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ABSTRACT

In this study an attempt is made to comnstruct a model
explaining quarterly investment in plant and machinery in the New
Zealand economy, with a view to providing a basis for forecasting
investment expenditures. A survey of theory and econometric mddels
reveals that in the more successful overseas models the principle
determinants of investment expenditures are changee in demand as
reflected output changes, the capital stock, which gives an indication
of existing capacity and determines replacement requirements, and also
factors affecting the cost of capital equipment. These factors form
the basis of the theory of investment behaviour. However it is found
that the pure theoretical framework, although useful, does not pro-
vide a complete explanation of investment in New Zealand, and that
such factore as import controls and other exogenous influences affect
investment in this country.

The final model purports to explain ninety three per cent
of the variation in investment expenditures and is statistically sound.
This was considered a good result in view of the data problems encountered.
Altheugh the model is not entirely satisfactory the equation performed
reasonzbly well in ex-poste forecasts which suggests that with some
improvements, particularly of some of the data series, it could provide

a useful indication of the effects of policy measures on investment.
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1. INTRODUCTION

The objective of this paper is to construct an equation
to explain private investment in plant and equipment in the New
Zealand economy. For this purpose use will be made of work done to
explain investment in other countries, notably the United States and
Australia, and of the Reserve Bank of New Zealand's work on invest-
ment in New Zealand.

Because of the large number of different econometric
models which have been constructed and the different theories and
assumptions from which they are derived, it will be impossible to
test all, or even a very comprehensive range of those available.
Bearing this in mind the first section of the paper will broadly
cover the current theories and controversies, and their historical
originsy with a view to eliminating those theories and models which
would not be appropriate for an aggregate quarterly model of the New
Zealand economy.

In the construction of an econometric model considerable
problems are envisaged, the primary one being to find the best com-
promise between realistic specification of economic theory and
mathematical expediency which must be influenced by the availability
of data suitable for examination by regression analysis. The tools
available for empirical verification are crude, and the problems
involved in the calculation of a single equation model are considerable;
however these are multiplied when these equations are incorporated in a
general equilibrium model. Because of the mathematical problems

arising from the use of economic data, it is often necessary to constrain
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the values of parameters in some way; this practise brings in the
danger of the model becoming unrealistic in order to obtain desirable
mathematical properties. This compromise is unfortunate but often
necessary.

A further problem arises from the fact that much of the
theory has been developed to explain the investment behaviour of a
single firm or industry. There are considerable theoretical
difficulties in the way of producing an aggregate investment model,
and consequently any results must be regarded with caution. In any
aggregate model it is necessary to make generalisations which may be
of doubtful validity. For example if a linear relationship between
investment and a number of variables is postulated it is likely that
any relationship, even if it is significant will be very imperfect,
which makes it impossible to show with any high degree of confidence
that 2 striet causal relationship exists. This being the case it is
necessary to limit the scope of the model by, in many cases highly
restrictive assumptions, the breakdown of which could explain the
imperfect relationship, With the above difficulties the scope of the
model must be limited to its real usefulness. The primary objective
of a macro-economic model is to forecast, in the relatively short term
(ag the most five years) changes in economic variables. In performing
this limited technical role a model can be very useful, however attempts
to imply more generally applicable conclusions about social and
economic behaviour should be viewed with caution.

However while aggregate models have a number of weaknesses
they do have advantage over firm and industry models. For example in
a highly aggregated model, echo effects resulting from high investment

in a particular year, in a particular industry, which can be a problem
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with industry models, do not present a problem in aggregate models
because of the greater tendency for random errors to cancel out. So
assuming that there are no major exogenous catastrophies such as a
war the data will tend to follow relatively stable trends, which will
mean that replacement investment can safely be characterised as being
proportional to the capital stocke.

The second section of the paper will be concermed with
the construction of an actual model according to the conclusions
reached in the first section. Finally in concluding an attempt will
be made to reconcile the results obtained from the model with the

discugsion in the first section.
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2e THE ROLE OF INVESTMENT EXPENDITURE IN A MACRO=MODEL

The role of investment expenditure is one of the central
issues in current macro-economic mcdels, and is at the centre of many
unresolved controversies between different schools of economic thought.
The major point needing clarification is the degree to which invest-
ment can usefully be regarded as an autonomous variable, in the sense
of being independent of the level of income or other variables in a
system of income determination. Given this situation it is necessary
to investigate the nature and stability of the investment function
empirically in order to construct meaningful econometric modele capable
of being statistically tested, and thus evaluating the current theories.

In the most simple version of the Xeynsian model consump-
tion, which is identified with induced expenditures, is given as being
a stable function of income, while private investment, along with
government expenditures, identified as autonomous expenditures, are
the only means available for ad justing national income, which may come
into equilibrium above or below the full employment level. In this
model the role of 'autonomous' expenditures along with the 'multiplier'
is seen as being the only important variable determining the level of
national income. If this model was an accurate portrayal of reality then
the identification of the investment function would be the central
empirical problem of macro-economicse. Unfortunately this simplistic
model has been shown to be of little value as an explanation of economic
activitye In research using United States time series data from 1897 -
1958 Milton Friedman and David Meiselman showed that the simple Keynsian
model gave very poor results in comparison with a simple monetary model.

ZTIJ7 The simple model is also extremely unrealistic in that it ignores

monetary effects in the systems There are also problems of definition

in this model, for example the identification of investment and govern-
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ment expenditures with autonomous expenditures is not as clear cut as
the model implies. In the case of investment expenditures, these are
influenced in turn by the level of income and by monetary conditions,
so that it may be only within very close limits that investment can be
regarded as autonomous. OCn the other hand certain elements of consump-
tion expenditure (possibly consumer durables) may be better classified
as autonomous expenditures. The influence of this fact on present day
economic thought is exemplified by He Go Johnson's statement,

'For pure theory, the essential Keynsian concept is the

functional dependence of aggregate expenditure on

itself in its income-generating capacity. The division

of expenditure into consumption @and investment is super-

fluous complication once cne drops the pestrictive

agsumption that consumption depends only on income and

investment only on the rate of interest, and permits

both to change autonomously.' ZT?O p.141_7
and also by Friedman who says,

'The crucial distinction in the income-expenditure amalysis

is not between consumption and investment but between

expenditures that are independent of the level of income

(or any other variables regarded as endogenous to the

system) and expenditures that are linked to the level of

income,' [’17 p.24147

If it is the case that all categories of expenditure are

endogenous to the system, or have only a very small degree of autonomy,
then the investment function would be of interest only in its role as
a component of expenditure, and how it reacted in comparison to other
components of expenditure in response to changes in the money stock or

exogenous factors, that ies interesting from a distributional rather than
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a stabilisation point of view, as Friedman suggests is the case. This
is an extreme view however, and most economists would agree that
various categories of expenditure can be varied in a discretionary
mauner.

The position becomee more realistic when the Keymneian model
is exemined as a determinate system, with income having some influence
on the demand for investment goods. Je Re Hicks shows that the Keynsian
model can in fact be presented in this manner. /19 19377 In this
model investment and savings are a function of the interest rate. Here
an exogenous shift in national income will induce the investment and
savings schedules to shift. Since it is assumed to be more responsive
to changes in income than investment, higher incomes will be associated
with lower interest rates amd vice versa. Thus the combination of all
points of intersection of the investment and savings schedules at
various levels of income give a curve that is downward sloping when
plotted with interest rates. This curve represents equilibrium in the
real part of the system. The general equilibrium position is arrivad
at when this IS curve intersects the IM curve which represents equili-
brium in the money market, that is the LM curve gives the interest
rates and income levels at which the demand for money is equal to the
supply. The IM curve is seen as being inelastic in an intermediate
range, and perfectly elastic at high rates of interest where there are
no idle money balances.

In thie model a change in autonomous expenditures, that is
a shift in the IS curve will be completely effective in changing
national income at low interest rates, (i.e. in the liquidity trap
region) or in a situation where full employment investment and savings
gschedules do not intersect at any positive interest rate, which is

likely to be the case if the marginal efficiency of investment is
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inelastic at low rates of interest. In this case the autonomous
expenditure will be financed entirely from idle balances, so that
national income will increase by the amount of the initial expenditure
times the full amount of the multiplier. In the intermediate region
autonomous expenditures will have some effect, but this will be partly
offset by reductions in expenditure elsewhere in the system. Finelly
in the region where interest rates are at a2 hgih level, and there are
no idle balances, any changes in autonomous expenditures will be offset
by reductions elsewhere in the system and will have no stabilising
effect. The opposite position holds for monetary policy. When there
are no idle balances changes in money supply will be totally iffective,
in the intermediate segion partially effective, and totally ineffective
at some low interest rate, where all increases will go into idle
balances.

The above analysis came about as a reaction to the assump-
tion of the classical economists that savings and investment where
identically equal ex ante (Say's Law), and that the IS curve was there-
fore perfectly inelastic. However there is no a priori reason why the
income elasticity of investment should not in certain situations be
greater than the income elasticity of savings, in which case the 1S
curve would be upward sloping, since an increase in income would then
induce an increase in the interest rate by creating an excess demand
for investment, end thus discouraging further investment before an
equilibrium situation is reached. In a situation of this nature it
would be difficult to exercise a significant degree of control over
investment expenditures by movement of the IS curve. As J. R. Hicks
puts it,

'There may be conditions when expentations are tinder,

when a slight inclationary tendency lights them up
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very eagily, then the marginal propensity to consume may
be large and an increase in income tends to raise the
investment rate of interest.’' ['19 p.145_7

Hicks points out that in a2 situation of this nature only
monetary policy will have any capacity to control the situation.

The problem theoretically is not so much whether autonomous
expenditures influence income (given that income is made up of consump-
tion and 'autonomoud expenditures, autonomous expenditures must by
definition influence income, provided they are not offset by changes
in consumption), but to what degree expenditures commonly given as being
autonomous are in fact autonomous. The answer to this gquestion can only
be found empirically by isolating the determinants of the various com-
ponents of national income and determining to what degree these are
free to vary independently of the level of income.

For the case of private investment in plant and equipment,

a large component of 'autonomous' expenditures it will be necessary to
test existing theories for the New Zealand case, and the results should
have some significance for the broader questions of macro-eccnomic theory.

If a stable investment function can be derived showing
significantly the responses of investment to changes in the system, then
gome of the theoretical probleme can be resolved, at least for the situ-
ation to which the function ig applicable, in this case the New Zealand
economy .

So far research done (mostly for the United States) has
indicated that investment is an endogenous variable, being a function
of output and the capital stock and various financial variables. Studies
showing the role of profite in investment behaviour, which would indicate
that investment decisions are autonomous to a greater degree, have not

achieved very good results. However apart from the fact that these
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issues are far from finalised, these results need not apply in the
New Zealand case. Because of llew Zealand's less developed capital
markets and the smaller scale of liew Zealand business it may well be
that the results would be reversed in this case., However the danger
of extrapolating overseas results to the New Zealand case should not
be over emphasised. Economics is @ social science dealing with human
behaviour, and it is reasonable to expect that human reactions will be
gimilar in New Zealand, Australia and Canada, although different
degrees of institutional effieiency may mean that reactions will pro-

ceed at different speeds.
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3. THE NEO-CLASSICAL THECRY OF INVESTMENT BEHAVIOUR

The neo-classical theory of investment behaviour originates
with the work of Irving Fisheruz-16 193QJ7 Fisher's theory of optimal
capital accummulation assumed that a firm will attempt to maximise its
present value, that is maximise the difference between discounted future
revenue.and discounted future outlays. If it is assumed that there are
perfect capital markets then the firm will maximise its present value
if it invests in all projects whose present value is positive at the
market rate of interest.

However in reality the problem is rather more complex than
this, since market rates of interest are not stable and are difficult to
predict, making it impossible to predict accurately the returns to an
investment. The optimal solutions in times of uncertainty are complicated
by the fact that capital markets, in reality, are generally imperfect,
with the borrowing rate differing from the lending rate so that capital
when put in place will not readily be disposed of in response to chenges

in prices.

-

However if the above difficulties are assumed away then the
problem becomes rather more simple and investment will take place, as
described by Keynes, to the point where the marginal efficiency of
capital is equal to the marginal cost of funds, which Keynes represents
by a market rate of interest, and the supply is assumed to be perfectly
elastic at the going price. Keynes defines the marginal efficiency of
capital (M.E.C.) as 'being equal to that rate of discount which would
make the present value of the series of annuities given by the returms
expected from the capital-asset during its life just equal to its supply
price.' /729 pe136_] The concept of the M.E.C. also encompasses the

problem of uncertainty to some degree, since Keynes makes it clear that
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it is determined by expectations of yield as well as by real factorse.
By aggregating the M.E.C. of all investment projects in an
economy an investment demand schedule can be derived. Keynes says,
'If there is an increased investment in any given type of
capital during any period of time, the marginal efficiency
of that type of capital will diminish as the investment in
it is increased, partly because the prospective yield will
fall as the supply of that type of capital increased, and
partly because, as a rule, pressure on the facilities for
producing that type of capital will cause its supply pricee
to increase.’ ['29 p.136_7
The investment demand schedule relates the level of invest-
ment to its marginal efficiency. If the M.E.C. is replaced by a
corresponding interest rate we get a declining demand for investment
as interest rates rise. The actual marginal efficiency of investment
(M.E.I.) will be determined by a number of factors. M. K. Evans
[713 pe79_7 lists four primary influences, which are :=
1¢ The level of demand - an expected increase in future
returns will tend to push out the marginal efficiency
of investment schedule.
2. An incresse in the capital stock - this will tend to
lower the returns to each additional investment, and
g0 will be in a negative relationship with the
marginal efficiency of investment.
3., The relative age of capital stock - in particular in
an industry with rapid technological development.
Evens says, 'In such cases firms may invest capacity
or do not expect future increases in demand.'

4. The degree of uncertainty surrounding the anticipated
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returns of a firm, where he says, 'Partially because of
this asymetry in buying and selling prices, variability
of expected future returns will lower the M.E.I.
gchedule.'

Keynes lays particular stress on the importance of the

M.E.I. in as far as it reflects expectations about the future. He says,

"The schedule of the marginal efficiency of capital is of
fundamental importance because it is mainly through this
factor (much more than through the rate of interest) that

the expectation of the future influences the present.’

L7729 pe45]

and he notes that it provides an essential theoretical link between the

present amd the future.

The theory of investment put forward by Keynes is, however,

incomplete in that it fails to take into comnsideration the fect that

the supply of funds to investors is not perfectly elastic (as is implied

by using & single market rate of interest to represent the cost of funds,

but tends to increase with financial risk.

The cost of funds side of investment analysis is treated

more thoroughly by J. S. Duesenberry [8 PPe 93-96]. whose conclusion

is that,

'the supply schedule of investible funds will vary in level
and shape with the debt position of firms. For public
utilities it will start at a fairly high level, but have
only a moderate slope. For many but not all manufacturing
companies the short-run supply schedule will have an
elastic range and then a steeply rising range. The width
of the elastic range in terms of investment will depend

on the amount of retained earnings and depreciation
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expense.

There is general agreement among investment theorists
that the marginal cost of funds schedule does rise as the firm increases
its level of debt, thus increasing financial risk. However there is
some disagreement as to the exact form of the marginal cost of funds
curve. Theorists who attribute changes in the level of investment
primarily to internal funds tend to adopt the view that the curve has
an elastic range, and then becomes highly inelastic when internal funds
are exhausted, while those who see internal funds as being of relatively
minor importance see the marginal cost of funds curve as rising more
gradually. Yhatever the exact form of the marginal cost of funds curve
it is evident that cost factors camnot be ignored in a well specified
model, and that the desired level of investment is determined by the
intersection of the M.E.I. schedule with the marginal cost of funds
schedule.

In summary then, investment will depend on changes in output,
size of capital stcock, the debt position of the firm, interest rates,
taxation systems, and other cost factors, and on expectations in as far
as these are not accounted for by the avove variables.

From the above discussion of the elements of the neo-
clagsical theory it is evident that an econometric representation of
this theory could be approached in & number of vways, depending on how
the coet of funde is represented, and on the constraints one puts on
the model in the form of assumptions about the optimal mix of inputs
required to maximise utility and the degree to which these inputs are
substitutable, that is the type of precduction function adopted. However
for purposes of econometric verification the neo-classical theory can be
broadly defined, as it is dome by . %. Jorgenson, one of its foremost

provonente. in the following way:i-
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'Reduced to ite barest essentials, the theory requires
only that capital accummulation be based on the
objective of maximising the utility of a stream of
consumption. Thig basic assumption may be combined
with any number of technological possibilities for
production and economic possibilities for transform-

ation of the results of production into a stream of

consumption.' 1-24 p.13ﬁJ7
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4. THE ACCELERATOR PRINCIPLE

The two most important variables affecting the demand for
capital investment appear to be output, or sales, in as far as they
give an indication of future demand, and the existing capital stock
or capacity of the firm. These are the variables on which the
accelerator principle is based. The accelerator principle was demon-
strated by J. M. Clarke /6 1917_7, using fluctuations in railroad
traffic and purchases of railroad cars to show the effect of the above
factors. Clark concluded that the capital stock moved in proportion
to demand, and that if demand were to remain constant then net invest-
ment would eventually become zeroe

This effect of output on investment is central to dynamic
Keynsian theory Zrb.g. 1&;7 which explaiis movements in aggregate
economic activity ( at the most general level) by the effect of
investment on income through the multiplier, then through the feedback
effect of output on investment through the accelerator. At this level
however the determination of investment expenditures is grossly over-
simplifieds Clark noted that output and capital stock did not provide
a sufficient explanation of investment. He pointed out that the
effects of changes in output and the capital stock would be modified
by the degree of capacity utilisation, and that there were lags
between output changes and investment expenditures.

The performance of the simple accelerator has been shown
to be poor by comparison with more sophisticated models. Lowever it
has provided a useful theoretical principle, and has provided the basis
for most subsequent work on aggregate investment behaviour.

The simple sccelerator was modified by He B. Chenery /5 1952_7
in an attempt to incorporate a measure of capacity utilisation in the

model. Although the performance of this model was superior to the
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gimple accelerator, it was still inadequate in that it did not allow
for the full effect of lagged reactions.

A more sophisticated version of the accelerator principle
was put forward by L. M. Koyck in his book 'Distributed Lags and
Investment Analysis' [ 30 1954_7. Koyck pointed out that there are
technological and institutional factors which may prevent businessmen
from reacting /30 p.6_/ immediately to changes in demand. Also in
making an investment in new plant and equipment there is a certain
amount of risk since the businessman ma) not be able to judge whether
changes in demand will be permanent or are merely the result of trans-
itory factors. The effect of these factors is to inhibit investors
go that responses to changes in demand will not be immediate, and there
will be a significant lag before their full reaction camn be observed.
Koyck says,

'eeo it may be quite insufficient to speak of the
elasticity of an economic reaction; in many cases
it will be necessary to specify the period of time
to which the elasticity applies.’' ['30 p.16_7-

There are a number of possible structures which this lag
could take; Koyck however uses a series of geometrically declining
weights, which go back to & time period which has an insignificant

influence on current behaviour,
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Se THE EFFECT OF CAPACITY UTILISATICN AND THE COST OF FUNDS ON
THE ACCELERATOR MECHANISM

The neo-classical theory of optimal capital accummulation
and the flexible accelerator have formed the basis of most subsequent
attempts to explain investment behaviour. However there is still
considerable disagreement among econometricians as to how these two
elements should be incorporated in a practical model. It is generally
agreed that the flexible accelerator alone does not provide a complete
explanation, since it ignores factors affecting the cost and avail=-
ability of capital, which should, theoretically, have a significant
influence on the demand for capital services. Although it is agreei
that changes in output alone are not sufficient explanation, there is
some disagreement as to what other factors significantly affect the
demand for capital services, and also as to how these factors should
be engered in a regression modele.

An important consideration affecting the accelerator
mechanism is the degree of excess capacity in the economy. In a
gituation where theye is under utilisation of the existing capital
stock, an increase in demand will tend to be reflected in increased
utilisation of the existing stock rather than by increased investment,
so that only when the economy is operating at full ¢apacity will the
acceleragor come into full operation. Capacity utilisation can however
be incorporated in a model in several ways. The position regarding
excess capacity is summed up by Meyer & Kuh -

‘The most common solution has been to view excese capacity
primarily as a cyclical phenomenon, so the accelerator
works in an upswing but becomes inoperative during a

downswing. Others, while recognising cyclical over-
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capacity, go further and suggest that secular excess

capacity is often needed for profit maximisation in

an industry with increasing returns to scale and

growing output. OCiven secular overcapacity, the level

of output and the firm's capital stock become the

relevant variables rather than change in output alone.' 1-38 p.1QJ7

Alice Bourneuf points out however that the relatiomship

is not a simple one,

'An analysis of the effect of output omn investment must

consider not only the direct effect of output changes

on investment but also the indirect effect of output

changes on excess capacity and through excess capacity,

on investment. Furthermore, investment as affected by

output changes, then increases capacity, excess capacity

and replacement needs, and therefore, in turn, affects

investment in future years. To analyse the full influence

of output changes on investment over time an equation is

needed to estimate the effects of investment on total

capacity or on changes in capescity. A complete explan-

ation of capacity would require many variables.' /74 p.612_7

The theoretical problems regarding the effect of capacity

utilisation have largely been resolved. However problems still arise
from the use of different definitions of capacity / 31_/ and in
statistically specifying a capacity variable. The above analysis
points out the need to include a measure of capacity utilisation
in an investment model. However because of the theoretical complexity
of the problem it may be that a simple measure of capacity would not

provide significeant results. If this is so it should be sufficient




20.

to use the rough approximation mentioned by Meyer & Kuh (above), of
a relationship including output and capital stock, provided that this
produces statistically significant and theoretically plausible results.

While the principles regarding the inclusion of output and
capacity variables in a model has been largely agreed upon, the posi-
tion as to the cost of funde and the effect of the availability of
various types of finance is subject to comsiderable controversy. The
neo-classgical theory suggests that the desired level of capital stock
is determined by the intersection of the marginal efficiency of invest-
ment (MEI) end the marginal coet of funds (MCF) schedules, at which
point the cost of a2 project is just compensated for by its return.
Je Se Duesenberry maintaine that different regions of the MCF schedule
are characterised by the use of different types of funds, with the
cost of funds rising according to the type used. [' 8 pp.93-96_7
Retained earnings are seen as being the cheapest, having an opportunity
cost equal to the market rate of interest, debt finance is seen as being
more expensive because of the necessity of paying higher risk premiums
ags the amount of debt rises, and equity finance is seen as being the
most expensive, because new stock issues depress the price and hence
raise the yield that is paid. If this theory were accurate it would
be expected that each of these types of finance would show up as being
significant in a regression models This does not however appear to
have been the case, as teste of Duesenberry's theory by Resek” and by
Ander-on have failed to produce satigfactory results. This suggests
that the source of funds used does not affect the cost of an investment,
and that the type of finance used is determined by comsiderations other
than direct cost.

The role of profits in determining the desired capital stock

3 See following section.
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has been given considerable attention by investment theorists.
Tinbergen argues [ 42_7 that the objective of the firm is to maximise
its profits, and that past profits can be used to prediict future
profits. FHe does however add a caution to this conclusionm,

'One has of course to be careful with the interpret-

ation of the correlation between profits and invest-

ment, which could as well be such that investment

determines profits, instead of the other way round.

Then the mere fact that their mutual correlation is

better than the one required by the acceleration

principle would not prove muche There are however

reasons for believing in the interpretation given,

and then it seems that a better explanation of

investment is possible thamn the poor one yielded by

the acceleration principle.' [' 42 p.176_7

It must be noted here that Tinbergen compared his 'profit

principle' with the simple accelerator, using simple correlation
techniques which have since been superceded by multiple regression
analysiss It would be unreasonable therefore to put much weight on
Tinbergen's findings in light of more recent research, which gives
little support for the profits theory. Profite tend to fluctuate
oonsiderably from one time period to amother, meking it extremely
difficult to predict future profit levels from past profits. It is
necessary therefore to teke other factors into comsideration in assess-—
ing the value of a firm. An alternative rationalisation for the profits
theory is that the level of profits comstrains investment expenditures.
However in a modern economy with well developed capital markets, the

level of profits should not be an unduly restrictive constraint on a
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a well menaged firm, since lenders of funds will not be unduly influenced
by fluctuations in profits, and will take account of other factors such
as sales level and market share trends.

In general empirical tests have shown that profits do not
provide a highly significant explamnation of investment. In comparison
with other models internal fund models have been shown to perform rather
poorly. Charlee Bischoff tested five different types of models using
common data, and found that the predictive power of cash-flow models
wae inferior to output based models, and that the power that cash flow
models did have could be attributed to the correlation between profits
and output, which was however broken over the prediction period (1970=71).
3]

Jorgenson, Hunter and Nadiri /727 7 resched a similer
conclusion in a comparison of the predictive powers of four models,
finding that the Meyer and Glauber model, /"7 7 which attributes changes
in investment primarily to profits, was inferior to the neo-classical
model of Jorgemson and Stephenson / 28 7 and the conventional flexible
accelerator model of Robert Eisner /- 9] and to the Anderson model [' 2_7.

These results with respect to profits are puzzling in light
of popular economic theory which has long accepted the doctrine of
profit maximising behaviour on the part of business firms, and the
contingent assumption that investment would be stimulated by profit
making projectse. 1t has been accepted that through maximising profits
the value of the firm is maximised, this being the optimal position
for shareholders. An explanation for this paradox has been suggested
by Modigliani and Miller who show that although profit maximisation
and maximisation of the value of a firm are equivalent under conditions

of certainty, they cease to be eguivalent in a situation such as
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prevails in the real world. This is explained as follows :-

'+ee with the recognition of uncertainty this equivalence

vanishes. In fact, the profit maximisation criterion

is no longer even well defined. Under uncertainty there

corresponds to each decision of the firm not a unique

profit outcome, but a plurality of mutually exclusive

cutcomes which can at best be described by a subjective

probability dietribution. The profit outcome in short,

has become a random variable, and as such its maximisation

no longer has an operational meaning. Nor can this

difficulty be disposed of by using the mathematical

expectation of profits as the variable to be maximised.

For decisions which affect the expected value will &lso

tend to affect the dispersion and other characteristics

of the distribution of outcomes. In particular the use

of debt rather than equity funde to finance a given

venture may well increase the expected return to the

owners, but only at the cost of increased dispersion of

the outcomes.' [39 p.263_7

In view of these facts, and the subjective nature of the

choice to be made between these possible outcomes Modigliani and Miller
conclude that the objective of management will be to maximise the value
of the firm, and in order to do this they will underteke any project
which increases the market value of the firm's stocke This explanation
ie consistant with findings that have shown output and capacity vari-
ables to be the dominent determinants of investment behaviour, this

allowe for firme to use long term merket share and other criteria in

attempts to increase the value of their stock.
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However it should not be implied from the empirical results
that profits are unimportant. VYhile cutput models are apparently
preferable to profit models this does not detract from the importance
of profitse No firm can survive in the long run withouf making profits,
80 that in this sense profits have 2 determining influence on all the
firm's activities., However profits camnot be used to directly predict
all aspecte of a firm's behaviour, and evidence suggests that invest-
ment behaviour can be explained wore successfully by other consider-
ations.

In addition it must be remembered that these results apply
to the Americen situation, and it may be the case that In FNew Zealand
the marginal cost of funds schedule may be inelastic when internal
funds are exhausted; if this ie the case, then profits may have a more
significant effect in the New lealand situation.

The results associated with extemrmal finance are aleso
confusing. The implication of Duesenberry's theory is that if two
identical firme, with their MEl and MCF schedules intersecting at the
same position, then behaving rationally they will use similar financing
methods in response to an increase in the desired capital stock, that
is they would use debt finance at one point, equities at another, and
that if one firm used the more expemsive finance then the value of that
firm would drop acoordingly. However Modigliami and Miller maintain
that the cost of debt and equity finance to a firm when differential
tax treatment is taken into consideration, is equal, / 3747 so that
the value of a firm is independent of its financial structure. FIor
example if & firm uses debt finance it increases the risk assumed
by holders of its ordinary shares, so that it will be forced to pay a
higher yield on its shares. If it does not pay the hiBher yield holders
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of its stock will benefit by selling their shares in this company and
buying the lower risk stock in the equity finenced company, that
depressing the value of the stock in the first company and increasing
its yields In this manner any difference in the value of two firms
induced by financial structure will be eliminated by arbitrage.

In empirical studies extermal finance has been represented
by interest rates, rates of return, stock prices, and the market value
of the firme In general variables associated with external finance
play a more important role tham variables representing internal finance,
in particular Hesek found that interest rates are significant, and an
index of stock prices to be highly significant. /[ 40_] However external
finance variables have been shown to be much less important than vari-
ables associated with output. In general these findings corroborate
the findings of Modigliani and Miller who show that the cost of finance
to a business is independent of its source and investment behaviour is
not highly correlated with changes in the use of particular categories

of funds.
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6o REPLACEMENT INVESTMENT

The choice of a model of replacement is importaxnt since
replacement meakes up a large proportion of investment at the aggregate
level. The geometric mortality distribution is a popular assumption
adopted in empirical work. For this distribution replacement is pro-
portional to actual capital stock. Jorgenson justifies this assumption
as follows :=

'eee the appropriate model for replacement is not the
distribution of replacements for a single investment
over time, but rather the infinite stream of replace-
ments generated by a single inﬁeatment; in the language
of probability theory, replacement is a recurrent event.
It is a fundamentzl result of renewal theory that
replacements for such an infinite stream approach a con-
stant proportion of capital stock for (almost) any
distribution of replacements for a single investment

and any initial age distribution of capital stock. This

ie true for both constant and growing capital stocks.' [‘23 p.251;7

Robert Eisner disagrees with Jorgenson's argument maintaining

that

'If the probability of exhaustion of capital stock is
very small in the early period of its life one should
hardly expect replacement requirements to continue at
a constant ratio of capital after a burst of invest=-
ment which substantially alters the age distribution.
Depreciation should approximate a constant proportion
of some long run or 'permanent' value of capital stock.

It will be a smaller proportion of a temporarily
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younger capital stock resulting from higher than

usual net investment and will be a higher proportion

of a temporarily older capital stock resulting from

less than normal net investment.' / 12_7

“While Eisner's argument may well be true for the case of

investment in a single firm or industry, it can be safely assumed that
these cycles would be damped in a highly aggregated model such as is
necessary for plant and equipment for the lew Zealand economy. Vhile
past investment policies, or the state of overseas reserves may well
cause waves in replacement investment at low levels of aggregationm,
the different life spans of plant and equipment in the various sectors
and various industries should elininate this problem at the aggregate
level, and it seems reascnable to assume that replacement would be

approximately proportional to the existing capital stocke.
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Te LAG STRUCTURES

The preceding analysis gives some indication of the
motivations for investment behaviour. It cannot hovwever give an
indication of the rate at which investment will take place. Additional
information is needed to determine the rate of investment per unit time.
There are & number of factors which prevent chenges in desired capital
stock from being reflected immediately in changes in the level of
investment. DBefore investment can respond to changes in the determining
variables there are a number of inhibit. 1g factore which cause the
reaction to be lagged over a number of periods. Firstly there is the
leg between the recognition of the need for a new level of capitel
stock and the actual ordering of equipment, then there is the lag
between the ordering of equipment and its delivery. It may also be
that businessmen do not react immediately to changes in sales and other
variables because they do not immediately recognise the new level as
being 'permenent' as is suggested by Robert Eismer /710 7.

In en ideal situation a rational lag structure could be
incorporated into the ordinary least squares equation for investment
behaviour, with each lagged term entering the equation as a separate
variable. In practise however this procedure often gives rise to
statistical difficulties because of the fact that lagged values are
often highly intercorrelated. This results in high standard errors
of the estimated coefficientss It has been gecessary thercefore for
investment theorists to constrain their lag structures in some way in
order to reduce the number of coefficients which must be directly
estimated.

A lag structure for investment behaviour was first incor-

porated in a model by L. M. Koyck / 30_7. Koyck noted that the previous
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year's output often influenced investment more than the current
year's output, and he posutuated that thereafter the influence of
preceding years could be described by a declining geometric progression
back to a year in which output had a negligible influence on current
investment. This relationship was expressed as follows :5
L

Ki -a(jot + $ 2% X Ot-i—1 with

where capital stock ¥ ig related to output in a

number of preceding periods.

Koyck's theory of a long distributed lag was tested by
Eisner. Eisner did not use a lag structure however but estimated each
term separately giving the general form

1 = R a,AS + B'ZAstd + '"*a'?ASM
where I = investment, S = sales, = change.

Although this model confirmed Koyck's model the test must
be regarded as unsatisfactory because of the high probability of there
being multicollinearity among the sales terss.

Since Koyck's study there have been a number of alternative
suggestions put forward for characterising the lag structure of the
investment process. The most flexible technique has been developed by
Ge Almon.[?ﬁJ? Almon postulétes that the lag can be approximateddby
a continuous function. Various lag lenghts are tested in order to
determine which will give the best fit with the data. The use of this
technique for investment models has generally indicated that the lag
weights form an inverted V pattern 1-13 p.109;7 wkich suggests that the
Koyck procedure is not an appropriate method for obtaining the best lag
weights in an investment model,

It is impossible to decide which type of lag structure pro-

vides the most realistic repregsentation of the investment process

without some recourse to independent estimates of the lag structure.
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This has been attempted by D. V. Jorgenson 1-22;7. Jorgenson compares
the lag structures used by various researchers with survey studies of
lags between decisions to invest and the start of comstruction and
between the start of construction and completion made by Thomas Mayer
L35, 36_7.

Mayer obtained average lags from the drawing of plans to
the start of comnstruction of six monthe, end from the placing of the
first significant order to start of comstruction of two months, and
from start of construction to completion of fifteen months [-35;7. From
these results Jorgenson is able to conclude whether lag structures are
realistics In a survey of the large number of models Jorgenson found
that geometric distributed lage 'conflicted sharply with Mayer's survey
evidence' ZT?2 p.1136_7. He implied from this that geometric distributed
lags are misspecified and that tended to bias the estimated average lag
upvard very substantially.

Jofgenson finds that the most realistic lag is that used by
Jorgenson and Stephenson [ 28] and has the form

2 Ve R s VAR, , =¥ SOK.

r:2

vhere E'/r = 14+,
r=2

1.5 or 2.68 years average.

In studies with a satisfactory lag structure it was found
that the typical shape of the lag distribution was first rising then
fallinge

Unfortunately there is no data available comparable to
Mayer's surveys available for New Zealand. Since we have no a priori
information on the length or form of legs it is necessary to use a

procedure of finding weighte giving the best statistical fit. Vhile
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this procedure is not ideal it has provided satisfactory results in
models of the Australian and Canadian economies Z-1§JZ£-3QJ7 and should
work in the New Zealand situation. Because of the different scale and
structure of the New Zealand economy it would not be reasonable to use
American survey results to evaluate lags calculated bor the New Zealand
sconomy. It is difficult to say without further information whether
lags in the New Zealand situation would be longer or shorter than those
in the United States. Because of the fact that a significant proportion
of New Zealand's capital equipment is imported there could be a tendency
for lags to be longer because of additional ordering problems and the
possibility of shipping delays. On the other hand the smaller scale of
New Zealand business may facilitate quicker decision making, which would
shorten the lag. The feasible length of lags to be tested is also
constrained by the relatively small data samples available. Because
reliable quarterly data is only available from 1960 it would be difficult
to test lags much longer than about ten quarters. However this should be
adequate since the available evidence on overseas experience suggests
that lage generally peak at between four and six quarter;, from which
points weights taper rapidly to zero at from seven to twelve quarters
[‘13 p.20447. Little explanatory power would be gained therefore by
extending lags beyond this length, while the loss of degrees of freedom
through the decreased sample size would significantly affect the pre-

cision of the estimated coefficientse.
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8. A SURVEY OF ECONOMETRIC MODELS

There is general agreement in the econometric literature
that output models are superior to cash-flow models. However there
are still considerable differences of opinion as to what type of out-
put model provides the most satisfactory representation of the neo-
classical theory of optimal capital accummulation.

Firstly there are the more conventional flexible acceler-
ator thereists represented by R. Eisner, A Bourneuf, R. V. Resek and
others. The accelerator models have been specified in a number of
different ways. Resek and Bourneuf [ 40 7/4 7 let each determinant
enter the regression as a single variable.

Reseks model [’38 p.32QJ7

= a, + a + &

Q

+ a

1 2% 1%

+ b1 ! OZL + b31"L

, 1
+ b4 M"Tmlt + b5 SPL

This model is a representation of Duesenberry's theory of

373

I
|4

investment ZTZO p.323_7‘knd investment (I) is related to output (0),
change in output, ( C) kahese two could not be included in the one
equation because of multicollinearity, but where treated as substitutes

for one another /, the interest rate (¥) and debt capacity

' 1
M- §§g and an index of stock prices SP, with D = Debt,

F = retained earnings, A = Assets and M a constant
larger than D/A.
The Almon technique is used to determine a fixed lag
distribution for all variables. FResek finds that the interest rate
and stock prices are generally significant and that change in output

and output are reasonably significant. His results are generally
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usatisfactory however. In a survey of a2 number of industries the Fz
for the above equation ranges from .567 for food to «897 for non-
electrical machinery and electrical machinery, and the D.W. statistic

ranges from .40 for non ferrous metals to 1.37 for non-electrical
machinery [ 40 p0333J .

Sisner's model /710.7/7117

An alternative specification of the flexible accelerator

model is used by R. Eisner, who allows some determinants to enter the
regression function as a number of separate veriables representing
different lagged values of the same variable, to give the following

general form :-

%" P07 Py Braqe gt Pe et Pty e o1 pang 7
J=1

where i.t = a measure of the relative change in the capital stock

S, = a measure of the relative change in demand

P*I:-1- a measure of the profit irate

D., = a measure of durability of capital and replacement
requirements

U = a disturbance term. -

The time structure used is a version of Koyck's distributed
lag function with weights determined arbitrarily for first lagged
values of profits and sales, then declining geometrically. Eisner finds
that chang 8 in sales are highly significant while for profits only one
of the coefficients for changes in profits exceeds its standard error.
The model used by Essner can be regarded as being outmoded since the
perfection of more sophisticated techniques of estimating lag structures.

It is also possible that the high standard errors of the profit

# In different studies Eisneer tests a variety of hypotheses
within the general framework illustrated above. 9_7[ 10_7[r 1_7
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coefficient could be the result of multicollinearity rather than the
result of faulty tkesretical specification. Multicollinearity would
render the estimated coefficients extremely unreliable.

Neither Resek's nor Eisner's model takes into consideration
the price of capital relative to the price of output in determining the
optimal capital stock, they therefore implicitiy assume that it is not
posgible to substitute for capital, that is they adopt a production
function in which the elasticity of substitution of labour for capital
is zero.

Dale Jorgenson sees this as being a mis-specification of
the neo-classical theory (as outlined in Section 3) and he includes
the implicit rental price of capital in his model, assuming the
elasticity of substitution of capital for labour to equal one.
Jorgenson maintains that the firm will operate so as to maximise its
present value, which is equivalent to maximising the difference between
discoumnted future revenue and discounted future outlays - thus the cost
of capital and therefore the tax structure, is of considerable import—
ance. There are however two constraints operating on this objective -
a production function having an elasticity of substitution for labour
and capital input equal to one, and secondly assuming that net invest-
ment ie equal to total investment minus replacement, where replacement
is proportional to the capital stocks Jorgenson expresses these
conditione in the form of a lagrangian function which is differentiated
with respect to capital and labour inputs to obtain the marginal cost
of the inputs. The differentials are then equated to the marginal
productivity of the inputs as derived from the production function to
give the optimal level for each input. Jorgenson assumes that the
actual capital stock approaches this optimal level through a rational

distributed lag structure.
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Jorgenson and Stephenson estimate the following model -

for total manufacturing i=-

' [ - T ]
t=4 t-5
" iy D - Dt /
* (100070) 7‘9— -"5%_—;{-1 ('33538) / _*gﬁt:l = i‘;ﬂ /
+1.20525/71, o = K, . T - +36316 [I, , - t-?J
+ 102084 K, R = 496440 DoV = 19597

[28 p.189 & 1907

Where I, is a measure of gross investment

t
Q = real gross value added
P = a price index for Q
C = the implicit rental cost of investment gocds
Ky= a measure of the capital stock
= the assgmed rate of depreciation.

Charles Bischoff suggests that Jorgenson's model is
unsatisfactory. Bischoff found that a generalised accelerator model
(similar to that used by Koyck and Eisner) performed better than a
version of Jorgenson's standard neo-claseical (S.N.C.) model. He con-
cluded that this was due to the fact that the S.N.C. model was mis-spec-
ified in that by assuming a Cobb=Douglas production function, implying
unitary elasticity of output with respect to relative prices (Y = &K L1- )
it does not distinguish betweem the explosive response of investment to
changee in output from the more gradual response to chenges in the cost

of capital, Jorgenson's model assumes perfect capital markets which is

unrealistic, because most physical capital is of a specialised nature

and becomes semi-permanent once put in place, so thag an increase in
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the relative cost of capital would result in a less thean proportionate
decrease in the capital stocke

A gimilar criticism of the neo-classical model of Jorgenson
is put forward by Robert Eisner who maintains that
'esoso Jorgenson's conclusions are not sustained by his
data. Rather it appears that they follow from
crucial a priori comstraints upon parasmeters.' / 12 1968 7
namely that the elasticity of desired capital stock with respect to
both output and relative prices is unity when in fact the evidence is
against this assumption -
'Unitary elasticity with respect to relative prices
would contradict the growing if still uncertain
evidence from estimates of constant elasticity of
substitution (C.E.S.) production functions that the
elasticity of substitution is less than unity.' [ 1 1968_7
In a function in which the assumption of unitary elasticity
of output with respect to relative prices is dropped Eisner estimates
a barely significant elasticity of .1576, similar tests with respect
to output were considerably higher (.8158), from this Eisner concludes
that Jorgenson's data permite the operation of 'a potent accelerator'
and that,
'All in all there appears to be scant empirical support
for the usefulness of the 'Neo-classical' model of
capital accummulation.' 1 [ 12 p.375_7
Eisner also points out the possibility of there being
different lag structures for the respomnse of investment to changes
in relative prices and for changes in output, and suggests that the
response of net investment to changes in relative prices would be

markedly slower than the response to changes in output.
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These two modificatione suggested by Eisner and Nadiri
are adopted by MacKnell, Frisch and Roope,, (M F & R) in their invest-
ment model of the Australian economye M F & R replace Jorgenson's
expression for the optimal level of capital,

1e K!-aOEY

with the more general expression

CPIRS e a,[f-oJE

vhere EP is the elasticity of desired capital stock with

respect to relative prices. From this they derive an alter-
native model to Jorgenson's -
n P B
30 I, =gk, , + 2 v [a (e pYJt-i
i=0
M F & R substitute a range of values from one to zero
into the above equation for E, and find that the most precise estimate
(that having the lowest standard error) is obtained by using a value
of 0.32 (this value is somewhat higher than the value suggested by
Eisner, and still allows the Jorgemson theory to pravide the basic
framework for a model, whereas Eisner figure of 1576 tended to sugeest
that Jorgenson's theory could be abandoned and replaced by a conventional
flexible accelerator model).
To test Jorgenson's assumption of identical lag distributions
between investment and changes in output and relative prices, M F & R

calculate coefficients for the following equation
mi

4e I, =gk, . + Z fi (o)ti Z X,
=0

Jorgenson's assumption is tested by substituting different lag
structures into the above equation (using the Almon technique), usum._i_:ixg

that the lag yielding the lowest standard error for each of the
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coefficients f and j, is the appropriate one. The above equation
yields the best lags for output and relative prices of 14 and 16
quarters respectively. The standard errors obtained for equation
four are however higher than thos for equation three, so M F & R use
equation three which gives the following resulti-

S5 de, =149 - 968, - 32 s3 + 0328 Xe
(10) (11) (.0027)
1

P . 32
2 LA §z§ ; snp_/t_i

: R* - -q52. S-EE=17308 bw=2-54

where ie= equipment investment (deflated)

-1

ke= equipment capital; the depreciated
capital stock for equipment investment.

Zg- The implicit deflator for GNP at market prices
ce= The implicit rental price of capital

gnp= Gross National Product at market prices.

This model appears tc provide a satisfactory representation
of equpment investment in the Australian economy, which in many respects
is similar to the New Zealand economy. It may be therefore that this
model would be appropriate to the New Zealand situation.

An alternative version of the neo-classical model, incor-
porating the role of relative prices has been suggested by Charles
Bischoff in the Federal Reserve = M.I.T. = Pemnsylvania, (F.M.P.) model.
This model treats equipment asymetrically. Instead of adjusting towards
a desired stock of equipment, firms are sssumed to move towards a desired
level of productive capacity, and they respond to change in output
prices relative to the rental price of capital by changing the capital
intensity not of the entire stock, but only of new net or replacement
capacity put into place. %

Bischoff's model is specified as follows :=-
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P
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P
+ by, = Q
2 2'i (c)t__i__1 t=i=1
i=1
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vhere Q = gross value added of private businesssector
P = price index
C = implicit rental cost of capital
K = capital stock.

Of five models tested by Bischoff - including a 'standard
neo-classical' model, a flexible accelerator model, and two cash-flow
models, the FMP model shown above performed the best. Tests gave
evidence of a high degree of serial correlation in all models except
the FMP model. In all statistical respects the FMP model appeared to
be the most sound - it had the highest coefficient of determination
(Rz), lower steandard errors for the coefficients, and a good Durbin-
Watson statistic (D.¥.).

When the models were extrapolated to 1969 and 1970 the
best performer wes the FMP model, followed by the generalised acceler-
ator. The two cash-flow models were the least successful, Bischoff
says 'this was unexpected because these two equations provided the
second best explanation in the sample period both for equipment and
gtructures - this ie because the share of corporate profits in output
has been unusually low repsently.' [ 3 pe33 He points out that in
trying to distinguish between output based and profit based theories
researchers in the past have been plagued by the very close relation-
ship between profits and sales. However the profit share was
exceptionally low in 1967-70. These years therefore provided a

situation in which the correlation was broken, and the results did
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not favour the profit based models.

A similar state of affairs has occurred in New Zealand.
Cost push inflation has squeezed profits in a similar manner, so that
profits have fallen, while output has increased (although at a declining
rate). However if this situation continues for any length of time
capital equipment may not be replaced,,so that in the long run output
will fall iu line with profits. So while output models may be
superior under present conditions, this may prove tc be a temporary
phenomenon.

An interesting feature of all the models tﬁeltod by Bischoff
was that nome performed in a satisfactory mamnner when 'ordinary-least-
squares' (0.L.S.) wes used, so that all models were transformed for
first order serial correlation. In this case it may have been prefer-
able to have included additional variables in the equations in an
attempt to find an economic explanation for the serial correlation,
rather than to transform the models for serial correlation as was done
by Bischoff. For instance none of the models tested included an index
of capacity utilisation; the inclusion of this variable may well have
removed some of the serial correlation. Thys while Bischoff's study
is useful for comparative purposes, the models are incomplete for
practical purposes, since the fact that the serial correlation is not
given an economic interpretation means that there is a danger of the
models predictive powers failing if the serial correlation does not

continue in the expected first order form.
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Survey Conclusions

The model used by Mackrell, Frisch and Roope incorporates
the characteristics which have proved most successful in models over-
seag, Firstly it is based on a derivation of the neo-classical theory
which has proved to be basically sound in a number of situations. / 28_7
[ 3_7 [ 34_7 It alsgo includes & specification of the implicit remtal
cost of capital whichles provided significant results, and which in
principle cam be used to examine the effects of monetary amnd fiscal
policiee which must be one of the main objectives of am econometric
model of this nature. It can also be conveniently modified to allow
for different ¢lasticities of the desired capital stock with respect to
relative prices. And finally it is comstructed of variables for which
data is readily available from the Reserve Bank of New Zealand Database.

There are however a number of potential weaknesses in the
study. The practise of using the lag structure giving the best statis-
tical fit was used, which is not an entirely satisfactory technique, so
results cannot he regarded as conclusive. In the cese of the M, F &R
model a decision is made on the basis of the coefficient of determin-
ation Ra, standard error S.E.E., coefficient of variation C.V. and the
Durbin-Vateon statistic D.¥. /34 pe13_/, the lag structure chosen as
being the best is the preferable one in terms of the above properties,
however it is not the best in all respects, and cannot be said to have
significantly better properties than some of the other lag structures
tested. The final choice wes therefore, to a large extent subjective.
The lag structure chosen is theoretically rather implausible in that
the coefficients of desired capital stock are constrained to be zerc in
the three periods preceding investment expenditures, and in the currer’
period, implying that investors respond only to stimuli received a ye

or more before actual expenditures are made, where in fact it would
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be expected that investors would alter expenditures if relative
prices or demend changed significantly six, or even three months
before expenditures had been planned.

The model also ignores the influence of capacity,
implicitly assuming that the level of excess capacity in the economy
at any time is optimal, so that inoorder to maintain this optimum
all changes in output will affect the desired capital stock rather
than by being absorbed by any existing capacity. The omission of
a capacity variable could be responsible for the rather poor Durbin-
Watson statistic (D.W. = 2.%4) which indicates that there is possibly
negative serial correlation present in the model. The omission of
a cyclical variable, namely capacity utilisation is possibly contri-
buting to this problem,

However in spite of ite weaknesses the statistical
results obtained in the M, F & R study are generally good, so that
this model provides 2 promising starting point for the construction

of a New Zealand model.
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9, THE CONSTRUCTION OF A NEW ZEALAND MODEL

From Jorgenson's theory (as explained briefly in Section 8),
an expression for the desired capital stock is obtained :-
1) X - . g Y
where * = the desired capital stock
a = the elasticity of output with respect to capital
Y = output
P = the price of output
¢ = the implicit rentel cost of capital.
The actual capitel stock will take up to n quarters to adjust
to the desired level, so that the actual stock can be expressed os a

linear combination of desired levels in the preceding n quarters :-

n
ii) Kt = E ki K!t"*
i=0
where Kt = the actuzl capital stock.
From ii) we obtain an expression for net investment :-
n
i) T, e z N, *.u
i=0

If replacement investment is assumed to be proportional to the capital
stock of the preceding period, this can be expressed as follows :i-

iv) Irep odf K1;--1

An expression for gross investment is obtained by summing iii) and iv)
to give

n P
WOt~y M OV YR

i=0

2  The mathematical derivation of this theory is given in té- 24¥Z
[287. The theoreticel formulae used here are taken from the

study by Mackrell, Frisch and Roope / 34 7.
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If it is assumed that the elasticity of the desired capitll
stock with respect to relative prices may be less than one a more
general expression can be obtained i-
nu P E
4 P.
vi) leross = } %% L) YJt-i + 8K,

i=o0

where EP = the elasticity of the desired capital stock with
respect to relative prices.

Tquation vi) wes tested using a range of elasticities (see Table I).

The model was modified slightly by the inclusion of seascnal
dummy variablee, and a constant term. Although a constant term is
not theoretically necessary in this model it was included in the hope
that if the model was incompletely specified it would pick up the effect
of some of the missing veriables, Initial teﬁtu of this model were
disappointinge In all cases the model was plagued by chronic serial
correlation which made it impossible to discriminate with any confidence
between the different equations. However the results broadly confirmed
the findings of Mackrell, Frishh and Roope with respect to the elasticity
of the desired capital stock with respect to relative prices, the model
with an elasticity of 0.3 was better in all statistical respects than the
other models. In general the lag stroutures estimated for the desired
capital stock term gave significant results, the best results were
obtained for a leg distributed over seven quarters.

The preferred equation for the series was :=-

vii) IMR = ,15292082 - «0481881 - «0302852

(3.06) (=14892 (=1.21)
+ +0011583 + .0343104714_1 + Wi YMR2
( «04) (8440) y
=0

Yo = 6000
V1 = 405693 (2.64) W5 = «14180 (6.55)
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¥2 = 409035 (3468 W6 = 412363 (3.48)

W3 = 411944 (5.14) W7 = 407827 (1.33)

W4 = 413850 (7.00)

F° = 077 BeEEe = 557 CoVe w9.5%  DoWe m o5T P = 1945

In estimating lag structures, except where otherwise
specified, the Almon technique was used, with a third degree polynomial
with the first Almon variable constrained to be zero in order to give
the lag structure the theoretically desireble inverted V structure.
The serial correlation suggested that the model was incom=

pletely specified with some important variables missing. In an attempt
to remove the serial correlation a number of additiocnal variables were
introduced into the model.™ Firstly an obvious potential weakness in
the model is the absence of a capacity utilisation varialbe. To over-
come this deficiency an index of capacity utilisation was included in
the model. Secondly there are special features in the lNew Zealand
economy which could make a pure theoretical model impractical. In
particular the importance of gquantitative import restrictions may
influence investment spending in New Zealand. To account for this
factor a dummy variable was included in the model, a second dummy
variable was introduced to account for the United Xingdom dock stiike
(in the fourth gquarter of 1967), which influenced investment in New
Zealand. Fimally a money supply variable was added in an attempt to
capture the effect of the availability of funde on investment. Some
reservations were held sbout the includion of thie last variable how-
ever, because of its collinearity with interest rates which are an

important item in the implicit rental cost of capital term.

¥ At this stage of the project I benefited greatly from the work of
R. Se. DEane and M. A. Lumsden who generously shared the experience
they acquired in the construction of an investment model. /777
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The inclusion of these variables improved the explanatory
power of the model, and significeantly improved the Durbin- Waison (DeW.)
gtatistic. However this specification was unsatisfactory because some
of the newly introduced variables captured the effect of the coefficients
on the desired capital stock term, so that this term became totally
insignificant. This is not acceptable because this term should theoreti-
cally have the dominant influence of investment behadour. A further
indication.that the model was incorrectly specified was given by the
fact that the coefficient on the capital stock variable, which should be
approximately equal tc the assumed rate of depreciation on which the

capital stock series is constructed, was implausibly highe

At this point the newly introdwmced variables were dropped fX@m
the model one by one in an attempt to isolate the confounding variable.
The best results were obtained when the money supply variable was
removed. This improved the significance of the weights on the desired
capital stock term, although it was apparent that some of the effect of
this term was still being attributed to the capacity utilisation and
import control variables.

The extended model, excluding the money supply variable, was
tested for a range of elasticities (see Table II) and over a wider scan
of lags. The favoured model again wes that with a lag of seven éuarter-.

However the introduction of the extra variables confused the
resulte with respect %o elasticities. In this test the model with an
elasticity of desired capital stock with respect to relative prices
equal to zero, was clearly inferior to the other models. lowever it
cen be seen from table 11 that there was little difference between the
remaining models, with those having elasticities of 0.5 and 0.8 being

slightly superior.
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In this situation there are no firm theoretical guidelines
to suggest which model is preferables Vhile it is clear that relative
prices have a role to play, and will therefore have an elasticity of
greater then zero, it is not possible, from these models to make a
precise estimate of the elasticity. In light of the different resultse
obtained from the first series of equetions, it is evident that satis-
factory estimates of the elasticity of desired capital stock with
respect to relative prices cannot be made from this data, since the
equations are mnot senstive enough to allow discrimination among the
various outcomes.

(ne of the preferred equations for the series was :-

viii) IMR = =,8792Z052 =.0364581 -.0281882
(2474) (=14673)  (=1.41)

+ 0233883 + .0296KMR4 1 -+0362 7ZDS

(1.13) (7440) 5 (-1.11%
+ 1.T17 UI‘C9__2 + 06452 ZQR + wi YMR3
(3.54) (2.46)
i=0
wé.oooo

W, = =401291 (=-.601)
W, = ,00006 ( .002)
Wy = 01856 ( +739)
= 403707 (1.654)
W, = 05001 (2.306)
= 405185 (1.726)
W, = 403703 ( +770)

Fz = 086 S.E.E. = 40321 CoVo = 7.4% D.Wo = 1oﬁ

F = 25.25
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Although the results from the series of equationa are
better than those obtained from the basic model, they are still
unsatisfactory, as the model is deficient in explanatory power, and
gerial correlation is still a problem. It is apparent at this stage

that it ie not possible to construct a satisfactory neo-classical

model in the Jorgenson framework with ordinary least-squares estimators,

and this particular data.

Thie specification was therefore dropped and the equation was
estimated with separate lag structures on the output and relative price
terms. The inverted V type lag siructure did not appear to be approp-
riate for the relative price term, as insignificent resulte were
obtained for most coefficients when this type of lag structure was
usede The best results were obtained when a declining structure was
used, since relative prices appeared to be highly important in the
current year, and to decline in importance thereafter. The preferred
equation estimated in this mamner had an elasticity of ome for the
desired capital stock with respect to relative prices. This again
emphasised the importance of relative prices near the point of meking
expenditures,

The favoured equation was estimated as follows :-

ix) IMR = -,0370 SS1 + .0248 NMR4

(-3.08) (10.09) s
+ 9443 UTCY_, = 40529 ZDS
(10.25) ; (=2431) ;
+ .0405 ZG‘R + !‘71 YR%_i +* Vi (mT )t-i "
(3.76)
i=0o i=0
‘w-’o = 0000

-
=
]

«02766 (2.54)
W, = 404199 (3.23)
s = «05380 (3.93)

-

=
i
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W, = 406094 (4.20)
W, = 406128 (3.44)
= 405266 (2.09)
= 403295 ( .90)

Vg = =18.72 (~7.74)
Vy = =14.33 (=7.74)
Vy, = =10.53 (~7.74)
V, = = Te31 (=7474)
V, = = 468 (=7.74)
Ve = = 2463 (77.74)
e = 117 (=7.74)
= = 0429 (=7.74)

B oW

v

v

-3 O W

v = 93 S.EE. = 3012 CoVe = 543% Du¥e = 2410

P o= 637

Because of the poor results obtained from the neo-classical
approach, the equation ix) above was chosen as the best tested in this
study. It ie however unsatisfactory theoretically. In particular
there is no sound theoretical reason for the differemt lag structures
on the output end relative price terms, in fact a2 number of studies
suggest that relative prices should be a much less important consider-
ation at the point of making expenditures e.g. / 3 7/ 127, which
suggeste that the importance the relative price variable in this model
may be partly attributable to the fact that the investment deflator

PI is a component of both the dependent and independent variables.

x The constent term did not add to the explamatory power of the
equation, so since it is theoretically unnecessary was dropped
from the model. The insignificant seasonal dummy veriables were
also eliminated from the model for similar reasonse.
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However in other respects the model is theoretically plausible in its
indication that businessmen form a desired capital stock, on the basis
on demand and relative prices, and that this desired stock is modified
at or near the time of making expenditures by such factors as the degree
of existing excess capacity and by constraints forced upon them in such

forme as import controls and major dock strikes.




TABLE I

524

NEO=CLASSICAL MODEL

- RESULTS FROM THE BASIC

Elasticity of
Degired Capital
Stock with respect
to relative prices.

Coefficients
and t values
0 Q.3 0e5 0.8 1.0
0 0000 0000 0000 0000 0000
1 205338 «05693 «05760 «05576 «05136
(2.618)  (2.643) (2.618)  (2.881)  (3.031)
2 .08889 .09035 .08396 .07307 .06485
(3.732)  (3.6875)  (3367)  (3335)  (3379)
3 «12127 «11944 «10430 08273 .07074
(56073)  (5.134)  (4.520)  (4.105)  (3.996)
4 «14378 .13850 «11531 .08427 «06942
(64132) (64999) (64269) (5.372) (54007)
5e «14967 .14180 .11368 .07732 06129
(56336)  (6.549)  (64034)  (4.974)  (4.451)
6o +13216 «12363 +09613 06114 .04675
(3.178) (3.478) (24910) (24187) (1.903)
Te «08453 .07827 «05933 «03555 «02619
: (1.338)  (1.332) (1.041)  ( «725) ( «609)
KMR4 +0319 <0343 «0362 .0381 .0389
-1 (64899)  (8.398)  (8.724)  (8.741)  (8.657)
551 -+0448 -.0481 20476 -.0456 -+0438
-1.586 (=1.891) (=1.841) (=1.685) (=1.5759)
552 -e0284 -.0302 -+0307 -.0302 -.0295
(=1.025) (=1.207) (=1.196 (=1¢112)  (=1.053)
(- o145 ( .044) ( <307 ( .608) ( .855)
2082 «1819 <1529 <1379 «1255 01217
(3.296)  (3.061) (2.685)  (2.307)  (2.179)
7 .72 R .76 .73 .72
S.E.E. 6.180 5.571 54686 5.983 64155
c.V. 10.6% 9.5% 9.7% 10.2% 10.5%
D.W. .48 .57 .54 049 '47
P 15402 19.57 18.60 16434 15018
E Numbers o-7 refer to the weights on the output-relative price

terme lagged 0-7 periods.
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RESULT™S FROM THE EXTENDED
NEO=CLASSICAL MODEL

Elagticity of
Degired Capital
Stock with respect

Coefficient
and ¢ values

to releative prices.

0 0.3 0.5 0.8 1.0
0 0000 0000 0000 0000 0000
1 -e01400 =.01186 -.01291 -,00272 .00313
(=e863) (=588) (=.601) (=e148) (+204)
2 -=,00471 «00277 «00004 00618 .00990
(=+237) (115 (.002) (.289 (+554)
3 «00952 «02310 01856 «01763 «01753
(«435) (.926)  (.739) («849)  (1.017)
4 «02428 «04313 «03707 02839 02406
(1.000) (1.761) (1.654 (1.625) (1.670)
o «03514 05683 «05001 «03524 02753
(1.169) (2.120) (2.306) (2.252) (2.128)
I «03766 .05822 05185 «03494 .02598
(.918) (1.604) (1.726) (1.525) (1.344)
T «02742 04128 .03703 «02427 01746
(.478) (.772) (o770 (+620) (+526)
KMR4_1 0292 «0295 «0296 0305 «0311
(7.833) (7.752) (7.403) (7.367) (74528)
s -.0339 -o0372 -.0362 -.0342 -.0336
(=e995) (=1.133) (=1.107) (=1.033) (-1.006)
UT09_2 1.3458 1.1720 137317 1.2375 1.280
(3.980) (3.490) (3.541) (3.785) (34940)
ZQR «0462 «0432 «0452 «0435 «0416
(2.809) (2.434  (2.459) (2.395) (2¢371)
S81 -,0329 -.0364 =.0344 -0377 -.0383
(=1.476) (=1.666) (=1.673) (=1.738) (1.773)
S82 - 0234 -o0269 -.0281 -.0277 -.0267
(=1.137) (=1353 (=1.412) (=1.365) (-1.308)
S83 «0260 «0222 «0233 «0239 0245
(1.151) (1.045) (1.135) (1.179) (1.211)
ZCS2 -100361 -08797 -08792 —.9485 ‘09942
(=3.159) (=2.720) (-2.745) ( 2.978) (-3.138)
72 .85 .86 .86 .86 .85
S.E.E. 4.505 4.330 44321 4.385 4.420
C.V, TeTh Ted% Te4% T+5% Te6%
DY, 1.1 11 1.12 1.1 11
¥ 22.99 2514 25.25 24 .44 24 .01




54+
10.  DATA

A11 data used in this study, with the exception of some of
the components of the implicit rental cost of capital were taken
directly from the Reserve Bank of lew Zealand Database.! 1The data
guffers from a number of weaknesses - in particular the investment
geries involves some double counting end therefore does not allow a
highly rigorous examination of invesiment theories. However the data
generally have given good results in the Fseerve Bank's preliminary
model of the New Zealand economy,['7_7hhich suggests that it is free

from major systematic biases.

The data are defined as follows :=

Database
Number
931 IMR = IM/PT - investment in plant and machinery (real).
930 IM = ICM + WM™ = investment in plant and machinery §M.
2600 ICM = Imports of plant and machinery.
3460 CCR1*= The implicit remtal cost of capital relative to PY1
elasticity = 1.
3461 CCR2 = The implicit rental cost of capital relazive to PY1
elasticity = 0.3
3462 oy . The implieit remtel cost of capital relative to PY1
elasticity = 0.5,
3463 GCR4 = The implicit rental cost of capital relative to PY1

elagticity = 0.8,
935 - S
KMR4 = (1-G) KMR4_, + (1-2) ™R [T p.25_7
MM{1 = money - notes and coin plus demand deposits with

trading banks.

* Further information on the construction of the data series can
be fund in 'New Data for Tconomic Research' by R. s. Deane,

D. Grindel and . A. Lumsden / 7 :7?
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1990 MRS = MM1/PC

3674 PC = Consumers' price index.

EYEY PI = Import price index.

1455 Yy = Implicit price deflator for Y1

581 = Seasonal Dummy - March guarter.

582 = JSeasonal Dummy - June quarter.

553 = Seasonal Dummy - September quarter.

S84 = Seasonal Dummy = December quarter.
3658 Urc9® = Utilisation of capacity = YR1S/YRCS
671

3

Wholesale turnover of machinery.
228 YR1! = Aggregate expenditure, excluding farm stocks,

congtant 1965 prices.

340 YR18 = YH1 seasonally adjusted.
354 YRCS5 = Capacity outpute.
3654 Y1 = Aggregate expenditure excluding farm stocks =

current prices.

3464 YRM1 = YR x CCR1
3465 YRM2 = YR1 x CCR2
3466 YEM3 = YR1 x CCR3
367 YRM4 = YR1 x CCR4

Z082 = Constent.
120 7ZDS = United Kingdow dock strike dummy (fourth quarter

1967)
102 E3

ZQR = Quantitative import restrictions dummy.

2 All these variables are given in the appendix. The appendix also
gives the details of the comstruction of CCH1.
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The Construction of the Implicit Rental Cogt of Capital Variable

The rationale for constructing this variable is simply that

the market price of investment goods does not provide a true indication

of the user cost of capital goods. In order to assess the user cost,

factors such as the treatment of investment for taxation purposes, and

the opportunity cost of investment as indicated by interest rates, must

be incorporated in an expression for the cost of capital.

r

The following definition, used by Mackrell, Frisch and Roope

p.7_7 is adapted for this study.

The implicit rental
cost of capitel ¢ = /[d(1-UXz) - (W) + r (1-US)(1-UXZ)_7H§b

where q =

[an
"

>
f

Z =

=

the market price of investment goods. For this the
import price index (PI) was used as an approximation.
the company income tax rate (50% over the sample period).
the investment sllowance (10% in applicable years).r
the proportion of gross investment qualifying for the
investment allowance. For this the amount claimed
under the allowence was divided by gross investment.
This indicated that approximately 157 qualified for

the allowance.

the rate of depreciation on capital stock - for this
the assumed rate of 3.5% was used.

the proportion of the cost of cepital deductilie for tax
pirposes. This was approximated by the proportion for
companies of externzl borrowings to net fixed assets
using New Zealand public company financial statistics.

the coet of funds. The yield on medium term government

The inveetment allowance was not available between Q3 1963 and
Q2 1966,




5T

securities was used for this purpose.
V = the proportion of capital depreciation deductible for tax

purposes. This is equal to one in New Zealand.
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11. EX-POSTE FORECASTS

In order to examine the potential predicting qualities of
the two better ecuations (VIIT & IX) ex-poste forecasts were conducted
over the four quarters of 1971 (see diagrame I and II).

Both equations failed to predict the fall in investment
expenditures from $75.64M in 1970 (4) to $68.184 in 1971 (1), and the
estimate of the better equation (ix) of $74.92M is unsatisfactory.
However by 1971 (2) the equations forecast reasonably well as expend=-
itures began to increase againj

The preferred equation (ix) gave the best forecasts. It did
not over-estimate investment expenditures by as much in 1971 (1), and
it predicted the recovery of investment expenditures sooner than did
the neo-classical model.

The ex-poste forecaste for 1971 are given as follows i=

1971 Actual Investment (M) Forecast Investment
Equation VIII Equation IX
Q1 6817 81.33 T4.92
Q2 69420 73.98 70.68
Q3 7378 78+45 1327
c4 7597 75450 7199

Although the equatione do not forecest with a high degree of
accuracy they appear to be reasonably free from systematic biases
vhich is a satisfying result., It can be seen from diagrams I and II
that investment expenditures have been subject to marked fluctuations
over the sample period, which makes forecasting difficult. Given the
difficulties experienced with data the equations explained these
fluctuations very well. In particular equation IX explained the invest-

ment boom in 1966 end the subseguent downturn in 1968 in a satisfactory

menner. Thie performence, combined with the wx-poste forecasis, suggests

that the models include the more important determinants of investment
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behaviour and that with improved data, particularly for the relative

price term and the investment series, would provide satisfactory results.




Year

(M) N o 1966 1968, ag0 .
76 o Bt
Ve
Actmal \ S
\\ Investment /9/
68 ™ N / \ J
— \/(“ /
% //\ |
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12. CONCLUSION

The pure neo-classical theory in the Jorgenson framework
did not give adequate results in this study, this demonstrates that
there are features of the NewZealand economy which make pure theoretical
models unrealistic for this particular situation. However it is evident
that the basic theoretical framework is still useful when augmented with
variables to account for the special nature of the New Zealand economy.
The fact that the preferred model wag not in the formal neo-classical
framevwork does not imply that the theory should be rejected. To some
extent the poor performance of the theory can be attributed to the data,
particularly the investment series, which because of its imperfections
always left some doubt as to whether theory or data was resplusible for
the results obtained, making it difficult to tighten the model's speci=-
fication.

The implicit rental price of capital variable made & signifi-
cant contribution to the explanatory power of all models tested. This
implies that monetary and fiscal policies, as reflected in interest
rates and the taxation structure, have an important influence on invest-
ment in New Zesland. However the models thested here were not sensitive
enough to give a reliable indication of the size or significance of the
effects of particular measures. It is possible that the improvement of
this variable would improve the explanation of investment behadour, and
allow more sensitive caloulations of elasticities to be made.

The primary purpose of the study was to enable prediction to
be made of changee in investment expenditures. The ex-poste forecasts
used have indicate that some of the models here would provide a sound
basis for predictions in the context of a general equi}ibrium model.

The prior D.¥W. statistic for some of the models suggests that serial

correlation is still present in those cases. However the fact that the

equations perform (even if very generally) according to & priori
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expectations suggests that the neo-claseical approach is valid in the
New Zealand situation, and firmly indicates that simplistic explana-
tions of major categodes of national expenditure by the use of such
practices as classifying categories of expenditure as 'autonomous' or
‘induced' ae& in neive models, are inadequate and have little use.for
practical purposes. Investment behaviour is clearly affected by a large
number of factors, some of which have an influence distributed over a

period of almost two years.




13. DATA APPENDIX

Investment in Plant and Machinery (reall!
1. IMR < % 4 %

31.788 38.894 45.016

3 46.111 46.246 45.129 40.689
35.169 36531 41.158 41,009
42.386 41.668 55+020 48.156
48.439 4T7.474 5T7.024 54 <415
56391 52.443 73336 68.098
664533  64.029 65.948 72.198
684935 67.378 60.472 45.090
514382  47.738  59.572 584522
53.030 584449 67843 64.272
62.199 68762 T72.419 754649
680179 690203 73'780 75.975

KMR4 Stock of Plant and Machinery (real) Depr. 3.5% "

Q
1 Q@2 Q3 Q4

662.490 670.550 685.314
T705.578 7264210 T46.253 764496
T77.735 785.086 793.518 806.203
818.298 831.323 843.186 867.759
884.725 901.375 916+494 940.471
961.045 982.840 999.992 1037.082
1067+724 1095.756 1120.345 1145.960
1176.822 1203.396 1227.509 1243.990
1244.T74 1251.716 1254.832 1269.472
1282.567 1289.806 1302.118 1323.233
1340.099 1354.840 1375.013 1398.076
1423.506 1440.669 1458.238 1479.688

UTC9 Capacity Utilisation®

o2 % Q3 %

0000 975 95.9
97.9 93.1 99.6 99.4
94 .6 9542 92.9 92.0
9.3 95.1 95.6 95.7
93.3 93.9 95.5 971
97.1 91.4 96.3 977
98.1 99.4 99.8 99.4
100.2 98.0 9142 89.9
100.2 90.7 9609 92'3
91.6 9146 92.9 95.8
94.6 98.1 96.1 98.3

99.0 94.0 955 951




YR1 Aggregate Expenditure — Excluding Farm Stocks -

1247
7696
798.8
821.1
831.1
939.2
96342
926.2
96846
1073.8
1067.8

734.8
7778
75244
800.2
824.1
858.1
91841
86543
950.8
944.3
1013.8
1044.9

75044
808.0
77645
837.7
879.8
914.8
962.7
901.2
96045
1035.3
1102.7
1109.5

71241
71501
74044
764 ¢5
830.9
879.3
937+6
905.4
933.4
1002.9
1089.1
1097.7

ZQR Dummy Variable for Quantitative Import Restrictions g

100
=100

0

0

0
100
0
-100

0

100

100

100
100
=100
0
0
0
100
0
-100
0
100
100

100
-~100
0
0
0
100
0
-100
0
100
100
100

100
-100
0
0
0
100
0
-~100
0
100
100
100

CCR1 The Implicit Rental Cost of Capital Relative to PY1

& ;. N %
«857 .893 <936
874 «841 .839 .885
.862 867 «930 «926
«937 <902 <946 «986
979 <954 1.030 1.043
1.022 1.002 1.018 1.016
1,008 <983 1.050 1.044
1.079 1.089 1.032 1.011
.870 «907 927 912
<918 «909 <949 932
974 «940 «955 «995




C The Implicit Rental Cost of Capital (index
w Q, = 1.000)

.982 997 <967 <933
«965 1.004 1.032 1.001
1.018 1.015 .968 +985
973 1.014 .989 <974
.981 1.014 <963 <971
<973 <986 1.000 1.003
1.008 1.035 .985 .989
2993 1.002 1.039 1.051
1.212 1.198 1.189 1.242

1.244 1.249 1.227 1.247
1.226 1.264 1.277 1.314
1.324 1.307 1.411 1.409

S The Proportion of the Cost of Capital Deductible
for Tax Purposes

Q, Q Q;;;, Q4
.80 .80 .80
.80 .80 .80 .80
.80 .80 .80 «80
.80 .80 .80 .80
.80 .80 17 o717
.81 281 75 75
oT7 N i «82 «82
.85 <85 .81 <81
.81 «81 .80 .80
.80 .80 .82 .82
087 087 091 091
«99 «99 <93 «93 =

In this expression external borrowings included the items Bank
overdrafts, Creditors, Fixed Charges, Mortgages, Debentures.
Data was unobtainable before Q, 1964, so before this data the
ratio was assumed to be constadt at 0.8
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q (PI) The Import Price Index *
q, Q, q, q,
1.010 1.025 1.005 «980
1.010 1.009 1.025 «987
989 «998 979 977
964 1.007 983 <978
«992 1.027 984 .989
1.000 1.005 «998 «997
1,008 1.015 <989 1.000
1.012 1.013 1.024 1031
1.189 1176 1172 1222
1.219 1224 1.220 1255
1.269 1.308 1357 1.396
1426 1419 1470 1469
r (JGM) Yield on Government Securities, Medium Term
q, q, % qQ,
4.87 4.87 4.78 4.70
4.74 5.05 514 521
532 5e22 520 516
5.16 5.14 5.08 2.97
4.91 4.90 575 4.77
4.86 4.93 4.86 4.89
4.92 506 514 5.09
517 5426 529 533
532 5e32 520 5e22
526 525 5e22 513
516 517 5.14 514
5431 5.29 529 529

PY1 The Implicit Price Deflator for agg;egate Expenditure
Excluding Farm Stocks

% % e %

.854 .864 873

-844 0845 0866 ‘886
0877 0880 .901 .912
<911 <914 <936 <960
<961 <967 «991 1.012
<994 .988 1.018 1.019
1,017 1.017 1.035 1.033
1.071 1.091 1.072 1.062
1.054 1.087 1.103 1133
1.142 1.136 1.165 1.163
1¢195 1.188 1.219 1.308
1.300 14332 1.364 1.431

All thege Variables were taken directly from the R.B.N.Z.
Database.
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