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authors considered that the experts' forecasts were fairly robust in
terms of possible relative prices scenarios. They gave what were

considered the most likely forecast value and were not able to assess
quantitatively the effect of different relative prices of the various

inputs.

Results have been reported for twelve industries : iron ore
mining, other metallic minerals, cecal and crude petroleum, petroleum and
coal products, other basic metals, motor vehicles and parts, plastic
and related products, motor vehicle repairs, road transport, residential
buildings, building and construction and communication. The detailed

study covers about 22 per cent of the economy.

A less detailed analysis has been prepared for the remaining
industries. This analysis concentrates heavily on the labour requirements
matrix, For each I-0 industry, projections of average rates of labour
productivity growth have been undertaken on the basis of historic trends
in labour productivity. In constructing the 1990/91 labour matrix from
these projections it has been assumed that the proportional composition of
the workforce is the same as in the base year. Further adjustments have
also been made to the materials coefficients matrix to account for

anticipated differential rates of growth of different industries.

4, CONCLUSION

Both IMPACT'S long term models are at the stage of development
where information on technological scenarios can be readily incorporated.
The technology requirements for both models are however immense, For

example, the dimensions of the three technology coefficients matrices in

TECHNOLOGY SCENARIOS : THEIR ROLE IN THE IMPACT PROJECT

D. P. Vincent

1. THE IMPACT PROJECT 1

IMPACT is an inter-agency applied economic research project
which originated in the Industries Assistance Commission (IAC) in 1975.
Its initiation represented a response to an increasingly felt need at
the time for improved policy information facilities in the IAC and other
departments advising the govermment on a wide range of inter-related
economic and social issues. Within its field of primary responsibility,
namely protection policy, the IAC was acutely aware of the conflicts that
could arise in the piece-meal approach which had traditionally been

followed in Australia.

From the IAC's particular viewpoint, it was clear that reliable
policy advice on the consequences for employment and industry structure of
alternative options in protection policy would require a comprehensive
economy-wide framework of analysis. The framework would need to be
detailed enough to give useful information on particular industries, and on
different categories of labour. It would also need to take explicit account
of the likely growth and composition of the workforce and pay due attention
to the role of immigration and fertility in these issues. In order

to fulfil these requirements, the IMPACT project was initiated.

The focus of IMPACT is heavily on Australian industry composition

and its relationship to international trade, the domestic labour market, and

1. The purpose history and framework of the project are described in a
comprehensive non-technical monograph. See Powell (1977).
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As noted earlier, the results of the Carter Study suggest
that a detailed trend analysis of Hmvo:ﬁ‘ﬁﬁom:Oﬁw<wm% on an I-0 industry
basis might be almost as good as a trend analysis based on I-0 ﬁmvumm.w
Supporting evidence is provided by Berndt and Khaled (1977) who have
compiled gross output, quantity and various I-0 coefficients in USA
manufacturing for the period 1947 to 1971. Their figures show that over

the period considered, the capital stock/output ratio has risen only very

slightly whereas the labour/output ratio has fallen sharply.

3.3 International Comparisons

In this approach future technology for Australia would be
assumed to reflect current best practice overseas. Technology scenarios
based on such an assumption would however need to be compatible with
Australian trade policy scenarios on protection. If for example it was
envisaged that the Australian industry would remain heavily protected in
relation to its overseas counterparts, then scale limitations brought
about by the small size of the domestic market may make it impossible
for the Australian industry to take advantage of the technology associated

with large scale operations in overseas countries.

3.4 Judgemental - Business Survey Approach

This approach involves the updating of base period technology

matrices with the researcher concentrating on industries judged to be

: . R 2 . R sk
of substantial size in the future economy” and in which significant

1. Preliminary simulations for 1990/91 have been undertaken with SNAPSHOT.
In these simulations, the A and K technology is that of the base year
(1971/72). The & matrix however reflects the projected increase in
labour productivity for each I-0 industry based on trend analysis of
labour productivity over the 1962/63 to 1972/73 period.

2. It is useful to establish which cells in the coefficients matrices have
the greatest impact on the results. Estimates of intermediate demand for
example will be more sensitive to changes in some cells in the A matrix
than in others. If the more important cells can be identified, the
quality of the projections can be improved by devoting resources to
studying their movements over time.

MACRO is concerned with determining the size of the aggregates
of national income, in particular real private consumption and investment
expenditure and real govermment expenditure. The role of monetary and

financial markets is also handled exclusively within z.»nmo.H

ORANI disaggregates the economic aggregates into 109 Input-
csanﬂm (1-0) nmammou»mm.u It also deals with relative prices of
commodities, imports and exports, and occupationally disaggregated
employment demand. ORANI can be used in short run mode in which case
capital stocks are fixed and rates of return are endogenous or in long

run mode in which case rates of return are treated as exogenous and

capital stocks are allowed to adjust.

BACHURCO is designed to endogenise labour supply for the nine

categories of labour recognized by H3w>n%a by modelling, inter alia

>

educational and retraining programmes, occupational mobility and workforce

1. The MACRO model is based heavily on the macro-econometric model
developed by the Reserve Bank of Australia. See Bacon and Johnston
(1976) for details.

2. The I-0 classification is that of the Australian Bureau of Statistics
(ABS (1977) ).

3. An outline of the model's theoretical structure as at mid 1977 is
contained in Dixon et al. (1977a).

4. The nine occupational groups distinguished by IMPACT are;

1. Professional White Collar, 2. Skilled White Collar, 3. Semi
and Unskilled White Collar, 4. Skilled Blue Collar (metal and
electrical), 5. Skilled Blue Collar (building), 6. Skilled Blue
Collar (other), 7. Semi and Unskilled Blue Collar, 8. Rural
Workers and 9. Armed Services.
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12.

light of analyses of trend movements in U.S. input-output coefficients
(Carter (1970) ) that the dominant features of technological change are
embodied in the labour coefficients matrix. If this were the case, we would
expect the model to perform reasonably satisfactorily provided that we

could establish the correct movement in labour productivity over the
snapshot period. Getting the technology right for the A and K matrices

should prove of less critical importance.

The Melbourne based IMPACT team has no special expertise in
compiling technology scenarios. Hence the list of methods which follows
is both short and lacking in detail. It is meant to encompass only those

methods being considered for the IMPACT study.

3.1 Some Issues in the Development of Technology Scenarios for IMPACT

Before mentioning these methods it is worthwhile to mention
several issues that need to be kept in mind when formulating technology
scenarios for mzwvmmOﬂ and ORANI. The first relates to the fact that
changes in technology are due in part to changes in the relative price
of inputs where these relative prices are themselves determined by
the models. Hence there is a problem of achieving internal consistency
between the exogenous technology and the endogenous prices. Ideally,
the technology scenarios need to be assembled assuming a relative price
scenario which is broadly consistent with that which the model will
generate. If for example a technology scenario is assembled under an
anticipated relative price scenario that is vastly different to that
subsequently generated by the model then the original scenario would

have to be reformulated and the model rerun.

The second issue concerns the importance, in the case of those

industries which are extensively involved in international trade, of

and the technology scenario for the snapshot year. The technology requirements
refer to intermediate input technology, technology for capital formation
and labour input technology. The technology scenarios are written in
terms of conventional input-output coefficients. SNAPSHOT requires the
specification of the following three matrices of input-output technology
coefficients;

(1) a 109 x 109 intermediate input coefficients matrix (A)

(ii) a 109 x 109 capital requirements coefficients matrix (K)

(iii) a 9 x 109 labour requirements matrix (2).

In terms of the I-0 tables, A is the basic values, indirect
allocation of imports, materials usage matrix expressed in base year prices.
That is, mw% is the number of base year dollars worth of output from industry
i required per base year dollars worth of ouput in industry j in the

snapshot wmww.u

Similarly, a typical element of K the capital coefficients matrix
is the number of base year dollars worth of good i required in the capital
stock necessary to support the production of one base year dollar's worth

of output from industry j in the snapshot year.

A typical element of the labour matrix (2} represents the number
of workers in IMPACT occupation i required per base year dollar's worth of
output from industry j in the snapshot year. Consider for example a
technological scenario for the snapshot year (say 1990/91) compared with

the known technology for 1971/72. The technology for a particular

industry might be expressed as follows :

1. Ideally, all I-0 technology coefficients are expressed in terms of
physical units of inputs and outputs hence the use of base year dollar
values for the numeraire. That is, coefficient changes over time
refer to input volume/output quantity changes which conceptually are
independent of changes that might occur in input prices.
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10.

<u Y
X = %ﬁwﬂn\v res
1 2

where f is 2 non-decreasing function of each of its arguments, and where
X is an industry output, the Y s are inputs and the A s are exogenous
technological change variables. A decrease in >w is a input-i-augmenting
technological change - - if as the result of a technological advance »w
declines by 5 per cent, then an input of 100 units of i becomes the

equivalent of an input of 105 units of i under the old technology.

Although the percentage changes in the >w s are required for
ORANI computations, it is quite satisfactory to compile the technological
change scenarios in terms of the SNAPSHOT style input-output coefficients.
With reference to the example given in the previous section, the scenario
outlined would be written in terms of the percentage changes in the
input-output coefficients formed from the w. wu w~ m. and the primary
factor input matrices. One further complication in ORANI concerns the
need to separate the technological change element from the price induced
substitution element of projected technology input-output coefficients for
labour and capital. (The ORANI model permits substitution among the
primary factor inputs (labour, capital and land) in response to changes
in their relative prices. SNAPSHOT however, allows no such substitution.
Capital and labour input-output coefficients are fixed.) This exercise
however need present no difficulties provided the price scemarios (in
which the technology scenarios are written) are specified. Via the price
scenarios, we can net out substitution effects from total changes, leaving
the technological changes, i.e. the changes in the A s. For example, if
a technological change scenario specified a 10 per cent increase in the

use of capital per unit of output and a 5 per cent decrease in labour per

unit of output, it would be important to calculate what proportion of this

Figure 1 : 1I-0 Data Base for ORANI ;
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