead to more or less circuitcus production
patterns, and thus inflate or deflate the total of intermediate deliver-
ies. When products with low tctal labour content are substituted for pro-
ducts with high labour confent, these former products will by implicatibn
have higher direct plus indirect content of other components ‘of value added
and/or imports, but whether their total requifements for intermediate de-
liveries are greater or smaller than the requirements of the products that
they replace is undetermined. In our alternative 0, where substitutions
of intermediate goods are the only possible adjustments, the total of in-
termediate deliveries is reduced by 1.12 kroner per 100 kroner total finmal
deliveries (table 2). For the various categories of final deliveries there
are reductions from .97 kroner per 100 kroner for exports to 2.12 kroner
per 100 kroner for gross fixed capital formation (table 10). Thus, for
all the final delivery compositions, this type of substitutions tend to

make the economy slightly less "“ecircuitous'", i.e. to reduce the number

of processing sectors through which the primary inputs have to pass be-

fore they emerge as final deliveries from the production system.

1) In our data value added entails a little more than gross national pro-
duct, since we have treated as primary inputs some transfer items and re-
pair work etc. by own workers. We will ignore this in the sequel, but it
should be noted that these items account for fractional discrepancies in
our tables. '



Table 10. Effects of changes in input-output coefficients on
intermediate deliveries, imports and owner incomes

coefficients for total-

Basic ccefficients

Possible changes

Alter- Alter- Alter- Alter-
native native native native
0 1 2 3
In- Changes Changes Changes Changes
Direct dire: Total only in also in also in also in
irect . i
inputs import labour owner
from coeffi- coeffi- income
produc- cients cients coeffi-
tion cients
\
Kroner per 100 kroner final de-
liveries to private consumption
Sum deliveries from Norwegian
production sectors ......... 82.96 52.96 135.92 -1.05 -6.73 1.11 -7.27
Imports veeene. cscesenaas ceena 17.67 13.68 31.35 - .03 2.31 3.62 2.21
OWner inComeS teeeeeeeeeos cene - 25.42 25.42 1.23 .34 1.54 4,71
Depreciation ............ ceens - 14.95  14.85 .34 .01 .59 - .09
Other items ...... . Ceeseen - .61 3.14 2.53 - .21 - .36 - .ou .24
Sum imports and value aaued
€X WALZES teveesnsnssns cesses 17.06 57.19 T4.25 1.33 2.30 5.71 7.07
Wages (labour input) ......... - 25,75 25.75 -1.37 -2.28 -5.68 -7.05
Kroner per 100 kroner final de-
liveries to govermment consump-
tion
Sum deliveries from Norwegian
production sectors ......... 105.29 29.70 134.99 -1.21 -4.56 3.26 =-3.35
Imports ..... Geseorescacnsas oo 2.10 5.11 7.21 .23 1.51 2.67 1.69
Owner InCOomMEeS teveeevereenens . - l6.41 16.41  1.36 .67 1.99 4.99
Depreciation seuieiieeeeeecnans - 15.12 15,12 - .17 - .04 40 .05
Other items ..i.vivveeensnss . -7.38 13.86 6.48 .35 .32 .71 .65
Sum imports and value added
€X WAZES tesvesennsrcnsencsa -5.28 50.50 45.22 1.77 2.46 5.77 7.38
Wages (labour 1nput) ..... evne 54,78 54,78 -1.87 -2.45 -5.76 -7.37
Kroner per 100 kroner final
deliveries to gross Tixed
asset rormation
Sum deliveries from Norwegian
production sectors ..... e 67.82 45,41 113.23 -2.12 -6.81 4,82 - .60
IMPOrtS cieevvevnannnsoveannans 33.39 14.K1 48.00 .35 3.18 L.84 4,05
OWner inComeS veveeeesesseeenn - 1y.14  1y.ly 1,09 - .11 2.09 4,07
Depreciation sieevecesscenesas - 5.07 5.07 - .14 - .30 .34 -
Other items ...... Ceesansne e -1.21 2.92 1.71 48 .35 1.27 1.58
Sum imports and value added
€X WAEES seyrsvssosssasencns 32.18 L46.74 68.92 1.78 3.12 8 .54 9.70
Wages (labour input) .ee...... - 31.08 31.08 -1.80 -3.14 -8.55 -9.72
Kroner per 100 kroner final de-~
liveries to exports
Sum deliveries from Norwegian
production sectors ......... 94,63 31.28 125.91 -~ .97 -6.38 -1.683 -5.39
IMPOPrtS wevesnnenns teveenssnse .21 27.80 28.01 .16 3.18 5.61 5.15
Owner incomes ..... ceenen ceeee - 11.94  11.94 30 -~ .70 .22 1.39
Depreciation siseeveeencnecenn - 22.93 22,93 31 - .12 .30 - .05
Other items ........ mesesesene 5.12 9.40 14,52 .05 - .22 .18 .68
Sum imports and value added
€K WALES eeverernnnnoenonnns 5.33 72.07  77.40 .82 2.04 6.31  7.17
Wages (labour input) ....... . - 22.60 22.60 - .85 -2.10 -6.26 -7.13
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Table 10 (cont.). Effects of changes in input-output coefficients on coefficients
for total intermediate deliveries, imports and owner incomes

Alter- Alter- Alter- Alter-
native native native mnative

0 1 2 3
In- Changes Changes Changes Changes
Direct ;. ' Total only in also in also in also in
direct . .
inputs import labour owner
from coeffi~ coeffi- income
produc- cients cients coeffi-
tion cients
Krcner per 100 kroner final de-
liveries to inventory chan-
gesl)
Sum deliveries from Norwegian
production sectors ......... 54.09 6.97 ©61.06 -1.13 -5.64 -1.46 ~-2.38
IMpOrtsS veeeeorsvnssnossnnenes 45,91 4,15 50.06 .29 .18 .17 .98
Owner inCOmMES «veseesveveseeas - 19.10 18.10 - .85 ~1.21 - .41 -7.05
Depreciation ciieeeceoeccensns - -2.91 -2.,91 - .33 - .73 - .64 - .45
Other items ..iivevesesencnnss - 5.41  5.41 .76 2.95 3.41 13.70
Sum imports and value added
€X WALES ceeevssnsssearsanssss 45,91 25,75 71.66 - .13 1.19 3.13 7.18
Wages (labour input) .seceee... - 28.34 28.34 13 -1.18 -3.12 -7.16

1) Figures for inventory changes are percentages of a small negative net sum, and
should not be taken too seriously.

Under alternative 1, when imports may be substituted for domestic inputs, the
substitutions naturally lead to reduction in the total use of domestically produced
intermediate products. The reduction is as much as 6.16 kroner per 100 kroner of
total final deliveries or 15.1 per cent of total intermediate deliveries. (Table 2.).
For the various categories of final deliveries, the reduction is only 4.56 kroner per
100 kroner total final deliveries to govermnment consumption, but between 6.38 and
6.81 kroner per 100 kroner for the other categories. (Table 10).

When we pass from alternative 1 to alternative 2, we allow direct labour in-
put coefficientsin the production sectors to be reduced, provided that the reduction
can be compensated by increases in coefficients for imports and domestic intermediate
products. Since most of the allowed slack in import coefficients has been utilized
under alternative 1, the reduction in labour coefficients must in general be compen-
sated by increases in the coefficients for domestic inputs, and we end up with a small
net increase in intermediate deliveries, when compared to the basic accounts. The

increase is 1.64 kroner per 100 kroner total final deliveries, (Table 2) but the
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effects vary a good deal between the final delivery categories, (Table 10)
4.82 kroner per 100 kroner increase for gross fixed investment, 3.62
krcner per 100 kroner for government consumption, 1.11 kroner per 100
krcner for private consumpticn and 1.63 kroner per 100 kroner reducticn
for exports. The variation is a reflection of the two opposite effects
of substitution of imperts for domestic inputs and substitution of do-
mestic inputs for direct labour inputs.

When we finally pass to alternmative 3 and allow coefficients of
owner income to be increased, this will give room for some additional
saving in direct labour, in sectors where the combined slack in import
and domestic input coefficients are smaller than the slack in the labour
coefficient. But the major part of the new flexibility will be utilized
to saving labour through substitution of owner income for intermediate
inputs, and thus, under this alternative, we get again a reduction in
total intermediate deliveries, compared with the basis situation. The
reducticn is less than under alternative 1 for the total, (Table 2) with
4.39 kroner per 100 krcner final deliveries, and for all the individual
categories of final deliveries except private consumption, where the re-
duction under this alternative is as much as 7.27 kroner per 100 kroner
final deliveries., (Table 10).

In input-output analysis the identity: Final deliveries equals
imports plus value added will be preserved. Since we do not alter column
sums cf coefficients in our adjustments, but compensate all reductions in
coefficients by corresponding increases in other ccefficients in the same
column, the sum of changes in tctal direct plus indirect coefficients for
imports and value added in kroner per 100 krcner final deliveries must be
zero in all our alternatives, i.e. reductions in the total (direct plus
indirect) labour coefficients must be equal to net increases in the sums
of tctal coefficients for imports and other value added elements. The
distribution of the compensating increases on imports and the value added

elements owner incomes, depreciation charges and other will depend on the

assumptions about changes in coefficients and the consequent changes in
relative production levels for the sectors of production. In our alter-
native 0, where no changes are allowed in direct import and value added
coefficients, all changes must be caused by changes in intermediate de-
liveries, and thus in the activity levels of the production sectors.

In this alternative, the main compensation for the reduction in labour
input is an increase in owner income (Table 2). In the computations for

total final deliveries we find that imports, depreciation and other
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elements of value added are not much affected. The main reason appears
to be that the sectors with the lowest labour coefficients (like Agri-
culture and Fisheries), which are expanding, also have high owner income
coefficients. When we look at the individual final delivery categories
(table 10) there is a reservation to this general conclusion for deliv-
eries to exports, where depreciation and owner income get about the same
increase.

In alternative 1, when import coefficients are adjusted, increa-
ses in imports naturally form the main offsetting compensation to reduc-
tions in labour inputs.

Under alternative 2, when direct reductions in labour input coef-
ficients are allowed, both imports and owner incomes take up the additio-
nal slack and under alternaiive 3, when direct owner income coefficients
may be increased, the increase in owner incomes both compensates for the
additional labour saving, and allows the increase in imports to be some-
what less than under alternative 2. This latter effect occurs in spite

of the fact that we do not use the slack in direct owner income coeffi-
cients to reduce the change in direct import coefficients, so that direct

import coefficients are the same in alternatives 2 and 3.

d. Effects on production by sector

The effects on the activity levels in production sectors are of
particular interest, since estimates of the production levels are the
immediate products of input-output analysis. Conclusions about the
robustness of the theory must be directly dependent on conclusions about
the predictive power for production levels.

In relation to the present experiment, where we study the effects
of systematic adjustments within limits related to empirically computed

variations, we may pose questions like the following:

a) What will be the typical pattern of labour saving adjustments in
the Nerwegian economy under our assumptions?

b) How large are the errcr margins in input-output estimates if the
variability in coefficients is as assumed in our various alternatives,
and if the adjustments are systematic?

c) Is there any relationship between the possible adjustments in de-
liveries from a sector under our assumptions and the empirical standard

1)

error of input-output estimates of deliveries from the same sector?

1) See: Per Sevaldson, "Studies in the Stability of Input-Output Rela-
tions. Effects of Aggregation and Changes in Coefficients on the Results
of Input-Output Analysis". Working Paper 10 72/6 from the Central Bureau
of Statistics. 23. March 1972. Mimeographed.
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The base year proportions are given in table 11, which again
emphasises the difference in basis between alternative 0 and the other

alternatives.

Table 11. Deliveries for final and intermediate use from imports and
Norwegian production sectors in 1959 in kroner per 100 kroner
of total final deliveries

Final Intermediate Total
deliveries deliveries deliveries
Alternatives 1, 2 and 3
From ImportS ceveeeeeeeeeensoeennns 13.3 16.9 30.2
From 92 Norwegian production
SECtOPS ttvveescerensscnnronnnns 86.8 40.8 127.6
PEY SeCtOr .cuivevvseencsnns .943 Lubh 1.387
Alternative O
From importsS .vieevernsesceccanse 13.3 21.1 34 .4
From 92 Norwegian production
SECTOYS tevevesesecnsscannans .o 86.8 u3.7 130.5
PEr SeCTOr sivevevecssons 943 475 1.418

Summary figures for the possible changes are given in table 12.

By the measurements in table 12 the 4 alternatives give very
similar results, and they all indicate quite radical changes in inter-
mediate deliveries as consequences of the adjustments which we assume.
However, since intermediate deliveries make up, on the average, less than
one third of total production, the production pattern is considerably
more stable than the pattern of intermediate deliveries.

If we take the standard deviation about zero as the best measure
of distortion, we find that this is close to two thirds of average inter-
mediate deliveries for the three first alternatives and well over half
for the last alternative. Seen in another way, the root of the mean of
the squared changes is nearly one third of the root of the average of the
squared basic intermediate deliveries.

A visual picture of the possible changes under alternative 1 is
given in diagram 2 for the 53 sectors with indirect deliveries above
0.9 kroner per 100 kroner total deliveries in 1964. The other alterna-
tives will not be materially different.

We may also compare the possible changes in intermediate deliver-
ies, as measured by the standard deviations of the changes under cur vari-
ous alternatives with the empirical standard errors of input-output esti-

. . . . . . 1
mates of intermediate deliveries in the period 1949-1960. )

1) Per Sevaldson 1972 op.cit.
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Teble 12. Pessible changes in intermediate deliveries, summary figures

Alterna- Alterna- Alterna- Alterna-
tive 0 tive 1  tive 2 tive 3
Changes Changes Changes Changes
only in also in also in also in
coeffi- import labour  owner
cients coeffi- coeffi- income

for cients cients coeffi-
inpu'ts cients
frem
produc-
tion
Intermediate deliveries from 82
sectors in basis, kroner per 100
kroner total F.D. 1) tivevevannne 43.7 40.8 40.8 40.8
Average per sector, kroner per
100 krcner of total F.D. viveeenn 475 bl bk by
Standard deviation about average, 2)
kroner per 100 kroner total F.D. .e .830 .830 .830
Possible changes:
Increases, kroner per 100 kroner
total F.D. wivniinniiienennnnnnns 5.85 3.95 7.15 3.84
Number of sectors ...ceeeceeese 37 25 38 27
per sector, kroner per 100
kroner total F.D. tevivivennnns .158 .158 .188 Au2
Decreases, kroner per 100 kroner
total FuD. veiiinienennnnencnnnas -6.97 -10.11 -5.51 -8.21
Number of sectors ...ceveeeness 33 46 34 Ly
per sector, kroner per 100
kroner total F.D. vvveernsnnnns -.211 -.220 -.162 -.187

Numerical sum of changes,
Kroner per 100 kroner
total F.D. siviinnnennnns 12.82 14.06 12.66 12.05
per sector, 92 sectors,
kroner per 100 kroner

total F.De tivivevnnnnnnn .133 .153 .138 .131
per cent of average intermediate
delivery ..ceeiiiierincnnnnnnens 29.26 34,46 31.08 29.50

Net change, 92 sectors,
kroner per 100 krconer

total F.D. cenennnenecens -1.12 -6.16 1.64 -4.37
per sector, kroner per 100
kroner total F.Du cevevenenennn -.012 -.067 .018 -.048

Standard deviation of changes
about zero3) 92 sectors,

kroner per 100 krcner total F.D. .299 .285 .279 L 242
per cent of average intermediate
deliVery teueeercenensenceconnn 62.95 B4.19 62.84 54 .50

1) F.D. = final deliveries.

2) Has not been computed.

3) Computed as (1/92 1,X2)1, when the X; are the 92 observations of
change under one of the alternatives.



Diagram 2. Indirect deliveries above, 09 kroner pr. 100 kroner of total final
deliveries 1959 and possible changes according to alternative 1:
adjustments in coefficients for inetermediate goods, including
imports.

Iﬁ Possible changes

>Indirect deliveries
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% & Sektor
o nr.
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The observed standard errors of estimates of intermediate deli-
veries from each of the 92 production sectors, estimated by a 92 sector
input-output table for 1960, declined from 36 per cent of the average
intermediate delivery in 1949 to 11 per cent in 1959, with an average of
22.4 per cent over 11 years. These observed errors are thus of the order
of 1/3 to 1/2 of the possible errors according to our hypothesis. Con-
sidering that we have allowed the coefficients to be adjusted by changes
of the order of two times standard deviations about their averages compu-
ted over the period 1949-1960, there must be some dependence between the
observed standard errors and the changes which are possible according to
our assumptions, and it is difficult to draw strong conclusions from
these overall comparisons. However, it is important to notice that ir-
respéctive of which of our 4 alternatives.is chosen a_systematic utiliza-
tion of coefficient adjustability amounting to twice the observed standard
deviation of coefficients over the period 1949-1960, might have given
prediction errors of 2 to 3 times the errors found in the prediction
simulationsl).

In table 13 we have listed all the 92 sectors, ordered according
to the size of their total (direct plus indirect) coefficient of labour
(wage) input. For eaah sector we have listed final and intermediate
deliveries in kroner per 100 kroner total final deliveries in 1964 and
we have given the possible changes under our four alternatives as percen-
tages of intermediate deliveries. Finally, for the purpose of comparison,
the tables also gives for each scctor the observed standard error cf
estimates of intermediate deliveries in the period 1949-1959 on the basis
of the 92 sector input-output matrix for 1960. The standard errors are
given as percentages of average intermediate deliveries from the sector,
measured in constant (1955) kroner over the period 1949-1960.

Table 13 shows clearly that for the majority of sectors possible
changes in intermediate deliveries are very nearly the same for the same
sector under all our alternatives, Of the 73 sectors with non-zeroe pos-
sible changes under the four alternatives only 11 have both positive
and negative possible changes under the four alternatives.

All sectors with above 41 per cent direct plus indirect labour
input (wages) get reduced (or, for two items, unchanged) intermediate
deliveries under all alternatives (excluding sectors without intermediate
deliveries), and reductions are predominant down to 36.5 per cent total

labour coefficient for alternatives 0 and 2, and down to 33 per cent for

1) Per Sevaldson 1972 op.cit.
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Table 13. Total (direct plus indirect) wage coefficient, final and intermediate deliveries and

possible changes in per cent of intermediate deliveries 1959.

output estimates 1949-1960 in per cent of average intermediate deliveries

Standard error of input-

Production 1959 in

T kroner per 100 kro- Possible changes in per cent of Standard
otal . . . . - error
. ner total final intermediate deliveries
(direct . . 1949-
lus deliveries 1960 in
pLus Alter- Alter- Alter- Alter-
indirect) . . . . per cent
native mnative native native
Sector wage Final Intgr Total 0 1 2 3 of aver=
coeffi- medi age in-
cient Changgs Changgs Chang§s Changgs termedi-
only in also in also in also in
1959 . . ate de-
inputs import labour owner livery
from coeffi- coeffi- income
prod¥c- cient cient  coeffi-
tion ) cient
Non-business org. and
institutions .....eeeen. 87 129.62 .31 .04 .35 -80.0 -75.0 ~-75.0 -75.0 18.4
Social insurance?) ....... 70 120.81 .09 - .09 . . . -
Government administration. 82 117.01 1.18 - 1.18 . <
Water SUpply «veveveceoens 63 113.06 .07 - .07 . . . . -
Educational services ..... 84 103.90 1.40 - 1.40 . . . . -
Military defence services. 83 103.83 1.16 - 1.16 . . . . -
Religious and welfare
activities .i.vieeceenons 86 103.26 .30 - .30 . . . -
Domestic Services ........ 90 101.12 .45 - 45 . . . . -
Coal mining +vseevensnnsns 14 84.11 .03 .02 .05 -100.0 -100.0 =-100.0 -100.0 75.0
Railway transport ........ 76 80.64 .40 .64 1.046 -63.0 -62.5 -57.8 -60.9 10.6
Communications ...eeeees.. 81 76.93 .32 .78 1,10 -65.5 -73.2 -62.9 -71.9 8.7
State banks and loan
associations ...eeveeeen 66 72.62 .04 - .04 . . . -
Tramways and surburban
railway transp. esoeeese. 77 68.76 .12 .01 .13 -100.0 -100.0 =-100.0 -100.0 28.6
Bank of Norway ........... 65 65.94 .05 .01 .06 -100.0 -100.0 -100.0 -100.0 64.2
Services related to trans-
port and storage ....... 80 64 .88 .01 .25 .26 -86.2 -84.0 -84.0 -84.0 5.1
Publishing etC. esseevssos 40 62.26 .58 .28 .86 ~44.8 -75.0 -42.8 -71.5 44,9
Medical and veterinary
SETVICES sevvennscennsns 85 60.10 1.49 .02 1.51 -100.0 =-100.0 -100.0 -100.0 17.1
Other banks etC. «evevvsss 67 57.61 72 .13 .85 -64.3 -69.2 -61.5 -69.2 27.1
Hotel and restaurant
SErvViCes s.eeeeeevecones 91 55.84 .67 .11 .78 -75.0 -81.9 -72.8 -81.9 4.0
Printing, bookbinding etc. 41 55.29 .13 .76 .89 -30.6 -48.7 -22.4 -42.1 3.8
Life insurance ...eeeeeve. 68 53.07 .16 - .16 . . . . -
Coastal water transport .. 74 51.82 .16 .57 .73 -47.7 -47.7 -40.4 -45.6 7.5
Laundry, cleaning, other
personal services ...... 92 49.51 .35 .05 .40 - -40.0 - -20.0 9.4
Services related to water
EransSport ..eeeessevcecs 75 49.37 .22 .50 .72 -49.1 -68.0 -64.0 -68.0 11.7
Shipbuilding industries .. 58 49.08 2.11 .24 2.35 -63.0 -58.3 -58.3 -58.3 25.9
Construction s.eeeeeeecsss 60 48.05 11.40 .01 11.41 -100.0 -100.0 =-100.0 -100.0 21.7
Sawmills, planing mills
BEC. veenisrercnncncassns 34 47.75 .04 1,15 1.19 -53.8 -53.1 -47.8 -13.1 20.6
Iron and steel foundries . 52 44,78 .10 .24 .34 -92.7 -91.8 -91.8 -91.8 15.4
Unspecified transport .... 4 44,71 - .30 .30 -40.0 -76.6 -63.3 -73.3 37.0
Gas supply ceveveevncennas 62 43,25 .01 .03 .06 -50.0 -66.7 -66.7 -66.7 32.3
Unspecified services ..... 3 42,32 .36 1.72 2.08 - -55.1 -69.3 -48.3 -65.7 19.0
Iron and metal products .. 56 42.26 3.31 1.69 5.00 -43.4 -45.0 -36.7 =44 .4 6.8
Unspecified, office
supplies ....vveecenrens 1 41.35 .20 .80 1.00 -30.8 -78.8 -21.2 -70.0 4.9
Canning of fish and meat . 20 41,32 .53 - .53 - - - - 122.2
Non-metallic mineral
Products .seeeevsereaccns 49 41,02 .21 1.02 1.23 -25.2 -43.1 -15.7 -43.1 25.0
Other wood and cork
ProducCts .eeevivesescess 35 40.69 .76 .95 1.71 14,1 -48.5 27 .4 4,2 14.5
FOresty .oeeeecncennsannsns 9 37.90 .01 1.82 1.83 -10.4 -25.8 3.8 -5.5 17.6
Footwear and repair, fur
g00dS, EtC. seessennenon 32 37.79 .61 .01 .62 -100.0 -100.0 =-100.0 -100.0 100.0
Whaling «oeeevenneeroncnas 13 37.04 .48 14 .62 -15.4 -21.4 -21.4 -21.4 45.7
Legal, technical and
business services ...... 88 36.70 .14 .48 .62 -17.3 -45.9 -10.4 -25.0 10.6
Electrical machinery etc. 57 36.33 91 .66 1.57 23.0 13.6 37.9 25.8 22.3
Non-life insurance ....... 69 35.56 .13 W42 .55 2.4 -64.3 2.4 -76.2 5.3
Metal mining ...ceveevness 15 34,67 .35 .21 .56 -9.5 -9.5 -9.5 -9.5 19.4
Paper, paperboard and
cardboard ....ieveveenne 37 33.57 1.38 .70 2.08 2.5 -22.8 17.2 -8.6 5.3

1) Per cent of intermediate deliveries under the

basis alternative 0.

2) Dots (.) indicate that no figures are possible,



38

Table 13 (cont.). Total (direct plus indirect) wage coefficient, final and intermediate deliveries and
possible changes in per cent of intermediate deliveries 1959. Standard error of
input-output estimates 1949-1960 in per cent of average intermediate deliveries

Production 1959 in

T kroner per 100 kro- Possible changes in per cent of Standard
otal 1 final intermediate deliveries error
(direct gziis:;?es ina intermediate 1949
?1u§ Alter- Alter- Alter— Alter- 1960 in
indirect) - : . . per cent
native native mnative native
Sector wage  Final MOTT pota1 o 1 2 3 of aver-
coeffi- mediate Chan Ch Ch Ch g age in-
cient ges Lhanges Lhanges LRANGES . medi-
1959 9n1y in §1so in also in also in ate de-
inputs import labour owner livery
from coeffi- coeffi- income
produc- cient cient cgeffi—
tion cient
Trade ..vvvvveeninneennen, 64 33.30 10.20 3.80 14.00 4.3  -14.2 14.8 -5.3 3.6
Rubber products ,......... 43 33.30 .27 .10 .37 36.3 -40.0 50.0 20.0 17.3
Paper and paperboard
products .....evive0ae.. 39 33.13 12 .60 .72 - -18.4 5.0 -6.7 13.0
Other manufacturing ...... 59 32,82 .50 .15 .65 50.0 26.7 60.0 40.0 59.0
Knitting mills ........... 30 32.45 48 - .48 - - - - 52.3
Clothing ...evevveeveeenea. 33 32.30 1.79 .06 1.85 - -33.3 -16.7 -33.3 27.8
Non-ferrous metal found- '
ries ....iiiiviiiiineas. 55 32.28 .01 .03 .06  66.7 66.7 66.7 66.7 15.8
Quarrying and mining n.e.c. 16 32.23 .08 .18 .26 19.1 - 38.9 - 8.8
Wood pulp .e.vevvviveenna. 36 31.53 1.34 1.05 2.39 13.6 -9.5 19.1 - 4.3
Wallboards etc. .sevvvusen. 38 31.53 .08 .10 .18 90.8 100.0 110.0 110.0 16.0
Iron and steel works and
rolling .soevvvveeansaaa. 51 31.43 .35 A .79 19.2 34.1 40.9 36.4 20.8
Recreation services ...... 89 31.12 .51 .02 .53  50.0 - 50.0 - 11.1
Leather and leather pro-
ducts cieveeiiniinnense. 42 31.06 .14 .11 .25  25.0 18.2 36.3 18.2 37.9
Land transport n.e.c. .... 78 30.94 .79 .94 1.73  20.4 26.6 38.3 31.9 4.8
Herring oil and fish meal. 46 30.45 .25 .23 .48 - -21.7 -4.3 -13.0 42.6
Other food preparations .. 25 30.20 .26 .08 .34 - 37.5 - -37.5 35.0
Bakery products .......... 23 30.13 .81 - .81 . . . . -
Chemicals and products of
chemicals .veuiveeneeeess 45 29.05 .86 1.06 1.92 48,2 34.9 56.6 40.6 22.6
Fish processing .....oo... 21 27.93 1.23 .05 1.28 40,0 - 40.0 -40.0 194.5
Fertilizers etc. .vveuev.. 44 27.78 .98 .38 1.36 2.7 -5.3 - -7.9 27.1
Cordage, rope and twine .. 31 27.23 .19 .01 .20 100.0 100.0 100.0 100.0 37.5
Other oil refineries, etc. 48 26.46 .39 .30 .69 16.7 6.7 16.7 6.7 192.0
Dairy products ........... 18 26.20 1.57 .75 2.32 -17.4 -30.7 -17.4 -26.7 11.6
Margarine .....eeeeveesee. 19 25.67 W42 .04 .46 50.0 - 50.0 - 21.1
Electricity supply ....... 61 22.44 .83 1.43 2,26  33.5 25.2 47.6 29.4 12.1
Ferro alloys ...seeeeeses. 50 22.00 .68 .08 .76 37.5 37.5 37.5 37.5 21.8
Breweries and soft drink
production ...veeeeveees 27 19.47 .66 .02 .68 - - - - 21.3
Air transport ............ 79 19.08 .58 11 .69 -38.5 -36.4 -27.3 -36.4 58.8
Refining of aluminium .... 53 19.01 .95 14 1.09 61.6 50.0 50.0 50.0 23.5
Ocean water transport .... 73 17.74  14.00 .06 14,06 33.3 16.7 33.3 33.3 26.9
Fishing etc. .vvvvvvvensas 12 17.65 .38 1.19 1.57 13.9 7.2 14 .4 7.9 5.3
Slaughtering and prepara-
tion of meat 17 17.04 1.48 .53 2,01 -25.9 -34.0 -24.5 -34.0 15.8
Cocoa, chocolate and sugar
confectionary .......... 24 14.96 .59 - .59 - - - - 183.3
Vegetable oil mills ...... 47 14.74 .03 .21 .24 35.0 19.1 28.6 19.1 10.1
Other non-ferrous metals . 54 14.13 1.45 48 1.93 61.6 70.8 75.0 72.9 5.4
Unspecified, energy supply 2 11.49 - .16 .16 100.0 68.8 87.5 75.0 13.4
Grain mill products and
livestock feed ......... 22 11.18 .20 1.32 1.52 5.5 -13.6 1.5 -24.3 40.1
Spinning and weaving ..... 29 10.77 44 77 1.21  26.3 5.2 24,7 7.8 8.4
TobacCCO vevenrenenseeansss 28 10.77 .83 .01 .84 100.0 - - - 120.0
Agriculture ....eeceecenss 7 10.03 2.27 6,21 8.48 31.6 21.9 28.2 13.2 4,2
Distilling, rectifying and
blending of spirits .... 26 5.85 .19 .08 .27 75.0 62.5 75.0 50.0 8.8
Dwellings .eceveeeseeseaes 72 1.95 2.61 - 2,61 . . . . -
Commercial buildings ..... 71 1.87 .08 .56 .64 29.4 44.7 57.2 50.0 9.5
Hunting etC. sveeeveeeesss 11 1.07 07 - .07 - - - - 66.7
Agricultural capital
formation ...eceveenanns 8 - .20 .10 .30 81.7 100.0 100.0 100.0 39.5
Local government consump-
tion capital ....ev0ve0n 6 - J4 - .74 . . . . -
Central govermment con-
sumption capital ....... 5 - 450 - .45 . . . . -

Standing forests ......... 10 - 12 - .12 . . . . -
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alternativec 1 and 3. For soetore with lower total labour coefficient
positive changes dominate, but there are sectors with as low coeffici-
ents as 17 per cent for alternatives 0 and 2 and 11 per cent for alter-
natives 1 and 3 which have their intermediate deliveries reduced. There
appears to be no association between the numerical values of possible
changes and the size of the empirical standard error in input-output
estimates 1949-1959.1) From this fact we may venture the conclusion

that the changes in input-output coefficients in the period 1949-1960

do not seem to be caused primarily by adaptations to changes in relative
labour costs, provided, however, that our assumptions roughly resemble
conditions in the economy. If, for instance, not all ccefficients of the
same size are in general equally adjustable, or if prices on all products
are not affected at least roughly in proportion to their total labour
content, our conclusion is shaken.

Roughly, the size of the possible changes, in kroner per 100
kroner total final deliveries follow the size of intermediate deliveries,
when these are also measured in kroner per 100 kroner of total final
deliveries. Consequently, there is no association between the size of
intermediate deliveries and the sizes of possible changes, taken as
percentages of intermediate deliveries.Q)

Let us now consider the picture for the more aggregate sector
specifications. Our 92 sectors can be aggregated to 33 sectors. By
such an aggregation the value of intermediate deliveries per sector will
increase from .44 (.48 for alternative 0) kroner per 100 kroner total
final deliveries to 1.24 (1.32 for alternative 0) kroner per 100 kroner.
Table 1h4.

The possible changes per sector will also increase, but not quite
in the same proportions, since some increases will be offset by decreases
within the same aggregate sector. Thus the average numerical value of
the possible changes are reduced from between 29.3 and 34.5 per cent of
average intermediate deliveries to between 24.9 and 30.4 per cent of
intermediate deliveries. The standard deviation about zero is reduced
from between 54.5 and 64.2 per cent of average intermediate deliveries
to between 38.8 and 46.0 per cent.

This can be compared to the reduction in the standard error of
input-output estimates based on the 92 sector input-output matrix for
1960 when the results are aggregated from the 92 sector specificaticn

1) Correlation coefficient -.05.
2) Correlation coefficient -.0.
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Table 14. Possible changes in intermediate deliveries, 33 sectors.
Summary figures

Alterna- Alterna- Alterna- Alterna-
tive 0  tive 1  tive 2  tive 3
Changes Changes Changes Changes
only in also in also in also in
coeffi- import  labour  owner
cients coeffi- coeffi- income

for cients cients coeffi-
inputs cients
from

produc-

tion

Intermediate deliveries from 33

sectors in basis, per sector,
kroner per 100 kroner total F.D.

Standard deviation about average,
kroner per 100 kroner total F.D .. 1.351 1.307 1.307 1.307

Possible changes:

1) 1.323 1.237 1.237 1.237

Increases, number of sectors ....... 14 12 16 13
per sector, kroner per 100 kroner
total FuD. tiiieiinnnnnencoonennns .349 . 257 .372 224
Decreases, number ¢f sectors ....... 186 20 - 16 19
per sector, kroner per 100 kroner
total FuD. tivievennsocecesceneanee = .375 - 462 - .270 - .385

Numerical sum of changes,
kroner per 100 kroner of total F.D. 10.88 12.40 10.27 10.22
per séctor, 33 sectors, kroner
per 100 kroner totaX F.D. ...... .330 .376 .311 .310
per cent of averagé intermediate
delivVery tuiievieerenennnenenans 24,94 30.40 25,14 25.06

Net change, 33 sectors,

kroner per 100 kroner total F.D. . - .034 - ,187 .050 -.133
Standard deviation of changes about
2810
33 sectors, kroner per 100 kroner
total FuD. vivnivrenennenenencnnes .528 .569 482 480
per cent of average intermediate
deliVery .iceieeerscnnens criresenas 39.91 46.00 38.97 38.80

a

1) F.D. = final deliveries.

1)

to the 33 sector specification. By this aggregation the standard error
in per cent of average intermediate delivery is reduced to figures bet-
ween 61 and 74 per cent of the standard error in the 92 sector specifica-
“tion for the individual years, with an average of 69 per cent. The cores-
ponding reduction in standard deviation for our four alternatives are to
between 82 and 72 per cent. There is thus a very close correspondence in

reductions, A line of reasoning could be: Since the aggregation process

1) Sevaldson: Op.cit. 1972 table 5a,b.
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tends to group together similar sectors, and if the similarities also
apply to total wage coefficients, we might expect that detailed sectors
going into the same aggregate sector should be changed in the same di-
rection by our adjustment procedure, and thus that we would not get so
much offsetting effects between increases and reductions in the adjust-
ment experiment. If, on the other hand, the errors in the 1949-1960
computations were due to random causes, we might expect more extensive
offsetting effects, and thus a greater reduction in the observed stan-
dard error. Since this was not the case, we might be tempted to take it
as an indication that the errors in the 1949-80 computations were not
predominantly random. There are, however, very strong qualifications

to such a conclusion: If we consider the figures for sectors belonging
to the same two digit groups in table 13, we will find that although the
majority of detailed sectors belonging to the same aggregate will in
general have the changes in intermediate deliveries in the same direction
or no change at all, nearly half of the aggregate sectors consisting of
two or more detailed sectors have at least one sector with a change in
the opposite direction from the others. There are also reasons why errors
for related sectcrs might tend to go in the same direction in the empiri-
cal studies, even if they are not the results of systematic coefficient
adjustments. Still, the evidence seems to be worth noticing.

Figures for all the 33 sectors, with possible changes under the
four alternatives in percent of intermediate deliveries are given in
table 15. The table also gives standard errors for the 1949-1959 esti-
mates based on aggregates of the results obtained with the 92-sector
matrix for 1960. Again there is no tendency to covariation between the
numerical values of possible changes and the size of the standard error.
We notice the tendency to increases in deliveries from manufacturing
sectors and decreases for labour intensive service producing sectors.

At our highest aggregation level, with anly 7 production sectors,
intersecter differences are to a large extent evened out. Particularly,
if we look at the numerical averages of possible changes, or standard
deviations of possible changes about zero, both expressed in per cent of
average intermediate deliveries per sector, the figures for the 7 sector
aggregation (table 16) are considerably reduced compared to the 33-sector
(table 14) and 92-sector (table 12) figures.

Figures for each of the seven sectors ars given in tables 2 and
17.
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Table 15. Final and intermediate deliveries and possible changes in per cent of intermediate deli-
veries 1959. Standard error of input-output estimates 1949-1960 in per cent of average
intermediate deliveries. 33 sector specification.

Production 1959 in
kroner per 100 kroner Possible changes in per cent of
total final intermediate deliveries Standard
deliveries error
Alterna- Alterna- Alterna- Alterna- 1949-60
. In- tive 0 tive 1 tive 2 tive 3 in per cent
Sector Final direct Total Changes Changes Changes Changes of average
only in also in also in also in dinter-
inputs import labour owner mediate
from coeffi- coeffi- income delivery
produc- cients cients coeffi-
tion cients

11 Agriculture .....ev.... ves 2.53  6.32 8.85 32.6 23.2 29.4 14.7 3.3

12 Foresty .coveveceesencen .o .13 1.82 1.95 -10.4 =25.9 3.9 -5.5 17.6

13 Fishing, whaling ........ 86 1.33 2.19 11.1 5.3 12.8 6.0 9.7

21 Mining ...veveeven. ceees .45 42 .87 - -9.5 7.2 -9.5 19.0

22 Non-metallic mineral pro-

dUCES tieventvncnonennnas .21 1.02 1.23 -25.2 -43.2 -15.7 -43.2 25.0

23 Basic metal industries . 3.54  1.41 4.95 19.4 27.7 31.2 29.1 6.3

24/25/26 1Iron and metal pro-

ducts ..eeieinenens 3.31 1.69 5.00 -43.5 -45.0 -36.7 =44.4 6.8

27 Shipbuilding industries . 2.10 .25 2.35 -60.7 -56.0 -56.0 -56.0 25.9

28 Electrical machinery etc. .91 .66 1.57 23.0 13.6 37.9 25.8 22.3

29 Other manufacturing ..... .50 .15 .65 50.0 26.7 60.0 40.0 59.0

31 Food industries ........ . 7.07 2.79 9.86 -5.8 -22.2 -7.2 -26.9 30.2

32 Tobacco and beverages ... 1.68 .11 1.79 70.0 45.4 54.5 36.3 5.3

33 Products of oils and fats .67 74 1.41 16.7 1.4 13.5 4.1 15.4

34/39/49 Chemicals ...cevv.. 2.10 1.55 3.65 36.7 20.0 41.9 27.1 24.1

41 Textiles .eieeeeven. . 1.10 79 1.89 25.7 5.1 24,1 7.6 8.4

42 Clothing ..... Ceeeeeanes . 1.79 06 1.85 - -33.3 -16.7 -33.3 27.8

43 Footwear, leather, fur . .75 .12 .87 15.4 8.4 25.0 8.4 36.7

44 Wood and cork etc. ...... .80 2,10 2,90 -23.3 =51.0 -13.8 -25.2 7.1

45 Pulp, paper and paper

Products .eeeeecececess . 2.91 2.46 5.37 10.2 -11.0 18.7 A 5.0

46 Printing and publishing . 71 1.04 1.75 -34.2 -55.8 -27.9 -50.0 10.3

50 Construction .....e... e 11.40 .01 11.41 -100.0 -100.0 -100.0 -100.0 21.7

61 Wholesale and retail

trade c.veieercrieinnennn 10.19 3.81 14.00 4,3 - 14,2 14.7 - .5 3.6

62 Water transport ...eeee.. 14.39 1.12 15.51 -48.6 -53.6 -47.3 -52.7 7.8

63 Land and air transport .. 1.88 1.97 3.85 -24.3 -20.8 -13.2 -17.8 2.7

64 Communications seeeeessces .32 78 1.10 -65.5 -73.1 -62.8 -71.8 8.7

71 Electricity, gas and

WALEY teevevennccnansnnns .91 1.46 2.37 32.3 24.0 45.9 28.1 11.2

72 Banking and insurance ... 1.19 .56 1.75 -19.3 -67.8 -17.9 -76.8 11.6

73 Business buildings,

dwellings .eeeeesescncnss 2.69 .56 3.25 29.4 44,6 57.1 50.0 7.8
74 Government, defence ..... 2.34 - 2.34 . .
75 Educational, health

SEIVICES +eveesonrnnonns 2.89 .02 2,91 -100.0 -100.0 -100.0 -100.0 16.3

76 Personal services ...... . 1.47 .16 1.63 -52.9 -68.7 -50.0 -62.5 4.5

77 Other services ....o.e.. 2.45 .54 2.99 =20.4 -46.3 -13.0 -27.8 8.0

78 Unspecified ..ecevnverenn .55 2.99 3.54 -40.7 -64.9 -35.1 -59.9 12.1

Total (numerical) ....... 86.79 40.81 127.60 1051.6 1207.7 1091.1 1141.4 481.2
Numerical averages ...... 2.63 1.24 3.87 31.87 36.60 33.06 34.59 14.58
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Table 16. Possible changes in intermediate deliveries, 7 sectors.
Summary figures

Alterna- Alterna- Alterna- Alterna-
tive 0 tive 1 tive 2  tive 3
Changes Changes Changes Changes
only in also in also in also in
coeffi~ import labour  owner
cients coeffi- coeffi- income

for cients cients coeffi-
inputs cients
from

produc-

tion

Intermediate deliveries from 7
sectors in basis, per sector,

kroneg per 100 kroner of total

FD.L) 6.24 5.83 5.83 5.83
Standard deviation about average,

kroner per 100 kroner of total

F D tieitnnteeesonneneesonnnnns 2.88 2.73 2.73 2.73

Possible changes

Increases, kroner per 100 kroner

of total FuD. tivinrnrnnnnrensonns 2.52 1.07 2.80 .91
nimber of Sectors .visiieiiseeces 2 1 3 1
per sector, kroner per 100
kroner of total F.D. seivunnn, 1.26 1.07 .93 .91
Decreases, kroner per 100 kroner
Of total FuDu tivinennnncnnnnennas -3.64 -7.28 -1.16 -5.30
number of SeCtorS .ueieveveeeeens 5 6 4 6
per sector, kroner per 100
kroner of total F.D. v.vevvnns -.73 -1.21 -.29 -.88

Numerical sum of changes,
kroner per 100 kroner of total

O 6.16 8.30 3.96 6.21
per sector, 7 sectors, kroner
per 100 kroner of total F.D. . .88 1.19 .57 .89
per cent of average inter-
mediate delivery ...vveeeess.. 14,10 20.41 9.78 15.27

Net change
per sector, 7 sectors, kroner
per 100 kroner of total F.D. ... -.16 -.88 .23 -.63

Standard deviation of changes
about zero
7 sectors, kroner per 100 kroner
of total F.Du vevevnnninnnnnnnns 1.07 1.44 .87 1.06
per cent of average intermediate
deliVeryY tiievererenennananannns 17.15 24.70 14.82 18.18

1) Final deliveries.
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Table 17. Final and intermediate deliveries and possible changes in per cent of
intermediate deliveries 1959, Standard error of input-output estimates
1949-1960 in per cent of average intermediate deliveries, 7 sector

specification
Production in kro- Standard
ner per 100 kroner Possible changes in per cent of error
of total final intermediate deliveries 1949~
deliveries - 1960 in
Alter- Alter- Alter~ Alter- per cent
native native native native of aver-
0 L 2 8 age in~
In- Changes Changes Changes Changes termedi-
Final i Total only in alsc in also in also in -
irect . . ate de
inputs import labour owner 1ivery
from coeffi~ coeffi- income
produc- cients cients coeffi-
tion cients

1. Agriculture, foresty,

hunting and fishing . 3.52 9.47 12.99 20.1 11.3 22.2 9.6 3.5
2. Extraction and pro-

duction of mineral

and metal products .. 11.02 5.60 16.62 -11.7 -15.4 - .2 -13.0 11.0
3. Production of food

and beverages, oils,

fats and chemicals .. 11.25 5.09 16.34 11.4 -4.1 11.0 -5.5 20.4
4, Products of wood,

pulp and paper, prin-

ting, textiles,

clothing, leather ... 8.33 6.67 15.00 -5.7 -28,9 2.1 -14.,5 2.6
5, Construction ........ 11.40 .01 11.41 -100.0 =-100.0 -100.0 =-100.0 21.7
6. Trade and traaspor-

tation .....eevveee... 26,78 7.68 34.46 -17.5 -27.6 -9.4  -19.7 3.0
7. All other activities
(services) .v.vu..... 14.49 6,29 20.78 -14.3 =-33.4 =~5.,1 -28.6 7.0
Numerical
averages ....... 12.40 5.33 18.23 25.8 31.5 21.4 27.3 9.88

V  Summary and conclusions

The problem we posed for this study was to find what the effects of coeffi-
cient variability would be on the precision in estimates based on the input-output
model, when the variability was in some way related to chserved coefficient varia=~
bility in the period 1949 to 1960, and when the variability was utilized in syste-
matic adjustments, whereas the model estimates were assumed to be made on the basis
of unadjusted coefficients. We made four alternative sets of assumptions, which
are progressively more relaxed compared to a hypothesis of fixed coefficients. In
all the alternatives we set limits to the possible changes in individual input-
output coefficients and in the sums of coefficients. Generally a coefficient could
be adjusted by up to the minimum of a) its own value and b) two times the standard

deviation of coefficients of the same order of magnitude in the pericd 1949-1960.
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However, total input-output balances must be preserved.

In alternative 0 only substitutions between inputs from domestic
production sectors were allowed. In alternative 1, also imported inputs
might be substituted for domestic. In alternative 2 the substitutions
under alternative 1 might be made, but in addition also direct labour
input coefficients might be adjusted and in altermative 3, finally, even
the coefficients for owner income might be adjusted. All the adjustments
were made sc as to reduce direct and indirect labour inputs, (e.g. on the
assumption that an increase had occured in the relative price of labour).

It turns out that, under our assumptions, the reshuffling of
domestic inputs under alternative 0, makes possible a saving of nearly
5 per cent (4.6) in labour input. An additional 3.5 per cent (total 8
per cent) saving is achieved by allowing imports to substitute for do-
mestic inputs (alternative 1). The biggest saving is obtained when
direct labour input coefficients can be reduced. This alone gives a
saving of 13.5 per cent, or a total saving of more than one fifth (21.4
per cent) of the basis figure under alternative 2. Again, allowing
owner income to substitute for other inputs gives an additional 4 per
cent labour saving, giving a total saving cf 1/4 of the basis labour
input under alternative 3.

The effects on the precision in our labour input estimates under
alternatives 0 and 1 are "unsavoury", but we might be able to live with
them. But the effects of alternatives 2 and 3 are really damaging. It
should, however, be taken into consideration that our assumptions for
alternatives 2 and 3 imply that there exists a general substitutability
in such a way that input-cutput coefficients in each sector can be freely
and independently changed within the given limits, subject cnly to a
balance requirement. We feel that it would be more realistic to assume
that there exist more strict interdependencies between changes in the
labour coefficient and in other coefficients for a given sector. Such
interdependencies might be expected to restrict the potentialities for
labour saving, but it would not be a straightforward task to formulate
numerical hypotheses about their nature. If the coefficients are really
subject tc systematic variaticns to the extent assumed under alterna-
tives 2 and 3, it must be admitted that input-output analysis has little
to contribute in the analysis of labour input in production. Since the
errors in labour inputs must be matched by compensating errcrs in imports
and other elements of value added, the same conclusions must be valid for
them. The hope for input-output analysis rests on the possibility that

our assumpticns about variability are too liberal, or that our assumptions
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about systematic adjustments to changes in relative prices are wrong,
so that the variatiohs observed in the coefficients are predominantly
tandom or caused by systematic changes cover time. The differences in
composition of sector deliveries between the 5 categories of final
deliveries considered in our computations do not imply very big differ-
ences in the results.

Thus, referring back to the three problems stated in the intro-
duction we may conclude.
a. Our results do not throw much light on the question whether the
observed variability of input-output coefficients was the result of
systematic substitutions in order to minimize input cost per unit of
output, or of more random variations. If relative price changes over
the period 1949-1960 were dominated by changes in direct and indirect
labour costs, then the fact that the estimated adjustments in inter-
mediate deliveries according to cur tests were uncorrelated with
standard errors of prediction of intermediate deliveries for the periocd
1949-1960 indicates that the variations were not mainly of the systematic
type corresponding to the present experiment. We have also given some
logical arguments against the most extreme alternatives in regard to
systematic adjustability of coefficients. However, considerations of
the effects of aggregation on the results of the present computations
and on the predictions for the period 1949-1960 indicate that the errors
in the latter may not be entirely random.
b) We have computed the margins of errors associated with our alter-
native basic assumptions. The results are strongly conditiocned by our
general and arbitrary choice of twice the observed standard deviation
1949-196C as the limit for coefficient adjustments. For the two most
restrictive alternatives, which we also consider most realistic, the
margins of errcr are considerable but not unccceptable for the estimates
of labour input requirements. The more permissive alternatives give
unocceptable margins of error for estimates of labour input requirements.
The alternatives are not markedly different in the errors for estimates
of intermediate input requirements. They wculd all make possible
margins of error in the predicticn of intermediate deliveries of an crder
two to three times those, not inconsiderable errors, we found in a simul-
aticn experiment in another study.
c. In regard to the changes in the pattern of total primary and interme-
diate inputs to the production system, our alternative 0, where only coeffi-
cients for inputs from domestic production sectors can be changed, stands ap-

art. Under this alternative/%%fél amount of intermediate domestic deliveries



7

is increased by the labocur saving adjustments of the input-output coef-
ficients and the main compensation for reductions in labour input is
provided by increased owner incomes, i.e. increases in the output from
sectors with relatively high owner incomes compensate reduction in out-
put from sectors with relatively high labour input. For the three other
alternatives labour saving is accompanied by a reduction in total domes-
tic intermediate deliveries. For these alternatives import is a dominating
overall substitute for labour. Only when the direct owner income coeffi-
cient can be adjusted is this an equally important substitute. Deprecia-
tion of fixed capital is not of significant importance as substitute for
labour in any of our alternatives,

When we look at the affects of our assumed adjustments on the
estimates of intermediate product deliveries from individual domestic
production sectors, the effects are percentagewise considerable already
under alternative 0, and the increases in magnitudes up to the higher
numbered alternatives are not very big. The average percentage changes
in intermediate deliveries from individual production sectors is somewhere
between 11 and 2} times the average empirical standard error in per cent
for estimates cver the period 1949-1960, which is probably a reflection
of our basic assumptions. Hcwever, there is no correlation between the
numerical changes under our alternatives and the size of the standard
error of estimates 1949-1960 for the same sector.

This may be taken as an indication that the observed standard
errors were of a more random type than the systematic adjustments assumed
in our test. But it is only an indication, since adjustments to other
systematic factors than a change in the relative price of labour, might
have given changes in other sectors in our test. As might be expected,
intermediate deliveries tend to be reduced from sectors with high total
(direct plus indirect) labour content per unit of output, and to be

increased from sectors with low labour content.
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Appendix table 1. Basic and adjusted input-output coefficients for the sector
Fish processing.

Adjusted coefficients
Alter- Alter- Alter- Alter-

?;g?::c: native nativ  native native
wage- L 2 3 *
content . Basic ghanges Chang§s ?hanggs As élter—
of deli- coeffi- in a%so in also 1in nat1v§ 2,
vering éients inputs direct owner but w1t§
from labocur income proportiocnal
sector produc~ coeffi- coeffi- changes in
in base tion cients cients inputs from
year and production
imports
Direct inputs
7 Agriculture ...ieveescanns 10.03 .84 1.68 1.68 1.68 .86
47 Vegetable oil mills ...... 14.74 .02 .04 .04 .04 .02
12 Fishing ceveveevreeeseeess 17.65 57.64 62.72 66.44 62,72 59,54
61 Electricity supply .eee... 22.44 .52 - .38 - .54
19 Margarine seeeseeceescacss 25.67 .07 - - - .07
18 Dairy producCtS «.eeeseesa. 26.20 .43 - - - L4
21 Fish processing ...eeeess. 27.93 .09 - - - .09
45 Chemicals and products of
chemicals .vvveeeneevaeess  29.05 .07 - - - .07
25 Other food preparations .. 30.20 .32 ~ - - .33
39 Paper and paperboard pro-
ducts iiiiiiiiiiiiiinan . 33.13 2.05 .65 .65 .65 2,11
BY Trade voveeeeensnveconnnas 33.30 5.84 3.44 3.u4 3.44 6.03
35 Other wood and cork pro-
dUCES tiverrenntnscncennns 40.69 1.96 .76 .76 .76 2.02
01 Unspecified office supp-
= R | < 1 71 - - - .73
56 Ircn and metal products .. L2.26 .06 - - - .06
03 Unspecified services ..... 42,32 .43 - - - Ly
41 Printing, bookbinding etc.  55.29 .04 - - - .0l
Total ceveeeeeeerensnnnnn .o 71.09 69.28 73.39 69.29 73.39
Import c.vvieinerrernnnnas .. 3.08 4.88 4.88 4,88 4,88
Gross product c.eeevecesss .. 25.82 25.82 21,72 25.82 21.72
Labour (wages) ......... .. 13.33 13.33 9.23 9.23 9.23
Depreciation .eeeeeeeoes . 3.92 3.92 3.92 3.92 3.92
Owner income ....eeeees. .. 10.68 10.68 10.68  14.78 10.68
Computed direct plus indirect
inputs
Total input from production . 89.69 78.81 88.49 76.82 94.65
IMpOrtS vevvevrunnereocnnnenas 10.32 13.21 14.22  13.04 15,04
Gross producCt ceeveeveceenann 89.53 86.77 85.75 86.94 84.78
Labour (wages) ...ecevevean 27.93 25,00 19.07 17.52 20.88
Depreciation «viecevececssn 25.35 26.29 28,08 25.99 26.27
Owner income .....eeeeeeen. 38.46 39.083 41.58 46.83 39.67

1) See footnote 1) p. 7 for an explanation of the relationship between alternative
0 and alternative 4.
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