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ABSTRACT

Forecasts are made of technological coefficients (defined

‘as a breakdown of the factor requirements, intermediate
goods, labour and capital per unit of output) of Australian

:industries to the year 19%0/81.

The approach is to update historical sets of coefficients

jargely on the basis of comments provided by industry

experts. An assessment is made of all input-output
industries, however effort is concentrated on those

industries whose technological changes are expected to

be most significant.
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1. INTRODUCTION

The work described in this paper is an attempt to assess’
the technological scenario that is likely to relate to
Australian industries in the year 19380/91. Technology is
ihterpreted in the input-output sense as the breakdown of
factor inputs @irect purchases, labour and capital) required
by each industry in order to produce a given level of

output.

N

These -forecasts are intended as exogenous input to SNAPSHOTI’

a long term model of the Australian economy being developed
by IMPACT.2 However the technological écenario developed
has much broader application possibilities, it can be

used either in other input-output based models, or purely
as an information source identifying possible future

developments within Australian industries.

Na%urally such a task involves considerable detailed work,
far in excess of that which can be related here. The.
_ scope of the paper is restricted to providing an outline
of the project; the nature of the task, the approach used
and an indication of the results obtained. It should be
mentioned that those forecasts which are presented, are
preliminary and may be revised in the light of subse-
quent work. For further details of the work outlined in
this paper the reader is referred to forthcoming working
paperé3 which deal with more specific aspects of the

project.

The content in this paper is divided into a number of
sections. Section 2 indicates how the techﬂological
coefficients are defined and what is involved in making
forecasts of such coefficients. Section 3 is devoted to

a description of the methodology and problems encountered

~in the project. The problems discussed are of a fairly
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general nature and do not include problems specific to
individual industries. Forecasts of specific industries

are included in an appendix.

The present péper does not attempt to use the technolo-
gical forecasts to make projections regarding other aspects
of the Australian economy in 1980/91. ‘Conclusions are
restricted to features of the approach used and some
general comments on the determinants of technological

coefficients and their behaviour over time. '

2. THE TECHNOLOGICAL COEFFICIENTS -
The specification of technology over all industries takes

the form of three matrices, a direct requirements matrix,

a labour requirements matrix and a capital requirements
matrix. The level of industry detail considered in each
is the 109 industry classification defined.and used in the
1968/69 Input-Output tables published by ABS (3). In the
labour matrix nine occupational categories are defined;

+hese are listed below.

OCCUPATIONAL GROUPS USED.

1. Professional White Collar

Skilled White Collar

Semi and Unskilled White Collar

'Skilled Blue Collar (Metal and Electrical)
Skilled Blue Collar (Building)

Skilled Blue Collar (Other)

Semi and Unskilled Blue Collar

Rural Workers

W 0 =~ O oW N
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Armed Services.

These categories are the.same groupings currently used in
other IMPACT models. They are ultimately defined as

groupings of occupations used in ABS population censuses.



Armed Services are included for completeness of coverage
but as they are usually modelled exogenously, are not

pelevant to the technological coefficients defined here.

2.1 ° Direct Requirement Coefficients Matrix

This 109 industry by 109 industry matrix shows the inter-

mediate inputs of goods and services required on average)
+to be supplied by every other industry in order for an
industry to produce one unit of output. That is the jth
 element of the ith row indicates the quantity of inter-
mediate inputs to be supplied by industry i in producing
one unit of the jth industry's output. The matrix
corresponds'to that published by ABS (3) and titled
“"direct requirements coefficients matrix, basic values
with indirect allocation of imports”. This version of
the table is specifically chosen because of the way in
which imports are allocated. The indirect‘allocation

of ‘competing imports means that -the coefficients obtained
reflect more accurately the process being used, do not
depend on the penetration of imports and therefore have

relative stability. -

2.2 bapital'ReOuiremenf‘Coefficients Matrix

This is also a 109 industry by 109 industry matrix. The
elements show the quantity of capital stock of each type
requiired for each unit of an industries output capacity.
That is, the jth element of the ith row shows the quantity
of capital goods originating from industry 1 necessary
for each unit of industry j's output capacity. The

numbers do not relate to any particular plant but repre-

sent industry averages.

In practise there are only about 20 industries which
supply capital equipment items, so, although the matrix
notionally has 108 x 109 elements, many of these are

Zero.



{
St
i

i

i
‘To clarify the concept of capital stock and to distinguish

it from other inputs the following definition is used.

€

i

Capital stocks are inputs.which are fixed in the short
run, i.e., they are not easily replaced and can limit
output in the short-run. Furthermore capital inputs are
not used up in the production process within one year;
they are durable over time. Capital items are defined
here as'non—human, tangible, man-made and reproducible.
Therefore land, livestock, human skills and intangible
assets do not constitute capital. The value of capital
.used’in each industry is the item of intefest irres-
pective of ownership, therefore leased items are also

included in estimates of capital stock.

2.3 Labour Requirements Coefficients Matrix

This 9 occupation by 109 industry matrix shows the number
of persons from each occupational group required to
produce one unit of annual output in each industry. That
is, the jth element of the ith row shows the number of
persons, having occupations in category i, required on
average for each unit of annual outpﬁt from industry 7.
The numbers do not correspond to employment in any
particular firm but are simply an average of the number
of persons of each type employed by the industry over

a particular year, divided‘by the total value of the

industry's output produced in that year.

2.4 Estimates of Matrices for Previous Years

Existing estimates for each of the matrices described.
above are used as a starting point for making forecasts
of the coefficients to 1990/91. Most information regard-
ing historical coefficients is available for the year |
1971/72, consequently this is selected as the base‘year

from which projections for future years are to be made.



The matrices compiled for past years and used in this

study are discussed below.
Direct requirements matrix -

The 1968/69 input-output table compiled by ABS is used
in this study. This is the most recently compiled table
of its kind. Although it does not represent the year
1971/72, the differences in direct requirements coeffic-
ients between 1971/72 and 1968/83 would be slight. Re-
lative price changes were small and changes to the
qoefficients in real terms are normally negligible over
such short periods. The few changes of significance
(e.g., increases in domestic oil and gas production)are
fairly easily taken into account when making updates of

the coefficients.
Capital requirements matrix -

Information on the breakdown of capital stock by industry
is extremely difficult to obtain for Australian industries.
Fortunately a capital stock matrix has been compiled by

the IMPACT team (4) for the year 1971/72, for use in

‘their ORANI model. This matrix has been compiled using
the 1968/69 input-output classification for both the
industry utilising the equipment and the supplying
industries. The estimates are based on investment data
from ABS economic census publications combined with data
available from other sources such as from individual firms,

research organisations and so on.

The capital requirements'matrix is obtained by dividingi
elements of the above capital stock matrix for each
industry by the estimated domestic production for that
industry in 1971/72. The domestic production figures
“used were those'compiied(5> by IMPACT for their'

5



1968/69 to 1971/72 RAS Update of the input-output table.
The capital requirements matrix so produced forms the

. basis from which forecasts of the corresponding matrix
for 1990/91 are made. Although it is defined in terms
of output capacity, the 1971/72 capital matrix does not
necessarily relate to a 100% capacity utilization
situation. We abstract from the problem by assuming a
similar rate of capital utilization in 1990/91 as in
1871/72.

Labour requirements matrix -

Employment by occupation and industry are available fron _
the 1971 Population Census. In that Census 370 occupational
groups and 504 industries are identified. Using this ‘
data, employment according to the industries defined in
the input-output tables were estimated. Both the census
industry classification and the.input«outpﬁt industry
classification are based on ASIC,so in most cases the
concordance to the input-output industries is straight
forward. In the few cases where the input-output industry
did not correspond to ASIC or the census classifications,
persons were allocated on the basis of other information
available. In most cases this was done using industry

wages and salaries data.

Some additional ad hoc adjustments were also made to main-
tain sensible occupational composition. For instance, in
the motor vehicle repair industry, which is a redefinition
of retail trade classifications (e.g., service stations), |
persons in occupational groups relevant to repair work
such as mechanics, metal workers, etc. were allocated

to motor vehicle repair while others such as bowser

attendants were left within retail trade.

Although only 9 occupational groups are defined for the

6



eventual métrix,,the labour matrix was initially condensed
(from the 370 census categories) to give 39 occupational
groups. This additional detail provided flexibility,
showing how each group is defined and assisted in making

forecasts as to actual compositional changes.

While the Population Census data formed the basis for
estimating occupational composition within each industry,
the total labour figures for 1971/72 were obtained from
economic census data wherever this was available. This
not only avoided problems of allocating persons in
undefined population census categories but also allowed
employment in other years to be obfained on a consistent
basis (for the purposes of identifying trends and

checking on short term fluctuations).

To estimate labour by occupation requirements for each
$ million of output, the employment figureé obtained as
above were divided by domestic production of each

industry for the year 1871/72.

There are several additional difficulties associated with
defining labour requirements. For instance, variations in
overtime, part-time workers or even the standard number
of hours in a work week would all change the relevant
labour requirements in terms of the number of persons.
For the purpose of the forecasts we abstract from this
problem by assuming that the 1990/91 situation is

similar to that in 1971/72. That is, for each industry
the percentage of overtime, part-time work etc., remains
unchanged. Variations to the labour coefficients to
accommodate alternative assumptions can be made fairly

readily at a later stage if desired.



2.5 Estimates of Matrices for 1990/91
The task of forecasting the technological matrices is
essentially. one of "updating" or assessing how the exist-

ing coefficients are likely to change by 1990/91.

Extrapolation of past trends is a useful first approach,
however the results must be considered with some caution.
For instance the coefficients may not continue to move

in the same way as they have done in the past. O0f course,
if the determining factors for the past changes are
identified, then the future likely behaviour can be
assessed in the light of the likely future changes of
these same factors. However, the likelihood of new
influences must also be considered. Another limiting
factor arises from the paucity of historical data required
for making extrapolations. In most cases the base year
matrices represent the only historical coefficient
estimates currently available and also the adoption of
the ASIC. in 1968/69 means that only a limited time series

of related data is available.

Overseas studies provide additional information on the
behaviour of technological coefficients over time.
Perhaps Carter's study of technological change in the US
economy (6), is the most comprehensive in this regard.
She found that direct requirements coefficients tend to
be quite stable over considerable periods of time;
capital coefficients are more varied in their behaviour
but in most cases the rate of -change is fairly slow.
Labour requirements coefficients, on the other hand, are

continually decreasing as a result of labour productivity

~gains.

Such studies are useful in that one would expect that the
broad principles applying-to coefficient change to be
‘applicable (e.g., the stability of the matrices) also to

o
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the forecasts. However these studies do not relate to
Australian conditions hence their.industry specific results
are of limited value. Thus the informatién available

- on which to base coefficient forecasts remains fairly
scant. The update procedure therefore must be relatively
ad hoc in nature, relying on whatever information is
available and will differ from industry to industry and
from one factor to another. The approach used is described

in section 3.

3. THE UPDATE METHODOLOGY
The updating of technological matrices for historical

periods has a large range of associated methodology (7).
These methods tend to depend on the use of related histor-
ical data which constrain the way in which the matrices
could have changed to provide the observed values. Collect-
ively these techniques could be referred to as the
- statistical (or ex post) approach. The alternative des-
cribed here would be referréd to as the judgmental (or ex
ante) approach. This approach has been used at'Battelle-.
Columbus by ‘Fisher and others in estimating direct .

) requirements and capital matrices for both recent and

future years.(8).

Only the ex ante approach is applicable to future years.
Unlike other methods of technological forecasting that
usually try to date the likely future occurrence of a
specific technological event, the required task is to fore-
cast not only the kind of technology a given sector

"would be using in a given year but quantitative estimates
of factor inputs involved. This is a significant dis~-
tinction, since the forecasts cannot be easily played

back for forth between a panel of experts and a secretariat

(e.g. the Delphi method).

A second important consideration is introduced by the

g
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imménsity of the forecasting task. Each of the three
matrices describes 109 industries and in principal this

- means there are approximately 25,000 cells to be considered.

3.1 The Approach
To actually consider all the determinants and the likely

value of a coefficient appropriate to each of these cells
would be an enormous task, well beyond the resources
avéilable to this project. Instead we rely heavily on the
observed historical fact that many of the coefficients
vary only slowly over time and concentrate most of our
efforts on those industries where the more important

changes are likely to take place.

- In fact, detailed studies were undertaken for only a
fraction (about 10%) of all the input-output industries.
Industries for such detailed updates were chosen on the
basis that they must not only be‘impoftant'industries in
the economy in 1990/91 but significant technological
change must be expected to take place in them as well.

A number of distinct phases within the update procedure
are identifiable. The first is a survey of persons

having reasonable knowledge of the various sectors of

the economy. This is to obtain a more general view of »
likely developments to 1990/91 and in particular identify

those industries where detailed updates may be warranted.

The second stage involves the detailed updating of
coefficients for the selected industries. The crucial
aspect of this stage is the consultation with an expert,
to update the industry coefficients based on his knowledge
of the industry and ideas of future developments. The

number of experts were deliberately limited so as to make

the task manageable.

10



In parallel with the second stage some assessment is made
of those industries not considered large enough or likely
to undergo sufficient change to warrant detailed study.
Such refinements will be referred to as less detailed
updates. While in many cases (as indicated both by
overseas studies and our own preliminary results) both
direct requirements and capital requirements are expected

to remain fairly constant, the labour coefficients tend

“to change fairly rapidly with time as the labour product-

ivity improves. The latter coefficients therefore are
probably the most important and certainly demand some
attention. To ignore such changes may not only give mis-
leading results in any model as to overall labour
requirements and wage costs, but also distort the outputs
of industries subjected to detailed updatés relative

to the non-updated industries.

A third stage, which in fact becomes an ongoing task, is
to modify the forecasts as additional infofmation or more
up to date information becomes available. This third
stage, which to some extent rectifies faults due to
limited coverage in phase two, is currently in progress.
The preliminary forecasts summarised in this paper have
been circulated to relevant private and government firms
and agencies for their comments. Queries and additional
information will be consideréd with the forecasts

revised accordingly.

3.2 Detailed Industry Forecasts

Considerable information regarding the industry and

‘comprehensive guidelines were given to the expert to

assist him in making his forecasts. This information
was usually presented in advance of an interview, where

possible changes are discussed and finalised. The main

purpose of the interview-is to ensure proper interpre-

tation of the coefficients, internal consistency within

industries and consistency with other forecasts.

11



Tndustries which have been considered in detail include

I0 Industry Codes ‘Description
11.01 Iron Ore Mining _
11.02 Other Metallic Minerals Mining
12.00 Coal and Crude Petroleum
27.08 " petroleum and Coal Products
29.02 Other Basic Metal Products
32.01 : Motor Vehicles and Parts
34.03 Plastic and Related Products
41,01 | Residential Building
41.02 Other Building and Construction
48.02 Motor Vehicle kepairs
51.01 | Road Transport
55.01 ) Communication

In most cases only one expert (or organisation) has been
used for each industry. However, wherever other forecasts
relating to the industry are available these were also used
either to supplement information‘available from the expert

or for the expert to consider in making his forecast.

Preliminary forecasts of the direct intermediate input,
labour and capital requirement coefficients for the
selected industries are shown in Appendix Al.l, tables’l,
2 and 3 respectively. Full details of how these forecasts
were derived cannot be repeated hereq. However brief
qualitative descriptions of the major developmeﬁts
occurring within each industry and contributing to the
changed situation in 1990/91 for the selected industries

‘are also included in the appendix.

3.3 Update Considerations

In addition to the current estimates of the relevant tech-
nological coefficients, information was also provided to

+he industry experts on :

- 12



- (1)

(ii)

(iii)

(iv)

(v)

the value of domestic producfion for components of
the industry, usually at the 4 digit ASIC level and

for a range of years when available

although capital coefficients or direct requirements
coefficients were not usually available at the sub-
industry detail level, certain sub-industry information

was provided. This included occupational composition

" (available at 4 digit ASIC level). Also aggregates

such as estimates of total direct requirements, wages

and salaries and total employment‘and domestic

production were provided at the more detailed level.

This information was provided wherever economic
census data made it possible (manufacturing and

mining).

this economic census data was given for years 1968/69,
1871/72 and 1974/75 to help indicate changes or trends

over recent years.

a general overall economic scenario for 1990/91 to
be used as a context in which to make the forecasts.
The scenario used was one prepared for the Australian

Institute of Management Corporate Planning Conference

(12).

each consultant was also given prepared notes on
the interpretation of the matrices and what factors

should be considered in making the updates.

Briefly factors which are considered as capable of causing

the technological change include :

(i)

market trends which alter the composition or nature

of the industry's output,

13



(ii) the introduction of new product lines,

(iii) the introduction of a technological innovation in

production,

(iv) changed composition of possible factor inputs

- induced by

- changed relative prices causing substitution
between inputs V

‘- changed availability of inputs

-~ changed scale of operation

- etc.

RS2 changes in social environment, e.g., shorter working
hours, environmental considerations, governmental

controls etc.

As can be seen from these points we interpret "technolo-
gical change" in a very broad sense - basically anything-

causing the coefficients of the matrices to change.

Many assumptions are required in making forecasts of
coefficients (e.g. the relative pricing of substitute
productss, government policy regarding depreciation
allowance on capital equipment, the cost of wages
relative to capital equipment costs), many of which bear
little‘relationship to scientific possibilities;

The. general scenario put forward for 1990/91 was not
exﬁlicit in these areas which influence the level of
technology. To aid the experts in the formation of

their estimates the additional economic parameters were

adopted

~ continued government assistance for investment

o

1



based on present schemes

- the maintenance of high wage levels relative to

other costs

- large increases in the real price of crude oil

- and related products.

The experts' forecasts seemed fairly insensitive in terms
of possible relative price scenarios. They gave what were
considered the most likely forecast value but were not
usually able to assess, quantitatively, the effect of

different relative prices for the various inputs.

3.4  Industry Composition and Coefficient Change

Most of the industries considered manufacture many
different products, and the coefficients for an industry
reflect an "éverage" technology for the combination of
préducts vather than a defined technology for a single
product. In many cases it is necessary to alleviate
problems arising from this feature by a further disaggre-

gation of the industry involved.
Changes in coefficients are caused therefore, either byb

(i) a change in the technology (inputs, labour, capital)
of production for one or more of the industry's

products

(ii) a change in the output composition of the industry
causing the weights of each product and thus the

"average" coefficients to change.

Evidence (from the overseas studies and our own work)

suggests that changing industry composition is often the

“15
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major'éause of technological change in the input-output
sense.  In fact the input-output coefficients have to date
tended to be remarkebly stable over time for industries
where the composition does not alter or where the inputs
" to each sub-sector are very similar. Even where the sub-
stitution of inputs and capital equipment takes place the
new items tend to be supplied by the same industry (e.g.
(a) oil by coal and (b) manual lathes by computer cohtrolled

lathes).

As mentioned earlier, the main exception to this stability
rule occurs in the labour matrix where labour productivity ..
tends to increase on a fairly consistent basis over time.
This is due, not only to the investment in more sophisti-
cated equipment requiring less labour input, but also to
structural adjustment within an industry. The latter
includes such factors as expanding scale of operations,
inefficient firms going out of business, increased special-~
isation in production of goods with lower labour content,
érganisational factors and so on. Increasing import
competition from low wage cost countries has been one

important influence, stimﬁlating these types of change in

recent years.

The update procedure attempts to identify each type of

effect specifically, by disaggregation of an industry prior

to the update. Where there is insufficient data to support
detailed updates for each industry sub-sector *(e.g. in the
case of the direct requirements and capital coefficients only
overall industry coefficients are available) then at least
changes are made with compositional aspects in mind; the
coefficients were adjusted to reflect a sub-industry's

 larger/smaller share of overall output.

16
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3.5 Ihdustry Aggregation )
As alluded to above, a more desirable industry classifi-
cation is one where all of an industry's products have

identical technological coefficients which will always
0f course such & situation is

change in the same way.
impractical so care must be taken in the computation of

aggregated coefficients. In 1968/69 weights have been

implicitl§ applied to each sub-industry in the cal-
culation of the direct requirements coefficients (through

the use of the flow table).

For future years the problem is not so simple. While it

~is not necessary to calculate absolute levels of

production in the future year for each industry to .be

~included in the aggregation, it is necessary to at least

estimate the relative outputs of component sub-industries.
The appropriate weighting on sub-industry coefficients,
“to compute an average coefficient, is its share in overall

output for the input-output industry, expressed in real

terms.

This has implications for aggregation of industries for

“use in modelling. If it is desired to aggregate certain

input-output categories (e.g. to reduce computing costs)
then aggregated coefficients should be based on output
shares applying in 1990/91 rather than those in 1968/69.

3.6 Consistency of Updates Across Industries

In many cases new technologies will have a similar impact

on many industries. Some examples could include

(i) a change in relative oil prices causing a switch

to alternative fuels,

(ii) the availability of new products, such as light-

17
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wéight,high capacity batteries which would be
utilised in a range of products ranging from

motor vehicles to lawnmowers.

- Whatever the cause of the change, if such a change is fore-

cast for one industry then a consistent type of forecast
must be’made for other industries likely to be affected by
the same factors. To some extent this potential source of

inconsistency is reduced by the specification of the

_general background scenario. Remaining inconsistencies

may be detected during the third stage of the project, when

the forecasts are checked with further industry consul-

tation.

3.7 Links Between the Matrices
The various matrices are inter-related and any forecast

changes must be consistent for the industry over each of

the three matrices. For example, the adoption .of new

sophisticated capital equipment will have implications not.

‘only for the capital matrix but also for the labour matrix

where there is likely to be both a drop in the total

number of persons required and also a tendency for a ’
higher proportion of technicians to be employed. Further,
the direct'requirements matrix may also change due to ’

altered composition and/or volume of the inputs.

3.8 The Numeraire of the Coefficients for 1990/91

Input output matrices are defined .in terms of physical
units of inputs and outputs. That is, the coefficient
changes over time refer to input volume to output volume,
all coefficients therefore are expressed in terms of base
year values (i.e. at constant 1971/72 prices). In
particular the technological coefficients forecast for

1890/91 are expressed in terms of these base year prices.

18
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3.9 'Some Problems Encountered
During the detailed updating many difficulties arose. Some

of these which were recurring problems are described below.

Data Deficiencies -

As already mentioned there is insufficient supporting data
to make reliable industry compositional breakdowns or
analysis of trends. Even when a breakdown to four digit
ASIC level was available, it was often an inappropriate
way of separating the types of product produced by the
industry. For example the building industry breakdown
tends to be by trade activity; brioklaying, plumbing etc,
rather than the type of construction; residential

buildings, non-residential building, roadwork etc, whlch would

be more appropriate. In other cases the data is
confidential or as in the case of some service industries

there is simply no information available at all, apart from

thatindicated in the input-output table itself.

Definitions of Tndustries -
In some cases it was difficult to explain to consultants

exactly how to allocate different products to the various
input-output industries. For example, given simple
industry descriptions such as 25.04 Furniture, Mattresses
and Brooms, 31.02 Sheet Metal ?roducts, 34.03 Plasfic and
related products; a problem arises when allocating
furniture, especially when more than one of the materials
wood, metal and plastics is involved. Does sheet metal
furniture belong to 25.04 or 31.02? And what happens when
there is a combination of wood and metal or plastic
laminates involved?

For the industries which they were updating, detailed
descriptions of certain ASIC categories were provided,
however it was impractical.to clarify the definitions of
all the supplying industries in this way. Correct

allocation therefore depended very much on the interviewer.

19
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ABS Compilation of the I0 Table -
According to persons interviewed some features of the
1968/69 input oufput table were hard to reconcile with their

own knowledge of the industry. This was particularly so in

" the transport industries. For example the I0 table does

not appear to reflect the considerable government subsidies

required by the Railway industry.

. The grouping of technologically dissimilar sub-industries

within the one I0 category (e.g. the amalgamation of crude
petroleum and coal mining) creates problems when attempting
to identify the technological changes specific to each com-
ponent industry, or even the effect of changing industry

composition.

Another aspect of the table presenting difficulties, and
which will no doubt cause difficulties in modelling certain
aspects of the economy, is the way in which inputs are

allocated. The principal problem here are items lumped

~into the business expenses industry. It is intended that

this industry represent certain business costs which are
small and are not easily allocated to other industries.
On inspection of the table, however, we find that virtually
no industries have direct inputs from the communications '

industry or the banking industry. It seems that all such

costs, are included under business expenses in spite of
the existence of these industries in the table itself.
In practice however the inputs from banking and

communications are anything but small. The problem is

accentuated by the fact that several of these industries
(e.g. the communications industfy) will be extremely
important in 1990/91. Further, in the absence of existing
input coefficients for communication it is very difficult
to make forecasts as to the appropriate coefficient in

1990/91 although most experts have identified it as an

area of increase.

20
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3.10 Less Detailed Updates6

Although only twelve input-output industries have been
selected for detailed study, changeé in the technological
coefficients of other industries should not be ignored.
There are quite a range of relatively simple modifications
that can be made to historical coefficients in order to
capture the essential features of.the 1990/91 coefficients.

Changes to the Labour Coefficients -

From the earlier comments on the instability of labour

coefficients, clearly the changing labour requirements must
be assessed for all input-output industries. On the basis
of the detailed uPdates carried out for selected

industries and an examination of occupation by industry
data from 1961, 1966 and 1971 population census (13).,

it seems that changes in occupational composition of labour
requirements are generally relatively minor. compared with
the overall changes in labour productivity. The broad
occuﬁétional categories considered here reinforce this
feature. This suggests that a reasonable updafe of the

. labour matrix can be obtained by using the likely change in

total labour productivity between 1971/72 and 1990/91 to
update the 1971/72 coefficients while maintaining constant
proportions between the different occupational categories.

As an initial step in forecasting the likely labour
productivity change, an attempt has been made to estimate
productivity growfh rates for Australian industries.’ To
overcome some of the data deficiencies and provide a

firmer foundation for making forecasts, labour productivity
growth rates are also considered for different industry
groupings, over several time periods, and for a number of -
countries. Further details of the data available and the
estimates made, are given in appendix 2.1. In ‘the absence
of other information for an industry such trend determined

rates of growth will be used to assess the productivity
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growth' rate to 1990/81. At the end of the third stage of the
project however, it will be possible to modify such forccasts
in thevlight of additional information e.g. expert advice,
likely structural change, known technological developments,

other industryvstudies and so on.

Ad Hoc Adjustments to Coefficients -

Ad hoc adjustments to one or more sets of coefficients
relating to an industry depends largely on what information
comes to light while obtaining information on other aspccts

of the project. For instance in the first phase of the '
prdjeqt comments were sought on developments within all input-

output industries from persons familiar with the industrics

7
concerned’.

Probably the most useful sources of information for ad hoc
adjustments are from industry studies or forecasts carried

but.by other organisations or individuals.

Specific industry information may lead to changes in one or
more coefficients (e.g. a substitution of energy inputs to an
industry from fuel oil to electricity). Alternatively all

.factor inputs of the one type may change by the same proportion

to give merely a change in the factor intensity, that is, the’
capital to output or labour to output ratio. For example,

the output of the railway industry can be varied considerably
without any change in many of the factor inputs. Thus an
increased throughput could lead to a substantial drop in
factor to output ratios, without aﬁy changes in the

proportional breakdown of each factor.

Information regarding industry composition is also important.
In the detailed studies, changed industry composition was
found to be responsible for quite significant coefficient
changes. In other- industries, it may be a cause of

coefficient change, even when the technological coefficiente
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for the component industries are quite stable.

The changes

able to be made to coefficients in -such cases would depend

on the amount of information.at hand regarding each of the

sub-industries.

Such ad hoc adjustments have not been pursued at this

stage.

Pervasive Developments -~

A significaht type of development?
industries in a similar way, is the existence of high
grdwth industries whose products are used increasingly
Such growth is usually a result

which affects all

as intermediate inputs.
of technical developments which increase the availability

of such products and at the same time reduce their price.
The consequence is that such goods tend to substitute )
for others not only in final demand but also as inter-
mediafe inputs. Two examples of such growth industries

are communications (55.0;) aﬂd Plastic and related

products (34.03).

These types of development primarily effect the direct

requirements matrix. There are probably some less important

'effects on the other matrices as well but these are much

more difficult to quantify. For example the communications

services provided may reduce the need for some types of
labour (e.g. drivers) and increase others (e.g.
technicians), however the extent of substitution is

uncertain and would vary from one industry to another.

Whilé such pervasive developments may not have an obvious .
significant effect on the behaviour of individual industries,
however since the effects are common to all industries the
accumulated effect may be quite significant. Certainly
adjustments to capture such changes will be necessary

if the outputs of industries such as Communications are
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to be forecast in a sensible fashion.

.The effect of such industries on the coefficients of

other industries may be approximated in a number of ways.
One method is described in the appendix A2.2 with details

for the Communications and the Plastic and Related Products

- industry.

4. SUMMARIES AND CONCLUSIONS

k.1 Summary

A technique for providing forecasts of technological

coefficients has been outlined. The approach updates

existing coefficient estimates to a future year using

information derived from a number of sources. The more

crucial inputs are based on the subjective judgement of
persons having a good knowledge of the industry concerned.

" In UPdating it was not necessary to examine all industries

in the same detail. The amount of effort devoted to

looking at particular industries was adjusted according
to the likely economy wide significance of any changes to

1990/91. In this way it is hoped that some balance has

been achieved whereby model outputs are not unduly biassed
by failing to consider the possibility of important changes

in some industries.

coefficients is

Generally, the behaviour forecast for the
study of changes

similar to that observed by Carter in her
Changes to the direct intermediate

in US technology. -
substantial

input coefficients were slight, even when
. changes of a technical nature are expected to occur (e.g.

Plastic products). The capital coefficients are less

stable, however the greater throughput enabled by the

purchase of more expensive equipment tends to limit

increases in the capital to output ratios. In fact, for

o
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many industries the increases in output are sufficient to
cause a net reduction in the capital coefficients. In
contrast to the relative stability of the direct and capital
input coefficients, the labour coefficients undergo quite
large changeé. This is due to a combination of technical
and industry structural changes which all usually serve to

decrease labour requirements for an industry.

As most industries include a range of activities, each of
which can be associated with a distinct set of coefficients,

any changes in the composition of these activities can be

. expected to change the "average" coefficients for the

industry. The surprising feature howevér, was the number -

of times this proved to be the dominant cause of

.coefficient change. When such compositional changes are

expected, pure technological change is often of secondary
importance. Technological innovatiocons, while they often
affect the labour coefficients (labour saving equipment),
rarely affect the direct requirements coefficients.

4,2 Conclusions

The iikely magnitude of forecast error could not be
determined. Naturally, the accuracy of the forecasts are
contingent upon a wide range of assumptions, and any
number of unforeseen events may lead to different outcomes.
The use of the technology forecasts, within the strict
accounting framework of a model which allows the economic

consequences of the forecasts to be assessed, may also

serve to indicate certain shortcomings or inconsistencies.

Even at this stage, however, those coefficients subject
to the greatest uncertainties are fairly easily identified.
The sensitivity of the labour requirements coefficients

to a wide range of technical and non-technical factors
combined with the high rate of change means that forecasts
of these coefficients will be subject to greater errors

than those fo either direct inputs or capital.
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Pefhaps the most important conclusion to be drawn from the
study is the significancé of industry composition. When
two or more industries, each having different inherent
technological coefficients, are aggregated togefher for the
purpose of economic modelling (e.g. as in input-output
tables), then any changes in the relative outputé of the

component industries may lead to substantial changes in

the coefficients. This point has implications for any
updating of coefficients, and indicates a relatively simple

update technique especially applicable to the direct

‘requirements matrix. The method would require the

compilation of rectangular input-output flow tables contain-
ing, say the usual number of "supplying" industries.

However the "using" industries should be considered in the
greatest possible detail (e.g. 4 digit ASIC or finer).
Direct coefficients for each "using" industry can be

derived for that yéar. Coefficients for more highly

aggregated industries in other years can then be calculated

‘“from these direct requirement coefficients using the

outputs (or forecasts of outputs) of each sub-industry to

" obtain "weighted average" coefficients.

Such a procedure would capture many of the changes in direct
requirement coefficients over time and greatly extend the
useful life of input-output tables. Further, such a
process can be used in conjunction with other update
procedures (e.g. RAS, judgemental) to provide, presumably,

even better results.

One of the greatest difficulties encountered in this project
was the lack of data, in particular the absence of sets of
coefficients for different years on a comparable basis.
Therefore the expected release in 1979 of the ABS input-
output table updated to 1874/75 and 1976 population census

data will provide considerable additional input to the
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forecast$.
Perhaps more importantly however, they will provide

gaps.

some check on the forecasts and co

f
1

Each will fill a number of present information

27
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Detailed Updates of Selected Industries.

Preliminary coefficient forecasts

- Direct Requirement Coefficients, Table. 1.

- Labour Réquiréments Coefficients, Table 2.
- Capital Requirements Coefficients, Table 3.

Outline of Major developments within each Industry
- Iron Ore Mining (11.01) | |

- Non Ferrous Metallic Minerals Mining (11.02)

-~ Coal and Crude Petroleum (12.00)

- Petroleum and Coal Products (27.08)

- Non Ferrous Basic Metal Products (29.02)

-  Motor Vehicles and Parts (32.01)

- Piastic and Related Products (34.03)

- Residential Building (41.01) |

- Non-Residential Building and Construction (41.02)
-  Motor Vehicle Repairs (48.02)

- = Road Transport (51.01)
- Communication (55.01)

Less Detailed Updates
Changes in labour broductivity

Adjustment of Coefficients for pervasive

developments.
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TABLE 1

YEARS 1968/69 AND 1990/31
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TABLE 1 : DIRECT REQUIREMENTS (3)
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Al.2 OQutline of Major Developments within Selected

Industries.

Iron Ore Mining (IO Industry 11.01, ASIC 110L)

The outlook for the Iron Ore industry is one of consider-
able growth with increased foreign demand from the USA,
China and Europe, Koréa and Taiwan. By 1990/91 it is
expected that domestic production will be at more than
double 1971/72 levels. Several of the ore deposits |
currently being mined will be exhausted but several other
new deposits will be exploited. An important limiting
factof on domestic production will be competition for

exports from Brazil.

The fact that much of the iron ore mining development is
relatively recent and that the scale of these develop-
ments have been rather large means that the scope for
technological change is not as great as in some other
countries. The size of individual machines, trucks etc
will increase. However efficiencies obtained in this way
will tend to be offset by increases in the waste to ore

* ratios. The mining of lower grade deposits will also

require an increase in the level of beneficiation.

The relative importance of intermediate material and
service inputs overall will not alter markedly, however
there will be some compositional changes. Inputs from
Services to Mining (16.00), Chemical Products nec (27.07),
Coal (12.00), Electrical and other machinery (33.04,
33.07), Rubber Products (34.02), Electricity (36.01),
Other Repairs (48.03), Railway (52.01) will all increase.
The relative inputs of other industries will adjust
downwards accordingly. Basically these éhanges reflect
the move towards slightly increased automation, or at
leaét larger capacity machines, combined with a decline in

the grade of ore being mined.
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In the labour matrix, the number of skilled workers
(particularly technicians) and tradesmen will increase
relative to the semi and unskilled groups, in keeping with
the move towards further automation. The overall level of

labour productivity increase will however be slight.

The capital stock requirements, particulérly the mine
developmeht and rolling stock components, depend on the
location and nature of mines in operation. Electronic
equipment (33.02) will increase reflecting the greater
provision of automatic equipment. Electrical machinery
(33.04) will increase (replacing diesel). Buildings will

undergo a relative decline.

Other Metallic Minerals (IO Industry (11.02, ASIC 110

excluding 110u4)
This industry combines mining activities associated with

a range of metallic ores, many of which, even individually
contribute significantly to GDP. The industry will con-
tinue to be very significant in 1990/91. The outlook for
many of these metals is one of considerable growth and it
is expected that the total output of the industry teo 19399/

91 will increase at an average rate of about 7% p.a.

The sub~industries are quite different in terms of

mining technology, growth rates, pricing structure and
end-use markets. The changes expected to occur in the
industry are not very marked in terms of new teéhnology.
The most significant changesArelate to its composition,
particularly the -growth in output of the mining activities
associated with bauxite, copper, lead, zinc and most A
importantly uranium. It is these compositional changés
which will have the most significant impact on the values

of the technological coefficients.

The outputs for each of the mining activities in 1871/72
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and proﬁections to 1990/91 are summarised in table 4. The
proportions in 1990/91 based on 1971/72 prices are used to
impute the overall industry coefficients for that year.
- Table 5 shows the aggregated factor to output ratios for
- the component activities and the resultant aggregated

coefficlents estimated for 1990/91.

The direct'requirements coefficients have been altered to
reflect the higher proportion of above ground uranium and

bauxite mining.

Thé capital requirements have been similarly altered. Since
uranium mining is in many respects similar to Iron ore
mining, the coefficients for iron ore mining have been

used as a guide in assessing the effect of the development

of uranium mining on the overall coefficients.

‘The major compositional changes in labour requirements
tend to be similar for all mining activities, that is,
relative increases in the numbers of technicians,
‘engineers and skilled blue collar workers and a corres-
ponding'reduction in the semi and unskilled groups. The
expected improvements in labour productivity varies from
one activity to another. Generally slower rates of
increase are observed for those activities which have
been established more recently and are consequently

already using quite modern technology.

Coal and Crude Petroleum (IO Tndustry 12.00, ASIC 120, 130)

This industry has undergone substantial changes since
1968/69 to the present time and further change is likely.
The major commodities produced are black- coal (steaming
and coking), brown coal and crude petroleum (including
natural gas). Although these each share the tenergy/fuel”
label, methods of production are quite different as are

the markets to which their outputs are distributed.
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- Since 1968/69 there has been a significant increase in the
production of both crude petroleum and natural gas. It

is expected that oil producfion will be maintained at about
current levels (23 x 108m3p.a.),until 1980 but, barring
unanticipated discoveries, production will taper off
significantly by 1990/91. Production will decrease in
spite of import parity pricing being achieved by 1990/91.
Gas production will increase, with continued production
from Bass Strait and Cooper Basin, as well as the likely
exploitation of North West Shelf reserves by 1990/91.

Part of the North West Shelf reserves will be used to
supply domestic needs in WA, however a national pipeline
to supply the rest of Australia is uhlikely. About half
the total production will go instead to supply quite
considerable exports of liquid natural gas (LNG).

Coal production too, has undergone considerable expansion
since 1968/69, however, in contrast to crude'petroleum,
continued growth is almost assured. Recent expansion has
taken place both in Europe and Japan, usually at the
expense of the higher priced American coals. Exports thus
far have been mainly coking coal, however with the
increasing world price of crude oil, the exports prospects
for black steaming coal are also very significant. Brown
coal production will increasegicontinuing in its présent
role as the principal fuel for electricity generation in

Victoria.

Table 6 shows the breakdown of industry output estimated
for various years from 1968/69 to 1990/91 in quantity
terms as well as constant and current prices. The forém
.cast values used are those thought likely, given our
present knowledge. In the table, price levels for
1990/91 are real price estimates using 1974/75 values as

the base
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- the real price of black coal is assumed to

double o
- the price of brown coal is assumed unchanged’
in real terms ‘

- the crude oil price increases from the 197L/75
price by a factor of 5.8. This takes account
of a move to import parity followed by a real
increase in the world price of crude from
1974/75 to 1990/91 of 2% p.a. .

- the average price of natural gas (average of
domestic and export well head prices) is
assumed to treble in real terms, reflecting
the higher proportion of higher priced NW
Shelf gas.

Although there will be a number of technological changes
taking place within each sub-industry, probably a more
important cause of change for the coefficients of the

overall inddstry is its rapidly changing composition.

In coal mining the causes of change are associated with
different methods of extraction. In 1968/69, 79% of
black coal was mined by underground methods, by 1874/75 -
this figure had declined to 53%. It is expected that this
figure will reduce even further. In underground mining
there will be other changes such as the adoption of long
wall mining techniques, particularly in NSW mines.

These factors will lead to changes in the coefficients of

each of the matrices.

Direct input requirements for coal mining will be reduced
overall and this will be accompanied by‘compositional A
changes in these inputs. Labour productivity will be
greatly increased through the swing to open cut methods
and the adoption of new techniques. Capital requirements

may also increase.
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Crude petroleum and gas requires on éverage, much greater
capital expenditure for a given level of output than coal;
.and this requirement will increase with the development of
the North West Shelf which involves additional technological
‘problems. Intermediate input requirements and labour
‘requirements are minimal in oil and gas production and no
significant changes are expected; Coal mining therefore is
the major influence causing changes in the direct inter-

mediate requirements and labour matrices.

Petroléum and Coal Products (IO industry 27.08, ASIC 273,274)
This is a highly capitalised industry having very low labour

requirements. The principal activity is petroleum
refining ASIC 273 (95% in 1968/69), the balance being the
" manufacture of bitumen or asphalt paving materials and

other petroleum and coal products.

The ‘underlying factor causing change in this inddstry is
the rapid and continuing rise in the world price of crude
oil since 1971/72. As crude oi1>represents the major |
input to the industry the cost of inputs will rise sub-
stantially. However in constant price terms changes to
the direct intermediate requirements matrix from this

source will be minimal.

Fuel oil competes'with natural gas; coal and nuclear
energy. With the antiaipatea increase in crude oil
imports, and with the existing oil refining installations,
there is likely to be a growing surplus of fuel oil (or
black‘refining products). In contrast, white oil

products are used for transport, for which there are no
effective substitutes. ‘Consequently there will be a
k:growing disparity between the prices of black and white
0il products. This will encourage moves to reduce the
proportion of fuel oil produced by the installation of

~additional cracking equipment in the medium term.

a
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One new activity which should logically be included within
this industry would be the conversion of coal to oil and
other petrochemical feedstocks. Such a development once
established is potentially of major importance to the
industry and would be a major determinant of the techno-
logical coefficients. By 1990/91 however, it is thought
unlikely that such an activity will be highly significént.
The lead time and size of investment for such ventures

are large. There is likely to be a ten year period of
pilot and demonstration plants before a full scale plant
(of say, 50,000 barrels per day capacity) comes into
operation. The demand for crude in 18%0/91 is, however,
likely to be of the order of 800,000 barrels per day. The.
forecasts made here assume that only 10%'of crude oil will

be supplied from this source.

Petroleum refining will be still the major activity in
1890/91. Labour productivity is.expected to increase with
the development of additional refining capacity, partly

due to the improved technology of the newer plant and

partly the productivity gains that would be achieved from
the expansion of some existing refineries where much of

the infrastructure already exists. &ﬁﬁtalrequhxménm;coeﬂﬁc—
ients are expected to increase slightly reflecting the additional invest- -
ment in cracking equipment and the higher capital costs associated with
the coal to oil process.

"Non-Ferrous Basic Metal Products (I0 industry 29.02, ASIC 292,293)
This industry includes a number of different types of

operations associated with non-ferrous metals, including

primary and secoﬁdary recovery, rolling, drawing, extruding
and castings. The industry has undergone a fairly sig-
nificant compositional change since 1968/69 with a large
increase in the share held by alumina and aluminium
production. Although there are a number of technological
developments which may alter the processes involved in

the refining of some metals these are not expected to

by
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cause any large changes to the coéfficients.. The rolling,
drawing and extruding sub-industries are not expected to

undergo any significant technological changes.

There will be a gradual trend towards further automation in
all activities thus reducing labour requirements. The
major changes to the coefficients will be brought about

" however through the changing industry composition. The
changing composition of the indu;try is indicated in

table 7 with forecasts of the composition e€xpected in
199d/91. These compositional forecasts are used to

impuﬁe changes in industry coefficients‘broﬁght about by
the compositional change together with the minor changes

_of a technical nature.

~For the purposes of the forecasts it is assumed that the

- processing of uranium will not be undertaken within

Australia by 1990/91.

_ Motor Vehicles and Parts (IO industry 321, 3225)
The nature of the motor vehicle industry in 1890/91 will

depend very much on government policy towards the

industry. It seems very likely that there will be some
reduction in protection for the industry combined with some
rationalisation of the industry. In these forecasts we
assume however, that a fairly high level of protection

will be maintained. Should government policy be substant-
ially different towards the industry in.1890/81, then

these forecasts would need to be adjusted accordingly.

The trend towards smaller vehicles will continue. The
increasing cost of buying and running current types of
passenger cars will ensure a trend towards cheap

specialised vehicles with limited lives.
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The major changes expected in theAiﬁtermediate input
requirements is the substitution of steel by materials such
as plastics, fibreglass and lightweight alloys.' This sub-
stitution is not all one way, steel is improving in many
ways such as better design and new fabrication techniques.
Increased inputs are expected from the scientific and
electronic equipment categories to provide increased
electronic control of engine performance through the use

- of sensors, monitoring equipment, electronic ignitions, etc.

Due to the large number of manufacturers and assemblers of
motor §ehicles in Australia, and the likelihood of con-
tinued passenger vehicle market fragmentation in terms of
models available, it is not likely that Australian
industries will be able to benefit nearly as much from
increased automation as many overseas countries have done.
The proportion of semi-skilled and unskilled labour will
decrease as limited automation is introduced. The major
impact will be in the expansion of prefabrication
techniques. It will be cheaper for subassemblies to be
assembled off line, and then inserted into the production

line.

Capital stock coefficients are expected to increase
reflecting not only the trend towards limited automation
but also the increasing diversity in the types of vehicles
that will be produced in 1990/91. :

Plastic and Related Products (IO industry 34.03, ASIC 3u3)
‘Ihis.industry has recently experienced a rapid rate of
growth (10.%% between 1968/69 and 1974/75). Rapid growth
is expected to continue to 1890/91 although at a somewhat
. slower rate (7-10%). Inspite of the escalation of crude

oil prices, products have maintained their price advantage
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over substitute products. This advantage is expected

be maintained. Significant technological innovations

vl
23

processing, formulation and resultant properties (via
fibre reinforced plastics, laminates and composites which
substitute for metals, wood, cardboard etc., in many uses)
will help to maintain this high growth.
. Direct intermediate input requirements are not expected to
alter markedly. On the other hand the occupational com-
position of thé workforce is pfgjected to change as well
as the overall labour to output ratio. The major com-
positional changes are relative increases in the numbers
of scientists, engineers, technicians,'skilled metal and
electrical tradesmen and a relative decrease in the
number of employers and management staff, producfion

workers and labourers.

Although the overall capital to output ratio is not
eﬁpected to alter markedly some changes in the composition
of the capital stock will take place. The proportions of
scientific equipment, electronic equipment, electrical
machinery and other machinery are expected to increase
slightly, relative to the other categories of capital
~equipment. These changes basically reflect the moves

towards more automated equipment.

Residential Building (IO industry 41.01, ASIC 411 (part), 42 (part)

A major factor affecting the technical coefficients for

this industry will be a continuing trend towards cff-site

fabrication of building or parts of buildings.

The direct intermediate requirements coefficients are
affected by two major influences. The first is the degree
of fabrication of products supplied by other industries,

with consequent increases in coefficients representing’
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"such inbuts. (I0 Industries in this category include 25.03,
28.05, 31.01, 31.02, 31.03, 34.04, 45.01). The second
factor is the substitution of materials. The extent and
direction of substitution depends ultimately on relative
-pricing and the relative merits of different materials.
The present forecasts have been made on the basis of
present'knowledge regérding these factors. TFor example'
glass fibre reinforced concrete products are likely to
replace steel and asbestos reinforced concrete. This will
not only reduce steel input requirements but less concrete
is used as well. Metals, plastics and concrete producté
will tend to substitute for wood. Other changes expected
include more widespread use of insulation, the use of more
sophisticated hand tools and increased in?ut from house-

hold appliances.

The labour requirements per unit of output are expected to
decrease in line with long term trends in labour
productivity, largely through the use of fabricated com-
ponents. This will be true for each occupational

category except professibﬁal white collar; semi and

- unskilled worker requirements will be increased relative
to some other groups through their employment in pre-

" fabrication factories.

"In the capital matrix the major factors causing change are
the moves towards pre-fabrication factories and the use of

more sophisticated capital equipment items.

Non-Residential Building and Construction (IO induétry &il'(bart),
12, 17 (part)

Changes expected in Non-Residential building are similar

in nature to those forecast for the Residential Building

industry 41.01. The Construction activities, however, are
quite diverse in nature and it is difficult to make

detailed projections regarding them all. Examples of
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construction activities include road work, water storage
and supply, sewerage and drainage, electricity, oil and
gas production and distribution facilities, marine work

and so on. The forecasts therefore are necessarily fairly

broad in character.

Qualitatively similar changes are expected to the direct
intermediate requirement and capital coefficients as for
41.01. The labour requirements are considered in the
light of labour productivity trends and the likely Non-
Residential Building vs Construction split. TFor the
purpose of the forecasts a 35%/65% split is assumed for

1990/91.

"Motor Vehicle Repairs (IO industry 48.02, ASIC
Yedefiniftions from wholesale trade classification)

The two major activities are (a) motor vehicle body and
chassis repairs and (b) mechanical and electrical repairs.
Quite major improvements are anticipated in the efficiency

of most repair operations.

There are likely to be more assembly line type operations
for mechanical repairs (e.g. reconditioned engines).
Modular replacement of parts (both new and reconditioned)
will reduce tiﬁe and labour césts. There will be
increased use of plastic and fibre glass body repair,

including replacement panels.

Assembly line operations, which include the repairing and
reconditioning of modular parts, are considered as part of
this industry. The changes will have a number of effects.
Overall labour requirements will be reduced, there will

be a reduction in skilled metal trades workers who will

be replaced by semi-skilled workmen. Less skilled persqns
will be required not only for use with diagnostic

equipment, but also because of modular replacement
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and for the assembly line operations. There will be a
change in the types of capital equipment ‘with more
scientific and electronic apparatus, but less metal
working equipment. The increase in assembly line type
operations means some additional capital stock resembling
the proportions of faétories will be required. This may
tend to increase the plant and machinery components.
However it is thought that modular replacement will mean
much faster turnaround with repazirs and far better
utilization of equipment (especially buildings) so that
the capital stock requirements per unit of output is

reduced overall.

Road Transport (IO industry 51.01, ASIC 51)

The road transport industry covers two types of transport,
passenger, and freight. By far the largest component of
‘the'industry in value terms is the freighting activity
which in 1968/69 amounted to 77% of total industry output.

In passenger transport there could be the developmént'of a
" wide range of taxi-like services. Bus and tram services
will probably grow only slowly in line with city populations.

Freight transport characteristically has a large number of
operators, is very competitive and operates on very low
margins. In recent years there has been a trend towards
using trains for long haulage and trucks being used for
shorter haulage. Train freight rate increases combined
with the greater convenience of trucks means that this
trend is not expected to continue. Overall growth is
expected to be comparable with increases in the general

level of economic activity.

There will be considerable improvements in terminal
facilities, material handling equipment and increased

usage of computer systems. The operating efficiency of
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trucks such as improved tyres and -larger truck capacities.
The cost of repairs will be reduced through modular re-
placement. The number ofbpersons employed in the industry
per unit of output should decline as more modern terminal

facilities commence operations.

Communication (I0 industry 55.01, ASIC 56)
This industry consists principally of the activities of two

government agencies, Telecom and Australia Post. The
balance of the industry consists of Broadcasting and OTC

operations.

Between now and 19980/91 Australia Post activities and the
associated technological coefficients are expected to remain
"fairly static. By contrast the demand for Telecom services
is expected to increase enormously (8.5% p.a. in terms) and
by 1§90/91 will contribute most of the industry's output

(at least 75%). The utilisation of new technological
developments will enable this -growth of Telecom. The change
reflects the increasing trend towards an information based
'society_with large growth in such services as datel '
(digital data transmission), facsimile reproduction, auto-

" matic mobile telephones, cable television, televised

conferences, and so on.

" While intérmediate inputs for the Postal Commission are
expected to remain static, for Telecom, a much higher
utilization of capital equipment with no additional
requirements in terms of material requirements or
operating staff will reduce overall input requirements

of both intermediate goods and labour quite significantly.
The composition of these inputs are expected to vary

slightly as well.



Inputs from industries electronic equipment (33.02, whole-
sale trade (46.01) are expected to decline while the input
from electrical machinery n.e.c. (33.04) will relatively
increase. The major changes in labour composition reflect
relative increases in the numbers of technical staff
employed on new equipment installation and a relative

reduction of operating staff because of automation.

The capital requirements coeffieients for the overall
industry are determined principally by Telecom whose
activities are far more capital intensive than those of
Australia post. The large increases in output from Telecom
will be available via new or improved telecommunications
equipment which will supplement and in some cases replace
existing equipment. However, total capital stock will

not be very much greater than present levels, so the over- .
all'capital tc output requirements will be lower in
1990/91. |

A2. LESS DETAILED UPDATES
A?.1 Changes in labour productivity
~Indices (1u4) showing the movement of labour produotivity

8,9

in the major industry sectors between 1962/63 and 1974/75
are presented graphically in Figure 1. Unfortunately
similar information is not available at-the input-output
industry level. The information that is available on a
consistent basis varies with industry sector. From
manufacturing industry statistics (15,16) it was only -
possible to estimate average rates of produetivity growth
at the input-output industry level for the period 1968/68
to 1974/75. "

Using other data (17) averagé rates of productivity growth

have been estimated for the years 1962/63 to 1972/73,
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for a breakdown of 19 industry groups (9 of which are manu-
facturing). Roughly comparable statistics are also given

for a ‘number of other countries.

All of the estimates of productivity growth obtained as

~described above are shown in Table 3.

For non-manufacturing industries, figures are not avail-
able at the required input-output level of detail. TFor the
manufactﬁring industries, the period considered is too
short for reliable extrapolation. In addition to these
problems there are several other questions that need to

be considered. Some assessment must be made as to the
causes for change between, say, 1968/69 and 1974/75, and

whether such influences can be expected to continue to

1990/91.

Referring to Table 8, some avenues are open as & check on
the shorter term estimates. Firstly Australian data for
broad industry sectors is available for longer periods, as
are the corresponding figures for other countries. These
can be compared with Australian growth rates at the same
level of detail, computed from 1968/69 to 1874/75, to
indicate whether recent trends in each sector are
representative of the sector's behaviour in the longer
term or whether recent behaviour is transitory. The

data for other countries offer a further guide,
particularly where it is expected that Australia may be
following overseas trends in a particular industry sector.
Additional. estimates have been made using US data avail-
able at the level of detail used in a 90 industry input-
output classification (18). Where these industries are
roughly identifiable with Australian input-output

industries such figures are also included in Table 8.
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The need to be able to represent industry output in

constant price terms is one of the major difficulties in
estimating labour productivity trends. For some industries,
the bulk of whose output is identifiable as a single
commodity, this problem is eliminated. Good estimates of
labour productivity growth can be made prd?ided that
employment data for the industry and production estimates
for the commodity are readily available. Examples of such

industries include Electricity (36.01) and Gas (36.02).

Labour requirements in 1990/91 have been estimated for
each input-output industry using these growth rates as a
guide. To offer an upper limit to the labour requirements,
estimates of labour requirements in 1975/76 have also been

‘made%o Both sets of these estimates are shown in Table 9.

A2.? ADJUSTMENT OF COEFFICIENTS FOR PERVASIVE DEVELOPMENTS
To adjust for the effect of high growth industries on the

direct requirements coefficients of other industries the
following approach has been adopted. For any industry it
is assumed that the input coefficient corresponding to
supply from the growth industry increases at a rate
corresponding to the growth rate of this supplying
industry relative to the economy as a whole. It is also
assumed that all other coefficients decrease so fhat
aggregate intermediate input requirements remain unchanged.
Probably some inputs would be reduced more than others

but as a first approximation it is assumed that the effect

is uniform over all coefficients for the industry.
Consider a growth industry whose output in 1990/91 is a

factor A times larger than it would have been had its
~growth merely kept pace with GDP. The effects on the
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input coefficients of a user industry are approximated by

(i) multiplying the coefficient, B, representing

input from the growth industry by A to obtain

(ii) restoring total intermediate inputs to its
initial value (C), by qividing all input
coefficients by D, where D = (C + BT - B)/C

Where the relevant coefficient for an industry has been
considered as part of a detailed update then this industry

is skipped in the described procedure.

Numerical examples of such adjustments are indicated
‘below for two growth industries, plastics and related

products (3%.03) and communication (55.01)

(a) Plastics and Related Products
Between 1968/69 and 1974/75 real growth in this
industry averaged 10.4% p.a., compared with an all
industries growth rate of 4.8% p.a. A similar
relative growth rate (5.6% p.a.) is expected to
continue until 1990/91 (see detailed update of
Plastics and Related Products). This implies a
growth relative to the economy as a whole of
232%, and A in the above analysis would be 3.32.

(b)Y Communications

Based upon an assumed growth rate for the economy
of 4.0% p.a., this industry was forecast to expand
at an average rate of 6.7% p.a. or at a rate of V
'2.7% p.a. relative to the rest of the economy. This

implies a relative growth over the period 1868/69 to
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1990/91 of 78% (i.e. A = 1.78). The coefficients

of the less detailed industries were modified

according to. this growth rate along the lines'described

above.

Adjustments for the communications industry however
are complicated by the structure of the 1968/68 input-
output table. In the table only a small quantity of
the industry's output is shown as being supplied
directly to other industries. Insteéd, it is usually

shown as supplied via the dummy industry, Business

| Expenoes (99.01). Since Communications represents a

significant input to Business Expenses, it is desirable

to make further adjustment of the input coefficients.

As Communications represented 15.u4% of the Business

- Expenses industry in 1968/69, Communications growth was

assumed to induce approximately 12% above normal growth
in the latter (i.e. A = 1.12). The correction was
incorporated by following the above procedure for the

Business Expenses industry.
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Footnotes

1.

The SNAPSHOT model was formulated by Peter B. Dixon,
John D. Harrower and Alan A. Powell, in, "SNAPSHOT, a
Long Term Economy-Wide Model of Australia: Preliminary
Outliﬁe”, Impact of Demographic Change on Industry
Structure in Australia, Preliminary Working Paper

No. SP-01, Industries Assistance Commission, Melbourné,
February 1976 (mimeo), Pp.26. Other detailed tech-
nical papers describing the mathematical and
computatlonal solution of the model and the
speolflcatlon of consumption behaviour have also been
issued by IMPACT.

The IMPACT Project is described in its first progress
report: ‘

Alan A. Powell, The IMPACT Project: An Overview, March,
1977 . . . .

First Progress Report of the IMPACT Project, Vol. 1
(Canberra. Australian Government Publishing Service
1877).

At this stage drafts of three BIE working papers have
been prepared. These are: ,
(a) "Technological Update of Input-Output Industries
to 1880/91" (9)
which outlines the methodology in greater detail.
(b) "Technology in 1990/91 - An analysis of Selected
Industries" (10)
which gives detailed forecasts in relation to
12 input-output industries.
(¢) "Less Detailed Technological Updates of Input-
Output Industries to 1990/91" (11) ’
which considers only ihp more important changes

in all industries.
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10.

i
i
i

Further details are provided in the draft working
paper titled "Technology in 1990/91 - An Analysis

of Selected Industries".

In fact the pricing of factor inputs (materials,
wages, capital) are an output of the SNAPSHOT model
itself. Therefore we are to some extent forced to

prejudge the output of the model.

A more comprehensive examination of less detailed
updates is given in the draft working paper titled
",ess Detailed Technological Updates of Input-

Output Industries to 1980/91".

The draft paper, "Less Detailed Téchnological.Updates
of Input-Output industries to 1990/91" contains a
summary of such comments and provides qualitative

descriptions of major developments thought likely to

‘take place by 1990/81 for all input-output industries.

Labour productivity throughout the paper is defined as

the quantity of output per person employed in an

‘industry sector. It is emphasised that increases in

labour productivity do not necessarily imply that

individual employees actually produce more output.

The data on labour productivity growth rates given in
this section actually relate to industry value added
per person. However in the absence of other
information this is considered a reasonable proxy

for changes in industry output per person.

These are given only for manufacturing industries.
Estimates for non-manufacturing industries are
based on a range of sources not all covering the

1868/69 to 1974/75 period. Estimates from the

o



detailed fofecasts are used for 1890/91 wherever
‘available. '
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