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I INTRODUCTION

Some years ago, one of us developed a small scale model of the interaction
of output and the inflation rate in a closed economy.(See'Laidler 1975, Ch.7)
The model in question was analytically simple, consisting of but three equations,
and was therefore well adapted to classroom use, even at the undergraduate level.
However it also turned out to have considerable empirical content when tested
against data generated by the post-Korean war United States. Thus, unlike
the vast majority of small analytic models presented to undergraduate (and
graduate for that matter) macroeconomics classes, it could be defended against
charges of "oversimplification" by noting that, though many important elements
of the real world were omitted, enough key features seemed to have been left
in to ensure that the model in question was nevertheless of some: practical

relevance.

Even so, the model was extremely simple, and too simple for many tastes.
It consisted of a demand for real money balances function, log. linear in
the level of real income, but containing no opportunity cost variable, an
expectations augmented Ph:f.llips curve, and an equation defining the expected
rate of inflation as being determined by a first order error learning process.
It was driven by but two exogenous variables, the nominal money supply, and
the "full employment" or "natural" level of output, which was for empirical
purposes determined by a log. linear time trend. Its real side was thus
a "vertical LM curve" short run income determination model that permitted
nothing but money to influence the level of aggregate demand. Indeed the
only source of variation in the velocity of circulation lay in the possibility

that the real income elasticity of demand for money might differ from unity,



so that velocity would vary with the manner ‘in which money income fluctuations

'were divided between real income and the price level.

In this paper, we present a more sophisticated version of the same type
of model. Though it retains enough simplicity to make it potentially useful
as a teaching device, the most objectionable features of its prototype have
be removed. First, an opportunity cost variable is permitted to enter the
demand for money function, and as is only fitting in a model which seeks to
deal with price behaviour, the role of the expected rate of inflation in
determining the value of this opportunity cost is explicitly recognised.
Second, the structure of the model is such that variables other than the
quantity of money are permitted to influence the level of aggregate demand.
Government expenditure, taxes, and variations in what we may loosely term
the marginal efficiency of capital, all have a potential role to play.
Third, interest rate variables, which were completely omitted from the
earlier model, are included in this one as endogenous variables, determined
within the system. The '"full employment" level of income is still however
treated as exogenous in what follows, but this is hardly an uncommon property

for a short run macro-model.

As did the prototype model, this one turns out to have considerable empirical
content, as the bulk of this paper will be devoted to demonstrating. We will
show that the model fits post-Korean war United States data reasonably well,
and that it 1s rather robust in the face of an extension of the data back to
1946. Moreover, we shall also show that it fits this longer set of data at
least as well as Robert J. Barro's "new-classical model" of price and output °

determination (See Barro 1978), despite being in most respects a simpler
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structure. Before turning to these empirical results, we will present the

basic model for which they have been generated.

ITI THE MODEL -

Our model consists of six equations, determining output, the demand for
money, the inflation rate, a nominal interest rate, a real interest rate, and
the expected inflation rate. The first of these is the most complex, being
in effect the reduced form of a simple Keynesian income-expenditure systuu.l
Aggregate output is here treated as a passive veriable that responds immediately
to satisfy aggregate demand, which therefore becomes the key variable in the
system. Aggregate demand in turn consists of private sector expenditure and
government expenditure. Real govermment expenditure on goods and services,

G, is treated as exogenous, while real private sector expenditure, E, is thought
of as being determined along the following lines. With Y* real permanent
income, R the real rate of interest, T the tax rate, Ms the quantity of nominal
money supplied, Md the quantity of nominal money demanded in the 'long run"

(the term will be more precisely defined in a moment), and subscripts -1

referring to time lags, we write

= Ms *
E = kE_l, T g0 _l:IY (1)

Md

So that, with Y real current output, we have

v - G+kUY* (2



If we treat the term in parentheses in equation (1) as having the form

then a log linear approximation to equation (2) is given by

r (1)

y = al(ms - md)_1 ta,t o+ a,8 + o .

6
In equation (i), which is the output equation of our model, the variables

have the following meanings:

ye log‘z or the transitory component of the logarithm of output. -
Y*
t: the deviation of the logarithm of the tax rate from its steady state value.
g: the deviation of the logarithm of government expenditure from its
steady state value.

r: the deviation of the real rate of interest from its steady state value.
ns: the logarithm of the money supply.

md: the logarithm of the quanity of money demanded in the "long run".

If we argue that, in the steady state, the supply and long run demand for money
are equal to one another, then it will be seen that the term (ms - md) also

measures the deviation of that variable from its steady state value.

As to the parameters of equation (i), these are to be interpreted as

follows



a; = kui (3)
oy = kué (4),
o, = (1-k) | (5)
ap = kué ‘ (6)

As must be apparent from the above definitions of the variables and
parameters, equation (i) is obtained by linearising equation (1) about the
steady state values of the logarithm of its variables.2 In deriving that
equation, we have postulated that the steady state value of national income
is given by Y*. This involves us in treating this "natural" level of output
as equivalent to the "permanent' real income variable that ihfluences private
sector expenditure. If output always converges upon the same natural level,
than its value represents an expectation of income that is, in tﬁe "long run",
rational, so this property of equation (3) is by no means indefensible. It is,
however worth explicitly noting that this does not mean that complete long
run "crowding out” is imposed upon this equation. Y* could vary with the
steady state values of G and T. However, our model has nothing to say about
this matter. It deals only with the short run effects of fiscal policy upon
output.3 Thus equation (i) leaves fiscal policy's temporary effects on real
income open to empirical investigation, while the same may be said of the
influence of interest rate fluctuations. Moreover, the possibility that
shorter run fluctuations in output might themselves influence expen&iture,
thus generating a multiplier process, could easily be allowed for by adding
a lagged transitory income term to the right hand side of equation (i).

Its absence there does not reflect any a priori judgement on our part. Indeed

we tested for the importance of this variable in the course of our empirical



work, but, with the annual data that we used, found no role for it to play.4

Probably the most unusual argument in equation (i) is the term (ms - md),
though there are by now several precedents for including this "real balance
effect" term in such an equation.5 Recall to begin with that the term md
represents the logarithm of the "long run" quantity of money demanded. By
this phrase we mean exactly what Gregory Chow (1966) and others who have
written about such matters since he did have meant, namely the quantity of
money that agents would hold, given the values taken by the arguments in the
demand function, if there were no costs involved in instantaneously adjusting
cash holdings to their desired level. The term (ms - md) represents the
difference between the quantity of money in circulation, which therefore must

be held by agents,and this long run demand for money.

The proposition that there might be a difference between the amount of
money in circulation at a particular m;ment and the long run demand.for money
at that same moment is a commonplace of the literature on the demand for money.
It is one of the premises upon which the conventional "adjustment cost"
argument for including a lagged dependent variable in the function when
modelling the "short run" demand for money is based. However, we would argue
that, in an economy in which the nominal money supply is exogenous to the
variables determining the demand for money, it is incorrect to postulate that
the money supply adjusts slowly towards a long run target value; but that
is just what the usual adjustment cost based lagged dependent variable formu-
lation of the demand for money function implicitly does. If the exogenous
money supply differs from the quantity of money that agents wish to hold,

then their attempts to adjust their cash holdings must cause their expenditure



flows to take a value different from those implied by whatever values other
factors affecting expenditure might take. In short, there is a real balance
effect on expenditure when the economy is "off" its long run demand for
money function, and the term al(ms - md) in equafion (1) répreseﬁts an

attempt to capture it in simple algebraic terms.

Had the phrase not already been appropriated by the new-classical
economists, and given a different meaning, it would be convenient to refer to
the term (ms - md) as "unanticipated money": it does after all refer to the
amount of money in circulation to which the arguments of the long run demand
for money function have not adjusted. Moreover, the inclusion of this term
in an output determining equation amounts to saying that "unanticipated money

leads to changes in output". Again the phrase has a familiar ring, but it

does not here mean quite what it does in new-classical economics. For

example, in the work of Barro (1978), unanticipated money is money to which

the price level has not fully and immediately adjusted, and it influences
output by way of further effects on the general price level that individual
agents misread as reflecting relative price changes. For Barro, thergfore, all

observations are "on" the demand for money function. For us "unanticipated

- money" refers to money to which the arguments of the long run demand for

money function have not adjusted, and its effect on output comes about not
through any supply side response to price changes, but by way of a real

balance effect on expenditure to which output adjusts along orthodox textbook -

Keynesian lines.

The long run demand for money in our model is given by the following,

quite conventional, log. linear relationship



M

= *
4 63 + Sly + 62rn + p (ii)

The only variables here not yet defined are L which is the logarithm of
some nominal interest rate that represents the opportunity cost of holding

money, p the log. of the general price level, and y* the log. of Y%,

The next equation to be discussed is that determining price level
behaviour. Our initial choice here is a conventional expectations
augmented Phillips curve which the reader should not interpret aé being
derived from any sort of "aggregate supply" function analysis. We have
already used a very simple Keynesian 45° aggregate supply curve in deriving
our output equ;tion, and cannot now resort to introducing a second such rela-
tionship, inconsistent with the first, into our model. However, as is well
known, there exists an alternative explanation of price-output interaction
in the literature and that alternative is a natural supplement to our out-
put equation. It treats the Phillips curve as a price setting equation.6
Where Ap is the first difference of the logarithm of the price level, Ape
the expected inflation rate, and y the deviation of the logarithm of income

from its "natural" level, and hence a proxy for excess demand, we write
bp = By_; + 8p; (111)

This equation supplements equation (i) in an extremely straightforward
manner. The latter determines the level of aggregate demand, and therefore
actual output, while in equation (iii) output influences prices and hence
feeds back by'way of its role in the demand for money function into the deter-

mination of the level of output in the subsequent period. However, as one of -



us has noted elsewhere (Laidler 1975, Ch. 1) firms as well as households hold
cash balances, and if one regards excess money balances as giving a signal

to firms to increase their output, one should entertain the possibility that
they would respond to that signal by changing their prices as weil. In that
case one might regard output and prices as responding together to excess

cash balances rather than in the mechanical sequence implied by the fore-
going discussion. The implication of this would be that, rather than have an
output variable in equation (iii), one should instead include the term

(tn.8 - md) as having a direct influence on the inflation rate. Of course the
presence of such a term in our output equation ensures that the two formula-
tions are closely related to one another, but even setting matters of timing
aside, they are not quite identical because of the presence of other

1

variables in equation (i) determining output.

Be that as it may, Jonson and his associates report good results with
an (m.s - d) term in the price equation of the RBA 79 model of the Australian
economy. (See Clements and Jonson 1979.) Thus, as an alternative to equa-

tion (iii), we also experimented with the following equation:
_ _ e
Ap = Bl(m.s ma)_1 + Ap_1 (iiia)

As we shall see in due course, either expression performs well, with the

latter giving, on the whole, marginally better results.

Equétion (i) contains two interest rate variables, a nominal rate
representing thie opportunity cost of holding money, and a real interest rate

that is thought of as exerting a negative influence on the flow of expenditure.
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In order to make these variables endogenous, we must first of all say some-

thing about the factors that influence the interaction of real and nominal ‘ .
interest rates. According to Irving Fisher, the nominal interest rate ought
to equal the real interest rate plus the expectéd rate of inflafion, at least
on assets that are otherwise similar. Thus we write, using capital letters

to denote natural values of the variables
e
Rn = R + Ap (iv)

With our interest rate variables thus 1inked by equation (iv), we need
only to add an equation to determine one of them in order to complete our
model.7 As the reader will recall, in deriving equation (i), we postulated
the existence of a steady state value for the real rate of interest, arguing .

that temporary deviations of the rate from this steady state value would

“

influence aggregate demand. We would suggest that it is reasonable to think
of this steady state value as being determined by the underlying "long run"
forces of "productivity and thrift". One factor that might be expected to
influence the real rate of interest in the short run, to drive it away from
its long run equilibrium value, is surely the existence of an excess supply
or demand for money. If the economy as a whole is trying to adjust its money
holdings towards some target value determined by the long run demand for
money function, then existing assets as well as currently produced.goods and
services would presumably be one of the objects of the resulting flows of
expenditure. To the extent that such expenditure flows had the effect of
driving the current price of such assets, and hence the interest rate, away
from its steady state value, variations in the real rate of interest in our
equation (5) would in fact be capturing a further channel of influence on
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expenditure of the quantity of money, rather than representing another,

independent, factor affecting aggregate demand.

Thus we postulate that the real rate of interest .might be determined by

an equation such as
R = ¢° + ¢1(ms -md) + p v)

where the parameter ¢° is an estimate of the steady state value of the real
rate of interest, where ¢1 is expected to be negative and where p is a'catchall"
vector of other influences on the real rate of interest, representing fluctua-
tions in the marginal efficiency of capital.

Finally, we need an equation to determine the expected rate of inflation,
and here we use the error learning hypothesis. We make no apology for this,
because although the hypothesis in question is much criticised for its
mechanical nature, it does perform well empirically. Moreover, its use
imparts to our model an element of inertia in price level behaviour that
commentators as otherwise diverse in their views as Tobin (1980) and Cagan
(1980) have each argued is an important factor in the inflationary process
in modern economies. Furthermore, the fact that we include the expected
inflation rate in both our price equation and that linking nominal with real
interest rates means that, in effect, when it comes to estimating our model,
we will be using the information contained in the interest rate variables
to discipline the estimation of the parameter of our error learning process.
Though this step will hardly satisfy exponents of the rational expeétations

.hypothesis, it does at least iﬁtroduce an element of forward looking behaviour
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into our treatment of expectations. Thus the expectations equation which

completes our model is given by
8p® = ddp + (1 - )opS) ' (vi)

Now, if our model was to be estimated one equation at a time, the fore-
going discussion would suffice to describe it. However, the reader will have
noted that, although it is the logarithms of the two interest rate variables
that appear in equations (i) and (ii), it is the natural values of these
variables that appear in the Fisher Hypothesis embodied in equation (iv)
and the natural value of the real rate of interest that we have written as
the dependent variable of equation (v). Because we wish to estimate our
model as a "complete" system, using full information techniques in order to
exploit the many links between its components, this will not do. Hence we
use the natural value of interest rates throughout the model, approximating
the log. linear relationships with semi-logarithmic formulations wherever
appropriate. This step ensures that the model as a whole is a linear ome
and hence renders it easily amenable to purely qualitative analysis. Later
we will report the results of such single equation estimates designed to check
on the extent to which the approximation under discussion here distorts our

results.
The model as a whole may now be written as follows:

= " 1
y = al(mS - md)_1 + ast_; + 016(11__1 - ¢o) (i)

1
md=6°+61y*+6;'Rn+p (11h

[(]
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e .

Bp = By_; + p_, (111)
Ap =B, (m_ -m,) ., + Ape

1\'s a’-1 -1 _ (1iia)

. .

Rn =R+ Ap (j_v)
R =¢ + dbl(mS -my) +o )
8p® = dap + (1 - d)ap, (vi)

III THE DATA

The model described in the last section of this paper was initially
estimated for the period 1954 - 1978 using annual data for the United States.
However, as a further test, it was also fitted for the longer time period
1946 - 1976. This choice was prompted by the fact that Barro's (1978)
well known new-classical model was fitted for this time period and, inasmuch
as it deals with the behaviour of prices and output, generated results with
which ours are directly comparable. In point of fact, we also estimated our
model for the period 1946 - 1978, but because the extra two years of data
made ﬁo significant difference to any of our results, we do not report the

outcome of these particular experiments.

With one or two exceptions, our choice of data is quite straightforward.
The real income variable is gross national product, and the price level the

GNP deflator. Government expenditure is represented by real purchases of
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goods and services by federal, state and local govermments, while the tax
rate is given by the ratio of federal state and local taxes (net of trans-
fers) toiGNP. The nominal money supply is meaéured by M2, and this choice
is important. The results reported below do n;;, in every resé;ct, hold
up 1f M1l is used instead.8 We chose the three month treasury bill rate to
represent the nominal interest rate in the demand for money function.

"Steady state" values of real income and government expenditure were
generated as simple log. linear time trends fitted to the series in question
for the period 1946 - 1978. For the tax rate variable, there seemed to be

no well determined trend, so in thié case we represent the steady state value
of the variable by its mean. It should be noted that these measurement pro- -
cedures impose the assumption of long-run crowding out upon our model. It

is also worth noting explicitly that we did a considerable amount of work to
explore the comnsequences for our model's performance of using different time
periods to generate the relevant trends and means, and confirmed that our
-results were not sensitive to this particular choice of period. We did not
follow this procedure with the real rate of interest. Rather, in generating
the results reported, we used the level of this variable, thus including its
"steady state' value (¢°) in the intercept of our output regression and per-

mitting the parameter in question to be estimated.

We chose the dividend price rafio to represent the real interest rate,
and did so, among other reasons, because we believe that variations in this
variable will capture those elusive shifts in the marginal efficiency of
capital to which we have referred above. If an excess supply of money was the
only factor causing the real interest rate of fluctuate in a manner that had

a systematic effect on aggregate demand, then its inclusion in equation (1)

e
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would be redundant. The (m8 - d) term would capture all of its influence.
However, if there are autonomous fluctuations in expectations about the future
profitability of investment, then, for a given current rate of flow of
dividend payments, these would presumably be reflected invfluctdations in
stock prices, fluctuations that would occur independently of variations in
monetary variables. In that case there would be enough independent varia-
tion in the dividend price ratio for it to play a role of its own in equation
(i) even in the presence thereof (mS - md). Wé could think of no way 6f
measuring these marginal efficiency of capital variationms independegtly of
the dividend price ratio, so that, in fitting equation (v) we simply treated
p as being part of the equation's error term, and used (ms - md) és the sole

explanatory variable in that expression.

One further comment about the real interest rate Qariable is in order
at this point. Initially we had trouble getting equation (v) to perform well,
though the rest of the model was not affected by these difficulties. We
were able to "cure" this problem with a little data mining. The addition of
a shift dummy variable for the years 1973 onwards to this equation was all
that was required to gét it to perform well. To use this procedure. implies
that there was a sustained downward shift in the marginal efficiency of
capital in 1973 that our model does not explain, but treats as exogenous.9
A final point that needs to be made here concerns equation (iv). The rela-
tionship between real and nominal interest rates as specified there is
valid for the case of assets that are otherwise identical. There are of
course many differences between common stock and tréasury bills apart from
one being a real and the other a nominal asset. Here we attempt to capture

the effects of all these difference in a constant "liquidity premium", Y,
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which we expect to take a negative value.

A word about the timing of our data is now in order. Output, -government,

e

expenditure, and taxes are measured by annual rates of flow, medsured at mid-
year. The money supply and interest rate variables are all end year figures,
however, being averages of the 4th quarter observation and the lst quarter

of the following year. 'The price level is also an end year figure, being a

4 quarter average centered at the end of December. This choice was made so
as to ensure that our results on the price equation were as comparable as
possible to Barro's and we explicitly checked to confirm that the substitu-
tion of a two quarter average made no essential difference to our results.

As far as the output equation was concerned, it did not, but the use of a

one year average measure of prices rather than a six month average did lead

to considerable improvement in the price equation's performance.10

(e

IV _EMPIRICAL RESULTS

The model set out at the end of section II of this paper cannot be
estimated as it stands. Two of its equations, those deterﬁining the long
run demand for money, and the expected inflation rate, have non-observable
dependent variables. When these are substituted into the appropriate places,
and the minor modifications discussed in the last section are made, our

model reduces to a four equation system that may be set out as follows:

- _ 1 _ _ _
y = (g8, = agd)) +aym - p)_; - o 8 y% 0‘16%““.--1

+ ast_l + aag + aéR_l I
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Ap = BoAy_l + dBoy_2 + Ap_l IIla
OR

Ap = d816° - 8161Ay* + Bl(Ams - Ap)_1

1
- BIGZARn_l + dBl(ms - p)_2

- * -
dg,8,v%, dBl‘%R“-z ITIb
Rn = dyo + AR + dR_l + dAp + (1 - d)Rn v
R= ¢,* ¢4+ &D1973_78 + ¢1(ms - p)

+ ¢ 8,7 - ¢16;‘Rn v

Our a priori expectations about the values of the parameters of this system

are as follows:
al’ a4, 61’ 809 Bl’ ¢°’ ¢2 > 0;
0<d<1; “3: 06’ 629 ‘bl’ Yo <0

As the reader will see, there are a large number of over-identifying
restrictions on parameter values implicit in the above model, and it was
estimated with all of these being imposed, using full information maximum
likelihooé programmes developed by br. Clifford Wymer. Table I contains the

results of this exercise for the years 1954 - 1978, for versions of the model
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containing each price equation in turn.

The results presented there seem to us to be satisfactory, on the whole.
It is apparent that the substitution of one price equation for another makes
virtually no difference to the estimates that we obtain of the model's other
parameters, and this is not a result to be taken for granted, given the extra
overidentifying restrictions on the parameters of the demand for money
function that the use of equation IIIb introduces into the model.11 In
both versions of the model, all parameters take the sign that was a priori
expected. Furthermore, only the parameter relating output to the tax rate
fails in both cases to be different from zero at conventional levels of
statistical significance; but even this parameter is sufficiently large
relative to its standard error that it would be unwise to dismiss the possi-

bility that tax rate variations did have a significant short term impact on

output on the 1954 ~ 1978 period on the basis of this evidence.

Variations in the real rate of interest have an important effect on
expenditure, even in the presence of the excess supply of money term in
equation (1). However, they are themselves in part the result of a real
balance effect, as the statistically significant negative value for the
parameter ¢1 implies. This would appear to mean both that interest rate
variations are an important indirect channel of monetary effects on output,
but also that there are enough sources of variations in real interest rates
that are not monetary to enable the parameter a% to be separately estimated.
This in turn suggests ﬁhat our conjectures, about fluctuation in the marginal
efficiency of capital being an independent source of variation here, may

not be without foundation.

\e
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Not only do all parameter estimates reported in Table I make qualita-
tive sense. They make quantitative sense as well. In particular the para-
meters of the demand for money function are well within the range of what one
might have expected on the basis of avwide rangé of studies - tﬁough the
implied interest elasticities do seem to be a little on the high side given
some recent work (e.g., Lieberman 1980). Last but not least, the well

determined values for ¢, and ¢1, not to mention Bl in the second version of

1
the model suggest that the adjustment of real balances towards their desired‘
long run values has a pervasive and systematic influence on the macro-
economy. Such a result has already been well documented for the United
Kingdom by Jonson (1976) and Laidler and O0'Shea (1980), and for Australia by
Jonson et al. (1976) and it is therefore of considerable interest to have

such strong confirmation of the importance of real balance effects for the

United States as well.

As we have already remarked, the next step in our investigation of the
eﬁpirical properties of our model involved fitting it to data for a longer
time period, namely 1946 - 1976. The results of this exercise are presented
in Table 2, but before we discuss them directly, two points should be made.
We have already referred to difficulties encountered in obtaining a satis-
factory performance from our interest rate determining equation, and noted
that the problems-involved were "solved" by introducing the shift dummy
parameter ¢2 into the relationship. Similar problems were encountered with
the 1946 - 1976 time period and this time two dummy variables had to be added
to real interest rate equation to "solve" the problem. ¢y remains in the
equation, as before, and ¢3 is attached to a dummy variable that takes the value

unity for 1946 - 1953 and zero therafter.12 More important, the period between
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the end of the second World War and 1953 was one in which nominal interest
rates were pegged. For this period, it is nonsense to suggest that the
Fisher equation (IV) represents an appropriate way of modelling the
behaviour of the tresury bill rate. For those §ears this variaﬁle was
exogenoué. Hence, with appropriate use of dummy variables, we limited the
period for which the parameters of equation IV were estimated to 1954 -
1976, simply treating the nominal interest rate as a constant K for earlier

years.

These, as we hope the reader will agree, relatively minor modifications
were the only ones undertaken in order to generate the results presented in
Table 2. The most notable difference between those results and the estimates
given in Table 1 lies in the parameter 62, which measures the interest
sensitivity of the demand for money. As we shall show later, when we discuss
results obtained for our expenditure equation using ordinary least squares,
this problem seems to stem at least in part from the use of a semi-logarithmic
formulation of the demand-for-money - interest-rate relationship, which was
adopted in the first place as an approximation designed to maintain the
linearity of our model. Over the period 1946 - 1953 the treasury bill rate
was maintained approximately constant at a level well below that ruling on
average after 1953, so that the addition of these years to the data set might
be expected to do particular damage here if the relevant relationship was

in fact mis—specified.l3

The second point about the results presented in Table 2 worth explicit
note is the strength of the fiscal poliéy variables. There is no doubt here

about the statistical significance of tax rate changes as a short-run influence

(U]

(w

.



21

upon aggregate demand. The quantitative importance of this variable, and of
government expenditure is also considerably greater, too much so for the

comfort of anyone wishing to claim quantitative stability for the model's

parameters in the face of the additional data used in the generaéion of

Table 2. Indeed, these parameters are not the only ones whose estimates
change quite a lot in the face of additiomal data.14 However, all parameters
estimates presented in Table 2 remain of the a priori expected sign, and, are
of reasonable orders of magnitude as well. Our model is at least qualita-
tively robust. To say this is not to claim all that much for it, perhaps, but
it is.more than can be claimed for many models when extra data are added to
the sample for which they were originally estimated, particularly data like
these, dominated by the aftermath of the second World War, and by the Korean

1

War.

IV A COMPARISON WITH BARRO'S MODEL

Though the results reported above are surely strong enough to support the
claim that our model should be taken seriously, they do nevertheless concern
its performance taken in isolation. ‘We are still left with the question "How
strong is strong?" In this case, it is possible to face up to this question
directly and compare the performance of our model with that of an alternative,
widely cited, framework. Two of our dependent variables, the deviation of
the log. of output from trend, and the inflation rate, are the same as those
explained by Robert J. Barro's (1978) new-classical model of the United States.
Barro 1s exceedingly thorough in his preseﬁtation of results, going so far
as to present the residuals from his equatisns, so that a direct comparison

of his residuals with ours can be made.
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Table 3 presents the relevant information for this exercise, as far as.
the output equations of the two models are concerned. There the residuals

from Barro's output equation as fitted by ordinary least squares, are reported

103

in the first column, and subsequent columns repsrt residuals from various
versions of our model. In particular the second and third columns of the
table present the residuals from our output equation when it is fitted as
part of the complete system whose results are reported in Table 2, the first
for the version of the model using an orthodox expectations augmented
Phillips curve, and the second containing equation IIIB which attributed a
direct role to monetary disequilibrium in influencing prices. The remaining
column presents- the residuals from an ordinary least squares estimate of

our own equation which we shall discuss in a moment. In addition to the

residuals themselves, we present statistics for their mean absolute value.

As the reader will see, as far as output equations are concerned, there
is essentially nothing to choose between Barro's model and ours. Even when
all the constraints. implicit in the structure of the complete system are
imposed upon our output equation, its mean absolute error is bur one tenth
of one percent worse than that of Barro's equation. However, the latter is an
ordinary least squares estimate of a single equation taken in isolation- and,
furthermore, one in whose construction a distributed lag scheme was determined
by the data.15 In the case of our estimate, not only was information con-
tained in the rest of the model taken into account in arriving at it, which
would tend to worsen its fit relative to that of an ordinary least squares
estimate, but the extremely simple lag pattern with which the consfruction of
the model began was maintained throughout the exercise; the lag pattern implied
there was imposed upon the data. They were not permitted here to determine |

its form.

"
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As we have already remarked, the last column of Table 3 contains residuals
derived from an ordinary least squares estimate of our output equation,
further details of which are given in Table 4. The residuals actually
presented there are for a completely log. linear"epecificaﬁion of the equation,
set out as equation (i) above on page 4. We did of course also fit the
version of the equation using natural values of the interesi raté variables
by ordinary least squares, and found that the results here were essentially
the same as those generated by full information techniques. In particular
the nominal interest rate did not appear to be a significant variable in the
demand for money function. As the reader will see, this particular problem
vanishes when a log. linear formulation is used while the goodness of fit of
the log. linear relationship is also slightly better.16 The mean absolute
residual from the log. linear version of our output equation is in fact the
same as thét generated by Barro's mo&el, and while the absolute sum Qf the
residuals is marginally smaller (.336 as opposed to .346) it is inappropriate
to draw conclusions from this, given that the data from which these sums |

derive have been rounded to 3 places initially.

A word should be said about the results presented in Table 4. First, the
standard error of the regression, o, has, as far as we know, been calculated
by the séme formula as Barro's and is marginally smalier than that for his
equation which was .016. Second, the Durbin-Watson statistic for our equation
is a "borderline" value, suggesting that auto-correlation in the residuals
of our output equation is not a serious problem for the 1946 - 1976 period.
This is a point of some importance, because Wymer's programmes do not contain
any error term diagnostics and in this respect there must always be an element

of doubt about the results that they generate. We did re-estimate our equation,
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using the Cochrane-Orcutt adjustment for the first order serial correlationm,
and confirmed that, for the period 1946 - 1976 there were no serious pro?lems
here. However, the reader should note that OLS estimates of the relevant
equation for the 1954 - 1978 period suggest -that serial cdrrelation;is a

more important problem in the shorter period, thus lending further support

to the conclusion - that we have already drawn above, namely that the robustness
of our model in the face of data from various time periods lies more in its

qualitative nature than in the quantitative values of its patameters.17

Even so the OLS .parameter estimates of the output equation are very
like those yielded the complete model, with the exception of the interest
elasticity of demand for money. This suggests that much of the strength of
our model's overall performance derives from this equation, a conclusion
which is partly supported by further work, not worth reporting in detail,
which shows that our real interest rate determining equation generafes;non—
sense results, of no statistical (or economic) significance, when attempts
are made to estimate it in isolation. This is true for both the 1954 -

1978 period and for 1946 - 1976. The price equation, however, does-not per-

form so badly in isolation, as we shall see in a moment.

Table 5 presents the residuals from Barro's price equation and various
versions of ours. Its format is essentially the same as that of Table 3 .and
needs no extra explanation. However, it should be noted that, because
Barro's data are centered at mid-year, and ours at end year, the residuals
here are not strictly comparable. As the reader will see, the "complete
model" form of our expectations augmented Phillips curve produces.a -mean

absolute error that is but a tenth of a percent greater than Barro's equation,

»

.
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while our alternative formulation of the price equation impfoves on his by a
similar margin. However, the years 1946 and 1947 produce exceptionally large
residuals for Barro. That is because his price equation was actually fitteé
for the period 1948 - 1976, apparently because the presenée of these two
earlier years in his samplg made nonsense of estimates of the equation for the
entire period. There are two ways of judging this matter. The first is

to argue that the very fact that our equation fits a sample includiﬁg these
earlier years shows its superiority, while thevsecond is to suggest that, on
the contrary, the comparison we make that includes residuals for 1946 and
1947 is unfair to Barro, who did not claim to be able to explain these two
years in the first place. Our own model in fact fits the Korean War period
particularly badly, and if we start the compérison with Barro in 1950, his
equation wins easily enough, as the data show. The reader may satisfy him-
self that todrop the Korean War years brings our equations, particularly

the simple Phillips curve, back into contention again.18

In short, just whose equation is the better here depends very much upon.
the choice of periods, but we would note that 1946 - 1976 is Barro's pe?iod,
not ours. Moreover, we would also remind the reader that his residuals come
from an equation fitted in isolation, with a rather complex lag‘structure
generated by the data; and that Barro had considerable difficulty in recon-
ciling the lag structures of his output and price equations when he came to
fit them simultaneously by full information methods.19 Our residuals, on
the other hand, come from equations estimated as part of a complete system
as well as in isolation. As the reader will see, neither of our alternative
price equations gains much'from being estimated in isolation, as far as good-

ness of fit is concerned. Indeed, as the results presented in Table 6 for the
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single equation‘estiﬁates~of these relationships show, the parameter estimates
change relatively little from those generated by the complete system. The
main exception here, for the 1946 -‘1976 period, is the interest elasticity
of demand for money in equation IIIB which take& the wrong sign’and is very
badly determined while the parameter d also presents problems of goodness of |
fit. It is worth noting, though, that a single equation estimate of this
equation for the 1954 - 1978 period does not display these deficiencies, so
that perhaps the choice of time period as well as the use of a slightly mis-
specified form of the demand for money function may have something to do with
our difficulties in getting a well determined negative relationship here for
the 1946 - 1976 period. Once again, as the reader will perhaps have concluded
already, we have evidence of a certain lack of quantitative robustness in our

results.

Be all that as it may, Barro's model, with which we are here comparing
our results, is widely cited, and despite all its shortcomings, our model
does perform about as well as his for the time period that he selected.’
Moreover, ‘it does so without the aid of distributed lag patterns generated
by the data, and having no theoretical foundation; with fewer difficulties in
satisfying implicit cross equation constraints upon parameters; and while
treating the nominal interest rate, which is exogenous in Barro's system, as
an endogenous variable, at least for the bulk of the period. This is not to
~mention the fact that, with perhaps‘the exception of the way in which the
real balance effect is formulated, our model is little more than an empirical
application of a text-book stylg post keynesian model, and hence should be
readily accessible to anyone who has taken an intermediate macroeconomics

course.

L]



27

V__ CONCLUSIONS

The model that we have presented in this paper is an analytically simple
one, and although it has fallen a good way short of perfection in its ability
to explain empirical evidence, the tests to which it has been subjected have
nevertheless been stringent ones. It has been tested against data for two,
albeit overlapping, time periods, and has been compared in explanatory power
to another, widely cited, model. Whéther it may be said to have "passed"
these tests is, in some measure a subjective matter, about which it is possible
for reasonable people to differ, but we would claim that its performance hés
been at least strong enough to warrant taking the model seriously. Though
some bits of the system have given us trouble, notably those that deal with
the determination of real and nominal interest rates, and their influence on
other variables, this is hardly surprising. These variables are notoriously

difficult to model empirically.

We should not permit probléms here to distract us from the robustness
of other asbects of the model. The role of "real balance effegts" in influencing
output, the real rate of interest, énd perhaps the inflation rate as well, gefs
strong support from our work, and this is all the more remarkable in that the
hypotheses at stake here were originally developed using data for other
countries, the United Kingdom and Australia. In this respect our fesults
represent a "replication" of other experiments in the true sense of the word,
and a successful replication at that., Moreover, our results on the influence
of fiscal policy are also worthy of special note. Here again, we were involved
in an attempt at replicating an experiment originally carried out for other

countries, and again, the replication was successful. Given that when monetary
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variables have in the past been used in simple models of the United States,
notably in the St. Louils model, fiscal policy has appeared to be irrelevant
as far as the determination of real income is concerned, this result is a

- ’

notable one.

Whether  the model we have preseﬁted here should be termed "Keynesian" or
"Monetarist" is a moot point. In the importance it accords to the interaction
of the supply and demand for money in determining income and prices, the:
latter adjective would appear to be more appropriate, but in its stress upon
disequilibrium effects, and upon aggregate demand. as being the prime deter-
minant of current output, it is more in the Keynesian tradition, and this is
not' to mention the importance attached to fiscal policy by our results.' What-
ever adjective the reader may care to bestow upon it, the model is undoubtedly
not in the new-classical tradition represented by the empirical work of Barro.
The fact that it is more straightforward than Barro's model,. and copes. at
least as well with the same data as does that structure, suggests that there
is as yet no pressing empirical reason to aﬁandon traditional modes of macro--
economic analysis in favour of this radical new alternative. Perhaps that is.

the most important implication of the work we have presented: here.

(o

e
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TABLE 1

PARAMETER ESTIMATES 1954 - 1978

- L

(a) (b)
Model with Equation IIla Model with Equation IIIb
Parameter Value ‘ ' Value
(Figure in Parenthesis is (Figure in Parenthesis is
Asymptotic Standard Error) Asymptotic Standard Error)
s 0.445 0.469
o (0.294) (0.282)
s 0.817 0.815
1 (0.045) (0.042)
sl -0.986 (Implied elasticity -1.308 (Implied elasticity
2 (0.491) at mean -0.316) (0.369) at mean -0.494)
a 0.327 0.322
1 (0.053) : (0.053)
o -0.053 ~-0.063
3 (0.048) (0.046)
o : 0.131 0.145
4 (0.043) (0.043)
o -2.085 -1.915
¢ (0.305) (0.295)
8 0.266 _
o (0.091)
8 0.319
1 - (0.060)
(0.091) (0.082)
6 0.034 ' 0.034
o (0.001) (0.001)
41 (0.021) (0.021)
0.012 © 0.014
L) (0.003) (0.002)
-0.025 -0.016

Yo (0.010) (0.015)
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TABLE 2

PARAMETER ESTIMATES 1946 - 1976

(a) (b)
Model with Equation IIla Model with Equation IIIb
Parameter Value ' Value

(Figure in Parenthesis is
Asymptotic Standard Error)

(Figure in Parenthesis 1
Asymptotic Standard Error)

5 1.635 1.495
o (0.312) (0.248)
s 0.636 0.659
1 (0.049) (0.038)
61 -0.027 ~0.406
2 (0.702) (0.419)
o 0.323 0.321
1 (0.039) (0.038)
o -0.184 -0.183
3 (0.041) (0.040)
“ 0.339 0.335
4 (0.030) (0.030)
oL -1.189 -1.173
6 (0.297) (0.290)
8 0.288 _
o (0.132)
8 _ 0.610
"1 (0.108)
d 0.402 0.102
" 0.034 0.034
o (0.001) (0.012)
o -0.038 -0.036
1 (0.012) (0.014)
6 0.008 0.010
2 (0.002) (0.003)
¢ 0.024 0.024
3 (0.002) (0.002)
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Table 2 (Continued)

farameter Value
(Figure.in Parenthesis is
Asymptotic Standard Error)

. -0.027
Yo (0.006)

0.011

K (0.004)
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Value
(Figure in Parenthesis is
Asymptotic Standard Error)

(0.024)

0.012
(0.004)
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TABLE 3

"Complete" Model

Laidler -
Barro With Equation IIIa With Equation IIIb Bentley OLS

1946 .006 -.024 .024 ’ -.021

47 .001 -.002 -.003 .001
48 .002 .034 .032 .022
49 -.012 -.010 -.012 -.025
50 .007 .018 .017 .007
51 -.006 .021 .021 .014
52 -.015 -.002 -.001 -.002
53 .014 -.008 -.007 .005
54 -.007 -.008 ~.007 -.003
55 .015 .008 .009 .018
56 .012 .018 .018 .016
57 .011 .015 .014 .011
58 -.025 -.017 -.017 -.015
59 -.019 -.024 -.024 -.024
60 -.006 -.007 -.009 -.014
61 -.006 - ~.015 -.014 -.005
62 .002 -.015 -.014 -.010
63 .005 -.005 -.004 .001
64 -.003 .010 .010 .011
65 .009 .015 .015 .015
66 .024 .010 .010 .007
67 .017 .000 .000 .001
68 -.001 -.012 -.012 -.013
69 -.032 -.003 -.003 -.008

70 .004 .013 ©.009 .007
71 -.005 -.002 .001 . .003
72 .004 .000 .003 .007
73 .028 .025 .026 .023
74 -.010 -.005 -.007 -.009
75 -.029 -.009 -.010 -.007
76 .011 -.019 - -.018 -.011

Mean
Absolute

Error 011 .012 .012 .011

(e

e
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TABLE 4

PARAMETERS OF THE OUTPUT EQUATION 1946 - 1976, AND 1954 - 1978
AS FITTED BY CONSTRAINED LEAST SQUARES¥*
FIGURES IN PARENTHESES ARE ASYMPTOTIC STANDARD ERRORS

1946 - 1976 1954 - 1978

'Intereept -0.366 -0.425
(0.188) o ‘ (0.230)
a 0.366 0.477
1 (0.048) - (0.078)
5 0.770 0.780
1 (0.069) (0.067)
5 -0.057 0.015
2 (0.026) (0.026)
o -0.190 -0.101

3 , (0.044) (0.710) |
a ' 0.319 0.193
4 (0.037) : (0.068)
. . -0.049 -0.054
6 (0.014) (0.017)
dw 1.563 0.959

* Note that these results are for a completely log. linear form of the
equation, and that the parameter having to do with interest rates are
not comparable to those presented in Tables 1 and 2.
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"Complete' Model

34

Laidler - Bentley OLS

With With ,
Barro Equation Illa Equation IIIb Equation IIIa ‘Equation IIIb
1946  -.189 .030 .021 .019 .021
47  -.073 -.006 .001 -.016 -.017
48  -.001 -.054 -.031 -.055 -.031
49  -.016 -.042 -.013 -.041 -.016
50 .003 .088 .079 .089 .076
51 .016 -.041 -.005 -.038 -.007
52 .001 -.025 -.011 -.024 -.012
53  -.006 -.010 -.005 -.011 -.009
54 .009 -.003 .006 -.005 .006
55  -.004 .021 .011 .014 .009
56 .000 .001 .023 .001 .027
57 .003 -.012 .011 -.013 .012
58 .005 . =.002 .015 -.003 .012
59  -.010 .014 -.010 .014 -.009
60 .012 -.011 .008 -.009 .013
61  -.003 .008 .015 .009 .008
62  -.011 .009 -.002 .010 -000
63  -.006 -.004 -.010 -.002 -.008
64 .000 .005 -.009. .005 -.004
65 .015 .005 -.007 .006 -.002
66 .015 -.002 .018 -.002 -.011
67 .002 - ~.006 .003 ~.007 .009
68  -.015 .007 -.015 .005 -.008
69  -.016 .001 ~.012 -.001 -.001
70  -.012 ~-.007 .018 -.009 .028
71 .013 .001 -.007 -.000 -.009
72 .003 -.000 -.026 ~.000 -.021
73 .000 .026 .002 .026 .015
74  -.003 .019 .020 .018 .036
75 .009 -.025 -.006 -.027 -.001
76  -.002 -.001 -.012 -.001 -.008
Mean 1946-76 .015 .016 .014 .015 .014
Absolute
Error 1950-76 .007 .013 .013 .013

.014

=



TABLE 6

PARAMETERS OF PRICE EQUATING 1946 - 1976, 1954 - 1978
AS FITTED BY CONSTRAINED LEAST SQUARES*
FIGURES IN PARENTHESES ARE ASYMPTOTIC STANDARD ERRORS

A, Equation IIla

1946 - 1976 1954 - 1978
B, 0.283 0.308
(0.137) (0.101)
0.558 0.179
(0.240) (0.242)
o 0.025 0.030
aw : 2.333 2.216
B. Equation IIIb .
Intercept -0.169 0.030
P (0.120) , (0.065)
g 0.570 0.351
1 (0.136) (0.081)
q 0.079 ~0.239
(0.075) (0.144)
s 0.875 0.916
1 (0.431) (0.100)
s 0.006 -0.048
2 (0.023) (0.025)
o 0.021 0.010
aw 2.098 . 2.088

* Note that these results are for a completely log. linear form of the
equation, and that the parameter having to do with interest rates are
not comparable to those presented in Tables 1 and 2.
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FOOTNOTES

1. The output eqdation which we are about to discuss is closely related

to that used by Laidler and O'Shea (1980) in their small model’ of the U.K.
economy under fixed exchange rates. A version of it, that did not include

' fiscal policy variables, was also used by Laidler (1980) to explain quarterly

U.S. data.
2, The precise procedure is described by Wymer (1976).

3. However, for purposes of our empirical work, long run crowding out is
imposed by the way in which we measured the "Steady state" values of the
relevant variables. It is worth noting that in the work of Jonson and his
various associates on the RBA 76 model of the Australian economy, the steady
state properties of the system are generated by what amounts to a neo-
classical groth model embedded in the system. That model, of course, is far .

more complex than the one we present. See Jonson, Moses and Wyme:.(1976).

4. The reader might note that the parameter ag was reserved for this lagged
dependent variable in our work, and that is why it does not appear in the
version of the model presented. Similarly @, has been reserved for future

use to investigate terms of trade effects on aggregate demand.

5. See, for example, Bergstrom and Wymer (1974), Jonson (1976) , Jonson,

Moses and Wymer (1976), Laidler and O'Shea (1980), Laidler (1980).
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6. These alternative interpretations of the Phillips curve have been

discussed by Laidler (1978).

7. We will discuss the problems raised by mix&ng~logarithms and natural

values of interest rates in our system in due course.

8. Using M1, we are unable to get well determined estimates of the real:
permanent income elasticity of demand for money from our system, though
other elements of the output equation hold up. We suspect that this problem-
arises from our choice of trend real income as the scale variable in our
demand for real balances function. This is a very "long run" variable, and
Meyer and Neri (1975) have suggested that the demand for M1 is: more closely
related to current transactions; Note that Laidler (1980) reports: similar

problems when using quarterly data.

9. An alternative interpretation of this "shift" is that there was a. change
in the steady state value of the real interest rate in 1973. In that case,.
it would be appropriate to add the same shift dummy to. the intercept of
equation I. We did ekperiment along these lines, and found that very. little
difference was made to our results by doing this, though the: significance

of the real interest rate as an argument in the output equation was. affecteds.
particularly when the equation was estimated in isolation by ordinary

least squares.

10. From 1947 till 1978 our price level variable is a four quarter
average quarterly values of the deflator. For earlier years it is. a two

year average of annual observations, because quarterly data were not available,

(% ]
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and our data needed to be centered at end year. This only effects one or
two observations when we apply our model to the longer of the two periods
for which it was estimated.

11. The reader should note that we did try a form of the model in which the
parameters Bo and Bl appeared simultaneously in the price equatiom, but that
in this case Bo effectively disappeared from the system. Thus, it is
possible to argue that version B of our model is the one better supported

by the data.

12. The reader should note that the arguments presented in footnote {#9
are equally relevant here, and that similar experiments with dummies to those

described there were carried out for this longer time period, and with simjilar

results.

13. The reader might note that, if the rate of interest vanishes from our
demand for money function, it becomes possible to eliminate equation IV

from our system. We also experimented with dropping both interest rate
variables altogether. In that case Equations I and III themselves form a
real income and price determining model that is a special case of the mdre
elaborate system being described here. In fact such a simplified model per-
forms quite well, with the parameters of remaining variables changing very

1ittle when the interest rates are removed. However, the model does lose

explanatory power.

14. The intercept of the demand for money function 60 changes a good

deal with the addition of the earlier years. Any variable omitted from the
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model that has a non-zero average effect on output, would have its effects

taken up in this parameter because of the way we estimate it.

15. According to Barro's results, "unanticipated" money takes three years
to have its full effects on output, and about a further year to have all

its effects on prices.

16. But unfortunately, the output equation when estimated in log. linear
form for the 1954 - 1978 period produces an insignificant coefficient on
the log. of the nominal interest rate. We must, therefore, conclude that
the demand for money-interest rate relationship is one of the more fragile

ones in our model.

17. We currently have the whole matter of serial correlation in the resi-
duals from our output equation under investigation, and hope to report on
this matter further either in a later draft of this paper, or in a further

note, depending upon the nature of our findings.

18. And the reader might note that Barro's model fits the years 1973 -
1974,\when the OPEC price shock was coming through, suspiciously well for,

system that pays no attention to this event.

19. Indeed, Barro's results, taken at face value, tell us that "anticipated"

money, il.e., that which is expected to be created, has an instantaneous
effect on prices, while that which is known to exist already takes four
years to change prices, if its creation was not foreseen. Perhaps ﬁe are

not alone in finding these implications of his results peculiar.

(L]
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