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By international and historical standards, Australia does not appear to be
under-capitalised. Nevertheless, the past decade has seen a clear reversal of
the steady upward trend in capital intemsity; this reversal was most marked
after the short-lived increase in capital spending associated with improved
prospects in Australia's resource-intensive industries in the early 1980s.
Since then, there has been a sharp decline in investment relative to GDP, as
reductions in real labour costs relative to capital costs encouraged the
substitution of labour for capital. The existence of excess capacity in the
early 1980s meant that substitution of labour for investment in new capital
was possible without a major slowdown in growth of economic activity or

employment.

The prospects for continued economic growth depend, in part, on the resumption
of investment spending to complement the growth of labour. It will be
important for investment to occur in those industries where recent gains in
competitiveness have been greatest. Prospects for achieving these outcomes
will be enhanced if government policies are directed towards further reducing
distortions in investment incentives, encouraging the expansion of technology
and providing a mix of overall stabilisation policies that reduces pressures

on capital markets.
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HE _ROLE AND NSEQUENCE F_INVESTMEN
N _RECENT A RALI NOMI RO

Jeffrey Carmichael and Nigel Dews

1. INTRODUCTION

Of all the basic building blocks in macroeconomics, investment is probably the
one with which economic analysis has dealt least effectively. There is no
shortage of appealing models. Students of the topic are offered a wide range
of approaches, from the grass roots simplistic to the inordinately detailed
and complex. Yet, when the data are confronted, the gap between theory. and

practice is usually found to be substantial.

While the empirics of investment remain elusive, the consequences of
investment remain at the very heart of economic growth. In the short run,
fluctuations in investment are a dominant source of fluctuations in economic
growth.. In the longer run, investment determines the capital stock and this,
probably more than any other factor, determines the trends of growth in

economic activity and employment.

This paper considers the role and consequences of investment in Australia's
post-war economic growth. In the paper, we have sought to emphasise both the
short-run demand and the longer-run supply aspects of investment and capital
formation. In tackling this subject we entertained no false illusions about
our ability to resolve the unresolvable; inevitably we have found as many
puzzles as we have answers. Yet, through all this, a number of relationships
appear to hold firm, offering at least some support for accepted wisdom and

some binding threads for the maze of data available on investment and capital.

In the remainder. of the paper, Section 2 reviews the facts, looking at trends
in investment and capital accumulation in aggregate and by sector. Section 3
examines the relationship between capital and trends in economic activity and
employment. Section 4 turns to the role of investment in generating cyclical
fluctuations in economic activity. Section 5 looks at the determinants of

investment and Section 6 pfovides a brief overview and conclusion.
2. NVESTMENT AND TAL: T-WAR TRE
2.1 ZIrends in investment
Over a long period, gross investment by the Australian economy (unless
otherwise stated, gross investment will include business fixed investment,

investment in dwellings and public sector investment) has shown considerable

volatility. Figure 2.1 shows data for gross investment as a proportion of GDP
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since the turn of the century. Changes in the quality of data over time mean
that comparisons over long periods should be made with a degree of caution.

This caveat given, two features of Figure 2.1 are particularly striking:

. first, the average investment ratio roughly doubled to around 26 per ceat
of GDP in the post-war period; and

. second, cycles in the investment ratio have been considerably smaller in

the post-war period than Previously.
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The influence of the two world wars is evident in Figure 2.1,
twentieth century high of around 19

From a

-1/2 per cent in 1914, the investment ratio

fell to a low of less than 9-1/2 per cent by 1918, Then, after recovering

slowly from the depression low of around 9 per cent in 1932 to around

17-1/2 per cent in 1939, the investment ratio again fell sharply to less than
S per cent in 1944 and 1945. 1In contrast, the Korean War (1950-1953) appears

to have had little effect on iavestment. The size of the swings in investment
in the two world wars is, however, amplified by the treatment in the National
Accounts of military expenditure as entirely current consumption. To the
extent that investment in military ﬁardware (though in one sense this is more-
destructive than constructive capital) replaced private investment in these

periods, the amplitude of the fluctuations will be overstated.
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Not only has the post-war gross investment ratio been high by Australian
standards, it appears to have been high by international standards.

Figure 2.2 shows gross investment ratios for Australia and the average for all
OECD countries since 1960, While the investment ratlo for Australia is atill
above the OECD average, the gap between the two has narrowed considerably
since the start of the 1970s. An exception to this convergence of trends la
the three-year period from the beginning of the 1980s when Australian
investment was boosted sharply by improved prospects in resource-based
industries following the second major oil price rise late in 1979,

Figure 2.2
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Abstracting from the resources boom, the past decade has seen a similar
downward trend in investment in both the OECD and Australia. However, the
extent to which Australian investment growth has slowed relative to that in
the OECD area over the longer period shown in Pigure 2.2 is reflected in the
fact that real investment in the OECD has increased by almost 130 per cent

since 1960, compared with an increase of just over 100 per cent for Australia.

Gruen (1986) presents evidence of a relatively low rate of increase in
investment per person employed in Australia. Although real investment per
person in Australia is still above the OECD average, it has grown by only



25 per cent since the early 1960s, compared with growth of the OECD average of
just under 40 per cent. Australia's relatively high rate of population
growth, of course, accounts for the divergence between gross investment ratios

for Australia and the OECD group.

Figure 2.3 shows separately the levels of gross investment (as a ratio to GDP)
by the public and private sectors in Australia since 1950.1 Private
investment shows very sharply the effects of the resources booms in the late
1960s and early 1980s but, otherwise, has shown little net decline as a
proportion of GDP since the beginning of the 1960s. Investment by the public
sector declined during the Korean War then rose steadily to a peak in the mid
1960s. Thereafter, it has shown a fairly steady downward trend, despite a
temporary surge in the mid 1970s associated with a general increase in

government spending at that time.
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Further decomposition of private sector imvestment by type is given in
Figure 2.4. Investment in dwellings, while subject to cyclical swings, has

1. Data in Figures 2.3 and 2.4 are adjusted for major sales of fixed assets
between public and private sectors which are leased back to the sector of
sale. These transactions involve a change in the legal ownership of
assets but do not alter the level of investment effectively undertaken by
either sector.
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grown steadily since 1960 and, as a proportion of GDP, has stayed relatively
constant at a little over 5 per cent. Investment in non-dwelling conmstruction
grew steadily up to the early 1970s, before falling sharply over the following
half decade. A strong rise with the resources boom in the early 1980s brought
the level of real investment in non-dwelling construction back to its level of
the early 1970s though, as a ratio to GDP, it fell from just over 3 per ceat

of GDP in the 1960's to about 2-1/2 per cent in the early 1980s. However,

since the recession in 1982/83, investment in non-dwelling construction has

been the dominant source of investment spending.

igure 2.4
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Investment in plant and equipment is the largest component of private sector
investment, averaging a little over 8 per cent of GDP over the period shown in
Figure 2.4. Like non-dwelling construction it also shows the impact of the
resources boom. Unlike non-dwelling comstruction, however, investment in
plant and equipment continued to grow, albeit modestly, throughout most of the

1970s.

The divergent trends between investment in plant and equipment on the one hand
and construction on the other reflect, in large part, trends in the industrial
In the first half of the 1960s,

investment in mining accounted for less than 2-1/2 per cent of total private

structure of the Australian economy.

investment; over the first half of the present decade, it accounted for more

than 10 per cent of the total. In contrast, the manufacturing



sector's share fell from over 20 per cent of private investment to around
16 per cent over the same period. Investment in plant and equipment is
concentrated in manufacturing industry, while investment in mining and

property development is largely in the form of construction.

Gross new private investment by industry is shown as a proportion of output in
those industries in Figure 2.5. The picture for mining in Figure 2.5 is
dramatic. Throughout the 1960s, investment in mining surged as the nation
sought to tap its mineral wealth in the face of buoyant commodity prices
around the world. In 1969 and again in 1971, investment in the mining
industries accounted for almost 75 per cent of the value of production of
these industries. The decline in this ratio after 1972 reflects both reduced
investment spending and increased mining output flowing from the earlier

investment.

Figure 2.5
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Investment in manufacturing industries has remained relatively steady as a
proportion of manufacturing output. However, with growth of the latter being
relatively subdued over the period, so too has been the growth of investment
spending in manufacturing. Investment in finance, property and business
services has shown a strong rise since the start of the 1970s. This trend was
helped by a property boom throughout much of the 1970s and, more generally, by
the expansion of tertiary industry, especially finance. As discussed below,
the strength of the rise has been overstated as a result of a general increase

in leasing since the start of the 1970s.

Of the remaining industries (grouped together under “all other” in
Figure 2.5), the ratio of investment to output in agriculture has been on a
secular decline, while in wholesale and retail trade it has shown little

change.2

The rapid growth of investment in finance, property and business services
raises a difficult issue. The Australian Bureau of Statistics (ABS) allocates
expenditure on capital to the industry registering ownership of the capital,
rather than the industry in which it is used. This means that all leased
buildings, plant and equipmeant are recorded as investment by the lessor, most
often a financial institution or property developer. The rapid growth of
investment in finance, property and business services may, at least im part,
reflect the rapid growth of leasing from about 4 per cent of business fixed
investment in 1967/68 to over 16-1/2 per. cent by 1985/86.

Data are available for leasing of plant and equipment by industry since 1985.
While it is not possible to accurately adjust data prior to 1985 for leasing,
some idea of the impact of leasing can be obtained by rough approximation. 1In
adjusting the data prior to 1985 we have assumed that leasing undertaken by
each industry bears a constant relationship to its share of GDP in each year:
the shares are based on trends since 1985. The unadjusted series are shown as
an index in Figure 2.6a. Figure 2.6b shows the same data adjusted
approximately for leasing. For ease of comparison, both graphs are drawn to

the same scale.

For most industries the adjustment for leasing does not change the long-run
picture dramatically. But, not surprisingly, there is a major change in

investment by finance, property and business. Although the property boom and

2, Due to the method of construction, this category also includes purchases
of second-hand assets by all industries.
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the expansion of the finance industry are still reflected in the data, more
than half the investment undertaken by this sector since the early 1970s

appears to be attributable to investment goods leased to other industries.

igure 2.6a
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Mining is little affected by the leasing adjustment, since the majority of
leasing appears to have taken place in manufacturing and other industries.
After adjusting for leasing, the manufacturing sector shows stronger growth in
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investment throughout the late 1970s but a weaker porformance, relative to the
1970s following the most recent resources boom. Investment by all other
industries shows similar trends adjusted and unadjusted, although at a
slightly higher level. Our adjustments are, of course, approximate and only
one of several possible approaches to the problem. The extent to which the
data shown in Figure 2.6b differ from other estimates of the impact of
leasing, such as those produced by Hall (1984)3, highlights the need to

interpret estimates of leasing by industry with caution.
2.2 he aggrega apital k

Investment spending is of interest in its own right, in particular for its
impact on economic activity through its contribution to aggregate demand.

More important, however, is the contribution of investment to the stock of
productive capital in the economy. While new investment is the primary source
of addition to the capital stock, the effective stock is also influenced by
the rate of depreciation of existing capital, the rate of technological
progress and the compatibility of the existing stock with the desired

industrial structure of the economy.

The factors influencing the effective capital stock are not all easily
measured and, as a consequence, there is no single, widely-accepted measure of
capital. Figure 2.7 shows one measure of capital (public plus private but
excluding dwellings) as a ratio to the employed labour force (the
capital/labour ratio), where labour is defined in efficiency units; i.e.,
allowing for technological ptogress.4 The measurement of technological

progress is explored further in Section 3.

From Figure 2.7, it appears that capital per effective worker followed a

steady upward trend until the late 1970s. Since that point there has been a
trend decline, punctuated by a temporary rise with the resources boom in the
early 1980s. The decline in the past two years has been quite dramatic. The

recent fall in the capital/labour ratio reflects both falling investment and a

3, Hall (1984) allocates a fixed proportion of investment in finance,
property and business to other industries in proportion to their
non-leasehold investment. However, he was not able to incorporate data
on leasing by industry (which have only recently become available) and
did not allow for the finance, property and business sector's leasing to
itself. Consistent with Hall, we have only adjusted for leasing since
1973/74. For details of the methodology used in Figure 2.6(b) see
Appendix C.

4. For a description of labour efficiency units see Section 3.1. The method
used to calculate the capital soock is described in Appendix B.
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sharp increase in employment. Of course, while the overall pattern of change
would be unaltered, assuming a higher rate of technical progress (Figure 2.7
assumes a rate of technological progress of 1.1 per cent per annum) would tend
to show the capital/labour ratio as flatter in the period prior to the mid
1970s and declining more sharply thereafter.

Figure 2.8 shows the output/labour and output/capital ratios based on the data
used in Figure 2.7, Consistent with the pattern in the capital/labour ratio,

Figure 2.8
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output per efficiency unit of labour tended to rise throughout the period to
the mid 1980s (although at a much faster rate through the first half of this
period) before declining, while output per unit of capital declined until the

end of 1982, after which point it rose sharply.

2.3 actor shar

Another characteristic of the economic system that tends to follow closely
from the behaviour of investment and capital is the relative share of
production paid to factors. Figure 2.9 shows the post-tax profit share;

i.e., the share of production being returned to those who own capital.

Figure 2.9
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Several features are worthy of note:

. there has been a trend decline in the level of profitability since the early

1960s, much of which has been concentrated in the unincorporated sector;

. a large part of the trend decline in the gross operating surplus of
unincorporated enterprises reflects trends in agriculture, forestry and
fishing. The profits of unincorporated enterprises in this sector have
declined from over 9 per cent of GDP in the early 1960s to average less than

4 per cent of GDP over the past few years; and

. despite a recovery in the past few years, profits of private companies and
financial enterprises as a proportion of GDP are still well below the peak
reached in the late 1960s and have shown greater volatility since the early

1970s than was evident in previous years.

Figure 2,10 shows the profit shares of the major industry groups. Profitability
in mining has followed the pattern of investment fairly closely, with a strong
rise in the mid 1970s and again in the recovery since mid 1983. Finance has
shown little additional return for the apparent surge of investment in the mid
1970s and again in the early 1980s (part of this surge was, of course, a
reflection of leasing activity). Manufacturing has, apart from a oance-off
downward shift in 1972/73, shown little trend decline in the level of
profitability.

Figqure 2,10
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2.4 Summary

Investment in Australia accelerated sharply in the early post-war recovery
period. Since then, it has remained at a high level of around 25 per cent of
GDP. While a longer-term perspective suggests that Australia's investment
performance has been creditable, there is evidence of a slowdown since the
mid 1960s, relative to both the post-war average and to experience in other
OECD countries. One effect of this slowdown has been a net decline in the

capital stock per unit of effective labour over the past decade.

On an industry basis, the pattern of investment has been broadly im line with
the structural changes occurring in the economy in this period. There has
been a decline in the relative importance of agriculture, a steady increase of
investment in tertiary industry and, concentrated into two main periods, a

substantial increase of investment in mining and extractive industries.
These trends raise two questions in particular:

. first, to what extent has the performance of investment contributed to the

overall macroeconomic performance of the Australian economy?; and

. second, is the performance of investment consistent with general

principles of investment theory?;
These questions are taken up in turn in the remaining sections of the paper.
3. CAPITAL AND GROWTH

In assessing the contribution of investment to economic growth it is useful to
separate the effect of investment spending on aggregate demand from the effect
of productive capital on the aggregate supply of output. The supply aspect
is, in a sense, the more fundamental since it concerns the overall trends in
output and employment. The demand aspect is more relevant to fluctuations
about the trends. This section deals with investment as an influence on

supply, while the next section turns to investment as an influence on demand.

In evaluating the role of investment and capital in determining the underlying
trend of growth it is difficult to avoid the notion of an aggregate production
function, relating aggregate output to inputs of capital and labour. The

existence, meaning and measurement of aggregate production functions has been
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one of the most hotly debated issues in economics and has spawned an extensive
literature - much of it in the form of an exchange between economists in

Cambridge England and Cambridge Massachusetts.5

At the heart of the debate are the conditions under which microeconomic
production functions (about which there is much less controversy) can be
aggregated. The issues of debate include the measurement of capital (in
particular, whether it is possible to aggregate heterogeneous capital goods)
and the technical conditions under which microeconomic properties are

preserved at the aggregate level.

Our limited understanding of this literature is that the theoretical issue of
whether an aggregate production function necessarily exists or exhibits
sensible properties has been awarded to the opponents of production
functions. At the same time, the empirical evidence appears to support those
who have championed the aggregate relationship. It is not our intention to
buy into this now largely closed debate. The existence of an aggregate
production function is essentially an empirical issue. In this section we
take the pragmatic approach of asking whether the data discussed so far are
broadly consistent with the patterns that would occur if output could be
characterised by a simple production function. We then explore some of the

implications of such a relationship.
3.1 ital abour an ut: h rn

To give some structure to the exercise, suppose national output, Q, can be

represented by the following general relationship:
Qc = £(Kt. Lt’ At) (1)

where K is the nation's capital stock, L is the employed labour force, A is a
term representing the impact of technological progress and t is time. This
is, of course, a very simple representation which ignores other factors of

production and intermediate inputs.

Suppose further that At takes the form of Harrod-neutral labour-saving

innovation and that £(.) can be described by a linear homogeneous function
* *

in capital and labour in efficiency units, L , where L, =L, (1+6)% ana 6

is the rate of technological progress.

5. For a survey of the Cambridge controversies see, for exanple, Harcourt
1979
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There are.a number of empirically estimable production functions that satisfy
these conditions. The simplest is the Cobb-Douglas function:

(2)

where « is capital’s share of the value of output and 8 is a constant term.

If we assume further that factor markets are reasonably competitive, so that
factors are paid the value of their marginal products, we get the following

additional relationships:

30 Q
_E ] (1-(1)_:‘ = W (3)
oL L
t t
30 Q
t t

where w is the real wage rate per efficiency unit of labour, r is the rate of
profit per unit of capital (or user cost of capital), and u is the rate of

depreciation.

Equations (2), (3) and (4) (and their more general forms) contain the key
elements of neoclassical growth theory. From these simple relationships we
can derive some immediateiy testable implications:

(a) the output/capital ratio (Q/K) should fall and the output/labour ratio
(Q/L*) should rise as the capital/labour ratio (K/L*) rises; and

(b) real wages should be positively related and real profits (per unit of
capital) should be inversely related to the capital/labour ratio.

The general properties under (a), linking the output/capital, output/labour
and capital/labour ratios, are borne out by Figures 2.7 and 2.8 in Section 2.

Figure 3.1 shows the capital/labour ratio along with real unit labour costs
(real wages per efficiency unit of labour) and the real after-tax cost of

debt6 (although imperfect, this is one measure of the profit rate per

6. Further consideration is given to this measure in Section 3.4.
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marginal unit:. of capital). The positive relationship between real wages and
capital intensity and the inverse relationship between the approximation to
marginal profits and capital intei:sity are reasonably well ideantified in the
graph. Further, while the assumed rate of technological progress is

consistent with estimates reported in Section 3.2, the relationship between

factor prices and capital intensity would be even more striking for higher
assumed rates of technological progress.

Figure 3,1
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The relationships highlighted‘in Figures 2.7, 2.8 and 3.1 appear consistent
with the existence of an aggregate production function and relatively
competitive factor markets. They do not necessarily imply any causal
relationships or offer any explanation as to why capital, labour and output

have behaved as they have done over this period. The issue of causality is
addressed in Section 5.

While they do not suggest causality, these relationships can be used to carry
out some simple counterfactual exercises for the historical period. To

conduct such exercises it is necessary to be more precise about the parameters
in the production function.
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3.2 ome estimated production function

International experience with empirical production functions has been mixed.
In his Presidential Address to the American Economic Association, Douglas
(1948) summarised a large body of cross section and time series results for
different countries and industries for which Cobb-Douglas production fuaction
estimates fitted remarkably well. Results for Australia have, in general,

been less impressive.

One of the problems with empirical production functions in Australia has been
the paucity of reliable data about the capital stock. The data graphed in
Section 2 have only recently become availab1e7 and offer a useful

opportunity to re-estimate these functions for Australia.

Equation (1) in Table 3.1 presents estimates of an aggregate Cobb-~-Douglas
production function using quarterly Australian data from 1967(3) to 1986(2).
To facilitate estimation of the rate of technological progress, the equation
is estimated by non-linear least squares, using the statistical package SAS.
Figures in brackets are standard errors. The sum of the estimated
co-efficients on labour and capital are not significantly different from
unity, thereby supporting the assumption of linear homogeneity in

equation (1).8

One of the limitations of the Cobb-Douglas form is that the elasticity of
substitution between capital and labour, ¢, is fixed at unity.g This, in
turn, requires that factor shares remain constant as the capital intensity
varies over time - a restriction that is not supported by the data graphed in
Section 2. A commonly used and more general production function that permits
a non-unitary elasticity of substitution and non-constant factor shares is the
CES function:lo

-1/p

o, =B (yk P . (1-t* ) (s)

7. See Walters and Dipplelsman (1986) for annual data and Dews (1986) for
the method used to derive quarterly estimates.

8. The value of the F statistic in testing this restriction is 0.251. This
statistic is distributed F (1, 68)., Estimates of the Cobb-Douglas
production function without the restriction of linear homogeneity are
reported in Appendix A (Table A.1).

9. © = [(d(LnK/L)/d(LndL/3K)]

10. See Arrow, Chenery, Minhas and Solow (1961).
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where p (the substitution parameter) is related to the elasticity of
substitution by the relationship ¢ = 1/(1+p), B (the scale parameter) is
comparable to the constant term, B, in the Cobb-Douglas function and Yy (the
distribution parameter) is comparable to the share parameter, «, in the
Cobb-Douglas function. For the CES production function to have meaning, the

parameters should satisfy: B > 0, 0 ¢y < 1, and p » -1.

When p = 0, the CES function collapses to the Cobb-Douglas function.l1

For p # 0, factor shares vary with the capital intensity according to:
wL*/Q = (1 - y)B P(o/La)~P (6)
rx/0 = y8 P(a/x)P M

Estimating the coefficients of the CES function directly has proved difficult,
due to the accentuated non-linearity of the functional form. This has led a
number of researchers to utilise the first-order conditions for cost
minimisation with respect to labour to estimate the elasticity of substitution
indirectly. In their original paper, Arrow et.al. (1963) use the indirect
approach to estimate industry elasticities of substitution using cross-section
data for a number of countries. Murphy et. al. (1986) use a similar approach
in gstimating an aggregate elasticity of substitution for Australia for the
AMPS model of the Australian economy.

The Arrow and Murphy papers both find elasticities generally less than unity.
However, apart from limiting the number of parameters that can be estimated,
the indirect approach using labour has been shown by Maddala and Kadane (1966)
to yield estimates of y that are biased downwards and often at variance with
estimates obtained using the cost minimisation conditions with respect to
capital.lz Another major weakness of this approach is that it assumes that
perfect competition holds at all.points in time, which direct estimation of
the production function does not.

Our efforts to estimate equation (5) directly also encountered difficulties.

In particular, there appeared to be problems associated with identifying the

11. This is not obvious from equation (5). In fact the Cobb-Douglas function
is a limiting form of the CES function as p = 0 (provided there are
also constant returas to scale). ’

12. See also Dhrymes (1965).
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share parameter y and the substitution parameter p- separately. To

simplify the procedure we fixed the value of y and undertook a grid search
over values between zero and unity., There were little grounds on which to
choose between the estimates obtained in this way. A rough mid-point of the
estimates is shown in equation (7) of Table 3.1. The other estimates are

shown in Appendix A (Table A.l).

The estimates behave oddly as Y approaches its limits. For reasonable
values of y, however, the parameter estimates are quite stable. In
particular, the estimates of ¢ for a wide range of values of Y are
surprisingly close to unity, suggesting that the Cobb-Douglas function in
equation (1) of Table 3.1 may be a reasonable first approximatioa to an
empirical aggregate production function for Australia. In all Cobb-Douglas
equations in Table 3.1, the dependant variable is Lch. In the CES
production functions we exploited the homogeneity assumption and divided

through by labour, making the dependant variable Lth - LnLt.

TAB 1
RY OF ESTIMAT PRODUCTION N
1967(3) to 1986(2)

Constant Share Elasticity Technological
Progress
8 /B a«’/y o 5 R2
-Dou H
1. Aggregate 378.96 0.36 1.00 0.0028 0.995
(0.576) (0.057) (0.0003)
2. Private Sector 278.11 0.42 1.00 0.0014 0.985
(0.462) (0.048) (0.001)
3. Mining 120.00 0.57 1.00 -0.0066 0.959
(0.368) (0.034) : (0.002)
4. Manufacturing 235.46 0.41 1.00 0.0064 0.923
(0.550) {0.057) (0.0003)
5. Finance, etc. 79.88 0.64 1.00 -0.0449 0.753
(0.756) (0.073) (0.010)
6. Other Industries 47.83 0.62 1.00 0.0034 0.982"
(1.46) (0.162) {0.0003)
cEs-
7. Aggregate 317.31 0.40 0.98 0.0028 0.984
(91.74) (0.023) (0.0003)
8. Private Sector 252.56 0.50 0.94 0.0023 0.965
(58.06) (0.019) (0.0004)
9. Mining 103.86 0.60 0.99 -0.0065 0.896
(18.35) (0.012) (0.002)
10. Manufacturing 151.34 0.50 0.96 0.0064 0.970
(42.08) (0.022) (0.0003)
11, Finance, etc. 45.79 0.60 1.12 -0.1942 0.980
(1.17) (0.002) (0.011)
12, Other Industries 51.85 0.60 1.01 0.0034 0.917

(38.15) (0.077) (0.0003)
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In view of the criticisms that have been levelled at aggregate production
functions we have also attempted to estimate some disaggregated functioms for
the private sector and by industry. In doing so, we made no attempt to adjust
for leasing. Equations (2) and (8) in Table 3.1 show estimates of a private
sector production function.13 These estimates are broadly similar to those
obtained for the aggregate production function, although, in most cases the
estimated rate of technological progress is a little lower. Further estimates
are shown in Table A.2 in Appendix A. The lower rate of technological
progress may, at least partially, be explained by the extent to which excluded
public expenditure induces private capital expenditure. Gruen (1986) points
out that in so far as goveraments have a role in determining private

expenditure the distinction between public and private spending is arbitrary.

Equations (3) to (6) and (9) to (12) in Table 3.1 report a summary of the
estimates for the mining, manufacturing, finance property, and business
services and other industries. More estimates for each of these sectors are

reported in tables A.3, A.4, A.5 and A.6 respectively in Appendix A.

Of the disaggregated functions, only those for manufacturing and other
industries are relatively well-determined and not greatly at variance with the
aggregate estimates. The poor identification of the relationship for finance
property and business is likely to be a consequence of the treatmeant of
leasing. As outlined in Section 2, to the extent that the finance sector
purchases capital and leases it to other sectors, its capital stock will be
overstated. In particular, this could tend to bias the measure of
technological progress. The treatment of leasing will also affect other
sectors but, on average, they will be affected less than finance property and

business services,

Subject to the caveat about leasing, the estimates for manufacturing and other
industries are quite interesting. 1Ia particular, the estimated rate of

technological progress in manufacturing is well above the average for the

13. In each of the equations in Table 3.1, an optimal lag between the
installation and utilisation of capital was chosen on the basis of
experimentation. In each case we selected the lag length with the highest
RZ statistic. The chosen lag for the aggregate function was six
quarters (i.e. production in the curreant quarter is assumed to be produced
by current quarter labour input and the capital stock put in place six
quarters earlier), for the private sector it was also six quarters, for
mining eight quarters, for manufacturing four quarters, for finance,
property and business services two quarters, and for other industries six
quarters.
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economy and is quite well-determined across the range of values for the
distribution parameter Y used in the CES production function. This is
consistent with the trend rise in productivity in manufacturing experienced

over this period.

While satisfactory in most other respects, the insignificance of the constant
term in estimates for the other industries category may reflect the fact that
data for this sector are calculated residually and therefore contain the

majority of measurement errors.

The estimates obtained for mining are a little more curious. In particular
the estimated rate of technological progress for mining is significantly
negative. There are several factors which may have influenced this surprising
outcome. While our estimates suggest that problems related to leasing should
be negligible for this sector, there is reason to believe that, due to methods
of classification, some output related to the mining industry may be included
in manufacturing or "other" (for example, manufacturing involving processed
minerals). It is also quite likely that problems associated with capacity
utilisation are important for this industry, (this is discussed at some length
in Section 3.3 below). Since excess capacity for capital is likely to emerge
in industries with long implementation lags, effective capital could have been
overstated in the mining industry for long periods in the late 1960s and early
1970s and again in the early 1980s.

Our assumption that it takes an average of 8 quarters for mining capital to
begin producing output (see footnote 13) means that decisions regarding
required capacity are made two years prior to production. Using receat
experience as an example, it seems unlikely that falls in prices for mineral
exports in 1985/86 could have been foreseen two years earlier. As a result,
investment decisions made then, may have resulted in excess capacity today.
The extent to which excess capacity has existed from time to time may mean
that measured capital may overstate the amount of capital actually employed in

the production process;

On balance, the general consistency of the estimates fbr the private sector,
manufacturing and other industries with those for the whole economy is at best
suggestive of the existence of an aggregate function. There are several
shortcomings to this analysis, including our failure to deal with the problems
associated with variation in the rate of utilisation of capital, and also

labour, Importantly, no attempt has been made to allow for excluded
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factors of production such as emergy and land or for investment in human
capital. At a disaggregated level, although we have identified problems
associated with leasing, we were not sufficiently coafident of our approximate
adjustments to adjust the industry capital stock estimates accordingly. There
are also possible problems with the measurement of output by industry and, in
a more general sense, problems associated with changing quality of data over

time resulting from breaks in both output and employment series.

Despite these limitations and the simplicity of this analysis, the results
offer some support for the existence of a reasonably stable aggregate
production function. Characteristics obtained estimating a relatively simple
Cobb-Douglas production function are, in each case, supported by results from
the CES functions. In particular, the rate of technological progress was
remarkably stable in the aggregate production functions, estimates of the
elasticity of substitution of labour for capital were close to unity ian most
cases, and estimates of the share parameter appear to be broadly consistent
with profit share data obtained from the national accounts. At the very
least, even though the hurdles are formidable, these features should encourage

further work to be undertaken in this area.

3.3 Capacity utilisation

A particular shortcoming of the production functions reported in Section 3.2
is the implicit assumption that there is a constant rate of utilisation of
capital. In the case of labour, the use of employment rather than labour
force is a reasonable, though imperfect, approximation to utilised labour;
the rate of utilisation of labour may rise above and fall below labour
employed across the business cycle as a result of labour hoarding and
variations in hours worked.

In the case of capital there is no ready approximation to the rate of
utilisation. A rough guide may be obtained by “linking peaks" in GDP over
time. However, the choice of peaks is arbitrary and there is no guarantee
that the various peaks in GDP are obtained when capacity is fully utilised.
This method also uses total product, based on all factors, mot just capital.

One of the few pieces of evidence available over a long period of time

relating directly to capital utilisation is the CAI/Westpac Survey of



23,

Manufacturing. Figure 3.2 below shows the proportion of respoandents to this
survey who stated they were operating at a “satisfactorily full" rate of
operation, less the proportion of respondents who stated that they were not.
If these figures could be taken as representative of the entire economy there
would have been a relatively high rate of utilisation of capital during the
1960s resources boom, which largely tapered ogf through the 1970s. Excess
capacity emerged strongly in the second half of the 1970s and again in the
early 1980s with the second resources boom. The general restoration of
capacity utilisation in recent years appears consistent with the low levels of

investment over this period.

The movements in this series are largely similar to those obtained using the
"linking peaks" method. Although, by definition, the "linking peaks" method
must mask the longer-run downward trend in utilisation evident from

Figure 3.2, In the estimates in this paper we have made no attempt to adjust

for the rate of capacity utilisation.

Eiqure 3,2
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3.4 m impl unterf ual calculati

Subject to the limitations of the estimates outlined above, the aggregate
production function reported in Table 3.1 can be used in some simple
counterfactual exercises for the post-war period. In these exercises we will use

the Cobb-Douglas estimates reported in equation (1) in Table 3.1.

To begin with, since we have estimated the production function directly, we can
use the estimated function to examine the neoclassical assumption of perfect
competition. The estimated function can be solved, using historical data, to
provide approximate series for the marginal products of labour and capital over
the estimation period. These are given by the left-hand equalities in equations
(3) and (4). Figure 3.3 shows, for labour and capital, the deviations of these
measures of marginal product from their relevant measures of factor costs (real
unit labour cost for labour and the real after-tax cost of debt for

capital).14 If markets had been perfectly competitive through this period (and
there were no periods of rationing), marginal product and factor cost would
coincide and the deviations would be negligible. In fact, deviations have been
systematic and substantial. (This, of course, could be a result of

misspecification of the aggregate due to omitted factors).

From Figure 3.3, it is apparent that the marginal product of capital is greater
than its factor cost over most of the period. One possible explanation for this
is the presence of a risk premium, requiring the marginal produéﬁ to be above the
cost of funds in order to cover the risk involved with investment (this risk

premium may vary over time).

Further, our measure of the factor cost of capital used in Figure 3.3 is an
imperfect one, since it does not include any provision for the cost of equity. A
measure incorporating both equity and debt was constructed by Carmichael and
Stebbing (1982). It showed that in many periods the average real after-tax cost
of capital was somewhat higher than indicated by our simple debt-based measure.
Although no current data are available on their measure, the relative cheapness
of equity finance over the last few years might in fact lower the average real
after-tax cost of capital. Allowing for these factors, it is possible that the
marginal product of capital would have been more closely associated with its
“true" factor cost in the late 1960's and early 1970s. The association would

probably have been close in the early 1980s.

14. Details of the methodology used to construct these measures are contained
in Appendix B.
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In the labour market there appears to have been a major divergence from
competition in the mid 1970s and again in the early 1980s. The pattern for
capital is, to some extent, a mirror image of that for labour. For example,
in the mid 1970s, when labour was apparently being paid in excess of its
marginal product, .the gap between the return to capital and its cost
increased. In more recent years, factor cost has fallen below the marginal
product of labour, while the gap between capital returns and capital costs has

been quite small,

More generally, the extent of the mirror reflection between labour and capital
is an indication of the "fit" of the production function. The divergence
between factor costs and measured marginal product is also an indication of
the extent to which direct estimation of the production function might

dominate indirect estimation as an approach.

Drawing together the evidence from Figures 3.1 to 3.3, it appears that,
abstracting from problems related to capacity utilisation, the broad trends in
factor prices are consistent with both the existence of an aggregate
production function and a reasonable level of competition. But, there appear
to have been prolonged periods during which actual factor payments have

deviated from the competitive solutioa.
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The second counterfactual calculation examines possible consequences for
employment of alternative rates of growth of the capitél stock in coming
years. Assuming that currently available capital is fully utilised, and that
there is limited scope for real unit labour costs to continue falling, growth

of employment will require growth of capital.

For this exercise we used Australia's trend rate of labour force growth (about
2 per cent per annum) to construct a labour force series. To keep
unemployment from rising, employment would need to rise at the same rate.
Holding the capital/labour ratio constant we generated a series for the
required capital stock. From this series, and the historical rate of
depreciation, it was found that gross investment would need to grow by an
average of over 3 per cent per year over the next five years to maintain the
desired rate of employment growth. This compares with growth of investment of
about 1-1/2 per cent in 1985/86 and an average of around 2 per cent over the

past decade.

Of course, this exercise assumed that the relative prices of capital and
labour stay the same. Alternatively, equation (3) suggests that, if factor
markéts were to behave competitively, capital stock growth at the slower rate
of 1.2 per cent annum, for example, would require real unit labour costs to
fall by over 2 per cent over the next five years to maintain employment growth

sufficient to prevent an increase in unemployment.

4. NVESTMENT AND FL ATION N NOMI ROWTH

Investment affects economic activity in the first instance through its impact
on aggregate demand. Historically, investment has been the most volatile
component of aggregate demand. In the past three decades, the annual growth
rate of investment has fluctuated between -27 per cent and 23 per cent,
compared with growth rates of GDP between -1 per cent and 8 per cent.
Coefficients of variation of the growth rates for the major components of
expenditure over the past two decades are shown in Table 4.1 below. As can be
seen from that table, cycles in the components of investment are considerably

larger than those in the other components of demand.



Table 4.1
ffici Variati w
1979/80 Prices
xpenditure compon Coefficients of Variation
Total consumption 1.55
. Private consumption 1.49
+ Government consumption 3.52
Total investment 5.64
. Dwellings 13.35
. Plant and equipment 11.89
. Construction 16.92
. Public enterprises 13.34
. General goverament 8.30
Exports 7.24
Imports 11,84
GDP 2,40

Figure 4.1 shows the deviation of the log of some major components of spending
and deviations of GDP, from their respective linear trends. This provides
some idea of the contributions of these components to deviations of GDP from
its trend. On average, over the whole period, gross investment has accounted
for about a quarter of GDP growth per annum. However, the volatile nature of
investment relative to total GDP, highlighted in Figure 4.1, is consistant
with a much greater contribution from investment in some periods and less in
others. As suggested by Table 4.1, fluctuations in investment spending appear
to have been a major source of fluctuations in GDP.

Eigure 4,1
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The extent of the influence of investment on cycles in GDP, of course, depends
on the many behavioural relationships that make up the economic structure.
Estimates of the impact and long-rum multiplier effects of changes in
exogenous demand vary widely. These multipliers apply to unexpected or
exogenous shocks to components of aggregate demand. Over the past 25 years,
the most obvious candidate period for an investment shock is that associated

with the mineral boom in the early 1980s.

In order to calculate a very rough estimate of the impact of investment in
this period, we assume that the eatire deviation of business-fixed investment
from its treand was in the nature of an exogenous shock and simulate its impact
on GDP using the RBII model of the Australian economy.15 Under this
assumption, the cumulative shock to investment over the four-year period from
March 1980 was in the order of $9 billion, in 1979/80 prices, or a little over
2 per cent of GDP in that period. This shock contributed to a cumulative
increase in GDP between March 1980 and December 1985 of around $11 billion,
relative to trend, implying a multiplier of about 1.2. This calculation
depends, of course, on the assumption that the surge of investment in this

period was entirely autonomous.

Investment has clearly played a significant short-term role in the pattern of
growth of output in Australia. Deviations of investmeat from trend set up,
through their influence on aggregate demand, corresponding deviations in GDP
about trend. As previously discussed, investment also influences the trend of
GDP through its effect on the capital stock and thereby on the productive
capacity of the ecomomy. In the next section, we examine some of the factors
that may have influenced the amount of private sector investment undertaken in

the post-war period.
S. NFL V. P L

In Section 3 we noted that the broad empirical relationships observed among
capital, labour, output and factor prices were, perhaps surprisingly, broadly
consistent with the existence of an aggregate production function and
competitive factor markets, although there have been some periods during which
actual factor payments have deviated widely from the competitive solution. As
mentioned in that section, these relationships imply the existence of a
proauctioﬁ function but they do not necessarily tell us anything about why

labour and capital evolved as they have done over the past two decades or so.

15. See Fahrer and Rankin (1984) for specification of the RBII model.
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The most striking feature of the period under comsideration is the trend
increase in the capital intensity up to the late 1970s and the reversal of
that trend since the early 1980s. This section considers some of the factors
that may have influenced this outcome. Since the emphasis of the section is
on the private sector’'s decision making processes, the analysis is restricted

to private sector investment, excluding dwellings.

5.1 Neoclassical investment theory

Neoclassical investment theory starts from rigorous microeconomic
foundations. The typical approach posits that firms choose inputs of capital
and labour so as to maximise the present value of expected profits. The

objective function can be expressed in the following terms:

© -t
Max H = S {7 [P @ - w Ly - Py Ty )
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where r is the firm's discount rate, p, w and p, are the prices of output,

Q. labour, L, and investment goods, I, while 11. and Xz are lagrange

multipliers, and F(.) is a well-behaved production functionm.

The solution to this maximisation problem is a set of demand functions for
capital and labour services and a supply function for output. The solutions
are functions of relative prices, both curreat and future; that is, they

depend on the entire expected time sequence of relative prices.

There have been many attempts to estimate investment equations derived
directly from the neoclassical foundations sketched above.16 Their success
has been less than impressive. Hawkins (1979) outlines a number of reasons
why it is @ifficult to apply neoclassical models to the 1970s. Most studies
have focussed on the demand for investment, without much reference to the

supply of investment goods or to demand for and supply of finance.

16. See for example, Mackrell, Frisch and Roope (1971), McLaren (1971),
Hawkins et.al. (1972) Pagan and Gray (1983) Perazzelli and Perrin (1983)
and various other publications on the Treasury's NIF model and the
Reserve Bank's RBAl and RBII models.
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One study which takes a more aggregative, equilibrium approach to these
relationships is that by Kohli and Ryan (1985) which integrates production
decisions with portfolio decisions. They argue that the stock of capital is
given at any point in time so that, under competitive conditions, the rental
price (user cost) of capital will tend to equal its marginal product. On this
basis, they construct an integrated model of investment behaviour, taking into

account the decisions to own, use and produce capital goods.

The great difficulty with empirical implementation of the neoclassical model,
however, is the dominance of future expectations coupled with their lack of
acceptable empirical measurement. As pointed out by Carmichael (1979), the
demand functions derived from the neoclassical model can be interpreted as
incorporating most ad hoc explanations of investment. For example, profits play
a central role in the optimisation process of the neoclassical firm, but so too
do the cost of capital, relative prices, expected output and so on. In a sense,
most of the ad hoc or simplified models of investment can be interpreted as
special cases of the more general neoclassical model, with an emphasis on
empirical expedience. This feature of the neoclassical model as "pesting"” .more
empirically-orieanted approaches is both a strength (because of its generality)
and a weakness (because it fails to yield unambiguous testable implications).

5.2 Some empirically-oriented explanations of investment

One of the earliest theories of investment behaviour, the accelerator approach,
links the level of investmeat with changes in the rate of growth of output.
Since investment generates changes in the capital stock, and outéut is related
to the level of capital rather than its rate of change, the simple accelerator
explanation relies on growth in output to stimulate investment. In his
extensive survey of the literature Hawkins (1979) found that, until the early
1970's, business investment fitted an accelerator mould. Hawkins cites the
insignificance attributed to other variables, such as tax incentives, as
evidence that demand influences outweigh other factors. However, he found that
the relatively simple accelerator mechanism no longer seemed appropriate in the
mid to late 1970s. This was reflected in the number of studies which attempted
to take into account additional factors including the rise in real wages,
movements to equal wages, higher inflation and exchange rate movements.17

Even more sophisticated versions of the accelerator hypothesis incorporated

capacity constraints and limited substitution between labour and capital.

17. See for example, Higgins et.al. (1976) and Sheehan et.al. (1979).
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Figure 5.1 (reproduced from EPAC (1986)) shows growth in business-fixed
investment Quring a number of economic upswings. As illustrated by this graph,
upswings in economic activity have been associated with a wide variety of
investment profiles. While the evidence does not support a simple accelerator
relationship between investment and cyclical growth, Stegman (1982) has found
evidence of an accelerator effect in a more complex model incorporating a
profitability constraint. However, Stegman concluded that his approach was only
a "qualified success" after finding some evidence that investment was
constrained by profitability from late 1970 to the end of 1971 and during 1975.

One empirical relationship that has received a lot of attention in a number of
countries is that between investment and a measure known as Tobin's "q"., This
measure is coanstructed as the ratio of the market value of existing capital to
its replacement cost. When this ratio is low, existing capital is cheap
relative to purchasing and installing new capital. Under these circumstances,
investors have an incentive to take over existing enterprises. Correspondingly,

when the ratio is high, investors have an incentive to install new equipment.m

Figure 5.1
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18. For a fuller explanation, see Tobin (1969) and Dews (1986).
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Figure 5.2 shows a measure of Tobin's g, graphed against business investment
as a ratio to business capital stock. Allowing for a lag of at least a year
between the emergence of the incentive to invest and the actual installation
of capital, the graph suggests a fairly glose relationship along the lines

predicted by Tobin. The period since the start of the 1980s, however, does

not fit well with the general picture; in that period, g indicates a strong
rise in the incentive to investment while actual investment, as a proportion

of the private sector's capital stock, has been falling.

There is little agreement about how to measure the cost of employing capital.
In a wide range of empirical work in Australia (see, for example, EPAC (1986)
and the works cited by Hawkins (1979)) the cost of capital has been based on

its opportunity cost; mnamely, the rate of return on goveranmeat securities.
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EPAC (1986) have suggested a measure of incentive to invest based on the ratlo
of the expected rate of return on capital to the opportunity cost of funding
the capital expenditure. In concept, this measure is quite similar to
Tobin's q since it incorporates many of the same factors.  In practice, the
two are quite different, largely as a result of the data used. In particular,
the EPAC measure of incentive to invest uses a long-run measure of expected

returns based on their AMPS model.;g Tobin's q, on the other hand, is based

19. See Murphy et.,al. (1986).
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on data from a large sample of listed companies. This tends to reduce the

variance of the EPAC series relative to Tobin's q.

Figure 5.3 shows the ratio of investment to capital against the EPAC

variable. Again, the relationship is as predicted and quite credible. In
particular, the EPAC measure explains the lacklustre performance of investment
over the past two years better than does Tobin's q, though the latter frovides
a better explanation of the early to mid 1970s.

In comparing the Tobin and EPAC measures of incentive to invest it is useful
to think of Tobin's q as reflecting expected profitability and the cost of
equity-funded investment, while the EPAC measure uses debt as the relevant
financing instrument. In the past year or two, real interest costs have

risen, while the cost of equity capital has fallen.
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Both Tobin's q and the EPAC incentive ratio are essentially forward-looking
concepts. An often-quoted determinant of investment that is less oriented to
expectations is current profits. Current profits generate readily accessible
funds for investment-and, at times, may be a guide to future profitability.
The importance of profitability has been highlighted by Gruen (1986 p.192) who

argues that:

"Allowing the profitability of economic activity generally to
improve and, in the process, encouraging higher rates of
capital formation is probably the single most important step we
could take to improve our lacklustre per capita growth

performance".
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Figure 5.4 shows business-fixed investment as a ratio to business capital
graphed against the after-tax corporate profit share (including financial
enterprises). Again, the fit is quite creditable and, as with Tobin's q, the

relationship f£its less well since the beginning of the 1980s.

While it is difficult to determine why the measures of incentive to invest anc
profitability fit the pattern of investment less well in some periods, part of
the answer may be incorporated in the extent of capacity utilisation. If the
data in Figure 3.2 can be taken as indicative of trends throughout the economy
rates of utilisation of existing capital are currently still quite low by
historical standards. This may have contributed to recent slow growth in
investment. This is in contrast to the pattern evident throughout the
investment boom of the late 1960s, during which existing capital was more full

utilised.
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Another factor often regarded as a key determinant of investment is relative
prices. Of particular relevance is the price of capital-relative to the price
of labour; when labour becomes more expensive, there is an incentive to
substitute capital for labour (and vice versa), The cost of employing labour
is reflected primarily in direct wage and on-costs (workers' compensation,
payroll tax and so on). Figure 3.1 in Section 3 provides a widely-used

measure incorporating these factors.
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Wage costs are relevant to the choice between capital and labour in producing
any given desired output. In a competitive environment, where capital is
mobile internationally, the cost of labour in Australia relative to that in
our major competitors abroad can also influence the level of investment.
Figure 5.5 shows a measure of unit labour costs in major OECD countries
relative to unit labour costs in Australia, adjusted for the exchange rate (an
index of competitiveness), graphed against the performance of investment., As
the index rises, Australian labour becomes more competitive relative to labour
abroad. This should encourage investment in Australia. The relationship in
Figure 5.5, is rather loose. However, a rough apportioning of the period inmto
times of high and low competitiveness suggests that (with a lead time of about
one year) high competitiveness correlates with rising investment and low

competitiveness with falling investment.
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5.3 Determinantg of investment

For any one or more of the factors listed above to qualify as major
determinants of investment over the post-war period in Australia it would be
necessary for them to have been largely exogenous over the period. There

are, of course, few variables for which true exogeneity can be claimed. For
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example, the boost to wages in 1974 undoubtedly had an element of exogeneity
but, for most of the period, it is unlikely that the behaviour of wages was
not as influenced by capital accumulation as was capital accumulation by

wages.

The same can be argued about profits and, to a lesser extent, about the cost
of capital. In the case of capital costs, monetary and fiscal policy'can at
times impart a degree of independence. This occurs both through the impact
of policy on the nominal interest rates of competing assets and through the

impact of inflation on real rates of return,

This latter point has been somewhat controversial. According to the
well-known Fisher theorem, real interest rates should be largely independent
of the rate of inflation. Carmichael and Stebbing (1983) found, to the
contrary, that in both the United States and Australia, the data were more
consistent with the alternative hypothesis that nominal interest rates are
largely independent of inflation, while real rates fluctuate inversely
one-for-one with inflation. While they raised a number of caveats against
using this relationship for projecting into the future, their results do
suggest that, over the post-war period, the rate of inflation has been a
major determinant of the cost of capital and, through it, the path of

capital accumulation.

Accepting this line of argument would suggest inflation as a key factor in
determining the capital intemsity. But, even here, inflation would be no
more than a proximate determinant of Australia‘'s capital intemsity, since
inflation is itself an endogenous variable. The ultimate determinants of
capital intensity would be the factors such as monetary and fiscal policy,
world inflation and so on, that determine the rate of inflation in Australia

over this period.

Of course, economic policies also respond to domestic developments.
Nevertheless, there appears to be a case that the overall trend in capital
intensity has been largely policy related. That is, the rise in capital
intensity in the mid 1970s appears to have been associated with expansionary
stabilisation policiesvthat fueled inflation and reduced the cost of capital
to historically low levels (by many measures, including that in Figure 3.1,
the real after-tax cost of capital became negative in this period).

Similarly, in the late 1970s and since the start of the 1980s,
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firmer policies have reined in the rate of inflation which, coupled with
deregulation of interest rates, resulted in a higher cost of capital and

quite probably through that channel, a lower capital intensity.

This general trend was punctuated in the early 1980s by the increase in
capital intenmsity associated with the resources boom, which exogenously
raised expected profitability relative to the cost of capital. The
subsequent reversal of that increase in expected profitability has reduced

the desired capital intensity relative to the cost of capital.

6. SUMMARY AND CONCLUSIONS

This paper has surveyed the historical evidence on investment. In looking
at the role of investment in economic growth we have examined the dual roles

of investment as a source of both supply and demand for output.

As a component of demand, investment is notable mainly for its volatility.
In other respects, there is little to distinguish investment spending from
other components of demand. As a percentage of GDP, total investment has
declined since the mid 1960s, relative to both its post-war average and the
performance of other OECD countries. Nevertheless, investment has remained
at a fairly high level, at around 25 per cent of GDP. At the same time,
there have been substantial divergences in investment performance among

industries.

However, while the demand aspects of investment are interesting, it was the
contribution of investment to the stock of productive capital that absorbed
most of our attention. In the final analysis, if an economy has to sustain
output growth and real incomes without inflation, it is essential to

maintain an adequate stock of productive capital.

The analysis of capital accumulation raises a host of issues, mostly related
to measurement. These include: the role of human capital and capital
utilisation; aggregation of heterogeneous physical capital; the
measurement of labour input; and the role and measurement of technological

progress. Our treatmeat was necessarily rough.
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With these shortcomings given, we sought to estimate an aggregate production
function for Australia. While the evidence supports the existence of such a
production function, it does not strongly support the existence of perfectly

competitive factor markets, at least in the short run.

Based on our estimates, and other supporting evidence, the main conclusions

of our paper are:

. despite a sharp fall in the capital/labour ratio since the start of the
1980s, the Australian economy does not appéar to be greatly

under-capitalised;

. the expansion of employment and reduction in the capital/labour ratio
since 1982783 has been encouraged by the relative factor costs of

labour and capital;

. the maintenance of labour productivity through the upswing from mid
1983 appears to reflect high levels of excess capacity of both labour
and capital in 1982/83;

. in general, growth appears to have been retarded in periods when factor

prices have been well out of line with marginal products:

. in 1986, labour still appears to be cheap relative to its marginal
product, while capital remains relatively expensive. (However, the
relative costs of debt and equity appear to have altered considerably
since the mid 1970s, with equity now considerably cheaper and debt more

expensive);

. with signs of capacity constraints being reached in 1986, there will be
a need to induce capital widening in coming years if both capital and
labour are to grow in tandem without the need for further large falls

in real wages; and

. with the improvement in Australia's international competitiveness
following exchange rate depreciation in 1985 and the impending ‘
introduction of dividend imputation, at least some of the
pre-conditions for a return to.solid capital growth in the latter part
of the 1980s appear to be in place.

Research Department
2 April 1987



3Y.
APPENDIX A
IMATED PRODUCTION
TABLE A.1
uction n
1967(3) to 1986(2)

TI

i

Constant Share Elasticity Technological
Progress
8 /B a /Y o § R?
Cobb-Douglas:*
1. 378.96 0.36 1.00 0.0028 0.995
(0.576) (0.057) (0.0003)
gEs-
3. 934.93 0.20 1.09 0.0028 0.984
(241.75) (0.028) {0.0003)
4. 533.37 0.30 1.03 0.0028 0.984
(147.77) (0.025) (0.0003)
5. 317.31 0.40 0.98, 0.0028 0.984
(91.74) (0.023) (0.0003)
6. 191.05 0.50 0.95 0.0028 0.984
(56.67) (0.022) (0.0003)
7. 113.92 0.60 0.91 0.0028 0.984
(34.18) ) (0.020) (0.0003)
8. 65.70 0.70 0.87 0.0028 0.984
(19.65) {0.018) (0.0003)
9. 35.28 0.80 0.84 0.0028 0.984
{10.31) (0.017) (0.0003)
10. 16.03 0.90 0.79 0.0028 0.984
(4.39) (0.015) (0.0003)
* Estimated without imposing linear homogeneity (assuming § = .0028) the
capital share (a) = 0.355 and the labour share = 0.670.
TABLE A,2
r
1967(3) to 1986(2)
Constant Share Elasticity Technological
Progress
8 /B a/y [ § R2
=D las:
1. 278.11 0.42 1.00 0.0014 0.985
(0.462) (0.049) (0.0006)
CES:
2. 2091.99 0.10 1.20 0.0022 0.965
(365.67) (0.030) (0.0005)
3. 1117.28 0.20 1.09 0.0022 0.965
(222.42) (0.025) (0.0005)
4. 660.82 0.30 1.03 0.0022 0.965
(141.31) (0.022) (0.0004) .
5. 406.32 0.40 0.98 0.0023 0.965
(90.86) (0.020) (0.0004) :
6. 252.56 0.50 0.94 0.0023 0.965
(58.06) {0.019) (0.0004)
7. 155.51 0.60 0.91 0.0023 0.965
(36.24) (0.017) (0.0004)
8. 92.77 0.70 0.87 0.0023 0.965
{21,60) (0.016) (0.0004)
9. 25.77 0.80 0.87 0.0023 0.532
(18.42) (0.054) (0.002)
10. 24.64 0.90 0.78 0.0023 0.965
(5.28) : (0.013) (0.0004)




Mining Production Function

40.

TABLE A,3

1967(3) to 1985(2)

Constant Share Elasticity Technological
Progress
B /B /Yy o & Rr?
Cobb-Douglas:
1. 120.00 0.57 1.00 -0.0066 0.959
(0.368) (0.034) (0.002)
CES:
2. 2747.60 0.10 1.28 -0.0074 0.893
(426.12) (0.020) (0.002)
3. 1174.81 0.20 1.17 ~0.0072 0.894
(199.65) (0.017) (0.002)
4. 596.34 0.30 1.11 -0.0070 0.895
(105.44) (0.015) (0.002)
5. 325.40 0.40 1.07 ~0.0068 0.895
(58.44) (0.014) (0.002)
6. 183.28 0.50 1.103 ~0.0067 0.896
(32.89) (0.013) (0.002)
7. 103.86 0.60 0.99 -0.0065 0.896
(18.35) (0.012) (0.002)
8. 57.77 0.70 0.95 -0.0064 0.896
(9.88) (0.011) (0.002)
9. 30.44 0.80 0.91 ~0.0062 0.897
(4.92) (0.010) {0.002)
TABLE A.4
£ n i netion
1967(3) to 1985(2)
Constant Share Elasticity Technological
Progress
8 /B a/y o § R2
Cobb-Douglas:
1. 235.46 0.41 1.00 0.0064 0.923
(0.550) (0.057) (0.0003)
CES: :
2, 1346.69 0.10 1.23 0.0064 0.970
(296.35) (0.036) (0.0003)
3. 697.84 0.20 1,12 0.0064 0.970
(172.44) (0.030) {0.0003) .
4. 404,98 0.30 1.05 0.0064 0.970
(106.42) (0.027) (0.0003)
5. 166.88 0.40 1,04 0.0063 0.946
(60.18) (0.033) (0.0004)
6. 151.34 0.50 0.96 0.0064 0.970
(42.08) (0.022) (0.0003)
7. 60.23 0.60 0.95 0.0064 0.04
(92.55) (0.119) (0.0017)
8. 55.16 0.70 0.89 0.0064 0.970
(15.30) (0.019) (0.0003)
9. 30.83 0.80 0.85 0.0064 0.970
(8.309) . (0.017) (0.0003)
10. 14.86 0.90 0.79 0.0064 0.970
(3.72) (0.015) (0.0003)




41.

TABLE A,S
Finance, Property and Business Production Function
1967(3) to 1985(2)

Constant Share Elasticity Technological
Progress
8 /B a/y o § 2
Cobh-Douglas:
1. 79.88 0.64 1.00 -0.0449 0.753
(0.756) (0.073) (0.010)
;Es-
2, 2707.62 0.10 1.35 -0.0858 0.973
(84.91) (0.005) (0.007)
3. 897.13 0.20 1.26 -0.1051 0.975
(26.32) {0.004) (0.008)
4. 377.47 0.30 1.21 -0.1232 0.977
(10.47) (0.003) {0.009)
5. 171.55 0.40 1,17 -0.1426 0.978
(4.73) (0.002) (0.010)
6. 88.74 0.50 1.14 -0.165 0.979
(2.30) (0.002) (0.010)
7. 45.79 0.60 1.12 -0.1942 0.980
(1.17) (0.002) (0.011)
8. 23.87 0.70 1.09 ~0.235 0.981
(0.613) (0.001) (0.013)
9. 14.91 0.80 6.99 -0.076 0.921
(5.53) (0.044) (0.037)
10. 22.04 0.90 0.84 -0.031 0.921
(6.91) (0.020) (0.005)
TABLE A, 6
her Industrie
1967(3) to 1985(2)
Constant Share Elasticity Technological
Progress
8 /B a/’y o 5 r?
bb-D lass
1. 47.83 0.62 1.00 0.0034 0.982
(1.46) (0.162) (0.0003)
;ES-
2, 700.38 0.10 1.42 0.0034 0.917
(484.45) (0.155) (0.0003)
3. 353.63° 0.20 1.26 0.0034 0.917
(261,21) (0.121) (0.0003)
4. 205.83 0.30 1.17 0.0034 0.917
(155.80 (0.105) {0.0003)
5. 127,30 0.40 1.11 0.0034 0.917
(96.80) (0.094) (0.0003)
6. 80.95 0.50 1.06 0.0034 0.917
(60.96) (0.085) (0.0003)
7. 51.85 0.60 1.01 0.0034 0.917
(38.15) (0.077) (0.0003)
8. 32.82 0.70 0.96 0.0034 0.917
(23.21) (0.070) (0.0003)
9. 19.99 0.80 0.91 0.0034 0.917
(13.25) (0.063) (0.0003)
10. 11.02 0.90 0.84 0.0034 0.917
(6.48) (0.054) (0.0003)
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o *(l-a)

Cobb-Douglas: Q_ = BK.L

where:

Q

t Lt

-p *-p,-1/p
Qc = Blykc + (l-Y)Lc ]

the appropriate measure of GDP for the 4 quarters ended the

current quarter in 1979/80 prices, consistent with ABS (1986);

the average number of people employed over the 4 quarters up to

and including the current quarter;

the average 1979/80 price value of the appropriate measure of the

capital stock (excluding dwellings) over the 4 quarters ended:

. 6 quarters prior to the current quarter for aggregate, private
sector, and other industries;

. 8 quarters prior to the curreat quarter for mining;

. 4 quarters prior to the curreat quarter for manufacturing?

. 2 quarters prior to the current quarter for finance, etc.; and

time.

Figures in parentheses are standard errors.

Quarterly estimates of private sector output, employment and output by

industry have been constructed using a number of assumptions. Details are

contained in Appendix B; as are the sources, definations and copies of all
data used in this study.

5469R
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APPENDIX B
DATA SOURCES AND DEPINITIONS

This appendix contains definitions and sources of data used in this paper, as
well as the actual data used. It incorporates all data available in November
1986.

Where possible data have been obtained directly from ABS publications,
However, in order to obtain historical series it was sometimes necessary to
use other sources and/or derive series using simplifying assumptions.

The sources of all series are listed in section B.1. The definitions of and
assumptions underlying the estimated series, are outlined in section B.2. All
of the series described are contained in section B.3.

B.1 urce

Further details of series obtained from sources (a),(b),(c) and (d) are
contained in A rali Nation :
(Australian Bureau of Statistics, Canberra) Catalogue No. 5216.0.

(a) i i i -85 and
previous issues (Australian Bureau of Statistics, Canberra) Catalogue
No. 5204.0. .

(b) im i e
Quarter 1986 (Australian Bureau of Statistics, Canberra) Catalogue
No. 5206.0 and Magnetic Tape with historical series available from the
ABS.

(c) A ralian i -
(Australian Bureau of Statistics, Canberra) Catalogue No. $211,0.

(d) i i r Esti i
ralia embe rter o +» Supplement to
March Quarter 1986 issue of 5206.0 (Australian Bureau of Statistics,
Canberra) Catalogue No. 5207.0.

(e) i w i i n and
previous issues (Australian Bureau of Statistics, Canberra) Catalogue
No. 5626.0.

(£) TIhe Labour Force, Australia June 1986 and previous issues (Australian
Bureau of Statistics, Canberra) Catalogue No. 6203.0.

(g) Civilian Employees Australia, June 1966 to June 1979 (Australian Bureau
of Statistics, Canberra) Catalogue No. 6203.0,

(n) Employed Wage and Salary Earners, Australia March 1986 previous issues
(Australian Bureau of Statistics, Canberra) Catalogue No. 6248.0 and
interim ABS data.

(i) Lease Finance, Australia, June 1986 (Australian Bufeau of Statistics,
Canberra) Catalogue No. 5644.0.

() Einance Companies, Australian December 1985 and previous issues

(Australian Bureau of Statistics, Canberra) Catalogue No. 5614.0.

(k) Walters R. and Dippelsman R. (1986) “Estimates of Depreciation and

Capital Stock Australia“ Australian Bureau of Statistics, Occasional
Paper No, 1985/3.
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(1) Norton W.E. and Kennedy P.J. (1985) “"Australian Economic Statistics

1949-50 to 1984-85: I Tables" Reserve Bank of Australia Occasional Paper
No. BA.
(m) Department of the Treasury The Round-up, October 1986 and previous issues

(Australian Government Publishing Service, Canberra).

(n) Butlin, M.W. (1977) “A Preliminary Annual Database 1900/01 to 1973774
Reserve Bank of Australia Research Discussion Paper 7701", May.

(0) Confederation of Australian Industry and Westpac Banking Corporation
Survey of Industrial Trends Report On Quarterly Survey of Manufacturers
in Australia No. 99 June 1986 and previous issues.

(p) OECD Department of Economics and Statistics National Accounts Number 2
1986 and previous issues .(OECD, Paris).

(q) Carmichael J. and Stebbing P.W. (1981) “Some Macroeconomic Effects of the
Interaction Between Inflation and Taxation" in A.R. Pagan and P.K.

Trivedi (editors) The Effects of Inflation: Theoretical Issues and
Australian Evidence Conference Papers, Centre for Ecomomic Policy
Research Australian National University, pp 101-136.

(r) Dews N. (1986) "Research Report: Tobins q - Some Updated Data" Reserve

Bank of Australia Bulletin, June 1986 pp B6-B10.

(s) Budget Statements 1985/86 and previous issues. (Australian Government
Publishing Service, Canberra).

(t) 1International Monetary Fund, International Financial s;a;‘;;i;;, Volume
39, No.8 August 1986 and previous issues (IMF, Washington).

(u) Derived within Reserve Bank of Australia.
(B.2) Definitions

Data have been listed in order of use in the paper. All annual series are
financial years and constant price series are $ million in 1979/80 prices,
unless otherwise stated. Quarterly data have been seasonally adjusted by the
ABS unless derived within the Reserve Bank. The later series have been
seasonally adjusted using the X11Q seasonally adjustment software package.
All constant price data for periods before September 1969 have been scaled
from 1974/75 and 1966/67 price series to obtain comparable values.

(1) GDP: gross domestic product. That is, the total market value of
goods and series produced, after deducting the cost of goods and
services used up in the production process but before deducting
allowances for the depreciation of fixed capital; used on
4-quarter-ended and annual bases, constant prices. Source (b)
1969/70-~1985/86, source (d) 1959/60-1968/69, Source (a)
1949/50-1958/59, source (n) 1900/01-1948/49.

(2) Gross Pixed Capital Formation: gross fixed capital expenditure on
dwellings, non-dwelling construction, plant and equipment by the
private sector, general government and public enterprises. Includes
both new and second hand purchases; annual, constant prices.

Source (b) 1969/70-1985/86, source (d) 1959/60-1968/69, source (n)
1900/01-1948/49. Source (a) 1949/50-1958/59. Presented as a proportion
of series (1) .-

(3) Gross Fixed Capital Formation - Australia: definition as for series
(2) above:; annual, calendar years, constant prices. Source (b)
1970-1985, source (d) 1960-1969, Presented as a proportion of

anvine 130N



(4)

(5)

(6)

7

(8)

(9)

(10)

(11)

(12)

(13)
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Gross Pixed Capital Formation - OECD: definition as for series (2)
above; annual, calendar years, constant 1980 prices. Source (p).
Presented as a proportion of total OECD GDP also from source (p).

Gross Pixed Capital Expenditure - Private Sector: expenditure on
dwellings, non-dwelling construction, plant and equipment by the
private sector. Includes both new and second hand purchases. Adjusted
for major sales of fixed assets between public and private sectors
which are_leased back to the sector of sale; annual, constant prices.
Source (b) 1969/70-1985/86, source (d) 1959/60-1968/69, source (a)
1949/50-1958/59, source (m) for sale/leaseback adjustment. Presented
as a proportion of series (1).

Gross Pixed Capital Expenditure - Public Sector: definition as for
series (5) except expenditure by gemeral government and public trading
enterprises., Format, sources and presentation as for series (5).

Private Gross Fixzed Capital Expenditure - Equipment: expenditure on
new and second hand equipment by the private sector. Adjusted for
major sales of fixed assets between public and private sectors which
are leased back to the sector of sale; annual, constant prices.
Source (b) 1969/70-1985/86, source (d) 1959/60-1968/69 source (m) for
sale/leaseback adjustment. Presented as an index where 1959/60=100.

Private Gross Fixed Capital Expenditure - Non-dwelling Construction:
definition as for series (7) except expenditure on non-dwelling
construction. Format, sources and presentation as for series (7).

Private Gross Fixed Capital Expenditure'- Dwellings: expenditure on
new and second hand dwellings by the private sector. Format sources
and presentation as for series (7).

Private Pixed Capital Expenditure - Mining: expenditure on new plant,
equipment, buildings and structures undertaken by the private sector in
mining industry; annual. Source (e). Presented in curreat prices as
a proportion of series (14), and in constant prices as an index where
1966/67=100. Constant price estimates 1966/67 to 1969/70 from
source(s). For this period current price data for equipment and
building and construction have been deflated by the implicit price
deflators for equipment and non-dwelling construction respectively from
source (c) scaled to equal the appropriate Capital Expenditure Survey
deflators in September 1969 to derive constant price estimates.

Private Pixed Capital Expenditure - Manufacturing: definition as for
series (7) except expenditure by manufacturing industry. Source (e).
Presented in current prices as a proportion of series (15), and as an
index where 1966/67=100. Constant price estimates pre 1969/70
calculated as for series (10).

Private Pixed Capital Expenditure - Finance, Property and Business:
definition as for series (7) except expenditure by finance, property
and business services sectors. Source (e). Presented in current
prices as a proportion of series (16) and in constant price as an index
where 1966/67=100. Constant price estimates pre 1969/70 calculated as
for series (10).

Private Pixed Capital Expenditure - All Other: expenditure on new
plant, equipment, buildings and structures undertaken by the private
sector in all remaining industries. That is, mainly wholesale and
retail trade; transport and storage; electricity, gas and water;
communication, recreation, entertainment, restaurants, hotels, personal
services, agriculture, forestry, fishing and hunting: construction and



(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)
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community services. Also includes purchases of second-hand assets by :
industries; annual, Source (u) where (13) = (7)+(8)-[(10)+(11)+(22)].

Presented in current prices as a proportion of series (17) and in
constant prices as an index where 1966/67=100. Constant price
estimates pre 1969/70 calculated as for series (10).

Own GDP - Mining: definition as for series (1) except mining industry
only; annual, market prices. Source (c).

Own GDP - Manufacturing: definition as for series (1) except
manufacturing industry only; annual, market prices. Source (c).

Own GDP - Finance Property and Business: definition as for series (1)
except finance, property and business services sectors only; annual,
market prices. Source (c).

Own GDP - All Other: definition as for series (1) except all
industries not included in series (14), (15) or (16) only. That is,
those industries listed for series (13); annual, market prices.
Source (u) where (17)=(1)-[(14)+(15)+(16)].

Private Fized Capital Expenditure Adjusted for Leasing - Mining:
definition as for series (10) except adjusted for leasing; annual,
constant prices, source (c); and for leasing adjustment source (f)
1984/85-1985/86, source (j) 1973/74-1984/85 and source (u) see
Appendix C for details of leasing adjustment. Presented as an index
where 1966/67=100.

Private Fixed Capital Expenditure Adjusted for Leasing -
Manufacturing: definition as for series (11) except adjusted for
leasing. For details of leasing adjustment see Appendix C. Format,
sources and presentation as for series (18).

Private Fixed Capital Expenditure Adjusted for Leasing - Finance
Property and Business: definition as for series (12) except adjusted
for leasing. For details of leasing adjustment see Appendix C.
Format, sources and presentation as for series (18).

Private Fixed Capital Expenditure Adjusted for Leasing — All Other:
definition as for series (13) except adjusted for leasing. For detail:
of leasing adjustment see Appendix C. Format, sources and presentatior
as for series (18).

Capital Stock: net capital stock owned by the private and public
sectors excluding private dwellings where Ky = KPy + KGp: used on
ananual average and 4-quarter-average bases. Source(u)

In any quarter t,

KP

c C . c [+ e e e e
(1-dt)xpt_1 + (1-dc/2)1t . (1-%)1(9‘,__1 + (1=dt/z)1t

- P P P P q (] q g
KG, = (1 dt)KG‘_'_1 + (1 dtIZ)Ic + (1-dt)KGt_1 + (l-dtIZ)It

4 = rate of depreciation. Assumed to remain constant within each
year. Depreciation’rate for KP equals that implied for 1983/84
in 1984/85, 1985/86. Depreciation rate for KG equals that
implied for 1981/82 from 1982/83 to 1985/86. In all other years,
for c, e, p and g:
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d = [D/[(R-I+D) + I/2]]/4
where
D = capital consumption, annual. Source (k).
K = end year net capital stock, annual. Source (k).
I = gross fixed capital expenditure, annual. Source (k).
KP = private sector capital stock excluding inventories; from
source (k) in base year 1966/67
KG = public sector capital stock; from source (k) in base year
1966/67.

I = investment flow in current period. Source (b).

c,e,p,g indicate non-dwelling construction, plant and equipment,
public enterprises and general goverament, respectively.

Employed Labour Force: labour force employed in the private sector
and the public sector excluding defence in efficiency units used on
annual average and 4-quarter-average bases, where:

Lz = Lt(].’s)t

and

Ly = total employment (excluding defence), thousands, Source (f)

§ = rate of technological progress estimated, using a Cobb-Douglas
production function, to equal .0028. For further details see
section 3.2 in text and Appendix A table A.l1l. Source (s).

t = time trend.

Capital/Labour Ratio: ratio of capital stock to employed labour

force. That is,

Ke/LE x 100

where:

Ry = series (22)

Lz = series (23)

Output/Capital Ratio: ratio of GDP defined as series (1) to the
end-year capital stock defined as series (22). That is,

GDP./K, x 100:

annual, constant prices. Sources as shown for series (1) and
series (22).

Output/Labour Ratio: ratio of GDP in constant prices as defined in
series (1) to the labour force in efficiency units as defined in series
(23). That is,

GDPy/Lf x 100;

annual. Sources as shown for series (1) and series (23).
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Gross Operating Surplus less Tax - Total: the excess of output of
enterprises over costs incurred in producing that output before
deducting deprecliation provisions, dividends, interest, royalties and
land rent payments but after deducting income tax payable. Includes
the gross operating surplus of companies, financial enterprises,
unincorporated enterprises and public enterprises, less income tax
payable by these groups; anaual, current prices., Source (c).
Presented as a proportion of series (1) in current prices.

Gross Operating Surplus less tax - Companies and Financial
Enterprises: definition as for series (27) except including only
companies and financial enterprises, less income tax payable by these
institutions; annual, current prices. Source (c). Presented as a
proportion of series (1) in current prices.

Gross Operating Surplus by Industry - Mining: the excess of output of
mining companies and mining unincorporated enterprises over costs
incurred in producing that output before deducting depreciation
provisions, dividends, interest, royalties, land rent payments and
direct taxes payable; annual, current prices. Source (a). Presented
as a proportion of series (14).

Gross Operating Surplus by Industry - Manufacturing: definition as
for series (29) except including manufacturing industry only:; anaual,
current prices. Source (a). Presented as a proportion of series (15).

Gross Operating Surplus by Industry - Finance Property and Business:
definition as for series (29) except including finance property and
business services sectors only; annual, current prices. Source (a).
Presented as a proportion of series (16).

Gross Operating Surplus by Industry - All Other: definition as for
series (29) except including all industries not included in series
(29), (30) or (31). That is, those industries listed for series (13);
annual, current prices. Source (a). Presented as a proportion of
series (17).

Real unit labour cost: ratio of non-farm wages, salaries and
supplements and payroll tax, deflated by the implicit price deflator
for gross non-farm product, per hour worked by non-farm wage and salary
earners to gross non-farm product in constant prices per hour worked by
all persons employed in the non-farm sector, annual average. Source

~(m). Presented as an index where 1966/67 to 1972-73 = 100.

Real after tax cost of debt: expost real rate of return on debt for a
firm taking into account taxes payable, the rate of inflation and the
rate of depreciation of the capital stock, annual average rate. Source
{q). That is,

R = if - ¥ . wty
(1-m) (1-t)[(1-t)r-twemsp]
where:
T .
1= - T

and

i = yield on industrial debentures with five or less years to maturity;
weighted average of month ending last Wednesday in third month of
quarter. Source (u).
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7 = average four-quarter-ended percentage change in the
non-farm GDP deflator. Source (c).

B = weighted average annual rate of depreciation for
the total capital stock. Sources and definitions as for
series (22) except

c e P
v=k&.d°.§—l’—.a".§—-.dp
t t t

+ dg

re?
Kt

Assumed to remain constant within each year. From 1982/83 to 1985/86
depreciation rate assumed to equal that derived for 1981/82, Source
(Xx).

Private Sector Employment: Total employment (excluding defence) as
defined for series (23) less Goverament employment; thousands,
4-quarter-average. Source (f) for total employment. For Goverament
employment source (g) 1966/67-1971/72, source (h) 1972/73-1985/86.

Data from source (h) consists of annual data for the period 1972/73 to
1980/81. To create a quarterly series, we have assumed that employment
growth occurs evenly through each year. For 1981/82 and 1982/83 data is
quarterly average of monthly data. For the remainder of the period
quarterly data is available.

For details of breaks in series and compatibility of data used see

. June 1984 (Austrahn Bureau of
Statistics, Canberra) Catalogue No. 6256.0.

Private Sector GDP: GDP as defined for series (1) except only for the
private sector; 4-quarter-ended. Source (u). This series was first
constructed on an annual basis using current price data from source (a).

It was assumed that private sector GDP equals private sector wages,
salaries and supplements plus gross operating surplus of companies,
unincorporated enterprises, dwellings owned by persons and private
financial enterprises less private sector imputed bank service charge
plus indirect taxes less subsidies paid by the private sector. The
proportion of indirect taxes less subsidies included was the same as the
proportion of private wage salaries and supplements plus private gross
operating surplus in total wages salaries and supplements plus total
gross operating surplus, in each year.

A 4-quarter-ended series was then obtained by assuming that private
sector GDP has a similar quarterly profile to total GDP. That is, the
quarterly change in 4-guarter-ended total GDP was scaled by the ratio of
the annual change in private GDP to the annual change in total GDP,
within each year.

This series was then deflated by the GDP deflator, from source (b)
1969/70 - 1985/86 and source (a) 1966/67-1968/69, to obtain a
4-quarter-ended constant price series.

Private Sector Capital Stock: ‘KP as defined for series (22);
4-quarter-average, constant prices. Source (u).

Mining Employment: Private and public sector employment in the mining
industry; thousands, 4-quarter-average. Source (f) 1979-1986, source
(g) 1966-1979.

Mining GDP: Definition as for series (14); 4-quarter-ended, constaat
prices. Converted to quarterly series using same assumption as applied
to series (36).
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Mining Capital Stock: End-year net stock of mining capital owned by
the private sector; 4-quarter-average; constant prices. Source (u).
constructed from end June estimates of the mining capital stock from
source (k) and quarterly constant price gross new capital expenditure
flows from source (e) 1969/70 - 1985/86 and source {u) 1966/67 -
1969/70.

For the latter period current price data for equipment and building and
construction have been deflated by the implicit price deflators for
equipment and non-dwelling construction respectively from source (c)
scaled to equal the appropriate Capital Expenditure Survey deflators in
September 1969 to derive constant price estimates.

For the period 1966/67 to 1983/84, quarterly industry gross new mining
capital expenditure data comstructed from source (e) were scaled so
that annual totals equaled mining industry gross fixed capital
expenditure estimates from source (k). A quarter of the annual capital
consumption (depreciation) from source (k) is then subtracted from each
scaled quarterly estimate of industry gross capital expenditure to
obtain an estimate of net capital expenditure.

The estimate of net capital expenditure for the March quarter of each
year is added to the source (k) end-year capital stock of the previous
year to obtain an end-September capital stock series in each year.
Estimates of end-December and end-March net capital stock are
constructed in the same manner, that is, by adding the estimates of net
capital expenditure to the end-September and end-December capital
stocks, respectively.

For 1984/85 and 1985/86 the quarterly mining capital stock is
determined by the method shown for the total capital stock in series
(22), where the depreciation rate for mining capital equals that
implied for 1983/84 in 1984/85 and 1985/86.

Manufacturing Employment: definition, sources and preseatation as for
series (38) except includes only manufacturing sector.

Manufacturing GDP: definition as for series (15). Sources and
presentation as for series (39) except includes only manufacturing
sector.

Manufacturing Capital Stock: definition, sources and presentation as
for series (40) except includes only manufacturing sector gross fixed
capital expenditure, capital consumption and net capital stock.

Finance etc Employment: definition. Sources and presentation as for
series (38) except includes only finance, property and business
services sectors.

Pinance etc GDP: definition as for series (16). Sources and

presentation as for series (39) except includes only finance, property
and business services sectors.

Finance etc Capital Stock: definition, sources and presentation as for
series (40) except includes oanly finance, property and business
services sectors, gross fixed capital expenditure, capital consumption
and net capital stock.

Other Industries Employment: definition, sources and presentation as
for series (38) except for all other industries (as listed for series
(13)) derived as a residual. That is, (47) = L¢-((38)+(41)+(44)].
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Other Industries GDP: definition as for series (17). Sources and
presentation as for series (39) except for all other industries (as
listed for series (13)), derived as a residual. That is,

(48) = (1) - [(39)+(42)+(45)].

Other Industries Capital Stock: definition, sources and presentation
as for series (40) except for all other industries (as listed for series
(13)) derived as a residual. That is, (49) = K¢ - [(40)+(43)+(46)].

Capacity Utilisation: the proportion of respondants to the CAI/Westpac
Survey of Manufacturing who stated they were operating at a
"satisfactorily full" rate of operation, less the proportion of
respondants who stated that they were not, annual average. Source (o).

Labour - Factor Cost less Marginal Product: Factor Cost is defined as
real unit labour cost (series (33)), quarterly. Source (m). Marginal
product is derived from equation (3) in text, as discussed in

section 3.4, where:

we = (l-a) Qt/LE
and
-1 = capital's share of output estimated, using a Cobb-Douglas

production function, to equal 0.36., See Appendix A,
table A.1. Source (u).

Q¢ = GDP as defined for series (1), 4-quarter-ended, constant
prices. Sources as for series (1).

LY = labour force in efficiency units as defined
for series (23). Source (u).

Capital-Factor Cost less Marginal Product: Factor cost is proxied by
the real after tax cost of debt (series (34)), quarterly, annual rate.
Source (q). Marginal product is derived from equation (4) in text, as
discussed in section 3.4 where:

Tg = Q-Qt/xt -3

and

-2 = capital's share of output estimated,using a Cobb-Douglas
production function, to equal 0.36. See Appendix A, Table
A.l.

Q¢ = GDP as defined for series (1), 4-quarter-ended, constant
prices. Sources as for series (1).

Ke = net capital stock as defined for series (22), end-quarter,
constant prices. Sources as for series (22).

M = weighted average annual rate of depreciation of the net

capital stock as defined and sourced for series (34).

Investment/Capital Stock: Private gross fixed capital expenditure on
equipment and non-dwelling comstruction (series (7) and (8)
respectively) as a proportion of private sector capital stock excluding
inventories (defined as KP for series (22)), annual average.

Source (u).
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Tobins g Ratio: Ratio of the market value of the private capital
stock to its replacement cost, annual average. Source (r).

EPAC Incentive Ratio: Ratio of the expected rate of return on capital
to the opportunity cost of funding the capital expenditure, annual
average. Source: available on reguest to EPAC.

Profit/GDP: After-tax corporate profit (including financial
enterprises) as a proportion of GDP (Series (1)). After-tax corporate
profit includes gross operating surplus of companies and financial
enterprises less the imputed bank service charge less income tax paiad

' by companies and financial enterprises, current prices. Sources (a)

and (b). GDP is as defined for series (1) except excluding indirect
taxes less subsidies (that is, GDP at factor cost), curreat prices.
Source (b).

Competitiveness: Index of competitiveness comstructed from a measure
of unit labour costs in USA, Japan, UK, Germany, Canada and France
(weighted by the average share of Australia's imports which comes from
each) relative to unit labour costs in Australia, adjusted for the
exchange rate, annual average. Source (u), derived from sources (p)
and (t). Full details of methodology available on request.
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APPENDIX C
TIN APITAL ENDI R DATA FOR LEASING!

Expenditure on capital is allocated to industry of gwnership of capital rather
than the industry of its use in both the National Accounts (sources (a), (b),
(c) and (d)) and the Capital Expenditure Survey (source (e)). As a result,
the leasing of buildings, structures, plant and equipment from the finance
sector by the non-finance sector can distort investment by industry data. In
aggregate private sector investment is not affected unless a private financial
institution has purchased a capital good and leased it to the public sector.2?

Over the 1970s and 1980s the rapid growth of leasing has made data on capital
expenditure difficult to interpret. For example, our estimates (which may
understate the total) show that leasing grew from less than 0.5 per cent of
GDP in 1967/68 to over 2.3 per cent in 1984/85. This appendix outlines the
methodology and sources used to adjust the data presented in Figure 2.6 for
leasing.

Whilst adequate data is available on new lease commitments undertaken by
industry for the period January 1985 to June 1986 (source (i)), no data is
available for leasing by industry prior to this time. However, aggregate data
is available for leasing undertaken by finance companies from September 1966
to December 1985 (source (j)). Although the corporations classified as
finance companies vary over time, to our knowledge, this data is to be the
best historical series currently available.

C.1 The Method

Finance company leasing by industry has been allocated on an annual basis
using the relationship between each industry's own GDP and total GDP excluding
defence, dwellings, import duties and the imputed bank service charge
(hereafter referred to as total adjusted GDP). All of which are available in
current prices by industry on an annual basis.

In the first instance we assumed that the proportion of leasing undertaken by
each industry was the same as that industry's contribution to total adjusted
GDP. Whilst it is Qifficult to check the validity of this assumption, the
table below shows that it appears to hold for finance, wholesale and retail
and the other industry groups in 1985 (source (i)).

1. A finance lease refers to "... the leasing or hiring of tangible assets
under an agreement, other than a hire purchase agreement, which
transfers from the lessor to the leasee substantially all the risks and
benefits incident to ownership of the asset without transferring the
legal ownership" (ABS Form LF1 p.3).

2. These transSctiops are identified in the Quarterly Estimates (source
(c)) and The Round-up (source (m)). That is, sales from the public to

the private sector which are leased-back to the public sector. The data
shown in this paper has been adjusted for these.transactions since
September 1981.
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However, it appears not to hold for mining, manufacturing and other services.
Since some industries are characterised by high/low levels of leasing in
relation to their proportion of GDP, this is not surprising. To account for
this, an arbitrary adjustment has been made to the assumption for these
industries. It was assumed that the relationship between their leasing and
their own GDP remains the same in earlier years as was evident in 1985 (the
category other services picks up any remaining leasing).

Proportion of GDP_(1984/85)  Adjustment Allocator
al new in Proportion of for
undertaken Total adjusted 1984/85
{calendar year GDP
1985
Mining 4.8 7.2 x 0.67 = 4.84
Manufacturing 12.1 20.1 x 0.6 = 12.03
Finance, prop. etc. 13.4 13.3 - 13.3
Wholesale & retail 17.0 18.4 - 18.4
Other services 27.5 16.15 x (100 - all = 26.53
other
allocators)
Other (mainly
agriculture 25,2 24,9 - 24.9
Total 100% 100% 100%

Figure 2.6 shows private fixed capital expenditure by industry using published
data and adjusted for leasing using allocators calculated annually for each
industry using the method outlined above. The allocations are then applied to
the published constant price data. Both graphs a and b in figure 2.6 are
shown as an index with 1966/67. Consistent with Hall (1984) we have only
adjusted the published data for leasing since 1973/74 as it is suspected that
the smaller quantity of leasing undertaken before 1973/74 was captured by the
ABS sampling method used at this time.

C.2 Some Limitations

The first limitation relates mainly to the commitments data used for 1985/86.
The national accounts only includes gross fixed capital expenditure on an
accruals basis (i.e. when physical goods are received). Leasing gommitments
data (includes any... "firm offer to grovlde finance which has been or is
normally expected to be accepted ..."3). This data could not be expected to
line up with the national accounts exactly due to cancellations and lags
between commitment and accrual.

Secondly, in both the commitments series and the earlier finance company data
some leased items included may not be fixed capital. Their inclusion may
overstate investment by particular industries since they were not included in
aggregate gross fixed capital expenditure in the first place. Also, the ABS
Capital Expenditure Survey (upon which data for gross fized capital
expenditure by mining, manufacturing and finance property and business sectors
are based) includes only pew fixed capital expenditure. Leasing data, on the
other hand, includes the capital cost of new goods, the written down value of
goods re-leased and the purchase price of the second-hand goods. The latter
two categories are only included in the “"all other private fixed capital
expenditure” (see Appendix I, series (13)).

3. ABS Form LF1 .3,
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Additionally, the data includes leasing provided to govermmeat and public
authorities which are not included in the measures of private fixed capital
expenditure used in figure 2.6. However, since there is no way to distinguish
between leasing of new or second-hand assets in any period or leasing to the
private or public sector, all assets leased are assumed to be new and leased
by the private sector.

A further limitation relates to the scope of the data in both series., It
includes only plant and equipment on lease - not buildings. To the extent
that leasing of buildings still remains attributable to the finance property
and business sector and not to the industry of use, this category may still be
overstated,

Clearly, it appears that there are limitations which may overstate and/or
understate the extent of leasing undertaken making the series derived an
approximation at best. However, it is possible that these limitations are
offsetting, at least to some extent.

C.3 An Alternative Method

Another method for adjusting for leasing was devised by Hall4 in which

92.5 per cent of gross fixed capital expenditure on equipment by the Finance,
Property and Business Services sector is allocated to other industries in
proportion to their reported non-leasehold investment. However, the Hall
method does not incorporate the information available from the leasing
commitments data (source (i) (which was introduced after Hall's series was
published) or allow for the Finance Property and Business services sector
leasing to itself. Unlike Hall, our allocator is based on the total output
(GDP) of each industry rather than reported non-leasehold equipment
investment, on the assumption that the share of leasing undertaken by each
industry is likely to be closely related to each industry's share of output in
each period. Also, our method allocates all identifiable leasing to the four
industry groups (including finance) while Hall's method allocates a fixed
proportion of finance company equipment investment (92.5 per cent) to the
other three groups.

While we have chosen to remain with our measure for this analysis, the extent
to which the resulting data differ to those derived by Hall highlights the
need to interpret the derived data with caution. Indeed, our method is just
one plausible interpretation of the known data, and the data derived should
thus be regarded strictly as estimates.

Post Script
Owing to changes in accounting standards it is expected that the ABS will

provide more accurate estimates of gross fixed capital expenditure adjusted
for leasing in 1987, .

4. A. Hall (1984), Leasing Finance and the Industry Composition of
Investment. Business Counci) Bulletin No, 7. August. p.13-15,

5469R
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